Low cost sensors for PM and related air pollutants in the US and India

Karoline Johnson, Michael Bergin, Armistead Russell, Georgia Institute of Technology, Atlanta, GA
Gayle Hagler, U.S. EPA, Office of Research and Development, Research Triangle Park, NC

|
i
|
R
‘\
i
. I
\
e 0 I- gl a 1
4 ]
|
I
: \
N
| |
| I
| l”
L Y [
/
\‘ /‘

Tech||

Shinyei Comparison

. . Method - ' Shinyei60 corrected
Benefits of Emerging Sensors S — o Hyderabad India = >>” | 10 minute average
Environmental Beta  Tapered Element 152'}:‘3';': dpig42NS (520 <o < 250 -
* Inexpensive ($10-$1000) Attenuation Monitor  Oscillating Microbalance ol |l M’ [ EBAM (10 min) = 150 .
* Small E-BAM): ~S30k TEOM): ~540k H /‘» m\L ml_”"”‘ﬁ’e'“m”“”} g S0
I(R c ) i | . I(R : | $A | O US e Srim 3 Shinyei PPD20V($350) >0 - L L i) % BN
* Lightweight | © d.erence ?na yzerin ererente Analyzer in N g y SEinyeil, Shinyei2, 501730 1/31 2/1 2/2 2/3 .. 2/8 2/9 2/10 2/11 & Y SE(;Al“i(i 2;/?:’35)0
: ndia P [ LA " Shinyei3 - ug/m-
* Low power consumption % o
o : 1 Shm.ye| I,DPD6OV (5700) Shinyeil-3 10 minute average + Shinyeil
* Allow to have more monitoring stations *  Shinyei60 900 . Shinyei2
(o] ]
* Used by many citizen science groups W\ s _ ?88 Shinyei3 ‘ o
. . . = 3 1”fans to provide air flow through sensors and box S = 500 LI - 1818.9x + 209.7 £
POSSIbIe Appllcatlons Img source:www.navajonationepa.org/aqcp/AirMonitoringSite.htm 8 .lé- '?E 500 ' ; | R2 =0.7249 Apply Iinear g
(o I KOS Aon — . a0}
Measuring spatial and temporal variabilit f Atl A 2 5 5 ggg o y—1;22z.gx7+15223.6 regression to data 3
| &5P P Y Roof Top Atlanta, G S = 200 % 0 y=2091.9x+172.1 to convertfrom &
Locating hot spots 300 1 hour averages - 50 5 100 R*=07478  analog output &
UAV applications 5 250 - 20 e R20.8-0.9 between -200 0 200 400 into concentration EBAM (ug m-3)
Citizen Science 59, o @2 Ohinveil Shinyeis 1-3 EBAM (1g )
57 - Y £ B —shinyei2 . : — .
Personal exposure : 2 0 EF _chineyis Poor correlatlo.ns | 2 After comparison between
_— . ™ 5 ST chinveiso between all Shinyeisand | £ these 3 Shinyei models, the
Estimating Emissions Factors 4 o100 - 10 O E Y TEOM at h : o0 Too much scatter to , ,
3 o & £ _Shinyeidig at hour averaging = PPD20V is best for higher
2 ) ) .y interval s generate accurate . L
£ 50 0 =T £ f . concentration applications
O u r. Se n SO rS R 0 JENCK: concentrations b ; h I i+ d
0 l l l l l l l l l -10 500 0 200 400 ut has an upper limit aroun
12/6 12/7 12/8 12/9 12/10 12/11 12/12 12/13 12/14 12/15 12/16 EBAM (ug m-3) 250 ug m-3

Particle Sensors ]
ROad‘Slde Atlanta, GA Future WOrk
Sensors measure light scattering o T )

from particles
1. Shinyei PPD42NS

Emissions Factors Estimates: * Deployment of multiple packages in China in July
Moming Rush Hour Humidity corrections for the particle sensors

Evaluation
Black Carbon Comparison:

Monitors and
sensors set up

* $20 Multi Angle Absorption on the edge of 2 3 | since SH will affeocl:tI scattering of particles
. N | - 60 Design improved sensors
* Widely used by makers S25k e Wireless d s
* Digital output | . i CO2 Comparison: CO2 analyzer 10 T ~ Shinyeil 1 min avg Irle €55 j’(‘;‘ ’Franslm|55|on e
5 Shinvei PPD20V Thermo Scientific Model 410i B T microAeth- Arduino. 2550 - Evaluate additional sensors including the sharp
. y “eok O Black Carbon  microcontroller S 500 o S Shinyei30 minavg dust sensor
* $350 e tharmoscientfc comen e e 10---<arbon-did- g nayse e e . a

http://www.environmental-expert.com/

e >1 um particles

* Analog output 6:00 6:30 7:00 7:30 8:00 830 9:00 9:30

% : ; 450 - 10
- Shinyei- L k I d
R Fro20v 200 5 e Tl Acknowledgments

—Mi th 2
3 Shi : PPDEOV c 25 - oAt ; o R This work was made possible by the NSF PIRE grant 1243535
. Shinyel -% - — MAAP ! Pt ' Sensor' Rush Hour Event and EPA Star grant R83503901. Thanks to Jaidevi Jeyaraman,
¢ S760 £ £15 - Emissions factor calculated based on peak pollutant Rodney Weber, Laura King, and Jason Hu at Georgia Tech and to
m uo . . . .
: O 5 : Julian Marshall at University of Minnesota.
¢ >0. c = concentration less the pre rush hour background
0.5 um particles S > temperature , P 5 This publication’s contents are solely the responsibility of the
* Analog output o | iy zgssgfm'd'ty concentration grantee and do not necessarily represent the official views of
- | | | | | N - 2 \I e the US EPA or NSF. Further, US EPA does not endorse the
"3 : 12:00 15:00 18:00 21:00 0:00 3:00 L urchase of any commercial products or services mentioned in
Additional Sensors and Small Monitors = APM/ACO?2 iR P
: : e publication.
0=0 €02 Analyzer 1 minute CO2 datz = 0.079ug m3 PM/ppmCO2 P
700 - :
1. Temperature and 550 'g =0.39¢ PIVI/kg fuel (assumlng octane) R f
Humidity: Paralax SHT11 and  » 88 £ as0 - 2500 - ererences
SHT15 S 350 (1 min avg) S ' R*=0.6146 Our Study | Heavy Duty | Light Duty
300 | . .
* 540 - )50 200 500 700 Atlanta Diesel’ Gasoline? 1. Long-term changes in emissions of nitrogen oxides and
2 CO2: COZIR 13:00 1-00 13:00 1:00 13:00 1:00 CO2 Analyzer (ppm) (g kg?) (g kg?) (g kg) particulate matter from on-road gasoline and diesel vehicles,
— Shinyeil George A. Ban-Weiss, John P. McLaughlin, Robert A. Harley, Melissa M.
¢ <S150 60 - (1 min avg) § 30 - PR PM2.5 0.39 1.4 0.038 Lunden, Thomas W. Kirchstetter, Andrew J. Kean, Anthony W. Strawa, Eric
P — o ~ - . D. Stevenson, Gary R. Kendall, Atmospheric Environment, Volume 42,
* Infrared sensor £ 40 TEOM E E 20 - /‘/,/( BC 0.075 0.86 0.010 Issue 2, January 2008, Pages 220-232, ISSN 1352-2310,
3. Black Carbon: MicroAeth a0 ‘T %010 o ’,;.‘ http://dx.doi.org/10.1016/j.atmosenv.2007.09.049.
S o S = — _ . ° ° ° °
* 56,000 = 20 L i £ R*=0.2336 Calculated values seem reasonable as they fall between| |2. Quantifying On-Road Emissions from Gasoline-Powered
’ | — Shinyeil w e —— light duty gasoline and heavy duty diesel values Motor Vehicles: Accounting for the Presence of Medium- and
v shinyelcom/ 0 - | | | | | (30 min avg) 0 10 20 30 Heavy-Duty Diesel Trucks Timothy R. Dallmann, Thomas W.
xxx:zrtzzﬁzgtodrinr.com/SHT15+Temperature—Sensors 1300 100 1300 100 1300 100 TEOM (ug/m3) K|rChStetter, Steven J. DeMart|n|, and RObert A. Hal’|ey EnVIrOI’)menta/

co2meter.com

http://aethlabs.com/microaeth SCIEI’ICE’ & TE’ChnO/Ogy 2013 47 (23), 13873'13881




