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" Operation and Capabilities of the Xact 625i
= Comparison Studies

= How researchers are using the data in source
identification and apportionment
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Metals Monitoring

= 24 hour integrated sample

= Laboratory analysis — results in 4 to 6 weeks
- SLOW

= Very little time resolution and no diurnal
variability information

= Labor Intensive — field labor gathering the
samples and analysis in the laboratory
(usually using XRF, ICP-MS, ICP-OES)

= Takes a long time to get a data set that can
provide good statistics for source
apportionment
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= Provides near real time metals concentration data —
with time resolution as low as 5 minutes (most users
are 1 hour)

= Uses reel to reel filter tape (similar to BAM) followed
by analysis by energy dispersive X-ray Fluorescence
(XRF)

= Xact 625iis able to measure up to 67 different
elements simultaneously (44 is standard
configuration)

= Little user interaction required

= (Can get a statistically meaningful data set in a shorter
period of time

= Can observe diurnal variability and other time
dependent trends
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= Xact 625i can measure all elements in blue
= Xact can measure up to 67 elements simultaneously
= Standard Configuration includes 44 elements
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= Detection limits are
Xact 625i Minimum Detection Limits (ng/m?)
68% Confidence Level (C10) per US EPA 10 3.3 and Currie * similar to those achieved

B | using laboratory analysis

" Detection limits are under
o 1 nanogram for most
oo trace elements
Sl B R L petection limits depend
. a
aor on sampling and analysis
o time
1 = Trade offs between the
m = importance of time
R ERE resolution and detection
limit
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Sample flow

X-ray tube/detector




Comparison Studies

@ ENVIRONMENTAL
@ A DIVISION OF SCI

" Comparison studies are important so that
you know the quality of the data used in your
source identification/apportionment study

" Comparison studies reviewed all involve the
Xact

= US Environmental Protection Agency
Environmental Technology Verification (ETV)

= Study by King’s College London
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= Slopes are close to one indicating good agreement between Xact and
Laboratory ICP-MS
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" King’s College London

u
& Cr
9 ] °
Slope: 0.99 [0.92 - 1.061 & Slope: 0.95 (0.92 -0.98)
§ _ Slope: 0.99 (0.92 -1.06) ©® 7 Intercept: -0.03 (-0.22 -
Intercept: -1.7 (-2.61 — 0.17)
o
D -0.79) L=
T o &
€ S €
g o 2 8 A
w8 4 =
m ol
x o & IS ¢y
= K _ o &
. f . p
g - g _ Slope: 1.03 (0.92 - & . (3
@ 1.15) * .
. L 3
o - ® HNO3/H202 digestion Intercept: -1.23 (- /
T T T T T T T T o  14.83-1237) o - ® HNO3/H202 digestion
Qo - 7
0 50 100 150 200 250 300 350 g e T T T T T T
5 € 0 10 20 30 40 50
ICP-MS (ng m™) 2
E 8 ICP-MS (ng m™)
X
Mn
S _ Fe g | T
& . & , Slope: 1.1 (1.07 - )
Slope: 1.03 (0.99 — 1.07) i Ve g 11
o Intercept: -10.1 (-18.19 ) Y o HE et Intercept: 0.17
C - o igestion
g4 -201 e ° I l : — g | (002-032)
_ * 0 200 400 600 800 g
‘?E € o
o 8 ICP-MS (ng m™) 2 B -
= < =1 ~
o &
% oF e X 84
3%
81 A 3
. - B -
. x o - © HNO3/H202 digestion
o - *® HNO3/H202 digestion - - : - : :
T T T T T
0 500 1000 1500 2000 0 01 WO0T HSOM 12000 <250

ICP-MS (ng m™)

ICP-MS (ng m™®)




Comparison Studies — King’s

C COOPER
ENVIRONMENTAL

&) A DIVISION OF SCl

ICP-MS (ng m™)

College London

ICP-MS (ng m™%)

Ni Ba Pb
/’. 8 = f 8 | . *
§ — Slope: 1.07 (1.0-1.14) Z Slope: 1.04 (0.73 - 1.35) N Slope: 1.02 (0.99 -1.06) b
Intercept: -1.21 (-1.64 - Intercept: -1.5 (-4.78 — Intercept: 0.36 (0.1
2 -0.77) S -1.79) 8 4 061
Q £
' § — T 8 8
o § 7] § 5 @
8 . /:" o g =] 8 ‘..O
LN .,':/ -
o | e ; o |
© o ® HF digestion .
T T T
o - ® HNO3/H202 digestion 30 40 50 o - ® HNO3/H202 digestion
T T T T T T T T T T T T
ICP-MS i
50 100 150 200 250 300 g™y 20 40 60 80 100 120
ICP-MS (ng m™3) ICP-MS (ng m™)
Vv Ca Zn
? 8 - ' ! 8 - slope:
& o Slope: 0.87(0.74 -1.01) = Slope: 1.14 (0.84 -1.45) @ 7| Slope: 194 (0.98-1.09)
Intercept: -0.13 (-0.22 - Intercept: -0.92 (-30.91 g | 'mercept:0.37(-0.58~
2 4 -0.04) ) ~12.51) 1 8 1 1.31)
— | = 8 4 ~ 8
= @ s T i e <
= 2 / 2 o
e @] o T 8
[ 74 I
< X F &
< - 23 ¥ § =
/% e
/ .
o~ — 3 s Y & ! g "
-y
o ! * HNO3/H202 digestion o —e L ® HF digestion o - ® HNO3/H202 digestion
f T T T T T T T T T T T T T T T T T
o 2 4 6 8 10 12 0 50 100 150 0 100 200 300 400 500 600

ICP-MS (ng m™)




COOPER Approaches to Source Identification and

@ ENVIRONMENTAL

& »oveon o o Apportionment Using the Xact 625i

" Direct Data Approach — Using concentration
data and meteorological data

= Network Data Approaches
= Source Apportionment — PMF, PCA
" Time resolved size fraction partitioning

" |ocalized plume identification with ultra high
time resolution data
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= Metals can
fluctuate widely
over the course of
s 1 a day
I = Box and whisker
o\ III III I shows
50-0""""II I .."" concentration
; va riability with
wen b time of day
= This plot shows a nickel source that is present " Provides
during the day information about
= ;(zi::);zr;:as”with soft\;varﬁ packiage to when a source is
o E al Y generate these p ots Contributing
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Direct Data Approaches — Correlation
Between Measured Elements

= Shows plot of

every element
versus vanadium
Correlation
Coefficients are
displayed on the
plot

Elements that are
highly correlated
are likely from the
same source — e.g.
Ni, Co and Mo
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with Wind Direction
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Concentration Directionality
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Direct Data Approaches — Correlation

Plot shows the
directionality of
highest
concentrations
(75t percentile)
Locate sources by
correlating high
concentration
events with wind
direction
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" Correlate data
from multiple
instruments at
multiple
locations with

* wind direction

~ ® Use the resulting

pollution rose to

identify location
of source
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= Xact 625 data has been involved in many peer reviewed
source apportionment studies over the last few years

= Source apportionment of total PM2.5 or PM10 — data used
in conjunction with other measurements

= Although metals constitute a small percentage of total PM —
they are key tracers in identifying sources

= Source apportionment of total measured metals

= Since metals are often highly reactive they can have an outsized
influence on air pollution health effects

= Therefore identification of metals sources can be important in
its own right

= Higher time resolution means that a statistically robust data
set can be gathered in a shorter period time for PMF
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= More data allows for segmentation of receptor data prior to
factorization
= Data may be segmented based on seasons wind direction,
wind speed and precipitation?
" Hourly Data allows for confirmation of a factors source based
on diurnal variability

= |dentification of traffic sources based on diurnal
variability of sources and the effect of humidity on road
dust?

= Able to resolve braking factor and traffic emission
sources?

1. Park, M., Lee, T, Lee, E., Kim, D.; Enhancing source identification of hourly PM2.5 data in Seoul based on a data
segmentation scheme by positive matrix factorization. Atmospheric Pollution Research- In Press
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= Use of highly time resolved metals data allows
for better resolution factors than could be
identified based on longer time data3

" Highly time resolved data allows for easy
correlation of factors with specific wind
directions?®

3. Wang, Q., Qiao, L., Zhou, M., Zhu, S., Griffith, S., Zhen Yu, J.; Source apportionment of PM2.5 using hourly measurements of
elemental tracers and major constituents in an Urban Environment: Investigation of time resolution difference; Journal of
Geophysical Research: Atmospheres, April 25, 2018

4. Chang, Y., Huang, K., Xie, M., Deng, C., Zou, Z., Liu, S., Zhang, Y.; First long-term and near real-time measurement of trace
elements in China’s urban atmosphere: Temporal variability, source apportionment and precipitation effect. Atmoshpheric
Chemistry and Physics, 18, 11793-11812, (2018)
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= Sample Alternates between sampling PM10 and
PM2.5

= Factors determined from both PM10 and PM?2.5
data — different distribution of factors between size
fractions
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= 5 minute time intervals now available on the
Xact

= Allows the instrument to be placed in a
moving vehicle to identify metal pollution
plumes
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o oo Conclusions

e Xact 625i can provide accurate metals analysis
results in near real time

* Results are comparable to those obtained
using standard laboratory techniques

* Results are useful in source apportionment
and identification

* Instrument is used by researchers and
environmental agencies throughout the world



