Lawrence Berkeley National Laboratory
Recent Work

Title
Validation of a passive sampler for determining formaldehyde in residential indoor air

Permalink
https://escholarship.org/uc/item/2mw1j2d\

Author
Hodgson, A.T.

Publication Date
1982-09-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2mw1j2dv
https://escholarship.org
http://www.cdlib.org/

LBL-14626
Uc-95q ¢©

E Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA RECEIVED

LAWRENCE
'L r 2

] ENERGY & ENVIRONMENT .+
4 |- DIVISION e

DOCUMENTS SECTION

VALIDATION OF A PASSIVE SAMPLER FOR DETERMINING
FORMALDEHYDE IN RESIDENTIAL INDOOR AIR

A.T. Hodgson, K.L. Geisling, B. Remijn,
and J.R. Girman

o / \
September 1982 |
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
. For a personal retention copy, call

Tech. Info. Division, Ext. 6782.

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098

ORI — 1477

—o-?



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While-this document is believed to contain correct information, neither the.
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Refererice herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




o

LBL-14626
EEB-Vent 82-10

VALIDATION OF A PASSIVE SAMPLER FOR DETERMINING FORMALDEIYDE
' IN RESIDENTIAL INDOOR AIR

A.T. Hodgson, K.L. Ceisling, B.’Remijh, and J.R. Girman

Building Ventilation and Indoor Air Quality Program
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

September 1982

This work was supported by the Assistant Secretary for Conservation and
Renewable Energy, Office of Building Energy Research and Development,
Building Systems Division of the U.S. Department of Energy under Con-
tract No. DE-AC03-76SF00098, and by the Bonneville Power Administration
Portland, Oregon 97208. '



£

ABSTRACT .

A passive sampling device based on the principle of diffusion has

. __been developed specifically for the determination of formaldehyde in
residential indoor air. The device, which is inexpensive—and-—easy—to —-

use, 1is capable of measuring one-week time-weighted average concentra-
tions of formaldehvde from as low as 0.018 pom to over 1 opom. The
sampler was validated by a series of laboratory experiments and a field
study conducted in occupied residences and an office. The parameters
evaluated in the laboratory and field experiments were: sampling rate;
sampling period; detection limit; relative humidity effects; . chemical

- interferences; shelf 1life; . sample stability; overall precision; bias;
and overall accuracy. The performance of the passive sampler compared
favorably to that of a reference pump/bubbler sampler.

Feywords: passive sampler, formaldehyde, indoor air, residences,
method validation, field comparison '
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INTRODUCTION

It has recently been demonstrated that relatively low concentrations
of formaldehyde (IICII0) in air have potential adﬁerse public health
effectsl(Cunby'l980, Swenberg et al. 1980). In addition, it has been
shown that significant chronic exposures to lICHO can occur in residen-
tial indoor environments (NRC 1981). The perceived need to protect
residential indoor air quality by maintaining low.concehtrations of HCHO
and other air pollutants can conflict with energy conservation goals.
Thé controversy over the use of urea-formaldehyde foam insulation was an
example of this conflict until.the use of the material was banned by the
U.S. Consumer Product Safety Commission (Chemistry and Engineering News
1982). Other sources of HCHO are more prevalent in the residential
environment since HCIIO0 is used in many construction materials and con-
sumer goods and is a combustion product. Consequently, residential
weatherization programs, which achieve energy conservation by feducing
building air exchange rates, haye’the potential to result in deleterious
increases in concentrations of HCHO and othef ihdoor—generated air pol-

lutants. At present, data on HCHO in the residential environment, which

are needed to evaluate this issue, are severely limited.

Investigatiohs of the magnitude and extent of the potential HCHO

problem in the residential environment have been inhibited, in part, by

.the lack of simple and inexpensive methods to accurately  determine low

concentrations df,HCHO in air. In response to this need, several diffu—
sion sampling devices, originallyv develbped for industrial hygiene
applications,‘ are now being parketed for use in residences (e.g., DU
PONT PRO-TEK, 3M Formaldehyde Monitor). However, the Sui;ability of
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these devices for this new application, where it is desirable to measure
\ : '

relatively low concentrations of HCHO over extended time periods, has

not been adequately demonstrated.

Lawrence Berkeley Léboratory (LBL) ;eceﬁtly has developed a passive
sampling device based on the pfinciple of diffusion specifically for the
determination of HCHO in residential indoor air (Geisling gﬁ_é}, 1982a).
The device,; which 1is iﬁexpensive and easy to use, is capable of ‘accu-
N ra;ély measﬁringvtime—weighted average concentrations of HCHO from as
low as 0.018 gpﬁ po ovér 1 ppm for a period of one week. Thé one week
‘sambling iﬁgervélfis ideally suited for quantification of chronic ICHO
exposures since HCHO concentrations vary in response to environmental
factors such as temperatu:e, humidity,-and ventilation (Moschandreas and
Rector. 1981) which arev influéncéd By occupan; activity cycles, e.g.,
weekday/weekend changes in activities. Peak concentrations‘ are not
obtained; howevér, passive samplers respond quickly to transients, and
peak concentrations are incorporated into the time-weighted average

(Martin 1981).

This report prééénts the results of vlaboratory validation exéeri—
ments conducted wifh the‘LBL passive sampler for HCHO, as well as the
results.of'a field e?aluation in which the perfofmance of the paséive
sampler . was compared to that of a’reférence pump/bubbler sampler. A
description of the passive sémplér qhd the résults of tﬁe laboratory and

~ field validation experiments are summarized in Table 1.

<



o

&

LABORATORY VALIDATION

Sampler Preparation

'Passive“samplers—are4~prepa£ednAas;,describéd“;by;ﬁcgis;iggﬂ_ggr;él. B
(1982a) with one modifiéatiqn, Sodiumdsiéulfite impreghated filters are
dried under Vacuumlfor approximately 3 hr instead of wunder a coustant
sﬁream of dry nitrogen. Sampling efficiency, as defermined by sampling

rate,'is not affected by this change in procedure.

Sampler Deployment

' Précedufes for the deployment of the»péésivg samplers in residenceé
are simple} The date and time of initiétion of sampling and identifica—
tion data are recorded on the'passive sampler labels aﬁdibﬁ a separate
datavsheet: The samplers are uncapped_and attached wiﬁh masking tape to
a suitable surface out of the reachﬂgg children and.pets. Samplers are
hung bwith their opén ends facing down to‘gxclude dust. if feplicéte
Samplers are employed, samplers>are‘spaged approximatgly 2 cm apart.
Samplers are not attached directly to surfaces which are potential HCHO
sources. In addition, an attempt is made to spacé» samplers uouf away

from walls so that wall effects (e.g., stratified air layers, tempera-

_ture differentials) are avoided. At the end of a one-week sampling

period, the samplers are tightly capped, and the date and time are
reéorded. The samplers are promptly returned to Ehe laboratory for IHCHO

analysis.



Analytical Method

The passive samplers are eluted with 6 ml of distilled water - upon
arrival in the laboratory. If the samplers are not to be analyiéd
immediately, they are stored in their eluted state in a refrigerator at

5 Oc.

Samplers are analyzed for HCHO by the  spectrophotometric chromotro-

pic acid (CA) procedure  described in P&CAM No. .125 (NMIOSH 1977).

Specific details of the entire analytical procedure used for the -

samplers are presented by Geisling gg_glk (1982a).

Sampling Rate

.The samplith?ége for diffgsion passive samplers is equal to the
diffusion 'coeffiqiént of fhe contamipant gas in air multiplied by the
Cross séq}ional>area of thef;sgmﬁler” divided- by the diffusion path
length. Mass uptake is fhe product of the sampling réte, the ambient
concentfation; and’the ééﬁpling‘time. LSampling rate énd the general
theory of passivé samplérs aré discussed in detaii by Palmes_g£_§¥.

(1976) and Lautenberger et al. (1981).

“Siﬁée the diffusion coefficient of IICHO in air has not been quanti-
fied, it was hééessary to empirically_detéfmine the sampling rate in the
laboratdry bynexposing the passive samplers to known IHCHO concentra-
tions. Test'atmbspﬁéres>at approximately 1 atm and 20 oC were produced
With a HNCHO gas generation/dilution system (Ceisling et al. 1982b). With
this systeﬁ, the proauction of HCHOj gas of known éoncentrations is
achieved by datalytical decompositionvof trioxane vapor emanating from a

diffusion cell and subsequent dilution with clean air. A calibration



curve was constructed relating the mass of HCHO collected Aby the
samplers to the HCHO exposure (the product of concentration and exposure
time) from which the empirical sampling rate was calculated (Ceislinglgg

_éi_:_l. 19823)- ’ -

In initial tests, the sampling rate for a one-week (168-hr) sampling
period was determined to be 3.95 em3/min with a standafd deviation of
0.17 cm3/miﬁ (Ceisling et al..1982$). Additional laboratory data on the
mass of HCHO collected versus HCHO exposure have been collected for
one-week periods over a wide range of HCHO concentrations (Taﬁle 2).
The sampling rate determined from these data by a linear regression
weighted for instrumental ﬁncertainties (Bevington 1969) is 4.02 cm3/min
(0.296 pg/ppm-hr) with avstanAard deviation éf 0.11 cm3/min (Figure 1).
The coefficient of determination (r2) for the regression analysis is

0.996, demonstrating that sampling rate is independent of concentration.

Recent preliminary data’indicate that the sampling rate may be
moderately higher at sampling periéds of less than one week. It.is
recommended that the paésive samplers only be deployéd for.a periédv of
one week until sufficient data have been qollected tb accurately quan-

tify the relationship between sampling rate and time.

Detection Limit

The theoretical detection limit of the method is derived from the
HCHO concentration that produces an analytical absorbance that is signi-
ficantly different from the absorbance of the system blank; Passive
sampler blanks have a mean absorbance of 0.037 with a standard deviation

of 0.005 (Table 3). An absorbance of 0.05 is demonstrated to be signi-



ficantly different from tﬁis system blank (p = <0.01) by application of
a one-tailed Studeut’s Eftést to determine whether a single variate sam-
pled at random could belong to a given population (Sokal and Rohlf
1969). The absorbance of 0.05 is equivalent to a HCHO concentration ' of
0.07 .Pg/ml, and the absorbance of the system blank is equivalent to a
concentration of 0.02 pg/ml (Figure 2). The difference, 0.05 Pg/ml,: is
attributable to the sample. Since the analytical procedure calls for
the elution of the samplers with 6‘m1 of water, the samplers must col-
leét a minimum of 0.3 pg of HCHO to be at the limit of detection. Use
of the 4.0 cm3/min sampling rate and the recommended deployment period
of oné weék resuits in a HCHO in air theoretical detection limit of

0.006 ppm.

Field experience with the sampler has shown that precision is oftgn
considerably reduced at the theoretical detection limit perhaps due, in
part, to the relatively large contribution of the system blank error to
the total error at this ﬂééncentration. Therefore, we recoﬁmend the
adoption of a lower quantification limit of 0.018 ppm (0.075 absorbance)
whiéh‘ is three times the theoretical limit. Precision is considerably
improved at 0.018 ppm, and the use of the sampler is not meaningfully
restrictéd since this quantification vlimit is more than adequate for

residential applications.

Upper Quantification Limit

A laboratory experiment demonstrated that the passive sampler has
the capacity to collect ‘at least 1500 Pg'of IICIHO from air. However,
since the passive sampler is designed specifically for use in residen-

tial and office environments, laboratory evaluation of the device has

-,
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been limited to a maximum cohcentration of 1 ppm for 168 hr (SOI pg of

HCHO collected).

Use.of'the pfescribed analytical procedure.results in an upper quan-
tification limit of 0.56 ppm. This upper limit, which is estéblished by
the maximum linear range of the calibration curve, 1is ‘sufficient for
most residential applications. When the absorbance of the sample
exceeds that of the higﬁest aqueous HCHO standard, the upper limit can
be extended to well over 1 ppm without loss of the original sample by
reduction of -the spectrophotometer cuvette ﬁath length. The upper limit
can also be extended by dilution and reanalysis of the unused portion of
the sample. These procedures can produce an upper limit of over 5 ppm

for a 168-hr exposure; however, the sampler’s linearity of response has

not yet been determined for concentrations in excess of 1..ppm.

Precision

Precision was quantified using the coefficient of variation which is
simply the standard deviation expressed as a bercentage of the mean.
The coefficient of variation permits the comparison of the amount of

variation in measurements having significantly different means.

The precision'of thg analytical method alone was determined from
routine replicate analyses of'aqueous HCHO standards on different days
(Table 4). The sample-size-weighted, mean coefficient of vafiation for
the analytical method is 3.2% and is not;correlated with HCHO concentra-

tion which ranges between zero and 3.9 Pg/ml.

The most realistic and useful estimate of the overall precision of

the method is obtained from the field comparison (Table 5).



Replicate samplers used in the field .comparison were initially
clustered in a bundle until it was discovered that deployment of
samplers in this manner results in relatively poor precision, perhaps
due to étarvation of several samplers. Precision was mnoticeably
impfoved by spaciﬁg the samplers approximately 2 cm apart. This spacing
is now incbrporated into the recommended mefhod of deployment. The six
initial field samples with inadequate saﬁplér.spacing were excluded from

the analysis of precision.

For thé‘IS fieid samples employing\ five .or four (an occasional
sampler  waé. broken or otherwise lost) replicate samplers spaced 2 cm
apart, the coefficient ofr varia;ioﬁ for HCHO. concentration ranges
between 1.7 and . 10.7%. The sample—Size-weighted,_mean coefficient of
variation is 6.7%Z. The coefficient of_variatibn is not correlated with

HCHO concentration which ranges between 0.028 and 0.146 ppm.

' Environmental Effects

Sinée the sampling rate of ghe passive sampler was established
empirically at approximately 1 a;m:and 20 ©C, the mass of ﬁCHO collected
by thé sampler isvlstandardizgd at . these vconditiop§. From kinetic
'theofy, we know that in real gas diffusion processes. the mass of a gas
collécted'is a function of the squére root of the abéolute temperature
and is independent of pressure (Palmes EE_EL’ 1976, Lautenberger et al.

1981).“=The feﬁperature dependence of mass collected is small. For

example, an increase in temperature from 20 ©C to 25 ©OC increases the

mass collected by only 1%. Therefore, the mass of TCHO collected by the
passive sampler can be considered to be independent of both temperature

and pressure for most residential applications.
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The effect of relative humidity on the collection efficiency of the
passive sampler was detérmined by exposing samplers to a range of rela-

tive humidities at 25 ©C in a test atmosphere with 0.25 ppm HCHO. Sam-

pling raté‘*ﬁéég‘HOEAEfféEfEH*b?‘a“6ﬁé¥week“exposure¥atf50-60%—relative4‘mfm~4ﬂ_ o

humidity.~ However, exposures at 70-857 relative humidity for one week
resulted in a significant decrease in sampling rate. Consequently, the
passive sampler should not be used. in indoor enviromments where the

average relative huﬁidfty excee&é 60% at 25 °C.

Interferences

Possible chemical iﬁterfefénces for the CA analytical method are

listed in P&CAM No. 125 (NI10SH 1977). Ethanol, phenols, ethylene, pro-

.pylene, and 2-methyl-l;3-butadiene are reported to produce vnqgative

interferences when in excess.of HCHO. Howevér, these compounds are nor-
mally present in air at lower concentrations thaﬁ those of ICHO and are
not considered to have a serious effect on the method (NIOSH 1977). The

possibility that these compounds would interfefe in the analysis of the

passive samplers is even more remote since they are not expected to be

collected by the samplers.

It is possible, however, that acrolein, an unsaturated aldehyde

combustion product known to be present in indoor environments primarily

~as a component of cigarette smoke, could be collected. To test for the

potential iﬁterférence of acrolein wigh the CA analytical.method, pas-—
sive samplers were Sspiked with. known volumes of aqueous HCHO and
acrolein standafd.solutions. No significant difference in the amount of
HCHO was observed between samplers with and witﬁout acrolein spikes when

acrolein was in an approximate 10:1 excess of HCHO. Since acrolein



concentrations are qnlike‘y to exceed HCHO concentrations in residential
environments (NRC 1981), acrolein is not considered to be an interfer-

ence.

Storage Stability

Pre—-exposure storage stability (shelf life) of the passive samplersv

has been reported by GCeisling et al. (1982a). Samplers were assembleq,
flushed with nitrogen, capped, and stored for one and two weeké. Aftér
storage, they were exposed to approximately 1.4 ppﬁ HCHO:in thevlabora-
tory test cﬁamber alOﬁg Qith freshly prepared samplers. No significant
differences were de;ected with a Studen;'s t-test (p = 0.05) betweén

HCHO concentrations of stnred and freshly prepared samplers (Table 6).

PoSt—exposuré storage stability of the passive samplers was also

reported by Geisling et al. (1982a). Samplers were exposed to approxi-

mately 1.4 ppm HCIHO in the laboratory. Concentrations 6f IICHO deter-

mined from samples ‘stored for one and two weeks before analysis were
compared to concentrations determined from samples analyzed immediately
after e%posuré. No éignificant differences were vdeﬁecfed with a
Student’s t-test (p = 0.05) between stored and immediately analyzed sam—

ples (Table 7).

FIELD COMPARISON °

A field comparison was conducted in occupied residences and ‘an
office to determine the accuracy of the passive sampler method relative
to the results obtained with a reference pump/bubbler method. Twenty-

‘one .individual sampler comparisons were made over a period of three

~-10-
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in a variety of locations which included new energy-efficient houses,

~ weatherized houses, urea-formaldehyde foam insulated houses, convention-

al hduses, and a prefabricated office. The data from these comparisons

are summarized in Table 5.

LBL pump/bubbler samplers, which consist of a vacuum pump, flow con-

- troller, and refrigerated bubbler trains (Fanning et al. 1981, Miksch et

al. 1981) were ﬁodified to collect four replicate samples over a period
of ene week using individual sampling rates near 0.l4 L/min. These dev-
ices were installed in residences and an office with the sample tube in-
let 1located 10=20 cm from five passive éemplers. Sampliﬁg was conducted
concurrently with both active and passiﬁe devices. Pump/bubbler sampler
air flow rates were determined at the‘beginning and end of each one-week
sampling period, and average flow rates were used in the calculation of
HCHO concentrations. Initial and final flow rates typically varied less
than 10% ae a sampling location. Total volumes of air passed tﬁrough
the bebblers were corrected to stendafdvpressure; no temperature correc-—
tions were made since the measured variation in ‘indoor Htemperatures
around 25 °C would only result in.én approximate * 17 variation in sam-
ple volume. TheAHCHO collection efficiency of the bubblers was assumed
to be 95% (NIOSH 1977). Bubbler and passive monitor samples were

analyzed concurrently using the CA method.

The results obtained by the two sampling methods were - statistically
compared_.USing a two-way analysis of variance with replication (Sokal

and Rohlf 1969). This test demonstrated that there is a significant

‘difference (p = <0;001) between the sets of concentrations measured by

the two methods.

-11-



In laboratory comparisons, concentrations of HCHO in air determined
from bubbler samples collected for periods up to one week are typically

within 2% of theoretical concentrations produced by the HCHO gas

generation/dilution 'system. Consequently, we currently accept the bub-

bler sampler data as the best estimates of the true HCII0 concentrations
in indoor air for the field'comparison. However, thenﬁoséibility that
the'pump/bubbler sampler produces biased field results can not be ruled

out and is currently being investigated.

~

The passive sampler goncentrations versus pump/bubbler sampler con-
centp@tions from the field comparison are plotted in Figure 3.V,The re-
lationship betweeq the two variables is quanfitatively defined by the
use of Bartlett’s three-group method for regression (Sokal and Rohlf

11969). This FegreSSion technique, rafher than the standard 1iqéar re-
vgréssion, is_appropriate when both var;ablgs are subject to measurement
erpor.‘ As can be:seen in FigﬁreIZ, thé fit of the data to  the regres;
sion lipe is good. ZWe recommeﬁd the use of the equation, Y = 0.87X, to
convert passive sampler concentrations (X) to bubbler sample concentra-
| tions (Y) until the 'discrepancy bétween the two methods is.resdlved.
With the conversiqn, the overall accuracy for the passive sampler method

is equal to the true concentration with a 95% confidence interval of %

147%.

-l2-
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SUMMARY

The LBvaaséive sqmplef for determining HCHO concentrgtions, in
residential indoorzainrhas been validated in laboratory experiments and
in a field»compariggp conducted in occgpiedxresidences_ and an office.
The sampler is designed to measure,;%mefweighted average cqncentratioﬁs
of HCHO for a périéd of one week., The fqugntification range . for the
one-week period of '0.018_ ppm to over 1 ppm is more than adequate for
residential apblécafiéhs.j The sampler.is currently féstrictéd to use in
indqor venvironments where the averagé relative‘humidify'is'60% or less.

Acrolein, the only compound;qonsidered to be a significant potential

'interferénce, has no effeét'oﬁ‘thé'analytical method even when in a 10:1

excess of HCHO. Product shelf*life and post—exposﬁre’ samﬁle-'Stability
of two weeks minimum are sufficient for residential survey applications.
The overall precision obtainable with fhe sémpler in the field is
approximately 7%. When a correétion factor is applied to compensate for
presumed bias, the overé;l accuracy of tﬁe method ih the field is equal
to the true concentration plus and minus a 95% confidence interval of

14%.

The passive samplef is now developed and tested to a stage where it
can be wused with confidence to. determine HCHO concentrations. in
residences; however, method validation efforts are continuing. The
relationship between sampling rate and time for sampling periods shorter
than one week is being chafécterized. Thé effect of high relative humi-
dity on the performance of the sampler is being defined more rigorously.
Finally, the source of the‘discrepancy between results obtained with the

passive sampler and the pump/bubbler sampler is under investigation.

-13-
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Table 1. Description and specifications of the LBL passive sampler.

CONTAMINANT:

SAMPLER:

ANALYSIS:

SAMPLING RATE:
SAMPLING PERIOD:
SAMPLING RANGE:

ENVIROMMENTAL
EFFECTS:

INTERFERENCES:

SHELF LIFE:
SAMPLE STABILITY:
OVERALL PRECISION:

BIAS:

OVERALI ACCURACY:

Formaldehyde (HCHO)

Passive diffusion sampler; area, 3.98 cmz, path
length, 9.4 cm; collection medium, NaHSO3 '

- impregnated glass fiber filter

Chfomotropic acid spectrophétometric
analysis, NIOSH P&CAM No. 125

4.02 cm3/min (0.296 mg/ppm-hr) at 1 atm and 20 oc
1 week (168 hr)
0.18 ppm to more than 1 ppm for 168 hr

Independent of pressure, only slightly
dependent on temperature

Accuracy reduced when average relative

- humidity exceeds 60% at 25 ©C -

No identified significant interferences
in residential environments

2 weeks.minimum

2 weeks minimum

Mean coefficient oflvariatién = 6.7%
+15% based on field comparisons with
reference method; true concentration =

0.87 x passive sampler concentration

True concentration + 95% confidence
interval of 14% '
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Table 2. Mass of HCHO collected by passive samplers versus HCHO exposure.

t

HCHO Exposure

-

Mass of HCHO

_Exposure Conc. Time Exposure o Collected (pg)
(ppm). (hr) (ppm-hr) n* X + g.d.T
0.058 163 9.45: ' 10" 2.96 + 0.218
0.096 154 14.8 10 4.39 £ 0.173

- 0.201 1V41 28.3 9 8.40 % 6.265

o.211 - 169 35.7 10 9.59 + 1.04
0.‘.357 _159 63.1 10 17.5 % 1.75

- 0.839 160 134" 9 39.4 £ 2.40
1.00 - 165 165 10 49.2 £°1.79
1.00 - 166 - + 3.42

166

12

55.5

*Number of samplers.

ts.d. = standafd deviation..

~18-
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Table 3. Absorbances of passive sampler blanks.

¢

-Date Analyzed Lot. No. - Absorbance :

3431 CA T 0,034
- 0.038

4-14 B 0.045
0.029
0.047

4=21 T ' 0.040
‘ : ©0.041
o . 0.039

4-26 p 0.036
0.037

5+3 E 0.042
0.023
0.036

5-17 F ©0.033
| 0.030
0.037

5-17 N n - 0.038
S 04032
0.036

5-19 . C 0.035
- 00039
0.040

0.037
0.005
13.5%

"
on

Ss.d.
cv®

*Coefficient of variation.
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Table 4. Precision of analytical method as measured by the coefficient
of variation. Routine analysis on different days.

HICHO Concentration- Coefficient of Variation

(pg/m) n o m @

0 6 ' ' 4.2 é
0.194 ‘ 6 5.6
0.388 6 3.1
0.766 7 _ : 3.1

1.94 - 7 ' 1.5

2.32 : 7 , 1.8
3.0 5 o 1.3
3.88 ’ 6 3.0
ngghted mean = 3,2

Y

v
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Table 5. Field comparison of the performances of the LBL passive
sampler and a reference pump/bubbler. sampler.

Bubbler

Bubbler Passive Bubbler Passive Passive
Location $-6 $-10 s-15
n 4 4 4 5 4 5.
x (ppm) .127 146 100 107 L1117 140 .
t+ 957 c.l. .035 014 .019 - .002 .053 .009
Sede (ppm) 022 .009 .012° 002 .033 007
CV (Z) ’ 17-3 602 i 12.0 1.9 2802 ‘500
Location S-16 s-17 gg:ll
n ' 4 4 4 5 4 4
x (ppm) 102 .124 .098 .105 .065 .060
+ 957 c.l. .022 .018 024 .004 .003 .024
s.d._(ppm) 014 . <011 .015 .003 .002 .011
cv (%) 13.7 8.9 15.3 2.8 3.1 25.0
Location Cs-13 Eéfli §§Tll
n 4 5 4 5 4 5
x (ppm) .063 .081 J074 ..087 065 .069
j: 9570 Col*o .019 0020 0006 .Oll .010 0024
s.d. (ppm) 012 «016 .004 .009 .006 .019
cv (%) 19.0 19.8% 5.4 10.3* 9.2 27.5%
Location 9§f§9 §§:g§ >§§:§l
n 4 b 4 5 4 5
x (ppm) .026 031 042 .053 .033 042
T 95% c.l. .003 011 .02 .005 .005 .004
s.d. (ppm) - .002 .007 014 004 .003 .003

7.7 22.6% 33.3 7.5 9.1 7.1

Ccv (%)

*Excluded from

andlysis of precision =~ see text, page 8.
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- Table 5. Field comparison of the performances of the LBL passive
sampler and a reference pump/bubbler sampler. (cont.)

Bubbler

Passive Bubbler  Passive Bubbler Passive
Location Cs-34 Cs-44 Cs-49 _
n 4 5 3 3 4 5
x (ppm) .046 042 .100 117 .034 .043
t+ 957 c.l. .002 .007 .027 .007 .002 004
s.d. (ppm) .001 .006 011 .003 .002 .003
cV (%) 2.2 14.3* 11.0 2.6 5.9 7.0
Location Cs-62 0-2 44B-1
n 4 5 4 5 4 5
t 95% c.l. .008 .002 .019 .006 .006 .007
s.d. (ppm) .005 002 .012 .005 .004 .006
cv (%) 19.2 7.1 16.7 6.1 8.2 10.7
Location 44B-2 44B-3 44B-4
n 4 5 4 4 4 5
x (ppm) .046 - .052 .051 .060 .052 .055
+ 95% c.l. .006 .002 .010 .002 .010 004
s.d. (ppm) .004 .002 .006 .001 .006 .003
cv ("/9)' 8.7 3.8 1108 107 11.5

5.5

*Excluded from‘analysis

of precision - see text, page 8.

-22-
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Table 6. Pre-exposure storage stability (shelf life) of passive samplers.

HCHO Concentration

© ’ (ppm)
Storage Stored Prior Exposed Immediately Ratio
Ny Time to Exposure* after Preparation™ Stored/Non~stored
(wk) x + s.d. X * s.d.
1 . 1042 j: 0.07 (n=7) 1040 * 0005 (n=4) 1001

2 1.36 + 0.01 (n=8) 1.33 + 0.07 (n=4) - 1.02

*passive samplers were prepared, flushed with N,, capped, and
stored at room temperature before exposure to HCHO. .

*Stored and non-stored samplers were .exposed to the same test
atmosphere.

o
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‘Table 7. Post-exposure  storage stability of passive samplers.

1CHo Cpncentrétioh : o ' b
B (ppm) U
Storage Stored afgfr - - Analyzed Immediately Ratio . o N
Time Exposure ’ after Exposure Stored/Non-stored
(Wk) : X i Sodo X % S-do - -
1 1.24 + 0.07  (n=7) 1.35 # 0.09 (n=5) - - 0.92
2 1.41 +£.0.06 (n=8)  1.36 + 0.02 (n=4) 1.04

L

* . ' ' :
Passive samplers were stored at room temperature.

A

&
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HCHO collected (pqg)

60 1 I | | I B T
50 — —
40 | —
- 30 — —]
20 (— | —
Linear regression
. v S E=O.O334O.296X
10— '$ ‘ rc=0.996 ]
0 | | | | L 1 | 1
0 20 40 | 60 80 100- 120 140-. 160 180 200
HCHO exposure {ppm=hr)
. ' XBL'827 — 905
Figure 1 Mass of HCHO collected by the passive sampler versus 1ICHO

exposure. Data are from Table 2.
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Absorbance

0.35 ——— 71— r— 7 ;
March 3I,1982 |

030~
025
C.ZO —
0.5

0.10

Linear Regressi\on
Y =0.032+0.253X

0.05 (2099 7
0 | | v 1 | I | L | | | |
0 0.2 04 : 06 0.8 ' . 1.O [.2
HCHO concentration (r.g/ml)
- L
XBL 826-323
Figure 2 . Calibration curve for chromotropic acid method of HCHO
. analysis. Absorbance versus conceantration of aqueous stan-
dards. :
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0.16

~ Pump/bubbler HCHO concentration (ppm)

0.4 -
0.2
0.10 |-
0.08 |-

0.06 —

O
e
S

|

O

O

R
l

[ J
K d —]
; _
e o Y
. Bartlett's three - group
* X regression - |
?® Y = 0.001 +0.869 X

| 1 | | | | i | |

Figure 3

002 004 006 008 0I0 Ol2 0I4 0.I6 0.8 0.20

Passive sampler HCHO concentration (ppm)

XBL 826-824

Passive sampler 1lCHO concentrations' versus. pump/bubbler
sampler concentrations for 21 field comparisons.
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