
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/2mw1j2dv

Author
Hodgson, A.T.

Publication Date
1982-09-01

eScholarship.org Powered by the California Digital Library
University of California

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


:.]. " , " 
, ~ 

~' 

" 

. ,Ii 
. r'J 
(~ I 

LBL-14626 cr­
UC-95d ~ 

ENERGY & ENVIRONMENT,\uv 1 G 1982 

D I V I S ION ' LIBRARY AND 
DOCUMENTS SECTION 

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

A.T. Hodgson, K.L. Geis1ing, B. Remijn, 
and J. R. Girman 

September 1982 
TWO-WEEK LOAN COpy 

This is a Library Circula~ing Copy 

which may be borrowed for two weeks. 

For a personal retention copy~ call 

Tech. Info. Division; Ext. 6782 . 

.. . . 
\ "... • 'V 

t 

'., / 
/ 

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



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. Reference 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. 



LBL-14626 
EEB-Vent 82-10 

VALIDATION OF A PASSIVE SAHPLER FOR DETERMINING FORHALDEIIYDE 
In RESIDENTIAL INDOOR AIR 

A.T. Hodgson, K.L. Geisling, B. Remijn, 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 

~. ~~s ident ial ~~ i ndoor afr~- Tfiedevice-,-whlclr i-s-inexp-enstve---and -easy-to- ~­
use, is capable of measuring one-week time-weighted average concentra­
tions of formaldehyde from as low as 0.018 ppm to over 1 ppm. 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 life; sample stability; overall precision; bias; 
and overall accuracy. The performance of the passive sampler compared 
favorably to that of a reference pump/bubbler sampler. 

Keywords: passive sampler, formaldehyde, indoor air, residences, 
method validation, field comparison 



HITRODUCTIOU 

It has recently been demonstrated that relatively low concentrations 

of formaldehyde (IlCIlO) in air have potential adverse public health 

effects (Gunby 1980, Swenberg ~ a1. 1980). In addition, it has been 

shown that significant chronic exposures to HCIIO can occur in residen-

tia1 indoor environments (NRC 1981). The perceived need to protect 

residential indoor air quality by'maintaining low concentrations of HCIIO 

and other air pollutants can conflict with energy conservation goals. 

The 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 HCIlO is used in many construction materials and con-

sumer goods and, is a combustion product. Consequently, residential 

weatherization programs, which achieve energy conservation by reducing 

building air exchange rates, have' the potential to result in deleterious 

increases in concentrations of HCHO and other indoor-generated air pol­

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

are needed to evaluate this issue, are severely limited. 

Investigations of the magnitude and extent of the potential HCIIO 

problem in the resideritia1 environment have been inhibited, in part, by 

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

concentrations of lIcno in air. In response to this need, several diffu­

sion sampling devices, originally developed for industrial hygiene 

applications, are now being marketed for use in residences (e.g., DU. 

POUT PRO-TEK, 3H Formaldehyde Honitor). However, the suitability of 
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these devices for this new application, where it is desirable to measure 
\ 

relatively low concentrations of RGnO over extended time periods, has 

not been adequately demonstrated. 

Lawrence Berkeley Laboratory (LBL) recently has developed a passive 

sampling device based on the principle of diffusion specifically for the 

determination of nGllO in residential indoor air (Geisling ~ ale 1982a). W-' 

The device, which is inexpensive and easy to use, is capable of accu-

rately measuring time-weighted average concentrations of HGllO from as 

low as 0.018 ppm to over 1 ppm for a period of one week~ The one week . . " . 

sampling interval is ideally suited for quantification of chronic lIGllO 

exposures since HGIIO concentrations vary in response to environmental 

factors such as temperature, humidity, and ventilation (Hoschandreas and 

Rector, 1981) which are influenced by occupant activity cycles, e.g., 

weekday/weekend changes in activities. Peak concentrations are not 

obtained; however, passive samplers respond quickly to transients, and 

peak concentrations are incorporated into the time-weighted average 

(Hartin 1981). 

This report presents the results of laboratory validation experi-

ments conducted with the LBL passive sampler for nGlIO, as well as the 

results of a field evaluation in which the performance of the passive 

sampler was compared to that of a reference pump/bubbler sampler. A 

description of the passive sampler and the results of the laboratory and 

field validation experiments aresumrnarized in Table 1 •. 
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LABORATORY VALIDATIOn 

Sampler Preparation 

~--- Pa-ssive-sample-rs-are-prepa-red-as- -described ___ bY'_G_eislj._Qg _~t ___ ~l. 

(1982a) with one modification. Sodium bisulfite impregnated filters are 

dried under vacuum for approximately 3 hr instead of under a constant 

stream of dry nitrogen. Sampling efficiency, as determined by sampling 

rate, is not affected by this change in procedure. 

Sampler Deployment 

Procedures for the deployment of the passive samplers in residences 

are simple. The date and time of initiation of sampling and identifica-

tion data are recorded on the passive sampler labels and on a separate 

data sheet. The samplers are uncapped and attached with masking tape to 

a suitable surface out of the reach of children and pets. Samplers are 

hung with their open ends facing down to exclude dust. If replicate 

samplers are employed, samplers are spaced approximately 2 cm apart. 

Samplers are not attached directly to surfaces which are potential HCllO 

sources. In addition, an attempt is made to space samplers out away 

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

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

period, the samplers are tightly capped, and the date and time are 

recorded. The samplers are promptly returned to the laboratory for nCllO, 

analysis. 
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Analytical Hethod 

The passive samplers are eluted with 6 ml of distilled water upon 

arrival in the laboratory. If the samplers are not to be analyzed 

immediately, they are stored in 'their eluted state in a refrigerator at 

Samplers are analyzed for Hcno by the spectrophotometric chroinotro-

pic acid (CA) procedure described in P&CMI no. 125 (UIOSH 1977). 

Specific detail~ of the entire analytical procedure used for the 

samplers are presented by Geisling !:.£ a1. (1982a). 

Sampling Rate 

The samplih~ ,rate for diffusion passive samplers is equal to the 

diffusion coefficient of the contaminant gas in air multiplied by the 

cross sectional area of 
" , 

the;,' sampler divided by the diffusion path 

length. Hass uptake is the product of the sampling rate, the ambient 

concentration, and the sampling time. -Sampling rate and the general 

theory of passive samplers are discussed in detail by Palmes ~ ale 

(1976) and Lautenberger et a1. (1981). --

Since the diffusio~ coefficient of nCllo in air has not been quanti-

fied, it was necessary to empirically determine the sampling rate in the 

laboratory by exposing the passive samplers to known ncno concentra-

tions. Test 'atmospheres at approximately 1 atm and 20 °c were produced 

with a HCIIO gas generation/dilution system (Ceisling !:.£ a1. 1982b). With 

this system, the production of HCIIO gas of known concentrations is 

achieved by catalytical decomposition of trioxane vapor emanating from a 

diffusion cell and subsequent dilution with clean air. A calibration 
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curve was constructed relating the mass of nCllO collected by the 

samplers to the nCIIO exposure (the product of concentration and exposure 

time) from which the empirical sampling rate was calculated (Ceisling et 

a!. 1982a). 

In initial tests, the sampling rate for a one-week (168-hr) sampling 

period was determined to be 3.95 cm3/min with a standard deviation of 

0.17 cm3/min (Ceisling et al.1982a). Additional laboratory data on the 

mass of HCIIO collected versus nCllO exposure have been collected for 

one-week periods over a wide range of IICIIO concentrations (Table 2). 

The sampling rate determined from these data by a linear regression 

weighted for instrumental uncertainties (Bevington 1969) is 4.02 cm3/min 

(0.296 fg/ppm-hr) with a standard deviation of 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 periods of less than one week. It is 

recommended that the passive samplers only be deployed for a period of 

one week until sufficient data have been collected to accurately quan-

tify the relationship between sampling rate and time. 

Detection Limit 

The theoretical detection limit of the method is derived from the 

nCIIO 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-
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ficantly different from this system blank (p = <0.01) by application of 

a one-tailed Student's t-test 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 nCllO concentration of 

0.07 rg/ml, and the absorbance of the system blank is equivalent to a 

concentration of 0.02 pg/ml (Figure 2). The difference, 0.05 rg/ml,· is 

attributable to the sample. Since the analytical prbcedure calls for 

the elution of the samplers with 6 ml of water, the samplers must col-

lect a minimum of 0.3 rg of HCllO to be at the limit of detection. Use 

of the 4.0 cm3 /min sampling rate and the recommended deployment period 

of one week results in a lICnO in air theoretical detection limit of 

0.006 ppm. 

Field experience with the sampler has shown that precision is often 

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. concentration. Therefore, we recommend the 

adoption of a lower quantification limit of 0.018 ppm (0.075 absorbance) 

which is three times the theoretical limit. Precision is considerably 

improved at 0.018 ppm, and the use of the sampler is not meaningfully 

restricted since this quantification limit 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 fg of nCllO from air. However, 

since the passive sampler is designed specifically for use in residen-

tial and office environments, laboratory evaluation of the device has 

-6-
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been limited to a maximum concentration of 1 ppm for 168 hr (50 r g of 

HCIlO collected). 

Use of the prescribed analytical procedure results in an upper quan­

tification limit of 0.56 ppm. This upper limit, which is established by 

the maximum linear range of the calibration curve, is sufficient for 

most residential applications. When the absorbance of the sample 

exceeds that of the highest aqueous nOlO standard, the upper limit can 

be extended to well over 1 ppm without loss of the original sample by 

reduction of the spectrophotometer cuvette path 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 percentage of the mean. 

The coeffici:ent of variation permits the comparison of the amount of 

variation in measurements having' signific'imtly different means. 

The precision of the analytical method alone was determined from 

routine replicate analyses of aqueous now standards on different days 

(Table 4). The sample-size-weighted, mean coefficient of variation for 

the analytical method is 3.2% and is not correlated with nalO concentra­

tion which ranges between zero and 3.9 rg/ml. 

The most realistic and useful estimate of the overall precision of 

the method is obtained from the field comparison (Table 5). 
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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 starvation of several samplers. Precision was noticeably 

improved by spacing the samplers approximately 2 cm apart. This spacing 
• 

is now incorporated into the recommended method of deployment. The six 

initial field samples with inadequate sampler spacing were excluded from 

the analysis of precision. 

For the 15 field samples employing five or four (an occasional 

sampler was broken or ot~erwise lost) replicate samplers spaced 2 em 

apart, the coeffic.ient of variation for IICIIO concentration ranges 

between 1.7 and 10.7%. The sample-size-weighted, mean coefficient of 

variation is 6 .• 7%. The coefficient of variation is not correlated with 

Hcno concentration which ranges between 0.028 and 0.146 ppm • 

. Environmental Effects 

Since the sampling rate of the passive sampler was established 

empirically at approximately 1 atm lind 20 oC, the mass of IIClIO collected 

by the sampler is .standardized at these conditions. From kinetic 

theory, we know that in real gas diffusion processes the mass of a gas 

collected is a function of the square root of the absolute temperature 

and is independent of pressure (Palmes et a1. 1976, Lautenberger ~ a1. 

1981). . The ·temperature dependence of mass collected is small. For 
L> 
\ 

example, an increase in temperature from 20 0c to 25 °c increases the 

mass collected by only 1%. Therefore, the mass of nCIIO 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 

passi ve sampler . wa~ ,de'termined by exposing samplers to a range of rela-

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

pling~rate~was~noteffected-bya(me-week--exposure--at---50-6Q%-relat-ive- .. -- ~._ 

humidity. llowever, exposures at 70-85% relative humidity for one week 

resulted in a significant decrease in sampling rate. Consequently, the 

passive sampler should not be used in indoor environments where the 

average relative humidity exceeds 60% at 25 °C. 

Interferences 

Possible chemical interferences for the CA analytical method are 

listed in P&CAH No. 125 (I1l0SH 1977). Ethanol, phenols, ethylene, pro-

.pylene, and 2-methyl-1;:,3-:-butadiene are reported to produce n~gative 

interferences when in excess. of HCllO. However, these compounds are nor-

mally present in air at lower concentrations than those of II ClIO and are 

not considered to have a serious effect on the method (NIOSII 1977). The 

possibility that these compounds would interfere in th~ 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, couid be collected. To test for the 

potential interference 
) 

of acrolein with the CA analytical method, pas-

sive samplers were spiked with. known volumes of ~queous IICllO and 

acrolein standard solutions. No significant difference in the amount of 

nGno was' observed between samplers with and without acrolein spikes when 

acrolein was in an approximate 10:1 excess of HCllO. Since acrolein 
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concentrations are unlike'y to exceed IICllO concentrations in residential 

environments (NRC 1981), acrolein is not considered to be an interfer-

ence. 

Storage Stability 

Pre-exposure storage stability (shelf life) of ~he passive samplers 

has been reported by Ceisling ~ ale (1982a). Samplers were assembled, 

flushed with nitrogen, capped, and stored for one and two weeks. After 

storage, they were. exposed to approximately 1.4 ppm llCIIOin the labora-

tory test chamber along with freshly prepared samplers. No significant 

differences were detected with a Student's t-test (p = 0.05) between 

lIcno concentrations of st"'lred and freshly prepared samplers (Table 6). 

Post-exposure storage stability of the passive samplers was aiso 

reported by Ceisling ~ ale (1982a). Samplers were exposed to approxi-

mately 1.4 ppm nCllO in the laboratory. Concentrations of IICllO deter-

mined from samples stored for one and two weeks before analysis were 

compared to, concentrations determined from samples analyzed immediately 

after exposure. No significant differences were detecfed with a 

Student's t-test (p = 0.05) between stored and immediately analyzed sam-

pIes (Table 7). 

FIELD CmIPARISOn 

A field comparison was conducted in occupied residences and an '-. 
\ 

office to determine the accuracy of the passive sampler method relative 

to the results obtaineclwith a reference pump/bubbler method. Twenty-

one .tIi'dividual sampler comparisons were made over 'a period of three 

-10-



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

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

81 houses, 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 a!. 1981, Hiksch et 

al. 1981) were modified to collect four replicate samples over a period 

of one week using individual sampling rates near 0.14 L/min. These dev-

ice~ were installed in residences and an office with the sample tube in­

let located 10.:..20 cmfrom five passive samplers. Sampling was conducted 

concurrently with both active and passive 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 

Heno concentrations. Initial and final flow rates typically varied less 

than 10% at a sampling location. Total volumes of air passed through 

the bubblers were corrected to standard pressure; no temperature correc-

tians wer'e made since the measured variation in "indoor temperatures~, 

around 25 °c would only result in an approximate ± 1% variation in 'sam-

pIe volume. The HCIIO collection efficiency of the bubblers was assumed 

to be 95% ("IOSH 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 HCllO gas 

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

bIer sampler data as the best estimates of the true HOlD concentrations 

in indoor air for the field comparison. However, the possibility that 

the'pump/bubbler sampler produces biased field results can not be ruled 

out and is currently being investigated. 

The passive sampler concentrations vers,us pump/bubbler sampler con-

centrations from the field comparison are plotted in Figure 3. ,The re-

lationship between the two variables is quantitatively defined by the 

use of Bartlett's three-group method for regression (Sokal and Rohlf 

1969). This regression technique, rather than the standard linear re-

gression, is appropriate when both var~ables are subject to measurement 

error. As can be seen in Figure 2, the fit of the data to the regres-

sion line is good. We recommend the use of the equation, Y= O.87X, to 

convert pa,ssi ve sampler concentrations (X) to bubbler sample concentra-

tions (Y) until the discrepancy between the two methods is resolved. 

With the conversion, the overall accuracy for the passive sampler method 

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

14%. 
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SUNNARY 

. The LBL passive sB:~pler for det,ermining nCIIO concentrations in 

residential indoor air, has been validated in laboratory experiments ,and 

in a field compariso,n conducted in occupied.res1dences and an. office. 

J • 
The sampler is designed to measure ,t~me-weighted average concentrations 

. :'. . 

of llcilO for a pe'riod of one week. The quantification range for the 

one-week period of 0.018 ppm to over 1 ppm is more than adequate for 

residential applications. The sampler is currently restricted to use in 

indoor environments where the average relative humidity is '60% or less. 

Acrolein, the only compound considered to be a significant potential 

interference, has no effect on the analytical method even when in a 10:1 

excess of HellO. Product shelf life and post-exposure sample stability 

of two weeks minimum are sufficient for residential survey applications. 

The overall precision obtainable with the sampler in the field is 

approximately 7%. When a correction factor is applied to compensate for 

presumed bias, the overall accuracy of the method in the field is equal 

to the true concentration plus and minus a 95% confidence interval of 

14%. 

The passive sampler is pow developed and tested to a stage where it 

can be used with· confidence' to determine Hcno 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 characterized. The 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. 
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Table 1. Description and specifications of the LBL passive sampler. 

COtITAlll NAllT: 

SAHPLER: 

AlIALYSIS: 

SAHPLIUG RATE: 

SAHPLHIG PERIOD: 

SAHPLHIG RAlIGE: 

EUV I ROUtlE tlTAL 
EFFECTS: 

INTEP.FERENCE S: 

SHELF LIFE: 

SM-IPLE STABILITY: 

OVERALL PRECISION: 

BIAS: 

OVERALL ACCURACY: 

Formaldehyde (HCIlO) 

Passive diffusion sampler; area, 3.98 cm2; path 
length, 9.4 cm; collection medium, NalIS03 
impregnated ~lass fibei filter 

Chromotropic acid spectrophotometric 
analysis, rnOSll P&CAtI No. 125 

4.02 cm3/min (0.296 fg/ppm-hr) at 1 atm and 20 ?C 

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 

Hean coefficient of variation 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. Hass of HCllO collected by passive samplers versus nCIIO exposure. 

HClIO Exposure Hass of HCllO 
"Exposure Conc. Time Exposure Collected (r,g) 

~ (ppm) (hr) (ppm-hr) n* x ± s.d.f 

0.058 163 9.45 10' 2.96 ± 0.218 
, 

0.096 154 14.8 10 4.39 ± 0.173 

0.201 141 28.3 9 8.40 ± 0.265 

0.211 169 35.7 10 9.59 ± 1.04 

0.397 159 63.1 10 17.5 ± 1.75 

0.839 160 134' 9 39.4 ± 2.40 

1.00 
, 

165 165 10 49 .'Z± 1.79 
.. 

1.00 166 166 12 55.5 ± 3.42 

* Number of samplers. 

t s •d • = standard deviation. 

• 
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Table 3. Absorhances of passive sampler blanks. 

u 

0 - Date Analyzed Lot. No. Absorbance ' 
• Q:, 

3":31 A -, -'T· 0.034 
~ 0.038 

4-14 .B 0.045 
0.029 
0.047 

4-21 C 0.040 
0.041 
0.039 

4-26 D 0.036 
0.035 
0.037 

5 .... 3 .E 0.042 
0.023 
0.036 

- 5-17 F 0.033 
0.030 
0.037 

5:""17 II 0.038 
0.032 
0.036 

5-19 G 0.035 
0.039 
0.040 

x = 0.037 
s.d. 0.005 
CV* 13.5% 

,,,," 

*Coefficient of variation. 

) 

-19-



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

IIcno Concentration Coefficient of Variation 
(pg/ml) n (%) 

0 6 4.2 

0.194 6 5.6 

0.388 6 3.1 

0.766 7 3.1 

1.55 8 3.1 

1.94 7 1.5 . 

2.32 7 1.8 

3.10 5 1.3 

3.88 6 3.0 

Weighted mean = 3.2 

.... 20-
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Table 5. Field comparison of the performances of the LBL passive 
sampler and a reference pump/bubbler sampler. 

Bubbler Passive Bubbler Passive Bubbler Passive 

Location S-6 S-lO S-'15 

n 4 4 4 5 4 5 
x (ppm) .127 .146 .100 .107 ~117 .140 
± 95% c.l. .035 ~014 .019 .002 .053 .009 
s.d. (ppm) .022 .009 .012 .002 .033 .007 
cv (%) 17.3 6.2 . 12.0 1.9 28.2 5.0 

Location S-16 S-17 - CS-l1 --
n 4 4 4 5 4 4 
x (ppm) .102 .124 .098 .105 ~065 .060 
± 95%. c .1. .022 .018 .024 .004 .003 .024 
s.d. (ppm) .014 .011 .015 .003 .002 .015 
cv (%) 13.7 8.9 15~3· 2.8 3.1 25.0* 

Location CS-13 CS-14 CS-17 . -- --- --
n 4 5 4 5 4 5 
x (ppm) .063 .• 081 .;074 .087 .065 .069 
± 95% c.l. .019 .020 ~006 .011 .010 .024 
s.d. (ppm) .012 .016 .004 .009 .006 .019 
cv (%) 19.0 i9.8* 5.4 fO.3* 9.2 27.5* 

Location CS-20 CS-23 CS-31 -- -- --
n 4 .. 4 ' 4 5 4 5 
x (ppm) .026 .031 .042 .053 .033 .042 
± 95% c.l. .003 .011 .022 .005 .005 .004 
s.d. (ppm) .002 .007 .014 .004 .003 .003 
cv ( %) 7.7 22.6* 33.3 7.5 9.1 7.1 

*Excluded from analysis 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 
± 95% 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 
x (ppm) .026 .028 .072 .082 .049 .056 
± 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' (%) 8.7 3.8 11.8 1.7 11.5 5.5 

* ' Excluded from analysis of precision - see text, page 8. 
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Table 6. Pre-exposure storage stability (shelf life) of passive samplers. 

HClIO Concentration 
'CI (ppm) 

Stor~ge Stored Prior Exposed Immediately Ratio 
* after Preparation+ '\;, Time to Exposure Stored/Non-stored 

(wk) x ± s.d. x '*' s.d. 

1 1.42 ± 0.07 (n=7) 1.40 '*' 0.05 (n=4) 1.01 

2 1.36 ± 0.01 (n=8) 1.33 '*' 0.07 (n=4) 1.02 

*' Passive samplers were prepar'ed, flushed with tJ2 , capped, and 
stored at room temperature before exposure to HCllO •. , 

+Stored and non-stored samplers were ,exposed to the same test 
atmosphere. 
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Table 7. Post-exposure storage stability of passive samplers. 

Storage 
Time 
(wk) 

1 

2 

nCllO Concentration 
(ppm) 

Stored after 
* Exposure 

x ± s.d. 

1.24 ± 0.07 (n=7) 

1.41 ±0.06 (n=8) 

Analyzed Immediately 
after Exposure 

x ::1= s.d. 

1.35 ::1= 0.09 (n=5) 

1.36 ± 0.02 (n=4) 

*p. 1 d aSS1ve samp ers were store at room temperature. 
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