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The history of development and validation testing of passive dosimeters is reviewed. Theoretical considerations
including possible limiting factors or interferences, are presented. Laboratory and field validation tests are
critically reviewed and results are presented for comparative purposes. Evaluation of available data indicates that
passive dosimetry, with some exceptions, is an acceptable method for monitoring gasses and vapors. Mos:!

importantly, passive systems appear to be as reliable as the now accepted active sampling systems
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introduction

Recognition. exaluation and control are the cornerstones of
the apphcation of that mizture of scicnze and art hknown as
industrial hygiene These three tashs, however are no longer
the eminent domain of the industrial hygicnist In the pasi
decade. a proliferation of traiming 1n the recopmtion of
worhplace hazards bas been made widely available 1o
workers and management alihe. At the other end of the
spectrum has been the tramming of individuals highls specia
ized 10 the control of specific hazards. espeaially thos,
imvohang noise and tosic air contaminants These develop
ments are welcomed because they contribute sigmificantiy
the ultimate goal of protecung the health of workers b
providing safer and morc healthiul workplaces

At the same time. professional industrial hy gicnysis re.
ognize that often the enitical step in the process is not recog
ninon of toaicity. but evaluation of hazard which leads 10
the subsequent development of the most effectine means of
control where warranted. This key step of evaluation is the
unique domain of the industrial hygienist. often supplc-
mented by other members of the occupational health and
safety tcam. Where exaluation requires the determination of
worherexposuretoairborne tovic substances, the industrial
hygienist has seena revolutionain the deselopment of sophis-
ticated techmiques and equipment.

The “orpan-grinder™ impinger sampler 15 a relic. having
been replaced by constant flow. eight-hour battery-operated
pumps. light enough to be carried by the worker. The liquid
bubbler and impinger have been replaced by the charcoal
and chemical substrate sampling tube. The laboratory has
come to the field in the form of the portable gas chromato-
graph and infrared monitor. 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
to cerufy accuracy and precision,

But while most evaluation techniques were reaching the
point wherc the industrial hygiene s1aff required the addinon
of someone with a Ph.D. in electrical engineering. a new
device has appeared which has the hey of simplicity - the

personal passn e dosimeter personal becausc i can b wory
by the worker in close pronimny 1o the breathing zom

passive. because there 1« no pump 1o mose the an over o
collector. which equates to fewer cahbration and mainu

nance problems Some guarrel with thetermdosimeter. with
punists preferring 1o call them collectors, monitors, o
samplers While many of the devices are collectors and
requirc the application of subsequent analviical procedures
others provide for a more direct measurement of “exposure
dose.” Their basic appeal. however. v simphany ot use
Theoreticalls. elaborate cahibration procedures are unneces

sary. and all that 15 needed is a lairly rehable timeprece 10
measure exposure duration. There s some recognition that
tempcrature and hurmidity may affect the observations,
thereforc. most manufacturers advisc the user to report these
environmental conditions 1o the analvucal laboratory pro-
cessing the dosimeter.

Rather than viewing passive dosimeters as another was to
replace the industrial hygienst. industrial hygients must
recognize and appreciate the potenual of the dosimeters in
helping 10 achieve the hygiemists” goals That poteniial s
sigmificant 1n that personal dosimeters, i properiy used
offer the opportunmity to revolutionize the evaluation sep
The parallels with detector tubes, as well a« with noise and
ionizing radanon dosimeters. are obvious Indeed. the
parallel with radiation dosimeters, especially film badges
strihing. The opportunity to significanthy expand the mca-
surement of worker exposure 1o many tove matenals can
provide a quantum leap in our ability to provide sale und
healthful workplaces. With any sampling device. however
there also must be the understanding that use of such devices
is only one part of the evaluation step. The concepis of
proper sclection of workers at risk. the understanding of
limitations. interferences and similar factors, and vinmately
the proper interpretation of the results are ~ull hey ingre-
dients in the exaluation step. The possibiliny of “false nega-
tive" decisions leading to crroncous assumptions of safety .
or “false positive”™ conclusions lcading to unwarranted
expenditures of resources tor controbs still exists repardless
of the measurement device used ’
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With the rapid proliferation of passive dosimeters in the
past several vears. it is appropriate that industrial hygienists
evaluate the “state-of-the-art"and. as professionals. become
mvolved with the proper application of these monitor-
ing devices.

theories of operation

In that passive dosimeters by defimtion do not use an air
moving device to transport contaminated air to a collector.,
naturalforces are relied upon toensurc thata representative
amour: of contaminant is “seen™ by the detector. To datc.
on: ¢ two principles has been applied in the design of
dovimorore The first. and most widely used. i the principic
of Wirtwson of contammant molecules through a stagnant
gastaiwoves The second principle inyvolves the absorption
n oand subseguent [ll”'I”{'UIIHH ol contuaminant mnlu‘ulc\
throver o mombrane,

Divviional momtors rely on the movement of contani-
nan' raoiccules across a concentration gradient which for
stead-siatc conditions, can be defined by Ficks First Law
of Diftusion

W = ——l)Ag;
where M= muass transfer rate, ng sec.
) = diffusion coethicient. em® wec,
A = crosssectional area of diflusion path. em”, and
dc dx = the instantancous rate of changein concentra-
tion over diffusion path, (ng cm™em !

Conudening the change in concentration (C) — Co) over
the total dittusion path Jength (X, = X = —1). cquation
(1) becomes

A
D T (Cy = Ca

I = Icngth of the diffusion (static) path. cm.

C,=ambient concentration of contaminant,
ng cm®, and

Co = concentrition of contaminant at cotlecting sur-
facc. ng cm®

Itan effectine collection medium 1s emploved. the contam-
tnant concentration at the surface of the collector (Co) can be
assumed to be yero. and multiplying both sides of equation
(2) by uime. viclds:

A
M = DT(CHI (3)

where: M = 1otal mass transferred. ng, and
t = time that the badge is exposed to the contami-

natcd air. sec.

Itivalsointeresting to note that the units of the product of
Dund A.dinvided by L. areem® sec, which are the same units
associated with active air-mosing devices such as personal
samphing pumps.

606

Rcarranging cquation (1) as follows

G = EM;\!T (a)
it becomes apparent that ine tactors atfect the measuremen:
of the ambicent air concentration of a substance (C)) Twoat
the factors {1 and A) arc physical paramcters associated
with the construction of the dosimeter. onc (M) s provided
by mcasuring the total mass of contaminant collected by the
sampler. another s the duration (1) the sampler was exposed
to the contaminated atmosphere. and the hinal tactor (D
an individual property of cach vapor or gas It abko
known'" that the diffusion coctlicient v dirccty propo
nonalto the absolute temperiature (T) of thevapor rased o
three-halves power and inversely proportional to the armo
spherie pressure (P).

o
Do 1—[; (5
Dosimeters that rely on the prnaple of permcanion
througha membrane arcespecially usetful where the contam.
inant of concern is usually found mined with otherinterier-
ing vapors or gases or when a hqud coliecting medium 1
emploved. The goal then becomes to1dentify a membranc
material that is highhy permeable 10 the contaminiant of
interest and impermeable to most other components in the
atmosphere. and or the collecting media
The determination of ambient concentrations of o con-
taminant using a permeation device can be deternuned trom
the tormula:

C = wk (6)

concentration of contaminant. ppm.
= mass of contaminant collected. ug.

where C=
W
h

= permeation constant, ppm-hours g, and
exposure time. hours

The permeation constant (k) is determined experimentally
and i+~ a function of the specific membrane material and
contaminant of interest '

sources of measurement error

The most obvious sources of error for both 1y pes of passine
dosimeters are apparent from equations (4) and (6). Com-
mon 1o both badges are determinations of the mass of con-
taminant collected and the ime of exposure of the dosimeter
1o the contaminated atmosphere. For the diffusional moni-
tor, accurate hnowledge of the physical parameters asso-
ciated with badge construction (length and cross-sectional
area) and the diffusion coefficient of the contaminant are
important. There are at least nine prediction methoads for
calculating the diffusion coefficient. and in one study com-
paring observed and expecied values for more than 100
compounds it was not uncommon to have fess than 50
pereent of the calculated results within £ § percent of the
observed.™ Montals o has described a procedure for hmiting
errors associated with computed difiusion coefficients." At

3M 101538

Am Ind Hyr Assoc J(43) Aupust 1987




lcast onc manufacturer. the 3M Company. makes available
its procedures for determining samphng rate~ (DA L) forits
badges." lis approach has been to eaperimentally determine
the sampling rate for five or six compounds in a chemical
family 1o establish the relationship between the diffusion
cocllicient and the measured samphing rates Samplhing rates
far other compounds are determined from the diffusion
couthicients calculated by the Hirsehfelder cquation and the
cmponical relationships deseloped from the test compounda
The ranonale for the selechon of the Hirschiclder cquationas
ne v oon butin the study of the nine diffusion coelficient
teo = a~ the author concluded that for higher molecular
v compounds the Huschielder, Buard and Spats equa-
' woron elosest agreement swath determined values.®
! o pormeabon momtor, accurate determination of the

coor cocthicient for cach monntor o pecessary for

1 4oaccurate resulis Factors influencing permeation

ol atechness and umforminy of the membrane. affimn

o+ morbrane for the analyvie, swelling or shrinkage of the

¢t ane and possble etching by corrosanve chemicals

v eoonlems associated with accurate determinations of
1 voass of the contaniinant colleeted are similan 1o those
it oo od waith other colleetion devices such as charcoal or
st b tubes, or to those in which the collection of the
contammantimvolves a chemical reaction with the collection
mudiom Using known amounts or concentrations of con-
Liminanis to determine collection and or desorption elt-
ciencies v ds cniical o step for passine dosimeters as it is for
other methods ol collection Saturation of the sorbent as
wellas the subsequent accuracy of analvucal technigues are
alvo partof the total error associated with the measurement

Another commaon concern in all 1yvpes of environmental
measurements is the potential for interterences. either pos-
e arnegatnve, from other contaminantsinthe sampled arr
A~ the cvaluation ol passive dosimeters has matured,
mcreased attention s beng paid to possible interferences in
multi-contanunant exposure situiations. in both the labora-
tory and field. In cvaluating such interferences it should be
recognized that there arce several potential sites for such
interferences to appear, ¢.g.. cffects on adsorption or
absorpuion efficiency of the saumphng medium, chemical
teactions ol tw 0 Or more contaminants prior to analysis. and
the multitude of interferences associated with analysis of
complex mintures of pases and or vapors, These problems
also are found in the more classical samphing and analyti-
cal methods.

Accurate measurcment of the time the sampling device is
exposed. is essential to most industrial hygicne sampling
procedures. For both short-term and full-shifi exposure
measurcments, errors less than one percent. i.e 9 seconds in
15 minutes and 4.8 minutes over § hours, are not unrcason-
able poals,

For the diftfusion cocfficient and possibly the permeation
constant. it would appear that three factors have the greatest
eftect onvariahility. These lactors are the two already identi-
hed. temperature and pressure. and. less readily apparent,
the velocity of the air external 1o the badges.
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Considcring temperature and pressure. and relernng 1o
equation(5)it can be shown that a temperature rise from S10
15 °C would give a 16 pereent ancrease in the diffusion
cocfficient. while a rise 1 barometric pressure from 710 10
810 mm Hg would cause a 14 percent decrease ™ However.
at the same ume. the changes in temperature and pressure
alsoarc affecting the concentration (mass yvolume_actuilh.
densaty s the praper term but most authors use coneentra-
tion) of the contaminant in that concentration s imversehy
proportionalto the temperature and directly proporbionalto
the pressure. As a result, the total mass (M collected by the
dosimeteris only shpghthy affected by temperature (Mo 10
and v independent of the pressure ' Conseguenthy winde
ambicent temperatures. the diffusion coetticient wilb increase
about 0.5 percent per ©Coand the totat masscalleated by the
sampler will increase lessthan 0 2 percent per ¢ Thoreton
a temperature change trom 25 10 30 °Cof uncortected will
introduce a measurement error of less than one poreent
while a change fraom 5 10 35 °C. 1f uncorrected  would
introduce an crror of about finve pereent

The final source of error 1o consider s the velocy ot thy
air external to the dosimeter, often this s referred toas face
velocity. Inan early assessment of face veloaity eltects. espe-
cially the lack thercof. Tomphins and Goldsmuth pomt out
that the important copaderation is to contain all resistance
10 contaminant transport within the stagnant air layer inside
the device ' As Jonas er @/ subseyuenthy noted, the face
velociy directly aficcts the concentration gradient = Coun
equation (2). and €, can no longer be assumed to be the
ambicnt concentration when the air external to the badge s
stagnant S With zero or fow face velociies, the kength (1 ) ot
the diffusion pathway s elfectinely extended. and there s
a decrease in the mceasured ambiemt concentration  In
Tomphins”and Goldsmuth’s work with the GASBADGTE™.
they determined eaperimentally that as long as face velocr-
vies werce greater than 7.5 cm see (15 fpm) there was oo
sigmficant effect on dosimeter response.™ however. eapen
mental results supporuing this conclusion were nol pre-
sented " High face velocities may alvo affect the concentia-
tion gradient Commercially availuble diffusion devices
rely on either a large ratio of diftusion path length o diltu-
sion tube diameler or a wind screen to himit crrors from
this condition.

One of the most comprehensine tests Lo document sources
of error has been conducted under contract tor the National
Institute for Occupational Safety and Heatth. and although
conciuded. it is not vet available as a public report " The
study imvolved evaluation of the GASBADGI and 3M
Organic Vapor Monttor™ (the DuPant badpe not being
available at the 1ime the study was imtiated) vie challenge
with several organmic vapors The factors mvestigated were
precision. effects of storage. mavimum and minimum levels
of quantification. facc velociy elfects cliects ol temperiture
and humidity. off-gasang (rekited to storage) exposure to
mixtures. problems associated with apphcahle analyncal
methods, and ad~orption of the contammnant by the badge
itself with subsequent leaching to the senung surface The
possibility of adsorpnion by the badge body. thus givmne
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higher results if the contaminant is subsequently released to
the active medium. is of spceial concern in using passive
dosimeters 10 measure very low ambient concentrations
such a» might be found in air pollution studies. Such interest
and concern are evidenced by research on the subject being
sponsored by the U.S, Fnvironmental Protection Apency
{FPA) ' Because of the lower concentrations involved with
air poliution studies as opposed to workplace environments,
the EPA ulso is concerned with the background or post-
manufacture contamination levels associated with the sens-
ing medium Imitially. the focus concerns organics and acti-
vated charcoal

In summary. although numerous factors may affect the
nnad caleuvtanon of concentration. only face velocity and the
determination of the diftusion ¢coefficient are umigue sources
of error {or passne colleciors. Therefore, if face velocinies
are sufficient to prevent “stanvaton™ (probably greater than
T Scem sechand o diftuaion coelficients have beenaccuratehy
salculated orexpenimentally determined. passive dosimeters
~hould give results comparable to those obtained with tradi-
wonal actine sampling systems,

statistical considerations

Inevaluating any new monitoring method. extensive labora-
ory and field testing 15 necessary. Interpretation of the
.osults of these tests requires the apphcation of appropriate
statistical technigues. The use of statistical techniques which
are meaningful and easiiy understood is important: conse-
Juenthy . a discussion of the techniques used to evaluate
passive dosimeters is appropriate.

There are numerous statistical tests which can be applhed
o both field and laboratory validavion data. The main dif-
erence between the two situations is the degree of certainty
A the “true™ concentration of the monitored environment.
tnthe field the true value is usually an estimate based on the
esults of astandard samphng and analvtical method Inthe
ahoratory. experimental “known™concentrationsarc evolved
and are then used for comparison with the concentrations
z«timated from samphing and analvtical methods,
What s often not stated i< that a certain amount of error
also exists an the determination of laboratoryv-evohed
“hnown™ concentrations. These errors are often difficult to
estimate The “known™ concentration is often calculated by
weighinga syringe before and after an injection period (mass
ralance) or simply by injecting or allowing to diffuse a
neasured volume. 1t is assumed that the aliquot delivered
vasvaporized or diffuscd into a test chamber of known size.
Possible sources of errorinclude adsorption to or leaks from
.he test chamber. absorption and adsorption to articles
placed in the chamber. degradation of the analvte by air
oxidation or hvdrolysis at high relative humidities. and error
tn measuring the injected contaminant. A backup monitor-
ing systern may be used to ensure close proximity to the
‘knowr”concentration, Forexample, aninfra-red (IR)ana-
vser or pas chromatograph may be used as a check on a
hnown™ concentration.

In other instances an IR analyzer or a direct reading
instrument may be the only method for determining “known™

08

concentrations. In this case the error in the instrument can
be calculated or estimated. Charcoal tubes and critical ori-
fices also have been used to measure “hnown™ concentra-
tions. ¥ error in both the “known™ concentration and the
estimated concentration are considered. statistical tests used
1o sahdate the experimental method become considerabh
more complicated: hence, the error in measuring the “known™
concentration is usually assumed 1o be small and unimpor-
1ant.™ Methods described above for determimint the “known™
concentration vary in their accuracy, a fact which should be
considered when evaluating vahdation data for anyv sam-
phing and anaivtical method

When one i~ validating a method in the laboratory, there
are 1w o main considerations' the vanation of the samples or
data points about their mean. and the deviation of the sam-
ple mcan from the truc mean or “known™concentration The
first consideration often is called precision and 1s probahhy
the most important and rcliable measure as it does not
depend on the error in determimng the “Anown™ concenira-
tion Precision is esimated by determiming the coefficient of
variation (CV) or relative standard deviation of the data set
as follows:

Cy = x 100 7)

L3
x
where: s = Standard deviation of samplc dala set. and

X

"

Mcan of sample data set

Where samples are tahen at several concentrations, it i
necessary 1o determine a pooled coefficient of vanaton
which involves determination of number of levels tested.!™"
It should be noted that determining the number of concen-
trations (or more appropriately. the number of statistical
levels) is not always straightforward. For example. if 10
samples arc tahen at each of threc coancentrations, and if
within each concentration five of the samples are coliected
over four hours while the other five are collected over eight
hours, are there three levels or sia levels? The important
point 1o consider 15 whether the differentiation of a level is
based upon an anticipated difference 1 the sample mean.
Certainly 1f the imvestigator dewigns the eaperiment with
different time levels, there is an anticipated effect of ume on
the mean. Unfortunately . when experiments 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 bias is more appropriate. It s
defined as:

X=X

b= —=% x 100
x (8)

where: X = mcan of sample data set. and
Xo

“known™ valuc at level tested.

If more than one level is sampled. it is necessary to determine
the pooled bias of the data set.'!"
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The bias for a given set of data can sometimes be cor-
rected. 1f the average bias (¢ither the average of several
samples at one level or the pooled bias for several levels) 1s
large. one should note if the components of the bias value
{either the individual samples or the levels) are consistently
negative or positive. If the bias is large and varies consis-
tently 1n one direction, the precision nevertheless may be
quitc small. In this case a physical or chemical variable may
be consistently affecting the method (a systematic as opposed
to random error), causing the experimental values to con-
stantly fallshort or long of the “known ™ concentration. This
form of bas <hould be corrected.

Inaddition to these statistical tests. others have been used
to assess the vahidity of passive monitoring sysiems. Overall
system accuracy 't has been defined as (2 X CV) + absolute
bias. cxpressed as a pereent. Others™® have used the percent-
age of the “hnown™ concentration accounted for by the
sample mean 4 two standard deviations as well as the term
syaaematic ertor™ ™ which s cquivalent 10 overall system
accuracy Rclutive standard deviation has also been used.
and w defined as the equivalent of CV. 9% Addinonally. some
authors report only raw data while others report means
without standard deviations or sample sizes, and various
other combinations While all of these statistical determina-
tons have utility, it seems important for comparative pur-
posestoconsistentiy use those determinations which give the
most information in the simplest form. Certainly. bias and
precision mect these criteria,

Discussion of onc other point seems necessary NIOSH?”
has proposed a a guidehine for their own internal purposes
that samphng and analvucal methods meet a2 minimum
requirement of * 25 percent accuracy: that is, the absolute
total error of the method should be less than 25 percent in at
least 95 percent of the sample population (assuming a nor-
mal distribution) NIOSH dernves the maximum precision
value for an unbiased method piven the accuracy criteria
stated. Thisvalue (12.8 pereent) is the maximum precision
value acceptable for an unbiased method. Although the 25
percent accuracy cniterion has been criticized by some
authors."® itwas adopted for NIOSH s own internal use and
1~ not mecant as pubhic policy. However. OSHA adopted the
same criterion for the benzene standard, without a complete
denivation or explanation. Consequently. this criterion has
been criticized and alternatives have been proposed.”’” A
second important point is that bias 1s also considered in the
=+ 25 percent criterion according to a somewhat complea
statistical rclanonship.‘ml but the overall system accuracy as
defined earlier'' is a fair approximation if the method has a
true bias, re., i1s mean is statistically different from the
“hnown concentration.” A fina) point is that as the number
of samples at a leve) increases, the standard deviation and
CV should decrcase. These considerations are important
when cvaluating passine monitor validation data. especially
in thaose cases where manufacturers hasve stated that they
have met the 25 percent accuracy criterion.

For field comparicons of conventional and passive moni-
tors. different statistical tests are necessary. f passive moni-
tor values. for example, are plotted against charcoal tube

Amencan industial Hygene Associalion JOURNAL 1431882

results (Y vs. X) and more than one concentration is
sampled. one would eapect an increasc «n X 10 cause an
increase in Y. If the increase is hnear, and the sample values
lic on the regression line. the correlation co fficient (r) would
havc a value of one. If a change 1n X brings about an equal
changein Y. then the slope would alvo have avalue of one If
the individual values for the two devices are indeed equina-
lent. the line should intercept the orygin Each of these rela-
tionships is expected within reason. The difference of the
slop from one. the correlation coefficient from onc. and the
intercept from zero can and should be tested.

in order 1o perform the regressuion analvae described
above we must assume that X (active samphing data) « not
subjecttoerror. Of course. we know and can calculate under
laboratory conditions the error of actne samphng svaems
There are at least three reasons why this error v otien
overloohed. First, it is assumed that conuderation of the
error in X would only cause small diflerences in regression
analysis results. Second. 1in addition to laboratory demon-
strated error, a range of errors introduced by varving ecnvi-
ronmental conditions must be considered While difficult to
assess. these errors may have @ protound effect on X, and
indeed the crror in the X measurement mas be as great or
greater than that for Y. Finally. if the erro1 in X 1s 10 be
considered the statistical tests are complea. Such tests have
been discussed for biological problems.’® however, the the-
ories apparcntly have not been applied to samphng and
analviical methods even though their appropriateness has
been recognized."™

applications

From a historical vantage. one of the earliest reports of a
“passive”™ monitor for evaluation of airborne contaminants
was patented by Gordon and Lowe in 1927 ®" Their gas
detector for carbon monoxide involved an “casily frangible
vessel containing a solution of salts including palladium
chloride. and a covering for said vessel of a hght colored
absorbent material.™ The principle involved breaking the
vessel (a small ampule) and noting the subsequent color
change of the solution as it reacted with the carbon monoa.-
ide on the light colored absorbent matenal This type of
semiquantitative device was certainly a forerunner of those
that are available today . though it was undoubtedly affected
by air velocity as a stagnant air layer was not employed

An extension of Gordon and Lowe’s concepts in the late
1960°s provided the basis for Plantz ¢/ a/ to devclop a
personal dostmeter for measuring hvdrazine. unsvmmetrical
dimethylhvdrazine and monomethvlhyvdrazine.”" The reac-
tion of these compounds with a “colorimetric substance™
(bindone) produced a purple color. the mniensity of which
was dependent on both concentration and duraton of eapo-
sure. Color standards then were used to estimate the concen-
tration asa function of the time the badge was exposed to the
contaminated air. conscquentiy. the method was only semi-
guantitative. In considering sources of error the authors
noted that the purple color would also be produced by all
volatile bases that were tested. including ammoma. aliphatic
amines. anihne and aigaretic smokhe

609
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Of interest in this review. however, are gquantiialive
devices based on the principle of either gas or vapor diffu-
sion or permeation through a stagnant air laver. The first
such device 1o be reported in the literature was described by
Palmes and Gunnison in 1973 Their device emploved the
prinaiple of gas diffusion to determine airborne concentra-
trons of sulfur dioxide and will receive further consideration
subscquently To gain the best overview of the various appli-
cauons of these concepts. it is probably best 1o proceed
by considering first the inorganic and then organic gases
and vapors

inorganic gases and vapors

ammorua

In 197%. Marur er a/ described the use of the Abcor
GASBADGE 1o sample employee exposure 1o ammoma
(this device currently s not marketed) " The investightors
replaced the charcon) pad normalls found inthe GASBADGE
with an acid impregnated absorption pad, Of threc acids
tested. phosphoric was most successfulin providing the best
approsimation of theorctical concentranons. They deter-
mined. however. thatyvolatilc amines, specifically caclohexyl-
amine could produce high rcadings. a< high as {85 pereent
of the syntheuce atmosphere. This led them to replace the
plass fiberdrafi shield onthe front of the GASBADGE with
a “charcoal imprepnated glass fiber filter which had been
pretreated with atcohohic KOH contaimng 0 1 percent sur-
lactant.” The charcoal served to adsarb amines as they dif-
fused nto the dosimeter. while the KOH (aided by the
wething agent) chminated irreversible ammonia adsarption
by the charcoal. which would have caused underestimation
of the amhient concentration, Additional laboratory exper-
iments demonstrated that starage ume of up 10 47 days.
priortoanahsis.did notappearto adversely affect the results

More recent)y, DuPant has developed a commercialiy
avalable sastem for the measurement ot several airborne
comuminant~ including ammonia, In 1981, Kning er al.
described DuPonts PRO-TER™ sastem for ammonia. nitro-
gendiovide and sultur dionide sampling analvsis using a col-
orimetnic readout instrument.”* The ammoma badge rehes
an molecular diffusion of ammonia and subsequent chermucal
reaction with a solunion of 0.3N boricacid and 0.03N sodium
polassiumitartarate (s} Afterexposure, the reagent pack s
removed from the badge holder and analysis 1s initiated by
pressing reagent "blisters” which arc adjacent to the absorb-
ing ~olutton Thiy action causes the release of a modificd
Nossler’s reagent and the subsequent development of a
cotored solunon. Forammonia. maximum color intensity 1s
developed a1 425 nanometers. The absorbance of the sample
i~ then compared against a standard curve based on Beer's
l.aw After determination of the precision of the analvucal
mecthod and venficunion of the lincar range of the color
chenustny laboratory testing was conduct. Jd ta establish the
operational range as well as precision and accuracy of the
oveidll method (see Table 1) The minumum and masimum
himis ol the sampling range were found to be 50 and 500
ppm-hours, respecinely . For an cight-hour time weighted
arverage. these values cotrespond to ore-tourth and two and

610

one-half times the curremt ACGIH Threshold Limit Value of
25 parts per million.™ In conudcring sources of error,
environmental effects including temperature (10 to 40 *C),
relatin ¢ hurmidity (1010 RO pereent). pressute (73010 790 mm
Hg). and face velociy (2.510 125 cm sec)werc included Of
the environmenta) factors cvaluated. temperature and the
concentration of the contaminant were identificd as boing
responsible 1or 98 percent of the data vanation. For ammo-
nia, a temperature correcnion factor of 0 6 pereent per degree
centigrade was suggested. Alsoamvesiipated was the storagy
stabilits of bath uneaposed and exposed badges Resuhis
indicated that refngerated storage s pecessary toextend the
shelt hic of uncyposed badges Oncethe badee isesposed to
ammoma and belore the reagents are mised the badpes can
be stored lor one (room temperature) to three (refrigerated)
weehs without tosing any absorbed contanunam Onee the
reagents are mined and color tormuttons staried the hadec
should be read within 90 minutes, Addinionad testing re- ules
conducted by DuPant are shown in Table 117

carbon monoxide

Shor and Andcrs. of the M Company. hayve described the
IM “direct-rcad dfftusional momtor™ for evaluation of
exposures to carbon monovide.”” The prinaipie invohes
the reaction of the carbon monoaide and an unreporied
reagent(s) to pive a vinibic color change from pink to wan
Theorencalh . il any pink color s observable at the end of
the eaposure penod. then the eaposure was less than the one
timec-werghted-ayerage of 400 ppm-hours © They also state
that noung the ime tothe endpoim allows for calculanion of
the average concentration of carbon menowide during the
exposure period The authors present summary results of
laboratory evaluations using an infrared radiation device to
estabhish "known™ concentrations tsec Tabic 1),

chlorine

Hardy er @l hase described a personal chlorine monitor
(REAL.. Inc)which employs the principle of permeation of
the gaseous contaminant through a sithcone membrane and
into 10 mL of a fluorescein-bromide solution * Calorimer-
nicltechmiques then can be apphed to determine the chlorine
concentration. The authors report a detection linmt of 0 013
ppm chlorine for an eight-hour exposure. with a “working
range” of 0.1 10 2.0 ppm. The) also suggest that for shorter
tnime periods. concentrations of up 1o five ppm can be deter-
mined. Other observanions included effects of temperature.
humidity. absorbent concemiration. pH and response ume.
with all laboratory results presented graphically.

Maleculon Research Corporation has recently introduced
a chiorine monitoring device which rehies on plastie film
impregnated with hquid reagents.™ Exposure of the badge
to chiorine pas gives a visible. “blue-purple.” color change.
Optical transmission measurements, and comparison with a
standard curve, can then provide quantitative exposures in
ppm-hours The manufacturer’s summary results indicating
effect of temperature, humidity. wind velocity and concen-
tration are reporied as presenting an error al the 95 percent
confidence level. which is “less than % 15 percent.™
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TABLE |
in rganic Gases and Vapors Laborat ry Results

Chemical Dosimeter” Bias"

Precision'

Range' (ppm) Reference Notes

Ammonia DP 05 74
DP 0s 69
GB -3.2 93

Nitrogen GB 27
Dioxide DP -32 75
DP -0.9 87

MDA -4 9 a1

Sulfur GB 138
Dionide DP -1 58
DP -08 75

Hydrogen
Sulfide GB 153

Metcury 3IM (o} -] 9
17 2

co M 03 47

20-50 24
20-48 26
6-62 23

4.-11 1
4-11 3B
4-11 24
6-9 36

46-53 1
4n 38
4.11 24

16-22 1

003-03mg/m' 32
005-02mg/m’ 33

50-1830 27

‘DP=DuPont Pro-Tek Colonmetric System Badges. 3M=3M Company Monitor, MDA=MDA

Scienufic. GB=Abcor GASBADGE
“See text, equation (8)
‘See tex1. equation (7)

"Some values are rounded to nearest whole number

*Bias consisiently negative

'Results derived from Table lli of McCammon er al'™

“Results calculated from data provided in reference

"This product 1s not currently marketed

'Bias could not be caiculated from data given

hydrogen sulfide

In 1977. Tompkins and Goldsmith described the develop-
ment of the GASBADGE personal sampler.'” Although
later work with this device focused on the collection of
organics on an activated charcoal substrate. initial studies
researched sampling of both organic and inorganic com-
pounds. {The GASBADGE for orpanic vapors is now mar-
keted by National Mine Safety Company. and those for
inorganic vapors are not currently marketed.) Applications
imvolving 1norganic gases relied on collective elements of an
“appropriate substrate impregnated with a chemical medium
specific for the contaminant of interest.™ Based on 60 obser-
vations. the authors’ statistical summary is presented in
Table 1. Eighty percent of the measurements were within +
25 percent of the “true™ value, Challenge concentrations
were established in a “well-mixed™ environmental test
chamber and were measured with an “independent wet-
chemistry sampling train.”

Hardy and associates have described a permeation device
(REAL. Inc.) whichrelies on the permeation of H;S through
a dimethylsilicone membrane and subsequent reaction with
a solution of 0.2N sodium hvdroxide and EDTA.®” The
colared product (methylene blue) is measured spectropho-
tometrically and compared with a calibration curve to
determine ppm-hours. A knowledge of eaposure time then
allows for the determination of averape exposure over the
measurement period. The authors note that a critical step in

Amencan Industnal Hypiene Bssociation JOURNAL (43) 8 §2

the development of such a device is the experimental deter-
mination of the permeation constant (see Equation 6). which
invohves calibration of each momitor by exposure to hnown
concentrations of the contaminant. The results of this labo-
ratory rescarch demonsirated a detecuon limit of 0 01 ppm
foraneighi-hour exposure, witha workingrange ol 0.1 to 20
ppm and a hnear response up to 200 ppm. The working
range corresponds 1o one one-hundredth to two times the
current eight-hour TLV of 10 ppm.”™ Evaluations of ¢nvi-
ronmental effects indicated that neither temperature. over
therangeof —31039°C. nor humidity . from 01099 pereent
relative, caused any significant vanations in respanse of the
device. Further research demonstrated a good response to
high concentrations in less than one minutc. adcyguate sam-
ple stability up to 10 days if EDTA 1s used in the absorbing
solution. and negative and positive interferences. respec-
tively. from chlorine gas and nitrogen dioxide Precisianand
bias were not reporied.

Anotherapproach for the determination of gascous hydro-
gen sulfide has been reported by Gracdel and Franey.®"
Their research involved using a semiguantitaiine method
without a stagnant air larer and relyving on the discoloration
of lead-stabilized polvvinyl chlorde (PVC) The techmque
involves the diffusion of gas in a polymer and. at high H.S
levels. the detection rather than the measurement of toxic
levels of H2S. Screening applications for low level eaxposures
also are discussed.
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mercury
In 1977. McCammon and Woodfin of NJOSH reported the
results of a laboratory evaluation of 3M's mercury vapor
monitor.® The manitor’s operating principle inv olves molec-
ular diffusion and deposition of mercury vapor on a pold
substrate, The resuluing change in elecineal conductinvity
across the pold foil 15 related to the amount of mercury
absorbed by the fosl Three other sampling methods, all of
which imvolved the active movement of air, also were inves-
ngated and include the 1LASL tandum sampling tube, the
hopcaiite tube, and the iodine impregnated charcoal tube,
For the passive monnor, precision and accuracy. the effects
ot taceveioeny and temperature, and potential interferences
were imvestigated Concentrations of mercury vapor 1n an
exposure chamber were momitored with an ultraviolet mer-
cury vapor meter. whichan turn was calibrated by measure-
ments using the L ASL method. To determine precision of
the monnors, 12 devices were exposed 1o a test atmosphere
Resulis from three measurements of the test atmosphere
using the LASLE method gave an “expected™ concentration
af 0056 muthprams of mercurs per cubic metes of air
(mg m") with a standard deviation (SD) of 0.002 mg m’
and a cocificient of vaniation (CV) of 0.037. Precision and
bias calculated for the data givenin Table 111 of McCammon
et al™" 1y summanized in Table 1. A least squares regression
analysic of the combined precision and accuracy resufts for
the passine dovimeters versus the “Anown™ concentrations
garve a Y imtercept of —0.004 mg m® and a slope of 1.003.
Tests for the eftects of face velacities from 2510 125 cm sec
{50 to 250 1pm) did not appear 10 have any adverse effect on
performance. while vanaton of temperature experimentalh
confirmed 11s cficet on both the diffusion constant and the
concentration of the contaminant. The potential effects of
changes in relatne hurmdity were not discussed by the
authors. The other arca of investigation in this study
imvolved potential interferences of chlorine. sulfur dioxide,
and hydrogen sulfide. Concomitant and sequential exposure
to mercury and chlorine, the latter at high levels (5.8 ppm).
produced a negative bias. but a similar effect was observed
with the UV meter and the LLASL svstem. The authors
suggested that the mercury and chlorine may have been
reacting to form mercuric chioride which wa« not being
wasured by any of the svstems. The interference effects of
sulfur dioxide and hvdrogen sutfide. although less than chlo-
rnine. alvo were confirmed.

In 1980, McCammon and his NIOSH and OSHA co-
warkers conducted further tests of the four previousih
described mercury vapor sampling and analviical methods. ™
The design of this laboratory experiment involved inter-
comparison of four methods. and the findings suggested that
the variability of the 1odine charcoal tube method is signifi-
cantly different from that of the other threc methods. 1t was
observed that the other three methods, including the 3IM
passncdosimeter. exhibited pood precisinn over the concen-
tration range of 0.05 to 0.2 mg m® as shown in Table .

Recently SKC. Inc.. introduced a gas monitoring badge
(produced by GMD. Inc.) which uses the principle of molec-
ulur diffusivn (without a stagnant air laver) to collect mer-

12

cury vapor.™ The sampling media is referred 10 as “Hydrar
Sorbent,” and “extensive™ but unpublished field and labora-
tory testing are cited 10 show that “chlorine. moisture. etc..
do not interfere™ with measurements. HYDR AR is devel-
oped from a “manganese dioxide catalyst material srmilar
to ‘Hopcalite.” * Quantitative determination is made
by chemical desorption of the mercury and analysis with
atomic absorplion.

nitrogen dioxide

In 1976. Palmes eral. reported the resuhis of their exaluauon
of a personal sampler for mtrogen dioxide (NO,) 4 This
work was an extension of their earher proneening efforts in
doveloping 2 personal sampler, emploving the principle of
gas diffusion. for sulfur dioxide ' In their deuign. the sam-
plingdevice wasa 1. 3em (0 Sinches)acnyhetube. 7 tem(2 &
inches)long Atthe “closed™end of the diftusion path tiube)
were placed three stainless steed grids coated with tricthano-
lamine (TEA) TEA wasselected because. I ncaptures NO

efficientlv. 2) 1t provides a stahle sampling surtace. and 3 n
vields a chemical complex with NO_ thut isvery stable over
time. Subsequent analvsis vielded a colored complea whose
absorption was measured at 540 nanometers Results were
then compared against a standard curve which obeyed Beer’s
Law The experimental evaluation of the NO. <ampler
imvolved chamber measurements compared with “known™
values determined by the volume of NO_introduced to the
chamber or the weight loss of NO; from a permeation wbe.
Although neither individual nor summary results were pre-
sented. graphical comparison of the data indicated a close
agreement between the passive sampler resulis and theoren-
calconcenmrations. The effects of wind velocity and direction
as well as stability over ume also were considered. In deter-
mining wind effects. the uptake of water vapor. rather than
NO,. was measured. The resulis indicated that there wasan
increase in average uptahe with increased velooity and that
the 45 degree incident angle gave the highest uptake (135
percent at 258 em sec) Across all angles of exposure (0 1o
180 degrees) the average uptahe increased from 2 1o 14
percentas the wind velocityincreased from 50 1o 258 cm sec
(100 10 516 {pm). Stability studies indicated that the hadges
could be used for months both alier preparation and before
eaposure as well as after eaposure and before analvas

In the previoush described studies with the GASBADGE.
Tompkins and Goldsmith also monnored for nitrogen dioa-
ide.'" Their summary results for 82 observations showed
accuracies and precisions as summanized in Table | Eqght-
five percent of the observations were within £ 25 percent of
the ~“true™ value.

A commercial model of the Palmes passive sampier has
been marketed by MDA Scientific. Inc.. and additional
laboratory testing demonstrated a lhinear collection effi-
ciency for any given dose, i.e.. concentration X time (see
Table 1).* The sampler exhibited a consistently negative
bia< as compared 1o concentration determinations using a
continuous monitor and the NIOSH wet chemical method.

As noted earlier, the DuPont PRO-TEK system includesa
badge for nitrogen dioxide. Laboratory test results of this
device are shown in Table 1.9
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sulfur dioxide
s noted previously. pioncering work in 1973 on the design
‘f a sampling device which relies solely on diffusion of
gaseous contaminants through a stagnant air laver is attrib-
uted to Palmes and Gunnison.™ Their initial studies
in\volved experimental work on different tube lengths. The
collecting medium was 2 complex of mercuric chloride 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
conductrimetric measurements. Although this study did not
go into the ramifications of environmental effects and inter-
ferences. it should be recognized as an important step in
developing a new industrial hygiene technology .
The last of the threc inorganic gases looked at by
Tompkinsand Goldsmith in theirsiudies of the GASBADGE

was sulfur dioxide.") Summary data for 23 observations on
this gas are included in Table 1. One hundred percent of the
observations were within = 25 percent of the “true” values.

The results from DuPont’s tests on their sulfur dioxide
badge also are shown in Table 1.

organic gases and vapors

Most passive dosimeters designed to sample for organic
gases and vapors use activated charcoal as the adsorbing
medium. As we know from its extensive use in active sys-
tems, activated charcoal has an affinity for 2 wide range of
organic compounds. Consequently. the discussion on the
applications of passive dosimeters for the measurement of
organic gases and vapors first will focus on devices using
activated charcoal and then will turn to specific organics
which rely on other collecuing media.

TABLE 1I
Organic Gases and Vapors Laboratory Results

Chemical Dosimetet* Bias" Precision” Range'(ppm) Reference Notes
Carbon
Tetrachioride DPA 04 44 318 10 E
Toluene DPA 03 5.2% 57.228 a5
NMS -17 17 1247 13 Fa
Formatdehyde DP 15 63 0242 85
Benzene DPFB 33 47 3-24 46
NMS -4 1 1.7 0B854 13 F4
NMS 1.8 17 13135 1 €cd
Ethylene
Oxide M -1.4 3.2 300 53 ’
Halothane 3am 3 74 05-20 a4 !
Enflurane m -28 48 0.5-20 a4 !
Acrylonitnie NMS 003 87 0.7-19 39
Hexane NMS -1.2 2 10-37 13 4
Vinyl
Chlonide R —0.2 37 1514 2 HJ
Methy! am -59 a7 160840 48 i
Chioroform DPA -106 45 160-840 a8 i
NMS 24 2 15.65 12 F4
Trichloro- 3M -39 7.6 20-200 48 b
ethyiene DPA —6.9 77 20-200 48 £
NMS 058 1.9 15-67 12 F4

43M = 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 Colorimetric Badges

ESee text, aquation (8)

CSee 1ext, equation (7)

PSome values are rounded to nearest whole number

"Smali sample size

FKnowns were csiculated using charcoal tubes with critical orifices This could affect the
bias measure.

“Preliminary resutts

Hpermeation dosimeter

'Bias consistently negative

‘Resutts catculated from data provided in refarance
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activated charcoal devices

A~ of March, 1982, there were four manufaciurers of passive

Joumeters which rely on diffusion and subsequent adsorp-

¢ vn on 1o activated charcoal: National Mine Service Com-

ramy (GASBADGE). 3M Company {Organic Vapor Moni-
rt. DuPont Company (PRO-TEK. G-AA und G-BB

cygame Mapor Air Monitoring Badee). and the Mine Satety
pphance Company (Vaporgard Badye).

In 1977, Tompkins and Goldsmith described the firs

. mmercial passive dosimeter for monitoring orgamc
v pors 't The GASBADGE relied on motecular diffusion of
> aapor nto the badge and subsequent adsorption onto
tivated charcoal The authors developed the theoretical
. ninciples of the badge's operation. and discussed sensitinvgty
© temperature and pressure, face velocity effects, and
Cosponse ime Prebimanary results showing the badge's
tosponse 1o benzene, ethyfacetate, methylethy] ketone. and
vrene alvo were presented and were dosenbed as Tverny
wotraging” (see Table 1D

tn the samevear, Siherstemn reported results ot taboratons

d held testing of the GASBADGE toracrvlomiede ™ The
sults of the exposure of 33 badges to known concentra-
ansn the laboratory are presented in Table 1 The results
dicate the accepiability of the GASBADGE for measute-
ents ot acrvioniride over the range of 0.75 10 19 ppm The
ne ot exposure in the laboratory was not gnen, however
2d measurements did coser perniods of up to seven hours
‘though temperature and relative humidiy ranges were
ported. data analvsis to determine the ettects of these
irtables was not presented  Sihverstein alvo looked it
sorpuon cthiciencwes and Jetermined that the best results
M4 pereent) were obtained with four mL of two percent
ctone in carbon disulhide.

In 1978, Bamberger eral. conducted a series of tahoratory
ststoevaluate the GASBADGE ' Theirapproach i olved
wopeneration of known concentrations of sohents and
thaequent evaluation with charcoal tubes (active sumpling)
nd the passne dosimeter. To evaluate the apphicabihiny ot
ne dosimeter over a wide range of compounds. the investi-
ton included seven different organmie compounds cach
Cresentatne ol a difterent funcuonal group Included in
hoe study were bensene (aromatic). n-butanol (alcohol),

Cebuive deetate {ester), nooctane (alhane), methyvl chioro-

v dhalogenated alkane) methy fisobuty | ketone (hetone)
¢ trchioroethylene (halogenated alkene} The dittusion
etfictent (D1 used was that supplied by the badge manufac-
aer exeeptin the case of wooctane which was reported as
<o an unknown coctlicient Computations imvolving

s compound relied on the coefficient for n-octane A
vaniety of experiments was conducted to look at a wide range
ol guestions. Their findings corroborated dosimeter con-
verns simalar 1o those of active systems using charcoal tubes.
g mmmum and maximum foadings are important, post-
rmple contamination and loss can accur it the cxposed
Aaorbent s not adequateh scaled. percent recovery for
dxtures is consistent with percent recoveries for single
ompounds, and differences in charcoal lots can give difter-
At results Other 1ests conflirmed the need for some air

movement across the badge face and the kek of etiect ot
temperature changes over asmadl range (1170 The resulhis
ot the ssmultancous sampling with the badges and the char-
coal tubes indicated that the badges had a consstent nega-
tive hias. The authors suggested that, because the resudes
were so reproductble. correctnions foradsorption deserption
ctherencies fess than 100 pereent van be accomplished justas
v done 1or charcoal tube duta

In 1979, Hiravama and Hheda evaduaied the apphoation ol
the GASBADGE tor monitoning cxposutes o nead sol-
vents M Thair rescarch imvohed ditterent preparations of
activated carbon “telt™ o plice of the supphed collection
mediumand exposure o mentures ot n-hevane cthvlbacetate
and toluene Summuarny (graphicab data indicated that the
amounts ol contaminant absorbed by the dovmeter were
proportional to hath the vapor concentrations and time
al exposire

Halliday and Anderson reported on the use ot thy
GASBADGE in monnorning tor haiothane
nonsaindweated a r;m:_'cnl M- urement=tromminas ning to

R TANETY A TN S

plus ten percent of the test atmaospheres Untoctunatads the
authors did not report their procedure tor deternumng thy
concentration of hilothane in the test atmospheres

In 1981, Evans and Horstman reporied evaluations ol
desorption etficiencies ot charcoattubes and the GASBADGE
torstvrene Y For hgquid dosing they tound the dosimeter to
b simdar to the tube. while tor vapor dosing the badge was
sorenior The authors suggested that the duterences n
rosublts may hase been related to the use of coconut shell
. bonan the tebes and petroleum dertved carbon in the
padee They did natexplinn why thisditterence would atteet
o, micthod of dosing and not the other

tn 1930, Anders and Mullins ot the 36 Company pre-
woned results comparnng the 3M passive monuor with char-
Costtubes i samphing lor mistures of organie compaunds ™
Tne laboratory tests included a binary minture of toluene
and methyl ethyl ketone: a tertiary mixiure ot bensene,
totucne and swiene: and compley minvtures of unleaded and
feaded gasoline containing various alcohols Afthough the
mmestigators aited "excellent " preciston and gecuracy tor the
dittuvional montor, sample sizes were small, and the com-
phoated stady demien and Jack ot raw data prechude the
determingtion of preaision and bas statisties

Masor and hin co-workens” conducted side-by -ide
laboratory and field tests with charcoal tubey and 3M
ATEAME Vapor Monuors (o measure concentrations ol halo-
thane (2-bromo-2-chloro-1. 1 I-intluoroethane) and enfu-
rane (2.chloro-1.L.2-trifluoroethyl diffluaromethy! ether).
The resuits of the taboratory studies are presented in Tabie 11
and support the authors’ conclusions that the dosimeters
are a reliable method for the collection of enflurane
and halothane.

In 1980. L autenberger er a/. described DuPont’s passive
monntor for organic vapors''"" Euch charcoal strip in the
PRO-TEK G-AA Orpanic Vapor Badge contatns approxi-
mately 300 my of coconut-based activated charcoal impreg-
nated inaninert polymer. A dual samphing rate of approx-
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et

mately 30 or 100 mi min s determined by the removal of
one or both of the dowimeter™s protective covers, One aspect
ot their research imvolved expernmmental determunation of the
dittumion cogfticient of several gases and vapors. They
reported that values caleulated by 1 uee' " were within 10
pereent of therr experimentally determined diltusion coetli-
cient values, Preliminacy experimental results were used to
discuss face velocity etfects, range and sensitivity, maximum
and minimum sampling times, viapor retention, storage sa-
bility, desorption etficieney, and overall badge clticiency
Vhe onverall accuracy determinations were hmited to tour
obswervations at cach of two concentrations of carbon
tetrachloride (see Table 1} However. the presentation ol
raw data. as well as an explanation of the stitstical tests
apphed. v most usetul. This same detatl of intormation s
Jisa tound 1n DuPonts validation reports tor toluene and
benzene (see Tahle 17

Inthe benzene report, DuPontalsodesenibes ts PRO-TEK
G-BB badge Thes badge has a backup secuon of charcoal,
whivh serves the same purpose as the second section i a
charcoal tube. re tomd i determunng o the sampler has
been averloaded. The 38M Company also marhetsan Qreanic
Vapotr Monitor with a backup sectron,' !

In studies of the measurement of waste anesthetic gases
with passine dosimeters. Jonas ¢ al. evaluated the
GASBADGE, 3M Organic Vapor Momtor and DuPont
Pro-Tek in measuringentlurane. ™ Unlortunately. the badges
were notidennbied in the presentation of the results although
mterpretation of the reported sampler geometry would indi-
cate that A was the DuPont badge, Bwas the 3M badge. and
C was the GASBADGE. The results of their laboratory
studies indicated that badge B had the lowest coetficients of
variation (CV was not calculated as described in this text) as
compared to concentrations determined by infrared anals -
sin Badge A had a low CV (9 percent) at 5 ppm and a much
higher value (CV=234 percent) at 20 ppm. The C badyge had
consistently high OV ranging from 23 1o 30 percent. h
~hould alvo be noted that the charcoal tube CV's ranged
trom 11 to 27 percent. that desorption efficiencies for the
badges ranged trom 0.81 to 1.17. and that IR analvses of
tank concentrations were constantly lower thanexpected. If
badge Bwas the 3M device. the results of Jonas et al. support
thase reported by Mazureral'™ Further testing of badges A
and C seems necessary. however. to confirm their seemingly
fow precisions.

Marzur and his coworhers conducted additional tests
comparing the 3IM and DuPont badges agamst charcoal
tubes. '™ Methyl chloroform 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 to 200 ppm of trichloroethylene. Exposure times
varied from two to six hours for methyl chloroform and
trom{our to six hours for trichloroethviene. The laboratory
work indicated that the percent recoveries of the various
doses (concentration X time) were in good agreement except
for one exposure of the 3M badge whichinvolved a five hour
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exposure at 700 ppm. The authors noted that this exposure
ot 3500 ppm-hours exceeded the upper expo ure hmit pro-
vided by the manutacturer The overall mear. tecoveny value
tor cach type of sampler was used to correct all subseguent
hield data In additton 1o the recovery measurements, the
laboratory phase of thus study also involved determinanon
of storage stability. The authors tound no signihicant fosses
of methylchloroform or trichloroethylene rom either badype
tatlowing storage of exposed badges tor up to three wecks

In 1978, West and Rewsner reported on the ticld tests ot
the MINIMONITOR™ (REAL. Inc) permeation porsong!
monitor (or vinv] chlonde '™ This monitor was a modined
version of one previoushy desertbed by Nelms era/ 77 The
collecting medium was actnated charcoal, but rather than
relving on molecular diffusion, the badge devign imvolved o
polvmence membrane and the permeation at vinvl chlonde
through the membrane and adsorption onto the charcoal
Imual laboratory calibration was used to determine the
permeation constant ol the device 1 aboratory results indy
cated good accuracies ay summartzed an JTable 1

Duning the same peniod that Tomphins and Goldsmith
were deseribing the GASBADGE. Bailey and Hollingdate
Smith ot Great Britain were presenung thetr ideas lor a
personal passive sampler for organic gases and vapors
Thetr design snvolved the use ol cither one of two 1y pes of
membrane and subseguent ad~orption onto activated char-
coal. Thev found two membrines to be satistactory one ol
thinsilicone rubber which acted o~ a permeation barner and
the second a porous polypropyviene im which alowed tor
mutecular ditfusion of the gas and vapor They conducted
laboratory tests wang carbon tetrachlorde, styrene and
dichlorodifluormethane. Their test resulis do mix some ter-
minology. e.g.. permeation rates tor both the permeanon
device and the diffusional device. but did provide an carly
demonstration of the feasibihty of such a device tor monitor-
ing certain orgames The device, the Porton Dittusion
Sampler, scems 1o see ity greatest use 1n Great Britain

acrylonitrile

One of the newestapplications of passive dosimetry involves
the use of a porous polymer (Porapak ® N as the collecting
surface with subsequent thermal desorpuion and gas chro-
matographic analyvsis. Benson and Boyee have described
such a device and its utihty in sampling tor senvlominle ™
Laboratory testing tor acrylonmitride involved comparison of
the dosimeter values with concentrations measured on a gas
chromatograph. Inihal experimentatton indicated that the
dostmeter can be used foracryvlonitrile concentrations in the
range of 4 ppm. but at concentrations ol 2 ppm a 40 percent
error Is reported.

aniline

In addition to activated charcoal, another widely used
adsorbent medium iy silica gel. To study the utility of this
material. Campbell and Konzen constructed passive dowm
eters from glass culture tubes (1.05 cm inside diameter) with
40 60 mesh silica gel as the collecting surtace. ™ Laboratory
testing involved exposure of the dosimeter to aniline,
with exposure concentrations determined by gas chromata-
graphic analysis of ethanol gas scrubbers. Three dilferent
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size {length) dosimeters were evaluated. with the best results
obiained with the intermediate length tube (L=3.0em: AL
= 0.3 cm) The authors present raw data and clearly
described their statistical techmigues.

ethylene oxide

Mullins and Anders have recenthy described the IM diffu-
wiong! monaar for sampling ethylene oxide in ™ In this
badg. the coliccting surface 1s described as a “chemically
imprcenated charcoal surface. (where) a reaction occurs
produ.iny a Mahle compound with a vapor pressure sub-

stant ' lowes tnan the parent compound ~ The authors
pPrescs ctcathy summanized data describing the hineanity
and.- ot the momtor, the recovery of absorbed ethyi-
e e conmentat ctiects, sample stabhhty, and the
ciicc: ~ p onal anterferences. Preciwion and bias are
prescr o Tormic 1l

Tormaidehy ge

Raodr... « « have described another 3M diffusional
monie o womiphing formaldehvde ™ In this diffusional
monite e cchecting surface is an Timpregnated sorhent™

which var 1hen be desorbed in sitie with water and the
concentratier of formaldehyde determined colorimetncally
Labarator oo aluauon hirstimvolved determination of recon -
ery coctiaaenis which at eight ppm-hours (19.5 micro-
gram+t were found ta be 1.00 * 0 04 over six tests, The neat
step amyined determination of the dosimeter™s “samphing
ratc (A 1) by esposing the dosimeters to “hnown™ con-
centratrans of tormaldehyvde as generated by a permeation
tuhe The eficet of refative humidits on the samphng rate
also was imestipated. and evaluation of the data did not
indicate uny stanstically significant differences between the
rates at 50 and 85 pereent relative humidity, The study
protacolthen tnyvohved simultaneous exposures of impingers
(modificd chromotropic acid method) and dosimeters The
authors concluded that “thc measured valucs by both
methods he within = 25 percent of the eapected response™
and that “less vanation s observed 'n the monmitors thanin
the smpingers ™ However. neither precision nor bjas were
reported  The authors also investigated eflects of storape
and determined that at clevated temperatures (38 ©C) losses
urto Ll percent occurred after one wech. howeser no signit-
1cant loss was seen lor samples stored at 23 °C. The authors
briefly discussed the potenual for a nepatne imterference
from phenol and described the uve of modified calibration
curves to address this problem.

DuPont’s PRO-TEK series of colonimetric Air Monitor-
tr~ Badges, includes a badge for formaldehyde The collec-
ten principle invohes a chromotropic acid-sulfunc acid
reaction Laboratory evaluanion (42 samples) of the device at
seven eaposure levels revealed results as shown in Table
11" Additional studies also were conducted on tempera-
turc and storage effects The raw data and statistical analysis
pracedures are presented.

Kriese! ™ has described a new passive dosimeter for form-
aldchyde which is a modified version of the Palmes tube.
Atthe present time experimental data concerning this device
are not ;ooalable

1313

phosgene

Matherne er al. have recently dexcribed the GMD. Inc
“passive dosimeter " which prosides a semiquantitaiine mea-
surement of phosgene cxpmurc.“”?‘ The badge imvolhves
direct contact between the contaminated air and a cheni-
cally impregnated tape and therefore does not rely on a
stagnant air laver. The treated paper stain antensity s
reported to be loganithmicalls proporuonal to the phosgens
dose overarange of 210 100 ppm-minutes Forquantitatine
measurements the badges can be read colonmceinically

other methods

Hill and Fraser have desenibed the use of commuercial duey

tor tubes modified 10 act as passive dosimeters ™7 dn thon
rescarch. common length-of-stain detector tubes were maod:

fied by cutting off the conical end of the tube and remioving
same of the indicator column matenial Thisleavesan anieg,
with a cross-sectional arca equal to that of theanude ot tny
1ube and a path length determined by the distance from thy
end of the tube. to the beginning of the indicator matciia!

One would expect. however that as the sorhent maicing,
becomes eaposed. te., the length of stamn increases. the
diffusion path length will al<o increase. thereby changing the
sampling rate. Thewr evaluation of these devices imvohed
separate laboratory eaposures 1o toluene. ethanal and 1~o-
propanol The resulis of theirwork. although presented onh
in graphical summary . demonstraie the potential lor the use
of modificd commercial detector tubes as passne dosimeiers

field validation
Relatvels few studies have been published in which pasaive
dosimeters hayve been compared side by side with charcoal
tubes or other conmventional samphng methods under actual
ficld conditions. For inorgamic compounds only two «tud-
tes. imvolung mitrogen diomide™ and chionne
have been adenufied For orgamic compounds. eight stud-
jo/T A IAABIENEN b e imvoh ed ficld comparisons with the
number of compaunds per study ranging from onc 1o 22 In
three of these studies, statistical analyvses of daty were nat
presented and cannot be performed because of small sample
size of insulheoept presentation of data

Jones et af ™ conducted a field evaluation for NOLana
salt mine. which conwained diesel equipment as the NQ.
source. At each of 16 different fixed ares locations. two
Palmes dosimeters and two TEA tubes with pumps were
uscd to sample the atmosphere The active samphng (pump)
method gave a coefficient of vaniation (CV) of § 7 percent
while for passine tubes the CV was SR percent, Regression
analbysis(where theactive svstem was the X variable) of thair
data gives a correlation coefficient of 0.69. a slope of (.59,
and anintercept of 2.05 ppm for data overtheranpeof 2 710
5.5 ppm assampled by the actine method This indicates that
the dosimeter pave consistently higher readings which s
reflecied 1n the means for the two methods 4 51 ppm 1o
passive and 4.14 ppm for active samphng The authors did
not report wind svelocities. but low velocities, as would be
expected 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 velocities could have
led 10 the observed positive (passive versus active) bias.

Hardy er al'™ reportcd the raw data results from a field
evaluation of a permeation chlorine monitor (REAL. Inc.).
Thirteen comparisons were made in which the results froma
battery operated pump and an impinger sampler were com-
pared with the measurements from either two or three per-
meanon samplers. To further evaluate their results. the
investipatars performed a regression analysis using their
pormeastion sample means for each comparison as the
depondont vanable, The results are guite good with a corre-
tation Cou(ficient of 0 95, a regression slope of 0 R5. and an
irtenoopt of 0 15 over a range 0of 0.03 10 ) | ppm as detected
h. tho impinger. 1 should be noted that with five impinger
samples of lessthan 0 1 ppm. the carresponding permeation
devices dutected considerably higher concentrations (0. 16 1o
04 ppon

Siheraen™ reported field results for acrylonitrile moni-
toring uving 18 paired samples of GASBADGE passive
niotmrors and active systems (charcoal tubes and pumps)
over a range of 0.8 to 3.8 ppm as determined by the active
mcthod The differences in results using the active system as
a reference ranged from —0.7 to 1.5 ppm The difference in
means, 2 18 forthe passive versus 2.73 for the active system.
was 25 percent. Further data were not presented,

West and Reissnet reported five sets of field results for
vimyvlchlonde sampled with permeationdoumeters (REAL,
Inc ) and charcoal tubes ¥ Further interpretation of their
results 15 presented in Table 111, In cach case duta for the
active system are the X values Fowr of the correlation
cocificient values are very near one. reflecting good correla-
tion, however. the slopes show guite a large degree of vania-
bihty (0.69 to 1.31). indicating that badge values may fal)
either well betow or above charcoal tube values. In those
cascs where the slopes were less than 1.0, very ligh humidi-
ties (67 10 91 percent) were reported by the authors, This
factor may have interfered with permeation, although the
authors reported that humidity had no effect in laboratory
vahidations: hence the variation in slope remains unex-
plained The authors noted that the overall ficld resulis
showcd that the badges had a slight positive bias

Hickey and Bishop exposed 78 pairs of side-by-side char-
coal tubes and 3IM Organic Vapor Monitors to complex
mixtures of organic chemicals in tire manufaciuring opera-
tions.” Gencrally the sampling period ranged from three 10

TABLE Wi
Regression Analysis of
Viny! Chioride Field Data™'

N Range [ppm) [ 4

Slope  Y-Intercapt

7 0021 099 119 003
8 0.08-1.8 099 069 005
12 002-6.9 1.0 1.31 0.0
39 0.05-1.8 082 081 0.11
24 1.48-16.7 0.96 1.08 043
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five hours. and most observations consisted of one monitor
and the 1ime weighted average concenication lrom two
scquentially exposed charcoal tubes Sixiyv-four of the sets
were personal samples, while the remaiming 14 were area
samples. The samples were collected in two separate plan.
(30 sample pairs in one plant and 48 1n the other) Of the 27
organics potentially available for analyvsis. 10 were detectey
over a sufficiently wide range of concentrations 1o 2liow 1o
appropriale statistical analysis by lincar regression The
results are interesting in that in the first plant. 9 of the 10
organics measured by the dovimeters showed higher vapon
concentrations as compared to the charcoal tubes. while i1
the second plant only three substances had a regresvion slop,
greater than one, The combined data for both plantvdid no:
indicate that the passine system was consistently brised
when compared to the actine system The authors did point
out that gencrally the Y-intercepts (Y =pasvsine dosimeta
data) were shghuy negaune. a finding which may indicate
lack of sensitivity on the part of the dosimeters at low
concentrations. For the remaining 12 compounds paired
1-tests revealed no significant difference between the chas

coal tube and passive monitor means at the 95 percent
confidence level. The use of t-tests to anahv7¢ such data ha.
been questioned since the means of the tw o methods may be
very similar but the components of paired values can be
considerably different.”® This condition can only be revealed
through regression analvses,

In 1980. Mazur er al " reported limited field data for
halothane and enflurane measurcments using both 3N
Organic Vapor Monitors (OVM) and an actine system
(charcoal tubes and pumps). For halothane three paired
samples were reported. The mean concentration for the
active svsten was 2.01 ppm whale 1.9 ppm was reported for
the OVM. a difference (relative to the active svstem) of five
percent. Onl\ one data pair was reported forenfluranc: 0.49
ppm for the OVM and 0.52 ppm for the active system
Obviously. more data are needed to draw conclusions

regarding a comparison of the two methods for thesc agents

A second study by Marur et al*" reported field compar-

isons of passive dosimeters and active systems (pumps and
charcoaltubes)in sampling for trichloroethylene (TCF ) and
methyichloroform (MC). Both DuPont PRO-TEK and 3M
Organic Vapor Monitors were used for the passive systems.
Personal samples included exposure of one each of ali threc
monitors. Area sample resultsinvolved three average values:
one was the average of three charcoal tubes. and the other
two, the average of two of each tvpe of dosimeter. For MC,
11 personal and 7 area data points collected over time peri-
odsof Hto5 hoursat 151021 °Cand 351040 percent relatine
humidity were reported. For TCE. 22 personal and 7 area
data points collected over periods of about 1 to 6 hours at I8
10 24 °C and 30 percent relative humidity were reported A
regression analysis in which the charcoal tubes were the
independent vartable was reported by the authors. 1n cach of
the following data sets the presented values imvohe TCE
personal and stationary sampling followed by MC personal
and stationary sampling. For the DuPont badge. regression
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slopes of 1.0. 0.99. 0.99. and 0.98. and correlation coeffi-
cients of 0.98,0.98,0.94 and 0.94 were oblained. Forthe 3M
badye. regression slopes of 108, 1.06. 1.07. and 0.90, and
zorrclation coefficients of 0.98. 0.98. 0 98. and 0 90 were
determined Thescvalues appear to be quite good. however,
the authors did not reportif they tested the statstical signifi-
zance of these values They also did not report average of
face velocities as~ociated with stationary samples.

Fvans ez ol "™ of Great Brnain reported field vahdauon
jata for the Porton diffusion device while measuring methyl
=thv] ketone In this case the conventional sampier was a
nump and a cassette fitted with a charcoal cloth similar 10
that used 1 the Porton device A regression analvsis per-
formed with their dawa showed pood correlation (0 9) and
200d stope (0 9). however. the intercept value (4 69) indi-
cated that at low concentrations. the “home-made™ device
pave lower values than those determined with the conven-
nonal manitor Concentratnons reported for the coniven-
aonal device ranged from 11 10 189 ppm

Benson and Bn_\'cc'=m ficld tested the Monsanto Poropak
vdeviee tn Great Broamn Conventional samplers consisied
2f pumps and Poropak N polymer tubes. Sixty-five pairs ot
-aamples were obtained, and the range of acryvlonitnic mea-
sured by the tubes was 01310 21.65 ppm Regression analy -
s of thewr data indicates only fair correlation (0.63). a low
lope (0 46). and a negative intercept (—2.06). These values
tppear 1o result from the apparent inabibty of the pasdive
evice toaccuratch detect concentrations less than 0.5 ppm
Alvo. companisons between values over the lower half of
oncentrations sampled showed consmiderable scatier

The final ficld study to be discussed suggests perhaps the
nost senous discrepancies resulung from use of charcoal
yassive dosimeters.™ This ctudy was performed by NIOSH
ersonnel in comunction with industry-wide studies of the
iry-cleanmng. «creen printing. and boat manufacturing indus-
ries, and also included onc viscose ravon and once cello-
thane plant Carbon disulfide. perchloroethylence. toluene.
nethylisohutal ketone (MIBK), starene. and acetone were
wmpled using the 3M OVM. the GASBADGE. and actine
\stems with charcoal tubes. The prescmation of the study
devignisnotclear. but tappears that area samples imvolved
ali three devices while personal samples imvohved charcoal
"ubes and only one of either passine device. Inthat this study
nmones six compounds 1in 64 plants, the volume of data s
quite large Inaddnion 1o regression analyvsis, paired {-tests
nd Walcox sipned rank tests were performed by the authory
o determine equnalence of data sets. As noted earher
h. use of t-tests for determination of equivalence has
cc- questioned %

Table IV shows the primary results of this study . As can be
seen, the range of correlation coefficients (r) for most com-
pounds was quite large. Ahhough 12 plants were sur-

exed for toluene and MIBK. the daia  ere grouped
gether. and therefore ranges of the cotrelation coefficients
ould not be determined For carbon disulfide. one plant
avsunveved with the OVM and GASBADGE . and one was
urveved with the GASBADGFE only. For the ranges of 1
sported in Table 1V, the upper values are gquite acceptable,

withtheoxeeption of carbon disulfide using thc GASBADGE
However. the corrclation cocfficient for carbon disuliide
using the OVM wa« 0.95. The correlation data can be
summed up as being extremely variable. Table 1V abo
reveals that concentration had an cffect on the correlation
coefficient for three of the compounds. though this was true
for both monnors only when measuring acctone concentra-
tions Regression slopes were as varible as the correlatan
coefticients The authors tested the slopesto see it they were
significanthy different from zero. and for accioncand carbon
disulfide a difterence could not be demaonstrated for several
of their data sets Thivandicated that there was no relation
ship between the results obtamed wath the actne sysiem and
those obtiained with the passine dosimeter Far other come
pounds. 1t would have been usclutiotest the difterence of the
stope from one, which it not significanty ditferent would
indicate agreement of the two methods

In tests of equinalence of data sets. the authors noted thin
for all plant duta combined only tolucne showed cauahin
and this for the charcoaf tube-GASBADGE (CT-GRicom-
parison However. when results fromandnadual plants arce
used. the comparnson outcomes are guite vanable For
perchlorocthylenc. equality was reporied for one of three
CT-BG comparisons and for onc of two CT-3M se1v For
starene. two of six CT-GB and no CT-3M comparons
showed equaliny. Foracetone, three of five CT-3M compar:-
sons and one of six CT-GB data scts showed equality in
addinon, GB-OVM comparisons showed equahtyv inb ol 17
comparisons 1tis obvious that repeatability was not demon-
strated 1n this study. Whether the problem imvolves the
douimeters. imvestigatine ot laboratony techmgues, and o
environmental condrtions cannot be determined. Inthe onhy
other ficld study of more than one plant. Hickey and
Bishop™ alvo reporied some prablems with the consistency
of observations These himited results clearly demonstrate
the need for addiional field studies of passive dosimeters as
comparcd with standard montorning techmgues

discussion

Pascive dosimetr) (monitaring) s a ramd!y developing tech-
nology as witnessed by the proliferation of devices and
apphicanions since Palmes and Gunnison introduced their
concepts just under ten years ago. " The latest entry into the
field comes from the MSA Company and involves an adap-
1ation of 1heir lenpih-of-siain direct reading tubes tor inor-
gamc gases™ which incorporates the application of molecu-
lar diffusion and a chemicalls impregnated paper as the
sampling medium. Although research resulis are not availa-
ble. as a first approximation one might assume that these
devices have precisions and biases similar 1o those of con-
venuional detector tubes,

Forans new technology to be accepted and used by prac-
ucing professionals. the development of a bady of knowl-
edpe demonstrating efficacy is necessarn. Withemvironmen-
tal monitoring techniques. the determination of the efficacy
usualiy starts inthe laboratory and culminates in the field In
the case of passive monitors. a body of knowledge based on
laboratory testing i rapidlh being developed Of the varn-
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TABLE IV
Major Results of a Field Study for Organic Vapors"®"
Concentration

Substance Comparison Overallc Rangeofr Dependency
Perchloro. CT-GB 062 062-099
ethylene CT.-3M 0.86 084.094
Siyrene c7-GB 082 065-097

CT-3M 076 0 48-0 B6
Acetone C1-GB 0 38 036-086 Yes

CT-3M 045 0.25-083 Yes
Toluene C7-GB 080 NA

CT-3M 091 NA Yes
MIBK CT-G8 088 NA

CT 3Mm 079 NA
cs CT-GB 030 003-038

CT-3m 095 NA Yes

ables that have been studied. three appear to umguely atiect a
diftfusion monitors accuracy in measuring airborne concen-
tations of gases or vapors, The most important factor
appuits to be determination of the contaminanisy’ diffusmon
cocfhicient (o1 the sampling rate when the doumeter’s
geometry s abo conadered). the wind svelocity at the
dosimeter face. and the relative humidity of the sampled air
A« discussed carlier. there are also a variety of potential
sourees of error, such as interfering contaminants. sorbent
capdacity and problems associated with analyucal determina-
tions. which are common 10 both passive and active mea-
surement techmygues

Laboratory determination of samphng rates (DA 1) fora
spectfic monitor and i specific contaminant are important
and are bemg provided by several dosimeter manufacturers
for an cver inereasing pumber of compounds. Once an
approprate samphng rate has been determined. corrections
tor field use, speaifically for temperature vanations, can be
made The main problem would imvolve situations where the
environmental temperature fluctuated widely (more than 25
“C)and went unnoticed. a very unhikeh condition.

The rescarch on effects of lace velooities demonstrate that
few problems should be encountered where dovimeters are
worn by warkers as personal monitoring devices,! 22
Their use as arca monitors should be carefully evaluated to
en~urc that stagnant atmospheres (velocities less than 7.5
cm sec)are notinvohed. High wind velocities (at least w hat
would narmally be encountered in the workplace) or wind
dirccnion do not appear to have adverse effects on dosime-
ters with wind screens.

Of greatest concern as a result of reviewing the literature
on laboratory testing of passive dosimeters is not the results
bui rather the thoroughness of their presentation. A. dem-
onstrated in Tables | and 11 where statistical analvses are
presented by rescarchers. or where sufficient data are pre-
sented Lo allow the reader todetermine bias and precision. the
results arevery encouraging. Unfortunately the presentation
ol expenimental design. as well as sufficient data and or
statistical analvses. are ofien lacking. Thix is true for some

s £ &

Amencar tndustoal Hyprene Assriat:on JOURNAL

individual researchersas well asfor several manufacturers o
the devices, especially those for inorganic compounds If on
recommendation regarding laboratory testing s made.
would he that those rescarchers imvohed in the evaluaton o
passne dosimeters in the laboratory 1ake the me 10 repor
the conditions of their expenments especially equipmen
used and procedures lor determiming “hknown™ concenira
tions. and a~ much detasi abow thair iesults as possibic |
summatized data arc presented. the author should presen
the known concentration at cach level. where levels are
determined by concentrattonand ume the number of ober
vations made with passive dosimeters and the averape vale
and standard devianion ot the results Statistical anatose:
again at cach level wested shouid rmvolve determimation o
the cocfficient of varwuon (preasion) and the bus
desenibed an cquations (7) and (& respeatinels Once th
cevaluations are made at the vanous test leveds the determy
nation of a pooled precision and bus s appropriate
addition 1o these mcasurements, rescatchers may il
choose to present an overall ssstem accuracy Tadevelop,
better understanding ot approprigte statistical techmigque

and their appheanton 1o passine dosimetry @ revicw o
Lautenberger er gl w recommoended "

For most actine monitonng syvstems used inoandustog
hygiene the random sampling crror 1s usually associated
with the pump and s traditonally set at = 8 pereent ' b
many cases. especialiy tor the measurement ol organc
vapors, the analytical procedures and consequonthy ther
associated errors are equnvalent for both passive and actin,
sastems  Nevertheless, both systems have randon ciron
consequenthv, one should not expeet perfect agreement ol
the results ol comparisons obtiined under hicld test condy
trons Another tactor comphicating the evaluanion ot hicld
results s the greath increased possibiiiy tar the introdag
HON O] OPCTATOF. OF SASICMAUC CHors SInce acinve syseme
require mechamical pumps the potentiad o aperator ¢r
would seem to be greater than {or passive systems

Orverallo v as apparem that existing hicld observation
companng passne dosimeters with standard monitoning
method~ are highhy vaned While some studies demonstran
rood correlation and slope.”~
carrclation.” orare extiemely vaned for both vategonie
Collectively. these references neither suppott not retute the
use of passive dosimeters Certainly environmental tactor
aftect acuive sastems as well as passive sastems, Intheorny, o
case can be made that environmenial factors (wind and
humidity yaffect passive systems tothe greatest extent. while
temperature and pressure vanations most ereatly atice
active systems. On the other hand one can also state that
poorexpernimental quahty controt may aftect such factorsas
contamination. ume measurement crror, and analstical
error. Of course. chemical anterferences muy atteer
both systems

others show oniv pood!
in]

Ax with laboratorny expenmcntation, recommenddation
regarding the ficld 1esung of passive dosimcters imvole a
plea for better reporung of hoth held conditions and 1esuhs
of analvsis. Farst. for both persanaland areit monitoning. the
esumation and o1 measurement of face velocity s mmpor-
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tant. Of equal importance is the reporting of airborne con-
iaminants other than the one(s) of interest and environmen-
:al variables including temperature, pressure, and relative
aumidity along with information as to their variation over
.he period of observation. Apgain. if raw data cannot be
sresented. the reported results for each level tested (X value
as determined by the standard method) should include the
aumber of observations made with passive dosimcters, and
heir associated mean and coefficient of variation. Statistical
~valuations also should include a regression analysis of the
Jata as outlined earlier. Undoubtedly, additional researchis
aecded on the effect of not considering the error associated
sith the supposediv independent (X) variable.
Insummary, passive dosuimeters show great promiseasan
mportant tool. The results presented in Tables | and 11
.ndicate that the precisions of the dosimeters are essentialhy
cqunalent o conmventional technigues and 1n many cases the
additional five percent error associated with mechanical
‘umps mahes passive dosimeter sVStems even more attrac-
e This. coupled with their ease of use, lach of required
1aintenance. acceptance by workers due to light weight, and
rnnecessary calibration mahe passive dosimeters extremceh
«drantageous Certainly they will not replace comentional
nethods. as these have their place. especially for arca sam-
ding The continued and growing usc of passine dosimeters.
owever.should generate additional data documenting their
chiabihity and ehhminating doubts about their usefulness.
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