Picarro R mIEFRENTIEAT A : BEIRXFRAZIAFLHSINEASIFER

SENBHEEMAREGISH

Environ Monit Assess (2021) 193:7
hittps://doi.org/10.1007/s10661-020-08769-2

Development of a mobile platform for monitoring gaseous,
particulate, and greenhouse gas (GHG) pollutants

Tian Xia(® « James Catalan « Chris Hu «
Stuart Batterman

—. BiE:

EFFRNE S RERR ST | TLARHEERRRNMASEHAPOXETTIRE | AEDSEH
RAEFRERERR. ATEHHNTSEXSIHIRSHEHERER—  XNETIRHIISRE
| FEE=SREFRNHAI AN T L.

EoRENLG  BELSEBRIMEY , RENERENDESHY) KT AR RBERARDE
PRUEE. EREUE SEREMNAREMERGEITNSIIRE | TRTIUMSEY | BLIERERAIZ
EDHHRBMERONE. 7 ERETLURM=EMNEER | (BRSPS ERAEIREIEIN T %75
RN | FATRESEIRKIRE.

(ERBHTFERNES|ISHMNTAZMIIENESSHIRIEES AR | EENANERER
WABERRIRN RIS i%. AN +FE |, RalhirCEWBTEMNERN  NES[SREEEMNR
REZEDTh. EEANEHS RSB R SH DT ES | (EXSEHERBITErIE
EIFFEEERE (EERE/LX) | MEASHESERE—FEIL.

ETFUULAREESHARBRAE , Xia Tian AFRTEA "BSRISTITELRE" (MPAL)
H=SREBNENTFE | AGRET/VNEZRITR |, FI20 PM NEFRBERENEERIIFN  FiR
T RIS RIX LA RRATSE AR,
= MH5SHE:

1. ZFETRAEHFRMGNT :

(1) TUEZMSE , BiEmE. BSUREBEESINGRY , URSSIIVESE

(2) fnEFieEr s, WA, BsAIESERYES | FAFEEENRIRIFBI FBEE 754 (FRM)aEX
FBEHITA(FEMs) |, LIREMMBEERASIFHFISAMERERIYES.

(3) RGBS PERNSE (BERBER T 1s) , AATFEERRE TS e PSRl a I E bR
B (ERETRSSEHAEALIR, FENE , FEAFRRIESIRMEREITEN ) .

(4) (KBRS ASWERRIS | ENOIEHAMER (WUREIMIERY. IR, NAORE. &
ZRIINBRAMERESAIRFIER ) . EBEIZE. TAFMEHEE , AMEEHSH.

(5) (EREREMERUR A BEFRE. . IRERNSE | RERDERIRS.

(6) AT HIEEEREELRHY , FESERRFRER. 0, RFERETIRNGE , FAREIA
R ETREREBMEMEER.

(7) BENFEASEEEEBNT RGN TE , B EERSEBRIEN RS | LUE
THE. FESFEIBIRRERNEE LT3, FEEEERE SHERE,

(8) BERARLIWEANENM  REHETFEASHRERE , TERAAREE.



(9) FERMEREKRLY 33 HETAT . BFNRE. BEMREAL.
(10) ZERHFE—FREMFET,
2. BuUIFESRE

(1) =@¥EE

2018 FRAFEH REMENFE. EERRNREERENITESRAE , UEBRSEREEEE |
FEXSEEAAMUITRT 7 TR, LABRR RIS TMYUEREK.,

(2) B TFEBNENTE:

Table2 Instruments deploved in MPAL

I I B Messurement principle No, Range Resolution Response  Lag
params nme time
Picarro G2401 G0, CO, CHy HO Cavity ring-down spectroscopy 4 COx: 053000 ppm COx: 1 ppb ls 268
CO:0-1000 ppm  CO: | ppb
CHy 0-100 ppm  CHy: | pph
Picarno (2204 CHs, HaS, H:0 Cavity ring-down specmoscopy 3 CHy: 0-100 ppm CHg: 1 ppb 2s s
HyS: 0-1000 ppb - HaS: 1 ppt
Eco Physics CLD - NO,, NO, NO, Chemiluminescence and UV absorption 3 NO:D-1 ppm NO: 1 ppb lg 278
700 AL NO,: 01 ppm NO,: 1 ppb
Thermo Scientific 50, Pulsed UV fluorescence 1 0-10 ppm 0.1 ppb i) 1s s
43I0
APL400A Crzone (Oy) Absotption of 254 nm UV light 1 0-100 ppb 0.1 ppb 1s 27s
T513321 PNC, PSD (0.5 - 20.5 um) Time-of-flight sizing and light scattering 12 0-=10,000/cm’ Liem® 1s 15
TSI 3330 Particle mass concentration, PSD (0.3 - 10 Optical scattering from single particles 16 0-200 g/im’ 0.001 pgim’ (e) 1s 4s
pm)
TSI 3910 PNC, PSD (10 - 421.7 nm) Scanning Mobility Particle Sizing (SMPS) and 16 100-1.000,0000em’  Liem® (e) 6l s 10 5
condensation particle counter (CPC)
Magee AE21 BC Filter-baged, UV (370 nm) and IR (880 nm) 2 0-=10,000 ngim® 100 ngim’ 300 5 150 5
Aethalor atlenuation by collected particles
Horiba PX375 PM;y Cyclone size separation, beta-ray attenuation 16 0-1000 ug/m’ 0.1 pgim’ s ol s (e}
PMp trace metals (Ti, V. Cr, Mn, Fe, Ni,  Xeray fluorescence Measured in ng/m’ 30 min 900 5
Cu, Zn, As, Ph, Al 8i, §, K, Ca)
Ganmin 18x location, elevation, speed, direction Geographic positioning system (GPS) 10 L3m Ls ls
Young 92000 Wind speed/direction, termperature (T) RH. Ultrasonic wind sensor, T, RH and pressure 5 W8 0-70 m's WS 001 ms 1s Is
atmospheric pressure SENEOTS WIx 0-360 deg WD 0.1 deg
T: 40 - 60 °C T-0.1°C
RH: 0-100% RH: 0.1%
P 500 - 1100 hPa  P: (.1 hPa
Spy Tec Mobius  Front and back photos LOR0P HD wide angle camera 2 s

Action Camera

W5 wind speed: WD wind direction: T temperanire; £H relative humidity; P ambient pressure, () is estimated
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Table 3 Summary of wind velocity residuals (AU), wind direction collected on four spring days (4/24/2019, 5/15/2019, 2/12/2020, 3/6/
residuals (AD), and NO,, CO and CO, concentration averages on 2020). *Speed occasionally dropped to <6 m/s during congestion
highways, local streets, and while stopped on local streets. Data

Type Parameter Highway* (>15 m/s) Local Street-Driving Local Street-Stopped
(>3 m/s) (<0.01 m/s)
Surface Meteorology Wind speed average (m/s) 3.0 3.6 3.6
Temperature average (°C) 5.2 7.0 7.0
Vehicle Speed Average (m/s) 272 5.6 0.0
Range (m/s) 15-35% 3-18 <0.01
AU (m/s) Average 4.1 0.3 -23
Stdev 2.1 25 14
Median 39 0.6 2.3
Max 13 6.8 0.0
AD (®) Average 3.1 154 69.1
Stdev 22 245 47.0
Median 27 7.0 591
Max 17.6 173.5 174.6
Pollutant concentation NO, (ppb) 108 62 64
CO (ppb) 639 318 289
CO; (ppm) 492 438 442

*Speed dropped to 0 — 6 m/s during congestion
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Table 4 Summary of estimated PM losses (in %) for PM; and PM;-PM, 5

PM Size Wind Speed (m/s) Inlet Loss (%) Loss due to Driving (%) Total Loss (%)
PM, All speeds 20 1.9 39
PM;-PM, 5 0 28 0.0 28

7 28 7.9 10.5

12 28 13.6 16.0

25 28 28.3 303

Inlet and PM, losses are constant. PM;—PM, 5 losses increase with apparent wind speed
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Table 5 Summary of 5-5 data collected on 84 days (March 28, 2019-March 18, 2020)

Pollutam Valid Sample size Completeness Average Standard Deviation Min  25th Percentile Median 75th Percentile  98th Percentile Max Unit
Lo} 261144 9R% 264 121 45 181 258 335 541 5.2 ppb
NG 242602 2% 1.0 19.0 86 26 56 1.4 676 20964 ppb
NG, 23064 S0% 198 148 0.0 108 16.2 234 698 2310 ppb
CH, G2204 206029 TR 21 0.3 1.9 20 an 21 24 338 ppm
CHy G2401 255971 96% 21 0.5 1.7 20 20 21 24 69.6 pm
H.S 133371 50% 4.0 a1 0.1 19 35 55 11 2370 ppb
€O, 255972 96% 419.3 31.8 3115 4058 4192 4282 461.5 1316.0 ppm
(8] 253243 95% 264.7 265.5 9.0 1654 2086 2R3.0 R3IR.6 251996  ppb
80, 86449 3% 0.9 20 02 01 04 0.8 al) 299 ppts
PNC; o Corrected TSI3321 245121 92% 18991  Bl046 146 1534 3696 BTG 280414 751550  #/em®
PNCo_TSI3321 256464 9% 17883 76372 138 1554 3706 8402 247715 GRRTIE  #em’
PM, Corrected TSI3330 251710 95% 71 11.2 0.2 2.8 48 8.6 274 6R6.0 pafr
PM,,, TSI3330 263052 99% 354 1014 0.3 1.0 184 34 193.8 116565 ug'm\
PNCy 21024 95% 144425 170517 74500 60255 9730.7  16524.1 590304 311779.1 #/em’
BC3Tnm 3ro3 B6% 10026 13705 0.0 46000 7280 1187.0 34725 443680 ng'm"
BCS80nm 3736 34% 1044.1 12208 20 428.0 7400 1246.3 4038.0 194380  ng'm’

Total cbservations N = 376 415; valid observations in the study region = 265,816
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