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Presenter
Presentation Notes
If title in indroduction:

I would like to thank our collegues John and Krag at Cooper Environmental Services for helping us through this work. 

If no title in indroduction:

The topic of this presentation is field performance of Cooper Environmental Serivce’s Ambient Metals Monitor XACT



The performance of xact was evaluated in 2 stages

First, data from xact was compared with data collected by different samplers and analysied in lab 

Then data from 2 collocated xacts was used to estimate the collocated precision 


o

High Time Resolution Multi-Metals
Measurements

Field sampling, laboratory
analysis

Serial collection of filter
samples

Davis Rotating-drum Unit
for Monitoring (DRUM)

Semicontinuous Elements in
Aerosol Sampler (SEAS)

Online, semi-continuous
measurements

Single particle mass
spectrometry (e.g. TSI
ATOFMS)

Aerosol mass spectrometer
(Aerodyne AMS)

— no refractory elements

e Cooper Environmental
Services field XRF analyzer
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There have been various high time resolution multi metal measuring instrument in the past

Some involve field sampling followed by filter analysis in the lab 

While others involve near real time online monitor 

Xact falls into the later category




Cooper Environmental Services (CES) Xact 620
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The xact series has evolved to the present 620 series optimised for ambient monitoring

The sampler has a typical pm inlet and temp sensor on the top and controller outside

With sampling and analysis module at the center

And flow control module at the base
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Upon closer look inside, we see that air is sampled in and deposits PM onto the reel-to-reel filter tape

For a user specified sampling time, which can vary from 15 min to 4 hrs

Then the filter is advanced into the chamber to be analysied by x-ray florocence or XRF
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Here the filter is analyised for the same time period as the sampling time

Thus it is important to optimize the sampling time to attain the desired MDL 


ELEMENTS THE XACT CAN MEASURE (IN BLUE)

e
He
j.002¢
.“' Lt
Ar
S48

measured by Xact in this study
O EPA Air Toxics PM metals
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In theory, all the elements highlighted in blue in this periodic table can be measured by XACT 

This study focused on elements circled in yellow, which covers a wide range of air toxic metals, highlighted in red circles


Xact Performance Evaluation

LowVol PM,, (FRM) / Teflon filter HiVol PM,, / quartz filter
XRF: Ca, Fe, K, Mn, Pb, Ti... NATTS digestion protocol
ICP-MS: As, Pb, Se...
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Data from xact was compared to low vol samplers with samples collected on teflon filter and anaylised by lab xrf

As well as high vol samplers with data collected on quartz filters and analysied by icp-ms




Xact vs. LowVol

PM10 FRM / XRF

Xact=(1.02 + 0.10)xfilter + (-0.1 + 1.8)

Xact = (1.05 + 0.04)xfilter + (-2.2 + 2.8)

18-hour integrated filter with offline XRF, ng/m3
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All graphs from hereafter, have field sampler data from lab analysis on the x-axis and integrated hourly xact data on y-axis

Here the xact data is compared to the low vol data

For most metals, the data was found to be highly correlated. 

Even for Mn, the data is biased but still highly correlated




18-hour average Xact, ng/m®

Xact vs. LowVol PM10 FRM / XRF

Xact vs. LowVol filter / lab XRF

18-hour integrated filter with offline XRF, ng/m3
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How ever for selenium, this was not the case
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Selenium: Xact vs. Filter-Based Measurements

18-hour average Xact, ng/m®

Xact vs. LowVol filter / lab XRF

Xact vs. HiVol filter / lab ICP-MS
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But when compared with high vol samples, the data was found to be highly correlated 

Thus, this leadxact but the lab xrfs us to conclude that the problem is not with 


Collocated Study - Opportunities

One month of collocated Xact data collected near

the Doe Run primary lead smelter in Herculaneum,
MO

Examine collocated precision and practicable
detection limits for various metals

Uncertainties for source apportionment modeling
(CMB, PMF)

Missouri DNR instrument optimized for As, Hg, and
Pb at remote areas
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Now, for the second part of the evaluation

Data was collected at herculaneum MO from two collocated xact instruments

Collocated data helps examine the precision and practical detection limit

This gives us a better handle on the uncertainity which is an important input for various source apportionment models

The MDNR xact was optimised for measuring Pb, As, Hg


Collocated Study - Challenges

* High concentrations of
lead and other elements
observed

e Spectral interferences by
lead and/or other
elements in the plumes

e Removal of instrument-
to-instrument bias for
collocated precision
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However, the almost fenceline location of the site next to the largest Pb smelter in US 

Showed up in the data with high Pb conc accompanied by high conc of other elements

Further removing instrument to instrument bias adds another layer of problem 


MDNR - hourly vanadium, ng/m3
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Lets consider V for understanding the methodology adopted

The x-axis has data from the cooper xact while the y-axis has data from MO xact

The graph shows slight bias between the instruments




Collocated XACT — Vanadium (N=606)
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* Instrument-to-instrument Bias highlighted
e Similar trends seen for Cr, Mn, Ni and Ba
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on log scale this bias is highlighted esp for lower concentrations

Similar trends were also seen for few other metals




scaled arithmetic difference, ng/m3

Collocated XACT — Vanadium

Removed records with zero V concentration
Removed records for top 25t percentile Pb

scaled arithmetic difference
1.0

o
(63}
1

o
o

o
(6)]
1
1

-1.0 T T
0.1 1 10

mean concentration, ng/m3

Collocated precision = 0.42ng/m?3 (29%)

scaled relative difference

15

scaled relative difference

1.0 A

0.5 ~

0.0

-0.5 A

-1.0 A

-1.5
0.1

mean concentration, ng/m3

10



Presenter
Presentation Notes
For this analysis, data with one or both 0 conc had to be removed

To remove the effect for high Pb conc, the data corresponding to the top 25 percentile Pb was also removed

Now, scaled arith diff is basically the diff in conc from the two samplers divided by root 2

And scaled relative diff is the ratio of the scaled arthi diff and the average conc

These quantities are plotted against the avg conc in these graphs

If there was no bias the data would be randomly distributed on both sides of the 0 line

However, this graph clearly shows that instrument bias is present


scaled arithmetic difference, ng/m3
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Assuming that one instrument is no errors and all the bias in the data set is due to the other one, 

Regression of the data from one sampler on to the other can remove this bias 

By doing this, the data now distributed around the 0 line randomly

In this graph, it becomes clear that with increasing conc, this precision gets better

Now, depending on the application, one can define the practical mdl below which the data is unacceptable
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By binning the data into groups of sorted avg conc, we can get a quantitative estimate of the practical MDL 

The dashed red line represents the reported MDL 

At 3*MDL, the data has 25% better precision and at 10*MDL, it has 10% better precision

With increasing conc, the precision asymtotically goes to almost 4% for V




Summary

e \, As, Ba, Cd, Cr, Mn, Ni, Se, Ti, Zn

— Relative precision better than 10% at higher
concentrations (exception Cd)

— Practicable MDL greater than reported MDL
— No data near MDL for As, Se, Ti, Zn
e Ca, Fe, K
— Data range well over MDL
(e.g. 5% percentile Ca>300*MDL)

— Relative precision better than 10% over entire data
range

e Co, Hg, Sn, Sb

— Removal of high Pb, leaves no trend in lower
concentration data
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thus, combined with the filter measurement, we conclude that XACT truely performs well 


Next steps ...

XRF analysis of additional lowvol filters
ICP analysis of lowvol filters

Examine spectral interference due to lead on
other elements

Analysis of covariance of error
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Xact 620 Minimum Detection Limits (ng/m3)

Element Atomic No. 4 hour 3 hour 2 hour 1 hour 30 min. 15 min.
Si 14 0.018 0.028 0.051 0.144 0.41 1.15
K 19 0.101 0.156 0.287 0.811 2.29 6.49
Ca 20 0.040 0.062 0.113 0.321 0.91 2.56
Ti 22 0.022 0.034 0.063 0.177 0.50 1.42
V 23 0.017 0.026 0.048 0.137 0.39 1.10
Cr 24 0.014 0.021 0.039 0.109 0.31 0.87

Mn 25 0.008 0.013 0.024 0.067 0.19 0.54
Fe 26 0.010 0.015 0.028 0.080 0.23 0.64
Co 27 0.006 0.009 0.017 0.047 0.13 0.37
Ni 28 0.004 0.007 0.013 0.035 0.10 0.28
Cu 29 0.008 0.012 0.023 0.064 0.18 0.51
Zn 30 0.005 0.008 0.015 0.043 0.12 0.35
Ga 31 0.003 0.005 0.008 0.024 0.07 0.19
As 33 0.003 0.005 0.010 0.027 0.08 0.22
Se 34 0.004 0.006 0.011 0.032 0.09 0.26
Pd 46 0.070 0.108 0.198 0.560 1.58 4.48
Ag 47 0.103 0.158 0.290 0.821 2.32 6.57
Cd 48 0.169 0.260 0.479 1.353 3.83 10.83
Sn 50 0.318 0.489 0.899 2.543 7.19 20.35
Sh 51 0.083 0.128 0.235 0.665 1.88 5.32
Ba 56 0.050 0.076 0.140 0.397 1.12 3.18
Pt 78 0.006 0.009 0.017 0.048 0.14 0.39
Au 79 0.006 0.009 0.017 0.048 0.14 0.38
Hg 80 0.005 0.008 0.015 0.043 0.12 0.35
Tl 81 0.006 0.009 0.016 0.046 0.13 0.37
Pb 82 0.007 0.010 0.019 0.053 0.15 0.43
Bi 83 0.007 0.011 0.019 0.055 0.16 0.44

aBased on US EPA IO Method 3.3 one sigma interference free.



Optimizing Sampling Time Interval

1
sampling time = analysis time (Xact operation)
— — 15 minutes sampling time, various analysis times
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