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Challenge: Real-world particle size distributions —
‘accumulation mode’ d, ~ 0.2-0.3 ym

Ambient Background (NYC) :
=3 Alphasense OPC (LOD:d, > 0.38 um) ;
= Dylos OPC (LOD: d, > 0.5 um) 5
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Ambient data from Canagaratna et al., 2004



Challenge: Real-world particle size distributions —
‘accumulation mode’ d,, ~ 0.2 -0.3 um
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Challenge: Real-world particle size distributions —
‘accumulation mode’ d,, ~ 0.2 -0.3 um
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IONS —

Real-world particle size distribut
<0.2um

’accumulationmode’dp

Challenge
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Real-world particle size distributi

Challenge

~0.2-0.3 um

‘accumulation mode’ dp

e LA T

mi

(ideal) OPC size-detection |

t target

.
-
.

-

-

_—
G
e

At 1.0 Lt 0 00 0 A 10 L0 Ak T8 T A0 1t L A 1t A okt Ak ot LR N it A

;
<
o

<@
e
-

=

-
-

.
.

.

-
o
e
e
e
i

L

L

S
&

=)
-
-
-
-

-
e
.

= >
. >

-
|

L
b
s

-

2\

-

)
2\

)
-

.
.
**.*
5

-
-
-
.

-
-

.
.

-

.
-
-
-
.

<
<
-

o
o
-
o

-
o

-

)
)
.

-
.
.
.
-
s

.
o
o

-
G

-
)
-
-
-

-
-
-
-
-
-
.

.

-

. -

.
.

-
.

.

-
-

-

L
-
-

-
-
-
-
-

-
- ha
i .
A

"

-
-

L

-
.
L
.
.
-

-

- f
.

L
ey
L

e
e e

&<

i
=

=

-

-
.

@*@g*.
=
-

-

s
. S
-
-
-
-
-
-

i
-

dgboip/np

o

-

-
-

-

.
-

.

-

-
-

.

-

i

E
&

-

.
.
L

.
-
-
.
=

.
e

S

.
L
S
L
e

]
L
B
A
e
e

20

_
To)
—

_ _
o To)

Lo
)
L~

- ©

T

0.1
Particle Diameter (um)

t particulate matter changes the fraction of

en

in the SIZ€ distribution of amb

Variability

suspended PM detected by the low-cost OPC



Real world PM size distributions change over time. This is a fact.

mae = 51.6 pg/m3 PMo.ss/PM1
400 I’2=0.604
olo'_' 0.7
5
= 300 - 0.6
= 05
oy 2004
< 0.4
O
[l
O 100- -0.3
O I I 1 1
0 100 200 300 400

Reference PM, [pgm_3]

* Figure thanks to David Hagan — Check out his poster later this afternoon.



Real world PM size distributions change over time. This is a fact.

East St. Louis, lllinois/USA - CY2002
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5-minute average volume median diameter, pm

» Figure thanks to Jay Turner



PM Laboratory Characterization v. 1.0 T Control output

cPmMA 1 Contr i
R — . SMPS per particle | part'((:]lce)mass i
! Vary i mass-selection Lo————t S ;
! Concentration :
Lvia Sheath Flow i
""""""" Single mass
Monodisperse (d,,)
distribution
— CPMA By-pass line (d > ~ 750 nm)
3
Polydisperse
distribution

OPC-N2 (x2)
Sampling Enclosure

Drier

Vary Particle

1
1
i Type: PSL,
|

NaNO3 Condensation Particle
it | Counter (MCPC) Condensation Particle

Atomizer Counter (3776)




OPC-N2 unit-to-unit comparison (NUMBER CONC)

OPC_HZ2_N (p/cc)

400 -+

300 -+

200 -+

OPC-N2 unit exhibit similar
response/detection.

Integrated N based on integration of
my own dN/dLogd matrix combining
raw counts and real-time flow rate
metrics

CurveFit/M=2/W=0 line, OPC_H2_N_Vavg10/X=0PC_H1_N_Vavg10/D
fit _OPC_H2_N_Vavg10= W_coef[0]+W_coef[1]*x
W_coef={2.3546,0.99379}

V_chisg= 52374.2;V_npnts= 2804;V_numNaNs= 1;V_numINFs= 0;
V_startRow= 0;V_endRow= 2804;V_qg= 1;V_Rab=-0.575026;
V_Pr=0.99611;V_r2= 0.992235;
W_sigma={0.0998,0.00166}
Coefficient values * one standard deviation

a =2.3546 + 0.0998

b =0.99379 + 0.00166

1
100

1 1
200 300 400

OPC_H1_N (p/cc)




Size dependent collection efficiency (N-based) of OPC-N2

N-based CE (OPC-N2/MCPC)

2.0 H

1.5 =

(DMA-Selected (no CPMA)
NaNO3 dp > 740 nm

@ (H2)
@ (H1)

OPC-N2 (H2) SN: 176600605
OPC-N2 (H1) SN: 176451110

DMA-CPMA selected NaNO3 (dp < 740 nm)
-0

_________________________________

PSLs (460,596,800,1600 nm)

DMA-Selected (all)

also CPMA-selected (460, 596)
o

=3

5 6 7 8 9 2
1000
particle diameter (nm)

(for non-CPMA points; straight mobility diameter)
(for DMA-CPMA pnts : Calc. diameter from particle mass, density, sphere)

Number-based size detection efficiency
of the two OPC-N2 units is LOD, ~ 550
nm

* 460 nm PSL: 12%; 19% CE

* 596 nm PSL: 85% CE




PM Laboratory Characterization v. 2.0

Aerodynamic
Aerosol Classifier

distribution

1Monodisperse (d,)

Aerodynamic
diameter

) Mixing
Polydisperse Plenum
distribution

Drier Condensation Particle
Counter (MCPQ)
Particles Plus
@ Monitors

e GRIMM

| Vary Particle i /

| Type: PSL, :

i Ammonium : OPC-N3 / OPC-N2
Atomizer ! Sulfate I

[ Sampling Enclosure




“Truth isn't true”

GRIMM (p/cc)

600 nm Slope 0.89

200

150 —

100 —

50

2000 nm Slope 0.43

Need to understand the GRIMM-to-
CPC ratio for 2 um PSLs. It is not

PSL (nm) clear why the GRIMM is apparently
240 nm undercounting at this size.

330 nm
500 nm
600 nm
700 nm
800 nm
1600 nm
2000 nm

00000000

Suspect that 330 nm detection issues with

GRIMM are due to minimum size detection

limit. If operating at SPEC, GRIMM should
measure 100% of these particles.

400
MCPC (p/cc)

(LLD (XTI
- 1

600 800



O PC - N 2 / O PC - N 3 VS G Rl M M Residence time of the sample volume for the OPC-
N2/N3 enclosure needs to be more closely

examined..

. . PSL (nm)
. 0 240
- 20 - O 330
0 @ @ 500
O () ® @ 600
O 0 700
O ‘ O 800
oY @ O 1600
15 O © 2000
3 3 O O
=t =t .
g 2 ® o
PSL (nm) ‘
© 240
O 330 o
@ 500
@ 600
o 700
O 800
O 1600
© 2000
I I I I I
0 50 100 150 200 0 50 100 150 200

GRIMM (p/cc) GRIMM (p/cc)



OPC-N2 / OPC-N3 vs CPC

NOTE: That the OPC-N3 does start to detect
some of the 330 nm PSLs

@® [Fsiim PSL (nm)
0 240 O 240
8 — O 330 O 330
@ 500 @ 500
O © 600 © 600
o 700 o 700
O 800 O 800
6 — O 1600 O 1600
O 2000 O 2000
%) Q )
Lo RS
o S’
Y 4- 2
2 — 5 —
1 the 330 nm PSLs
I/
' (A
a3 3
19000 (¢ ap @ amp 0 O G awn
| | | L | | |

200 400 600 800 200 400 600 800
MCPC (p/cc) MCPC (p/cc)



Particles Plus 2404 vs Particles Plus 2442

(p/cc)

SN2404

300 —

200 —

100 —

o

SL (nm)

00000000

|
200
SN2442 (p/cc)

300

CurveFit/M=2/W=0 line,
SN2404_intN_Vavg30[17559,17595]/X=SN2442_intN_Vavg30[17559,17595]/D

Curve fit with data subrange:
SN2404_intN_Vavg30[17559,17595]
fit_SN2404_intN_Vavg30= W_coef[0]+W_coef[1]*x
W_coef={1.3403,1.0197}
V_chisq= 1795.16;V_npnts= 37;V_numNaNs= 0;V_numINFs= 0;
V_startRow= 17559;V_endRow= 17595;V_g= 1;V_Rab= -0.860209;
V_Pr=0.99808;V_r2= 0.996164;
W_sigma={2.31,0.0107}
Coefficient values + one standard deviation
a =1.3403 + 2.31
b =1.0197 + 0.0107



Particles Plus vs GRIMM

NOTE: We know that GRIMM is systematically

undercounting 330 nm particles (see slide 15)

SN2404 (p/cc)

PSL (nm) PSL (nm)
@ 0 240 350 = 0 240
O 330 O 330
@ 500 @ 500
300 — © 600 300 — @ 600
@ o 700 o 700
O 800 O 800
O 1600 250 — O 1600
O 2000 — O 2000
8
200 c% 200
© 3
O . O % 150
100 — ® 100 -
50 —
0 - 0 -
| | | | |
0 50 100 150 200 0 50 100 150 200

GRIMM (p/cc) GRIMM (p/cc)



Particles Plus vs CPC

» Slope ~ 0.84-0.85 @ 330 nm PSL

» Slope ~0.4 @ 2000 nm PSL (relative to CPC counts); GRIMM-to-CPC also ~0.4

PSL (nm) PSL (nm)
0 240 350 — 0 240
O 330 O 330
@ 500 @ 500
@ 600 - @ 600
300 = Q) o 700 300 @ o 700
0 800 0 800
O 1600 O 1600
O 2000 250 — O 2000
) )
o o
o o
< 200 £ 200
< (q\}
® ©
Z zZ -
& 5 150
100 — 100 —
. 50 —

C 0 O D 0 O © qToD D

400 600 800 400 600 800
MCPC (p/cc) MCPC (p/cc)




Ask yourself:

« Do | trust the stated minimum size detection limit of my low-cost OPCs?

« Does my OPC measure single particle scattering events (counting and binning them one by one) or
total scattering of the all the sampled particles at once? (if the later, can I really trust the ‘counting’ and
‘binning’ data... or is all that just ‘make believe’)

* How does variability in RH effect my measurement? s this effect bigger than the effect of temperature,
chemistry (refractive index), morphology, or density?

* How many particles (per cm3) can my device measure before coincidence becomes an issue?

» How does the size-mode of my actual ambient PM2.5 distribution change over time and what does
that mean for the fraction of PM2.5 (or PM1) that is reported by my device?
- If/when my device encounters a wildfire plume, will that lead to over (or under) counting of the PM?
- If I use my device near a roadway, what PM signal is the device actually seeing? Does that signal
reveal pollutant variability due to combustion source emissions or am | simply measuring re-
suspended road dust with my device.



Extra: Helping the general public build up their ‘Air Intuition’

D Air Intuition [1] AAAR «+ X B Google Calendar - Septe X (M 09/04/2018 - ebens.cros X

C' | @& Secure | https://www.youtube.com/watch?v=y27eQKaToHg

3 YouTube Search

Sharing is caring

Air Intuition [1] AAAR/IAC 2018

OOOOOOOO

1 out of every 8 deaths
on planet Earth is due to

Air Pollution

o 9o

ANALYTICS EDIT VIDEO

https:.//www.youtube.com/watch?v=y27eQKaToHg

Funding: AAAR Strategic Funds



