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Pollen

Textile fibers
Hair

Spores

Talcum powder
Bacteria
Combustion
Viruses

Molecules

€PM2s
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
90-70um < 2.5Um (microns) in diameter
(microns) in diameter
© PM1o

1075

Dust, pollen, mold, etc.
<10 um (microns) in diameter

102 107 1 10" 10°
Particle Size (jum)

90 um (microns) in diameter
FINE BEACH SAND



Knowing PM levels 1s important

primary 1 year annual mean, averaged over 3 years

@
\‘O’ PM2.5 secondary 1 year

Particle Pollution (PM)

annual mean, averaged over 3 years

primary and 24 hours O8th percentile, averaged over 3 years
secondary

PM10 primary and 5, e Not to be exceeded more than once per year on
secondary average over 3 years

https://www.epa.gov/criteria-air-pollutants/naags-table

Exposure Limit

OSHA Permissible Exposure Limit (PEL) - General Industry
See 29 CFR 1910.1000 Table Z-1 (PNOR) and 29 CFR 1910.1000 Table Z-3 (Inert or Nuisance Dust)

® U IT ") %
CSHA American Conference of Governmental Industrial Hygienists (ACGIH) Guideline
TWA (inhalable particles)

CAL/OSHA PELs 10 mg/m3
TWA

https:.//www.osha.gov/dts/chemicalsampling/data/CH_259640.html



https://www.epa.gov/pm-pollution/table-historical-particulate-matter-pm-national-ambient-air-quality-standards-naaqs
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.osha.gov/dts/chemicalsampling/data/CH_259640.html
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9992&p_text_version=FALSE
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9994
http://www.dir.ca.gov/title8/5155table_ac1.html

AQI— Air Quality Index

There are also values for
PM 16, O3, CO SChNamEnNEs

AQI Score Category  PMasValue ug-m-3

51-100 Moderate 2.1 - 354 This is based on a 24hr
average. It conditions are

changing 3hr averages
are allowed

|51-200 Unhealthy 555- 1504
201-300 Very Unhealthy 150.5 - 2504 here will be lags and steps

>30]| Hazardous > 7505 N the reported values

<EPA
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Instruments / Devices Span a Spectrum of Costs and Uses

Research IH - ~$/k Consumer <$300

Sensor ~$25




OPTICAL SENSING USING MIE-SCAT TERING

Used by all of the current

consumer devices, and most of
the research instruments

® Scattered light from 8 P
particles Va2
ST
0 Rt °
® v eyl
lllumination 0y
laser a2
- ”..'.1.1 2 . %‘ . ’
| N ’ ‘t‘ N\

I'f o\l

! e O T AR T

The response Is a function of the mass, density, particle
size, and optical properties. Source specific calibrations!

Fig. 1. Schematic diagram of a conventional optical particle spectrometer.
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| ets look at some wildfire data
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The smoke from the Camp fire outside Paradise, CA impacted
~ | 3 million people for almost two weeks starting 3-Nov 2018
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TEOM PMa 5 (ug-m™)

| 2.4+0.394*x R20.952
4 1.7+40.417*x R20.942
1 0.07+0.398*x R20.955
' 3.5+0.394*x R20.958
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Reported PMo 5 (ug-m'3)

TEOM PMy.5 (ug-m™)

0.065+0.469*x R20.907 ;
-5.1+0.553*x RZ0.941 = -
~3.3+0.494*x R20.945

~0.39+0.479*x R20.869
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~0.16+0.862*x R20.977
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TEOM PMy.5 (ug-m™)

~4.9+0.699*x RZ20.954
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Well correlated, with a few Issues
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What did we learn about the response to wildfire smoke

All of the optical devices (low-cost and research grade) over report on wildfire smoke

Over reporting by a factor of two Is common




Know your data

[t 1s usually wrong, but It Is often correctable

Holder, A. L., Mebust, A. K, Maghran, L. A,, McGown, M. R,, Stewart, K. k., Vallano, D. M., et al. (2020). Field Evaluation of Low-Cost
Particulate Matter Sensors for Measuring Wildfire Smoke. Sensors, 20( 1 /), 4/96—17. http://dol.org/10.3390/s201 /4796

Delp, W. WV, & Singer, B. C. (2020). Wildfire Smoke Adjustment Factors for Low-Cost and Professional PM2.5 Monitors with Optical
Sensors. Sensors, 20(13), 36832 1. http://dol.org/10.3390/s201 33683

ﬂ SeNnsors MbPy ﬁ Sensors MoPY
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http://doi.org/10.3390/s20174796
http://doi.org/10.3390/s20133683

2015 No cool consumer devices

ARB project looking at
ventilation In new construction.
Specifically near roadway.

$300K |
by 3 P

A

Bic

N Instruments managea

IN an unoccupled

NOESE

Metric was I/O Indoor /
Qutdoor ratio

Key aspect we used the same
instrument for in / out

measurements




-xample data showing
mediocre performance

System-Ref. 0.3um - 0.4um
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. . . . . . .
®)
ke,
k=
1 | | | | | | ~50% reduction In the
: | ' | - Outside: Solid lines : - -
105_: ............ .......... * ...... / ............ ,,,,,,,,,,,, S ...... 0.3_0.4 Um Slze le]
" 1 | | | | | | (sood surrogate for
n - .
ko - the wildfire smoke)
O A
g ;
10% = S
E | -4\ Inside: Dashed lines

3 4 5 6 / 3 9

<
A
rrrrrrr ""|

BERKELEY LAB



-xample data showing
mixed performance
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Only provided filtration when
the unit was on with the ‘stat

9549 reduction when
the AC was running,
otherwise less than 50%




What can a sophisticated consumer do?




Don't panic!




T you monitor inside compare it to the best of your ability to a like instrument outdoors

T miles away from the fire, concent
nd smooth In the grea
the EPA AirlNow sight provides useful information.

consistent a

Iry to use ‘corrected’ data when possible.

rations are pretty
‘er Bay area, and

e

https://Tire.alrnow.gov/

[deally take the same Instrument outside. VWe want to

find o

\/

t the correction factor-

‘or the cu

<ely to be reading high

rrent fire. (It 1s

oy the fac

or of 2)



https://fire.airnow.gov/

T It 1s bad outside shut your doors and windows
This will likely yield ~50% reduction in values

T you have a forced air system, turn the fan to ‘ON’ (rather than 'AUTO’)

This further reduces the values, the actual amount depends on the size
of the system and the quality of the filter

: . AlHAM
Use a good portable room air cleaner that is large enough for the space ERIFIDE Continecrines™

CADR - Clean Air Delivery Rate https://ahamverifide.org

DIY filter / fans can help



https://ahamverifide.org

A

4 -
v/ AREN
.4.»

i Mlﬁﬁmm
X¢.ﬁﬁ,--l
| I
i
‘m-uuuu

||

d 01

1L

RRRRAT T ARAARRNUARDEAE

RRNNN || ~uannnnnnnney
TTORRRRRK T T
CCCMMRRANK (T
T VAR T T
LT TSMRRRAN T AR
TITTI T RRRLTT AN RED

e
gHRRRRRRRmRnEEnnif 2 ARET
EERHNRRERRRO 1
SHSERENT TYRNNAR

\
o mmnlnlsmmin | [ I

QNN | |

3-speed fan, high 2,500 cfm

mpmmge [

&
-
A

h hi f

5
}
=t 2

S RRETT

m iR
mwam,

| [ [

| ]
1111 ANENEN

bl |
QRRRRRRY YT
ijgfriLEm@%I .th
SO || [] ] MUNNHRHERREEYD

ﬁnﬁ

[
|
I
il

WL | | | L UNHN NN
Joddd3RALLLLILLLLLLLLLL

,_wwﬁ I

L |

ﬁ
COCCCCCC

A

T
fmmuu\\\

3-speed fan, high 2,163 cfm

medium |,900 cfm

low | 463 cfm

<=
-
-
-
A =
-
-
D -

[2a]
<<
-
>
(1]
=
Ll
X
oc
Ll
m






(cfm)

| 32

CADR*

Flow (cfm)

Spa

n 65%

205

High

l,i|_|: i | 11 ﬂ
1T
Snana gLl

__.
TITTITY

.I.JJI!I.: .IJ.“,
M_.«.. -
L
LL..:.HLI.TLI. ...r.LL.Li—.VW

"').d.'l.

i

1
] |
- 4 4

+ ﬁh_[.-

/9

|22

Med

m
y
=
=
-

Elite Allergen Air Filter

54

33

L ow

« Fiters Dawn 10 the Microparticle Lewed

LR R e )

= Cutiasts Olber Fiters n ifs Class®

Urrxbak Bape

St ok

. lhat)‘-[llﬁy Frame & Renfoeced Filker

Pasnbid ke wlen
b o

. e e

L 2] bonits ‘w P
- 2 wamed k
et [ 028w ———
b | T ———
-

A
In

-
-
-
A«
-
-
-

o
<t
-
>
(1M
—
T}
X
oc
T}
o




Power

CADR

/7

.
m 0,
RogE=
5 O
O o
ny C
-— 5
L C
C
AHHV C
l_L

BF7 B
: S0

4"
J

N

~ [ 00W

1Y Wi Fmian
T @)

|

|

20T

akwbﬁ_yb

f

‘ ,__,..\;ﬂ,;,__
L

=N
> . )F
8 A .

A

Lhi
P

\

(VA

(L

v

A
BERKELEY LAB

-
-
-
-
-
-
-




Summary

Most low cost monitors are likely to over report wildfire smoke by a factor of 2.

ndoor outdoor measurements should use the same instrument, or at
east be correcteqd

Indoors will only be half as bad as outside, and It Is fairly easy to get to a
90+% improvement.
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PMzs (ug-m™)

Very easy to blow past these numbers with Indoor sources

600

500

AQl
Hazardous 301 - 500
Very Unhealthy 201 - 300

Unhealthy 151 - 200
Unhealthy Sens. 101 - 150

Moderate 51 - 100

Good 0-50

11:00
Feb 20 - 2019
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