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Abstract. The possibility of acquiring real-time concentmati data is leading many indoor air quality and hbal
researchers to the use of particle measuring imetats instead of the classic filtration approactnisT paper

summarized a checklist of characteristics that h@vbe considered on the selection of such instnisnend checked
the compliance of a popular air monitoring deviageang environmental exposure researchers. Techrécanomic

and logistics aspects have to be considered. Sliiyabmeasurement range, accuracy, resolution aplustness are
indispensable metrological characteristics. The aionitoring device failed the accuracy check. Tesiswed no
stability in results, their reliability cannot bessured. A good starting point for the selectiomafnufacturers of such
instruments is US Environmental Protection Agentigtsof designated reference and equivalent metHodspecified
air pollutants, which includes particle pollutiondtrumentation.
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1. INTRODUCTION

Particle pollution is a complex mixture of extregnamall solid particles and liquid droplets foumdthe air. It is
made up of a number of components, including addgnic chemicals, metals, and soil or dust gedidParticulate
matter includes inhalable coarse particles, withnditers between 2.5 and 10 micrometers (RMnd fine particles,
with diameters smaller than 2.5 micrometers §BMEPA, 2009). Indoor sources include human occtgpgskin, hair)
and activities (cooking, cleaning, smoking, candled incense burning), plants, pets, appliances lfostion
appliances, unvented heaters, printers and phots)pand building materials (EPA, 2007; Morawskad a
Salthammer, 2003). The size of particles is diyertlated to their potential for causing healthipems. Particulate
matter, especially fine particles, generally p&ssugh the throat and nose and can get deep iathutiys and even the
bloodstream. Once inhaled, these particles cactafie heart and lungs and cause serious heaétbtgfffrom irritation
of the airways, coughing, and difficult breathitg decreased lung function and irregular heartb@&#\, 2009).

In Brazil, the National Health Surveillance Agen@nvisa) is responsible for the establishmehnational norms
and standards regarding restrictions on contarmsnand other materials which constitute a risk talthe There is a
technical orientation with reference standards adooér air quality with specification for particutatmatter
(aerodispersoids, 80 pgirimit, technical standard 004) (ANVISA, 2003). Sding method is the collection of
aerodispersoids by filtration, sampling protocol B MB-3422, with calibration protocol ABNT NBR-1®3 and
laboratory protocol Fundacentro NHO 17. Basically,is driven by a sampling pump through a filtghich retains the
particles and must be weighted in an analyticalate® (active sampling, gravimetric analysis, aauraf
measurement 5%). Concentration is determined bigidiy the amount of particles retained in the filby the volume
of air that has passed through it. Each filter giwae value of concentration for the entire sangpdinration.

The possibility ofacquiring real-time concentration data is leadimany indoor air quality and health researchers to
the use of particle measuring instruments instdédleoclassic filtration approach. This paper sumnes a checklist of
characteristics that have to be considered ondleetion of such instruments and checks the compdiaof a popular
air monitoring device among environmental exposasearchers.

2. SELECTION CHECKLIST

When measuring a physical quantity, it is mandatorgive an indication of the quality of the resitorder to
assure its reliability. Unless measurements areemath a perfectly accurate instrument under a detaly controlled
and stable environment and by a flawless oper#ierresults will have some degree of error. Thécatbn given by
the instrument is only an estimate of the resulthef measurement, and it is complete only withaéestent of the
uncertainty of that estimate (Albertazzi and So@€a38; 1SO, 1995).
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When selecting an instrument for a study, techpiegbnomic and logistics aspects have to be comside
Albertazzi and Sousa (2008) have compiled an etialugable with desirable characteristics, sumneatiin the
checklist below (Fig. 1). Technical aspects (meigalal characteristics) have to be verified attfilSuitability,
measurement range, accuracy, resolution and radmsssare indispensable. The selection of an instiimast consider
the overall performance.

Technical aspects Economic aspects Logistics aspects

Suitability Initial investment Delivery conditions
Measurement range Operating costs Post-sale support
Accuracy Updates
Resolution

Velocity

Measurement rate

Robustness

Usability

Automation level

Data processing resources

Figure 1. Measuring instrument selection checkidibertazzi and Sousa, 2008, adapted)
3. COMPLIANCE CHECK

The TSI SidePak AM510 Personal Aerosol Monitor ipogular air monitoring instrument among environtaén
exposure researchers (Exposure Science, 2007). ddassntration of particles is determined in réalktby the use of
light scattering technology: mass is determinedftbe intensity of light scattered by the aerosithiw a fixed sensing
volume, and the information is converted to unftsnass per unit volume (mgfAn(TSI, 2006, 2008).

The first characteristic that has to be considevbdn choosing an instrument for a particle pollutgiudy is its
suitability to measure the pollutant. The aerosohitor identifies particulate matter with diametbetween 0.1 and 10
micrometers and is portable, therefore is suiténéndoor particle pollution studies. The measueabhrange is 0.001
to 20 mg/m, which is adequate as the reference outdoor ailityindex particulate matter table goes up to A@nT
(0.604 mg/m) (EPA, 1999). Resolution (1 pgfimand robustness (compact portable system, opgredimge 0-50°C)
are also adequate. However, there’'s no specifitatio accuracy. Without an accuracy specificatidrera’s no
information on the closeness of the agreement kmtwie indication given by the instrument and thal value of
particle concentration: there’s no indication oa tjuality of the result, and its reliability cantat assured.

Analyzing its calibration certificate, one mighttioe that there is a remark stating that thereoistandard from the
US National Institute of Standards and Technolagydptical mass measurements, and that the catibrags been
done using emery oil and has been nominally adjusighe respirable mass of standard 1ISO 1210341téAt dust,
Arizona dust), with calibration ratio greater tha2:1. Figure 2 shows environmental conditions tnadlinearity plot
of two calibration certificates. One might notidet the four calibration points were measured urdéremely low
relative humidity conditions: 22 and 19%, when eowrimental humidity below 30% is not recommended AEP
2008a). These environmental conditions will hardéyfound in normal indoor environments. There isnformation
on the effect of relative humidity on the perforroarof the monitor on the calibration certificateemen in the user
guide, but there is a suggested correction fadttiteaservice and support website which indicates the performance
is affected above 60% RH (TSI, 2009). Also, barasimgiressure was below one standard atmospher8.@®hPa),
which is the usual for the calibration of instrurtee(Finnemore and Franzini, 2001; ISO, 1975).
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Figure 2. Detail of two calibration certificate<0@01009 01/2008, 10711003 11/2007)

An experiment was designed to assess the stabflilye aerosol monitor. The concentration curvelean air in a
filter test bench was analyzed. Confined air wdterBd by two high efficiency particulate air filte Data was
registered for three hours. Tests were repeatezk times with and without the monitor's built-idtdr for zero
calibration attached (Fig. 3a, 3b). Figures 4 amsthi@v the concentration curves. Under that cldgrdid environment,
it was expected concentration indications to be mego pg/m, but graphics show great variation. After the ipnedary

results the monitor was substituted for a new onerder to test the hypothesis of instrumentaufail but the variation
remained.

Figure 3. Filter test bench
(1 aerosol monitor, 2 T and RH transmitter, 3 asitjon points, 4 monitor with built-in filter)
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Figure 4. Measured concentration for three independins (C1, C2 and C3) under the filter test henc
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Figure 5. Measured concentration for three independins (C1, C2 and C3) under the filter test henc
built-in filter attached

Figure 4 shows concentration indications under filber test bench. As confined air was filtered two high
efficiency particulate air filters, concentratiomdications were expected to be near zero fighmt there was great
variation: values up to 197 pgimvere registered. The coefficient of variation the tests was calculated. The
coefficient of variation is the ratio between thamslard deviation and the average of a sample,iradidates the
dispersion of data: results below 0.2 indicate Wtispersion, results above 1 indicate extreme dséperBastos and
Duquia, 2007). Results for the tests were all aldo{®.88, 1.50 and 1.38, respectively), indicatingat data dispersion.
As tests were ran under the same stable conditibmsgs expected a low data dispersion. These teegudicate that
instrument’s repeatability isn’t fine. Values abd/gg/ni were considered spurious, and its percentage bmsal 0%
in all three tests (11.12%, 13.30% and 17.30%,a&tspely), which is a high percentage.

Figure 5 shows concentration indications with thenitor’s built-in filter for zero calibration atthed. Under this
circumstance, with another high efficiency partital air filters right at monitor’s air inlet, comteation indications
were expected to be zero pg/rbut there was also great variation: values ufd38 pg/mi were registered. The
coefficient of variation of tests were all abovés572, 5.88 and 15.20, respectively), indicatingexe data dispersion.
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These results again indicate that instrument’saegtglity isn't fine. Values above 1 pgimvere considered spurious,
and its percentage was above 1% in all three (846%, 3.19% and 1.81%, respectively).

Without an accuracy specification of the monittwere’s no indication on the quality of concentnatiesults, and
its reliability cannot be assured. This would bewgh to not consider this instrument for a studythwests showing
no stability in results and no fine repeatabilitg,reliability cannot be assured at all.

The US Environmental Protection Agency maintainkst of designated reference and equivalent metHods
specified air pollutants, including particulate teat(EPA, 2008b). It is a good starting point fbe tselection of
manufacturers of such instruments.

4. SUMMARY

A checklist of characteristics that have to be @sred on the selection of measuring instruments suenmarized.
Technical, economic and logistics aspects haveetodmsidered. Suitability, measurement range, acguresolution
and robustness are indispensable metrological cteaistics.

The compliance of a popular air monitoring devicgoag environmental exposure researchers was chericd
failed the accuracy check. Tests showed no stahilitesults, their reliability cannot be assured.

A good starting point for the selection of manufmets of such instruments is US Environmental Ritmie
Agency’s list of designated reference and equivaleethods for specified air pollutants, which ird#s particle
pollution instrumentation.
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