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ABSTRACT 

This course treats the asbestos sampling and evaluating techniques in detail. 
The theory and explanations given in lectures are applied in a "hands-on" 
laboratory to reinforce each major concept. At the conclusion of this course, 
the trainee will be able to properly use the sampling and evaluating equip­
ment and to apply the procedures necessary for the collection and evalua­
tion of asbestos dust samples. The training course manual has been specially 
prepared for the trainees attending the course and should not be included 
in reading lists of periodicals as generally available. 
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ASBESTOSIS: ]'l'!S Pl-lYSIOLifTCAL CONSIDEI-L\TIONS 

Diseases ndatec~ to asbestos Gust exposure 
r.a\'e on1,:' recently con'c into the public! S C011-

SClU:J~ness. The dlSease asbestosis IS not 
nL'W by all)' means. Two ancients -- Su'abu, 
a C~l'(_'ck philosopher, and Plm,Y the Elder, 0. 

Hornan nuturali:,;t -- described a sickness in 
slavl's who workE.'d at weaving asbestus into 
cloth; but, occupational h;lz~lrds WE're of 
liUIL' ct_ml:ern to the ;:ltlciel1ts. 

It '.,vas not until the t(!('hnclogicRl era of tl1t, 
twentieth c('ntuJ')' 1.IH1t tIlt; LlSl' of asbestos 
wcr" full)' e:.:plnitpli. Its output h;.1s in~TCaS{'d 
OVl a hundreci fold in the past si:.:t,Y years. 
World production has jumt)(,'d ft'orn fivl'-hun­
deed ton,S in 1900 to threc n~iliion tons in 
lPt:i3. Along with its increased usage camv 
problems of health and safct:v for workvrs 
c\.pusco to :h(' du>'t. 

The first vasE' r'c-port of ~-! discn..c;c rcL,tt'd 
to n.s_bestOs ,-,"po.c;urf' appc;,red in English 
Lite;"atur(' lt1 H)07. :\I that tinw, II. l\l. 
).l\.l\T:'l:'," d,'scribed the post mOrtl'Jl~ findin!l,s 
(ll' {l t-hirt,v-folll' >'l"clt' old carcling-tllclChine 
n;'Cl-;n()t'. \lurT~~y described the lungs ~".: 

:-,;,nw))),.:, cxtenSiiJ: diffuse pulrnonar.y fibn:>sico 
;\nd contairllng: ~piCllies of asbestos -­
incidcntl,\", the otlwr workers who had 
workl'c! in the S8)1'1(, c.:trd room sllccurnbc-d 
)('fore thl~ R.ge of thirt.Y of pulrnonar,v di.,-w;,sc. 

The n,al link bcl\veen c--;sbestos and pul-
iT: "Jnnr::' diSl_'asv WGS not made until lP:2<-l 
\vhen V./. D. Cooke, an English physician 
\\ilu g::H' the dis(,a~,e its nanlC, reported 
tbc ;:IULOpsy findings of a thirty-three ycac 
old woman who had st8.l'icd working in an 
asbcs1us texttl.e factor,V ;'It the age of !hidi'cn. 
rio" uuto!-'sy showed (:'xtt'llSlve puJ mOl1aI-y 

rlLrosi,::; c)nd some ::tranc!s of ~lbn()l'm{\1 
fillrou,-; ~,issuc L'nnnccting the lungs ~llid the 

pIClll'"l I1)Cll1bcanc sUITountling tJWlY1. In 
;'J(jditlUn, COOkl' noted t.lw pn:spncl' of solid 
\'cll'J\vi:-,h-lirown pClI·tH_:]cS which \".:' l:"llcd 

If''' lIt 'iou:; bodl,,:s,!! in tl1l' :11'(>;IS ()f fibrosis. 
Tlwsc' p:ll''c\clcs would latet' be c:111('<1 
":l.-;l)('sLo~;; bl)dic,,",." 

Shodly after' Cooke 1s casc n::poct in 
1~)24. nllmC'l'OU~> ,H'ticles bq~an tu [,ppeat' 
aLout asL)(-'stos in nwdie;)] literature. In 
U):2B. D;'. E. E. t\. Ivlerewcthcr cxnminccl 
:W3 British asbcs~{)s textile worker's "nd 
found 1113t twent)f-five pen~ent showed 
evidence of suffering fJ'Ol'll pulmonary 
fibrosis -- :.md that the incidencc' of fibrosis 
inct'cased in dirt'ct proportion 1.u the nurn\)cr 
of ,venrs uf vXPO'-;Ll'C. As a result of 

:Vlen:\vcther1s replll't, Pnl'liament pi1s~cd 
lcgisicltlOl1 in 1 ~)31 that made asbe slos}:; C'l 

l'ulnpvns(lble dise8:';c, Y'eq,Jired impJ'O\iCd 
'nc:thods of exhZlust vcntibtion and dust 
suppression in ;-lsbcSlOS textile factOl'lCS, 
and in"Ututed periudical nH~dical cxa:n.s 

for workers. 

The first published suggestion uf an 
DssOciatlon lletwcvn <:'lsbcst\lS and rn::l]ig­

Hunt (lLs('use I}-';;,S rnadc b.v Dr. l<cnncth 1\'1. 
Lynch, jlt'ofessur uf pa1.hol{)~y ;',1. the 
llwdiull college nf South C:H'oiin(l. lle re­
ported the caSl' of a fifl:-:~,sc\'C'n ,\:""1' old 
,ve"V\ r who died nf "sbest()~is !-lnd in v/ho,s(' 

lung;.; canl_'C;-" 1X"", :'dso found. In ]!15G and 
1957 j lG C<lSe'S uf a very j-;ll'C lu ;!Oi' -­

mesotheliollla -- were diagnosed ill lhf' 

Pneumoconiosis HCSCi-ll"cll Unit III 

Joha11!lCsburg, South !\fl'icl b,\" ;0; p:lt!1r1logi"t 

t1arned Christopher Wa,l .. ;lwl'. 

In the past dccade, much nHcnllul1 l1:ts 
[wen focu::;sed on the )'ela1 iunship 1)(,\.\,;'('('11 
mesotlwlioma ilnd c;.:pnsure to dslwSl{)S 

dust. Ot.her cann, t'>', such as those tll;11 
ocCUr' ill the g;lstro-illtcstin:l1 t1":_1('\ ;,IH1 ill 

bluu(\-fornJing org;::lll,.;, han' ;>\::-;(j becn ,'SSO( 

laled to ns\Jcslo:.; eXpOSUt'I: Ly ;-;Uil'Je \VU1')zl'!'S 

\)Ul the c\'idelll:c is ics,", f'ul)(:lusiv( ~() 

Whil.i started out n;-; ,'1 single ell s(,':) '-':!' ill thl' 
en)']>' part or [lit, l_'('lHur,v /l:ls l)('l'o)1,(: COIl­

siiler,lbl,v !11()I'C cnrrpliC:lt{'d :lnd jU:-'l nCl\\ 
arc we l)('ginnill~; to unc\C'r:-,t:1lld :111 LllC ri,,,).;.c; 
invol v,'d. 

?\(lW I \\'(luld ]ik{' to '::;;)V:1 few (hill;:';:": 

,)bou\ th(· cpidcrnlolngy (If :;s\){':-:t(),-;is, 

1,,'Cllh'hinl \'cHl('CI', ;\nd 1))<,':.;0Ih(,]1(;)11;I. :1' 

to jllst rC"\'cl1ll.':, it W;l:~ h'li('\Td tJut ilw 
fi11dillr.:', ()r ;lsbc,.;,os lj(vlir':'; 111:\ \\'Ul'kVl"CO 
,"lHlIUlI1 ur llIn~_ tis:;Ui' \\,:1:; :--;!l'()t12 ('\,idCL('l' 



Asbestosis: Itls Physiological Considerations 

that a worker lwd asbestosis. The diag­
nostu.:: significance of asbestos bodies has 
fallen into dispute for three reasons: 

"' 

;-; 

\\'o.y'kers with severe asbestos 
occasionally are found to have nO 
asbestos bodies in their lungs. 

Conversely. many \\/o1'ke1's who arc 
found to have many fibers and bodies 
have no mdication of disease other­
wise. 

13.'/ light microscop:{, asbestos hodie,;; 
cannot be differentiated from fe1'­
rugcnous bodies. (Electron !:licros­
C',)py ha;:: proven to be 11'10re helpful 
In this area). 

In 0. study b.y E\Clymond l\Iuq,hy and others 
reported j,t the Journal of l'v1edicine, criteria 
Wt'H" outlmed by which the diagnusis of 
asbestosls could be nlade. 

.. \ slwrtness t)f r.n',:ath on one flight 
uf sta:rs. 

The prcse:1Cc of raies. 

The prt'sence uf finger clublJll1g. 

Du:' fon:cd vital capacity le;.:;s than 
pI'celicted value. 

X-t'ay changes of minot' to advanced 
,..;tages. 

An,v three of these findings would hi,!,;h1y 
suggest the diagnosis of asbestosis:. i\lurph,\' 
then compared 101 sl1ip;yard pipe covers 
with contn)ls. Tht' average exposure was 
fivc .. rnillion particles per cubic foot. The 
n'sults showed that eleyen Jut of the 101 
hiJd the disc;),se and that the disease could 
be ,-,:cen in as few as thirteen particles per 
cubic foot years. 

'lhel'e I.e; ver.Y llttle disagreement that 
,he dJ.:~ea,",e 3.sbes[osis is dose n:latcd. 

:\Ul1lCl'UUS studws have shown that there 
lS higher' incidencc of lung canc('r In asbestos 
workers. The rlsk of 1-)rorH~hi31 cancel' 
(broncllOgCl1lC carcinoma) 1S pretty clearly 
n:lated to the intensicY of past exposure and 
tn the rlsk of as!.;estosto-.:. It is not known 
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whether the type of asbt_'stos mhalt:'eJ afh'('t!'-~ 

the nsk of bronchial cancer in llEU1. in 
animals, Q1l10sit\.: 01' crocuJolitv ;lppC,-ll':"_ 

to produ(:e rnon_' fibrosis than Chl')'sl)ti\c. 
These tumors arC' Y'~n'l'ly seen ill cases 
h:xving less than fifteen 10 twenty ye;:il''': uf 
exposure. AJtllOugh reports differ (:on­
sidc:l':..,lJly, the increased risk ur llrunchu­
genic cardnom3 to asbesto:; wUl'kl'rc:; i,.:; 
nbout .six to [en times; howC'ver, t.he' ~d'fcC1 

of CIgarette :-o;moking grpatJy confuse;s tILl' 
issue. 

SeVl-~l'al sLuclic:-.; have shown then 1hl'l'!:' jc; 
no inct'{;'!lse in the inciclence of lung 
(bronchial) ("ll1eeT in non-snl()jil:g ;h\Jcsi(),--; 

workers. It 1S felt b,Y rr"llV, in f:.lct, that 
cigarettc ",mokirw and asbccH,ci,,-:; CXP():;u)'c 
i1ct ;u::: co-cnrcinugens. 

n.Y HHil, a tnt,,) of 1:\7 !1;('sOthC!JOJil;;S (q" 

1h(' plcura were rcc()lli!i'lcd bv Dr. Chl')S\oplwl' 
\\3f.:>:ner in Joh3nncsbuq~, South ,-\fl'i( :1. ()nly 
t,-\'\:lv( of th ... :, case;:.; pruvcd In 1 ;)\v "n\' indus­

trial c'xposurc to a.c;bestus; but, ill] Llw nc';c:t 

camC' frum the arid, wind,.:_\vcPi \'vgiUll;'; of 
the Cape ac:;])esto<.; field wllC"rT the\' ('0l11d 
hLH'C c{)sil,v OblClllWd l'xpo;.;urc ;.;implv b,v 

li\'ing near the dump",. Even "fl1ung thnsc 
patients \vhl! \vOl'ked in llw mJnes, tjw ;!L'iu:l1 
exposcrc ;:,ppc;ll'cd to l)t: s1 if~ht - for in most 
cascs, the lungs show(;d no evidence of 
asbestos and only :1 few r-ilWl's ,mel hudic,~. 
From thi", infot'lnatinn, 'A'''p.ncr cll'C'\\' the 
conclusion trlnt Inc;-;othcliorna:-; rni.c.ht rvsuit 

from an eXpOStll'C to asbestos dust th<:1t was_ 
consider 3hl.Y less thEm th''J.t requil'cd to 1'1'0-
duce aSb1'3loS1S. 

Current studies St:l;rn to bear out Dc. 
Wagnerls earl>' eonclusions. It apPCill'S 

that the dose lTlD.tionship i,..; rnuch lc:--;,c.; 
certain with lTlc;~othclloma than with 
asucstusis ;Hld bronchial c~)ncer; indeed, 
cases are scen with nnl,y slight eX!l0.c.;urc. 
Some worker'S l'epuricr:! as high ;,s '-1 f1\'(; 
percent d(,<1th rate from mesothelioma 
among asllestos \V()rk(~l's. The incidence 
in tht' gen(,l'~ll popuL1lion heing ,1 minuscult· 
011(' pel' tell thol1:-i:1nd. As with hrlilwhogcnil' 
,~arcinom;l, UWJ'(' is:-t iong, l;ltr'!1t pCl'jnd 
from the onset or l-'X[lll,'-':l.H'C' to the dt'vc-IOP­
n:cnt of tht' dis(,;I~~C -- 2~) to 3~) YV,H',-';. The 
typt' I)f fiber m;l,\' ill' ill1porLlnt -- ;ll1l(J:-';lt(' 
;IIHI Cl'OCldolltc ,-!pPV!.ll' L() be ;hc !lu.io)' 



Asbestosis: It's Physiological ConsideratioD§,_ 

offenders. Cigarette smoking does not seem 
to be an important factor. Both peri~.onea0 
and pleural mesotheliomas are seen in about 
equal proportions. 

Several theories have been advanced to 
account for the pathologic findings in the 
development of asbestusis. 

1 Irritation of the fibe l' itself leading to 
fibrosis. 

2 SiErie acid and 11;eta1 ions leached 
out leading to fibrosis. 

3 Autoimmune theory: fiber and phagocyte 
abn globulin, fibrosis. 

4: Stagnation of phagocytes -- trapped 
by fibers - diSintegrate and release 
sele rosing agents. 

The major physiological disturbance is 
a reduced diffusing capacity of the lungs -
wilat is known as an alveolar capillary block. 
This is the result of interstitial fibrosis in­
VOlving the alveolar capillary membrane with 
consequent impairment of oxygen diffusion 
from the air sacs and into the blood. The 
defect is non- f'pecific and is seen in any 
disease that causes interstitial fribrosis -
such as sarchoidosis, etc. Other defects 
seen with interstitial fibrosis include a re­
duced inspiratory capacity and hyper-ventila­
tion on exertion. Some recent work has 
shown that airflow obstruction may alsO be 

8 fact. 

The mOst common symptoms of asbestosis 
are cough ano shortness of breath. The cough 
associated with the disease is gener.8l1y of a 
productive nature. Physical findings seen 
in asbestosis include ;,;ulmonary rales and 
fu:.ger clubbing. Other symptoms and physical 
findings may be seen, but the,Y are due to 
corn;Jlications such as congestive heart fail­
ure or cancer. 

Al this POlDt, I would like to say a few 
mut'C things a~out fingAl' clubbing. Finger 
clubbmg (or 3n incre[lsc in the h,yponechial 
angle) may be observed as a familiar variant 
01' as a pBthologic entity in such disE'i;ises as 
congenital heart disease and asbestosis. 
The physiology of this chal:ge is not well 
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understOOd; but~ it is thought to be assOc­
iated with impaired ventilatory function -­
specifically shunting of oxygenated blood. 

1n one plant, about 16 out of 500 workers 
were noted to have clubbing. These 16 
workers were matched as to age and sex 
to 16 other workers with normal hyponechia] 
angles. It was found that both groups had 
nearly identical ,years of exposure to asbes·-
10s fibers, but the group with clubbing had 
a significantl,Y higher numi)er of cigarett8 
pack yeal's. This unpub:ished data supports 
the generally held cOll'centinn that cigarette 
smoking grpatly incl~eases tt'.e risk to asbcs­
to,s workers. 

There is no spcccific tr'eatnient for asbes­
tosis -- otiu;!' than removal from the envirol'­
rnent. Complications (such as congestive 
heart failure) are tl'ea'~ed in the usual m: ;(.dc·;r. 
T 'vuld now like 10 discuss two of the lijOre 

important diagnostic pl"ocedures -- x"l'uy 
and pulmonary function. 

There arc three principle types of x-ray 
changes seen in asbestosis. Th2 first, and 
probably the most common, is a parenchymal 
change (or change within the hmg itself), 
Small opaque arcas (also called multiple 
small opacities) are seen throughout the 
lung fields. This change is commonly seen 
in other pnel,moconioses such as berylliosis 
and other diseases suc.h as sar,:oidosis and 
is; therefore, not specific [or asbestosis. 
The second change involves the membrarlous 
lining of the lungs, the pleura. This change 
consists of a thickening of thi>5 E:1ing and is 
seen as a diffuse whitening around the lung 
tiflsue. Thi.s change is also quite non-specific. 
A specific type of pleura1 thickening Imown as 
pleural plaq'..les has recently been described. 
These plaques consist of a thin layer of 
liquilin tissue deposited on the pleural surface. 
These shadows may be quite diHicult to sec 
on the routine chest film. It is thought that 
they oesur earlier than parenchymal changes 
and are supposedly specific for asbestosis. 
The third C'ha:l.ge inyolves the rnernbranous 
lining of the lung and is called pIeur;;1 calci­
fication. As the name implies, the calcium 
is deposited within the membranolls lining. 
On an x-ray, this is seen as opaque lines 
and is most commonly se?n On the diaphragm. 



Asbe stosis: It! s Phvsiol~~ .. b.j.cal Cons)dercttions 

In 196,-1, the bureau (now NIO:SH) beg::m a 
::',Lud,v of asbestos textile workers in the 
United States. Th<: study involved aboul 
eight plants and approximatel,;.' 2,500 
workers. At the pre sent time, we have 
examined all of them unce, and plan to re­
examine them :h1'ee ,years from now. Our 
field team consists of one physician, one 
pilysiologL-:;t, and two tc~chnicjans. The 
physician obtains Q. history Ly employing a 
stiJndardized respiratr)l'Y questionnaire. 
Be listens for rales '-mel lneasures finger 
clubbing. The- renl<,indcr of the ter1111 [~Cl'­

furm and analyze pulmanar,Y function test 
:-,pirometry 1'01' FVC and FEV, and a gas 
dlffLlsion test :.->1 n;st and under l'Jad. 
Finally a chOSe film is tDken p81'allel with 
the rnedlcal study, NIOSl1. has been taking 
so.rnpies at e~)ch of the plants and en;ntu~ll1)' 
hopes to correlate the en\'innll1Jcntal daLa 
with the mcdicll daL •. 

- The iJ,!'o\ovlh of a \\'hiw fibrous 

connective' ti"sue i.n an organ (or pDrt) in 
l:XCC:-;S of that naturally presl:nt. 

l:J.llrnonarv F'ertainmg to, or affecting, 
the lungs or any anatomic eOl:TlpOncr,t of 
the 1 ungs . 

.F'lcul'a - The n1emtJl'one that envelops the 
lung [;nd lines Lhe internal sut'face of the 

chcs~ cavl1y. 

IVlesothcllOma - A primary benign tumOr' of 

mesntf1f'lial structures (peritoneum, peri­
cardiurn, or pleura) composed of ~hccts of 
cells ll1orphologic<J_tl,Y resembling mesO­
thelial or' l'ndothclial cl:,lls -- also called 
endotlloliurna. 

I'j}~rnocODiosis - (Pneumonoconiosis) chronic 
irritation of the lungs C<J.used by tile inh3.L1-
tiun of du~t -- n:ay 01' ma.v not imply the 
pn~c,,;ncc of disease. 

L Diderniql~'S.l' - The study of occurrenCe and 
distribul ion of dise;:u.:;c. 

rhonchi - (Pleurai of bronchus) pl'irnar:v 
br::,ull.::h-(;s of the t.ra_chca (windpipe) 01" such 
of thC1T' branches within the lung as cordain 
canihgc in their wnlls. 
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J?al~_::i - An abnonnal ::;nunc! heard within ihe 
lungs oX' air passar!C~-; -- non-specl~lc 10 an.v 
disease. 

lnter.s.titial - Pl'l't.aining 10 tlw uccupation 
of the intcrspa\~e.s between dll organ!.s fir,e:o:t 
connect.ive tis;:-.:uc. 

Sar_cJJQ]..e9sis - A disease uj' )'U\.ll1g adulls 
i1nd sornclimcs older person" pruducing 
among other things, lesions th:i.t ;--;onH;wh<ll 
r-csernblc U'UC tllbcrc'uh~s within Ow lungs. 

l1.:iQt;LYELntiJatLQH - J' Ul'ccd Ll'(::_,thinW,: :d1 
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Sampling and Calibration Equipment 

of a hindrance than a help. The filters weigh 
about. 04 grams each. Because they are 
hygroscopic, variations in humidity cause 
weight changes; therefo:re> they must be 
desiccated for gravimetric analysis. 

The pa.d is a thick fibrous disc that, along 
w~th c:hannels in the cassette bottom and the 
filt~r porosity, helps to evenly distribute 
the airflow across the filter. 

Although the cassettes are IIdisposable ,II 
they are also re-loadable. Wash all 
ca::;;settes in warm, soapy water and rinse 
them in tap water~ Drying shuuld be per­
formed in a dust-free place. Upon reassem­
bly, be sure that the center section fits 
tightly all the way around the filter. ThIS 
is necessary to p:revent air from going 
aro:.J:nd instead of through the filter. 

E'er several yea"Y's, we have made it Ou: 
practice to band the filte rs before use, 
\Ve use ce]lulose bands that shrink upon 
dr::ling. The center and bottom sectic..ns 
are banded by simply slipping the band 
over the sections. The bands keep out con­
tanlination somewhat and provide a cOnven­
ient, disposable sudae!;.; for writing on the 
sample number. Tape may \vork just as 
well. 

Connecting the pump to the filter is the 
tubing and related hardware. The tubing 
should be 1/4 inch inside diameter, non­
collapsable tubing. Cut all lengths the 
same in a range of about 32 to 36 inches. 

in one end of the tubing. were is a Leur­
slip adapter. This was initially used in 
the medical field to connect tubing to hypo­
dermic needles. In this case I the adapter 
inserts very tightly in~o the base of the 
cassette. This prevents the cassette from 
falling while the sample is being collected. 

Two clips are needed to securely hold the 
cassette and tubing to the worker. Alliga­
tor clips. clothes pins, Or the. paper clip 
shown here all work well. 

Many times. there may be no convenient 
or safe place on which to hang the pump 
on the worker. An example here is many 
womens' slacks which have only elastic 
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holding them in place and emmot SUppOl't 

the pump. We have found it adv[wtageous 
to have several !lsurplus ll web-belts on 
hand to prevent bother to the wor'ker, 

There are a couple of final notes that should 
pow be covered. When you insert the Leur­
slip adapter into the field rnonitor. do not 
crack the plastic. This will cause ail' !;;ks 
and inva'lidate the sample. When you hang 
the tr<''l.ln on Cl person, position the clips so 
tnat the tubing does nut pinch. 

At this tirne you should be able· to CC)f"llplctc 
the first objective. 

PART II: THE CALllHATlON EQUIPMENT 

In samj.":ling an atmosphere fol' contamin'-lnts, 
our objective is to detel'rninc a.s accurately 
as possiule the concentration of a substance 
which is usually cxpn:sscd as weight, num­
ber of particulates, or ~ts per unit volume 
of the at.mosphere "being sampled. In the 
case of asbestos, it is fibers per cubic 
centimeter Or milliliter. \Ve wi.ll haVe to 

calculate the snrnpled volume by riultipl,ying 
the sample time by the Dow rate us read 
from the rotameter. Therc'fore, we must 
accurately calibrate tbe rotameter to know 
the exact nov: rate as indicated by the ball. 

ealibr ation is defined as the determinatiun, 
within specified 1 imits, of the tr'le V:..illH' 

of the scale reading Or indici:,tion of an 
instrument. 

There are quite a few instruments that nre 
used for calibration, and they are cla~H~ified 
under three standards. 

A primar.Y standard if" defined as being 
volumetric in nature. The vol ume rn ust 
be measurable by some direct and indepen­
dent means. independent of the gas Or' 8ir 

involved. 

An intermediate standard is one that cann')t 
be primary by definition but is just 8S ac­
curate if maintained and must be calibrated 
(and periodically recall~Jrated) by a primary 

standard. 

A sccondar.y standard is any rerr.aining air 
flow measuring instrument that does not fit 
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the definitions of the other two standards 
and has been calibrated by a primary 
standard. 

At this point you should be able to complete 
the second objective. 

Let us no\v examine these three calibration 
standards and see how we apply them to the 
calibration of Our personal sampling system. 

"This is 3. soap-bubble burette calibrator 
a prirnary standard. It is a 1) 000 ml 
laboratory burette. \Ve could check the 
volume jn question by a direct and indepen­
dent means -- such as filling it with wClter 
and weighing it. Knowing the density of 
water, the volume could be determined. 

The soap Dutble or film is generated by 
simply placing the soap solution (which can 
either be rnade or purchased in a toy de­
partment of a store) against the mouth of 
the burette. As soon as the pump is turned 
on} the bubble will rise in the burette and 
indicate air volume. 

This wet-test meter is a very common ex­
ample of an intermediate standard. Let IS 

look at a schematic of a wet-test meter 
to understand how it works and what the 
various parts are. 

Very basically described, a wet-test meter 
is a drum half filled with water. Inside the 
drum is a rotor which is attached to an inrli­
cating pointe r on the outside of the mete r. 
When a pump is connected to the outlet and 
turned on. air comes through the inlet and 
rises, causing the rotor to turn. The 
amount of turning is related to the quantity 
of air passing through. The indicating 
needle reads volume. 

The wet-test meter you see here indicates 
1 liter per each revolution of the needle --
a range which is ideal for calibrating f)cr­
sonal sampling systems. At the top center 
of the wet-test meter is a manometer in­
dicating an internal pre ssure drop. On the 
right side is the water level indicator which 
you now see close-up. When the water is at 
the proper level. the needle will make a 
slight depression in the water. On top of 
the wet-test meter there will be a spirit 

1~ 
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level which is adjusted by screwing th(-;, legs 
in and out. You may get temperature and 
pressure corrections with your wet-te:~t 
mete r should you de cide to purchase one. 

A properly calibrated wet-test meter --
is) one that has been calibrated by a pri­
mary standard -- is just as <=lccurate as 
a primary. But since the drurn contains 
water which can corrode, maintenance and 
periodic recalibration are necessary. Since 
the unit has no volurnc which can be inclepcn­
dentl,)l and directly measurable) it cannot 
be considered as a primar,Y calibration 
standard. 

At this time> you should be able to complete 
the last Objective. 

Last is secondary standards. The most 
applicZlDle one to coyne to mind is the 
rotameter. 

A rotameter is litt]e l1lCil'C than ,1 Lrans­
parent, tapcI'C'd tube containing a float. 
These floats cOme in various shapes and 
densities) but tbe one weIll be using is a 
round ball. F'lonts are usunlly n~ad at 
the wide st pOint, and the ball is read at 
the center. 

The theory of operation is that air pZlssing 
up through the tcbc mllst push around the 
ball to get out. As the L"ll rises, its 
sides get further from the \va11 of the tube 
and eventually the pressure drop cann')j 
cause a further rise, and the b<111 \vill l'(:­

main suspended and give a reasonable 
indication of the airflow passiniS through the 
tube. It Liust no-w be said that changes in 
air density can and do "ffect hm\' high the 
ball floats. It is important, then to know 
that the resistance of the sampling lr8in is 
what is should be and the oarOl11ClrlC pres­
sure will be similar to that under- which 
it was calibrated \vherever the pumr is 
used. 

At this tirnc, I would like to pOint out the 
various deficiencles of tile standards. 

Sjnce primary standards arc volume CO]l­

tainers, it takes quite large vessels fOI' 

high flov,' rates. For examplC', to mC,"io-;un; 
28.7 liters per minute, .vou \\"nuld nc('cl 
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about a thirty hter container -- wllich is 
quite large. These large units (:an also 
get quite costly. 

There 8re several disadvantages to the 
wet-test rneter, [01' example. As I said 
earlier~ there is the possibility of corrosion. 
Al so, there is friction in the bearings and 
the me chanical cOLmter. Al so, ine rtiD m Ll st 
be overcome at low « 1 liter per minute 
for example) flow rates. At high flow .;:'ates, 
the water lovd surges breaking through the 
seals at the inlet and outlet. 

.-\ rotarncter tends to bob up and down us the 
chugging characteristics of () pump get 
gn;8tel' at 10\\' flO\v rates. This makes the 

vI , ,----

Lall SCL1C\\'ha i, ILH'cl lo read ;:-J,nd riCCl'(;;-lSCS 

accur·ac)r. Din ill the t'<Jt,llTH,?tel' on walls 
should be cleaned if notic(;d Lc (~,,-use it. 
could change the caliLl'ation. 

At this timC', It:t 1 s l'evil'w some of the n~tl.in 

[JOints. 

T' 21'12 <.11T lhl'CC stalld;u'ds -- pl'inwry, 
interri1cdiale. ;]nd secolHlcll'), -~ and the)' 
~ire chsslfied according tu thr'il' ~ICCUr()cy. 

i\ prima!')' stDndanl is most aC('Ul'<ltc iw­
CUlise it is volurnctl'ic in nat'~',t'e. An lI1H~J' 

mediate stanci;)l'd n,".\" be as cl('l:lll'utc, J.Hit 
does l'(:'quire pcriodic rc-cuJi\)l'(1tlon. 
Secondary standard:--; an, betic·l" ll) ll:--;C' as 
an indicating inSll'UI1'cnt -~ SUd: :\.'.:: (jUt' 
pump::--; rOlarnct0r. 

Personal Sampling Pump 
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SAMPLING EQUIPMENT LABORATORY 

LABORATORY OBJECTIVE 

The trainee will calibrate the rotameter of a personal sampling pump by comparison to a primary 
standard and an intermediate standard. 

BASIC LABORATORY REQUIREMENTS 

The trainee will properly adjust the calibration instrument, connect the sampling train, calibrate the 
rotameter scale and record the results on the enclosed graph paper. 

Equipment List 

(I) Personal Sampling Pump 
(1) Sealed Field Monitor Appropriate Tubing and Connectors 
(1) Wet·Test Meter 
(1) Soap Film Burette 
(1) Stop Watch 
(1) Smail Screwdriver 
(1) Soap· Bubble Solution 
(1) Beaker 

Formula: ...(0ers)(60) 
"econds 

Flow Rate in 11m 

PROCEDURE FOR WET·TEST METER 

Intennediate Standard 

1. Assemble the sampling train (pump, filter, connectors, tubing, etc.) 

2. Be sure the water level in the wet-test meter is correct. 

3. Be sure the wet-test meter i::i level. 

4. Connect the sampling train to the meter. 

5. Start the pump and adjust the center of the rotameter hall to the lowest number on the 
rotameter at which the ball is stable. 

6. Allow the needle to make one revolution, then: 

7. Time the bubble for one revolution - at least (1 liter). 

8. Record the time, volume, and rotameter number. 

9. l'vIove the rotameter ball up to the next number on the rotameter - proceed from (6). 
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10. Continue to calibrate the remaining rotameter marki~gs. 

11. Using the formula, calculate the flow rates for all rotameter readings. 

12. On the wet-test Il.ctergraph plot the flow rate versus rotmneter number. 

PROCEDURE FOR THE BUBBLE BURETTE 

Primary Standard 

1. Assemble the sampling train (pump, filter, tubing, connectors). 

2. *Remove the burette from the ring stand. 

3. Dispense some soap-bubble solution down the burette walls and carefully rotate and rock 
the burette to completely wet the walls. 

4. Reclamp the burette. 

5. Attach the sampling train. 

6. Pour one to two inches of soap solution into the beaker and place the beaker so that the 
mouth of the burette hangs slightly within the beaker. 

7. Start the pump and, using the small screwdriver, adjust the center of the ball to tlw 
lowest mark on the rotameter at which the ball is stable. 

8. With the pump running, quickly touch the soap-bubble solution to the mouth of the 
burette. 

9. Using the stopwatch) measure the time required for the film to pass from 0 to 1000 
(11iter). 

10. Record the volume, time, and rotanleter number. 

11. Moving to the next highest rotameter number, start at (7). 

12. Continue through all rotameter numbers. 

13. Jsmg the formula, calculate all rotameter number flow rates. 

14. Ot. the appropriate graph-paper plot flow rate versus rotameter number. 

*If thc burette wdl1s have already been dampened, go to (E'J), 

Prepared by: Stephen G. Bayer, Physical Science Technician, NIOSH/DTMD, January HJ73. 
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ASBESTOS SAMPLING 

Prepared by Stephen G. Bayer, Training Instructor, NIOSH/DTMD, 1/79. 



ASBESTOS SAMPLING 

This lecture describes the basic requirements of an asbestos-sampling program necessary to establish 
compliance with OSHA regulations covering occupational exposure to airborne asbestos fibers, 
Here are your performance objectives for this lecture: 

List the materials and limits covered by the regulation. 

Describe two specific monitoring requirements. 

Write the fGrmula for and describe the purpose of an 8-hour time-weigh ted average. 

Given flow rate and field area, lise a nomograph to calculate the proper sampling time for an 
airborn..: asbestos concentration ranging between 2 to 10 fibers per cubic centimeter. 

List the necessary data to be recorded at the time of sampling. 

Yv<-< may be expected to complete these objectives in a quiz at the end of today's instn..lction. 

Tne OSHA safety and health standards 29 CFR 1910 section 1001 state " ... every employer 
shall cause every place of employment where asbestos fibers are released to be rnonitorcd in 
such a way as to determine whether every employee's exposure to asbestos fibers is below the 
limits ... 

The results of the monitoring program are compared to specified limits. If the limits are exceeded, 
the employer must undertake a compliance probrram to insure the workers' protection. T!w 
federal register defines asbestos fibers as those produced from SL,,( different materials: chrysotilc, 
amosite, crocidolite, anthophyllite, actinolite, and tremolite. 

Airborn(~ concentrations of asbestos are compal'ed to two types of limits. The first is the current 
permissible limit of 2 fibers greater than 5 illn in length per cubic centimeter of air. This limit 
is based upon an 8-hour time-weighted average. The second is a ceiling limit of 10 fibers greater than 
5,11n in length per cubic centimeter of air. There is no specific time duration for <: ceiling cenccn­
tratian. In December of 1976, NIOSH published a revised criteria document. In this document, 
NIOSH suggests lowering the exposures to one-tenth of a fiber per cubic centimeter for the permis­
sible limit and one-half a fiber per cubic centimeter for a peak limit. 

Let's'look closer no"Y at the difference between the permissible limit and the ceiling limits as they 
apply to sampling. A permissible limit is the average dust exposul'P at a location on a specific day_ 
The formula for calculating this average exposure-more properly called a time-weighteu avprag('"'-
is as follows: The measured concentration of each sample is mUltiplied by its sample Lime t'spr('sspd 
in hours. The products arp added together for all the s~unples taken. This sum is Uwn u;vicipd by 
the total sampling time of all the individual samples and should be equal to 8 hOllrs. If tlw timp 
is other than 8 hours, statistical detem1inations should be made and these are beY0nd U1C'scoPL' 
of this lecture. 
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Here is one example: 

CONe. 

0.80 
3.10 
1.30 
0.57 
1.10 

x 

8.81 + 8 = 1.10 fibers/cm 3 

TI:Y!E 

2 
1 
1 
3 
1 

8 hIs. 

PROD. 

1.6 
3.1 
1.3 
1.71 
1.1 

8.81 fibers/cm3 

11113 conc. of 1.1 is in compli,U1ce with the penniss~ble limit of 2 fibers per cc. 

Here is another example: 

3.1 
2.0 

.03 

10.32 
8 

x 
X 
X 

8 hrs. 

1.29 fibers/cc 

6.2 
4.0 

.12 

10.32 

As you can see, this location is also in compliance with both the permissible limit and the ceiling 
limit since no sample was over 10 fibersicc, 

Here is a third example: 

14.0 
2.0 
0.5 

X 

X 
X 

16 2 fibers/cc 
8 

0.5 
3.5 
4.0 

8 hrs. 

7.0 
7.0 
2.0 

16.0 

Not only is this location possibly in violation of the pennissible limit, one of the samples is well 
over the ceiling limit, 

Please keep in mind that thi.s presentation covers only basics. That is why these calculatiom; an~ kept 
simple. However, an employer proving compliance with analytical data and a compiia.'1ce' officer 
proving noncompliance must apply certain statistical methods which account for the m~U1y types of 
error th at makes analytical data qUestionable. 

The federal regulations require industry to collect personal and environmental samples as part of 
the sampling progranl. A personal sample is taken by turning the sampler on, adjusting it to Lhe 
selected flow rate, tmd then securing it to the worker's belt. The connective tubing is run over the 
workE~r's shoulder. Clip the cassette to the lapel as close to the worker's mouth as possible. The 
tipen facp of the cassettt~ should point the same direction as the worker's ID.(}uth and still hang 
slightly down. The tubing should be secured:o the back by dipping it to the shirt. This system will 
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collect a 5ample uniquely associated with the person wearing it. In spite of the importance of a 
personal smnple, it is not the only kind requi.!-ed by law. To monitor the extent and magnitude of 
dust clouds carried by air currents to various areas around the plant it is necessm:y to collect en­
vironmental samples. The equipment and procedures are siEliiar to those necessary for collecting 
persom.:u samples except that the sampler is placed at a fixed l~)cation. Such locations could be at 
a worktable, attached to a wall, or at a desk in an office area .. 

Results ohtained from both personal and envirrmmenbl sam.ples <~xe compm-eu to permissihk and 
ceiling limits. The federal n~f.{ister states that the employer has tilt: responsihility of colleeiing till.' 
samples in su('h a manner that the frequency pattern represents, with reasonable accuracy, 
employees' levels of exposutl:, \Vhen it call reasonably I.w fon~seell that an emploYi.:e's l:xposure 
Level may exceed the legal limit, the period of time betwccn samples cannot excl'ed six l1lonths, 
Selecting the proper flow raLp and sampling time is an important consideration in tilt: sampling pro­
cess, for these two factors determine Lhe fiber density on the filter. 

NIOSH has pUblishod in your manual the method's copfficiont of vcu'iaLion ilS a funcUun of LoLal 
fiber count. Briefly, the coefficient I)fvariation is sn,allest when a sufficient sample has hCt'll tak('ll 
to produce a total fib("r count of 100. A count less than 100 incrcas('s the coefficH'nt nj' variation 
which is undt'sirabll). 

In your ~'oursp m.anual, there are sev('ral charts which belp Sl'1ect a sampling time. These art: culled 
optimum-smnpIing-tinw nomograms. The one Oil page' 5,1, Figure '1, is good for gL'lL nJ-jlUrp(h(~ 

usage. PIQ;}se turn to page 54 in ;,l()Ur manual. To determine lilt' sampling time. sdect a flow raU, 
and the field area of the lnicroscope lIsL'd to count the sarnplc, draw D straight line through Uw 
points, ~U1d read thl' time in the center column. This tinw is called optimum because: If tlll' fiher 
concentration is between 1--10 fihers/ct', then each field arcacounted shoulLl havl~ from 1,-5 
fihers in it producing fil'ld counts of 100 to 20 rpspccLive}y < 'y'our instructor can {':-;plain tIll' dl'tllils 
and applications I ater in the course. 

\VhellL'ver a sample is takpn, it is important to rpcord as much daLa aLl} possibl(!. \\'rill' Ow s~u11pl(\ 
numher on the cassette and the daLa shC'l'L. ;\lso record tlw control or hlank-filter nurnher. \rl1l'lJ the 
pump is activated, record the start time and later, wlwn the sampling is completed, H'conl t\w finish 
time, Calculate the duration in minute's and hours, H.ec:ord the start and finish flow :att's, Llwn 
average them. Identify the tJ'\W of s(unpie and descrihe Llw person or location as completely as 
possiblt,. These four pipces of information: sam.ple number on the cassette and data sheet, Linw 
span, average flow rate, and thorough idenLificULll)11 me absolutdy essential. Then: an' other pieces 
of information which prove useful. Dl~scrih(' any control methods slich as hoods or respirators. 
Quickly d1l'ck the hoods with smoke tuhes to estimate their effectiveness. If a respirator i~ heing 
worn, inspect it, record the make, model, rmd cannisLer number. ;\sk the worker to rate the prodt.;c· 
Lion activity, low, I1wdium or high. This 'las an effect on the co; c:elltration and may accollnt [or 
eXLr:J.ordinary concentrations, Collect. label, cmd describe bull\: samples which may provide 
analytical dues to the microscopist when the sample is being evaluated. For example if you think 
some insulation contains asbestos, send a piece of it along wiLh your air s:.tlnples. 

In summary, a pump and filter is used to collect personal ,mel environmental samples whose' 
analytical results arc compared to permissible and ceiling limits. Flow rates and Samplilq~ tImes are 
selected from nomograms. R(~cord as much data as possible when sampling. 
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FAMILlARlZ"TlON WITH TllE Iv.IC[{OSCOPE: 

ACCESSORIES, CONTRO'~S, FUNCTIONS, PeND ADJUSTMENTS 

The oojectlves of this paper are to familiar­
ize trainees with the accessories, contr01s, 
functions, and adjustments that may be found 
on phase ~...::ontrast rYlicroscopes. Since therp 
is no standardization of control placement, 
and design factors Inay war ram appearance 
changes, the novice microscopist may be­
come confused by a phase-col1crast micro­
scope. To help remedy the problem three 
microscopes and illumination systems 
(American Optical Company; Bausch and 
Lon'b, Inc.; Leitz, Inc.) have been selected 
as representative example",. The microscopc­
illuminati0n system will be described by 
starting at the light source and following the 
light beam until it exits the system. 

THE ILLUMIiliATION SYSTEM 

It IS the function of the illumination system 
to provide even, glare free illumination of 
the specimen. The Koehler' method provides 
excellent illumination, and it is specified as 
a requirernenl for counting asbestos fibers 
by phase contrast microscopy. There are 
several types of HlutnlOators and each rna,Y 
provide Koe :leI' illumination. 

Prepared b,;- Stephen G. Bayer, Ph.Ysicnl 
Scienrc TechniCIan, Division of Training, 
NIOSH, 10/72. 
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There are three basic configurations of 
microscope illuminators. The first type 
is external illuminators (Photo 11. 'These 
are in no way attached to the microscope. 
'.1'hcy shine a beam of light at the micro­
scopes mirror. Substage illuminators are 
the second type (Photo 2). These may be so 
compact that they will fit between the legs 
of the microscope bas~,' or so elaborate that 
the illuminator pl'ovidos a platform unto 
which the !1')icroscope is clamped. Built- in 
illumination is the thil'd type (Photo 3). The 
illuminators are usually built into the base 
of the microscope and all of t.he c:uni.ponents 
are permanently ::ltt::lched as an integral pad 
of the ;nicrol-icope system. Nearl,Y alJ lJuil -in 

iilumin8L'f's pruvide r':oehlcr l11un,in~rt1o:l. 

In all three type.~ of ilillminatol's, [he ltgJlt 
source is usually a light buib. The filament, 
the glowing wire inside the bulb, is the o1'i 
gin of the illuInll1ation Learn and may be 
found in seve-raj configurations. Cent fila 
ments (Photo 4) dt'C lenst desirable rOl' 

Koehler illumination. The I'oundncss of 
the wi.re and the distarlce bClween thL' coils 
ma,}' provide a very unevenly' ij1uminated 
microscope \'lewing fie1d whiclllessens 
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Photo 2 

image clarity. Some illuminators use flat­
wound cOils (Photo 5) of round or flat wire. 
These are much better because tach wire 
is like a small ribbon and the coils a!'e close 
together. However, as in the case of most 
built - in illuminators, the coil filament bulbs 
may have ground glass between the bulb and 
the condensing lens. In this case, the ground 
glass may become the light sOurce and can 
provide excellent illumination. Last is the 
ribbon filament bulb (Photo 6). The glowing 
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Photo 3 

ribbon filamcat produces a very even band 
of light which contributes highly to 3. super 
ior image. 

Often, one may wish to vary the intensity of 
the illuminating beam. This is accomplished 
in two ways: transformer'" and neutral den­
sity filters. Most illuminators have a trans­
former tc step down outlet voltage to what­
ever voltage is r'2quired for the bUlb. The 
transformer may have several taps and a 
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rotary switch so that different voltages 
(producing different light intensities) can be 
selected (Photo 7). Other illuminators 
may have a rheostat which enables the 
microscopist to select any desired in~ensity 
by turning a knob (Photo B). The rheostat 
mayor mo.y not have a voltage indicating 
meter. The second form of brightness 
control one lllay find is neutral density 
filters (Photo 8). These rr:ay be lllounted 
in a wheel inside tlu:: illuminator Or simply 
placed on or in the filte~ holder. Neutral 
dens~'y filters arc silver in color. They 
are used to dim light intensity and do not 
impo.rt any coloration to the light beam. 

The fi!'st uptical system through which the 
illuminatiun beam will go i.~ the illumjna­
tion condensing lens. This lC'll;"~ is used 
to pro,iect an enl:J.rged imngc of the illumina­
tion source. The lens rnay (]l' may not. be 
moveahle depcEding upon lhc type and de'­
sign of the il1urninator. 

AHer the ilium ination bcarn has passed 
~hrough the condenser, ils diameter is cJE'ler­
mined by ~he field iris (Photo 10). ThL-: is 
used 10 limit lbe size of the beam 10 OJ 

slightly larger size than the microscope I s 

field or view. 

There are several controls for adjustments 
on external illurninators. A till control 
knob (Photo 11) will provide proper illumi­
nation in the vertical axis. The condensing 
lens focus knob ~Photo 12) controls focus 
adjustment of the projected illumination 
source. The outer diameter of the field 
iris (Photo 13) turns, allowing the rni­
croscopist to alter the dbmeter of the 
field iris opening. 

Since substage and built-in illuminn1.ors 
have similar construction, the controls 
and adjustments are simi1;).r. They usu­
ally have a bull) centering conl1'01 (Photo 
14) for proper beam alignment. Thl:'Y n1(~'y 

also have controls for cf'c1ering the field 
iris (Photo 15). Since the condensing lens 
is usually fixed, focus may be altered by 
sliding the light bulb back and forth (Photo 
16). The field iris will be similar to that 
on an external illuminator. 
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Photo 7 

Photo 8 

r::l. L.:.J<-
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Photo 10 Photo 12 

Photo 11 Photo 13 
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Photo 14 

Photo 15 
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Photo 16 

Regardless of the type of illuminator, the 
system nearly always includes a mirror. 
There are two types of mirrors (Photo 17), 
and the mir:roscopets final image can be 
significantly affected depending on the type 
which is used. The least desirable mirror 
is a second-surface mirror. It has the 
sil vering material placed upon the back of 
th2 glass. The d~agram of the second sur­
fnce mirror shows that a reflection of two 
parallel beams of light produces three 
images. Image one is the original beam 
reflection. Image two results from a 
slight reflection from the glass surface. 
Image three results from reflection anJ 
refraction inside the glass. The first­
surfaced rnirror has the silvering material 
placed upon the front side of the mirror 
and the<y are highly desirable for Koehler 
illumination. Since no multiple images 
are formed because of refraction before or 
after rcfledton from the silvering, the 
original llght beam will be unaffected. 
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After the light beam strikes the mirror, its 
light path is diverted into the condenser - the 
first part of the optical system. It is the 
condenser's function to change the large 
beam of light from the illuminator into a 
tiny spot of intense light. 

The Zernike and Abbe condenser (Photo 18) is 
most commonly used for phase contrast. On Or 
around the condenser, one may find many 
controls. There will be one large knob on 
the side of the mio;::roscope (Photo 19). This 
knob is the condenser focus knob and it 
moves the condenser up and down. This is 
the adjustment wechanism for focusing the 
image of the field iris in the plane of the 
specimen. On the body of the. condenser, 
one may find a small tab (Photo 20) that 
slides left to right. This tab controls the 
condenser iris. If one looks through the 
bottom of the condenser while moving the 
control, it will be easy to see the diaphragm 
open and close. This condenser diaphragm 
or iris is used to control glare. (The sub­
stage condenser iris should never be used 
to control light levels. For phase-contrast 
viewing. the condenser iris must be fully 
open. On or around the outside of the con­
denser, there may be a wheel containing 
the various annular diaphragms (Photo 21). 
There will be a window or a painter to 
indicate which ring is in place. The num-
ber of the annular diaphragm must correspond 
to the magnification of the objective lens. 
On the left and right sides of the condenser 
there may be 3crews that center the annular 
diaphragm with the phase-shifting element 
(Photo 22). On the other hand, some 
microscopes may have individual adjustments 
for each annular diaphragm, and other mi­
croscopes may have none at all. 

The Heine condenser (Photo 23) is another 
type of phase-contrast condenser. This 
one contains a mirror element which pro­
jects a hollow cone of light. The condenser 
focus knob (Photo 24) is used to place the 
condenser at its highest position. A small 
knob on the side of the condenser body con­
trols the height of the mirror element 
(which slide s up or down within the interior 
of the condense r body.) At the highe st posi­
tion of the element, dark field viewing can 
be utilized. By moving the element down, 
the cone becomes smaller. and, at about 
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the middle, the ring becomes concentric 
with the phase-shifting element and the 
result is phase-contrast illumination. 
Further lowering of the element will pro­
duce light field illUluination. On each side 
of the condenser there will be knobs for 
centering the illUmination. The Heine 
condenser has no condenser iris. 

Photo 18 

Photo 19 



-r.amiliarization ·With the l\1icroscope 

Photo 20 Photo 22 

Photo 21 Photo 2~) 
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Photo 24 

The light path nOw travels to the st:otge - the 
nat part of the microscope body upon which 
the slide mount is placed. Since asbestos 
sizing requires a magnification of nearly 
450X, one must realize that every movement 
of the slide is alsO magnified by 450X. The 
clips, which are standard equipment, are 
totally undesirable. One must obtain a me­
chemical stage (Photo 25). This device, 

having two knobs, will provide smooth, 
jerkless travel in the X, Y directions. It 
also will help the microscopist count in a 
straight line across the filter. The mechani­
cal stage will accept slides whose climen­
sions are approximately 1 x 3 inches. 

II THE OPTICAL SYSTE M 

After the illuminating beam passes through 
the slide, it is collected and magnified by 
the objective lens (Photo 26). This lens 
is the highest magnifying lens on a micro­
scope. They vary from around :-3X to about 
120 X. Lenses are rated b;y a number called 
the numerical aperture. This number rep­
resents the light gathering quality of the 
lens. The higher the numerical aperture 
is, the finer will be the detail that is pro­
duced. One may be offered a selection of 
the three types of objectives when purchas­
~'ng a microscope. These are achromats, 
flOllr~,-es or semi-apochromats, Bnd the 
apochromats. Achromals are usually Gp­
ticall,,:/ corrected for ycllow-breen light 
and require the use of a green filler. 
Flouriies an: corrected for two C')lors. 
Apochromats are corrected for three. 
Achromats at'e good for general application. 
The others are better (but costlier) so the 
decision may be only a matter of economic~. 
The one adjustment which may be found on 

Photo 25 
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Photo 26 

an objective lens body is a cover glass cor­
rection collar which corrects the optical 
system for variations of cover glass thick­
nesses. Part of the specifications of an 
objective lens is the working distance. This 
tells bow dose the objective lens is to the 
coverslip when the microscope is in proper 
focus. Objective lenses with a high numeri­
cal aperture usually have a short working 
distance. (One objective having 40X magnifi­
cation and a .70 numerical aperture has a 
.33 mm working distance.) The distance 
between the objective lens and the coverslip 
is adjusted by two knobs. The coarse-focus 
knob and the fine-focus knob are found on the 
side of the microscope. The coarse-focus 
knob (Photo 27) changes the cibtance a great 
deal with only a small knob movement. The 
fine-focus knob (Photo 28) may require 
t\venty revolutions to m ')Ye the objective the 
S8.mc distance as one turn of the coarse-focus 
knob might. Scnne microscopes move the 
stage away from the objective and others 
move the objective away from the stage. The 
result is the same. In certain models, the 
coarse and fine-focus knolls may be built into 
one knob J or in others they may be separate. 
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Photo 27 

Photo 28 
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The light beam passes through the objecUve 
lens and into the microscope head. The head 
may be su simple that it contains only one 
eyepiece or so complex that it contains 
prisms, analysers, filters, ano apertures. 
There are three heads most commonly found, 
and the discussion will be limited to these. 

The monocular head (Photo 29) is the most 
simple. It is a single tube either straight 
up from the objective Or at 45 degrees. 
This heCld contains only one eyepiece. When 
the mier, 'scopist is examining the specimen, 
he Or she Ie ).',"e s the eye that is not looking 
into the eyepiece open. After a while one's 
mind will cancel the vision from the unused 
eye> and all emphasis will be placed on the 
eye that is looking with the microscope. It 
is advisable to avoid using a monocular 
microscope if the microscopist must examine 
samples for many consecutive hours per day. 

A binocular head (Photo 30) has two eye pieces 
and it permits a mOre normal viewing situa­
tion. It has a couple of adjustments that are 
necessary for viewing with both eyes. The 
first is the interpupillary distance. This is 
necessary because the centers (pupils) of 
people 1 s eyes have var,ying distances between 
thern. This distance is controlled by either 
turning the barrel of one eyepiece tube> or 
by moving a lever. The second adjustment 

Photo 29 
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Photo 30 

is the eye sight compensator. Every person 
may have sl ightly different vision in one of 
his eyes as compared to the other. There-
fore, a binocular microscope has one eye­
piece that is stationary and one that can be 
adjusted for proper focus. The micro­
scopist uses the coarse and fine focus to 
obtain a sharp image through that eyepiece. 
The image in the adjustable eyepiece may be 
focused to clarity by rotating the barrel of 
that eyepiece. 

A trinocular head (Photo 31) is little more 
than a binocular head with a third, verticle 
alternative path for the light beam. This 
vel'ticle tube offers Cle microscopist the 
use of a camera. A .. camera is frequently 
a highly-desirable accessory because the 
writer has found that there are frequent re­
quests about a sample! s appearance. One 
may relate this information in terms of size, 
shape, color, etc., but. truly, a picture is 
worth a thousand words. 

In conclusion, I have touched upon the various 
components one may expect to find on a 
phase-contrast microscope. Regardless of 
your past expe rience, you should now be 
familiar with such parts as the condenser 
focus knob and field iris control. You should 
be acquainted with operations such as closing 
the field iris or aligning the annular 



Photo 31 
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diaphragn1S. This concludes the lecture 
about farniliarization with the rnicroscope. 



DEMONSTRATION: FAMILIARIZATION WITH THE MICROSCOPE 

DEMONSTRATION OBJECTIVE 

To d~velop a student's logic about setting up a phase-contrast microscope. 

L There are a number of apparpnt steps you must perform to see through the microscope. 

A. A slide must be on the stage and centered beneath the objective. 

S. Proper inter-pupillary distance. 

C. Proper eyesight compensation. 

D. Illumination on. 

E. Properly focussed. 

II. The basics of the microscope set-up procedure has thn;c (3) steps usually in til(> following 
order: 

A. Focus on the sample. 

R F OCLIS the field iris on the s~unrlC'. 

C. Center the phase.contrast elements. 

III. How to focus on the sample. 

A. Place a dusty slide onto tile stage. 

B. Seled the 43x (or that equtvall'nUy marked to the 43x ohjective) ~mnulardiaphraf.';m .. 

C. Select the lOx objective. 

- Thi" will give l:ar:~ field illumination at lOOx-

J. Using the coarsp-focus knob, movl' the objective close to the slidl.' whil(' obf:>cl'"vlng tht, 
distance from the side of the microscope. 

E. Look into the microscope and widen the objective to slid(' dista.nce 

F. The sample will cUllle into focus -'- white specks on a black hackground. 

G. Change to the 43x objective. 

H. Sharply focus with tlw fine-focus knob. 

IV. How to focus t!w field iris. 

A. Remember ~ focus on the sample. 

Prepaxed by Stephen C. Bayer, Training Instructor, UTi\! D, N IOSI!. ('il1cinnaLi, Uhio, J /79. 
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B. Close fully the field iris. 

C. Use the condenser focus knob to bring the many-sided opening into focus. 

D. Open the iris until the field of view is entirely lit _.- then stop. 

F R'_~mcll1ber ~ this operation takes only a few seconds .- check the focus cverJ tn-ne you 
begin ('oun ting a slide. 

V. Centering the phase-concrast clements . 

.\, Remove the eyepiece, 

B. insert the ~elescope. 

C. Focus the telescope on the rings. 

D. \Vith the a1ignnwnt controls, align the rings. 

F. R!"'placc the eyepiece. 

VI. Results. 

A. It ta1\c5 ahoHt twent:y' seconds lO set up the scopt' for l'ollnling. 

R If. when YOli look at tlh' pha::w rings, the rings are not f'vvnly illuminated, call the 
course director. 

C. \Vhcn you foclls up and down, a [eallvc "hould (111),' g(,t larger and smallc'r if tiw 
featun' 1110\'CS side to side, etc., maialignllll'llt is LIlt: C'-lUS(' call the ('ours(' director. 

D. KC'l~P the' eyepieces free o[ oil film )'y l'll'mllng them with lens pap('r wrllpped mound 
a stick. 
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CALIBRATING THE MICROSCOPE 

This lecture period will be spent by discuss­
ing the equipment and procedures involved 
with setting up a microscope and calibrating 
a Porton reticle. First .. we will discuss the 
placement of the reticle. Then we will dis­
cuss the microscope set-up procedures. 
Finally. we will discuss the calibration 
procedure. 

I THE PORTON RETICLE 

The Porton reticle is a round disc that is 
made of glass. It is about the same size 
and thickness as a dime. The reticle has 
a photographically-produced scale that will 
be discussed later. 

The reticle is placed inside one of the roiero­
scopers eyepieces. We make a habit of 
placing it in the non- adjustable one since 
the height adjustment may alter calibration. 

The eyepiece is called Huygenian or Huygens. 
It consists of two lenses: the eye lens which 
is nearest to the eye and the field lens which 
is farthest from the eye. 

Between the two lenses is a field-limiting 
diaphragm. This limits the field of view to 
only the flaUe st part of the primary image 
coming from the objective. 

The eye lens will see anything in the plane 
of the field-limiting diaphragm in shape 
focusj therefore. any object placed on this 
shelf will be sharply focused and super­
imposed on the field of view. The field­
limiting diaphrag:rI1 is where we set the 
reticle. 

You may think that it is a simple matter to 
place the reticle on the shelf, but this is 
not so. You can expect to spend about a 
half-hour dOing it right. 

There are several re:..sons why the reticle 
mounting is difficuJ to Since the reticle is in 
sharp focus. any dirt on the surface of the 
reticle will also be sharply focused. So. 
it must be wiped clean prior to insertion in 

Prepared by Stephen Bayer. Physical Science 
Teclmician. Divi[~ion of Training. NIOSH.l/73. 
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the eye piece. The second problem is 
placing the reticle right side up on the 
diaphragm. It will usually turn over during 
its travel down the barrel. If the reticle 
is inverted prior to its insertion, it will 
usually land correctly. The last problem 
is keeping dust off the reticle while screw­
ing on the eye lens. This can be accom­
plished by holding the eye piece at 45 0 

while you screw in the eye lens. This will 
cause the metal chippings and paint flakes 
to fall on the side of the barrel instead of 
the reticle surface. 

When you are finished mounting the reticle. 
insert the eye piece into the microscope. 
Pll return to the reticle later; now. weIll 
turn our attention to setting up our micro­
scopes. 

II MICROSCOPE SET-UP 

At this stage> our illumination must be set 
up according to the Koehler method. His 
method has three requirements: (1) an 
image of the light source must be in focus 
at the plRne of the microscope condenser 
iris> (2) the image of the field iris must be 
in focus at the plane of the specimen, (3) the 
field iris opening is slightly greater than the 
microscope! s field of view. 

Establishing Koehler illumination with an 
external. ribbon-filament illuminator such 
as the Bauscf'. and Lomb PR-27 is easy to 
demonstrate. On the other hand. a micro­
scope such as the Leitz Dialux with a Heine 
cond3nser and built-in illumination has its 
own special set-up procedure and the fact 
that it has Koehler illl..!mination (and it does) 
is not easy to demonstrate. 

I will limit the set up procedure to the Bausch 
and Lomb Dynoptic microscope and PR-27 
illuminator. The same principles that 
apply to this particular system will apply to 
any similar system. 

1 The Port on reticle must be mounted in 
eye piece. 

2 Clip the stage micrometer into the me­
chanical stage. 

NOTES 
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3 Turn on the illuminator to the high 
position. 

4 Place the front of the filter holder' 
seven inches from the mirror forI.;:. 

5 Close the field iris. 

G Center the band of illumination (the 
projected image of filament) acrOss 
the mirror fork. 

7 Using the microscope 1 s condenser 
focus knob. move the condense r up­
ward until it neady touches the slide • 

.3 Using the illurninator 1 s condenser 
focus knob, move the lens fully 
forward. 

9 Position yourself sO that you call sec:: 
the reflection of the bottom of the 
condenser in thc-: rnirror. 

10 Close the condenser iris. 

11 Sharply [oLus the image of the fila­
ment using either the illuminator 
condenser fOCllS knob or the focus 
trimming knob at the rear base of 
the illuminator. 

12 Open the microscope condenser iris 
full. 

13 Open the field iris half way. 

1'1 Select the lOX objective. 

1.5 Select the 43X annulus. 

If) The first step to finding correct 
focus is by looking from the side of 
the microscope while moving the ob­
jective to the coverslip until they 
nearly touch. 

17 Look through the eye pieces and widen 
the objective-coverslip distance with 
the coarse -focus knob until the image 
of the micrometer comes into sharp 

focus. 

IB Select the 43X Objective and sharply 
focus the image. 

NOTES 
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19 Close the field iris fully. 

20 On the field of view there will be 
a bright spot of light: 

a Be sure you are in focus on the 
stage micrometer. 

b Using the microscope condenser 
knob, focus the spot. 

c While looking through the micro­
scope I open the field iris until 
it just clears the field of view. 

After the illumination system is finished, 
there is one mOre thing that must be ad­
justed before you calibrate the microscope; 
this is centering the cone of illumination 
with the objective's phase-shifting element. 
He re are the nece ssary steps for completion: 

Insert either the phase telescope (as 
in the case of Bausch and Lomb) or 
the Bertrand lens (as in the case of 
Leitz Dialux) into the optical system. 
This enables the microscopist to see 
both rings. One is bright and come s 
from the condenser; the other is dark 
and is in the objective. 

2 By using the centering knobs on the 
condenser, make the rings concentric. 

3 Remove the telescope or Bertrand 
lens. (The microscope is now proper­
ly set up for phase -contrast viewing 
and can be used for counting and sizing.) 

At this time 1 we will shift our pOint of interest 
back to the Porton reticle. 

III PORTON RETICLE CALIBRATION 

This is the Porton reticle's image. It has 
nine circles, a rectangle. and nine globes. 
Above all this is an equation: 

D " 
IN' V2 • 

On the left side of the rectangle is a series 
of markings indicating a height of 100. The 
rectangle is divided in half: the left is 
divided into six smaller rectangles and the 
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right half is a scale which goe s to thirteen. 
Above the circles and below the globes are 
.identification numbers. 

Putting all this together, we huve a rectangle 
that is twice as long as it is high. We see 
the left-hand markings that tell us the 
reticle is 100 something high. 

This something is a unit of length called L. 
We now knOw that the reticle is lOOL high and 
200L long. We are beginning to gather in­
formation about measurements. The next 
thing we need to do is determine the relation­
ship that the circles share with the rectangle; 
this is where the formula comes in. 

As you may recall, the formula is D ~. 
Deciphered, this means that the diameter (D) 
of a circle is equal to the square root of two 
which has an exponent of the circle l s number. 

For example, the diameter of circle 2 will be 

D2 ~ The diameter of circle 3 would be 

D3 y:;:r. 

So far, I have been discussing rdationships. 
We need to know numbers that represent 
length: ~;pccifically in terms of millimeters 
and micrometers (. 001 or 1 J.'m.) 

Back to the unit of length, L. If we Can relate 
L to an actual nurnber of length> we are nearly 
home free. If we alter the equation to read 

D ;::: L@. each circle would represent 
a true measurement. All we need to do now 
is find a rUler. 

The ruler a microscopist uses to calibrate 
his reticle is called a stage micrometer. It 
is the engraved slide we used to set up the 
microscope. Stage micrometers have a 
scale that is about 2 millimeters long and is 
sub-divided into. 01 millimeter units. 

Momentarily, let! s turn our attention once 
again to the microscope. 

1 Find the image of the micrometer with 
the lOX objective. 

2 Focus it sharply, 
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,) Change to the 4SX objective and do 
likewise. (Since objectives are f-Jar­

focal on a turret, the image will need 
only a slight adjustment with the fine­
focus knob.) 

4 Using the mechanical stage, relocate 
the stage mkromete r. Align one of 
the long (. 1 mm lines with one end 
of the reticle. and this will serve as 
the 0 (zero) reference line. 

[) The lenbrth of the reticle is 200L - in 
this case. 14 mm. (lOOL is the height 
-or.07) 

G Divide. 14 by 200 to find L 

7 L .0007 

Now we 1/;i11 return to our formula - D = LviJ( 
We now have everything we need to find the 
diameter of every circle and even go up to 13 
on the l~etic1e!s log scale. Now, let 1 s calcu-
1 Gte some circle diameters: 

IJ 

Diameter Circle 1 .0007"fiJ' 

Diarneter Circle 1 .0007 X 1. 414 

Diamete r Circle 1 .000989 1 jim 

Diameter Circle 2 .0007...;2'2 

Diameter Circle 2 .0007 X 2 

Diameter Circle 2 = .0014 1. 4jJ m 

Diameter Circle 3 .0007 Vz3' 
Diameter Circle 3 .0007 2.828 

Diarneter Circle 3 = .0018 or 2fJ-m 

The diameter of circle three will be two 
times the diameter of circle 1. Every other 
circle \l/i11 double in size; therefore. the 
diameter of circle 4 will be twice the diameter 
of circle 2 and so On. 

D4 2.8 f"- m 

D5 3.8 {-' m 

D6 5. 6jl m 

As we can seC. the 5 ILm size fall £', between 
the fifth and sixth circle. This is the reference 
we will be Llsing when we begin counting and sizing. 

NOTES 



One thing is left; we need to find the value of 
(lOOL)2. This is the area of the left side of 
the reticle - called the field area. This will 
tell you the size of the filter's area that we 
are examining. 

o 
IOOL X IOOL " .0049 mm-

In conclusion, I have shown you 1;he principles 
of Koehler illumination, how to align the phase­
contrast system, how to measure the reticle, 
and how to calculate the circles and field area, 

You are nearly ready to begin counting and 
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RETICLE CALIBRATION WORKSHEET 

Microscope ________________________________________________ __ 

Eyepie ce ______ x ____________________ _ 

Objective _______ x 

Cal ib rate d by __________________ _ Date __ I ___ 1_ 

1. 200 L (entire length) = _. ___ .mm 

2. 100 L = 
3. 100 L x 100 L = = field area 

4. Calculate circles 

Circle Ii 1 = L x 1. 414 -

Circle #2 = L x 2.000 = 
Circle 113 = L "- 2.828 = 
Cirrle #4 - L x 4.000 -

Circle #b - L x 5.857 = 
Circle 116 = L x 8.000 -

Circle 117 = L )< 11. 314 = 
Circle 118 = L x 16.000 = 
Circle #9 = L x 22.627 = 
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RETICLE CALIBRATION WORKSHEET 

Microscope _______________________________________ __ 

Eyepiece ______ x 

Objective x _______________________________________ _ 

Calibrated by __________________ _ Date __ , __ ,_ 

1. 200 L (entire length) = mm 

2. 100 L = 

3. 100 L x 100 L = = field area 

4. Calculate circles 

Circle Ii 1 = L x 1. 414 = 

Circle #2 = L x 2.000 = 

Circle #3 = L J< 2.828 = 

Cir"le #4 - L x 4.000 = 

Circle # t> - L x 5.657 = 

Circle #6 = L x 8.000 -

Circle #7 = L ;<. 11. 31-1 = 

Circle #8 = L x 16.000 = 

Circle #9 = L "- 22.627 = 
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FILTER MOUNTING PROCEDURE 

This lecture has four objectives, and they are expressed in tenus of what you will be able to do 
after the lecture is completed. The objectives are: 

1. List all equipment necessary for sample mounting. 

2. Explain how the mounting solution is prepared. 

3. Explain how the filter is mounted on a slide. 

4. Draw a good slide mount and explain why it is good. 

The lecture will be considered successful if, at the end, you are able to correctly answer those four 
objectives. At the end of each lecture segment that applies to the objective, the appropriate objec­
tive will be shown. 

For better understanding, the lecture is divided into t\ 0 segments: 

Part 1: Preparing the Mounting Solution 

Part II: Mounting the Filter 

Part I: Preparing the Mounting Solution 

The mounting solution that is used for this procedure is specific for mounting cellulose-ester mem­
brane filtc:rs made by the Millipore Corporation. At the time of this taping, it is the only certified 
solution for mounting these filters. Criteria are being developed for other filters and mounting 
solutio:1s. 

This visual is a schematic of the slide mount. Mounting solution is placed on the slide, the filter is 
placed on the solution dust side up. The cover slip is placed on the sample. Here you see the 
dissolving filter being immersed in the solution which contacts the cover slip, The solution actually 
dissolves the filter and becomes an optically-homogeneous plastic mount which holds the sampled 
particulates in place. Note that I said the solution dissolves the filter. This is contrasted against a 
techniquc of refractive-index matching for light-field microscopy. With phase contrast this 
technique only makes the filter more visible. The mounting solution is a mixture of two reagents 
containing enough filter material to increase to a suitable level the viscosity of the solution. 

Here if the equipment you will need for preparation of your mounting solution: 

1. A bottle of dimethyl phthalate. 

Prepared by Stephen G. Bayer, Traintng Instructor, DTMD, NIO~I-I, Cincinnati, Ohio, 1/79. 
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2. A bottle of diethyl oxalate. 

3. A supply of clean filter material. 

4. A 25 ml graduated cylinder. 

5. A Wheaton balsam bottle. 

6, A chcmicul halance. 

7. Some silicone stopcock grease. 

One thing to constantly keep in mind is cleanliness. The work area should be dean - and likewise, 
all the equipment. Acetone selVes as a solvent for cleaning off old mounting solution. This wil.l be 
necessary when cleaning the Wheaton balsam bottle for re·use in the future. 

Your mounting solution is made by dispensing at a 1:1 ratio by volume dimethyl phthalate and 
diethyl oxalate. I would recommend that you make no more than 25 ml at a time. Under frequent 
use this will last several months. To prepare the solution. first dispense 12·1/2 ml ,,1" dimethyl 
phthalate into the burette. Now, pour in the diethyl oxalate until it reaches the 25 ml m~rk. Cap 
the bottles and set tbem aside. Remember the criteria? We must thicken tbe solution by adding 
.05 grams of clean filter material for each milliliter of solution. You will now need a balance to 
weigh the filters - in this case 1.25 grams. Generally, the filters weigb about .04 grams; therefore, 
you will need about 31 filters - but weigh out the quantity. When you remove new fIlters from the 
case, you will see that between each filter there is a blue separator. These are discarded. You can use 
your fingers to manipUlate the filter - but be sure your bands are clean. If you drop the filtcrs, 
throw tbem out. Take the solution in the cylinder and pour it into the Wheaton balsam bottle­
leave the bottle open. Remove the weighed filters from the balance pan and shove them, a few at 
a tirne, into the balsa.l11 bottle. Use the glass rod to push them dov/n into the bottle if necessary'. 
The filters will now dissolve slowly. You may want to stir the solution every hour or so. The mouth 
of the lid should be coated with stopcock grease to assure a good seal. Within 24 hours, the solution 
will be ready to use. As you can seef this pre-made solution is somewhat cloudy - but quite useable. 
The mounting solution has a normal shelf life of about six months. (There is speculation that 
refrigeration may extend th at.) 

So, to summarize, we have prepared the mounting solution by adding dimethyl phthalate to diethyl 
oxalate in a one-to-one volumetric ratio. Then we added .05 grams of filter matelial to each milli­
liter of prepared solution to increase the viscosity. At this point, you should be able to perform 
tbese objectives: 

1. List all equipment necessary for sample mounting. 

2. Explain how tbe mounting solution is prepared. 

Part II: Mounting the Filter 

Now that the mess has been cleaned up from part one, we are ready to progress to mounting the 
sample. Here is the equipment you will need: 

1. Your slides wiII be 25 x 75 mm or 1 x 3 inches with one end frosted. 
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2. A scalpel with a #10 curved hlade works well to cut out a filter segment. A pair of micro­
scissors works just as well. 

3. You will need a pair of fine-pointed tweeZl'rs to lift the filter segment from the cassette, 

4. A spatula or fire-polished glass rod is used to spread the mounting solution upon the slIde. 

5. Buy quality #1-1/2 cover slips which are 25 mm. 

6. You'11 also need your mounting solution. 

7. A supply of lint-free lens tissue is needed for cleaning slides, etc. 

8. You'll need a pencil with which to label the slide. 

9. Finally, you'll need the sampled filter. 

Let's go on to the mounting procedure. Keeping in mind that cleanliness is important, keep open 
bulk samples - or anything else that is dUsty - away from the mounting area. First, lay a couple 
of sheets of lens paper in front of you on the work surface. The slides will be placed 011 one, and the 
mounting utensils on tht~ other. Clean the slides by ~)teathing on them and wipinr them with lens 
tissue. Until you become proficient, mount one slide at a time. Your slides should be cleaned 
whether Of not they are sold to you "precleaned. n Cover slips arc cleaned in the sum.e manner. Lay 
the cover slip so that one edge rests upon the non-frosted end of the slide. This eliminates the possi· 
bility of lint contaminating the cover slip. Using the glass rod in the Wheaton balsam bottle, apply 
some mounting solution to thp center of the slide. The quantity of solution you use will delHmd on 
how large or small you cut your filter segment. Usually, it will be about a drop. Upon withdrawal 
from the solution~ one may note that several drops fall readily from the rod. The size of the s(~cond 
or third drop will be more consistent than the size of the first. Do not touch Lhe Wheaton baI'sam 
bottle rod to the slide. Now that we have the drop on the slide, return the glass rod to the boi:tle 
and replace thp cap. Take the spatula or supplemental glass rod and clean it with lens tissue. Then 
redistribute the solution into a triangular shape about 1/2 inch on each side. Open lhe field mDnitor 
at the bottom and center section. This reveals the filter. The gridded filLer is being used for demon­
strative purposes ~- they are not recommended in the procedure. CleW1 the scalpel and cut a wQdge 
that is the same size as the mounting solution triangle on the slide. Very little pressure is needed 
to cut the filter. Cut it with a rocking motion starting from the center and working to the circum­
ference. Clean the tweezers and use them to lift the filter wedge from the cassette. Note how the 
wedge is held by the filter circumference. Do not touch the wedge with your fingers. The wedge 
is now placed dust side up on the mounting solution. You may wait about twenty J)cconcis before 
placing the cover slip on the wedge. if yOUI' work area is dusty, cover the filter right away. Once the 
cover slip is in place, do not re-position it for any n:~a"()n. After the normal waiting timp of ten to 
fifteen minutes is past, the filter mount should be perfectly transparent. If it isn't, it's because 
a thin layer of air exists between the solution and the cover gl a')S. This is remedied by pushing 
lightly on the cover~slip with a dean surface - such as tweezer tips; but pushing on the cover 
glass .is not - I repeat not ~ t. normal part of the procedure. Do not forget to label the slide with 
the sample number and CU1Tent date before probrressing to thc next slide. 

In mounting your slides, you will need to strive for an "ideal"" fi:ter mount. After the filter is 
dissolved, the mounting media should extend only slightly beyond the original filh~r's dimensions. 
Here you see both extremes uf bad filtcr mounting. The black areas around the filter represents !.vw 
far the solution has spread. The bottom filter did not completely dissolve because too little solution 
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was used. The top filter was mounted in too much mounting solution. It has spread to the edges of 
the cover glass. Here you see that the use of too much mounting solution produces particle 
migration - which will directly lessen the apparent dust concentration on the filter. Migration will 
most likely start at the edges - so stay away f,. III the sample's edge while counting. This shows an 
ideal slide mount. Note that the solution extends only slightly beyond the filter. After your slide is 
mounted, you should count it within three days. After this time, crystals may grow - and some­
times they form a fibrous shape. The lack of a pemlanent slide mount worries some people; but, 
remember, the filter is permanent and another mount can be made at any time. In summary, a 
proper quantity of mounting solution is applied to a slide. The filter is placed dust side up upon the 
solution. /\ number 1·1/2 covernlip is placed on the preparation and the slide is then labeled. At this 
conclusion of the lecture, let's review the last two objectives: 

1. Explain how the filter is mounted on a slide. 

2. Draw a good slide mount and explain why it is good. 
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FlLTER MOUNTING LABORATORY 

LABORATORY OBJECTlVE: 

The trainee will properly mount a filt~r wC'dge Oil a slidl'. 

EQUJPMENT: 

1. Box of assorted fil lets 

2. :\'i()unting uil'l1sils 

~). I\lount.ing solution 

,1. Sliues ~md coverslips 

5. Lens tissllL' 

P!{OCEDUIlE 

Follow LIw pron'dure in "Sampling and Evaluatl!lg .-\lrhonw :\:-;tws(os lJusL" \lnun[, Lhn'l' (;l) 
samph's and initial tl1l'nL ('ol1lpan' those ttl the ('han. l,.J t'Vaiual(' ;.-,our prugrcss. l,lJok itt ()jell) ;lgalll 

the following day. 



, SAMPLER NO. DATE SAMPLER NO. DATE 
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FLOW TIME FLOW TIME 

VOLUME BLANK CNT VOLUME BLANK CNT 
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C] 
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10 10 
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SAMPLER NO. OATE SAMPLER NO. DATE 

"LOW TIME FLOW TIME 

VOLUME BLANK CNT VOLUME BLANK CNT 

I 
FIELD AREA AVERAGE CN,. FloLD AREA AVERAGE CNT 

[ r - - ._] 
"" FIBER>!';t; FIBERS/CC 

J., 10 10 1-1 -+-If-t-rr 
NOTES NOTES 
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SAMPLER NO. DATE SAMPLER NO. DATE 

FLOW TIME FLOW TIME 

VOLUME BLANK CNT VOLUME 8LANK CNT 
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[_ .. _ u .. un_j 
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SAMPLER NO. DATE SAMPLER NO. DATE 

FLOW TIME FLOW TIME 
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".. 

J, 
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FIBER,,,,,; 
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COUNT TABULATION SHEET 

Calculate: Av. Coun~ 
f. area mm2 

A35-1 A35-2 A33 , , 
1 3 4 6 1 3 5 6 1 2 3 4 

I 
I 

i 

I I ! +--! 

I 

-

I I I I -
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K2 TEST FOR SCREENING ASBESTOS 

I. SCOPE AND APPLICATION 

This colorimetric test is applicable to the de­
tection of magnesium (II) and iron (II) from 
asbestos in bulk samples. These samples include 
sprayed on asbest.os as well as ceiling tiles. 
The K2 test is simple and can be readily used in 
the field to screen for the prescnce or absence 
of asbestos. 

II. PRINCIPLE 

The K2 test is based upon the formation of 
color compiexes with Mg+2 and Fe+2 re­
leased from asbestos. The Mg+2 from chryso· 
tile is compte-xed with p·nitrobenzeneazo· 
a-naphthoL The 1<'e+2 from crocidolite and 
amosite is complexed with 1, lO-phenanthro· 
line. A positive test is indicated by the forma­
tion of colored complex for Mg+2 and/or 
Fe+2, and it indicates possible presence of 
asbestos. 

III. INTERFERENCES 

The K2 test is a colorimetric spot test for 
Mg+2 and Fe+2, and is not specific for asbestos. 

The bulk sample may contain Fe compounds 
other than asbestos. Without treating the sam­
ple as in the Procedure, the color forming 
reagent is added directly to the sample. If red 
color ferms, Fe is present as an interference 
and these samples can be washed with water 
prior to the test to eliminate the interference. 
In the K2 test, plaster (CaS04) interference 
is removed from the sample prior to the Mg 

test. 

IV. SENSITIVITY, PRECISION, AND ACCUltACY 

With the glycerine treatment the detection limit 
is about .2 mg of pure chrysotile per test. 

Prepared by Walter S. Kim and Richard E. Kupp], 
DHEW, PHS, CDC, NIOSH, Division of Physical 
Sciences and Engineering, Measurement Support 
much. 4/79 

·1,-1 H 

From the total uf 70 various field samples 
tested, 52 samples or 7411£, were correctly 
identified by the K2 test as to whether asbestos 
was present or absent. Only 18 samples or 
26% gave false positive reactions, The K 2 test 
was 100% accurate in identifying 22 samples 
that did nol contain asbestos. The K 2 test 
results were verified using the transmission 
electron microscope. 

V. APPAltA'fUS 

L Teflon dish 

2. Microspatula or glass rod 

3. Dropping plastic pipet 

4. 15 mi disposable plastic beaker 

5. 25 mill size 0.8 ,um membrane filter 

6. 25 mm Swinnex filter holder and 
gasket 

7. 10 ml disposable plastic syringe 

VI. REAGENTS (Reagent Grade) 

1. Phosphoric acid, cOl.centrated. 

2. 10 N sodium hydroxide ~ Dissolve 
40 g of NaOH in 100 ml of watt'[. 

:3. tvlg Reagent . ~ Dissolve 1 mg of 

p-lliLrobenzeneazo·a·naphthol in 

100 Illl of 2 N NaOH. Age at least 
a day. This reagent is stabll' over a 

month. 

,1. liydrofluoric acid --- Dilutl' 20 !HI of 

Ill" wit.h 20 m! of waler. Arid 0_0 ml 

of cOl1cl'nlratt'd lle!. 

5. Dissolvt' 2 g of 1.10-
pJwnanthroline in 50 ml of ethanoL 

This r('agl'nt is stahh' oVl'r a month. 
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6. Glycerine, reagent grade. 

7. Double dt>·ionized water, 

VI!. PROCEDURE 

A. Magnesium Test 

1. Place a small portion of sample in a 
plastic beaker. 

2. Add 5 drops of glycerine and mix 

well with a spatula. 

3. Rinse' spat111a with a stllull anlOunt of 
water into the beakC'r. 

4. Filtl'r the sample through the filtra· 
tion as:wmbly consisting of syringe 
attached to the Swinnex fHtt'r holder 
loaded with a membrane fHtl'r and 

a gasket. 

5. Filter with minimum of 5 washings \,'r 
about 50 ml or water. 

6. Transfer filter to a Teflon dish. 

7. Add a drop of 1I3PO.1 and mix wt'll 
by grinding the samp\p with a spatula. 

8. Add 2. drops of 10 0l" NaOn and mix 

wt'lL 

9. Add 5 drops of WIg Reagent and stir 
briefly. Note any color change. 

10. Add 5 more drops of J\1g Reagent and 
observe the final color. 

11. A blue color indicates that chrysotile 
may be present. 

12. No color change with i\Ig I{cagent 
indicates the absence of chrysoWe. 
Even though amosite (,(Hlt;:tins mag­

lH'sium, this t('sl do('s !lot produce the 
blue color. The iron test would pro­

duce a positive reaction indicatin~ the 

presence of asbestos. 

1. 

2. 

:l. 

.\ \ \J 

13. Check for lVlg interfereJ:c(' as in Sec­
tion III if positive re:.;uit is obtained. 

ll. Iron Test 

1. Place a small portion of sample Oil a 
Teflon dish. 

2. Add a drop of Ill" solution and mix 

Vlell. 

3. Add 5 drops of Fl' Reagent and ob· 
SNve 1Ill' dl'vl'iopnwnl of rNi color. 

-I. The n'd color indicates that amostie 

or crocidolitt> may be prcsenl. 

5. Check for icon illtNft'rl.'llCP as in 
Section II!. 

C. Notl'~ 

if both tt'sb glvt' lwgatln' responses there is 

a low probabilily thay any aslwstos is 
prcspnt. 0])('(' the pTl'Sl'IH'(' of magnl'slum 

and/or iron is indicated. furUwr , nalysis 
il' tle'edpd is dotH' in L!lt' laborat()r~' u CO!]­

linn, idpnUfy lilt' typ\', and qUilnlitatl' Llw 

peH'l'Htage 01' aslwstos. 

Caution: Ashes/us J)us!. t\ sctiptogtapJlic hook· 
It't by Channing L. lktl' Co., Inc., (;rl'(,l1fit'IcL 
!\lass. Pn'parl'd in cooperation with l:,S. Dill,;\\". 
PHS, CDC, :\aLional IllStltuLp for Occupational 
Safety and Hl'ailh, Cincinnati, Ohio (l~n;il. 

Fritz Fvigl: ,';pol Tes/s 1n /norf.,'lll1ic A lIof,\ sis. 

Tta\\,b\~G Il, Ra\ph ~. \)~\\l\'l. ~)lh L(\\\\\lI1. 
E!~cvier Publishing Company, ..\msjyrdaln. 

(1958) p. 225'~227. 

Waitl'r S. Kim, tJamp~ W. CartN II. lind \{.ichard. 

E. KUpt' \: Quick Sen't'ning Test for Ac,h('stos 

(K2 T'''li. V.S. DIIEW. PIIS. CDC. ~1()SII. 
Cinclnllilti. Ohio. To bl' publis\H'd in L\\1.<\,1. 




