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Background
Part 1: Urban EC trends

* EPA’s CSN, 2002-mid 2010

* CSN inter-comparisons
— IMPROVE TOR 3000N EC v. NIOSH TOT MetOne EC
— SEARCH vs CSN (Birmingham)

* Longer-term trends
— Washington DC (1990-2009)
— BC from Boston and S.F.

Part 2: Urban OC Trends
e CSN OC vs SANDWICHed OCMmb, 2002-mid 2010
e TCvsTC & OC:ECratios




Background

CSN Carbon Measurements (~200 urban sites)
e Until 2007 -- NIOSH-like TOT protocol,

— mostly using MetOne sampler

e Starting May 2007, Switched to IMPROVE TOR protocol with URG 3000N
Carbon Measurements Are Also Affected by Sampler & Filter Face Velocity

MetOne - 6.7 Lpm, 47 mm quartz
* FRM -16.7 Lpm, 47mm Teflon

e URG 3000N - 22.8 Lpm, 25mm quartz (highest FV)
— ~12x MetOne,
— ~3x PCM3,
— ~1.3x FRM (w. McDade et al [2009] filter screen adjustment)

e SEARCH PCM3 (w IMPROVE TOA) - 16.7 Lom , 37mm quartz and denuder



“Conventional” Thinking

* ECTOR>ECTOT
* IMPROVE TOR EC > NIOSH TOT EC

 OCis primarily affected by positive sampling
artifact

* EC does not have sampling artifacts

Some modifications may be needed for CSN !



CSN EC Trends, 2002-mid 2
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EC Concentration,

| All CSN sites with NIOSH-like protocol

Distribution of monthly mean EC amon
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(Individual sites may not display strong seasonality)

53 sites switched in 2007
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53 sites which switched in May 2007
* IMPROVE protocol
* URG 3000N (IMPROVE like sampler)
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FC Concentration,

|TO REMOVE CHANGING SITES and Completeness:
1* 18 Selected Sites with >50 measurements per year, 2002-2009

1Is there a discontinuity in 2007 ?
| Did the trend change direction because of the monitoring change?
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18 sites 3000N IMPROVE (site specific trends)

EiZ Concentration, ug/m:3

EiZ Concentration, ug/m:3
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56 MetOne sites w. NIOSH
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TO REMOVE CHANGING SITES and Completeness:
* 54 Selected Sites which did not switch
...with >50 measurements per year, 2002-2009
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DISCONTINUITY IN 2007




Step 1
2 Month Collocation (May-June 2007)

* 3000N = 14% higher than CSN MetOne NIOSH
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Several outliers in Birmingham

Z Obs SITE date EC_3000N NIOSH_EC

=

= 1 010730023 MAY07 57 2.8

1] 2 010730023 MAY07 3.8 1.6
3 010730023 MAYO7 2.6 1.2
4 010730023 JUNO7 2.1 13
p 12,

CSN NIOSH-Tike E0. ug/m3

egression [qguol ion:
L INGOH = FI + 1. 13R1F3+HIGSH FC
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Step 2

12-month Carbon Inter-Comparison of 11 CSN sites
NIOSH OC/EC w. MetOne sampler

vs. IMPROVE OC/EC w. URG 3000N sampler

Bronx and Queens, NY;
Atlanta GA,

- Birmingham AL,
<> <%Q> Detroit MI;
Cleveland OH;
f‘% Chicago IL,

Denver CO,
LA (Rubidoux) CA;
Sacramento CA *

Seattle WA *

* woodsmoke sites
15



3000N to MetOne EC Ratio

TOR:TOT Ratio

May 1009-April 2010, (not presented chronologically)
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Monthly Distribution of EC:EC ratio between two EPA methods (IMPROVE TOR: NIOSH-like TOT), 16
from 897 collocated measurements among 11 urban CSN locations. (Average Concentrations and Ratios)



Many Sites show 3000N EC > MetOne EC Summer only Pattern

Seattle
Sacramento

Detroit

il

.| Chicago

Monthly Averages: NIOSH (TOT), ug/m3 3000N(TOR), ug/m3
EC Ratio Distribution: (TOR/TOT)

| Queens
Atlanta




w_ec_3000N

EC 3000N

g 4

| 24-hr EC measurements (897, May 2009-April 2010)

Cool Months - Oct-Mar

Warm Months - Apr-Sep

CSN NIOSH EC is low in part
due to low warm season EC values
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w_ec_3000M

£ -
| 24-hr EC measurements (897, May 2009-April 2010)
-
3
g [ERy A Without NIOSH EC< 0.05 ug/m3
£ TOR=0.81 * TOT (Oct-Mar)
- - TOR=1.14 * TOT (Apr-Sep)
| oo
| =
0 g e S e e e e
0 1 2 3 4 5 B
MIOSH EC
PLOT *—0-8  _ec_3000N 558 5 _ec 3000N

Regression Equation:
w_ec_J000N = 0 +0.58158246"NIDSH_EC
S ec 3000 = 0+ 1. 146079 MIOSH EC
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we_ec_ 3000k

“'1 MONTHLY AVERAGE EC (May 2009-April 2010)
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we_ec_ 3000k

“"1 MONTHLY AVERAGE EC (May 2009-April 201
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EC Inter-Comparison, by Month (11 CSN sites, May 2009-Apr 2010)

Mar




IMPROVE TOR EC (3000N), ug/m3
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112-MONTH AVERAGES (all obs)
: \‘>(\
| Generally, 12 month averages are the same! A
1CSN IMPROVE TOR~~CSN NIOSH TOT
1 (3000N) (MetOne)
K
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Birmingham

3000N IMPROVE is too low?

or MetOne NIOSH too high?

oo 02 04 06 08 10 12 14 16 18 20
NIOSH-type TOT EC (MetOne), ug/m3
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What can we learn from comparison to SEARCH’s EC
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SEARCH EC in Birmingham confirm EC decrease
but relative CSN to SEARCH concentrations have changed

‘ . May 2007-mid 2009
o Adding 3000N EC

| SEARCH EC > CSN NIOSH before "07

: - n- SEARCH EC ~= CSN 3000N ‘07-'08
g ) u : Lower in 2009! : .
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New 2009 agreement suggests NIOSH EC is too high New disagreement suggests 3000N is too low
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2009 EC in Birmingham
* 3000N TOR is consistently lower than CSN NIOSH TOT

mmmmm

mmmmm

4

4

Aug 09

S
f\\\

4

4




National CSN EC trend

Tentatively “HARMONIZED” to account for

network change
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ug/mi

EC Concentration,

EC 3000N is adjusted to be NIOSH-like

Using simple 2009-2010 relationship:

(i.e. 20 % higher in the summer, 10-20% lower in the winter)

R ceennanint -:,‘_ 1
i
1 []
B L L L L L R L L
001 007% 7003 7004 005 00E 007 Z0D0E 000 01D 0
FLOT dvpg_EC Avpg_EC Awvpg _EC Avg_EC

28



ug/mi
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EC Concentration,

EC NIOSH is adjusted to be 3000N-like

Using simple 2009-2010 relationship:
(i.e. 20 % lower in the summer, 10-20% higher in the winter)

_,

001 ;0072 0013 004 Z005 f00E onv Z0DE 005 010
FLOT pvg_-ec3

ovg-BCJ ovgQ_-BC3 ovg_ecl

01

29



Urban EC & BC before 2002

What can we say about longer-term urban EC trends




EC Concentration, ug/m3

" EC in Washington DC [IMPROVE Network]

Sept 2000 change
in sampling frequency
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Fabs x 10-3

EC Concentration, ug/m3

.Fabs also shows the 1990’s decline

but is:more S|m|Iar between Wed and Sat
(Sat filter absorption is different?)

BOth Fabs are relatlvely flat since 2002
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Harvard BC, ug/m3

2.0 1

Harvard Monthly Avg. BC, ug/m3

Aethalometer BC

Boston, 2000-2010
'."'.-- R .-'- L . .
- a . . .- .
Wl LI
-..-:- . -. -
" "' e
' LI Y
PN ‘l.‘ -
L aget
= iy : '|.' j:h:‘. !
08 PO
JLE d 5 . T -_.‘-'. :.'.:- o[
ARG IAROD JLAROT JARO? | IAROT JOIAROL O JAROS  JLAROR |IAROT O JAROR  JLAROS  JARAD AR
1.5 1
v
1.0 1

BC via COHs

4 =
- San Francisco (1965-2005)/ -
D prte———>]
| A ped ]
" Pk
2+ ) BC

San Francisco Bay Area BC (mg m™)

1975 1985

70

- 60

50

1 40
1 30

4 20

-k
o=

0.5

0.0 4

1999

BC was estimated using Coefficient of
Haze measurements which are shown
to be highly correlated with optical BC
Source: Kirchstetter et al., 2008.

Boston, monthly avgs

High BC occurs
in the Summer/Fall

Relatively flat since 2004
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: OC trends




o 18 Selected Sites with >50 measurements per year, 2002-2009
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Note the differential concentration distribution and possible trend discontinuity

* Using nominal blank adjustments
* 1-1.5 ug/m3 for CSN NIOSH with MetOne

* 0.4 ug/m3 for CSN 3000N
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QOC Concentration, ug/m3

Overlay 18 sites with SANDWICHed OCMmb

OCMmb = FRM PM2.5 - 2 {EC + est. non C mass}

incl water and nitrate loss.

*OCMmb= k*(OC), blank adjusted
e Larger differential is consistent
with the need for method specific “k”

entration, ugfm3

OCMmb Conc

OCMmb vs,OC -

OCMmMetone = 0.3 +1.3* (OC’)
OCMso00oN =0.6 + 1.7* (OC’)
| |
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
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OCMmb Concentration, ug/m3



Birmingham
OC and OCMmb, monthly avgs.
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OCMmb= a+ k*(0C’) OC’ includes nominal blank corrections of 1 and 0.4 ug/m3 Y

OCMmb Concentration, ug/m3



QC Concentration, ug/m3
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OCMmb Concentration, ug/m3



D2 Concentration, ugima3

151

121

56 Selected Sites with >50 measurements per year, 2002-2009
(did not switch to 3000N in 2007)

OC_NIOSH (56 sites)
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QC Concentration, ug/m3
(ny]

OCMmetone= 1.9(0C’-0.8) 15

Monthly Averages
o ] Where OC’ =measured OC-1

g : . | Higher k with larger blank corr of 1.8

é q 1..- C e F s . é’“ U ]

f . Not a good fit for ; 12
S »z high concentrations

£ Y o - 2

®:. . OCM= 0.6+ 1.2(0C’)
- 0.6 may represent non OC mass
wo 1.2 is low due to high OC’

o 3 & a 12 15
OC Cencentration, ug/m3 OChmb Concentration, ug/m3
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Birmingham,
Shows Declines in EC and OC (SEARCH and CSN 3000N)

Lol }

EC veone ' 3000NECis | “1- OC  3000N ' 3000N OC is
Re-establisheq ! lower than 1. (with 0.4ug/m3 - | lower than
. ; ; SEARCH after blank correction) i SEARCH after
. . May 2009 1 i . May 2009
July07-Jun8 | . agrees with :

SEARCH

=88 EC_S000N E===8 search_EC st NIOSH_EC

Randy Dillard (Jeff Co. AL) is checking for possible changes to CSN instrumentation

SEARCH Carbon Protocol:
IMPROVE TOR by DRI
Sampler: 16.7 LPM, 37mm Pallflex® Tissuquartz, Denuder, backupfilter
OC (blank corrected, using quarterly average values) = OCQF + OCQBQ - 20ChQF

41
backup field blank



C:EC ratios and Sampling Artifacts




OC:EC Ratio

OC:EC Ratio
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CSN NIOSH TOT (MetOne)

Urban OC:EC ratio
Is the true urban
ambient ratio
somewhere in
between?
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{ CSN IMPROVE TOR (3000N)
Month
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Ratios are not the same because TC is not the same

different CSN samplers, face velocity and artifacts- positive (and negative?)
Low flow rate sampler collects relative more OC
(and high flow rate sampler collects relatively more)

304 .
25%
20%
2
T 15!
9 .
=
]
=
(EE IS
[ s NIOSH’=0.8 + 1.09 * 3000N’
5 * Includes nominal blank corrections
: ' 1.0 and 0.4 ug/m3
EI:

0 5 10 15 20 25 30
T 3000M, ugima3

Note: Chow et al. (2009)
CSN NIOSH =1.65 + 1.08 IMPROVE (PHOE1)
(without blank corrections)

Regrassion Bjuation:
WIOSH_TC = 0.880438 + 1.0920017TC_3000N



Relative Difference is Seasonal

(Additional 2-3 ug/m3 NIOSH TC)
Represents estimated CSN NIOSH positive artifact and/or lost 3000N semi-volatile OC

=
o
ol

[NIOSH TC] - [ADJ 3000N TC], ug/m3

13
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As per Schichtel et.al.,

*Relating CSN to IMPROVE data:
« [EC]CSN-URG = [EC]MP
o [OC]CSN-URG ) [OC]IMP + ACSN-URG
. [TC]CSN-Metone — [EC]IMP + (1+BIMP*)[O(:]IMP + ACSN-MetOne

« [EC]CSN-Metone = (1-g)*[EC]'MP; multiplicative bias between EC
by TOT and TOR

11 collocated CSN sites (2009-2010)
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MetOne OC, ug/m3

A Simplified Model
(just using OC)

3000N OC, ug/m3
Without any OC adjustments



MetOne OC = A + (1+B) 3000N = A = MetOne positive artifact
B = 3000N negative artifact
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Metline O, ug/m3
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MetOne Positive OC Artifact, ug/m3

MetOne OC = A + (1+B) 3000N = A = MetOne positive artifact
B = 3000N negative artifact

[N

|
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11 collocated CSN sites (2009-2010)

High estimated positive MetOne
and negative 3000N artifacts in x
warm season
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3000N Negative OC Artifact, %
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Conclusions/Questions

Part 1 (EC Trends)

e Urban trends appear level 02-07, followed by 07-09 decline

* Evidence that urban declined during the 1990's thru early 2000’s.
e Whydo CSN EC agree?

— Due to sampling artifacts? ....pyrolosis?... and/or different 2009 -10 conditions?

— Would this relationship hold prior to 2009? Analyze archived filters?
— e.g. Why does Birmingham behave differently (check samplers....)

Part 2 (OC Trends, OC:EC)

 What are the CSN sampling artifacts?

— MetOne -- positive artifact (>>1 ug/m3), and party responsible for high EC (pyrolized
carbon?)

— URG3000N -- negative? , and partly responsible for low OC:EC ratio?

* Implications ?...Sampling study needed to estimate negative artifact?






