This article was downloaded by:

On: 17 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

|| Grisial Reviewsin... | Critical Reviews in Analytical Chemistry

Ana I I ica l Publication details, including instructions for authors and subscription information:

Chemistry

http://www.informaworld.com/smpp/title~content=t713400837

Apbplication of Passive Samplers in Monitoring of Organic Constituents of
Air

Monika Partyka?®; Bozena Zabiegata®; Jacek Namiésnik®; Andrzej Przyjazny®
@ Gdansk University of Technology, Gdansk, Poland ® Kettering University, Flint, Michigan, USA

C.H. Lechmiller

Editar-in-Ghisf

Valwme 35 1 fowe 2/ 2005 () T hineen

To cite this Article Partyka, Monika , Zabiegata, Bozena , Namiésnik, Jacek and Przyjazny, Andrzej(2007) 'Application of
Passive Samplers in Monitoring of Organic Constituents of Air', Critical Reviews in Analytical Chemistry, 37: 1, 51 — 78

To link to this Article: DOI: 10.1080/10408340600976523
URL: http://dx.doi.org/10.1080/10408340600976523

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713400837
http://dx.doi.org/10.1080/10408340600976523
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12:15 17 January 2011

Downl oaded At:

Critical Reviews in Analytical Chemistry, 37:51-78, 2007
Copyright © Taylor and Francis Group, LLC

ISSN: 1040-8347 print / 1547-6510 online

DOI: 10.1080/10408340600976523

Application of Passive Samplers in Monitoring

of Organic Constituents of Air

Monika Partyka, Bozena Zabiegala, and Jacek Namies$nik

Gdansk University of Technology, Gdansk, Poland

Andrzej Przyjazny
Kettering University, Flint, Michigan, USA

The principles of passive dosimetry, which has been known for over 100 years, are finding an ever
increasing use in analytical practice and are being used as a convenient technique for isolation
and enrichment of analytes from various environmental media. Due to its simplicity, a variety of
designs, as well as the possibility of using a number of different final determination techniques,
passive dosimetry has been applied in the analysis of organic and inorganic air pollutants, both
in the outdoor and the indoor and workplace atmospheres, as well as in the monitoring of water
and soil pollution. This paper is an attempt to review the designs of existing passive samplers,
the media used to trap analytes and the techniques used for the release of the trapped analytes

and their final determination.

Keywords passive sampling, dynamic sampling, air pollutants, organic compounds, air monitoring

INTRODUCTION

The control of air quality is an essential problem, whose the-
ory and practice are being dealt with by a large number of sci-
entists all over the world. Due to the fact that air pollutants, in
both outdoor and indoor air, are present at very low concentra-
tions, their isolation and enrichment is an important step in the
analytical procedures for their determination. The existing iso-
lation/enrichment techniques can be classified into three main
categories (1):

1. Dynamic enrichment—based on forced (by means of pumps
or aspirators) passing of a gas stream through a properly
designed container filled with a solid or liquid sorbent. The
desired components of the gas are retained (enriched) in the
container due to physical or chemical sorption. Thus trapped
analytes are next released and determined. The exact volume
of the gas passed through the container and the sampling time
have to be known to calculate the concentration of the analyte
in the gas. Hence, the setup for dynamic enrichment has to
be equipped with the device measuring the volume of the gas
passed (2—4);
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2. Denudation enrichment—is a combination of dynamic pass-
ing of a gas sample through a tube (or set of tubes) and
diffusion of analytes from the gas stream to the surface of the
wall coated with a trapping medium (5, 6); and

3. Passive enrichment—analyte enrichment in a passive sam-
pler results from diffusion (diffusive samplers) or permeation
(permeation samplers) of analytes from the immediate sur-
roundings to the inside of the sampler and trapping them on
the surface or in the bulk of a suitable trapping medium. In
this case, the movement of molecules is effected by diffu-
sion and, therefore, no additional devices for collecting air
samples or measuring their volume are necessary. After re-
leasing the analytes, their concentration can be calculated
from a known exposure time and a previously determined
calibration constant, characteristic of a given sampler and
analyte (2, 7, 8).

The use of passive dosimetry during the sample collection
step offers a number of advantages when compared with dy-
namic techniques. These include elimination of portable pumps
and aspirators and their power supplies as well as gas meters
or flow meters. Passive enrichment is suitable for the determi-
nation of average long-term concentration, and relatively small
and simple passive samplers can be left unattended for the en-
tire exposure period. The applicability of passive sampling is
illustrated in Figure 1, while Table 1 compiles its advantages
and shortcomings. The scope of this paper is limited to the
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TABLE 1

Advantages and shortcomings of passive dosimetry

Passive dosimetry

Advantages

Shortcomings

e small, simple and light devices
e climination of pumps and power supplies
e possibility of determination of time-weighted average e lower enrichment efficiency compared to dynamic techniques
concentration based only upon exposure time,
without knowledge of sample volume
suitability for long-term collection of samples
of analytes

e unsuitable for monitoring of short-term variations in analyte
concentration

sensitivity of enrichment efficiency to temperature fluctuations and
air movement in the vicinity of a sampler

e the need to determine enrichment factors for individual analytes

e “historical” nature of results

e impossible (in most cases) to automate

PARAMETER

type of sampler

shape of
sampler

trapping
medium

intended use

method of acquiring information
about the state of the
environment
(amount/concentration of
analyte)

exposure time

PASSIVE SAMPLERS
IN AIR ANALYSIS

I

v

living organisms or their parts
(biomonitoring)

A

surface of organism or its part

respiratory system

v

tissues and organs of living organisms

A

measurement of immission

biological early warning system

changes in reaction and behavior of
living organisms

prognostic indicators

retrospective indicators

analysis of biota samples

v

analytical devices for collection
of analyte samples

A 4

tube-type samplers

badge-type samplers

collecting surface (collector)

v

sorbent

stationary phase

support coated with a reagent

absorbing solution

collecting surface (collector)

v

measurement of personal exposure

immission measurement (surface
monitors)

evaluation of degree of workplace
pollution

evaluation of indoor air quality

evaluation of outdoor air quality

reaction sampler with direct readout of
analyte amount/concentration

reaction sampler with indirect readout of
analyte amount/concentration

sorptive sampler

v

short-term exposure

long-term exposure

FIG. 1. Applicability of passive dosimetry in air monitoring.
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application of passive samplers as a specific group of devices
used for the collection of a variety of air components.

The problem of using living organisms both as components
of Biological Early Warning Systems (BEWS) and as so-called
integrated samplers for the collection of outdoor air components
has been discussed in a number of reviews and monographs
(9-14).

THEORY OF PASSIVE DOSIMETRY

The principle of operation of passive samplers is based upon
mass transport, described by Fick’s first law of diffusion. Pas-
sive samplers fall into one of the two categories, depending on
the type of diffusion barrier used: diffusive passive samplers or
permeation passive samplers.

In diffusive passive samplers the transport of analytes takes
place by way of free diffusion of the analyte through a gas
layer whereas in permeation devices the transport of analytes
takes place by way of permeation of the analyte through a
semipermeable membrane. A detailed description of the oper-
ation of passive of passive samplers can be found in the avail-
able literature (7, 15—-18), while a brief summary is compiled in
Table 2.

To calculate the airborne concentrations of analytes in a real
environment using passive devices on the basis of the amount

of analyte trapped in the sorption bed, the knowledge of pa-
rameters responsible for the rate of analyte collection from the
gaseous phase is necessary. In the case of diffusive sampling,
this parameter is sampling rate (SR), whereas in the case of per-
meation passive sampling this parameter is calibration constant
(k). There are two approaches to the problem of calibration of
passive devices. The first one is theoretical, based on finding the
values of diffusion coefficient of the analyte (in case of diffu-
sive sampling) or the permeability coefficient of the analyte and
Henry’s law constant (in the case of permeation sampling) in the
literature (tables and physicochemical data) and accurately de-
termining geometrical parameters of a sampler (cross-sectional
area of the sampler and length of the diffusion path) or membrane
thickness and area. The experimental approach involves exper-
imental determination of sampling rate or calibration constants
based on the exposure of the sampler to standard gas mixtures
in exposure chambers.

Passive dosimetry was first used in 1853 by the Swiss chemist
Schonbein. He tried to detect the presence of ozone in outdoor
air using a strip of filter paper saturated with potassium iodide
(19). The next application of passive dosimetry took place in
1927, when a passive sampler was used to determine carbon
monoxide in air. However, these attempts were at best semi-
quantitative (20). The true growth of passive dosimetry as an

TABLE 2
Comparison of principle of operation of diffusive and permeation passive samplers

Diffusive passive sampler

Permeation passive sampler

Phenomenon used for mass transport of analytes

Principle of operation of passive sampler

Equation describing the rate of transport of analyte
toward the trapping medium in a sampler

Equation describing the amount of analyte retained in
the trapping medium in a sampler (for a given
exposure time—t)

Expression describing the rate of collection of analyte
from the air by a passive sampler

Equation allowing to calculate the analyte
concentration in the air during the sampler exposure

Diffusion Permeation
medium  Co Lm
voporg I —] o —
L trapping
o o — analytes
A
Ve
Co ek S
c
) >
DA -
U=7(C—-0) U=SAL-r)
M=U-t
_ DA — SAa
M—LCOI M—LMC()I
DA _ _ L
%= =(SR) k= T
_ SRM _ kM
C == C="F

c—analyte concentration inside diffusion zone of a sampler [mol-cm~']; A—cross section of diffusion zone [cm?];
co—ambient concentration of analyte [mol-cm™']; L—length of diffusion zone [cm];
S—analyte permeability coefficient dependent on the membrane material [cm?-min~!]; U —diffusional mass-transfer rate of analyte
[mol-s~']; (p,-p2)—difference in partial pressure of the analyte on both sides of the membrane;
Ly—membrane thickness [cm]; SR—sampling rate [cm?-min~']; k—calibration constant [cm?-min~'].
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analyte enrichment technique dates back to 1973 (15). Since
then, a number of reviews and monographs have been published
and a variety of designs allowing isolation and/or enrichment
of numerous organic as well as inorganic analytes have been
proposed.

During this period of rapid development many sampler de-
signs were proposed. Some of them have only been used in
laboratory experiments; others are used by the designers of the
sampler alone. Still other samplers have been patented and are
now available commercially.

The primary problem in practical use of passive dosimetry
for the isolation and enrichment of analytes from the gaseous
medium is the selection of an appropriate trapping medium,
which ensures complete retention of the analytes from the gas
matrix. The following criteria should be taken into consideration
in the selection of a trapping medium (3, 7): strength of inter-
actions between the trapping medium and the analyte, affecting
both the sorption and release of the analytes from the trapping
medium in order to carry out the final determination; and cost
and ease of utilization of the sorptive medium used.

The process of analyte enrichment from the gaseous phase,
i.e., the efficiency of a passive sampler, can be influenced by
a number of physicochemical factors. This interference can
take place at every step of use of samplers, including sam-
pler storage, exposure, storage after exposure and release of
the retained analytes. Consequently, passive samplers are cal-
ibrated in specially designed exposure chambers under condi-
tions simulating real exposure. Exposure chambers are used to
test samplers under simulated field conditions, such as differ-
ent temperature, variable concentration of the analyte, different
wind velocity and relative humidity to evaluate the effects of
these parameters on the performance of passive samplers (15,
21, 22).

DESIGN OF SAMPLERS AND THE USE IN
MONITORING OF VOLATILE ORGANIC COMPOUNDS

The trapping medium is the most important element of the
sampler, determining its suitability for the monitoring of air pol-
lution by organic compounds. It should be emphasized, however,
that the use of each of the medium type mentioned here entails
both advantages and shortcomings at both the enrichment and the
analyte release step. Due to its excellent adsorption properties
for hydrocarbons and its high adsorption capacity, charcoal is
the most frequently used adsorbent in passive sampling. Differ-
ent types of passive samplers packed with charcoal as adsorbent
are commercially available and have been used for the determi-
nation of environmental VOC concentrations in indoor and out-
door air such as OVM 3500 (by 3M), ORSA 5 (by Driagerwerk),
PRO-TEK G-AA (by Dupont), PRO-TEK G-BB (Dupont) and
Gasbadge (National Mine Service).

Depending on the type of trapping medium used, the release
of trapped analytes is carried out either by solvent extraction
or by thermal desorption. It should be pointed out that in some
designs the body of sampler is at the same time an extraction

vial, which eliminates losses associated with the transfer of a
trapping medium to the extraction container.

The design of samplers, the techniques used at the isolation
and enrichment steps, and the techniques of release of com-
pounds trapped in a sampler prior to their final determination
are summarized in Table 3. We realize that the information on
the various types of samplers is very variable with regard to
the amount of detail given. As in any review based upon the
published literature, there are omissions of relevant data, and
we could only abstract the information given on the design and
procedure for using samplers.

SPME fibers have also been used as passive samplers (37), but
their application is limited to a short time of exposure under real
conditions, sometimes to a few seconds. Samplers intended for
dynamic sampling of analytes from gas samples have also found
use in passive sampling with slight modifications only; such an
approach was taken by Shinohara et al. (86) in 2004. The authors
used a commercially available active carbonyl cartridge, which
was originally and exclusively designed as an active sampler.

Passive sampling technique is used for different gaseous en-
vironments such as indoor, outdoor and workplace for different
types of volatile organic compounds. Table 4 summarizes appli-
cation of those devices for different environments and monitored
analytes.

COMPARISON OF THE PERFORMANCE OF PASSIVE
SAMPLERS WITH OTHER TECHNIQUE USED FOR
VOLATILE ORGANIC COMPOUNDS IN MONITORING
VARIOUS ENVIRONMENTS

The theory states that many of the factors that influence the
performance of a diffusive sampler are functions of the sam-
pler design, and affect the sampling of all chemicals. The data
obtained from passive samplers have to be reliable and credi-
ble. The simplest way of verification of the obtained results in-
volves comparing the data obtained using passive devices with
those obtained by a reference method. The most common refer-
ence technique for passive sampling is the dynamic technique in
which a specific volume of air to be sampled is pumped through
sorption tubes (filled with an appropriate sorption medium). The
validation criteria are published by NIOSH, Health & Safety
Executive (HSE) (103) and Comite European de Normalization
(CEN) European protocol (EN 838) (104). The criteria are as
follows:

(1) analytical recovery,

(2) sampling rate and capacity,
(3) reverse diffusion,

(4) temperature effects,

(5) factor effects,

(6) storage stability, and

(7) precision and accuracy (105).

The NIOSH protocol calls for a combined precision and ac-
curacy within 25% of true value, 95% of the time. The European
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standard (EN 482) has different criteria depending on the usage
of the sampler, but for compliance purposes the corresponding
figure is 30% (106).

Laboratory tests of samplers generally revealed a good agree-
ment between the results obtained using passive samplers and
the results obtained by a dynamic method. The results of lab-
oratory and field test of passive samplers are presented in
Table 5.

APPLICATION OF PASSIVE DEVICES IN MONITORING
OF SEMIVOLATILE ORGANIC COMPOUNDS IN AIR

In contrast with a wide spectrum of uses of passive sam-
plers to monitor volatile organic compounds in indoor, outdoor
air or workplace atmospheres, the application of passive de-
vices to monitor the atmosphere for SOCs is relatively novel and
uncommon. Similarly to VOC monitoring, living organisms or
fragments of their bodies, such as pine or spruce needle(107-109)
moss and lichen(110) are used as passive samplers for SOCs.

According to the literature, a few media have been tested
for the passive sampling of semivolatile compounds, such
as beeswax-coated filter paper (111), butter-coated glass
plates[112], and tristearin-coated fiberglass sheets(113). (In this
case we can speak about “natural” —biological passive sam-
plers and “synthetic” samplers for air monitoring.) Progress
in this field has been achieved using semipermeable mem-
brane devices (SPMDs). The SPMD sampler consists of lay-flat
polyethylene (LDPE) tubing enclosing a thin film of triolein, a
high molecular weight neutral lipid. SPMDs (114, 115) origi-
nally developed for the monitoring of waterborne lipophilic con-
taminants, also proved to be highly effective passive samplers for
semivolatile compounds in air. The utility of SPMDs has been
demonstrated for monitoring gaseous pollutants, such as poly-
chlorinated biphenyls, organochlorine pesticides and polycyclic
aromatic hydrocarbons.

Passive samplers used for the sampling of SOCs in air (both
indoor and outdoor) contain the same types of sorption media
as those used in dynamic sampling. The exposure time must be
long enough to ensure the desired enrichment factor. The most
common samplers used in outdoor air quality monitoring are:

- filled with polyurethane foam (PUF) (116-120),

- filled with XAD resins(121, 122),

- SPMDs (semipermeable membrane devices)(116, 123—-130),

- polymer-on-glass (POG) (polymer-coated glass samplers)
(116, 131),

- tristearin-coated fiberglass sheets(113),

- and samplers in which polyethylene foil was used as a trapping
medium (116, 132).

The existing samplers used for the monitoring of volatile
compounds in air are often modified and adapted to collect
semivolatile organic compounds from air (e.g., the sampler An-
alyst has been modified and adapted for the monitoring of SOCs
as Analyst 2) (133, 134). SPME fibers are also sometimes used

as passive samplers(135, 136). The passive sampling theory for
semivolatile organic compounds present in air was recently de-
scribed in detail (137).

Similar to volatile organic compound monitoring, the ana-
lytes trapped on/in the sorption medium must be released for
quantitative analysis. A common disadvantage of passive sam-
plers extracted by solvent extraction or dialysis is the tedious
recovery of analytes, and the need for the expensive cleanup of
the extracts prior to chromatographic analysis. These problems
do not appear when solvent-free techniques, such as thermal
desorption, are used. Solid phase microextraction devices can
act as diffusive samplers if the fiber is retracted a defined dis-
tance into its needle housing during the sampling period. For
the Stir Bar Sorptive Extraction (SBSE)—developed in 1999
(138) the stir bars (consisting of a glass-coated magnetic core
used with a layer of PDMS as the receiving organic phase) are
commonly thermally desorbed by thermal desorption-gas chro-
matographic methods. Some authors (139, 140) have examined
the performance of two passive samplers for long-term moni-
toring of semivolatile organic compounds in air. They consisted
of a PDMS-coated stir bar or silicone tubing as solid organic re-
ceiving phase, enclosed in heat-sealed LDPE membrane tubing.
A compilation of the data on design of samplers and semivolatile
organic compounds monitored in air is given in Table 5.

SUMMARY

Ever since the first report on passive sampling, a large number
of papers and monographs have been published, which discussed
the following topics: theoretical basis of passive sampling; var-
ious designs of passive samplers; laboratory evaluation using
different types of environmental chambers; field application of
passive sampling technique to monitoring of various matrices;
comparison of passive sampling techniques with reference tech-
niques; influence of different parameters on sampling process of
analytes in the sampler; and mode of calibration of samplers.

The available literature also discusses in detail the effects of
physicochemical parameters, such as relative air humidity, tem-
perature variations, fluctuations in concentration of the analytes
and ambient air velocity on the enrichment process in passive
devices. The wide applicability of passive techniques allows
their use not only for organic compounds, but also for airborne
inorganic pollutants.

The limiting factor in practical applications of passive
dosimetry is a tedious and time-consuming calibration process
of the samplers. Recent work on a novel calibration procedure
(142, 143) will undoubtedly extend the applicability of passive
dosimetry to air monitoring.
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