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Referee #3:

General comments: The subjectarea of this study, low cost sensors for air quality measurements, isa

very hot topic. It is therefore imp inthi i h great care to

whatnew sensors can or cannot do, and a f d heck for cross-

correlation and chall L this paper has not realized this. The stated goal of the work

was: “to evaluate avariety of lower llutant

measurements”. However deploying the home-made box of sensors for between afew days upto a few
licates or compl fall the tparticularly useful.

We agree with the reviewerthat this is an i of significanti dthat

Tow i

constrained to a short period of time, we Id that the unique testi i both

urban Unif and high ia envi provide impy

sensor These results will add to the growing body of work testil d other

sensorsin a variety of environmental conditions.

1 would suggest the authors re-analysis all the datawhich they have recorded and undertake some
studies, e.g. if you used 50% of the measurement period to calibrate the PMsensor, how well does it do
against the other 50% of the datasetetc.

We agree that this would be a ion, and was also menti f the reviewers.
We have conducted additional analyses for the Hyderabad data usinga few days of data to calibrate
the data and then applying the calibration to the rest of the time period. The results are available in
sections 3.1.3, Table 4, and Figure 6.

Some further the y be done bef gto
peerreview. The auth lot: time on the actual
data, and the physical reasons for them, then more may be learned about how to do low cost
measurements well.

We agree that test: diti i i i what

drives the signal for low cost optical particle sensors, and we cite recent studiesthat have conducted
that work (e.g., Austin et al., 2015; Wang et al., 2015). There are limitationsin the ability to generate
i match iability of chemical and physical i inurban
i sensorsin real i
representareas that are likelyto be of great interest for the deploymentof sensors (e.g., urban areas
near roads, high concentration areas in India). This work is meant to complement ongoing laboratory
evaluations of optical particle sensors.

Abstract The

results of the study. Rather

y
than the tthe reference instrument, that areais almost
completely ignored with afocus on emission factors. That part of the paper used less than two hours of
data (witha 180 a referency to conclude that emission factors could be

measured with ~30% error. The conclusion that the paper’s results has showed the potential usefulness

Fig. 1. Reviewer responses
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Abstract, Air quality is a growing public concem in many countries, & is the public interest in having information on air

pollutant ions within their ities. Quantifying the spatial and tenporal variability of ambient fine particulate
matter (PMzs) is of particular inportance dueto the potential health inpacts associated with PMzs. This work evaluates three
models of PM sensors (Shinyei: models PPD42NS,PPD20V, PPD60PV) in three locations: urban background (average PMzs:
8 ug m®) and roadside sites in Atlanta, Georgia, USA (average PMzs: 21 pg m®), as well as a location with substantially
higher ambient concentrations in Hyderabad, India (average PMzs: 72 pg m®). Additionally,a low cost carbon dioxide (COz)
sensor (COZIR GC-0010) and a mid-cost black carbon sensor (microAeth AES51)were tested at the roadside in Atlanta. Low
cost sensor measurements were compared against reference monitors at all locations. The PPD20V sensors had the highest
correlation with the reference environmental beta attenuation monitor (E-BAM) with R? values above 0.80 at the India site
whileat the urban background site in Atlanta, the PPD60PV had the highest correlation with the tapered element oscillating
microbalance (TEOM) withan R? value of 0.30. Atthe roadside site, only the PPD20Vwas used, withan R? value against the
TEOM of 0.18. Although theresults of thiswork show poor performance under lower USA concentrations, the results indicate
the potential usefulness of these low cost sensors, including the PPD20V, for high concentration applications up to
approximately 250 pg mi®. The CO2 sensor had an R? value of 0.68 with the reference analyzer whilethe BC sensor correlated
strongly to a nultiangle absorption photometer (MAAP), with an R? of 0.9, t the Atlanta roadside site. These field testing
results, although limited in nature, idei insi i ying of low cost particulate sensors used
in high i i ti underlines the need to evaluate these emerging technologies, notonly in the

laboratory, but in their planned envi of application, prior to wi use.

1 Introduction

Exposure to particulate matter (PM), particularly particles less than or equal to 2.5 micrometers in size (PMzs), is associated
with a variety of adverse health impacts, including lung cancer (Laden et al., 2006), cardiovascular disease (Laden et al.,
2006;Miller et al., 2007;Puettet al., 2009), and premature mortality (Puett et al., 2009). Although sone cities in the US have
PM values above the National Ambient Air Quality Standard (NAAQS) (EPA, 2013) annual PMzs concentration value of 12

Fig. 2. Revised paper

C3

Using-Performance of Low Cost Sensors to-Measuringe Ambient
Particulate Matter- Concentrations-in High and Low Concentration
Urban Environmentsand-On-Road-Emissions-Fact

Karoline K. Johnson’, Michael H. Bergin', Armistead G. Russell’, Gay le S. W. Hagler®

Ischool of Civil and Environmental Engineering, Duke University, Durham NC, 27708, USA

£ school of Civil and Environmental Engineering, Georgia Institute of Technology, Atlanta, GA, 30332, USA
#U.S. Environmental Protection Agency, Ofice of Research and Development, Research Triangle Park, NC, 27711,USA

to: Karoline K. Johnson

Abstract. Air quality is a ‘countries, & is the pt
onair if andtenporal variability
of anbient fine particulate matter i inportance the impacts associated
With PMz 5. This work evlustes s-subes-of selic—Pksansonthre_odels of PM sensors (Shinye: models PPOAZNS,
PRD20V, PPDSOPV) und TR — Judingn thee locations: uban background
(averge P64 1) and roadsde its in Alanta, G124, USA (et PV .21 3 well s alocation with_—( Formatied: Sbsert
substantially higherambient concentratons in Hyderabad, India sveroce P 7240 1), Addiionaly.alow cost xban

dioxide (CO2) sensor (COZIR GC-0010) and a mid-cost black carbon sensor (icroAeth AES1) were tested af the roadside in

Atlznta. Low cost sensor mezsurements were conpared against reference monitors at al locations. -G-soa-seissions-cioss.

hiclo-f " bt " ol pokioy&s i "

o e had the ighest corelation with
the reerence environmental beta attenuation monitor (E-BAM) with R values above 0.80 a the India site whileat the urban
background site_in Atlaita, the PPDEOPV ha the highest correlation with the tapered element osaillating microbalance
(TEOM) with an R value of 0.30. At the roadside site, only the PPD20Vwas used, with an R’ value against the TEOM of

018 - " - n (Formatted: ror: ot 80d )
o . (Fomatted: suscst )
(Fomatted: suscst )

poor perbormance under lower USA concentrations, the results showindicate the potential usefulness of these low costihess ( Formatted: Not Highight J
sensors, including (hePPO20 for i jon spplicat — e e )
G0z sensorhe COp sensor had an R value pf 0.68 with the refren ensor puctormeg /" ( Formated: tt Hihigrt )
oo 10 millimgle shsomtion oholomte (8 99, (e Alloin s sity, | Formatted: Nt Wt )
Thise il teting sl although lrited in naure,_orovide g S0 g oflow ot Formatted: Saurscrpt )
)

(Fomattads et g

Fig. 3. Revised paper with track changes

c4



