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An example source of absorbing particles that was chosen 
not to embarrass anyone.



A BACK-OF-THE-ENVELOPE INTRO TO ABSORPTION BY SMALL PARTICLES

We quantify a particle’s absorption strength by the area 𝝈𝝈𝒂𝒂𝒂𝒂 𝒎𝒎𝟐𝟐 of its 
effective “shadow”                                  ,  the absorption cross section.

Approximation: 𝜎𝜎𝑎𝑎𝑎𝑎 ∝ 𝑚𝑚𝑎𝑎 for small enough particles.  The ratio
𝝈𝝈𝒂𝒂𝒂𝒂
𝒎𝒎𝒂𝒂

𝒎𝒎𝟐𝟐

𝒈𝒈
for a given particle type is called its mass absorption cross section (MAC).

Light fraction absorbed by thin aerosol layer:                                                         
𝐼𝐼𝑥𝑥−𝐼𝐼𝑥𝑥+∆𝑥𝑥

𝐼𝐼𝑥𝑥
~ 𝑃𝑃𝑃𝑃 𝑔𝑔

𝑚𝑚3 × 𝑃𝑃𝑀𝑀𝑀𝑀 𝑚𝑚2

𝑔𝑔
≡ 𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂 𝒎𝒎−𝟏𝟏 .

Light fraction transmitted by aerosol column of length 𝑥𝑥 𝑚𝑚 :                                   
𝑰𝑰
𝑰𝑰𝟎𝟎

= 𝒆𝒆−𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂𝒙𝒙.   

∆𝑥𝑥
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The non-destructive nature of optical analyses allows us to pull out and 
reanalyze archived samples to verify that our calibration has remained 
consistent through the years.
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Filter sampling concentrates three dimensions into two: 

Mass of filter deposit = areal filter loading × 𝑀𝑀𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

Mass of sampled particles = air concentration 𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑚𝑚𝑎𝑎𝑚𝑚𝑚𝑚
𝑎𝑎𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣𝑓𝑓𝑣𝑣𝑚𝑚𝑓𝑓

× 𝑉𝑉𝑎𝑎𝑓𝑓𝑓𝑓.

Sampling assumption:  collected mass = sampled ambient mass, so                                  
air concentration = �𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑉𝑉𝑎𝑎𝑓𝑓𝑓𝑓
𝐴𝐴 filter loading

Optical assumption/Approximation:  the filter deposit has the same 
transmittance as the sampled air column,                                            
𝑰𝑰
𝑰𝑰𝟎𝟎

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑚𝑚𝑚𝑚 = 𝒆𝒆−𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂𝒙𝒙.

We can now solve for 𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂~ 𝑨𝑨
𝑽𝑽
𝒍𝒍𝒍𝒍 𝑰𝑰𝟎𝟎

𝑰𝑰
.  

𝑥𝑥 = �𝑉𝑉𝑎𝑎𝑓𝑓𝑓𝑓
𝑀𝑀𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑀𝑀 𝑓𝑓
𝑓𝑓𝑓𝑓
𝑓𝑓𝑓𝑓
𝑓𝑓

𝑉𝑉𝑎𝑎𝑓𝑓𝑓𝑓



It is conventional to express the dimensional quantities in mixed units:  

air volume in 𝑚𝑚3, 

filter area in c𝑚𝑚2, and 

𝑏𝑏𝑎𝑎𝑎𝑎𝑚𝑚 in inverse megameters, 𝑃𝑃𝑚𝑚−1 = 106𝑚𝑚 −1.  

In these mixed units we have 𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂~ 𝑨𝑨
𝑽𝑽
𝟏𝟏𝟎𝟎𝟎𝟎𝒍𝒍𝒍𝒍 𝑰𝑰𝟎𝟎

𝑰𝑰
.  

The OT21 SootScan reports light absorption in “ATN units”, as 𝟏𝟏𝟎𝟎𝟎𝟎𝒍𝒍𝒍𝒍 𝑰𝑰𝟎𝟎
𝑰𝑰

. 



OT21 HIPS

CSN IMPROVE



raw blanks
(47 mm PTFE)

blank-corrected 
reading

CSN blanks



38 routine 
network field 

blanks             
from 

IMPROVE, 
3/2016

(25 mm PTFE)



IMPROVE samples, March 2016 (n = 1632)



22 independent analyses of 5 IMPROVE 
samples from Yosemite, 9/2015

9/8/2015



22 independent analyses of 5 IMPROVE filters



Ångström

𝑀𝑀𝐴𝐴𝐴𝐴 𝑈𝑈𝑉𝑉
𝑀𝑀𝐴𝐴𝐴𝐴 𝐼𝐼𝐼𝐼

=
370
880

−𝛼𝛼



How much transmittance should we expect to 
see with the SootScan?  We found that  
𝑏𝑏𝑎𝑎𝑎𝑎𝑚𝑚~ 𝐴𝐴

𝑉𝑉
𝑀𝑀𝐴𝐴𝐴𝐴, so 𝑨𝑨𝑨𝑨𝑨𝑨~ 𝑽𝑽

𝑨𝑨
𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂.

The median network concentration reported 
by CSN in 2012 was 𝐄𝐄𝐄𝐄 ~ 𝟎𝟎.𝟓𝟓 𝝁𝝁𝒈𝒈/𝒎𝒎𝟑𝟑. 

At the OT21-recommended  𝑃𝑃𝑀𝑀𝑀𝑀 = 17 ⁄𝑚𝑚2 𝑔𝑔, 
this would yield 𝒃𝒃𝒂𝒂𝒃𝒃𝒂𝒂 =
= 𝑃𝑃𝑀𝑀𝑀𝑀 × 𝐸𝐸𝑀𝑀 ~ 8.5 × 10−6𝑚𝑚−1

= 𝟖𝟖.𝟓𝟓𝑴𝑴𝒎𝒎−𝟏𝟏.

For a  47mm PTFE filter and the MetOne
speciation sampler, we have nominal values 
of  𝑽𝑽𝒂𝒂𝒂𝒂𝒂𝒂 = 𝟗𝟗.𝟔𝟔𝟓𝟓𝒎𝒎𝟑𝟑

and  𝑨𝑨𝒇𝒇𝒂𝒂𝒍𝒍𝒇𝒇𝒆𝒆𝒂𝒂 = 𝟏𝟏𝟏𝟏.𝟑𝟑 𝒄𝒄𝒎𝒎𝟐𝟐.

With all the previous caveats, we would then 
expect a reading of  𝑨𝑨𝑨𝑨𝑨𝑨~ 9.65

11.3
× 8.5 ~ 𝟕𝟕.𝟑𝟑. 

CSN, 2012



16 independent analyses of 6 CSN samples



IMPROVE samples, March 2016 (n = 1632)



IMPROVE, March 2016 (n = 1632)



IMPROVE samples, 
March 2016
(n = 1632)
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