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1. Whyis this method useful?

2. How does it work?

3. Did it compare well to reference method and
lahoratory generated aerosols?

4. How canwe use the measurements to identify sources
of PM2



Primary Particles ‘ Secondary Particles
(directly emitted) (from precursor gases)

Organic
Carbon

Metals

Crustal
(soil,dust)

(sea salt)

Gas




Metals

Crustal
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X-Ray (sea salt)
Fluorescence

Organic
Carbon

Aerosol Mass
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KACT 629

Cooper Environmental Services
Measures a suite of elements in near real
time using X-Ray Fluorescence

Sampled through a PM size-selective inlet
onto filter tape

Sampling time between 15 min and 4 hrs
Sampling and analysis is performed
continuously and simultaneously

Some automatic quality assurance and
control

Remote polling and operation

Measures 23 elements, we chose:

* Regulatory (Ni, As, Cd, Pb)

« Abrasion (Ba, Cu, Sb, Zn)

* Mineral (Ca, Fe, Mn, Mo, Si, Ti)

« Traffic (Ce, Pt, Se, V)

« Marine (Cl, K)

e Industrial (Cr)

* Fireworks (Sr)

* Secondary Aerosol (S)

PM Inlet and
Temperature
& Pressure
Sensor

Sampling and
Analysis
Module

Flow/
Electronics
Module



KACGT Sampling and Analysis Module

Sample flow : X-ray tube/detector

N\\

Aerosol deposit
Analysis area

Courtesy of Cooper Environmental Services °



Mobile Atmospheric Research Platiorm (MARPL)

-X Ray fluorescence (XACT 625) - 23 metals at
hourly resolution
-Aerosol Mass Spec (ACSM) - Organics, nitrate,
sulphate, ammonium, chloride
-Black Carbon (Aethalometer)
= -SMPS and APS (Particle Size)
548 -NOx (NO + NO,) (Blue Light Converter)
“se= - Met data: wind, humidity, temperature (10m
: mast)
Location — Marylebone Road, Pontardawe, Port

Talbot, Sheffield




ﬂcr-ms - Partisol Filter Samnlem

*Acid digested and analysed with
ICP/MS (HF or HNO,/H,0,)
*As, Ba, Ca, Cd, Ce, Cu, Fe, K,
Mn, Mo, Ni, Pb, Pt, Sb, Sr, Ti, Zn
*PM,, and PM, .

o /




Field Evaluation Results

« Elements shown are common to
both field trials
 All agree very well with high R2,
except Zn, which has a slightly
lower R2
e XACT higher for all elements
(slope>1)
 All elements have a significant
offset but not consistently
above/below 0
Method |[Element|  Slope |  Intereept | R
Cu 1.3(1231.38) -0.86(-1.6.-0.16) 0. Og***
Fe 129 (121.1.38) -34.44 (-30.73.-10.78) [ O5%**
~ |Mn 1.15(1.05,1.21) 027 (0.01,0.51) (O5¥**
Partisol|_ _ .
N1 1.1{1.07.1.12) -139(-19-129) 0. 0g*+®
Pb 127(122.1.31) 043 (02,0.66) 0. 0g**
n 1.3(1.1,1.55) -1.32(438,128) (. 2%**
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Labhoratory Evaluation

« XRF calibration
 Thin film standards
 Various limitations:

* higher in concentration than
most ambient samples,

« single element standard will
not be representative of the
particle mix found in the
environment

* the collection properties on
a filter may also differ

 Laboratory generated aerosols of
(NH,),SO,, KCl and zinc acetate
over a range of concentrations

TEOM

Particle
generator

Permapure

Flow

-' Splitter

XACT

|

Relative
Humidity
sensor

SMPS




Laboratory Evaluation Results

e Measured TEOM mass and

calculated mass using XACT

element concentrations agree
well for all solutions (R2 >0.96

for all elements)

« Slopes not significantly different

from 1, except KClI calculated
from K

Element

(NH 4)280 4
ECl*
KECI**

Zn[D:C CH 3}:

Slope
093(0.83,1.02)
1.01(098,1.04)
093(0.92,098)

1.03(1,1.07)

Intercept
5.78(1.06,10.08)
067(-195321)

3.73(1.17.6.22

1.55(0.38.2.67)

* calculated using XACT Chloride results
**calculated using XACT Potassium results
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Port Talhot

« For many years, Port Talbot has
suffered some of the worst AQ in the
UK

« Port Talbot was declared an Air
Quality Management Area in 2000

« PM,, in Port Talbot often exceed the
daily LV (38 days daily PM,, > 50 ug
m-3in 2015)

« The Tata Steel complex is located in
Port Talbot and it has been identified
as a major source of PM emissions
(AQEG, 2011).

*  Welsh Gov research contract — to
understand the key sources
contributing to peak PM,
concentrations




Process Pollutants
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Mass Closure PM,,

o Slope: 0.92[0.91 - 0.94]
LI‘_') 7| Intercept: -1.6298 [-2.0811 - -1.187]
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source ldentification

lat

51.58

51.56

-3.825 -3.800 =3.775 -3.750 -3.725

Process

Blast furnaces
BOS Plant
Coke ovens

Hot & Cold Mills
Power Plant

Sinter Plant



* Combined data set (XACT, ACSM, How many factors?
Aethalometer)
« ‘Missing’ mass 16
* FDMS PM1o0 - o
Y ChemicalComponents
included in PMF algorithms
« PMTF runs were configured to yield o
between 1 and 10 sources. 2
« Number of factors based on U S A S A
« Correlation between factor time nb. of factors
series

« Minimum model residuals

| Factor1]| Factor2| Factor3| Factor4| Factors| Factor6| Factor7] Factor8

10 —
8 —

Q/Qexp

1 0.06 0.27 0.31 0.09 -0.23 0.25 0.07
0.06 1 -0.02 0.09 0 -0.64 -0.04 0.24
0.27 -0.02 1 0.32 0.33 -0.42 0.9 -0.13
0.31 0.09 0.32 1 0.05 -0.41 0.2 0.19
0.09 0 0.33 0.05 1 -0.63 0.31 -0.31
-0.23 -0.64 -0.42 -0.41 -0.63 1 -0.36 -0.01
0.25 -0.04 0.9 0.2 0.31 -0.36 1 -0.16
0.07 0.24 -0.13 0.19 -0.31 -0.01 -0.16 1



- Source location

- Source activity (e.g. diurnal
variations)

- Known factor profiles (e.g. Zn from
BOS plant, S from coke production)

- Additional atmospheric
measurements
* Gaseous (CO, SO,, NO,)
« PM size

Processes Distance {(m) Minangle {(deg) Maxangle (deg)
Sinter Plant 1026 222 2321
Blast furnace TIT 1391 214
BOS Plant 1912 1g0 190
Coke Ovens 211e 177 186
Cold-Hot Mills 2473 158 161l
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Processes

Distance (m) Minangle {(deg) Maxangle (deg)
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Blast Furnace 1- Main Stack?
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source Gontrihutions
Background ,,
6.8% 100%

Blast Furnace 2
15.19%
75% -
Solid Fuel Burning
o :
Marine 6.62% 50% —
43.46% - BOS Plant
1.24%
Traffic 250, — !
5.73% -

Blast Furnace 1
11.28%

Source
Traffic
' Blast Furnace 1
Blast Furnace 2
Coke Ovens

BOS Plant

i

Source Contribution (%)

Solid Fuel Burning

0% -
Coke Ovens

9.69%

0 QIS 5IO 7"5 I(I)O
FDMS PM;q(ng m™)



« Commercially available high time resolution x-ray fluorescence

e Method of quantifying range of elements important to PM mass at high
time resolution not available via other methods

- Laboratory results also showed excellent agreement with nebulised
aerosols

 Field deployments showed that it was robust and compared well to
reference method

« Use in industrial source apportionment studies has shown its value in
helping to quantify impact of range of sources
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