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The history of development and validation testing of passive dosimetersis reviewed. Thevretical consideration
including possible limiting factors or interferences, are presented. Laboratory and field vahdation tests a
critically reviewed and results are presented for comparative purposes. Evaluation of available dataindicates th.
passive dosimetry, with some exceptions, is an acceptable method for monitoring gasses and vapors Mo
importantly, passive systems appear to be as reliable as the now accepted active sampling systems

Passive dosimetry — state of the art review

VERNON £ ROSE and JIMMY L PERKINS

Sthoot of Public Health, University of Alabama in Birmingham, Brmingham Al 35294

introduction

Recopnition evaluation and control are the cornerstones of
the application of that misture of sawence and it known as
iwdustial hyvgiene These threetashs howeser are no longer
the cmpent doman of the industnial bygremist I the pas
decade. w prohferavon of taming in the recopmuon of
worhplace hazards has been made widelv available to
workets and management alihke At the other end of the
spectium has been the trainimg of individuals highly special-
ized an the contral of wpeaific hazards. especiglhy those
mmyolving noise and tosic arr contaninants These develop-
mentsare welcomed because they contribute sigmificantiy to
the ultimate goal of protecting the heabth of workers by
providing saler and more heatthful workplaces

At the scame time, professional industnial hy grenists ree-
opmyse that often the erttical step in the process s not recog
mition of toxienty, but exaluation of hazard which leads to
the subseguent develapment of the most effective means of
control where warranted This hey step of exaluation s the
unique domarn of the industnal hygiemst, often supple-
mented by other members of the occupational health and
safety tecam, Where evaluation reguires the determinanon of
workeresposuretoairborne tonic substances. the industrial
bvprenisthasseena revolutionin the development of sophis.
veated techniques and cquipment

The “organ-grinder™ impinger sampler is a rehe. having
beenreplaced by constant flow  eight-hour battery-operated
pumps. hght enough to be carried by the worker. The hgqud
bubbler and impinger have been replaced by the charcoal
and chemical substrate samphing tube. The laboratory has
come to the fickd in the form of the portable gas chromato-
graph and infrarcd monitar. albeit with a price rise directly
proportional to the sophistication of the equipment Even
the once lowly. direct-reading detector tube has become
legitimate with the establishment of government programs
1o certify accuracy and precision,

But while most exaluation techniques were reaching the
point where thendustrial hy piene staff required the addition
of someone with a Ph D. mn electrical engineering. a new
deviee has appeared which has the key of ssmpheiny — the

personal passine dovmeter personal beocavse nean b s
by the warker an dose provinry o the breathime son
passine because thure 1 no pumep to move the di oo
collector whih vguates 1o fov e vativoanion and 1
nance problems Somve guanrdwah thoram doamet s o
putists prefernng to call them collectors moniar,
samplers While many of the devices are colledton o
require theapphication of subscquent analyticel proceduon
others provide {or a more duvet measwement of oy oo
dose 7 Thew basic appeal. however, s simphiciny o o
Theoretically elabovate calibiation procedutesare v
saryv. and all that w needed a a By schable nmopa
measure exposure dnration Thete ssosome tecopnite:
temperature and hunudity may affect the obsergn
therefore. most manufacturcrs advise the user torepont thy
environmental conditions to the analvtical laborsion o
cessing the dosimetcr

Rather than viewing passive dovimetersasanother wa o
replace the industial hygiemst, indusinal hygienisas nu
recogmze and appreciate the potenuad of the dosimerors
helping to achieve the hvgiemisas” goals That potantia
significant 1n that personal dosimetess.f propals us o
offer the opportunity 1o tevolutonize the evaluation <,
The parallels with detector tubes, as well ac with noise on
tonizing radiation dosimeters. are obvious Indeed 1t
parallel with radiation dosimeiers. especially Glm badges
stribing. The opportumny to significantly ¢xpand the me.
surcment of worker exposure 1o many tove materiah co
provide a quantum leap in ous ability to provide safe
healthful workplaces With any samphng deviee, howoa
there also must be the understanding that use of such devi
is only onc part of the evaluation siep The concepts o
proper selection of workers ar rink the understanding .
himitations, interferences and simitar factors wand vl
the proper interpretation of the results are ~tlb ks g
dients in the evaluavon step The posabibty of “labse noy
tne” decivions leading to erronvous assumptions of sates
or “false posatine” conclusions loading 1o unwarrant
expenditures of resources tor controls sl evasts regandte
of the measurement device used
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With the rapid proliferation of passive dosimeters in the
pastsevcral vears. itis appropriate that industrial hy gienists
vvaluate the “state-of-the-art™and. as professionals, become
imvohved with the proper apphcation of these momtor-
ing devices

theories of operation

In that passive dosimeters by definition do not use an air
noving device to transport contaminated air 1o a collector,
natural farces are relied upontoensure that a representatine
amount of contaminant s “seen™ by the detector. To date,
one of two principles has been applied i the dewign of
dovimeters The first. and most waidely used. is the principle
of diffusion of contaminant molecules through u stapnant
gas (ar) laver The second princaiple mvolves the absorprion
1 and subsequent pernieation of contamnant molecules
through 4 membrane

Diffuvional momtors rely on the movement of contamr-
nant molecules across i concentration gradient which for
steady-state condions can be detined by k™S Farst 1 aw
of Dittusion '

de
W - DA — (1)
dx
where W o= mass tanser rate, ng seo.

{3 = diftusion coctficient. ecm” sce.
A T crosssecnional area of ditfusion path.em and

do dx = rtheanstanmtancous rate of change in concentra
Kl 1
non onver diffusion path, (ng cm’lem

Conwdenng the change in concentration (Cy — Co) oves
the total dittusion path length (X1 — X = =1 ). cyuatior
1) becomes

A
W=D n (Cy = G (2}

where 1= lengrh of the diltusion (static) path. cm.

(), =ambicnt concentration of contaminant
4
ng ¢m’ . and

Co = concentration of contarminant at collecting sur-

face. ng em’

It an cfiectne collection medium s emploved. the contam-
tnant concentration at the surface of the collector (Co) can be
avcumed to be zero.and multuiplving both «ides of equation
(21 by time. vields

A
Ps4=Dl—(Cu)| 3)
where M = 1otal mass transferied. ng. and
t = time that the badge « exposed to the contami-

nated i, sec.

It alvointeresting to note that the umits of the product of
Dand A divided by | .areem® sec.which are the ~ame units
associated wath active air-moving devices such as personal
sampling pumps

606

Rearranging cquation (3) ay follows:

ML
DA {4

it hecomesapparent that ine tactors alfect the measuremen:
of the ambwent air concentration of 4 substance (C) Twoal
the tactors {1 and A) arc physical paramceters associated
with the construction of the dosimceter, one (M) s pravided
by measuring the total mass of contaminant collected by the
sampler. anotheristheduration (ty the sampler was expose!
to the contanmuinated atmosphere, and the final factor (1)) ).
an indivadual property of cach vapor or gas MU also
known that the diffusion cocfhicient s direeth’ propos
nonaltothe absolute temperature (Tyof thevapor. rased 1,
three-halves power and ainverselh proportional to the aum,
spheric pressure (P
K
Da _P {5

Dowmeters that ey on the punciple of permeaiion
through a membrane are especialiv useful where the contam
inant of concernas usually found mined with othenimrerfor-
g vapors or pases or when a hgund coliccting medium o
emploved The poal then becomes toadentdy a membrane
matenal that o highly permeable 10 the contaminant of
interest and impeomeahle 10 most other components in the
atmosphere, and or the collecung media

The determmation of ambient concentrations of a caon
tanunant using o permcationdevice can be deternuned tron
the tormula

C = wh (6}

1

where, € = concentratvon of contaminant. ppm
w = mus of contaminant collected, up.
K

U= exposure time. hours

1

purmeation constant. ppm-hours pg. and

The permeation constant (h) i« determined experimentalh
and i~ a function of the specific membrane matenal and
contarmnant of interest

sources of measurement error

The most obvious sources of error for both 1y pes of passine
dosimeters arc appatent from equations (4) and (6). Com-
mon to both badges are determinations of the mass of con-
taminant collected and the ime of exposure of the dosimeter
10 the contaminated atmosphere. For the diffusional moni-
tor. accurate hnowledge of the physical parameters ass<o-
ciated with badge construction (length and cross-sectional
arca) and the diffusion cocfficient of the contaminant arc
important. Therc are at least mne prediction methods for
caleulating the diffusion cocfficient. and in one study com-
paring observed and expecied values for more than 100
compounds it was not uncommon to have less than 50
percent of the calculated results within + 5 pereent of 1he
obswerved. " Montalvo has described a procedure for miting
errors associated with computed difiusion cocfficients.""" At
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fcast one manufacturer, the 3IM Company, makes avaidable
s procedures for determimng samphing rates (DA ) fors
badges ' s approach has been to experimentally determine
the samphng tate for fine or six compounds 1n a chemical
famuly 1o estubhish the relationship between the diffusion
cocthaent and the measured saomphling rates Sampling rates
lor other compounds are determined from the diffusion
cocthicients caleutated by the Hirsehivlder cquation and the
empincal relationships developed from the test compounds
Theranonale for the selection of the Hirschlelder equation s
not piven butan the study of the nine diffusion coetticient
formias, the guthor concluded that far higher molecular
worehit compounds the Hischiclder, Biard and Spats equa-
fots were i dosest apreement wath determined values '
o the parmaanion monitor, accurate deternunation of the
portcation covltiaent for cach maonitor v necessary for
vhraming accurate results Factors influencing permedtion
include thickness and undformity of the membrane, attimn
ol the membrane for the analvie, swelhing or shiinhape of the
membrane and possible crchimg by corrosne chemicals

Phe probloms assocted with accurate determuinations of
the mass of the contanumant colleaied are somtlar 10 those
el od vk other collection devices such as charcoal or
sthica gol tubes o to those in which the collecton ot the
contammanimobiesa chernmeal reactnonwith the collos tan
modium Uang bnown amounts or concentrations ol . o
Lemmants to detcrmine collection and or desorptio:
Croncies s cncal astep lor passive dosimeters as o 0
cther peethods of collecnion Saturation of the sor
wellas the subsequent accurady of analyvtical ieehnig,
abvopartof the totalerror assoiated with the measur

Another common concernn all types of envitorn: ¥
moasurements s the potential for interferences, eithe [
tnve ar negative. from other contapunantsinthe samplos o
A the evahminion ol passive dosimeters has miaturnod,
marcased attention s hemp pind to possiblenterfetono o
diulii-contaninant exposute situations in both the labora
tory and ficld In evaluating such interferences 1t should be
tecognized that there are several potenual sites for such
interferences 1o appear. ¢ g effect~ on adsorption or
abwarpuon cfhicieney ot the samphing mediom  chemical
redctions of two or mote contanunants prior 1o analysis. and
the multitude of mterferences associated with analysis of
comples mitures of gases and ot vapors These problems
also are tound in the more classical sampling and analviy-
cal methaods

Accurate measurement of the time the sampling device 1y
exposed s essential to most industnal hygicne sampling
proceduies For both shari-term and full-shift exposure
measurements. ertors less than one percent. 1.e 9 veconds in
15 minutes and 4 K minutes over 8 hOUl’\‘ Are notunrcason-
able goals

Forthe dittusion cocthicient and posaibly the permeation
constant. it would appear that three factors have the greatest
cftect onvanabhy Thes factorsare the tw o already idenu-
tied. temperature and pressure. and. less readily apparent.
the veloenty of the air external to the badges
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Considening temperature and pressare, and referring to
cquaton(5)itcan beshown thatatemporature nise drom S o
35 °C would give a 16 percent inacase i the diftusion
cocfficient. whie o rise tn barometnic pressure trom 710 o

10 mm Hg would causc a 14 pereent decrease ' Howeves
at the same tune. the changes in temperature and pressure
alvoarcalfecting the concentration (tmass volume actualh
density 1 the proper term but most authors use concentig
tion) of the contanunant 1in that concentration i omersg
proporbonaltothe temperature and ducath propaortional to
the pressure As a result the total mass (M) collectiad byt
dosimeteris anly shighthv aficeted by temperatuie (M 1
andvaindependent of the pressure ¢ atsegin iy who b
ambicnt temporatures the diffusion coettiorent will merees.
about 0 Spercent per © € and the total muass collected by th
samplet wilbinerease less than O 2 percent per O Thodton
atemperature change from 2510 207 C o uncorrected vy
introduce a measurement crror of less than one porcene
while a change from 5 1o 38 O i unconceted would
miroduce an crror of gbout five pereent

Ihe final source of crrar to consader o+ the volooimy ool
au external to the dosimeter often this s referred toas tac
veloany Tnancarly assessment of Lo vddoany elfect o g
cialty the lack thereot Tomphins and Goldsonth porst e
that the ympartant consdetation s o contain alf resisiang
tocontaminant transport within the stapnantan faver msid.
the deviee '
veloany duectds aftects the concentration gradiom € €

As Jonas er al subscquenthy noted the ta

cyuation (2}, and C. can no tanger boe assumed o bo
ambrent concentration when the g eaternal to the bady
stiagnant T With sero or low face v eloaties the fenpth el o
the diffusion pathway s effectnely extended, and ther o
a deaicase n the measured ambient concentration
Tomphkins and Goldsnuth™s work with the GASBADGE™
they determined expenmentally that as long as faee velow
ties were greater than 7.5 ¢mosec (15 fpm) there was Ton
sipnificant eflect on dosimeter tesponse T howeser ezpen
mental results supporting this condlusion weie not pie
sented ' High face velocines may abso affeet the concenty
non gradient Commercially available ditfusion device
relv oneither a large rano of diffusion path dength ro ditte
sion tube diameter or a wind screen 1o hinnt errars from
this condition,

Onc of the mostcomprehenainve tests tadocument souree.
of error has been conducted under contract forthe Natonal
Institute for Occupatianal Safety and Health and although
concluded. it is not vet available as a publhc report T he
study imvohved evaluation of the GASBADGE and 3A
Organic Vapor Monitor™ (the DuPont badge not homy
available at the time the study was imttiated ) via challonge
with several arganic vapors The factors mvestigated wen
precision. effects of storage. manimum and mumrom level
of quantification. facc vclociy offedts dffedis et temperatia
and humidity_ off-ga~sing (related to storgged exposiiie to
mixtures. problems associated with appheable anahybies,
methods, and ad~arption of the contammnant by the badys
iself with subseguent leaching to thy sensing surface Lh
possibihiy ol adsarpiion by the badee body thus gnvane
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hiphesr resultsif the contaminant is subsequently released to
e active medium, 1y of special concern in using passive
toamaicts o measute sery low ambient concentrations
~uch s might be found in air pollution studies. Such interest
and concern are evidenced by research on the subject being
sponsored by the U8, Emvironmental Protection Agency
“F "A1"" Because of the lower concentrations involved with
At pallunion studies as opposed to workplace environments,
b EPA o s concerned with the background or post-
Lo contamination levels associated with the sens-
Intially . the focus concerns organics and acti-

N o uit)

.+ o alhthough numerous factors may affect the

. son ol concentranon. only faceveloens and the

~noet the dittusion coefficient are unique sources

. Yo passinve collectors Therefore, o face veloctties

47 o prevent Ustanvation” (probably greater than

~and it dittusion cocfhicients have been accurately

- ~o cospenimentally determined. passive doaimeters

i “eults comparable to those obtained with trad-
samphing systems

statistical considerations

Tioove o any new monitoning method. extensive labora-
oy and ficld testing 15 necessary. Interpretation of the

sl ot those tests requares the application of appropnate
Lot chicchnigues The use of statistical techmiques which
o ncameplul and easily understood s important, conse-
mentihy o discusston of the techmgques used to evaluate
gitssive dosimeters s appropriate

Therc are numerous statistical tests which can be apphied
o both ficld and laboratory validation data The main dif-
erence between the two situations is the degree of certaimmn
f the “true™ concentration of the monitored envitonment
inthe ficld the true value i usually an estimate based on the
csults of a standard <amphing and analytical method Inthe
aboratory expernimental “known™concentrations are ey olhved
and are then used for comparison with the concentrahons
sstimated from sampling and analytical methods

What v often not stated i« that a certain amount of erron
also ewisin in the determination of laboratory-cvohed
“hnown” concentrations, These errors are often difficult 1o
estimate. The “known™ concentration 1s often calculated by
aeighinga syringe before and after an injection period (mass
alance) or simply by injecting or allowing to diffuse a
ncasured volume 1t 1s assumed that the ahquot dehhvered
vasvaponized or diffused into a test chamber of known size.
?cssthiesources of errorinclude adsorption to or leaks from
<he rest chamber. absorpuion and adsorption to articles
placed in the chamber. degradation of the analyvie by air
oxidation or hvdrolysis at high relative humidities. and error
'n measuring the injected contaminant. A backup monitor-
ing system may be used 1o ensure ¢lose proximity to the
‘hnowrn “concentiation Forexample.aninfia-red (IR)ana-
vzet ov pas chromatograph may be used as a check on a
known™ concentration

In other instances an ER analvzer or a direct reading
metrument may be the onhy method fordetermimming “hnown™

08

concentrations. In this casc the error in the instrument can
be calculated or estimated Charcoal tubes and critical ori-
fices also have been used to measure “known™ concentra-
tions. M error in both the “known™ concentration and the
estimated concentration arc considered. statistical tests used
to vahdaie the experimental method become considerabl
morc comphcated. hence, the errorin measuring the *known™
concentration 1s usually assumed to be smalland unimpot-
tant.®™ Methods described above for determinint the *known™
concentration vary in their accurac_\‘.la fact winch should be
considered when evaluating vahdation data for any sam-
pling and analvtucal method

When one s validating a method in the laboratory . there
arctwo main considerations thevanation of the samples or
data points about their mean. and the deviation of the sam
ple mean from the true mean or “known” concentration The
first conaderation often is called precision and s probably
the most important and rchable measure as 1t docs not
depend onthe errorin determiming the “known™ concentra-
tion Precisionwestimated by determining the coefficient of
vaniation (CVYor relatinve standard deviation of the data set
as follows

<
Vo= oo X 0 7
C )\ {7

where: s = Standard deviation of samplk data set.and

X = Mcan of sample data sct

Where samples are tahen at several concentrations. it
necessary to determine a pooled coefficicnt of vanaton
which invohes determination of number of levels tested "
1t should be noted that determining the number of concen-
trations (or morce appropnately, the number of statistical
levels) is not always straightforward. For example, of 10
samples are taken at cach of three concentrations. and of
within each concentration fine of the samples are collected
over four hour« while the other five are collected over eight
hours. arc there thice levels or sin levels” The important
point to consider s whether the dilferentiation of a lexel is
based upon an anticipated difference 1n the sample mean
Certainly 1f the investigator designs the experiment with
different time levels, there ts an anucipated effect of time on
the mean. Unfortunately. whenexpeniments are so designed.
statistical analyses at the various levels usually are
not performed

The second statistical consideration. the difference between
the sample mean and the “known™ value. is sometimes called
accuracy, but the term btas is more appropniate. It s
defined as

b= 22X 100 (8)
Xa
where X = mean of sample data sct. and
Xo = “known” value at level tested

If more than anelevelis sampled. it is necessary to determine
the pooled bias of the data set "'
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The bras for a given set of data can sometimes be cor-
rected If the average bias (either the average of several
sumples at one level or the pooled bias for several levels) s
large onc should note if the components of the bias value
(either the individual camples or the levels) are consistently
negative or posiive, I the bias is large and vanes consis-
tenth n one direction, the precision nevertheless may be
ut o small In this case a physical or chemical variable may
bovonastently affecting the method (a sysiematic as oppased
1o random error). causing the experimental values to con-
sto W fallshort or long of the “known " concentration This
!0 ol bias should be corrected

I ddition to these statisnical tests. others have been used
s the validity of passive monitonimg systems Ohverall
.ucmac,\‘”' has been defined as (2 X CV) 4 abaolute

v pressedasapereent Others™ have used the pereent-

the “known™ concentiation accounted for by the
¢omean dotwo standard deviations as well as the term

. (ARNEY
* i Crror

which i~ equinvalent 1o overall stem
~ov Relatse ~tandard deviation has also been used.
detimed as the equnalent of CV 1™ Additionaliy some

v repart only raw data while others report means

o

vl standard devianions or sample sizes. and varnous
crnccombrmatons While all of these statistical determina-
tron bave unliy it seems tmportant for comparative pur-
posestoconsistently use those determinations which give the
mostinformation an the simplest form Certainly, bias and
preciaon meet these critenia

Decussion of anc other point seems pecessary NIOSHY
has proposed as a puidehne for therr own internal purposes
that samphny and analvtical methods meet 4 mimmum
tequirement of 1 25 pereent accuracy, that is, the absolure
totalerror of the method should be less than 25 percent in at
least 95 percent of the sample population (assuming a nor-
mal distnibution) NIOSH derves the maximum precision
value for an unbiised method given the accuracy critenia
stated This vatue (12,8 percent) i« the maximunm precision
value acceptable Tor an unbiased method Although the 25
percent accuracy cntenon has been criticized by some
authors " i wasadopted for NIOSH s own internal use and
s not meant as public polics: However, OSHA adopted the
same criienon for the benzene standard without a complete
dernanon or explanation. Consequently. this critenion has
been cnicized and alternatives have been proposed.”” A
sccond important point i« that bias s also considered in the
1 25 percent criterion according to a somewhat complex
statistical relationship™ but the overall SASICIT ACCUTACY as
defined earhicr™ s a fair appronimation if the method has a
true bhias. 1., s mean is stausucally different from the
“known concentration.” A final point is that as the number
of samples at a level increases. the standard deviation and
CV should decrecasc These considerations are important
when evaluating passive monitor validation data. especiaihy
in those cases where manufactusers have stated that they
have met the 25 percent accuracy criterion. '

For field comparisons of conventional and passive moni-
tors. different statistical tests are pecessary If passine maoni-
tor values. for example. are plotied against charcoal 1uhe
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results (Y vs. X)) and more than one concentration 1

sampled. one would expect an increase m X Lo cause ar
increase in Y. Y thoincrease s inear. and the sample values
he ontheregression line. the correlation co fhicient (rywould
have a value of one. If a changein X brings about an cqua!l
changein Y. then the stope would also have avatue of one It
the individual values {or the two devices are indeed equina
lent. the line should wntercept the ongim T ach of these iela
tionships is expected within reason The difference of the
slop from one. the correlaton coethicient from one. and the
wntercept from zervo can and should be tesied

In order to perform the regresston analvas described
above we must assume that X (actne samphing data) is not
subecttoerror Of course, we hnow and cancaloulate unda
laboratory condiions the error ol active samphing svsiome
There are at least thiee reasons why this errar s ofien
overlooked First. nos gssumed that conaderation of the
error in X would only cause small difterences im regression
analvsis results Sevond i addimon to laboratory domon
strated entor, a range of crrors introduced by varving ey
ronmental conditions must be considored Whide ditficalt o
assess, these errors may have a profound ctect on ) and
tndeed the crrorn the X measurcmunt may be as proat or
greater than that for Y Finathvoof the crrorm X s 1o be
considered the statisucal tests mre complen Such tears huve
been discussed for biological problems ™ however, the the
ories appatcently have not been apphed 1o sampling and
analvuical methods even though then appropnateness has
been recopnized

applications
From a historical vantage, one of the carhest reports ot
“passive” monttor for exaluation of airharne contamnants
was patented by Gordon and | owe n 1927 " Theu pas
detector for carbon monovide involved an “easily frangible
vessel containing 2 solution of <alts ancluding palladium
chlonde. and a covering for said vessel of a hght colored
absorbent matenial ™ The prinaiple timvolved breaking the
vessel (2 small ampule) and noting the subsequent color
change of the solution as it reacted with the carbon moenox-
ide on the hight colored absorbent matenal This tvpe of
semiguantitative device was certamly a forerunner of thow
thatare available today  though it was undoubredis aftected
by air velocity as a stagnant air laver was not emploved
An eatension of Gordon and 1 owe’s concepts n the late
1960 provided the basis for Plants er af to develop a
personal dosimeter for measuring hydrazine. unsy mmetrical
dimethythvdrazine and monomethyvihvdrazine ¥ The reac-
tion of these compounds with a “colonmetrnic substance™
(bindone) produced a purple color. the intenaty of which
wasdependent on both cancentration and duration of expo-
sure. Color standards then were used toestimate the concen
trationasa function of the time the badge wasevposed to the
contaminated air. consequenthy, the method was ondy seny
quantitative. In considerning sources of ctror the authors
noted that the purple colar would also be produced by all
volatile bases that weie testedincludimg ammonia aliphate
amines, anithne and aigarette smoke
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OF tmerest an thas review . however, are quaninative
devices hased on the principle of enther gas or vapor diffu-
<100 or permeation through a stagnant air laver The first
~uch device 1o be reported in the iterature was described by
Palmesand Gunuisonin 1973 “* Their device emploved the
prinaple of gas ditfusion to determine airborne concentra-
nons of suifur dioxide and will recene further consideration
subsegquentiy Lo gainthe bestoverview of the vanousapph-
cations of these concepts. it 1s probably best to proceed
by considering hirst the inorganic and then organic pases

and vapors

inorganic gases and vapors
ammaonid
fn 197% Musur er a/ desernibed the use of the Abcor
GASBADGE to sample emplovee exposure 10 ammonia
(rhis Jevice currently s not marketed) Y The investigalons
veplaced the chareoat pad normally found imthe GASBADGL
with on acd impregnated absorpion pad Ot three acids
vosted phosphone was mostsuccessfulin providing the best
appreamiation of thearenical concentranons They deter-
rncd however tharyvelande animes. spearfically exclohexst-
grine - oubd produce highorcadings, as bugh as 18RS percent
o the <onthene atmosphere This led them to replace the
pliass Hihey draft stueld on the front ol the GASBADGE with
a Cchaoosl impregnated glass fiber filter which had been
pootreer A wath alcohohc KOH contamming O 1 percent sut
factan Ene charcoal senved 1o adsorb amaines as they dit-
fused nto the dosametor while the KOH (aded by the
Gty apentt chnnnated nreversible ammonia adsorpion
by the charcoal, which would have caused underestimation
of the smbient concentration Additional labotatory exper-
tments demonstrated that storage time of up to 47 days
priontoanalhvas. did notappear to adversely affect the resuhs
Mote recentiv. DuPont has developed a commercially
aviable sostenn for the measurement of several mirborne
cottsmuants ancluding ammoma In 1981 Kning 1 af
Jesernthod DuPonts PROCTER™ cvatem for ammomia nitro-
gendionvide and sulfur diovade sampling analyvsis using a col-
ormmetric readout imstrument Y The ammonia badge relhies
enmoleculin diftuvion of ammoma and subsequent chemical
reaction with a solution of 0.3N boric acid and 003N sodium
potassium tartarate (ve) After exposure. the reagent pachas
remonved from the badee holder and analysis 1s inivated by
prosang reagent “hhister<"which arc adjacent 1o the ahsorb-
g ~olunan This action causes the release of a2 modified
“esder’s reapent and the subsequent development of a
cacged salutton Forammonia. maximum color intensity s
Jdovoioped @t425 nanometers. The abenrbance of the sample
1~ then compared agaimnst a standard curve based on Beer’s
aw After deteramnanon of the preasion of the analvucal
method and svendvwation of the hincar 1ange of the colon
Chenustny, laboraton testing was conduct Jtoesabhshthe
oporational range as well o~ preciston and accuracy of the
ove W method (see Table 1y The minumum and masimum
e of the samphng range were found to be 50 and 500
pr bowis, respeanely Far an apht-hour time weighted
average 1ose vidues correspond to o -lourth and two and

€in

one-hatf timesthe current ACGIH Thieshold Tima Value of
25 parts per milhon. " In consmidening sources of error.
environmental effects icludimp temperatue (1010 40 °Cy
relatine humidiy (1010 BO percent). pressure (73010 790 mm
Hg). and face velocntv (2 S to 125 em secy wereancluded Of
the environmental factors evatuated. temperature and the
concentration of the contamimant were idenuficd as being
responsible for 98 percent ol the data svanation toramrmo
mia. atemperature cotrecuon factonol O G percens v raoptot
centipgrade was sugpested Also mycstivatod was the sboiage
stability of bath unexposed and exposed hadges Resulis
indicated that refrigerated stotage s necessans toestend the
shelt hic ol unesposed badges Oncethe badeersexposed to
ammonid and betate the reavents are ansed the badpos can
be stored tor one oom temperaturey to three Grodngerated
woecks wathout losing iny absorbed contanminant Onee the
reagents are minedand colop formation s started the bady
should beread wathin 90 nonutes Addyonat ooy ceanle

conducred by DuPont are shown e Tahic 17

carbon manoxide

Shorand Anders of the AN Company have doar oot
IM duect-read ddffusional momitoy T tor evaluation o
cnposures o carhon monosade U The prtpie anmeives
the reaction of the carhon manoxide and an unrepaoried
teapentis) to poc a visible cofor chanee frons mnk 1o tan
Theoreneativ, ot any pant coloris obaorvaihio ot e
theexposun pentod thentheevposor wae tees b vhe e
tme worghted-avcsgpe of 300 pp hoane 7 Thioe abos e
thar nonmyg the me to the endpomt allow ctor calo stanon o
the average concentration of cathon monoside duning e
exposure pentod The authors present summary resules of
laboratory evaluations uang anminfrared wacdhiation devicd 1o
estabhish "known™ concentianions (sec lable 1)

chlarine
Hardy e al have desenibed a personal chlonime monitor
(REAL, Inc) which emplovs the priincple of permeation of
the gascous contaminant through a wshcone membrane and
into 10 ml of a fluorescein-bromide solution. ™ Colonmet-
ric techmyues then can be apphied to determine the chlorine
concentrauon The authors report a detection himt of 0 013
ppm chlonne for an eight-hour exposure. with a “working
range” of 0.1 10 2.0 ppm. They also suggest that for <horter
time peiiods. concentrations of up 1o five ppm can be deter-
mined Other observations included cfiects of temperature.
humidiy . absorbent concentration. pH and response time.
with all laboratory resulis presented graphicalhy

Moleculon Rescarch Corporation has recenth introduced
a chlorine momtoring device which rehies on plasuc film
impregnated with hquid rcagcnl,&.m’ Exposure of the badge
to chlonine gas ginves a visible, “blue-purple.” color change
Optical transmission measurements, and comparnson with a
standard curve. can then provide quantitaune exposures n
ppm-hours The manufacturer’s summary results indicating
cffects of temperature. humidiny . wind velocity and concen:

tration arc reported as presenting an errot ar the 95 percent
confidence fevel which s “less than 2 15 percent.”
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TABLE |
Inorganic Gases and Vapors Laboratory Results

Chemical Dosimeter® Bias" Precision’ Range" (ppm) Reterence Notes
Ammonia De os 74 20-50 24
DP 05 €9 20-48 26
GB -32 93 6-62 23 Fr
Nitrogen GB 217 4-11 1 Hi
Dioxide DP -32 75 4-11 B
op -09 87 4-113 24
MDA -49 a1 6-9 36 e
Sulfur GB 138 4653 1 wi
Dioxide DP -1 58 4.1 38
DP -08 75 4 11 24
Hydrogen
Sulfide G8 153 16-22 1 i
Mercury 3M 05 9 003.03mg/m" 32 '
am 17 2 005-0 2mg/m a3 t
co amMm 03 47 50.1830 27 "

*DP=DuPont Pro Tek Colonimetnc System Badges 3M=3M Company Momitor, MDA—MDA

Scientfic, GB—-Abcor GASBADGE
"See text, equation (B)
‘See text equation (7}

1
'Some values are rounded 10 nearest whole number

'Bias consistently negative

*Results dertved from Table Il of McCammon et al '

“Results calculated from data provided in reference

"This product 1s not currently marketed

1
Bias could not be calculated from data given

hydrogen sulfide

In 1977 Tomphiny and Goldsmith described the develop-
ment of the GASBADGE personal sampler "' Although
later work with this device focused on the collection of
organmics on an activated charcoal substrate, initial studies
rescarched samphng of both orgame and norganic com-
pounds (The GASBADGE for organicyapors is now mar-
heted by Natnional Mine Safety Company. and those for
jnorganic vapors are not currently marketed ) Applications
involving maorganic gases relied on collective elements of an
“appropriate substrate impregnated with a chermical medium
speet(ic for the contaminant of interest.” Based on 60 obser-
vations. the authors’ statistical summary is presented in
Tahic ! Etghty percent of the measurements were within +
25 percent of the “true™ value. Challenge concentrations
were established 1n a “well-misxed™ environmental test
chamber and were measured with an “indepcndent wel-
chemistry samphing train.”

Hardy and associates have described a permeation device
(RFAL,Inc)whichrelies onthe permeation of H;S through
a dimethylsilicone membranc and subsequent reaction with
a solution of 0.2N sodium hydroxide and EDTA.® The
colored product (methyiene blue) 1s measured spectropho-
tometrically and compared with a calibration curve to
determine ppm-hours A knowledge of exposure time then
allows for the determination of average exposure over the
measurement period The authors note that a critical step in

Amengen Indostial Hypene Assoration JOURNAL
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the development of such a device is the eapernimental deter-
mination of the permeation constant (see Fquation &), whiuoh
involves calibratton of each momtor by exposure to known
concentrations of the contaminant, The results of this labo-
ratory rescarch demonstrated a detection limit of 0 0] ppm
foraneight-hourexposure.withaworking range of 0 1o 20
ppm and a hnear response up to 200 ppm The working
range corresponds to onc one-hundredth to two times the
current eight-hour TLV of 10 ppm *' Evaluatons of envi-
ronmental effects indicated that neither temperature over
the range of —31039°C. nor humidity. from 01099 pereent
relative, caused any sigmificant vanations in response of the
device Further research demonstrated a good response to
high concentrations in less than onc minute. adeyuate sam-
ple stability up 1o 10 days if EDTA 1~ used in the absorbing
solution. and negative and positine interlerences, respec-
tively, from chlorine gas and nitrogen dioxide, Precision and
bias were not reported

Anotherapproach for the determmation of gascous hydro-
gen sulfide has been reported by Gracdel and Franey
Their research imolved using a sermquantitaine method
without a stagnant air laxer and relying on the discoloration
of lead-stabihized polviinyl chlonde (PN C) The technigue
imvolves the diffusion of gas in a polamer and. at high H.S
levels. the detection rather than the measurement of tovie
levels of H,S. Screening apphcationsfor low level exposures
also are discussed

611
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mersury
In 1977, McCammon and Woodfin of NIOSH scported the
tesults of o laboratory evaluation of AM’s mercury vapor

montor ' The manitor's operating principle iny olves molec-
ular diffusion and deposition of mercury vapor on a gold
substrate The resutung b . nge in electrical conducuinvity
across the gold toil is related to the amount of mercury
absorbed by the toil Three other sampling methods, all of
wiich imvolved the active movement of air. also were inves-
tpated and inctude the LASL tandum sampling tubc. the
hoepoalite tube, and the 1odine impregnated charcoal tube
P orthe passive monnor. precision and accuracy. the effects
ot taceveloeny and temperatuie. and potential interferences
wore smves tipated Concentrations of mercury vapor in an
cvpostie chamber were monitored with an ultraviolet mer-
cuny vapor meter. whichan turn was cahbrated by measure-
monts using the T AST method To determine precision of
the monstors 12 devices were exposed 1o a test atmosphere
Rosubis from vhice measwiements of the test atmosphere
vomp the TASD method gase an “eapected” concentration
or 005 anthgrams of mercury per cubiwe mieter of an
timy m’5 with o standard deviation (S o 0002 mg m'
and a cocthicient of vanation (CV) of 0 037, Precision and
bas caleulated forthe data gnenan Table 1T of McCammon
eral' O summanized in Table 1A least squares regression
dtalvas ol the combined precision and accuracy results for
the pasaive dosimeters versus the “known™ concentrations
pavca Yo mtereept of —0 004 mg m® and a slope of 1003
Pesta tor the effects of face velacities from 2510 125 em wee
SAa 25 fpmy did not appear to have any adverse effect on
pertormianc while vananon of iemperature expenmentalh
confirmed its effect on both the diffuvion constant and the
concentration of the contaminant The potential effects of
changes an relatine hurmdity were not discussed by the
authors The other area of imvestipation n this study
imvobved potentialinterferences of chlorine. sulfur diowide.
and hvdrogen sulfide Concomitant and sequential eaposure
to mercury and chilorine, the latter at high levels (5 8 ppm).
praoduced a negative hias, but a similar effect was observed
with the UV meter and the 1 AST system The authors
supgested that the mercury and chlorine mayv have been
teecthing to form mercunic chlonide which was not being
measured by any of the sxstems The interference effects of
stlfur dioaide and hyvdrogen sulfide. although les« than chlo-
rine zlso were confirmed

In 1980, McCammon and his NIOSH and OSHA co-
waorkers conducted further tests of the four previoush
@ «cribed mercury vapor sampling and analvtical methods ™
The design of this laboratory expeniment imvolved inter-
comparison of four methods. and the findings suggested that
the vaniability of the yodine charcoal tube method is signifi-
cantly different from that of the other three methads. 1t was
obuerved that the other three methods. including the M
passncdosimeter. exhbued rood precisinn aver the concen-
tration range of 0 0510 0 2 mp m® as shown in Table 1.

Recently SKC. Inc.. introduced a gas monitoring badge
{produced by GMD Inc ) which uses the principle of molec-
uliar diftes: wn (woathout a stagnant air Liver) to collect mer-

—

cury vapor “* The scamphng media is referred 1o as “Hydrar
Sorbent."and “extensive " but unpublished field and labora-
tory testing are cited 1o show that “chlotine. moisture, ete |
do not interfere” with measurements HYDRAR 1y devel-
oped from a “mangancse dioxide catalvat matenial sumilar
to “Hopcahte.” ™ Quantiatine determination s made
by chemical desarpuion of the mercury and analvsis with
atomic absorpuion

nitrogen dioxide

In 1976 Palmes eral. reported the resuhis of thar evaluation
of a personal sampler for murogen diomade (NOY) 3% This
work mas an extension of then earlicr pronecning efforts in
developing a personal sampler, emploving the prinaipic of

[N

gas diffusion for sulfur dioxide 7 Intherr deagn the sam
plingdevice wasa Ll em(d Sinchesyacnyhetube 7.1 cmil R
inches) long At the “closed "end of the diffusion path (tubgd
were placed three starnfess steel gnds coated with tracthano
lamine (TEAY TEA wasseledied hecanse Ficeaptor o NQ
efficienthy 7ht provides a srablesamplone curface g S
viclds a cherncal compley with NO thar aover o iehTo e e
ume Subscguent analyvas vwelded g colorca complos whose
absorption was measined at 5340 nanometer- Rosules were
then compared againsta standard curve which obesed Beo's
Law The expenmental evalnation of the NO - sampler
v ohed chamber measnrements compared wirh “known™
values determned by the solurae of NO maadaoed 10 the
chamber or the weight dos of KO from a pooncationiste
Although nesther indicidual nor sasnaoy v g weore o
sented, graphical companson of the data indicatod o Cos
apreement between the passive sampler resnits and thoonote
calcancentrattons Theellects of vand velaoty and daection
as well as stabiliny over time also were convadered Indeter-
mimng wind effects the uptake of water vapor. rather than
NO. was measured, The resulivindicated that there was an
imcrease in average uptahe with increased velociy and that
the 45 degree incident angle gave the highest uptabe (133
porcent at 258 em sec) Across all angles of exposure (010
180 degrees) the average uptake increased from 2 10 14
pricent as the wind seloatyvanereased fiom 5010 258 em sec
(100 1o S16 fpm) Stabihiny studies indicated that the badyes
could be used for months both after preparation and before
cxposure as well as after exposure and before analyvsas

In the previoush described studies with the GASBADGEL.,
Tomphinsand Goldsmith also monitored {or nitrogen dioa-
e’ Thew summary results for 82 observations showed
accuracics and precisions as summanized in Tahle 1 Eighty-
five pereent of the observations were within £ 258 percent of
the “true™ value

A commercial model of the Palmes passive sampler has
been marketed by MDA Scientific. Inc.. and addinonal
labaratory testing demonsteated a lincar callection effi-
ciency for anv ginven dose, e, concentiation X ume (sec
Table 1) The sampler exhibited a consistentdy nepatine
bias as compared to concentration determinations usng a
continuous monitor and the NIOSH wet chemical method

Asnoted carlier. the DuPont PRO-TEK svatem includesa
badge for mitropen dioxide. Laboratory test results ot this
device are shown in Table 197
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sulfur dioxide
Ax noted previousty, proneering work in 1973 on the design
of a sampling device which relies solely on diffusion of
gaseous contarminants through a stagnant air layer s attnb-
uted to Palmes and Gunnison.®” Their inital studies
inyolved experimental work on different tube lengths. The
colecting medium was a complex of mercuric chlonde and
the final analysis involved colorimetric determination. The
studies demonstrated that. except for very short diffusion
paths (tube lengths), the diffusion monitor satisfactorily
duplicated the results obtained by both wet chemical and
conductiimetric measurcments. Although this study did not
gomto the ramifications of environmental effects and inter-
ferences. it should be recopmized as an important step n
developing a new industrnial hygiene technology

The last of the threc inorganic gases looked at by
Tomphinvand Goldsmuthintheirstudies of the GASBADGE

was sulfur dioxide Y Summa:y data for 23 observations on

this gas are included in Table 1. One hundred percent of the
observations were within 1 25 percent of ihe “true™ values

The results from DuPont’s teste on their sulfur diovide
badge also are shown in Table 1.%

organic gases and vapors

Most passive dosimeters designed to sample for organic
gases and vapors use acuvated charcoal as the adsorbing
medium. As we know from its extensive use in active sys-
tems. activated charcoal has an affimity for a wide range of
organic compounds Consequently. the discussion on the
applications of passive dosimeters for the measurement of
orgamc gases and vapors first will focus on devices usainy
actinated charcoal and then will turn 10 specific organies
which relv on other collecting media

TABLE li
Organic Gases and Vapors Laboratory Results

Precision”

Chemucal Dosimeter® Bias" Rangel'(ppm) Reference Notes

Carbon
Tetrachlonde 44 3-18

Toluene 525 57-228
17 12-47
0242

Benzene 47 324
17 0B854
17 13135

Formaldehyde 63

Ethylene
Oxide -14 32 300 63

05-20 44
05 20 44
0719 39
Hexane -1.2 10-37 13

Halothane 3 74
Enflurane —28 48
Acrylonurile 003

Vinyl
Chlonde R -0 2 37 15-14 2

Methyl M 59 47 160-840 48
Chioroform brA ~106 45 160-840 48
NMS 24 2 15-65 12

Trichloro 3M -39 76 20-200 48
ethyiene DPA —69 77 20-200 48 )
NMS ~05 19 15-67 12 i

A3M = 3M Company Organic Vapor Monitor, DPA and DPB = DuPont PRO-TEK G-AA and G-BB
Organic Vapor Badges, NMS = National Mine Safety GASBADGE. R = Real. Inc MINIMONITOR,
DP = DuPont PRO-TEK System Colonimetnc Badges

PSee text, equation (8)

“See text. equation (7)

"Some values are rounded to nearest whole number
FSmall sample size

¥
Knowns were calculated using charcoal tubes with cnitical orifices This could affect the
bias measure

('Prehmmary results

YPermeation dosimeter

'Bias consistently negative

’Results calculated from data prowvided in reference

Aman an industnai Hypiene Association JOURNAL (43, 882
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s ~hvated charcoal devices
v ot March. 1982 there were tour manufacturers of passive
. oameters which relv on diffusion and subsequent adsorp-
mon o activated charcoal Natonal Mine Service Com-
y CGASBADGEY 3M Company (Organic Vapor Mom-
vy aPant Company (PRO-TEK. G-AA and G-BB
ceann Mapor A Montorimg Badge)and the Mine Safety
st Campoosy (Vaporeard Badge).
bn 1977 Tompins and Goldsmuth deseribed the tis
noeioal passive dosimeter for monitoring  orgame
e TRV ASBADGE relied on molecular diffusion ol
vipr o the badge and subscquent adsorption onto
i oannd Chuancoal The authors developed the theoretical
Hnphes of the padees operation. and discussed sensitinvany
rorrporature and pressure. face veloony offects. and

wponse cone o Preliminary results showing the badee’s
spore s chenzepe othvbacetate, methybethvt hetone and
i e owere presentad and were desenbed s ey

e Tablo 1D

o et sihverstemn reported resules ot Lebanton
grard e ceneof the GASBADGE toracodomande " 1 h
wliad e oapesure of 3 badpes 10 kpown concentra
ot byheratony are presented i Table 11 The resutis
Y aeceprabihite of the GASBADGE (o mea-ane
e et aovioniinte over the range ot 0 75 w0 19 ppin The
Voot e veure in the laboratory was not given howeve
WG rae s et did cover pentods of up to seven hoons
B ©ovporatue and relatve humidiny fanges wer
cont e anafvsis to determine the ettecty of thos
oo not presented Stheenstern also oobod ot
crotec tcencies and determined that the best vo ol

Yopercent) were obtained with four mll ot twe pereent
crone i carbon diesultide,
In 1975, Bambergereral conducted asenes ot luhoratan
sty toevaluate the GASBADGE ' Theirapproach imvolved
¢openctation ol known concentrations ol solvents and
Jbecguent evaluation with charcoal tubes (active samphing)
e che nassive dowimeter Fo evaluate the apphcabihiy of
aedosimeter aver a wade range of compounds the imvest
vtwon ancluded seven ditferent ocgame compounds cach
trosendatine of o ditterent fupcnonal group Included
“oostedy were henzene (aromatic). n-butanol (alcohaol)
PatvE acetate (ester), sooctane (alkane), methhd chloio-
o halogenated athane). methvlisobunv L hetone (thetone)
srochtorocthviene (halogenated alkene)  The didtusion
Yot used was thatsupphied by the badpe manufac-
rooaceprin the case of isooctane which was reported as
cran unknown coctticient Computations timolvng
o~ empaund rehied on the coefficient tor n-octune A
carety of cxperiments was conducted to ook ata wide range
ol questions, Therr findings corroborated dosimeter con-
cern. omitar to those of active systems using charcoal tubes,
# ¢ minmum and maximum loadings are important, post-
tipic contamimation and loss can oceur it the exposed
sorhont s not adequately seated, percent recovers tor
PvEes s consistent with percent reconveries tor sinple
amrern b gand ditterences in charcoal Jots can pnve ditter-
At acaits Other tests conbirmed the need tor some ar

movement aotoss the badee tace and the lack of ettect o
temperature changes over a smalbrange (11 C) The results
of the simultancoos samplhing with the badvees and the char-
coal tubes indicated that the badges had a consistent nega-
tive bas Vhe authors supgested that becatse the rosults
weresoreproducihlie correcttons foradsorpooon desarption
ctharenoes fessthan 100 pereentean be accomple-fied aoe e
vodone far chatcoal tube data

Tn 1979 Haravama and Theda evaloatad thoapplo o oo
the GASHBADGLE tor monstarng cx}vmm'_w :

1
vents ' Thetr sescarch imvohed ditferont preparations ot

ity d ol

activated carbon el place of the supphicd coblection
muedinm and cyposure tomastm s o n-hevane cibnbacatane
and toluene Summany (graphical) data indicated that the
amaunts b contimonent absorbed by the dosimeter were
prapartonad to hoth the vapor concenttations and time
ol cxpaosue

Hottiday and Sndersan reported om b w0 b

COACSRADGE v mvotonmye vos hadoet e - oy -
trons odhicat G obrtea e s oo oo 0 e e
Phus T poiec e s Sone s Timespiiore s bt T 14

il s dbod st sopaor Y et et tor b e e e 1!

coperentoation of hatoeithane v the tost ot phecy
Yoovong bovar et B hman repere ooy g e

desorpuonethiviences ot charcoab tubos ana the G K ADGE

1 .
tove vt rene Foa bovrddosoethey tousd rhe dosrme ter 1o

e srandar vo the vabe whade ton apar dosine the o a
e St rathere eocseed e b oo o
oanh e B e fa d re tne e o T
cathon s the crhes and petrodeom doieed o Pe o e
hadey Thevdad dotonpiara by thoadinoren, ssworng e o

anc method of dosing and not the other

o 1980 Andas and Muthins of the Y™ Company pre-
sented results companng the 38 passive momtor weth ohar-
Coa e rhosn sanephing tor mistures of orean ccompounds
Fhe jaboratory tests mcheded a binary misture of toluene
and methob ethvl keione, o tertuary minvture ol benrsene
tolyene and wone and compley maisntures ot unteaded and
leaded gasobine contiiming vatious alcohols Atthough the
rmvestizators cited "excellent T precision and aecuracy for the
ditheronal montor, sample sizes were small and the com-
plicated study design and fack of raow data preciode the
determimnation of precoon and bras statsties

Masur and s co-workens" conducted  side-by ade
laboratory and ficld tests with charcoual tubes and 3M
OTEIMIEC VAPOT MO0 to measure concentiations ot halo-
thane (2-bromo-2-chloro- 1.1 tintluorocthane) and entlu-
rane {2-chloro-1.1.2 tnfluoroethy) diftvaromethyt ether)
The revubts ol the laboratory studies are presented in Table {1
and suppoit the wuthors” conclusions that the dosimeters
are o rchable method for the collection of enflurane
and halothane

In 1980, Lamenberger er ¢/ described DuPont’s passine
monioi Jor arganic vapors " Fach charceal strip in the
FRO TEK G-AA Organic Vapor Badge contams apptoxi-
marchy W0 mye of coconut-based activated charcoal impreg:
natod i ananent pohymer. A dual sampling rate of approx-
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avnrtedy SO ar 100 mb o men s deternuined by the temoval ol
one ot hoth ol the dosimeter'™s protective covers One aspect
of therr tesearch v olved expernimentat determination of the
dittusion coctherent of several pases and sapors They
teported that values caleulated by Luee'™ were within 10
peicent of tharr experimentally determined dhitfusion cocth-
cient values Prelimunany expenmmental results were used to
disciss tace velocity effects, range and sensttivity. masiminm
and mmimum samphing times, vapor retention. storaie sta -
bty desorption ethiciency, and overall badge ethiciency
Phe overall accuracy detcirminations were hinuted to four
abscnvauons at cach ol two concentrations ot garbon
tetrachionde {see Table TH However, the prosentation of
taw dara as well as an explanaton ol the statstical tests
apphed, s most usetul This same detad of information s
Ao tound i DuPonts validation reports tor toluene and
henzene (see Table 1y

Inthe henzene report. DuPontalbsodesathbes s PRO-1EK
G-BB hadgee This badge has o backup secton ol charcoal,
which ~erves the same purpose as the second section in g
harcoal tube, re s tomd i determuing o the sampler has
heen overloaded The 3M Company also markets an Organic

Vipor Moo with o backup section !

In studies of the measurement of waste ancesthetic gases
with passive dosimeters, donas ¢ gl evaluated the
GASBADGE. 3M Organic Vapor Mondor and DuPont
Pra-Tek in measuning enflurane ™ Untortunately. the badges
were not rdentihied inthe presentation ot the results atthough
aetprotation of the reported sampler geometry would indi-
cate that Y wasthe DuPontbadge. Bwasthe 3M badge, and
¢ was the GASBADGE  The resufts of therr laboratory
studies indicated that badge B had the lowest coetticients ot
vanation (CVwas notcaleulated as descnibed in this text) as
compared to concentrations determined by infrarcd analy-
<1~ Badge A had alow CV (9 pereent) at 5 ppm and a much
figher value (CV=24 percent) at 20 ppm. The C badge had
consistenth high OV ranging from 23 1o 30 percent It
should atso be noted that the charcoal tube CV's ranged
trom 1 1o 27 percent. that desorption ctficiencies {or the
hadges ranged from 0 X1 o 117, and that IR analyses of
tunk concentrations were constanddy lower than expected If
hadye Bwas the 3M device, the results of Yonas eral. support
those reported by Mazureral ' Further testing of badges A
indd O seems necessany however, to confirm their scemingiy
fow precisions,

Mazur and his coworhers conducted additional tests
comparing the 3M and DuPont badgey against charcoal
tubes ' Methyt chlorotorm and trichloroethylene, two sol-
vents widely used in vapor degreasing operations, were
sampled In the laboratory phase of the study. the badges
and charcoal tubes were exposed to chamber concentrations
over the range of 160 to 840 ppm of methyl chloroform and
from 20 1o 200 ppm of trichloroethvlene. Exposure times
varted from two 1o six hours for methy! chloroform and
from tour 1o six hours for trichloroethylene, The laboratory
work indicated that the percent recovenes of the various
doses (concentration X time) were in good agreement except
tor one exposure of the 3M badge whichimvolved a five hour
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eaposure at 700 ppme The authors noted th 0 this exposus
o1 3500 ppm-hours exceeded the upper exvp are imat pro
vided by the manutacturer The overall mear recovers valu
tor cach type of sampler was used to cotrect ol subsequen
Lield data o addaian to the reconvery measurements, tha

faboratory phase ot this study alvo ntolved dotarminatios
of storage stababity. The authors tound no sieniticant Tos ¢
of methy b chlorotorm or tiichlorocthyviene fram either badu
following storage of exposed badges for up to three weoks

In 197K, West and Rewnvner reported on the ficld tests o
the MINIMONITOR™ (REAL Inc ) permeation persona
manttar for vinvk chionde ™ Fhus moniinn was g moden
version of one previousy deseribed by Netms erar 00 T
collecting medium was activated churcoul, but rather tha
reiving on molecular diffusion, the badge design involsed o
polymeric membrance and the peraeation ot ot chlona
through the membrane and adsorpion onto the charcod)
Inial laboratory calibration was used to detcrmine 1in
permeation constant ot the deviee Tabotatory rosules oy
cated good accuracies as summartzcd o Table 1

During the same penod that Tomphins aond Gald anathy
were deserthing the GASBADGE Bwlew and Hobanod
Smith ol Great Brown were presentine thee o oy
personal passive sampler for organic gases and vaposs
Their destgriimvohved the use of cither one ol 1wo 1 pes ol
membrane and subscguent adsorpiion onto activated cha
coal They found two membranes to be sanstacton one ol
thin sihicone rubber which acted asa permeation oo o
the second a porous polypropytone tilim which aitlowod
molecular ditfuston of the gas and vapor  Thoy conducy o
laboratory tests using carbon tetachlonde stoieny o
dichloroddluormethane Ther testyesulis Ju misy some 1,
minology. ¢ g . permaeation rates for both the pormeatic o
device and the didfusional device, but did provide an varly
demanstration of the feasibihity of such a device tor manito:
g certain orgamies The device, the Porton Dittusoon
Sampler, seems 1o ~ee ity greatest use 1n Great Brtan

acrylonitrile

One of the newestapplications of passive dosimetry involves
the use ot a porous polymer (Porapak ® N) as the collecting
surtace with subsequent thermal desorption and gas chio-
matographic analysis, Benson and Bovee have desaniboed
such a device and its utiity (a sampling tor acnvonnnte
Laboratory testing for acevlontrile imvolved comparison ol
the dosimeter values with concentrations measured on g ga~
chromatograph Inial expenimentation indicated that the
dosimeter can be used for acrylonitrile concentrations i the
range of 4 ppm. but at concentrations of 2 ppm a 40 pereent
€rror is reported.

anilipe

In addition 1o activated charcoal. another widels u. !
adsorbent medium is silica gel To study the utihty ot 1o
material. Campbelt and Konzen constructed passne dosie,
eters from glass culture tubes (1.05 cmomside diameteny with
40 60 mesh sihica gel as the collecting surtace G aboratony
testing involved exposure of the dosimeter to ambine
with exposure concentrations determined by gas chromato
graphic analysis of ethano! gas serubbers Three ditteront

nid
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wwze tiengthirdosimeters were cvaluated. with the best results
abtamed with the intermediate length tube (L. =3 0cm. A L
- 03 emy The authors present raw data and clearh
doseribed therr statistical techmgues

ethylene oxide

Mullins and Andas have recentdy deseribed the 2M diftu-
stonal monitar for sampling ethylene oxide inair 3 this
hadpe the vollecung surface s described as a “chemically
ripregnated chavcoal surface. (where) a reaction occurs
produang a «table compound with a vapor pressure sub-
stantiatiy Jower than the parent compound.™ The authors
prosent sttisticath summurized data deseribing the hincanny
and capociny of the momitor the recovery of absorbed ethhl
cihv esade covranmental eifeas sample abibn and the
clicats of potennal imerterences Precision and bias are
presented in Table 1

formaldehyde

Rodoigucs ¢ ul have desenibed another AM diffusionad
S a this datfusiongd
minantor the cotlectmg surface s an impregnated sorbem ™

momtor for sampling formaldehyde

which can then be desorbed s with water and the
concentiation of formaldehyde deternined colonmetnicaliy
Laboraton evaluation irstimvolved deternumation of recon
ey cocfiiaents, which at cight ppm-hours (19 5 nuer
prames e e found to be 1 OO+ 0 04 over sisn tesrs The nese
sep o aned dercrmination of the doaimeter™s Taamph
tate YA by by enpasang the dosumetcrs 1o “knovwn’ o
centrations of tormaldehyvde as gencrated by a permieat,
tene T eftocr of relatve humidity on the sampling o
dco war avestipated, and evaluation of the doa did o
imdrcate any statstucalhy cipmificant differences between o
rates sy S0 and K5 percent relatine humidiny The e
protocoithen imvolved simultancous exposures of tmpoy
tmodificd chromatropic acid micthad) and dowumeters 1
wuthors condluded that “the measured values by hoen
methods he wathin 2+ 25 percent of the expected respons
and that “iess varation s observed in the momitors than i
the ampingers 7 However. neither preasion nor hias were
seported The authors also invesugated etfects of storage
and deternmined that at clevated temperatures (35 “C) Josses
ur o it percent occurred alter one weck. however no wigmt-
1ant loss was seen {or samples stored at 23 °C The authars
brieflv discussed the potenual for a negative interference
{rom phenol and deseribed the use of modified cahbrauon
curves to address this problem

DuPont’s PRO-TFK «eries of colonimetric Air Monttor-
1=v Badges.ancludes a badpe for formaldehvde The collec
oo ponciple mvolves a chromotropic acid-selfunic acid
reaction Laboratory exaluanon (42 samples) of the device at
seven exposure Jevels revcaled results as «hown in Table
1 Addional studies also were conducted on tempera-
turc and starageeffects The raw data and statisticalanaly s
procedures are presented.

146
Kriesei ™

has descriibed a new passive dosimeter forform-
aldchyde which 15 a modified veivon of the Palmes tube
Atthe presentume expernimental data concernming thisdevice
atc not o arlable

616

phosgene

Matherne er a/ have recently desenibed the GMD, Inc
“pasaive dosimeter " which provides a semiquantitatine mea-
“% The badge imolves
direct contact between the contaminated awr and a chenu-
cally imprepnated tape and thercfore does not rely on a
stagnant @i laver. The treated paper staimn antensity s
reported to be loganthmically proportonal to the phosgene

surement of phosgene exposure.

dose overarange of 2to 100 ppm-minutes For quantuaing
measurements the badges can be redd colnrnr cncathy

other methods

Hill and Fraser have desernibed the use of commercial dered-
In then
rescarch. common length-ol-stnndetector tubes were modi-
fied by cutting off the comeal end ot the tube and removine
some of the indicator column matenal Thislcavesan ontic

tot tubes modified 1o act as passive dosimeters

with a cross sectional arca equal to that of the inwide of the
tube and a path length determined by tho detanee trom o,
end of the tube 10 the begimanyg of the mdicaton matornl
One would cxvpect, however, thet s the sorbens muateoal
hecomes exposed 1e, the leogth of st ancreases 1
diftusion pathlength will alsoinerease. theteby changing the
sarophine tate Ther evaluaton of these devices imvoived
separate laboratory exposures 1o toluene ethanol and o
propanal Theresulis of ther work although presented anh
i eranhical vnmany . demonstrate the potental for the e

ot modilied commeraal derector tubesas passive dosimeorors

field validatian

Relativey Jow studies have been pubbshed i which passive
dosimeters have been compared side by side with charcoad
tubes o ather comeentronal samphng methods under setuar
frodd condinons For inorganie compounds onfy two stud-
i amvalang mittogen diovade’

o,

and chlorine
have beenadenufied For organic compounds. eight ~iud
pe A DEEED s imvalved field comparn~sons with the
numher of compounds per study ranging fronr one to 22 In
three of these studies. statistical analyvses of data were nog
presented and cannot be performed because of smiailsample

size o atsuificient presentation of data

Tones er al™™ conducted a hield exaluation for NO,ina
salt minc. which contiained diesel equapment as the NO.
source At cach of 16 different fixed area locations, two
Palmes dosimeters and two TFA tubes with pumps were
used to sample the atmosphere Theactive samphing (pump)
mcthad gave a coeffhicient of vanation (CV) of & 7 percent
while for passive tubes the CV was § 8 percent Regression
analvsis(wherethe actinve svstem was the X vanable) of their
data gives a correlation coefficient of 0.69. a slope of .59,
andanintercept of 2 05 ppmfor data over therange of 2 7 1o
5 Sppmassampled by the active method, Thisindicates tha
the dovmeter gave consistently higher readings which i
reflected 1nthe means for the two methods 4 51 ppm fon
passine and 4 14 ppm for active sumphng The authors did
not report wind velocities, but low velocities, as would be
cxpeeted with arca samples. should have caused passive
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values 1o be low as compared to active values. this was not
the case On the other hand., high face veloaities could have
led 1o the obseryed positive (passive versus active) bias,

Haidy er al " 1eported the raw data results from a ficld
cvaluation of a permeation chlorine monitor (REAL, Inc ).
Thirteen comparions were made in which the results from a
batiery operated pump and an impinger sampler were com-
pared with the measurements from either two or three per-
meation samplers. To further evaluate their results. the
imestigators performed a regression analysis using ther
permeation sample means for each comparnson as the
dependent vanable The resuts are quite good with a corre-
lation cocfficient of 0 95, a regression «lope of 0 K5, and an
mtereept of O IS overarange of 0 03 ta 1 | ppm as detected
by the impinger, It should be noted that with five impanger
samples ot fessthan 01 ppm. the corresponding permeation
devicesdetected conmiderabhy higher concentrations (0 1610
04 ppm)

Sihversten™ yeported ficld resubis for aenlonnrile moni-
toring using 18 pared samples of GASBADGE pasane
nmonitors and active systems (charcoual tubes and pumps)
over @ qange of 0 810 38 ppm as determined by the acine
method The differences in results using the aciive systen s
arcterence ranged from —0 710 1 S ppm The diiferencein
means, 2 TR for the passive versus 2 73 for theactne sysrom,
was 25 pereent Purther data were not presented

West and Rerssner reported five sets of ficld resulee for
vimviehlonde sampled with permeation dosimeters (R E A
Ine ) and chatcoal tubes ' Further interpretatton o! 1o
results s presented in Table HE In cach case data 0 ahe
actine sastem are the X values Four of the conrcin o
cocthcient values are very near one, reflecting pood coe -
tion however. the slopes show quite a large degree ol v
bility (0 69 to 1 3 andicating that badge values may 10l
either well below or above charcoal tube values In those
cases where the slopes were less than L0 very high hunad-
ties {67 to 91 pereent) were reported by the authors 1his
{actor may have interfered with permeation. although the
authors ieported that hunudity had no effect in laboraton
vahdations: hence the vaniation in slope remans unex-
platned The authors noted that the overall ficld resulis
showed that the badges had a slight positive bias

Hickey and Bishop exposed 7K pairs of side-byv-side char-
coal tubes and M Organic Vapor Momitors to complex
mixtures of organic chemicals in tire manufacturing opera-
uons ™ Generally the sampling period ranged from three to

TABLE Il
Regression Analysis of
Vinyl Chloride Field Data™

N Range {(ppm) r Stope  Y-Intercept
7 0021 099 119 Q03

3] 00818 099 0 69 005

12 00269 10 131 001

39 00518 082 081 (VR R

24 148-167 0 96 108 043

(431 8.82

Amencar Industrial Hygiene Association JOURNAL

five hours, and most obseivanions consisted of one manit
and the ume weighted average concencation lrom (w
sequentially exposed charcoal tubes Siniy-four of the o
were personal samples. while the remaiming 14 were an
samples The sampies were collected 1o two separate plan
(30 sample pairs in onc plant and 4% in the other) Of the -
organics potentially available for analvais. 10 were detecic
over a sufficiently wide range of concentrations 1o 2llow 1
apptopriate statistical ana'l'vsls by linear tepression Tt
results are interesting in that in the first plant. 9 of the |
organics measured by the dosimeters showed higher vap
concentrations as compared to the charcoal tubes while
the second plant only three substances had a tegresaion <oy
greater than one. The combined data for hoth plants did n,
indicate that the passne sastem was Conustentiv b
when compared to the active system The authors did pon
out that gencrally the Y-intetcepts (Y- puassine dostmen
data) were shghthy negatne a finding which may indicaic
lack of sensunvity on the part of the doumeters at jo
concentrations. For the remaming 12 compounds pair
t-tests revealed no significant dfference betwern the cha
coal tube and passine momtor means at the 95 pereny
confidence tevel The use of t-tests taanaly e such data b
been gquestioned since the means of the two methods s t
very similar but the components of paired values can b
considerably different ** This condition can only be reveal
through regression analvses

In 1980, Mazur er ol ™" reported imited Nield daty 1
halothane and enflurane measuwiements usmg both 3%
Orgatwe Vapor Monitors (OVM) and an actine sy
(charcoal tubes and pumps) For halothane three pan.
samples were reported. The mean concentiation for 1h
active svstem was 2.01 ppm while 1 9 ppm was reported fo
the OV M. a difference (relative to the actuve sustem) of fin
percent Only one data pair was reported forenflurane 0 4
ppm for the OVM and 052 ppm for the active svien
Obviously. more data are necded to draw concluaon
regarding a companson of the two methods for these agent

A second study by Mazur er a/ "' reported field compu
1sons of passive dosimeters and active s\slems (pumps an
charcoaltubes)insampling for trichlorocthylene (TCF ) an.
methylchloroform (MC). Both DuPont PRO-TEK and 3\
Organic Vapor Monitors were used for the passive sysem-
Personal samples’included exposure of one each of all thie
monitors. Area sample resultsinvohved three average values
one was the average of three charcoal tubes. and the othe
two. the average of two of each type of dosimeter. For M(
11 personal and 7 area data points collected over time pen
odsof 1 toShoursat 151021 °Cand 351040 percent relatn
humidity were reported For TCE. 22 personal and 7 are
data points collected over periods of about 1to 6 hours at 1.
1o 24 °C and 30 percent relative humidity were reporied 7/
regression analysis in which the charcoal tubes were th
independent vanable was reported by the authors. Ineach o
the following data sets the presented values imvalve T()
personal and stationan sampling followed by MC percong
and stationary sampling For the DuPont badge repressio
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slepes of 10,099,099, and 0.98. and correlation cocfii-
cient~ ol 0 9% 0 98.0 94, and 0 94 were obtained Forthe 3IM
padpe togression slopes of 108, 1.06. 1.07. and 0 90, and

orrelation coefficients of 0 98, 0.98, 0 98, and 0 90 were
determined Thesevaluesappear to be quite good. however,
the autharadid not reportaf they tested the statistical sipmifs-
atce of these values They also did not report average of
due adlocires associated with stationary samples

Aty
Voan el

of Great Britain reported field vabdation
farote e Porton diffusiondevice while measuring methyl
“tb o i this case the conventional sampler was a
,o e dassette fitted waith a charcoal cloth wimilar 1o
the Parton device A regression analysis per-
tee - thar data showed good correlation (0 9) and
- w0 9) however. the sntercept value (4 69) indi-
- < 1 low concentrattons, the "home-made™ deviee
valnes than those determined with the conven-
' ‘ "o Concentrations reported for the conven
ranged from 11 10 189 ppm
i cd Bovee™ " ficld tested the Monsanto Poropal
. ~toeat Boaan Conmventional samplers conseaed
v Poropak Nopolbymer tubes Sivtv-five pans of
. v obunned, and the range of acrytopiinde mea
bt nbeswas0 131021 65 ppm Regressionanalh-
e date indicates onhy fair correlation (0 63) a low
bt ced anegatve mtercept (- 2.06) T hose values
L © v ubosrom the apparent inabihiny of the paen
ot eas e deieet coneentrations Jess than 0 S npa
Ve corpatons between values over the tower hall of
concenreanons sampled showed conmiderable scatier
Fhe taad ficdd study 1o be discussed suggests perhaps the
nost serous discrepancies resulting from use of chatcoal
" This study was performed by N1TOSH
wrsonnelin conjunction with industry-wade studies of the
Iv-cleamng soreen primuing. and boat manufacturing indus-

yassive dosimeterns

ties and also mcluded one viscose 1avon and one cello-
vhane plam Carbon disullide, perchiorocthyvlene woluene
nethybisehuty) ketone (MIBK). starene. and acctone were
ampled using the IM OVM, the GASBADGE | and actine
vatems with charcoal tubes The presentation of the study
fesignas notclear. but nappears thatarea samples imvohed
ah three devices while personal samples imvohed charcoal
‘ubesand only onc of cither passinedevice. Inthat this study
nmyvohes sia compounds in 64 plants. the volume of data is
(e Jarge Inadditon to segression analysis, paired t-tess
vt Vonicos stgned rank teste were performed by the authors
o determine equnalence of data sets  As noted earlier
Ao vse ol t-ests for determination of equivalence has
pecn questioned

Table IV shows the puimary results of this study Ascan be
seen, the range of correlation coctlicients (r) for most com-
pounds was gue larpe Although 12 plants were sui-

vved for toluene and MIBK. the data cre grouped
weether and thereforc range of the conclavion coefficients
ould nat be deternuned  For carbon disullide. one plant
ascannveved withthe OVM and GASBADGE. and one was
urvered with the GASBADGE onlv For the ranges of o
‘portedan Tablo IV the upper valtues are quite acceptable.

with theexception of carbon disulfide using the GASBADGY
However, the corcelation cocfficient for carban disultide
using the OVM was 095 The conrclation data can be
summed up as being eatremely vanable Table IV also
reveals that concentration had an effect on the correlation
coctficient for three of the compounds, though this wastrue
for both monnaors only when measuting acctone concentra-
tons Repression slopes were as vanable as the correlanan
cocthicients The authors tested the sjopes toseeaf they were
significantly different from zero and for acerone and carbon
disulfide a difference could not be demonstrated for several
of thor data sets This indicated that there was o relation-
~hip between the resulis obtained with the active system and
those obtamed with the passne dosimeter F ot other com-
pounds ntwould have beenusetul to test the difference of the
sdope from one, which o not sigmihicantiy ditferem would
indrcate agreement of the two methods

In tests of equinvalence of data sets the suthors noted tha
for all plamt data combined onby tolucne showed cqualin
and this for the charcoattube-GASBADGE CT GRYcome
partson Howeoero when resuls fromamdimaduast plants are
vned, the comparson outcomes are gt vanabic For
perchlotocthivene equality. was reported 1o one of threc
CI BG comparsons and for one of rwe €7 M ety bog
stvrene, two of six CT-GB and no CT-3M comparisons
shavedcouahuy Foracetone thiee of ve CF AM compan
sens and one of on CFT-GR data sers sbowed cquatiny I
addinnn GR ONM comparsons showed equalitom ot 17
commparsons o obvoos that repeatabiniy was ot demon.
stoated an the stedy s Whether the probiem anol.os th
doameters mvestipative ot laboratony technigues and o;
envitonmentalconditions cannot be determined Inthe onh
other ficld study of more than one plant Hickey and
Rishop™ alvo seported <ome problems with the consistenc
of ohseivations These imited results elearhy demonstrate
the need for additional hield studies of passine dosamicters as
compared with standard monnoninge techmgues

discussion

Passve dosimetry (monttonmgisarapidh developing tech-
nology as witnessed by the prohferation of devices and
apphcauons since Palmes and Guonneson ntroduced thewr
conceptsjust under ten vearsago 77 The latest entry into the
ficld comes from the MSA Company and involves an adap-
tation of their length-of-stain direct reading tubes for inor-
game pases™ which incorporatesthe apphication of molecu-
lar diffusson and a chemucally impregnated paper as the
samphing medium Although rescarch results are not availa-
vle. as o fust appronimation one might assume that these
devices have precisions and biases sirmlar to those of con-
venuional detector tubes

For anmy new technology 10 be accepted and used by prac-
nong professionals, the development of a body of knowl-
cdpedemonstrating efficacy is necessary. Withenvironmen-
tal monitoning techmigues. the determinition of the efficacy
usually startsainthe laboratory and culminatesinthe ficld In
the case of passive montors. a body of knowledge based on
laboratory testing 1« rapidhy being developed Of the vary-
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TABLE IV
Major Results of a Field Study for Organic Vapors

1y

Concentration
Substance Comparison  Overallr Range of r Dependency

Forchloro CY-G8 062 062-099
erhylene CT 3m 0 86 0.84-0 94
Siyrene CT-GB 082 065-097
C1-3M 076 048-0 86
A crone Cc1-G8 038 0 36.0 86 Yes
C1 3M 045 025-083 Yes
| R CT GB 080 NA
CT1-3M o9 NA Yes
(AR T GB Q88 NA
CT 3m 079 NA
[ CT B 030 0030238
CT-3M 0 95 NA Yes

ab o thathave beenstudied. threc appeat to umquely atfect a
PO N TONIOES geeuracy in measurnng g borne concen-
Patons of pases o vapars. The most important factor
clpaais 1o be determinanion of the contaminanis” didfusaon
costhioent (o the sumpling rate when the dosimieters
peomwtny s alvo consmidered). the wind svelocity 2t the
dovimeter face and the refative hunudity of the sampied air
A diweussed carhiers there are also a vaniety of potential
ronrees of ervor, such asanterfering contanunants, sarbent
capaainy and problems assocated with anabyucat determina-
Bens, which are common to bath passive and active mea-
surement techniques

Paboraton determmation of sampling rates (DA L fora
spectfic montor and @ speafic contamimant are important
and are bemg provided by several dosimeter manufacturers
tar an ever ancreasing number of compounds Once an
approprude samipling rate has been determined. corrections
ton ficdd use speaificathy for temperature variztions, can be
made The mam problem would imvolve situations where the
cnvitonmentaltemperature fluctuated wideh (more than 25
*Chrand went unnoniced. a very unlikely condition

The rescarch oneffects ot tace velocitivs demonstrate that
few problems should be encountered where dosmeters are
worn by warkers as personal monitoring deviees ¢4
Fheir use as arca momtors should be carefully evaluated 1o
ensure that stagnant atmospheres {(velocities less than 7 5
cm scetare notimvohed Highwind velocities (at lcast w hat
would normally be encountered in the workplace) or wind
direction do not appear 10 have adverse effects on dosime-
ters with wind ~crecns

Of greatest concern as a result of reviewing the hicrature
on labaratory testing of passive dosimeters 1s not the results
but rather the thoroughness of their presentation. As dem-
onstrited in Tables and H. where statistical analvses arce
presented by rescarchers. or where sufficient data are pre-
sented 1o allow the reader to determing biasind precision, the
tesultsarevery encouraging Uinfortunatehs the presentation
of expenimental design, as well as sufficient data and or
statisnhical analyses, are often lacking. This s true for same
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indimadual rescarchersas ved as tor several manoldctin o

thedesices espeaath those torinorganic compounds 1 os
recommendation repardimg laburaton festing s inade
would be that those rescarchers wvobedan the enaluation
passive dosimeters i the laboraton take the fme to repa
the conditions of thair expenimonts, expedially equipnict
used and procedures for determiming “known™ conconti,
tions, and a~ much detad about thenr results as possabk
summarized data are prcu(:mcd the author should prese
the known concentration at each level whore Tevels o
determined by concentration and timc the number of obsw
vations niade with passivedosimioier s ana e e vt
and standard deveation of the roabs Svatiacal g
again at cach level tesied should tvobve determimation .
the cocthcient of vanation (precision) and the b
desenibed in cquations (7) and (K) 1espectnely Onee i
evafuations are made at the various westfevels the determ
naton of a pooled precision and bias s approprate |
addition 1o these measurements rescarchers may alb
choose 1o prosentan overall ssstam sccuraey Tadev o
better understanding of appropnate statedical tedhn
and ther apphaation o passive dosmpony a 1oy
Lauwenberger ¢ral wccommaond d

For most active morttornny v tesn v n nd.
h\plCnL‘ the random SAMpling Crror sy dtsso
vath the pump and s traditonaliy set ot = S perenr
many cases  especrally tor the measotoment ol oroan
vapors. the analvticol procedures and conseguontl o
assoctated errors greeqguindlonm oot ol pareeasc oy
sastemis . Neverthiclesss borh s aems have randon, 0
consequenthy . one should nov evpoet partoc apnen
the results of compatsons obtanod undor fod 1o

tons Another tactor complicating the cvaluation o 8
results i~ the greatly indicased possibidiny Tor the miroda
tion of OPCTSTOT OF SYSTEMATIC CHTOTS Sice et e <3ty
require mechanical pumps the potoniisl for oporator
wauld seem 1o be greater than for pasanv e sastoms
Orverall, v gpparent that exrainy fichd obar o
compating passive dosimeters waith stondard oo
muethods are highly vaned While sonw studics demaon e,
good cortclation and ~lope ™
correlation.” ar are extremels vaned for both cateponi
Collectiveh . these references neither suppaort nor sefut ¢
use of passive dosimeters Certaimnhy ensvonmental tacte
affectactive systems as well as passive systems Inthoorns
case can be made that environmiental factors (wind ar
humidity Jaffect passinve syatenistothe greatest extent why
temperature and pressure viobions mosl eroeathy gl
active systems, On the other hand ane can also state 1)
poorexpenimental guabity controb muy aftect soch tacion.
contamination, time measdrement cisor and ana® o,
error. Of course. chemucal interferences may ot
both sys1ems

others show oanhy v

Ax with laboratory exporanentation Tecalmmena. o
regarding the field wesung of passne dosimiciers ol
plcat tor berer reporunyg of hoth ticld conditions and 1ot
of analy~is. First for both personaland area momtonme
estimation and o muaswement of face veloony s mipe
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tant Of equal impaortance is the reporting of airborne con-
.amtnants other than the one(s) of interest and enyironmen-
al variables including temperature, pressure. and relative
humidity along with information as to their variation over
he period of observation Again. if raw data cannot be
wresented, the reported results for each level tested (X value
as determined by the standard method) should include the
wmber of obseryations made with passive dosimeters. and
heir associaied mean and coefficient of variation. Statistical
~valuations also should inciude a regression analysis of the
Jata as outlined earher Undoubtedly. additional research is
aecded on the effect of not considering the error associated
sith the supposedly independent (X) variable.
Insummary. passne dosimeters show great promise asan
mportant tool The results presented in Tables 1 and
.ndicate that the precivions of the dosimeters are essentially
cquivalent to conventional technmiques and in many cases the
rddional five percent errot associated with mechanical
umps makes passine dosimeter systems €ven mMore atirac-
e This, coupied with thewr ease of use, lack of required
untenance. acceptance by workers due to light weight. and
‘mnecessany cahbration make passive dosimeters extremehy
«dvantageous Certainly they will not replace conventional
nethods, s these have their place. especially for area sam-
hing Thoconunued and growing usc of passinve dosimeters.
owcever. should penerate additional data documenting thewr
chiabdity and chimimating doubts about their usefulness
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