U

CZECH HYDROMETEOROLOGICAL INSTITUTE

" CESKY )
HYDROMETEOROLOGICKY @ POL
envnech

NN usTav

Testovani malych senzort CO
na Observatori Tusimice

Bauerova P. petra.bauerova@chmi.cz PMS7003

Keder J. & Tomanova D.

Na Sabatce 2050 /17, 143 0B Prahs 412-Komorany 2 +420 244 031 111, email chmi@chmicz


mailto:petra.bauerova@chmi.cz

=\
-.‘[“ »Ochrana ovzdusi ve statni spravé Xlll*, Ostrava 14.-16.11. 2018

Zakladni charakteristiky malych senzoru
PRO a PROTI

+ —
. Malé rozméry a hmotnost e PuUvod z ¢idel pro indoorové méreni
* Nizkd cena (obvykle < $2500) * !vlhkost vzduchu / teplota ! ->
POTREBA verifikace dat

* Schopnost okamzitého pouziti o ) )
e Zvysené riziko nahodnych chyb

 Nenadroc€na udrzba
e Vyssi detekeni limity, snizena presnost

* Autonomni baterie i Ulozisté v
meéreni

* prenositelnost . L vy s . .
P * Limitovana/zadna moznost kalibrace

 Ne vzdy vime, co mérime
(interference polutantti)

Indoor Air Quality Meters

source: http://www.co2meter.com
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Nejcastéjsi motivace pro vyuzivani malych

senzoru
* Smart Cities projekty

e Mozinost méfeni CO v
tézko dostupnych mistech

R

a ve vertikalnim profilu . 0=l
Ve, s v v Vd 1 - - 5 a S 3 ot - Nl = li..‘ o
* Pouzitivmeéreniza = | s L L T LT
pohybu OpenSense project - ETH Zurich, CH

DISCOVER project - NASA, Houston, USA
CAIRSENSE project — US EPA, Geogia, USA

Air Pollution in a Smart City

* Vyuziti namérenych dat v
modelovani CO

> Ry : -
e T ¢ .,,r\ __» Collaborative acquisition
:*‘\: s Ers \ Self-diagnosis
= Localized measurements
j ' Heterogeneous data sources

City Health Studies

Open Air Quality Index
k il j o - = Citizen Science

Data Privacy




Kategorie senzoru - Report EU .
Co m m iSSiO n Measuringairpollutionwith low-costsensors

Thoughts on the quality of data measured by sensors

Metal oxide sensors
(used to measure NOz, Os, CO)

Low cost- around 10 - 15 € for a sensor.

Good sensitivity, from mg/m? to pg/m?.

Results are affected by temperature and humidity
variations
Long response time (5 — 50 min)

Output depends as well on history of past inputs
Instability can be observed

Electrochemical sensors
(used to measure NOz, SOz, O3, NO, CO)

Medium cost: around 50 - 150 € for a sensar

Goad sensitivity, from ma/m? to pg/m®
Fast response time (30-200s)

Highly sensitive to temperature and humidity ‘
variations (change in meteorology) depending on ‘

electrolyte

Selectivity: show cross-reactivity with similar
molecule types




(X C
Kategorie senzoru - Report
EU Commission

Gorean
Comvwrensan

Measuringairpollutionwith low-costsensors

Optical particulate counter

Photo lonization Detector (used to measure PM)
(used to measure VOC)

Moderate cost 300 € for a sensor to 2000 € for
handled device.

Maderate price: 400 € for a sensor to S000 € for Fast tesponse time (1. s,

handled device
Good sensitivity, down to mg/m?3, some down to

Sensitivity in the range of 1 pg/m?®

Able to identify the size of the particle (PM10,
Hg/m? PM25, )
Limited temperature dependence and humidity
effects « Conversion from particle counts to PM mass is
Very fast response time (few seconds), based on theoretical model

The measured signal depends on a variety of
parameters such as particle shape, color and
density, humidity, refractive index,

Not selective reacts to all VOCs that can be
lonised by the UV lamp

Significant signal dnft




Cairpol (FR) Sensors SO2, CO, NO2 and O3/NO2

Miniature air quality monitoring sensors network

SPECIFICATIONS:

u LCD disploy with concentration levels of the
measured pollutants

= Interal data logging capacity: up to 1 year,
depending of tha setting.

uintemct microprecessor for value and time
colculation

= | ow battery indication

uOperating time: 24 to 36 hours when fully

charged for USB versions (daily recharge for
optimal use)

= Powar supply: SVOC /200 mA rechargeable
by USB vio PC or 220V/110V with SV odaptor
{solar panel option)

= Output: USB or UART (Analog signol on
demand)

= Dimenslons: diometer 32 mm (1,26"), length
62 mm (2.44")

»Welght: 55 g (1,94 oz)
wiP 42 (occording IEC60529)

= Storage condition: S to 20*C (41°F to 68°T),
10 Lo 90% RH, mbar 1013 {1 200 (psl 14,69 fl
2,90)

= Operating condition: depending of the sensor,

ingenaral -20°C to +45 *C (-4°F to 113°F),
10 to 80% RH, mbar 1012 {1 200 (psi 14,69 §l
2,90)

=Electric standards: CEVUL/CSA N*BI0I0-1:
2008 /EN 61010-1:2001

* Dowied :pocilconon por SoNsoron rocuest

GZ o, O

Ranges :

0,/ N0, 0-250 ppb

No, 0-250 ppb

o 0-20 ppm

HS/CHS 0-1000 ppb / 0-20 ppm / 0-200 ppm
NH, 0-25 ppm
<0, 0-1000 ppb

CH,0/ Crganic solvents 0-1000 ppb

nMVvoC 0-16 ppm

& UsertD

o Craptn H2 Cmapewtity

Miaraia,

~
2% & Cral

Chernn oo Mbeanr

S s
» o pl 300 1020 nd
su R e ——— T e
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Porovnavani Cairclip sensoru O3/NO2 s AIM
letni obdobi 06 - 09/2015

m Reference O3 (ppb)
Reference NO2 (ppb)

P w ——MS 03+NO2 (ppb)

1T m‘
W T C

v S LA AR Al y N } \ A A R T

03 + NO2 concentration (ppb)

—




O3 + NO2 Cairpol Microsensor (ppb)

Porovnavani Cairclip sensor 0O3/NO2 s AIM
letni obdobi 06 - 09/2015
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y =0.9655x- 6.6302
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03 + NO2 Reference measurement (ppb)
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Vliv teploty a relativni vihkosti vzduchu
na presnost méreni senzoru

03 + NO2 MS / Reference Measurement

=09

Bl <085
[1<0.75
B < 0.65
Bl <055

* Nejvetsi odchylky mezi senzorem a AIM pfi nizkych
teplotach a vysoké vlhkosti vzduchu




Kvalita méreni senzoru roste s klesajici vhlkosti
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Q-L A y =-0.0009x* + 0.0302x + 0.6431
R*=0.5895
0.2
0 5 10 15 20 5

Dewpoint Deficite (°C)

To= [(17232'/91)_ 1 A=|[In(RH /100))]{

(17.502-t)
(240.97 +1)

:| Td deficite = | — Td



Verifikace nameéerenych dat podle Td deficitu

03 + NO2 Cairpol Microsensor (ppb)
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y =1.0077x-0.8018
R*=0.8827
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* Measured
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y =0.8655x-6.6302
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Cairclip sada: SOz, CO, NO2 a O3/NO2
Testovaci obdobi konec 11/2017 — konec 09/2018




SO, Cairpol (pg/m3)
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Cairclip SO2 nevyhovuijici

testovaci obdobi konec 11/2017 — konec 09/2018

- 5021 ©502_2

y =0.1104x% - 3.7642x + 268

R* = 0.0055
®
y = 0.0676x? - 2.0924x + 68.534
R* =0.0039
10 20 30 40 50 60 70 80

SO, AIM (pg/m?3)
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Senzory SOz a CO nesoumeérily v parech
testovaci obdobi konec 11/2017 - konec 09/2018

Measurement Analyzer N Mean Min Max SD SE
SO, 1 (ng/md) Cairclip 7031 255.62 119.87 904.42 121.56 1.45
SO, 2 (ng/md) Cairclip 7029 61.90 0.00 500.64 80.44 0.96
SO, AIM (ng/m3) T100 6885 4.45 1.30 70.60 4.52 0.05
NO, 1 (ng/m?3) Cairclip 7031 58.31 33.08 169.04 20.34 0.24
NO, 2 (ng/m?3) Cairclip 7031 56.52 31.58 167.00 20.46 0.24
NO, AIM (ug/m?3) T200 6936 1.59 0.60 56.40 3.05 0.04

O,/NO,_1 (ng/md)

Cairclip

O,/NO,_2 (ng/md)

Cairclip

O; AIM (ng/m?3)
CO_1 (ug/md)

T400
Cairclip

7031

2109.33

942.03

7759.15

1054.49

12.58

CO_2 (ug/md)

Cairclip

7031

14260.29

1093.22

26214.02

8330.75

99.35




O, Cairpol (pg/m?3)
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Cairclip O3/NO:
testovaci obdobi konec 11/2017 — konec 09/2018

T ©03_1 © 032
3 ,,55' o0 ®
,,/ I..— o
Qlj.l —
_ ¥ o
;< .
| > 8
Py y = 0.0077x2 - 0.6695x + 47.052
7 i R? =0.7991
3 y = 0.0075x2 - 0.6592x + 44.773
R? = 0.8006
0 20 40 60 80 100 120 140 160 180 200
O; + NO, AIM (pg/m?3)



Priibéh méreni O3/NO: v jednotlivych mésicich

03/NO, Cairpol (ug/m?)

oNBE223REEE
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05 + NO, AIM (pg/m?)



0,/NO, Cairclip (ppb)

Cairclip O3/NO2 — méfené vs. validované hodnoty

zimni obdobi (konec 11/2017 - zac. 04/2018)

90 - ¢ Validated
g ®
° o. e Measured
80 - o e
s & © °
L J [ J
70 ‘ o ™ .
60 -
® . y=0.0271x- 0.8354x + 28.459
20, RZz=0.5785
40 |
30 -
20, 5 y = 0.0125x2- 0.6237x+ 21.528
RZ = 0.3133
10 : .
60 70

O; + NO, RM (ppb)
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Sada Vaisala AQT420 (FIN): NO2, SOz, CO, O3, PM2.5, PM1o
Testovaci obdobi 09/2017 — konec 05/2018

: * Novy kompaktni senzor Vaisala
" AQT420 s integrovanym cidlem
atm. tlaku, teploty a relativni
vlhkosti vzduchu




Sada Vaisala AQT420
Testovaci obdobi 09/2017 — konec 05/2018

Variable Nvalid Average Min Max St. Dev.

NO2_Vail 5886 36.56 0.00 218.67 31.59
NO2_Vai2 5600 000 14535 2058

SO2_Vail 5710 79.13 0.17 365.85 66.16
SO2_Vai2 5459 77.00 0.37 420 56 75.73
CO_Vail 5899 0.19 0.08 0.57 0.06
CO_Vai2 5896 0.16 0.01 0.60 0.07
03_Vail 4810 36.39 0.00 127.35 27.16

PM2.5_Vail 5897 1.47 0.10 23.99 1.91

5897 0.76 0.10 12.31 1.36

N
o
()

PM10_Vail 5885 0 618.98 38.61




NOZ2 Vaisala 1
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Testovaci obdobi 09/2017 — konec 05/2018

Sada Vaisala AQT420

03 Vaisala 2
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(32)
o 0 A A A A " " A " A " A A
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20 60 100 140 20 60 100 140 20 60 100 140 20 60 100 140
month: 5 month: 6 month; 7 month: 8
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Vliv fotochemickych procesu a interference plynnych
latek

e, ZON

Il > 500
Bl <420
B <320

Bl <120
. <20
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Plantower PMS 7003 (CHN): PM1, PM2.s a PM1o
Testovaci obdobi 03/2018 — konec 09/2018

Opticky citac€ castic
Plantower PMS 7003

PMS7003
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Plantower PMS 7003 (CHN)
Testovaci obdobi 03/2018 — konec 09/2018

Variable N valid Average Min Max St. Dev.
PMO01_hod 4778 13.22 0.00 101.00 11.09
GMO01_hod 4778 11.92 0.00 74.50 9.69
PM2.5_hod 4778 18.75 0.00 119.02 16.71
GM2.5_hod 4778 17.55 0.00 117.17 15.11
PM2.5_AIM 4844 16.30 1.00 134.00 10.68
PM10_hod 4778 20.57 0.02 142.42 18.87
GM10_hod 4778 19.38 0.00 87.17 15.67

PM10_AIM 4822 23.07 1.00 175.00 14.69




PM2.5 hod (PMS1)

140

120 t

100 ¢

PM10 hod (PMS1)
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100 ¢
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Plantower PMS 7003 (CHN)
Testovaci obdobi 03/2018 — konec 09/2018

L= 3 e]
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PM10 AIM
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Proménna | Analyzator N Primér | Min Max SD SE
NO2 Vail AQT400 4003 39.18 0.03 218.67 33.91 0.54
NO2 Vai? AQT400 3997 29.92 1.13 145.35 22.53 0.36
NO2_ Cairl Cairclip 3824 48.86 33.08 112.41 12.76 0.21
NO2 Cair2 Cairclip 3824 46.95 31.58 110.69 12.96 0.21
WOz AIM____ L T200 4003 | 13972 100 Sn /0 | B3> L 013
SO2 Vail AQT400 3865 77.96 0.17 365.85 64.49 1.04
SO2 Vai? AQT400 3815 87.51 0.37 420.56 86.01 1.39
SO2 Cairl Cairclip 3692 197.95 | 119.87 | 592.64 66.54 1.10
SO2 Cair?2 Caircli 3692 23.14 0.00 281.34 42.93 0.71
03 Vail AQT400 3278 35.19 0.00 112.81 26.27 0.46
O3 Vai2 AQT400 3055 31.96 0.00 90.01 18.70 0.34

O3/NO2_Cairl | Cairclip 3137 34.59 20.24 100.38 11.83 0.21
O3/NO2_Cair2 [ Cairclip 3137 36.56 22.19 102.84 11.95 0.21

03 _AIM 1400 3278 58.19 2.00 146.40 23.59 0.41
CO_Vail AQT400 4195 0.20 0.08 0.57 0.07 0.00
CO _Vai2 AQT400 4192 0.17 0.01 0.60 0.08 0.00
CO_Cairl Cairclip 4087 1.63 0.94 5.03 0.64 0.01
CO_Cair2 Cairclip 4087 9.18 1.09 22.05 7.34 0.11
RM2-E-Nad AL-400 4306 1-66 8-10 28-00 100 8-02
PM2.5 Vai2 AQT400 4195 0.73 0.10 11.98 1.33 0.02

PM2.5 Plantl *| PMS7003 1807 25.78 0.00 119.02 21.62 0.51
Pz S—Pram2==—FMS7663 1667 2418 666 AT +9-56 o
PM2.5 AIM MP101M 4195 19.25 1.00 101.00 15.75 0.24

=i —AQT400——4154 6-96 6-16 49676 3439 6
PM10 Vai2 AQT400 7.76
PM10_Plantl * [ PMS7003 28.69

PIVISTO03 20.09
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Shrnuti: ,Malé senzory ANO, ale s obezretnosti
vuci kontrole a dalSimu zpracovani dat”

* Mimo priznanou snizenou presnost méreni senzory je zde vysoké
riziko ziskani zkreslenych informaci o CO (vliv meteorologickych
podminek, interference latek!)

e Kontrola dat je nezbytna!

» Verifikace na zakladni meteorologické faktory (TMP, RH) mtize
byt velmi efektivni

* Vliv sezonnosti na kvalitu méreni
« Zivotnost ¢idel! (zhruba 1rok)

Be aware of Rl
data quality! S=&
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Dik l
IKy za pozornost!




NO, Cairpol (pg/m3)

Cairclip NO2

testovaci obdobi konec 11/2017 — konec 09/2018

180 -
- NO2_1 o NO2_2
160 -
140 -
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100 - | y = 0.0407x2 - 2.1263x + 75.689
‘ R? =0.1058
80 1 8% LPPE :.
ey % i
60 | P
= - 2
y = 0.0404x° - 2.1192x + 73.877
R?=0.1047
40 - ® @eo
20 -
o T T T T T 1
0 10 20 30 40 50 60

NO, AIM (pg/md)
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03/NO2 CcO

AlR AlR
POL POL

AW OpAAITY ST WERSATUNE A SO ITY ACRETON |
PO49D OZ Technical Data Sheet 03-NO2 160812 POTSD OZ Technical Datasbeet CO 230113
Technical Data Sheet Caerllp 03-NO; Technical DataSheet CairClip CO (preliminary version)
{Sotustwnt prote o medific stiens) (dscumest prove fo madie atine)
Range 0-250 ppb (0 - 240 ppb analog) Range - 20 ppen (0 - 19 pymn asalog)
Lamit of desection ™ @ 20 ppb Lt of detectson = 3 0.05 ppm
Repeatability 2t zero 0. 0 +- 7 ppb Repeatabehity at zevo &2 +-0.05 ppm
Repeatabaliry at 40 % of cange © 9 " 15% Repeatabality at 80 * of range - ® +- 15 %
Lineanity 9 < 10% Laneanty &3 <10%
Uncertamty <32 Uncertamnty <25%40
Short termn 210 dnft @29 < Sppb24H Shoet term zevo daft 079 <02ppm/24H
Short term wpas deft 529 CINFSOVMH Short term span dnft 2 9 <1% PSS/ MH
Loug tegm zero daft 20 < 10 ppb] sonth Long term 2ec0 dafi 19 <04 ppm/ | month
Long term span deft O 20 < 2% FS W) mouth Long term span dnft 0.2 9 < 2% FS Y 1 moath
Ruse tune (T10-90) 0.0 <50 (180x of barge varsaton of RH) Rise tuwe (T10-99) -3 <00s
Fall e (T10.90) 0.8 “90s (180 of large varatos of RM) Fall ume (T10-50) & 9 <60
Cly: aroond 80% He < 60%
st e finn o Reduced sulpbus compounds_sepasive i Effict of imperfering species ¥ Long term high concestration levels (> CO) of
Temp effect on vty & “05%/C H:S, NOx, SOz or acid gases may miterfere the signal
Temperature effect on zer0 & +/- 50 ppb mEmem wder operating conditions [ Temperatwe effect oo sensitrvty & “1%/°C
Wxunmm exposure 50 ppen Temperatue effect on 2000 @ +/-1 ppm waxsmm usder operating coudmions
Asmusal exposure kit (1 hour average) 780 ppen Maxunum exposare 100 pypes
. - 20°C 0 40°C / 10 %0 90% RH non-condensing Annual exposure fimnst (1 bour average) 90000 ppen
Qpesating ot 1013 mbar +/- 200 mbas : & -20°C 30 50°C / 15 t0 90 % RH noo-comdemsing
2 dod sorage condil Tempersture: between 5°C and 20°C 1003 mbar +/- 200 mhuae
Aar relatrve bhumdsty: ~ 15% noo-condensang o o i i mesccﬂm
Powes supply ® 5 VDC/200mA (rechageabie by USB via PC MMML‘IS%M
or 100V-240V/5V 0 8A-1 DA with adapter) Power supply ® 5VDC /200 mA {sechargeable by USB va PC
USB, UART ar 100 V-240 V /4 V 0.8 A-1 0 A with adapter)
Comauuication intecfhce Amlog (UART & 4-20 mA / 0-5 V couverter) ¢ USB, UART
Dunensions Dumeter 32 me - Length: 62mm Analog (UART & 4-20 mA / 0-5 V converter)
Weaght 5sg Dimenssons Drameser 32 mun - Leagth 62 mun
Protechon P42 (sccoedimg IEC60529) Weight s5g
g 10 UL Std 81010-1 Protection P42 (sccotding IECE0529)
S = Cemfied 1o CSASM C222X° 610101 € Hecwical cuilenion @‘ 5 a&m&ggg‘:m“ ce
Pacameters Set up / Downloading RC-*O Parameters Set up / Downloading ] CaxSoft
NC <~ 2°C 7 M7 RE =~ 10% 1 301 = mwm "
,fm..;-:c -a-ﬂv-yw s = 10N J01Y mbr 'm z-u-m\g-nu-—rm Twber /5%
* I mccondance wak she Devect 2508 dhkw—hbﬂdihf-ﬂdflbx'u*-w‘odh-ﬁh am-n.n.mmmmbq-mumc-u(nmxu--u-m-:m-.pw
:?‘;:"‘_*"" ‘MMMW
campiere BIONTTe of ¥ device Gerean meved oD com aad 10 0 Amerraon of 1 perfemance .mmuguu.ammw
T T o e A S S I o e




