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Project Goal

Configure, validate and deploy cost-effective,
robust "real-time" (1h) instruments to measure
water-soluble components of PM, ;. at network
sites.

: Integration with
A”g'é’tv'g%' %e;ﬂfd PILS, Field Trials
& Ambient Studies

(A) Inorganic species: Methods to replace IC.

(B) New techniques for online measurements of
metals.

» Combine with existing WSOC method.
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Study Overview — PM , . Component Matrix

Module or Analyte Group
Bulk Components | Cations & Anions Redox Active Water Soluble
(Major lons) (Source Tracers) Metals Organic Carbon
Ammonium (NH,*) Calcium (Ca ?*) Iron (Fe) WSOC
Nitrate (NO;) Potassium (K*) Manganese (Mn)
Sulfate (SO,%*) Sodium (Na*) Copper (Cu)
Chloride (CI) Chromium (Cr)
GOALS - for each species:
= Develop an “on-line” compatible analytical method
= Validate the new methods using real-world filter-ba = sed samples.

= Conduct field trials of the on-line implementation

for selected species.




= Low Sample Volume Reqmrements

US EPA ARCHIVE DOCUMENT

Analytical Methods Explored

lOﬂ-Se'ECt'XgEE)'eC”OdeS with Liquid Wave Guides (LWCC)

lan T

r Miniature Fiber-Optic
Spectrophotometer

For Both Methods

~ Minimal Sample Pretreatment Sy _ 3
= Low Cost =Tk

Long Optical Path Spectrophotometry
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Filter and Online System for Collecting

Particles
Filter Collection Particle-Into-Liquid Sampler
Off-line Water-Extraction Automated On-line Analysis
and Analysis
Vac. Pump
Pwsiigctﬁuirze T \Luanspcn Lig. Flow

Filter by
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Actuated Valve N Drains
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BRI LG Dl Steam Waer Analytical
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(A) Cations & Anions
Summary of Method Evaluation Status

j—

=

w Species Method Field Filter Field PILS Acceptable Acceptable
= P Investigated  Validation  Validation for Filter for PILS
a Ammonium ISE Yes No Likely Likely
g Nitrate UV-Optical Yes Planned? Yes Likely
w Sulfate® Attempted No No No No
>

=

E Calcium ISE No No Maybe Maybe
a4  Potassium ISE Yes Attempted Yes Yes
< Sodium ISE Yes In Progress Yes Likely
E Chloride ISE No No Maybe Unlikely
W #A barium sylfate precipitation - ligand exchange met  hod was evaluated, however the method_proved unrelia  ble.
g = Acceptable for Filter:  Method approprlatél for typically-loaded 12-24 hr filter collection.

"+ Acceptable for PILS: Method appropriate for shorter- term (hours) on- llne use |n typlcal atmosphere

Maybe = in certain hlgh concentratlon atmospheres




(A) Schematic Diagram of Laboratory System for Eval  uating
lon-Selective Electrode Performance
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(A) Example of ISE Method Cal's: Na * Summary

[Na] pg/L (0.2 to 200 pgffilter)

=
E 280
z 260 -
2 240 1 Optimized Na ISE Response " Linear over full ra nge of
U Without ISA : ;
o 220 ISA = lonic Strength Adjuster enV|r0nmenta| C0ncentrat|0n5
o 200 = Sensitivity likely adequate
g > 180 | for hourly measurements in
= 160 | some environments (e.g.
E 140 | marine influenced)
(a4 120 -
< slope = 54.9 mv/decade
100 (r* = 0.9999)
€ 80 : . . .
a. 1 10 100 1000 10000
(I
)]
-

Field validation aeployment scheduled
for Los Angeles in May/June 2010.
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(A) Example of Optical Method Cal’s: Nitrate —
Comparison with Filter-Based IC Measurements

0.6

Optic¥!(ragi))

o
[N

0.5 1

©
»~

0.1 1

Madison, WI Ambient Aerosol

NO,

Slope = 0.97

Intercept = 0.055
® r2 = 0.65
0.0 0.1 0.2 0.3 0.4 0.5
IC (mg/L)

0.6

Nitrate by the UV-method (with interference correct
extracts of ambient aerosols from Madison, WI (24 h
and Atlanta, GA. Room for improvement, but reason

i
e

Optiddl(rragi).)

o
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o
o]

o
~

o
(V)

o
o

Atlanta, GA Ambient Aerosol
NO,-

Slope =0.92
Intercept = 0.039

2 =0.96

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
IC (mgl/L)

lon) vs IC on
r — 12 m3 samples)
able agreement.



(A) Schematic Diagram of Field Deployment of PILS

- lon-Selective Electrode System (e.g., K *
)
E Particle size
Selector (PM , ) Vacuum Pump
= Transport Liq. Flow
U Ambient (0.10 mL/min)
Air h
o 16 Lit/min PILS
';.. ...... .
m Liquid
y
1 Peristaltic | V‘ filter
> 1+ pump
H Drai — Waste
rains 1 . Sample v
: Water Vial
for steam
u (1.4 mL/min) DI
D, A
< 7o9)
C. @
. B
¢ On-line data
n Acquisition 2
O O
Ll ool _ Diluted
O O < y Syringe pump std
m. | lon meter
lon selective Electrode
: RS-232
connection -
Waste Waste
oy By -:l‘ = W =
=i hd 5 -l
; & ] A % T
", Loy
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(A) Preliminary Field Testing of K

b

‘Paper in prep. 2010

=

Potassium, yg m

)]
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ASE

Site of high [K*] and test of
dynamic range

K* ISE tracks smoke
concentrations, but possible
Issues with NH,* Interferences

= = CO C20 E120x10°
E — CPC 3

] == K E

E I = 100

E -15 |

- B O ¢t @)
- —80 U
E gl B
7 © =

3 - o Q

- - 103 F60 3
3 L E w
E —05

1 - - 20
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Eastern Standard Time
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(A) Field Deployment of Sodium and Calcium
lon-Selective Electrodes (ISE) (in-series)

-~ Comparison of PILS-ISE vs PILS-IC during CalNexJun e€2010 -
. s o . ¢ ‘h. _'_.'-.'.'.*. . L : 2 _. | ML 3 35 .""'. . 12
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(A) Summary: Current Status of Method
Development

Module or Analyte Group

Bulk Components
(Major lons)

Sulfate (SO,%*)

e PILS
i deployment
%% -4 completed or

FLes planned

Cations & Anions
(Source Tracers)

Successful
implementation
of method with
filter-based
samples

B

Redox Active

Water Soluble

Metals Organic Carbon

Successful
method

development B e
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(B) Trace Metal Chemistries Adapted for the LWCC

HO3S. -~ A
Fezt + e ) o s
N 035/&’{
Ferrozine

Fe(ll)-FZ

Absorbs at 562 nm

Cré+ + O/\)L/\O H.PO,

1,5 Diphenycarbazide

Mal 35 SD;N&
Q O HA, Sodium Citrate
A o S
&
i
HiC CHz

Bathocuprione Disulfonated Sodium Salt

Cr(VI)-DPC

Absorbs at 540 nm

Cu(l)-BDS

Absorbs at 484 nm

Mn2*+ + T NaOH, EDTA, HA Mn(Il)-FAD
_
Formaldoxime Absorbs at 450 nm

~ Species Ligand ~ Absor pivity LM cm~ _ Additional Reagents _
~ Chromium V1 ' Diphenylcarbazide 40,000 @540nm H,;SOs, (KMnOs)

Copper Il +1 ~ Bathocuproine-DS 14,200 @ 484 nm - ‘NHOH-HCI =

lronl (1)~ -~ Ferrozine -~ 25300@562nm  (NHOH-HCI) S

Manganese =~ FAD .~ = ~30,000@450nm EDTA HA NaOH s




(B) Trace Element (redox active metals)

Summary of Method Evaluation Status
Metal LWCC Method Field Filter Field PILS Acceptable Acceptable
Developed Validation Validation for Filter for PILS
Cr Yes No No No No
Cu Yes Yes No Yes Maybe
Mn Yes Yes No Yes Likely
Fe Yes Yes Yes Yes Yes

= Acceptable for Filter:  Method appropriate for typically-loaded 12-24 hr filter collection.

= Acceptable for PILS: Method appropriate for shorter-term (hours) on-line use in typical
atmosphere.

Maybe = in certain high-concentration atmospheres.
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(B) V1: PILS-LWCC for On-line Measurement of Water- Soluble
Fe(ll): Non-Continuous Gas Segmented Flow

Particle size
Selector (PM, 5)

2-position
valve

eristaltic
pump

Vacuum PumpT Transport Liq. Flow e S| fesssssssssssssasas

Y

Ambient HEPA PILS

air filter

e
Water
for steam FZ
Sample Vial -

7 Reaction
Mixing
coil

*12-minute integration time
*LOD: 4.6 ngm™3

° 1 H . [ /i "
Relative Uncertainty: 12% USB-4000 Twee Uvs\gjrlc::eght
On-line data
Acquisition
\/ Waste \/
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.| Rastogi et al. ES&T 2009

% 16
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(B) V2: PILS-LWCC for On-line Measurement of Water
Soluble Fe(ll): Continuous Sample/Water Blank Flow

Particle size
Selector (PM, 5)

A

Water
for steam

Vacuum Pump| Transport Liq. Flow

2-position ~ | A s
v valve
PILS
eristaltic
pump
¢ 11o9
3
{
Fz £
Debubbler & Reaction
7 Mixing
— coil
Degasser
p— Lwcc UV-Vis Light
source
On-line data
Acquisition

S

Waste \/

Ao, L
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(B) WS_Fe(ll) Calibration and Liquid Flow Analytica |

Absorbance

Absorbance

Method Performance

1.0

0.8 —|

y=0.0453x
R®=0.9995

Slope=0.0453+0.000353

I I I I
5 10 15 20

Fe(ll) Concentration, pg/L

0.12 +

0.10

0.08 —

0.06

0.02

0.00 -

Fe(ll) pgl 'Standard Instrument Version 1
Average Absorbance - 0.04681£0.00124

1000 2000 3000 4000 5000 6000
Time, sec

Highly linear
calibration

Good analytical
precision <3%
(std vs water blank)

Rastogi et al, ES&T 2009

-
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(B) Urban and Biomass Burn Trial Studies:
Verification and WS_Fe(ll) Results

Dearborn Ml
Jan 13 - Feb 10, 2008 Urban Atlanta

[ ki AR i -
FE- 202500 “I‘ ll ‘Ii[?\ A
i - \c,'“'.”:‘liH
i T

EPRI AMIGAS
Jeff. St. Aug 2008

Fire Station 8
| 2007-2010
Selected 1-mnth studies in
different seasons

Prescribed Buin; Albany GA- - SE R L _
March 2008 : ST 2> 19



(B) WS _Fe(ll) Method Validation:
PILS vs. Teflon Filter

Urban Atlanta (6/08, 8/08, 6/09, 1/10) + Prescribed Burn

70 < B

3 Biomass Burning = Teflon filter extract with

[
<
L
=
=
O
g 50 R%_0.76 = same analysis

E Slope = 0.84 B 3
m - _: I'\r;:eércept =6.4 g_
> N 3
= I " PILS_LWCC WS_Fe(ll)
L B 2 13 =
E g = agrees with 24-h

v 30 = -
< HE urban ws_Fe(ly data £ T eflon filter WS_Fe(ll).
= 3 R*=0.79 3

N | s 232
Q. ] N =38 2 .
(1T} 10 3 - No FS-8 transient events
i '
: O_|""|'"'I'"'|""I""|""I'"'|""I""|""I""l""l""l""l_

0 10 20 30 40 50 60 70

Filter WS;_II:e_(II) (ng m ) ‘ : P : g 2% 0
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WS_Fe(ll) (ng m_s)

~*No correlatlon between WS _Fe(ll) and PM2 5 mass (RZ—O 004) no

(B) Winter in Dearborn
WS Fe(ll) and Industrial Sources

Wind Speed —@— WS_Fe(ll) —=— Precipitation Rate LOD = 4.6 ng m_3

............................. IR ST IR ST TN DU DU FU TN DU T DT

140 B - 2.0
MAX POINT=434 ngm -

120

I
-
w1

100

80

(L s w) paads puip
I
o
(, 4y wo) e1ey uonendioaid

L

40

— 0.5

\l B |\ -
& i 3 bl T
0 II:.‘::I.‘;—]f‘.',‘im%ﬂfﬂl;};::,‘;;;,‘:‘,}}]‘,:,‘::';::::‘.:'::.::::‘::::::‘.'::‘:.‘:‘.‘.‘:‘.:‘::'.‘:::::‘.‘::::.::'t’;::::mﬂl"‘ ".’-‘;*&{‘.:‘!L_:"’? "E...;‘..‘....ﬁ::::‘.‘::::.::"ll

1/21/08 1/23/08 1/25/08 1/27/08 1/29/08 2/2/08 2/4/08 2/6/08 2/8/08
Time (LST)

— 0.0

« WS_Fe(ll) high during low wind speeds (local sources) i
-WS Fe(ll) vs EC R“=0. 03 and vs OC R?=0. 12 not moblle sources.

assomaﬂonwth any other S|gn|f|cant PM2.5 component SR
. _ A g2 21

i
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(B) Winter in Dearborn
WS Fe(ll) and Industrial Sources

Wind Speed vs Direction

100 A

75 A

50

25 4 ~

270 1

270

WS Fe(l
“industrial sources to

the sout

Power Plant

Steel Mill

Auto Plant

Petroleum Refinery

Incinerator/ Power Plant

Cement Kiln

Diesel Engine Plant

Wastewater Treatment Plant

MI DEQ Allen Park Manitoring Site
MI DEQ Newberry Monitoring Site

Distance (km) i% MI DEQ Dearborn Monitoring Site
0.1 1 10 Q0

*%O04ndoern

Origin of Enhanced
WS_Fe(ll)

) and

A

Oakesetal JGR 2010 B 3 2
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(B) WS Fe(ll) Seasonal Variablility In Atlanta

200 - L L L PRI T T S L L I BRI 350 o P R L P RS U RN ST L L L -
300 Transient Events F
150 | = ] ;
Fa E F ~ 250 -
e - :
g 7 [ 2 200 -
= 100 - = 1 E
A L \F% ’,“ [ F 150 =
4 L | ] C
(%) %) E F
= 1 F 1 ol
50 [’vl = = 100 :
] \'\f ;P r 50 ﬁ g ﬁ \ a
0 __ ———————————————————————— __ 0 _: —, S m — N AR, -J- — —*—:_
S A A T — T T — T T
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 00:00 12:00 00:00 12:00 00 00 12 00 00:00 12:00 00:00 12:00
11/16/071/17/07 11/18/07 11/1 9{07 11/20/07 11/21/07 6/3/08 6/4/08 6/5/08 6/6/08 6/7/08
Time (LST) Time (LST)

«Concentrations in ng m3

IMI-

Fall 34 8 24.2 30.5 1401
Spring FS8 27.0 14.8 10.5 13.7 456

Summer FS8 36.7 13.4 6.9 28.3 2050
Summer JST 49.7 5.1 4.6 3.6 1278

Oakes etél ~201o _"“. R I T DT St A Y R
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- e T, 1 *"' = X P Wy e p L =
x = 3 3 e
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(B) WS _Fe(ll) Seasonal Variabllity In Atlanta

WS_Fe (ng m_3)

)

N
o
1

WS_Fe(ll) (ng m>

w
o
1

N
(3
1

o
L

Total WS _Fe: Fe(Ih)+Fe(lll)

w
o
it

n
o
NI FRERARET

|
= 2005 Summer

tz1 2006

X1 2007

o
it

o
Jovailuns

Wint
7/
/% E!!!!!!!i : | | v/
winter (D, J, F) Summer (J, J, A)
Season
Fall WS_Fe(ll)

- -
o [9)]
L by

3
P

%.%%
e

—= - Summer

Fall ' Spring " Summer (FS8) ' Summer (JST)

In Summer Total WS _Fe is
higher

Mostly in form of WS_Fe(lll) ?

Oxidation
Fe?* + H,0, = Fe(lll) + « OH +OH-
Fe2* + HO,-H* - Fe(lll) + H,0,
Fe2* + O,-H* = Fe(lll) + OH* + O,
ElCHis

Reduction
Fe3+- Org + hv 2 FeZ* + Org*
Fe(lll) + O," = Fe(ll) + O,
Fe(lll) + S(IV) -0, > Fe(II) + S(VI)
' Etc i ST
; 24



(B) WS Fe(ll) Diurnal Trends in Atlanta

=
E BUT NO EVIDENCE FOR A DAY/NIGHT PATTERN
z 100_5 (IA; Flalll Flss IIIIIIIIIIIIIII _ 50—; (B) Spring FS8 o
) 507 C 40 o
O 60 - 304 3
2 e 4O€W;— 20_,\_/\/\/\/~_
Q o 20 - 104 -
w DY et SR 1 G el
a ::I 25_:I ..... L1, Lyt Lys1y - 20__| ,,,,, Lyl L, Lty -
E = 20_5 (C) Summer FS8 _ 15_5 (D) Summer JST _
157 e :
e | ;‘
< 5SSV A I i
{ 0_:I """ | L [rrred :_ o_:I """ [rrorrT [rrrrT [rrrrT :_
ﬂ. 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
LLl Oakes et. al., 2010
Time (LST)
7)) : - : _
- -Photo reductlve processes do not impact the net con centration

in Atlan’ca ? P055|ble red-ox chemlstry (e g re-ox idation)?
: | 25




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

SO, (ppb)

2- -3
SO, (ugm7)

WS_Fe(ll) (ng m>)

(B) Evidence for WS _Fe(ll) and Acid Aerosol

60 AMIGAS B B

40

30 — —
20 —
10 — -
O_ *_
40

30

20

*W*"..u

AWS_Fe(ll) (ng m™)

o

I T I
00:00 1200 OOOO 1200 0000 1200 OOOO

1

Inkage

n
o
]

=
3]
|

-
o
|

%]
|

7 [rR%=0.23 o
71 1(0.32 w/out B)

o
]

8/14/08 8/15/08 8/16/08 8/17/08

Time (LST)

0 10 20 30 40 50
ASO, (ug m”)

R°=0.76
(0.30 w/out B)

AS0,” (ug m™)

20__||||||

15 7

10

1[r*<0.78 o [
110.44 w/out B o

08 12 16 20 24

Anion/Cation (equ/equ)

 Transient WS_Fe(ll) tracked SO, and SO,>

» Fresh (Plume A) vs. Aged (Plume B) Coal-
fired power plant plume

» Evidence for acid-processing:

« AWS Fe(ll) correlates better with
ASO,* and particle acidity than ASO,

 Origin of iron particle?
« Co-emitted and later processed
« Other source of Fe.

Oakes et aI

2010
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WS_Fe(ll) (ng m_3)

(B) Filter WS_Fe(ll) Negative Artifacts
In Unique Emissions?

FS-8 Atlanta June

PILS WS_Fe(ll) (ng m)

350 ] 1 I 1 1 I 1 1 I 1 1 I 1 2008I I 1 1 I 1 1 I 1 1 I 1 1 !
1 ® Transient Events (1 — 2 hrs)
300 3 Associated with UF Particles
] PM2.5 y
250 o y
zoo—f
150
100 —_
M -‘&t RO, .__J ]
O — T I T T | T T I T T | T T I T T I T T I T T I T T I T T
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 1¢
6/3/08 6/4/08 6/5/08 6/6/08 6/7/08
Time (LST)

Fllter WS Fe(ll) conslstently lower than PILS C during unique tranSIent events
Sampling artlfact mherent with the filter- based method |

Also observed

in spring 2010

-

703 FS-8 Transient Events Only
1 2
3 R =0.80
60 Slope=1.8
3 Intercept = 6.5
3 N=12
50 S
E 2 mE
40
3 Biomass Burning
3 2
30 3 R =0.76
3 Slope = 0.84
E Intercept = 6.4
N=6
20
3 Urban WS_Fe(ll) data
103 R*=0.79
3 Slope = 0.89
= Intercept = 5.2
= N =38
O -
|III|IIII|IIIIIIII|IIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIII|IIII|IIII|
0 10 20 30 40 50 60 70

. Filter WS_Fe(ll) (ng m )

S
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(B) Current Status of Method Development
(Redox Active Metals)

Module or Analyte Group

Water Soluble
Organic Carbon

Redox Active
Metals

Cations & Anions
(Source Tracers)

Bulk Components
(Major lons)

Sulfate (SO,%*)

Successful
method

e PILS Successful
deployment implementation

completed or of method with development |5 e

e planned filter-based
e samples

a B
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Summary

Configure, validate and deploy cost-effective, robust
"real-time" (1h) instruments to measure water-
soluble components of PM2.5 at network sites.

Inorganic Species:

1. Configuring and validating methods took longer than
expected, LODs in practice (PILS-ISE) are an issue.

2. Demonstrated PILS-ISE online method with K* and Na*.
Nitrate PILS-Optical LWCC is also viable alternative to IC.

Water-Soluble Metals:

1. PILS-Optical/LWCC for WS _Fe(ll) is a proven robust method.
Application to other metals Is straight-forward extension, but
only viable in high concentration atmospheres (LOD

limitations). 29
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Products

Current Status of Manuscripts

W, ) g Ui

S

8.

Optical-LWCC Nitrate Method; Shafer et al., in progress.
Optical-LWCC Cu Method; Shafer et al., in progress.

ISE Method Overview Paper, Shafer et al., in prep.

PILS-ISE K*, Na* paper (Revision to Rastogi et al. AS&T 2009).
PILS-WS_Fe(ll) Method; Rastogi et al. ES&T, 43, 2425-2430, 20009.

WS _Fe(ll) Ambient Results using Real-Time Data; Oakes et al., J.
Geophys. Res., 10.1029/2009JD012638, 2010.

WS_Fe(ll) transient events and filter artifacts, Oakes et al, in prep.
Oakes et al. PhD Thesis

8 Conference Presentations

Training of 2 Post Docs, 3 grad. students, undergra d
assistants. .



