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Thestenderd chercod tubc mcthod rs developed by NIOSH offered an improved method for srmpling orgenic airborne contrminrnts. The

mcthod was validrted for ovcr 200 orgenic compounds. The protocol used, however, hld severel shortcomings. These shortcomings includcd dry

air dilution. smrll dosc lcvels(0.5-1.0X OSHA standrrd for5-53 minutcs), and lack of verificrtion of test gas mixtures by on-line insttumentr-

tion crlibrated with cerrified mixed gas cylindcrs. An improved protocol recently developed has been used to test a number of the more com-

mon organic airborne contrminrnts. When this procedure wrs used, l4 of the 22 compounds failed to meet NIOSH accuracy requirements

13t257o over the range of 0.5 to 2.0X OSHA standard at the 9570 confidence level). This work suggests that workcrs in the industrial hygiene

field should consider the charcoal tube method only as an independeni method and not as a primarv standard for air monitoring.

Introduction

In  1970 .  r vo rkc rs  a t  t he  Bu reau  o l 'Occupa t i ona l  Sa t ' e t l  and
Hea l rh  I  BOSH) .  no rv  t hc  Na t i ona l  l ns t i t u te  o f  Occupa t i ona l
Sal 'c t1 '  and He:r l th  (NIOSH).  in t roduced u method l 'or  sam-
pling organic airbrrrne contaminants using u glass tube packcd
wi th act ivatcd charcoal . ' r )  l 'h is  mcth(rd rcsul tcd in  an in tc-
grated c. \posurc samplc.  Latcr .  two reseurchcrs repor ted on a
mod i l i ed  t ube  samp l i ng  mc thod  tha t  r vas  cva lua tcd  us ing  l . l
common organrc rapors. ' - 'Othcr  inrcst igators vcr i l ' icd thc t tsc
o l  cha rcoa l  t ubes  t ' o r  sa rnp l i ng  a  r  a r i c t v  o l ' o rgan i c  vapo rs  i n
ai r  ant l  suggested mt l tJ i l icat ions ro thc mcthod."r  : '

l n  1974 .  r vo rke rs  a t  \ IOSHD rcpo r r cd  on  a  comprchcn -
s ive studl '  o l '  charcoal  t  u  bc sa mpl ins.*" '  J 'hat  sam_e 1ca r  r  a  l i -
dat ion tests on 245 cornpounds wcre publ ishcd." '

U p tc l  th is  t imc thcre were no repor ted studics in  rvh ich thc
charcoal tubc method rvas checked l 'or overall accurac)'.
inc luding precis ion and b ias.  us ing cer t i l ' ied organic tapor ,
a i r  gas mixtures in  conjunct ion wi th cal ibratcd on- l ine
inst  ru mentat  ion.

Mefcher et  a l . 'E and Shotrvc l l  e t  a l . t r "  caut ioned the indus-
t r ia l  hygiene cornmuni ty  on long- term (8-hour)  sampl ing o l '
organic vapors wi th sol id  sorbents.  The authors suggested
cr i ter ia  to bc used in judging methods and emphasized the
need l 'or  cstabl ish ing sampl ing guidel ines that  were both
pre<'ise and uc'<'urate.

With the in t roduct ion of  passive personal  samplers
(badges) .  a number o l 's tudies were undcr taken to compare
these new methods wi th the "standard"  NIOSH charcoal
tube sampl ing method.(""" '  Those involved in these tests
gcnc ra l l y  assumed  tha t  t he  cha rcoa l  t ube  me thod  (N IOSH
P&CAM 127) was the " re l 'erence method" and that  i t  gavc
thc  t r ue  conccn t ra t i on  o l  a l l  o rgan i c  vapo rs  unde r  bo th
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lab() rator !  t l r  t ' ie ld  sampl ing condi t ions s incc !a l idat l ( )n tests

hud been docu rncntcd Ior  I  a  r ious c()  m ptr t tnds.  c lc lsc t  ns pcc-

t i on  o t ' t he  ra l i da t i on  t e : i t  du ta  t t l r c l t a r coa l  t ube  san rp l i n -u  o l .
l -1-1 or-sanic compounds rc ' rcu ls  thrce sht l r tcomings in  thc
protocol .  F i rs t .  a l though breakthrough rvas c lcar l l  estab-

l ished.  thc contaminant  tcsted rvas mi . rcd rv i th  d11 15c1 R H t

a i r . - l ' h i s  l eve l  o t  r c l a t i vc  humid i r f  i s  s i gn i l i can t l l  d i t l ' e ren t
l rom most  l ic ld  c . r  posu re co nd i t  ions u hcrc re lat i r  e  humrd r t l

avcrugcs 50( ' i  or  grc l tcr .  Sccond.  c \post l rc  lcr  e ls  r rcrc tested

a t  ( ) . 5X .  |  . 0X .  und  l . 0X  the  OS H  r \  s tanda rd  r r  i t h  t hc  co r r cc t

c ( ) t r cc l l t t ' u t i 0 r t s  i n  ppm ( ) r  l ng  n l ' .  H . t * * c r c r .  t hc  c l p ( )5 t l r c

t imcs ran-ucd l r t tm as lorv as 5 tn inutes in  s t t t t tc  tc : \ ts  t ( )  i . r  h l !1h

ol  5-1 nr inutss in  othcr  tcsts .  l 'hcsc condi t io t ts  reprcscnt  lc \  c t \

as  l ou  as  0 .005X  the  dosc  l evc l  i n  ppm-hou rs  l o r  a t t  l r - hou r

cxposure.  For  cxamplc.  in  thc val idat ion tcst  data tor

to luene (  N IOS H lv lethod 5-14-1) .  charcoul  tubes uerc c. rposed

t 'or  l0  minutcs at  150.  -100.  and 600 ppm xt  l lo \ r ' ra tcs t r l  100

cm" min.  
' l -hcse 

rates rcpresent  15.  50.  and 100 ppm-hours

doscs .  wh i ch  u rc  0 .0  16  to  ( ) . 06J  t imcs  thc  OSHA f i - hou r
TWA dosc  (2400  ppm-hou rs ) .  l ' h i r d .  t hc  ra l i da t i on  t cs t s
presentcd t to  data on (he pcr l t t rntuncc of  charct la l  tubcs
when used to dcternr ine u kt tou n \  aP()r  c( )ncct t t rat tor t  r  cr t -

t i ed  bv  t l n - l i ne  i ns t rumcn ta t i on  ca l i b ra t cd  u i t h  cc r t i i i cd

mixed gas c1 ' l inders.

This paper repor ts  on a stud;-  in  which standard NIOSH-

type charcoal  tubes rverc used as i rn indeptndcnt  chcck on

the conccntrat ion in  dynarnic  cxposurc chambers shich

wcrc cont inuouslv moni tored wi th an ot l - l i l tc  gas chromato-
g raph  and ,  o r  an  i n l r a red  anu l l ' z c r .  cach  cu l i b ru ted  da i l l
wi th mi . rcd gas c1 ' l inders ccr t i t ' icd ( t l (  r  )  b) '  thc suppl ier .
' I 'ests  

werc conductcd lor6 hr turs i l t  f i0(  i  rc l l i i rc  I tunr idt t l  to

s imu la t c  t hc  r vo rs t  cond i t i t l r t s  l o r  i ndus t r i a l  l -WA m( )n l t o r -
ing und wcrc par t  o l  an t t t tso ing progr i l r l l  to  cst : " rb l ish rc l iab lc

ol Heat th  santp l ing  ra tc  da tu  l t l r  l )u  l ) t tn t ' s  ( i  t l l |  o rgur t i c  \ i l p ( ) t '  l n ( )n l '

to r ing  ba t lgcs .
l 98d  Anr€r Inn  hd(A l r ,d l  Hyq l . l r f  Ar$o( : rxx t r
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Experimental

The laboratorv test  apparatus and rest  protocol  used are
descr ibed in a separate manuscr ipt . ( r6)

The conrro l led tcst  urnrosphere svstenl  uscd was dcsigned
to  accommoda te  bo rh  rhc  Du  Pon t  GAA o r  GBU o rgan i c
vapor passive dosimctcrs and s ix  charcoal  tubes in  the same
env i ronmen t .  The  svs t cm was  a l so  des igned  to  p roduce  rh rc .e
s imu l tanec lus l . r ' gcnc ra t c -d  vapo r  conccn t ra t i ons :  |  . , 2 .  I  and  2
t imes  the  pe rm iss ib l c  e . \ posu re  l im i t .  as  recommendcd  by
N IOSH bu r  l ' o r  6 -hou r  du ra t i on  a r  80% re  l a r i ve  humid i t v .

The enr i re svsrcm \ \ 'as constructed of  g lass.  Tel lono t luo-
rocarbon res in and sra in less steel . ,  to  min imize e l ' l 'ects  t ' rom
the  con tam ina t i on  o l '  o rhe r  ma te r i a l s .

Two ai rsr reams t lorv inro the svsrem (Figure l ) .  One
stream rvas passcd t l lc r  a heated l lask o l 'water  to  generate
humid i t i ed  a i r  r vh i ch  r vas  rnon i t o red  con t i nuous l v  w i t h  YS I
M o d e l  9 l  H C  e l c c r r o n i c  h y d r o m e r e r  a n d  M o d e l  9 1 0 2  d u a l
humid i t - v  p robe .  I - hc  r c l a r i ve  humid i r y  r vas  rna in ra ined  a t
80Vo  to  s imu la te  \ r ' ( ) r s t  casc  cond i t i ons .  s i ncc  wa re r  t s  Known
to  compe te  ve rv  s t ronq l v  l o r  ac t i r c  s i t cs  on  cha rcoa l .

The  sccond  a i r  s t r cun r  r vas  passcd  th rough  a  F rce land  t vpe
d i f f us ion  chambcr  i r r  r vh i ch  t he  o rgan i c  v i t p ( ) r s  we re  genc r -

l t t c d  l r r r t t t  r t ! l l u \ t ( \ n  i L : i r t ' : .  l  i t c  r : r t r .  , r t  r r  i i r . i t  i l . i e  \ ) l . g i l n l r j

\ ; t P ( ) f  \ \ i t s  i l l t t ( ) ( J u C r ' . i  i l l , '  t i t c  . r . l i : t t , . r : l :  i ; t i ! i t i : t t i d  b f .

d i r  r t l  i n g  t l t c  t , r t . r i  \ \ r ' i r i t t  , , . \  i ,  r ) n i  : l r . . i r r i r c  i l \  t i . t c  . j i . l { i l I  ( } l

t i t t t c  t i t r i t  i t  r ' , . 1 .  q 1 1  t l t e  t i r i i i t \ i { \ n  ( i l u : ) i r c t ' .

I  h c t C  r r c t c  ( l ' , r c L '  I i l \ r t \  c  r l o s 1 1 1 1 c 1 ! ' 1  e  i t l t n t h c t . : .  c : r c h  l t . i -
I o r r c d  h r  l r  e  l t : r r u o l i i l ' . r i r c : , r t t 1 1 r i i i r g  t t t l r i t i l . , t i t l  .  r t t : c : . r c : .  : t t

s \ \ t c r l t  {  l " i g u r c r  l . r r t r i  i )  l l t r l I  t i t c  i t r r r r t r t i r l i c d : r r : t j  i ( r l l , . u .

l l i l l l t  i i l r r t t ' c l l t i t \  \ \ . : r '  : : t i . . c , . !  F i e  r  i \ r i l \  i ( r  t ] : l \ 5 l l l s : i t t . , r t r s l t  t h c
l i r s t  c h u r c r ' ; r i  I  r r i . t  l i r u r r r t , ' l , l  . r r r . l  l . l r r i g t . e i r : u r t h c r - .  \ r  i  i t a  l l ( ) \ \

c r i t c c i  t l t c  l r r ' . 1  S l l r l ! ' , . i i l t r i t r r r ' r ' .  l L r l l  r i r -  r l r r \ \  . . \ i t : . . . \ . t ) . i u : t c d

t t t t ( )  l l t c  i t t r o r !  l r t t t j  i l t a  i r ' : I : t r r l r r r i  l r l r i l  , , \ : l \  i I t i . ( ) ( ! : i ! J ( t  i l i l ( )  i I
t t l \ l l l g  l l l t s k  u r r r j  r J  i t i r t c i i  , . r  i t i r  t r r r  t t r r l r i r , r i i r n r c  t r t  i : u n r r d l l i c d

l t i r .  t l t t r r  i r l r l r  r r r S  t l i c  e r r n c e n t r . i l r l ( ) r . 1 .  i  l t r :  c r r r t r r r r t t r t l l t t t l  l l o $
N i t s  t l t c t t  i l l t r ( ) ( i  t l c c ( l  l t t t ( )  i i l r ' . l r r r r n i i r r s  c l t r n t h c r  l r n d  t h e

d i l t r t i t l r t  1 1 t  ( ) c c \ s  r c f l c l t c ( l  h c l ( ) l ' c  t n t r ' ( ) r l u r . t i ( ) l l  i n t o  t h c  l a s t

c l r a r n b c r .  l r r  t h r :  n l i i l u r c ! '  t l l l c c  d i ! l c r c n t  c ( ) t r c c n t r i [ i ( ) n s

c o u l d  h c  n l t r r l u c c d  b l  r c r i : r l  t i i l r r u o n .

F i g u r e  1  -  P h o t o  o t  l a D o r a t o r \ , ! , a l r O a t t o n  s e t u D
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e
Measuring, as well as balancing flows and leak testing.

was accompanied by the use of Kurz Model 565.6 flow

meters calibrated with a soap bubble buret. Six charcoal

tubes were connected to each sampling manifold as shown
in Figure 4.

Badgc chambcr and charcoal tube manifold concentrations
were monitored hourly by an on-line gas chromatograph.
Hewlett-Packard Model5880A,.equipped with a flame ioni-
zation detector and an automatic gas sampling valve. The
gas chromatograph was calibrated before and after each test
with a certified (t2/s) mixed gas cylinder (Scott Environ-
mental Technology, Inc.) with a concentration close to that
generated for the exposure test. Samples at other points in
the system were taken with gas syringes and analyzed on the
same gas chromatograph. The "known" exposure concen-
tration during the duration of the test period was determined
from the average ofthe gas chromatograph readings. as well
as flrom the weight loss of the diffusion tubes. The test period
was generally 6 hours. These agrecd within 59c on most tests.

Charcoal  tube t low rates were contro l led at  50 cubic cen-
t imeters perminute(cm" min)  wi th the use o l 'cr i t ica l  or i t ' ices.
Crit ical orif ices were calibrated weeklv.

Teflon bushing
4.4 cm o.d.

Charcoal tubc dcsorprion efficiencies werc determined at
three levels as close as possible to the anticipated exposure
concentrations. The phasc equil ibrium method was used in

all charcoal tube desorption tests.(lEl Known quantit ies of
each compound of interest were added to the desorbing
solvent and refrigerated for I hour. Refrigeration l imits
solvent lost due to evaporation caused by the heat produced
from the exothermic adsorption reaction. Usually, carbon
disulfide was used to desorb the charcoal. although in some
cases the addition of 5-l0vo isopropanol increased recovery-
Six passive dosimeters and charcoal tubes were desorbed ar
each of the three concentrations that were tested in rhe
system. No desorption efficiency was accepted unless greater
than757o,  and the sample coef f ic ient  of  var iat ion d id not
exceed 7o/c.The charcoal tubes used were SKC type 226-38
from Lot 120. All desorbed samples were analyzed on a gas
chromatograph equipped wi th a f lame ionizat ion detector
and automat ic  l iqu id samplcr .  J 'he chromatographic condi-
t ions used l 'or  c 'ach organic compound are summarized in
Table l .  The rveight  in  nanograms ol 'contaminant  l 'ound on
the l ront  (  100 mg) and back sect ion (50 mg) o l  the tube rvas
corrected us ing thc cxper imcnta l lv  dctermincd desorpr ion

Vacuum gauge
(S760 mm Hg)

Copper manilold
1.3 i.d. tubing and tittrngs

Tygon
tubing

1.0 cm i.d.

Steel adaoter

Nylon bushing
1.3 cm o.d.

rAv-uJ N\\
b t l

Tetlon ltttng
0.3 cm o.d.

Charcoal tube chamb€r
35.6 crn lg. x 3.2 cm i.d. x .2 cm thk.

Inlet
4.4 cm

i.d. Sto€t "U'
1 .3  cm

t .O.

Am lnd Hvg. Assoc i(.,5t

Figure  4  -  Schemat ic  o f  charcoa l  tube sampl ing  method.
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TAELE I
Charcoal Tube Analyt ical Test parametersA

where: Bi  is the average relar ive error for s ix charcoal tube:(n;)  exposed ar each tesr rever (k).  These data are incrudec
l n  l a b l e  l l .

The coefficient of variation CV1 is a measure of the p..---;.
: io.n :r  

reproducibi l i ty of  the method. l t  inciuoes Uorh,lyt ical  and sampl ing sources of var iat ion. The calcularedtotal pooled coefficienr of variation &r is obtained by usingexperimental  data in Equat ion 2:

where:  CV = Si /Ri  denores rhe coef f ic ienr  of  var iat ion forcach set  ofcharcoal  tubes at  exposure levels i  = I  rhrough k.sampl ing v ia cr i t icar  or i f ices in  prace of  constant  f low sam_pl ing pumps.  Si  is  rhe srandard deviat ion.  i ,  i .  , , . r .  
" r . " r l *charcoal  tube-determined concentrat ion.  and I  represents thedegrees o l ' l ' reedom- These terms are a '  der ' ined c i rservhere. , i ,

I n  o rde r  t o  es rab l i sh  a  more  p rac r i ca l  coe l , i - i c i en r  o l . r . a r i a_
t r o n .  r h e  m i n i m u m  s a m p l i n e  p u m p  e r r o r  w . a s  r n c i u d e d  b vus ing  Equa r i on  _ i :

( C \ ' . r ) r :  ( C \ r ) -  +  { ( . \ . 0 ) _  { 3 1

w  h e r c :  C V o  r v a s  a s s i - q n e d  a  m i n i m u m  l l t . _ i t  i  c r r o r  s l m l l a r  I ot h a r  u s e d  b v  N I O S H . , . ' )

,  
The ta rger  rora l_coel  t ' ic ienr  t t l . r .ar ia  r i t tn  1 C\  1 in rs  r  he r  hresh_

o ld  I a l uc  t ha r  C \ ' 1  mus t  be  l css  rhan  ro  sua ran tcc  rha r  rhc
to ta l  e r ro r  i n  rhe  samp l i ng  and  ana i r  r i ca l  merhod  i s  r r  i , ,
a 2 5 c ;  o l ' r h e  t r u e  c o n c e n l r a r l ( . , n  g 5 l 7  o t . r h e  t r m e .  ( C
depends  on  thc  r rue  b ias  ra r i o  B  anc i  i s  nec< led  rn  o rde r  i o
ca r r v  ou t  a  s ra t r s r i ca l  t cs r  a r  rhc  ( )  05  l c r c l .

B u s h  a n d  T a _ r ' l o r , " ; ' p r c s c n r  h o t h : r  l i g u r L ,  a n d  a  t a b l c  l r r r
cs tab l i sh ing  (C \ r t . ; , ,  r a l uc l_buscd  o1  q l l cn  kno r r r r  f r r as
ra t i os .  8 . t " " ' l ' h c  r . a l uc  o l  C \ , l , n . , t r s t  bc  d -cm. lns r ra ted  ro  beless  t h : l ! I  r he  c r i t i ca l  coc l l i c i en r  t l l  t a r i a r i on  (C \1 . ; .  r o  con_
c ludc  CV1  <  (C \ "1 "  a r  t he  0 .05  s ra r i s r i ca l  r es r  l cve l .  I - hcsc
au tho rs  p rov ide  va lucs  l b r  (C \ r ) , ,  l . o r  m  :  l t (  and  k  :  _ ll eve l s .  l n  rnanv  cases  va l i t j a t i ( ) n  t es t s  i n r  o r r . c  more  than
th ree  exposu re  l c r . c l s  lTab l c  l l ) .  Consequen r l t , .  (CVr ) "  can
be  ca l cu la red  l ' r om a  comp l i ca rc ,d  exp ress ion  g i ren  b1 . .Hald. ' -u l  rvhere:

( C V 1 ) "  :  F u n c r i o n  o r  [ 1 C \ 1 1 , , .  t . 6 ]  ( 4 ]

and  the  ta rge r  coe l ' f i c i en r  o ( ' r . a r i a r i on  (CVr ) "  i s  ob ra ined  bvi t e ra r i ve l y  so l r ' i ng  t hc  e . xpans ion :

where :  B  i s  t he  poo led  b ias  and  <D(  x )  i s  rhc  s tanda rd  n t l rma l
d i s t r i bu r i on  l ' unc r i on .

- l - he  
va l i da r i on  t cs t  a (  t he  0 .0 - i  r e ' c r  ma1  be  ca r r red  ( )u r  hv

compEr ing  the  ca l cu la red  ro ra l  poo l cc l  coc l . l . r c ren r  o l . r . t
t r on  CVr_ !o  t hc  c r i r i ca l  coc l f  i c i cn r  o l  r . a r i a t i on  (  C \ r / .
v a l u c .  l l ' C V t  S  ( C V r . ) " .  t h e  \ I O S H  a c c u r a c r , c r i r e r i t l n  h a s
bccn  dcmons t ra t cd  t o  ho ld  r v r r  h  95 ( : i  con l . i dcncc .

Gas Chromatograph Conditions

Compound
Column
Type'

Temporaturo Settings (oe)

Inj. Port Detector

Ethanolc

rsopropyl  a lcohol

t -Buryl  a lcohol

n-Pentane

Cyclohexane

n -Hexane

n -Oc tane

Benzene

To lueneD

(VM+P)  Naph tha

E thy i  benzene

Cumene

Methyl  cel losolvet :

O ioxane

rsopropyt  acetate

l sobu ry l  ace ta te

Me thy lene  ch londe

Me thy l  ch l o ro fo rm

Merhy l  e thy t  ke rone

Mes r t y l  ox rdeL

Me thy i  r 5q [u1y l  ke tone

I

U

o

o
n

D

D

6

A

A

70

100
60
o 5

60

6 5
1 a n

t z a

1 3 0

1 0 0

1 7 0
t ? n

I 0 0
qn

120

Q N

1 5 0
120
1 6 0
1 5 0
100
100
l E n

250
t z u

l q o

200

1 ' t  0
r 8 0

1 8 0

200

240

2 5 0

I 3 0

200

90
t R n

200
1 7 0
1 5 0
r00

1 trn

250
t z v

? c n

t 5 0
200

l q n

l A n

)an

t 4 0
) 6 6

-^  f I  t  ' t l i z
cvr= l I  r , rcvl ' l  I  n l  (z)

L t : l  i : l  J

' Deso rb rng  
so l ven r  =  CSz  (un less  spec i f i ed  o l he rw rse ) .  Vo lume  o tso t ven l  =  1 .5  mL .

" A  :  0 .  1 9 r !  S p  1 0 O 0 o n  C a r b o p a c k  C ( g t a s s )  1 i 4 - , 4 _ 6 f t .  g O z  l 0 O m e s h .
B = lO95 FFAp on Supetcoporr  (g lass) . t  i4 . . ,  4_6 f r .  8O./  t  OO mesh.
C  =  Same  as  g  on l ys ta rn l esss tee l co lumns  1 , , g , . .  4_6  f t .  BO / ,1OOmesh .
D  =  109 i ,  Ca rbowax  2OM on  Ch romoso rb  W.  AW-DMCS,  gO , / lOO

m e s h .  6  f t .  l o n g  r  6  m m  O . D .  . 4  m m  L D .' A c e t o n r l n l e .

" l 7 o  2 . b u r a n o l  r n  C S z .
r1O9 ,o  rne thano l  t n  me thy lene  ch londe .

ct ' f ic iencv and comparcd wirh rhe c. rpected rveishr .  The per_
cenrage crror  was the rat io  o l .  contaminanr l .ound on the
charcoul  tube to the e. rpected weight  o l .  contamrnant  as
dc rc rm ined  l ' r om the  known  chamber  concen t ra t i on .  r he
l ' l ow  ra re  rh rough  rhc  rube  150  cm, r ,  m in ) .  and  rhe  ro ra l
samp l i ng  r ime .  Theexpe r imenra l  da ra  a re  rabu la red  i n  Tab le
l l -  Thc average breakthrough was carculared f rom the rar io
of  rhe weight  found on rhe back sect ion to rhe tota l  weight
col lecred on rhe exposed rube.  A breakthrough value ot  Z igb
or  h igher  inval idared rhe resr .

Stat is t ics

The  s ta r i s t i ca l  r r ea tmenr  o r ' da ta  i s  a  combrna r i on  o r ' t ha r
r ccommcnded  by  N IosH(7 )  and  a  conse rva t l ! . e  t r ea tmcn t
uscd prcr . iously  bv one o l ' the authors. { ro. re. : r0)  The pooled b ias
rat i<-r  B lor  cach compoun<J lested on charcoal  tubcs rvas
ob ta incd  us ing  Equa r i on  l :

1C\ i1"

, k l
l l = \ ' ^ A  \ ' ^

' _ l  I  I
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TABLE II
Pcrformancc of Standard Charcoal Tuber Sampling Various Organic

Conteminants in Air at 25oC, 8O% Relative Humidity lor

Sir lfouru at 50 cmrlmin Using Critical Odfices to Control Flow^

Maximum
Crorcitv Tert
NIOSH Lancle

Validated8 (ppml
Cleu/Compound (mSl Thir Work

Andyticsl Relults

Alcoholr

1 I Erhanol

mg
Calc'd

mg Vo Errot %
Found 8iac, Bi B.T.

2l lsopropyl
alcohol

3) t-Butyl

Aliphetica

4l  n-Pentane

Aromatics

9l Eenzene

1 . 8 5
3.48
1 4 1

8 =

2.69
o .  z J

17.70

+ 1  1 . O
+14.8

+ 1 2 . 9

+ 1 8 . 9
-29.5

-  t . 8

-  3 . 1
-  2 .9
-  9 .4
- 1 0 . 5

-  6 .5

+17 .8  24 .1
-  2.8 23.6
-  3 .7  r  2 .6

+  3 .8

1 7
21

45
r05

5.2

$ =

$ =

1  1 . 3

l 8 .o

12.5

2 1  . 7

2 1  . O

1 . 6 2
3.85

2.31
7.70

0.97
2.06
3.29
3.70

r .82
4.42

0.94
2.OO
2.98
3 . 3 1

2.75
5.43

52
174

$ =

9.9 1 8
4 l
64
72

o

0
U

0
o
o

0
o
o

5l Cyclohexane

6l n-Hexane

7) n-Heptane

8l n-Octane 30

28
64

1 3 4

46
87

271

l 6
46

1 8 4

72
1 0 3
266

4 l
87

1 r 3
353

1 . 5 7
3.58
7.49

2.66
5.40

r 6.80

12.O
r  3 .6
2.O

t l

+ 1 5 . 4
+  5 . 4

+  6 . 6

-  1 . 0
-  7 .5
-  o .6

-  2.8

r  9 . 9
+ l  O .8
+ 1 O . 3

+ 1 O . 3

-  6 .3
-  9 .2
+  l . O

-;

B =

r . o 5  1 . 0 4
2.98  2 .77

1  1 . 9 0  l  1 . 8 0

$ =

5 . 4 1  6 . 3 1
8 . 1 6  9 . O 4

18.21  20 .  r

d =

3.48 3.26
7.38  6 .70
9.58  9 .68

29.92 27.80

$ :

7.2 3 .1
7.5

| 5.2
r  9.6
23.1
24.O
24.O

o.r 62 0.r  56
0.352 0.362
0.795 0.472
0 . 9 9 0  r . 1 9 0
r .450 1 .O90
r . o 8 0  r . r 5 0
1.300 1.o90

3.O6
3 . 6 1
3.79
3.84

- 3 . 7  0
+ 2 . 8  O
+ 9 . 7  O
+2O.2 O
-24.8 0
+ 6 . 5  0
- 1 6 . 2  0

+ O.8

o
o
o
3 . 1

o
o
o
o

B =

44
53
56
57

2.85  -  6 .9
3 .92  +  8 .6
3 . 7 5  -  r  . l
3 . 9 5  +  2 . 9

B :  +  1 . 2

lO| Toluene 27.3

An lnd Hvg Assoc. J (45) Ap r r l . 1984



TABLE t l  (Cont 'd.)

Class/Compound

Maximum
Capacity
NIOSH

ValidatedB
(m9l

Test
Levels
(ppmf

This Work

Analtrtical Results

m9
Galc'd

o/t

8.T.
mg Yo Error

Found 8ias. Bi

1  1 )  VM+P
Naphrha

I  2 l  Ethvl
benzene

1  3 )  Cumene

Ethers

l 4 )  Me thy l
cel losolve

I  5)  Diorane

Esters

1 6l lsopropyl
a c e l a t e

' l  7l  lsoburyl
acetate

Halogonsted

l8 )  Me thy lene
chlor ide

l9 )  Me thy l  ch l o ro -
f o r m ( 1 . 1 , . | - r r i -
chloroelha ne)

Ketones

2Ol Merhyl
ethyl
ketone

21 )  Mes i t y l
ox roe

22 )  Me thy l
isobuty l
ketone

2 . 1 9  2 . 3 O  + S . O
5.46 5 .76  +  5 .s
8 .04  7 .79  -  3 .1

t 8.8O 20.30 + 8.0

d =  + 3 . 9

2.54 2.77 + 9. I
5 .33  5 .50  +  3 .2

1 0 . 1 5  1  l . 5 O  + 1 3 . 3

d =  + 8 . 5

1 . 4 8  1 . 4 6  -  1 . 4
3 .05  3 .05  0 .o

1 0 . 2 3  1 0 . 6 0  i  3 . 6

8 =  * 0 . 8

0 . 3 8 0  0 . 2 8 1  - 2 6 . 1
0 .731 0 .58r  -20 .5
1  4 3 0  1 . 2 7 0  - 1  1  . 2

B  .  - 1 9 . 3

2 4 0  2 . 1 2  - l 1 . 7
5 . 3 9  4 . 5 2  - 1 6 . 1

r  1  . 9 0  9 . 4 1  - 2 0 . 9

B  =  - 1 6 . 2

6 .84  8 .25  *20 .6
1 6 . 1 4  1 9 . 2 8  +  1 9 . 5
3 5 . 9 0  2 4  7 0  - 3 1  . 2

R :  -  ? n

4 . 5 1  5 . 1 0  + 1 3 . ' l
8 . 9 4  1 0 . 6 5  +  t 9 . 1

1 8 . 5 6  2 1 . 6 6  ' 1 6 . 7

B  :  * 1 6 . 3

3.20  3 .05  -  4 .7  40
6 . 8 3  6 . 7 4  -  1 . 3  3 3

8 =  - 3 . 0

3 . 0 8  3 . 2 7  ,  6 . 2  l
6 . 3 6  6 . 8 4  ,  7 . 5  1 . 1

1 3 . 1 0  1 5 . 6 0  + 1 9 . 1  0 . 3

I  =  + 1 0 . 9

2 . 2 7  1 . 5 2  - 3 3 . 0
4 . 1  4  3 . 1 1  - 2 4 . 9
8 . 3 0  6 . 9 2  - 1 6 . 6

B =  -2a .8

0 .69  0 .56  -18 .2
1 . 4 5  0 . 9 6  - 3 7 . 8
2 . 8 2  1 . 8 9  - 3 3 . 0

:  ^ -  -I  =  - 2 7 . 9

r . 9 6  0 . 8 9  - 5 4  6
4 . 2 9  2 . 2 4  - 4 7 . 8
8 .95  5  48  -38 .8

I  =  - 4 7 . 1

29.7

32.4

20.3

23.3

9.6

22
5 l
97

z J z

n

0
0
0

3 l
o!!

124

0
0
U

o

0
U

0
n
U

n
0

L Z 1 6 . 8
34.5

1  1 6 . 0

24.5

3 6
8 l

I  t 5

3 l

508

r o 5
/ t 6

U

6.2

0
U

9.O
1 0 n

37.O

5 1 . 3
1 t o . o

3 t . 0
63.9

r  32 .0

42.6
77.O

r  56 .0

2 6
5 t

1 1 9

^For 1 OO mg front  sect ion of  charcoal  lube.  see Table lV.
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TABLE III
Summary of Sampling Data Using Standard Charcoaf Tubas

at 25oC, 8O% Relative Humidity and 5O cm'lmin -
6 Tubbr Per Test (Most Tests)A

Avg. Errorr
Rengo (ppm) (%l Found

Cla$/Compound Terted vr. Calc'd

OvcrallD
Accuracy

CRrt' !/o lC\hl.E

Alcoholr

Erhanol

lsopropyl
alcohol

t-Buryl alcohol

I 50 Butyl
alcohol

Aliphatics

n-Pentane

Cyclohexane

n-Hexane

n-Octane

n-Heptane

Aromatics

Benzene

To luene

(VM+P! Naphrha

Ethyl benzene

Cumene

Ethers

Merhyl cel losolve

Dioxane

Estars

lsopropyl acetate

lsobutyl acetate

Halogenated

M€rhylene
chlonde

Methyl
chlorotorm

Kotono!

Methyl ethyl
ketone

Mesrryl oxide

M€thyl isobutyl
kstone

45-1 06
52-174

1a3-72
20-140

42.6- r  56

9.O-37

26.0- r  r9

28-1  34

46-271

r 6 - 1 8 4

4 1 - 3 5 3

76-241

3.1  -24

44.0.57

21 .7 -252

3 1 . O - 1 2 4

I 6 . 8 - l 1 5 . 8

6 .5-  24 .5

36.0- r  79

97-508

53-2  1  8

5 , | . 3 - r  1  r

3 r . o - 1 3 2

26.1 0.046
30.4 0.060

23.7 0.082

29.5 0.048

26.2 0.087

28.2 0.076
15.4 0.069
18.0 0 082

32.9 0.062

12 .8  0 .  r  0 r
18.4 0.093
1 9 . 7  0 . 1 r O

23.3 0.070
r 5.1 0.089

32.3 0.024
29.2 0.037

17.4 0.086

29.1 0.037

r 8.4 0.084

3 l . r 0.o59

+12 .9
-  1 . 8

-  6.5
+1 3.3

o.066
o.143

0.086
0.081

o . 1  1 2

0.1 08

0.063
0.063

0 . r  1 3

0.o60

0.086

0.079

o.o74

o.o72

o.065
o.o65

o.o72

0.o64

o.o77

o .1  01

+ 3 .8

+  6 . 6
-  2 .8
-  5 . 4

+ 1 0 . 3

'  0 . 8

+  1 . 2
+  ? O

r  a F ,

+  O . 7

_ 1 q  ?

- 1 6 . 2

+  3 . 0

+ 1 6 . 3

-  3 .0

+ 1 O . 9

-24 8 0.075 39.8 0.OOr

-29.7 0.r 17 53.1 O.OOO
-47.1 0.099 66.9 0.OOO

"Six hour test exposures.
ERelative Eias Ratio B.
t 
{&t)t = (&"1' * (CVol: where &r is rrre precisron of the sampling and analrical
m€thod when cri t ical ortf tces were used and CVo is the average sampling pump
error of i5% (Cvelr = O.OO25.

DOveral l  Accuracy = tI .96 (&r) r Absolute Mean Bias 181 ; t  1gg where Mean Eias
l8l = average error.

tiC\hl" is detined in Reterence 20.
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In  the past  the authors have t reated laborarory val idat ion
data by calculat ing an overal l  sysrem accuracy (O.S.A.)
using Equation 6:(ro)

O.S.A.  = [2(MCV) + Absolure Pooled Bias]  x  lgg (61

where:  M.C.V.  is  the mean coef f ic ient  of  var iar ion and the
absolute pooled b ias is  l0 l .

The mean coef f ic ient  of  var iat ion (M.C.V.)  and pooled
coef f ic ient  of  var iat ion CVt are ident ica l .  Equat ion 5,  us ing
the Bush and Taylor notation, can be expressed as Equation 7:

O .S .A .  =  [ t . 96 ( - v r )  +  IA l l  ,  100  t7 l

The coef f ic ient  1.96 had been rounded of f  ro 2 in  the ear l ier
val idat ion reporrs thar  used Equat ion 6.  l f  the O.S.A.  is  less
than t25Vo,  the NIOSH accuracy cr i rer ion is  sar is l . ied.  Borh
methods are used in the evaluat ion o l '  the dara r r resenred
i n  T a b l e  l l l .

Results and Discussion

The  da ta  ob ta ined  on  2 l  common  o rgan i c  a i roo rne  con lam_
rnan rs  a re  summar i zed  i n  Tab le  l l l .  Thcse  r ve re  ob ra ined  i n
con junc t i on  w i rh  a  t es t  p roc ram conduc red  a r  rhe  Du  pon r
Haske l l  Labo ra ro rv  l ' o r  l ndus r r i a l  Med ic ine  and  

. f ox i co l_

o91 ' .  The  ma in  - soa l  o l ' r h i s  p roe ram \ \ . as  ro  es tab l i sh  expe r i _

mental sampling rares for Du pont pro_Teko Type C_BB
organic vapor passive badges.(16) Standard charcoar tubes
were included in rhis program as an additional independent
check on the badge exposure chamber concentrat ion.  Wr -  -
thc charcoal tube dara were tabulated, it was found that I
the 22 compoundsLested d id not  meet  rhe NTOSH accuracv
cr i ter ion wherein CVr< (CVr)" ,  an e. r rension of  the NTOSH
stat is t ics descr ibed ear l ier .  when the more conservar ive
O.S.A.  approach rvas used.  n ine of  the group exceeded the
!25V0 accuracy requirement. These resutts were unexpected.

A sample of  the calcular ions per formed to obta in the data
tabu la red  i n  Tab les  l l  and  I l l  i s  shown  i n  Append i x  A .

A l l  o f  t he  a roma t i c  compounds  res ted  mer  NTOSH accu -
racy cr i ter ion e. \cepr  l 'or  erhy l  benzene.  In the other  groups
hal t '  o f  a l l  compounds tesred fa i led the accuracy cr i ter ion.

Methylene chlor ide rvas rhe only compound rhar  had sui -
t ' i c i en t  b reak rh rouqh  ro  t hc  back  sec t i on  o f ' t he  cha rcoa l  t ube
and can be c.ns idcred an in l ,a l id  rest .  Breakthrough occurred
c v c n  t h o u g h  t h e  t o t a l a m o u n t  l ' o u n d  o n  t h e  t u b e  w a s  o n l v
I - lc i .  o l  the sarurar ion l i rn i r  t 'or  100 mg ol '  charcoal , i ,
r epu r red  bv  \ lOSH. ' f ab le  lV  summar i zed  the  da ra  on  rhe
samc  co rnp ( runds  l ound  i n  rhe  N  IOS H  va l i da r i on  res rs . , t ,
[ hese  da ra  and  rhe  da ra  i n  l  ab le  l l l  have  a  m in imum o t .  j c i
pun rp  c r ro r  ( (C \ , , ) i  =  0 .001 ! )  i nc ludcd  i n  t hc  C r=1  r . a l ues .

TABLE IV
Summary  o f  NIOSH Charcoa l  Tube Vat idar ion  Tes ts  in

D r y  A i r  ( a t  0 . 5 ,  1 . 0 ,  a n d  Z . O X  O S H A  S t a n d a r d s ) , r 1 , ,

Compound

Samp l i ng  Cond i r i ons  Used

P&CAM F low  T ime
S -  ( c m ' , / m i n )  ( m i n )

P r rb l i shed

Max .  Capac i t y
1 O O  m g  C h a r -

coa r  mg CVr t

E r h a  n o l

l sop ropy l  a l coho l

t -Bu l y l  a t coho l

n -Pen tane

Cyc lohexane

n -F texane

n -Oc tane

Benzene

To luene

(VM+P)  Naph tha

E thy l  benzene

C u m e n e

Methyl  cel losolve

O ioxane

lsopropyl  acetate

lsobuty l  acetate

Me lhy l ene  ch londe

Me thy l  ch l o ro to rm

Me lhy l  e rhy l  ke rone

Mes r t y l  ox rde

Me lhy l  r sobu ry l
ke l one

s  5 2  0 o 6 s
1 2 . 5  1 I 3  0 0 6 4
50 9 .9  0 .075
3 0  1 8  0 . 0 5 5
1 3  1 2 . 5  o  0 6 6
1 8  2 1  7  0 . 0 6 2
18 30  0  0 .060
1 0  7  . 2  0 . 0 5 9
1 0  2 7  3  0 . o s 2
45 29  6  o .o5  t
50 32.4 0.041
52.6  22 .O 0 .059
53.s  2o .3  0 .068
44 26 .0  0 .054
37 26 .0  0 .067
45 27  6  0 .065
15 23 .3  o .o73
1 5  3 6 . 2  0 , 0 5 4
5 0  1 7  5  o . o 7 2
50 9 .6  0 .071
5 2 . 6  1 9 . 9  o  0 6 4

5 6

O J

on

J t  I

J q J

8 6
) q

) a

7 0

J O U

50

J Z 6

t 2

l 8

200

200

200

o /

200

220

220

200

200
) ) d

200

200

1 000

) 1 i

220

) ) a

200

200

200

' l n c l udes  
M in rmurn  Pu rnp  E r ro r ;  CVr

anO samp l t ng  p rec t s ron

Amef lc0n lndurt f la l  Hyt 'en:  lssocr l l rorr  l0t iHNAt tJ5) I riJ



e
The overall avertges of CVr were slightly higher than
reported in the NIOSH validation tests, although no
judgment can be made about the accuracy of the charcoal

tube method for any compound tested from the validation

data as prese nted. The decision rule stated in the document is
that CVr must be less than 1O.SVo. which is the (CVt)" for an
unbiased method, Since the experimental protocol used did
not contain an independent method, ag., certified mixed gas
cylinders to calibrate on-line instrumentation, the data pre-
sented prove only that the charcoaltube method is precise but
not necessarily accurate.

Conclusions

Laboratory tests to data indicate that the NIOSH charcoal
tube sampling method has serious deficiencies when used to
determine the true exposure concentration of many com-
mon industr ia l  organic compounds in moist  a i r .  In  v iew of
the results presented. users are cautioned to consider char-
coal  tube sampl ing only as another  independent  moni tor ing
procedure and not as a "rel 'erence standard." especially
when compar isons are made rv i th  other  sampl ing methods in
field rvork.

Laborator l  va l idat ion o l '  charcoal  tubes pr ior  to  f ie ld

sampl ing is  s t rongl l  recommended.
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APPENDIX
Sample Calculations - Toluene

' f o l u e n e l M W : 9 2 )

Test Level 53 ppm lor 6.0 hours

Expected Charcoal  Tube p ickup (Table l l )  ca lculated
as  l o l l ows :

11 ,s- i .3  ppm = 200. .1 mgi  m'= 200.4 pgl  L

2)  (0.050 l -  min)( -160 min)(200.4 mg/  m'r ) (  l0  ' r  mg/  g)

?58

1 )

4 )

' l m  ! n d  H t t  l \ \ o (  l / . . i ) , lOr r t  i98 .1



5)  Table I I I
From experimental data:
C \ = 5 . 3 V o r n = 5 ;  f : 4
C Y 2 = g . g V o ;  n : 6 ;  f  : 5
C Y z = 3 . 3 E o , n : 6 : f = 5
C Y t = 7 . 4 V o t n = 6 : f = 5
Using Equat ion 2:
6}l. = JI 1 CV )" f, I 2 f ,)r,r= l.Q = (eV2) by N I OS H Defi ni-
tion of precision of analytical and sampling merhod wirh-
out sampling pump error.

6) Using Equarion 3:

Amer fcan lndus tna l  Hygren€ Assoc ta t ron  JoURNAt  (45)  4 /94

: .. /\
(CVr)' = (QVr)z + lCVp)2 where (CVr)2 = 0.0025 the mini-
mum pump error

[(0.070)2 + (0.0025)]t/2 = 0.086 or8.6Vo= fi. s11y.g .,. ,
Using Equation 5 or the plot of (CV1L vs. Bias (%)i
(CVrL = 0.127
Gives (CV1)" = 0.093

Since (CV1)" > t&tl the method meers NIOSH accu-
racy criterion.

Overall system accuracy by Equation 6:
O.S.A. = (8.6)(2) + (1.2) = +-t8.4Vo
I  November l9E2: Revised I  November 19t3.
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