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2.2.5 low Temperature Ashing (LTA)

Low temperature ashing was wused to determinpe the amount of non-carbonate
carbon present in the glass fiber filter samples used in this study. 1In
addition, two of the bulk powder source samples were ana;gééd by LTA.- The
size selective inlet (SSI) filters were not analyzed because of the limited
quantity of filter available. The LTA analyses were performed by NUS
Corporatioen, Laboratory Services Division in Pittsburgh, Pennsylvania,
under subcontract from ETC. Since none of the other&bulk analysis methods
were specific for carbon, LTA was employed to provide an indication of the

carbonaceous aerosol fraction.

2.2.5.1 Method of Analysis
Generally, ashing techniques determine the quantity of residue remaining
after combustion of the sample. The weight loss, determined by difference,

represents the mass of combustible material.

In low temperature ashing, the combustion is performed in an ionized oxygen
atmosphere. 20 The oxygen i% ionized by radio frequency (RF) energy. By
regulating the output of thé RF generator, the ashing temperature can be
controlled. The RF energy and the exothermic oxidation of the sample are

the only sources of heat in the LTA process.

By keeping the temperature low (100-125°C), adverse effects of conventional
ashing are wminimized. Some of the adverse effects that are reduced or

eliminated are:

¢ ILoss of carbonate carbon
e Loss of water of hydration
© Loss of certain volatile, non-carbon elements

® Transformation of mineral phases
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2.2.5.2 Sample Preparation

In a c¢lean enviromment, a 4 cm square was removed by ETC from each
as-received sample, such that no unexposed filter edge was included. Each
square was folded once, with the exposed surface inwazg, and placed in its

own marked container for transmittal to NUS.

2.2.5.3 Analytical Procedure

Two low temperature ashing wunits were%%sed in this study. The first, a
Tegal Corp. Plasmod asher had a single chamber, capable of holding two
samples. The second unit, an International Plasma Corporation asher was a
two chamber wunit with a with a total capacity of four samples. Aside from
the number of chambers, the two units are similar in design and operation.
The units were operated at 100 watts RF power. The oxygen flow, regulated
to maintain a vacuum of less than 1 Torr, was approximately 50 ml/min. A

Mettler analytical balance was used for all gravimetric determinations.

Each filter section was allowed to equilibrate for 24 hours before
weighing. Afrer weighing, each sample was placed in its own clean, tared
quartz dish. The sample was then inserted In the chamber of one of the LTA
units and allowed to ash for an initial period of at least 12 hours. After
ashing, each sample was allowed to cool and equilibrate, before welghing,

The sample was then reintroduced to the LTA unit for additional ashing.

The ashingmequilibrationﬂweighing cycle was repeated until a zero weight

change was observed.

Results reported to ETC were total welght and weight lost for each filter
section. ETC then extrapolated these results to a total weight loss for
the entire Hi-Vol filter.
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2.2.5.4 Analytical Difficulties and Deficiencies

First, LTA, 1ike many of the other analytical methods used in this study,
was handicapped by the relatively small quantity of total sample available.
As a result each LTA sample was only about 3% of the origin&i.filter area.
Normally, 10 to 25% of the filter is used to assure adequate precision.

Blank filters of the same type were ashed to determine\g blank correction.
Because the filter blank levels were relatively large, some samples, when
corrected for the blank, showed a weight gain. This was undoubtedly due,
in part, to the poor precision arising from the small sample size.

Additional causes may have been inhomogeneity of the filter medium énd

particulate deposit, as well as variation of the blank value from filter to
filter. %ﬁ

.

A3,

s

Non-carbonaceous species may also be positive interference for this method.
In particular, mnitrates, especilally ammonium wnitrate, are lost in the
ashing process. The LTA results, reported as percent of particulate mass,

were uncorrected for nitrate loss.

2.2.5.5 Results

Al]l glass fiber Hi-Vol filters were analyzed by LTA, for a total of 55
analyses. However, discrepancies in results as reported above necessitated

their removal from Table II in Appendix A.
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CHAPTER 3
ANALYTICAL QUALITY ASSURANCE
3.1 Analytical Quality Assurance Procedures

Analytical quality assurance procedures are extremely critical in order to
obtain reproducible results. The objective of quality assurance programs
for analytical measurements is to reduce measurement errors to tolerable
limits and to provide a means for ensuring that measurements have a high

probability of being of acceptable quality.

The procedures included the use of properly equipped laboratory facilities
and calibration of analytical equiment using established procedurés. All
analytical measurements were made using properly tested and documented
techniques. As  mentioned previously, the primary analytical method
employed in this study was CCSEM. CCSEM, like all instrunentation, must be
properly calibrated to provide accurate measurements. Because CCSEM
combines both a scanning electr?n microscope (SEM) and an energy-dispersive
x-ray spectrometer (EDS), several types of calibration are required. As a
part of this procedure, the magnification and linearity of the SEM image
must be determined. In addition, the gain and zero position of the EDS
system wmust be adjusted to assure proper position of the characteristic

x—-ray peaks in the spectrum.

Calibration of the scanning electron microscope (SEM) image was routinely
performed as a part of the quality assurance program. A complete image
calibration was performed after any electronic component of the SEM
required seévicing or adjustment or if routine magnification checks
indicated excessive drife. The image calibration consisted of placing an
image standard (N.B.S.) in the sample chamber and recording the image over

a rtange of indicated magnifications. The process was repeated after
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rotating the reference standard 90 degrees. The‘recorded image was then
measured with an appropriate device to determine image size and linearity.

Nonlinearity, 1f detected, was corrected and the measurements repeated.

Measurements of the iImage size were wused to determine the true
magnification. A magnification-calibration chart was prepared, plotting
the true versus iIndicated magnifications. From this chartﬁ-the indicated
magnifications corresponding to the true magnifications were selected. The
standard was agaln recorded at each of these indicated magnifications to
verify the true versus indicated magnifications. When this calibration was
completed, the .magnification, linearity and orthogonality of the images

produced by the SEM were accurate to within 2 percent.

The energy dispersive spectrometer (EDS) was calibrated by placing a
standard consisting of aluminum and copper in the SEM. The EDS hag a
bullt-in automatic calibration routine ;that locates the peak centroids.

The zerc position and gain of the amplifier were adjusted until the peak

centroids for aluminum and copper were in their proper locations.

The algorithms used to determine particle size and particle type
(chemistry) were developed and verified on the same instruments, using the
above calibration procedures.i These CCSEM algorithms have been shown to
agree with such other physiéél size measurements as sieving.21 They have
also shown good agreement with other methods used to determine the relative
fractions of both chemical species (particle types) and elemental
concentrations.?? Therefore, calibration of the SEM image and the EDS
system assures calibration of the CCSEM sgizing and identification

algoritims.

Sample preparation for CCSEM also followed a set of quality—-control
measures designed to ensure that the prepared sample was representative of
the particélate matter on the original sample. Prior to sample
preparation, each filter was examined qualitatively by optical 1light
microscopy (o). The qualitative OIM examipation provides wvaluable

information about the characteristics and size distribution of the sample.
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Each filter was also examined for any defects such as holes, signs of
inadequate sealing, or the growth of mold or fungus that would invalidate
the sample. Acetone was used as the carrier fluid for redeposition of the
TSP because the majority of “typlcal™ ambient particulate matter is
insoluble in acetone.??® The acetone was filtered prior to use in the
redeposition process to prevent the acetone from possibly contaminating the
sample. }{1'

To minimize errors associated with contamination, tests were also routinely
conducted on filter blanks. In addition, procedures for sample preparation
included the use of a special sample holder designed to\minhnize carry over
of the glass fibers onto the Nuclepore™ filter. Any fibers which are
carried over are subsequently rejected from the analysis based on aspect
ratio (length ro width) and chemistry. As a final check, each redeposited
filter was examined by OIM for uniformity of loading and proper areal

concentration. Unacceptable filters were ﬁ%@repared.
1

This procedure for sample preparation, although somewhat complex, resulted
in the extraction of a representative fraction of the particles from each

filter, while minimizing the extraction of filter fibers.

The final form of quality assurance undertaken was to evaluate the
analytical precision and accuracy based on CCSEM replicate analyses and
intersethod comparisons. Confidence in .the measurement process can be
strengthened considerably by replicate énalysis, and this is one of the
most effective elements of any quality-assurance plan. BReplicate analyses
were performed on 17 percent of the samples. 1In addition, thirty (30)
samples analyzed in this study were "blind” samples. No information was
available to the contractors on these samples. The purpose of "blind”
sample analyses was to determine the strengths and limitations of
analytical methods. Interlaboratory comparison of the microscopic data was
performed on ten (10) of the "blind” samples. Both optical and automated
scanning electron microscopy were employed in this comparison. A summary

of results for the intermethod and interlaboratory comparisons is presented
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in the following sections. A statistical evaluation of the analytical
results was also performed as part of the quality assurance program.

Results of this analysis are presented in Chapter 4.
3.2 Intermethod and Interlaboratory Comparisons
3.2.1 Introductiomn

Since CCSEM was the primary analytical method in this study, a rigorous
quality assurance program was developed to determine the validity of the
CCSEM results. In this study, replicate CCSEM analyses were performed on
17 of the samples. Generally, replicate analyses indicate the precision
of each analytical method, while interlaboratory comparisons provide a
measurement of  accuracy. In addition to performing replicate and
interlaboratory analyses, the quality assurance program was enhanced by
comparing CCSEM results for co»located% samplers. Results obtained with
size selective inlet (SSI) Hi~Vol samplers with a 15m D;, cutpoint, were
also compared with results from co-~located Hi-Vol filters. Finally, an
effort was also made to review the CCSEM carbon results before and after
low temperature ashing of three Hi~Vol filters. A brief discussion of

these comparisons is presented in the following sections.
3.2.2 Comparison of CCSEM Results from Co-located Hi-Vol Samplers

A comparison was made of CCSEM results from co-located Hi-Vol TSP samples
collected at the Tillman monitoring site on the following sampling dates:

1/22/81, 4/10/81; 5/10/81, 6/03/81 and 11/24/81. A sunmary of the
elemental, particle type and weight distribution results from these samples
is presented in Tables 3.2.1 through 3.2.5. Ambient TSP was determined
using both cellulose and glass fiber filters for each of these sampling
dates. In addition, three sampling dates (1/22/81, 4/10/81 and 11/24/81)

include results from replicate filter analyses.
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On a percentage basis, the CCSEM elemental, particle type and size
distribution results show very good comparison between the glass fiber and
cellulose filters. This comparison indicates that CCSEM was not affected
as the bulk techniques were in the analysls of glass fiber filters. The
TSP concentrations as reported for the glass fiber filters were, on
average, 25 percent higher than the TSP reported for the cellulose filters.
The difference between the TSP results from the glass fibepﬁ#nd cellulose
filters may be caused, in part, by different filtration efficiencies.

Cellulose filters have a low dinitial efficiency (~64%) which eventually
increases to 80 - 90 percent as the filter loads.Z2Y The glass fiber filter
efficiency has a higher efficiency (~99%) because ;f the rough filter
structure. The CCSEM weight distribution results (physical and
aerodynamic) generally show a slight shift in weight towards the smaller

particles on glass fiber filters.

3.2.3 Comparison of CCSEM Results for the é%andard Hi-Vol and Size
1
Selective Inlet (SSI) Hi-Vol Samplers

A comparison of CCSEM results was also made between co-located Hi-Vol
samplers and a Hi-Vol sampler equipped with a 15um D50 gize selective inlet
(88I) for the following sampling dates: 1/22/81, 4/10/81 and 11/24/81. A
sumary of the elemental, particle types and weight distribution results
are presented in Table 3.2.6 through 3.2.8.

The normalized CCSEM results generally showed good correlation between the
Hi-Vol and the SSI samplers. The SSI samples were collected on glass fiber
filters, while the co-located Hi-Vol samples were collected on both
cellulose and glass fiber filters. The concentrations determined by the
S8I sampler were very similar to the TSP as reported by the Hi-Vol with the
cellulose filter. These results were both approximately 25 percent lower
than the TSP results obtained by the Hi-Vol sampler with a glass fiber
filter. The CCSEM weight distribution results indicated that the SSI

sampler was not excluding appreclable mass from particles larger than 15um.
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i, - TABLE 3-2.1
% N #
COMPARISON OF CCSEM RESULTS FROM COLLOCATED HI-VOL SAMPLERS

Tillman Monitor - 1/22/81

Bt
i

= TACB #13  TACB #13R TACB #l4 TACB #13  TACB #13R TACB #14
g Cellulose Cellulose Glass Fiber Particle Cellulose Cellulose Glass Fiber
" Element Fileter Filter Filter Type Filter Filter " Filter
&) (%) () (% (%) (%)
: Na 2.9 2.5 2.1 Si-Rich 6.7 7.1 6.7
T Mg 4.7 4.7 3.6 Ca-Rich 19.0 % 20.6 23.2
L
i Al 6.1 6.4 6.6 Fe-Rich 2.6 2.1 2.8
! Si 25.2 23.8 26.3 Pb~Rich 6.1 6.3 0.8
; P 1.0 1.1 0.7 R. Mix-Clay 1.9 - 1.8
i S 4.5 5.2 4.2 Mg-Si 2.0 - -
s c1 1.0 1.4 0.7 Mg~Ca 2.6 2.6 2.5
3
ioox 3.0 3.1 - 2.8 Fe-Zn - - 2.4
Ca 27.1 27.0 31.2 Mix-Zn - - 2.2
§ Ti 1.8 1.4 1.8 Mix-Clay 9.4 11.2 9.7
Y 1.5 1.4 1.3 Ca-53 23.2 21.4 23,3
; Cr 1.3 1.4 1.7 Si-Ca-Fe - 1.5 -
i Mn 1.4 1.4 1.1 Carbon 8.5 12.4 3.4
: Fe 7.5 5.9 8.4 Pb-Bearing 3.0 3.4 4.3
C o Ni 0.7 1.1 0.6 Pb-Si 1.3 2.3 2.4
. Cu 0.6 0.5 0.1 Fe-Si - - 4,2
1
! In 2.1 2.4 2.04 Misc. 12.7 9.1 10.3
. Br 1.5 2.7 1.7
? Ph 6 3 6. 32 TOTAL 100 100 100
; TOTAL 100 100 100
i PARTICLE WEIGHT DISTRIBUTION
i Particle Size Range (um)
i Sample Distribution 0.2-1.0 1.0-2.5 2.5-5 5-10 10-15 15-30 30-80
; TACB #13 Physical Wt.Y% 3 6 10 17 34 37 3
} Cellulose Filter Aerodynamic Wt.% 1 4 8 9 13 48 18
" TACB #13R Physical Wt.¥ 2 4 11 16 28 38 3
1 Cellulose Filter Aerodynamic Wt.% 1 2 5 15 10 43 24
I TACB #14 Physical Wt.Z% 2 5 12 20 34 24 2
Glass Fiber Filter Aerodynamic We.2 1 3 5 17 11 46 18

TACB#13 TSP Concentration: 111 pg/m3

TACB#13R TSP Concentration: 111 ng/m3
i TACB#14 ISP Concentration: 156 pg/m?

E ?“}ﬂ ' J
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TABLE 3.2.2

ol
COMPARISON OF CCSEM RESULTS FROM COLiOCA

}%

Tillman Monitor - 4/10/81

%ED HI-VOL SAMPLERS

TACB #15 TACR #16 TACB #22 TACR #15 TACB #16 TACB #22
Cellulose Cellulose Glass Fiber Particle Cellulose Cellulose Glass Fibe
Element Filter Filter Filter Type Filter Filter Filter
(@ ) ) (%) &) @ -
Na 2.1 2.2 2.2 Si-Rich 7.5 8.8 9.2
Mg 5.3 3.9 5.5 Ca~Rich 24,8 23.7 25.7 ~
Al 7.7 7.5 7.2 Fe-Rich 2.2 0 2.3 2.5
51 26.4 27.2 25.6 Pb-Rich 2.2 3.5 1.5
p 1.1 1.1 0.8 R. Mix-Clay 1.7 4,2 =
S 4.1 3.8 3.4 Ca-5§ - 2.2 -
Cl 0.9 0.9 0.8 Fe-Ca - - 1.8
K 3.2 3.3 3.2 Mg-Si 2.8 - 8.1
Ca 29,6 28,7 30.8 Mg~Ca 2.8 - -
Ti 1.4 1.3 1.3 Mix~Zn 1.9 2.3 2.6
v 1.7 1.3 0.8 Mix~Clay 17.8 15.1 12,2
Cr 1.2 1.1 0.8 Ca~s‘§=.irf§"" 15.7 14.4 13.5
Mn 1.3 0.9 0.9 Carbon 8.2 5.9 1.9
Fe 4.8 6.1 7.2 Pb-Bearing 3.3 5.6 2.2
Ni 0.9 0.6 0.8 Pb-Br 0.9 1.4 1.1
Cu 0.4 0.1 0.9 Fe-Si - 1.7 -
Zn 2.9 2.9 2.8 Br-Bearing - - 3.7
Br 1.3 1.8 2.5 Mise. 8.2 8.9 14.0
Ph 3.6 5.1 2.6
TOTAL 100 100 100 TOTAL 100 100 100
PARTICLE WEIGHT DISTRIBUTION
Particle Size Range (um)
Sample Distribution 0.2-1.0 1.0-2.5 2.5-5 5-10 10-15 15-30 30-80
TACB #15 Physical Wt,% 2 4 9 17 33 34 2
Cellulose Filter Aerodynamic Wt.% <1 2 6 12 12 41 27
TACB #16 Physical Wt,% 3 6 13 15 33 28 2
Cellulose Filter Aerodynamic Wt.Y% 1 4 7 14 10 47 18
TACB #22 Physical wWt.% 2 6. 14 21 20 28 9
Glass Fiber Filter Aerodynamic Wt.% <l 2 B 18 9 40 23
TACB#15 TSP Concentratiom: 100 pg/m?
TACB#16 TSP Concentration: 90 pg/md
TACR#22 TSP Concentration: 132 pg/m?3
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Sample
_ACB #24

Sy Y

Cellulose Filter

| acs #25

Elements

TOTAL

COMPARISON OF CCSEM RESULTS FROM COLLOCATED HI-VOL SAMPLERS

TABLE 3,2.3 ?

Tiliman Monitor - 5/10/81

PARTICLE WEIGHT DISTRIBUTION

6.2~1.0 1.0-2.5 2.5-5 5-1p0

Size

Range (um)

TACB #24  TACB #25
Cellulose Glass Fiber
- Particle Type Filter _ Filter
. (B (%)
Si-Rich o) 1609 16,5
Ca-Rich I 7.8
Pb-Rich 0.7 -
R. Mix~Clay 6.9 6.8
Ca-5 E 5.2
Mg-Si - 1.6
Mg-Ca 1.5 -
Mix-Clay 45.4 _48.5
Ca-Si B.6 6.9
§Carbon 1.6 3.1
"Pb-Br - 0.3
Misc. 5.3 4.8
TOTAL 100 100

10-15 15-30 30-80

TACB #24  TACB {#25
Cellulese Glass Fiber
__Filter Filter
(%) (%)
2.2 3.0
2.9 2.8
13.4 12.8
46.1 46.2
0.6 0.5
3.3 2.8
0.9 1.3
5.4 5.0
14,9 13.5
1.0 1.3
1.3 1.5
0.7 1.3
0.6 1.1
4.3 4.3
0.6 1.0
0.1 0.2 ;
0.7 6.7 W
0.5 0.4
0.5 0.2
100 100
Particle
Distribution
Physical Wt.% <1
Aerddynamic Wt.% <1

Physical Wt.

wlass Fiber Filter Aerodynamic

ACB#24 TSP Concentration:
TACB{#25 TSP Concentration:

=

Z <l
Wt.% <]

123 ug/m3
138 ug/m3

?{é i

o W

48
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)

15
6

16
16

18
18

27 33
10 39
34 29
10 46

10
30

2
18



TABLE 3.2.4

Lo
F

COMPARISON OF CCSEM RESULTS FROM COLLOCATED HI-VOL SAMPLERS

Tillman Momitor - 6/03/81

TACB #11 TACB #12 TACB #11 TACB #12
Cellulose Glass Fiber Cellulose Glasg Fiber .,
: El empents  Filter Filter Particle Type _ Filter Filter
Na ?f/e). KX Si-Rich ( 5 54
- Mg 3.1 3.7 Ca-Rich 41 15.5 23.1
g Al 6.6 7.1 Fe-Rich - 2.0
. Si 27.1 29.1 Pb-Rich 9.2 5.6
p 0.8 0.7 R. Mix-Clay 1.6 3.5
_ s 6.0 3.6 Ca-$ \ 64 2.9
Cl 0.9 0.5 Mg~Si - 1.6
} K 3.5 3.1 Mg~Ca 1.8 -
Ca 24,1 29.7 Mix-Zn - 1.8
:' Ti, 1.7 1.2 Mix~Clay 19.6 18.8
§ v 1.4 1.1 £ Ca-51 15.4 17.1
: Cr 1.2 0.8 Carbon 6.6 3.7
: Mn 1.2 0.8 Pb-Bearing 7.9 3.8
: Fe 3.7 5.1 Misc, 10.1 7.0
Ni 1.0 0.9
cu 0.3 0.3 TOTAL 100 100
“ Zn 3.0 1.9
Br 1.1 0.8
Pb 9.4 6.0
TOTAL 100 100
) PARTICLE WEIGHT DISTRIBUTION
L Particle Size Range (um)
Sample Distribution 0.2-1.0 1.0~2.5 2.5-5 5~10 10-15 15-30 30-80
_TACB #11 Physical Wt.% 1 6 13 i3 34 3¢ 5
Cellulose Filter Aerodynamic Wt.% <1 2 7 14 10 45 23
TACB #12 Physical Wt.% 1 4 9 15 32 37 3
' Glass Fiber Filter Aerodynamic Wt.Y% <1 2 5 11 10 47 25
TACB#11 TSP Concentration: 129 pg/m>
L_TACB#12 TSP Concentration: 170 pg/m3
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COMPARISON OF CCSEM RESULTS FROM COLLOCATED HI-VOL SAMPLERS

i Tillman Monitor - 11/24/81

i_ TACB #20 TACB #23 TACB #23r TACB #20 TACB #23 TACB #23R
: Cellulose Glass FiberGlass Fiber Particle Cellulose Glass Fiber Glass Fiber
-Element . Filter Filter Filter Type Filter ' Filter - Filter
{ (%) (%) %) (%) (% (%)
: Na 2.1 2,2 3.0 Si-Rich 8.0 ) 9.9 7.3
Mg 4.1 3.3 3.7 Ca-Rich 3.3, 29.0 27.9
i Al 6.1 7.1 7.5 Fe-Rich 4.1 4.1 2.4
’ Si 25.1 26.9 27.4 Pb-Rich 1.5 2.9 1,7
% P 0.9 0.8 0.7 R. Mix-Clay }.8 3.3 3.2
Yo .5 2.3 2.7 Ca-S - 2.0 -
H Cl .0 0.9 1.0 Mg-Si - - 3.0
3
i K 2.7 3.2 3.0 Mg—Ca 2.8 2.0 -
Ca 36.1 34.8 32.1 Fe-Zn 1.6 - -
i Ti 1.0 0.8 1.7 Fe-Cr - - 2.9
v 1.0 1.2 1.2 Mix-§% - - 2.0
% Cr 0.9 1.0 1.4 Mix—Clay 14.5 15.8 17.0
Mn 1.0 0.8 0.9 Ca-Si 16.6 17.4 18.1
i Fe 7.5 7.7 7.0 Carbon 2.9 2.1 4.3
Ni 0.4 0.7 0.7 Fe-§i - 2.3 -
i Cu 1.1 0.3 0.5 Pb-Bearing 2.0 2.2 1.9
i L
Y zn 1.4 1.6 1.9¢ Pb~Br 1.5 1.2 0.5
. Br 1.1 0.8 0.9 Mise. 11.4 5.8 7.8
z Ph 2,9 3.5 2.7
TOTAL 100 100 100
TOTAL 100 100 100
1
L PARTICLE WEIGHT DISTRIBUTION
% Particle Size Range (um)
b Sample Distribution 0.2-1.0 1.0-2.5 2.5-5 5-10 10-15 15-30 30-80
TACB #20 Physical Wt.% 3 6 15 19 27 26 3
.. Cellulose Filter  Aerodynamic Wt.% 1 5 8 18 12 38 19
TACB #23 Physical Wt.% 2 8 17 18 28 27 <1
Glass Fiber Filter Aerodynamic Wt.Y <1 4 21 9 40 17
T TACB #23R Physical We.% 8 2 16 26 25 23 <1
Glass Fiber Filter Aerodynamic Wt.% 5 4 5 24 12 37 14

TACB#20 TSP Concentration: 226 ug/m3
TACB#23 TSP Concentration: 316 pg/m3
TACB#23R TSP Concentration: 316 pg/m3
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TABLE 3.2.6

COMPARISON OF CCSEM RESULTS FOR THE HI-VOL SAMPLER AND THE SIZE SELECTIVE INLET {SSI) HI1-vOL
SAMPLER (15350) AT THE TILLMAN MONITOR 4/10/B1

TACBI1S  TACBI16 TACBA#22  TAGB#99(SSI) TACB#15  TACBr14 TACB#22  TACB-99(S51)
Cellulose Cellulose Glass Fiber Glass Fiber Particle Cellulose Cellulose Glass Fiber GClass Tiber
: Elements Filter Filter Filter Filter Types Filter Filter Filter Filter
[¢3)] (%) () ) (x) ¢} (%) %)
i Na 2.1 2.2 2.2 1.3 Si-Rich 7.5 8.8 9.2 12.2
Mg 5.3 3.9 5.5 2.6 Ca-Rich 24.8 23,7 25.7 27.3
i Al 7.7 7.5 7.2 6.9 Fe-Rich 2.2 23 2.5 1.7
i st 26.4 27.2 25.6 28.7 Pb-Rich 2.2 3.5 1.5 3.8
P 1.1 1.1 0.8 0.2 R.Mix-Clay 1.7 4.2 1.2 2.8
; 5 4.1 3.8 3.4 3.6 Na/K-$ 0.7 0.7 0.2 0.0
i ct 0.9 0.9 0.8 0.7 R-Fe 0.0 . 1.4 0.0 0.0
. K 3.2 3.3 3.2 3.9 Ca-S 0.8 2.2 0.9 1.0
H Ca 29.6 28.7 30.8 31.3 | Fe-ca 0.2 0.0 1.8 0.0
! Ti 1.4 1.3 1.3 1.1 | Mg-s1 2.8 1.2 8.1 0.9
‘ v 1.7 1.3 0.8 1.4 Mg-Ca 2.8 1.3 1.2 2.9
: cr 1.2 1.1 0.8 1.4 Fe-Hn 0.2 0.0 0.0 0.0
f s 1.3 0.9 0.9 1.2 | Mix-zn 1.9 2.3 2.6 1.8
. Fe 4,8 6.1 7.2 5.7 ' M%‘é;—Clay 17.8 15.1 12.2 16.2
Ni 0.9 0.6 0.8 0.7 cdhsi 15.7 14.4 13.5 1.1
f Cu 0.4 0.1 0.9 1.2 $1-S-Ca 0.0 0.5 0.5 0.0
_ Zn 2.9 2.9 2.8 3.3 Si-Ca-Fe 1.3 0.7 4.6 0.0
Br 1.3 1.8 2.5 . 0.2 Carbon 8.2 5.9 1.9 4.6
: Pb 3.6 5.1 2.6 4.5 S-Fe 1.0 0.0 0.6 5.0 -
: Fe-Si 0.7 1.7 1.4 1.1
: TOTAL 100 100 100 100 Fe-§ 0.2 0.2 0.3 0.8
Pb-Br 0.9 1.4 1.1 0.6
H Pb-Bearing 3.3 5.6 1.9 2.2
f Misc 3.1 2.9 7.1 9.0
] TOTAL 100 100 100 100

i PARTICLE WEIGHT DISTRIBUTION

Particle Size Range (um)
; Sample Distribution 0.2-1.0 1.0-2.5 2.5-5.0 5.0-10.0 10.0-15.0 15.0-30.0 30.0-80.0
{
. TACBI1LS Physical We.X 2 4 18 3 33 2
Cellulose Filter Aerodynamic We.Z 2 2 6 10 18 g 21
% TACBHYIE Physical Wr.% 3 [ 12 14 32 28 2
- Cellulose QA Filter  Aerodynamic Wt.X 4 3 9 12 17 40 L6
) TACB #22 Phyeical Wt.2 2 6 14 21 20 29 8
§ Class Fiber Filter Aerodynamic Wt.Z 1 2 9 21 14 29 22 .
- TACB#99 (5SI) Physical We. X 1l 9 19 24 31 16 0
Glass Fiber Filter Aerodynamic We.X 1 P 10 26 12 42 8

TACB#15 TSP Concentration: 100 ug/m3
TACE{lé TSP Concentratien: 90 yg/md
] TACBI2Z2 TSP Concentration: 132 pg/m?
f TACB#99 IP Concentration: 86 ug/m?



TABLE 3,2.7

: COMPARISON OF CCSEM RESULTS FOR THE HI-VOL SAMPLER AND THE SIZE SELECTIVE INLET (5851}
HI-VOL SAMPLER (15D5g) AT THE TILLMAN MONITOR 1/22/81

TACBA14 TACB#13  TACBIL3R TACBA9B(SSI) TACBF14 TACBI13  TACBAI3R TACB#98($S1)
Glass Fiber Cellulose Cellulose Glasa Fiber |Particle Glass Fiber Cellulose Cellulose Glass Fiber
v Elements Filter Filter Filter Filter Types Filter Filter Filter Filter
i (2) (x) (%) (%} %) {X) (%) (%)
i Na 2.1 2.9 2.5 2.9 S1-Rich 6.7 6.7 7.1 9.2
. Mg 3.6 4.7 4,7 4.3 Ca-Rich 23.2 . 15.0 20.6 17.5
- Al 6.6 6.1 6.4 6.4 Fe-Rich 2.8 2.6 2.1 2.1
: s{ 26.3 25,2 23.8 28.1 Pb~Rich 0.8 6.1 6.3 3.3
P 0.7 1.0 1.1 1.2 R.Mix-Clay 1.8 1.9 - 0.7
: s 4.2 4.5 5.2 4.5 Mg-S1 - 2.0 - 4.9
g cl 6.7 1.0 1.4 1.5 Mg-Ca 2.5 2.6 2.6 2.4
K 2.8 3.0 3.1 2.9 Fe~Zn 2.4 - - 0.7
: Ca 3.2 27.1 27.0 27.2 Mix-Zn 2,2 - - -
i T4 1.8 1.8 1.4 1.9 Mix-Clay 9.7 9.4 11.2 10.0
v 1.3 1.5 1.4 1.3 Ca-51 23.3 23.2 2.4 24,0
Cr 1.7 1.4 1.4 1.2 Si-Ca~Fe - - 1.5 2.0
i Mn 1.1 1.4 1.4 1.3 Carbon 3.4 9.5 12.4 9.7
Fe 8.4 7.5 5.9 6.9 Pb-g;aring 4.3 3.0 3.4 1.4
i Ni 0.6 0.7 1.1 0.7 Pb-S1 2.4 1.3 2.3 0.8
i Cu 0.1 0.6 0.5 0.0 Fe-Si 4.2 - - 2.4
Zn 2.0 2.1 2.4 1.5 Misc. 10.3 12.7 9.1 8.9
i Br 1.7 1.5 2.7 1.3
: Pb 3.2 6.3 6.8 4.6 TOTAL 100 100 100 100
i TOTAL 100 100 100 gloo
! PARTICLE WEIGHT DISTRIBUTION
} Particle Size Range (um)
H Sample Distribution 0.2-1.0 1.0-2.5 2.5-5.0 5.0-10.0 10.0-15.0 15.0-30.0  30.0-50..
TACB#14 Physical Wt.¥ 2 5 12 20 34 24 2
! Glass Fiber Filter  Aerodynamic We.X 1 3 5 17 11 46 10
- TACB#13 Physical Wt.X 3 6 10 17 . 3% 37 3
2 Celluloge Filrer Aerodynamic Wt.Z 1 4 8 9 13 48 18
§_ TACB#13R Physical Wt.Z 2 4 11 16 28 38 3
Cellulose Filter Aerodynanic Wt,Z 1 2 5 15 10 43 24
% TaCB#98(551) Ehysical We.% <1 3 10 15 37 29 5
= Glass Fiber Filter Aerodynamic Wr.3Z <l 2 4 11 il 53 20
3 ) TACBEL4 TSP Concentration: 156 ug/md

TACB#13 TSP Concentration: 111 pg/m?
TACBJ13R TSP Concentration: 1llug/m?
TACB#98 1P Concentration: 115 wg/m3

[
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TABLE  3,2,8

c b

HI-VOL SAMPLER (15Dg5g) AT THE TILLMARN MONITOR 11/24/81

COMPARISON OF CCS5EM RESULTS FOR THE HI-VOL SAMPLER AND THE SIZE SELECTIVE INLET (551)

TACB#23 TACBI23R TACBA20  TACB#10Q(SSI) TACBH23 TACBH#23R IACB#20
Glass Fiber Glass Fiber Cellulose Glass Fiber Particle Glass Fiber Glass Fiber Cellulose
Elements Filrer Filter Filter Filter Types Filter Filter Filter
(%) (%) (%) (%) (%) RS (3)
Na 2.2 3.0 2.1 2.2 Si-Rich 9.9 i’;7.3 B.o
Mg 1.3 3.7 4.1 3.2 Ca-Rich 29.0 “lerg 1.3
Al 7.1 7.5 6.1 7.4 Fe-Rich 4.1 2.4 4.1
Si 26.9 27.4 25.1 27.2 Pb-Rich 2,9 L.7 1.5
P 0.8 0.7 0.9 0.8 R.Mix~Clay 3.3 3.2 1.8
s 2.3 2.7 3.3 3.5 Ca-5 2.0 - -
c1 .0.9 1.0 1.0 1.0 Mp-51 - 1.0 -
K 3.2 3.0 2.7 3.3 Mg-Ca 2.0 - 2.8
Ca 34.8 3z.1 36.1 38.9 Fe-Zn - - 1.6
Ti 0.8 1.7 1.0 1.4 Fe-Cr - 2.9 -
v 1.2 1.2 1.0 1.2 Mix~Zn - 2.0 -
Cr 1.0 1.4 0.9 1.3 Mix-Clay 15.8 17.0 14.5
A 0.8 0.4 Lo 0.8 Cai 17.4 18.) 1h.6
Fe 7.7 7.0 7.5 6.0 Cargnn 2.1 4.3 2.9
Ni 0.7 0.7 0.4 0.7 Fe-51 2.3 - -
Cu 0.3 0.5 1.1 0.1 Pb-Bearing 2.2 1.9 2.0
Zn 1.6 1.9 1.4 1.0 Pb-Br 1.2 0.5 1.5
Br 0.8 0.9 1.1 0.3 Misc. 5.8 7.8 11.4
Pb 3.5 2.7 2.9 1.8
TOTAL 100 100 100
TOTAL 100 100 100 1o0
PARTICLE WEIGHT DISTRIBUTION
Partiele Size Range (um)
Sample Pistribution 0.2-1.0 1.0-2.5 2.5-5.0 5.0-10.0 10.0-15.0 15.0-30.0  30.0-80.0
TACB#23 Physical Wr.% B 17 18 iB 27
CGlass Fiber Filter Aerodynamic Wt. % <l 10 21 9 40
TACB#23R Physical Wt.% 2 16 26 25 23
Glass Fiber Filter Aerodynamic Wt.% 4 5 24 12 37
TACBA20 Physical Wt.% 3 6 15 19 27 26
Cellulose Filter Aerodynamic Wr.,% 1 5 8 18 12 is
TACB#100(SSI) Physical We.X <] 7 20 17 35 21
Glass Fiber Filter Aerodynamic Wr.% 1 3 11 20 11 47

TACB#23 TSP Concentracion: 316 vg/m?
TACB#23R TSP Concentration: 316 pg/m?

TACBHZ0 TSP Concentration: 226 pg/ml
TACBULOD IP Concentrarion: 236 ug/m?
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3.2.4 Comparison of CCSEM Results Before and After Low Temperature Ashing
of the Hi-Vol Filter

A comparison was made between CCSEM results obtained before and after low
temperature ashing (LTA) of the Hi-Vol filter, in order to determine the
effects of LTA on the CCSEM carbon results. A summary of’the elemental,
particle type and weight distribution results from thrée Hi-Vol filters
before and after LTA, is presented in Tables 3.2.9 to 3.2.11.

The CCSEM results showed good comparison before ‘and after the low
temperature ashing of each filter. The weight distribution results
indicate 1little effect on particle size distributions from the ashing
process. CCSEM carbon 1levels, for all three filters, decreased after

ashing and are swmarized below:

&

TACB#85 TACB#S? TACB#100
CCSEM Carbon -~ before LTA 11.1% 5.4% 5.8%
CCSEM Carbon - after LTA 6.9% 3.2% 2.4%

As would be expected, CCSEM§ results show a reduction in carbon after
ashing. However, the accuraﬁy of the carbon results as reported by CCSEM
is still wuncertain. The low temperature ashing results performed on the
glass fiber filters were unreliable because of both the variability in the
filter blank, and the Imprecision caused by small sample size. For these
reasons, the LTA results were not used for comparison with the CCSEM carbon
results. Additional research will be needed to determine the accuracy of
the CCSEM carbon results.

3.2.5 Interlaboratory Comparison of AA, XRF, PIXE, S8AX and CCSEM Elemental
Results for 'Blind' Quality Assurance Samples

As a part of the quality assurance program, ten of the thirty 'blind’
samples were analyzed by SAX and quantitative OIM in addition to AA, XRF,

I 54



- TABLE 3.2}9?%%

2 COMPARISON OF CCSEM RESULTS BEFORE AND AFTER LOW TEMPERATURE ASHING OF HI-VOL FILTER
%
Particle -
Element TACB#85 TACB#85 ASH Type TACB#85 TACB#85 ASH
(%) (%) (%) (%)
Na 3.6 3.2 Si-Rich 3.1, 7.4 -
; Mg 2.9 3.2 Ca-Rich 12,6 14.6
f Al 5.2 5.0 Fe-Rich 1.6 0.6
i Si 14.0 19.3 Pb-Rich 26.7 22.8
f P 1.6 0.8 R.Mix-Clay - 1.4 2.2
, s 7.0 6.4 R-Fe - 1.0
§ c1 1.4 0.5 Ca-S 8.0 8.4
) K 2.7 2.5 Mix-Clay 3.7 5.6
: Ca 20.0 22.7 S-Bearing 2.3 0.9
{ Ti 1.6 2.0 ga—Si 6.6 7.3
i v 1.9 1.6 §i-5-Ca 2.3 3.0
S Cr 1.5 1.5 Carbon 11.1 6.9
; Mn 1.9 1.3 Pb-Ca 3.3 3.0
! Fe 4.2 4.2 Pb-Si 4.1 4.8
. Ni 1.3 5.8 Pb-Br 1.9 -
i Cu 0.2 1.5 Pb-Mg 2.3 1.3
Zn 1.4 1.0 Pb-Na 2.8 1.3
% Br 1.5 0.3 Pb-Bearing 0.8 0.5
Pb 26.2 22.1 Misc - 5.4 8.4
é TOTAL 100 100 TOTAL 100 100
PARTICLE WEIGHT DISTRIBUTION
= Particle Size Range (um)
Sample Distribution 0.2-1.0 1.0-2.,5 2.5-5 5-10 10-15 15-30 30-80
. TACB{#85 Physical Wt.7% 2 10 14 10 30 32 2
Aerodynamic Wt.% <1 4 8 14 8 33 33
TACB#85 ASH Physical wt,.% I 6 15 15 47 14 2
- Aerodynamic Wt.% <l 1 5 18 11 45 20
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TABLE'3.2.10,
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COMPARISON OF CCSEM RESULTS BEFORE AND AFTER LOW TEMPERATURE ASHING OF HI-VOL FILTE

. Element TACB#87 TACB#87 ASH P’?;Et:c.le TACB#87 TACB#87 ASH
- (%) (%) I (%)} (%)
Na 1.7 1.4 ' si-Rich 9.8 9.4
g 2.6 2.7 Ca-Rich 26.4 24.5
3 Al 8.7 8.2 Fe-Rich 1.8 2.4
: si 32.9 33.9 R.Mix-Clay 3.4 6.1
i P 0.9 0.6 Ca-§ . 1.7 1.7
' s 2.4 1 Mg-Si - 1.1 1.1
- Cl 1.1 0.8 Fe-Cr - 1.7
% K 3.4 4.0 Mix-Clay 21,7 21.7
_ Ca 32.1 31l.6 Ca-Si 14.7 14,86
S ¥ 1.0 1.1 Si-Ca-Fe 6.2 5.0
Sy 1.2 0.6 ?arbon 5.4 3.2
H Cr 0.8 0.9 Fe-§i 1.5 3.1
: Mn 1.1 0.9 Si-Fe 2.2 2.0
i Fe 7.5 8.8 Pb-Bearing 0.8 0.0
! Ni 0.7 0.4 Misc. 3.3 3.5
¢ Cu 0.2 Lo TOTAL 100 100
Zn 0.9 0.8
. Br 0.2 0.0
“’ Pb 0.7 0.1

TOTAL 100 100
% PARTICLE WEIGHT DISTRIBUTION
E Part&cle Size Range (um)
t Sample Distribution 0.2-1.0 1.,p-2.5 2.5~-5 5-10 10-15 15-30 30-80
TACB#87 Physical Wt.% <1 4 21 20 39 15 <1
3 Aerodynamic Wt.% 0 2 8 22 13 49 6
TACB#87 ASH Phl‘ysical We.% <l 4 21 20 39' 15 <1
! Aerodynamic Wt.% 0 2 8 22 13 49 6
i .
h_ TACB#87 TSP Concentration: 285 vg/m3

56
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COMPARISON OF CCSEM RESULTS BEFORE AND AFTER LOW TEMPERATURE ASHING OF HI-VOL FILTEER

 Element TACB#100 TACB#100 ASH P;§;;Cle TACB#100 TACB#100 ASH
| (%) (%) o (%) )
! Na 2.2 1.6 Si-Rich 9.9 9.1 .
Mg 3.2 3.3 Ca-Rich 30, 5% 32.3
5 Al 7.4 5.7 Fe-Rich 3.4 1.0
Si 27.2 26.6 Pb-Rich 0.6 1.0
P 0.8 0.9 R.Mix-Clay 1.7 2.6
) 3.5 4.1 Ca-S S 16 2.6
cl 1.0 0.6 Mg-5i 1.1 1.2
K 3.3 3.0 Mg-Ca 2.2 2.7
; Ca 36.9 39,3 Mix-Zn - 1.0
Ti 1.4 1.3 Mix-Clay 13.5 10.0
f v 1.2 0.7 S%ﬁearing 1.8 -
i Cr 1.3 1.0 Ca-si 18.7 22.7
Mn 0.8 0.6 Si~Ca-Fe 0.2 1.9
Fe 6.0 5.5 Carben 5.8 2.4
Ni 0.7 0.6 Fe-Si 1.2 0.6
i Cu 0.1 1.5 Si-Fe 1.0 -
7 Zn 1.0 1.6 Pb-Ca - 1.2
i Br 0.3 0.0 Pb-Bearing 2.4 1.3
i Pb 1.8 2.3 Mise. ‘ 4.4 6.4
; TOTAL 100 100 . TOTAL 100 100
L PARTICLE WEIGHT DISTRIBUTION
E Particle Size Range (um) '
- Sample Distribution 0.2+1.0 1.0-2.5 2.5-5 5-10 10-15 15-30 30-80
TACB#100 Physical Wt.% <1 6 17 22 39 15 <1
- Aerodynamic Wt.% <l 2 8 20 14 50 6
TACB#100 ASH Physical Wt.% <1 6 17 22 39 15 <1
2 8 20 14 50 6.

Aerodynamic Wt,% <1

TACB#100 TSP Concentration: 236 yg/m3
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PIXE and CCSEM. The ‘'blind' analyses as performed in this study were
unique because, with the exception of PIXE, no supportive information was
provided to the contractors on these samples in an effort to make a true
comparison of each analytical method. SAX 45 an automated scanning
electron microscopy technique similar to CCSEM. SAX was incorporated in
this study to provide an independent evaluation of the CCSEM microscopic
data. 0IM was a quantitative optical microscopy methoﬁ. A summary of
elemental results for these samples is presented in Table 3.2.12 through
3.2.21. (Since OIM does not determine elemental chemistry, 1t was excluded
from this table). Generally, the reported elemeqtal results compared
favorably between techniques. However, the comparison is limited because
not all of the samples were analyzed by each methed. Only PIXE, SAX and
CCSEM reported results for every sample. The AA method was performed only
on glass fiber filters collected by the EPCCHD. 1In addition, only these
four elements were determined by AA: zine, arsenic, cadmium and lead. The
XRF data supplied by the TACB did n?t report results for five of the
samples. Of the five samples that were reported by the TACB, three were
from glass fiber filters. Since the bulk XRF technique used by the TACE
was not successful in correcting for the glass fiber filter medium, results
from the light elements (A2, si, P, s, €1, K, Ca) were omitted. From these
results, the PIXE method appeared more successful in correcting for the
filter blank than the bulk éXRF method. Elemental PIXE results, in most

cases, compared well with the SAX and CCSEM Tresults on the ten.

interlaboratory quality assurance filters,

3.2.6 Interlaboratory Comparison of Microscopic Data for Blind Study
Quality Assurance Samples

In  addition to the elemental comparisons of the ten blind study
interlaboratory quality assurance filters, data from optical microscopy
{OIM) and automated scanning electron microscopy (SAX, CCSEM) methods were
compared. Results were presented as particle class (Minerals, Biologicals,

Combustion, and Industrial/Transportation) and particle category (quartz,
mix-clay, ete.), The purpose of this part of the study was to determine
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e 'TABLE  3.2.14

INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AND CCSEM

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE #91R

Al
ug/m3

Na
Mg
Al
Si
P

8

Cl
K

Ca
Ti
v

Cr
Mn
Te
Ni
Cu
Zn
As
Sn
Br
Cd
Sb
Pb

TOTAL

pg/m3

IB & WC - 12/12/81

(%)

Ambient TSP Concentration:

pg/m3
3.4
6.1

18.6

6.0
1.1
2.3
23.7
0.3

trace

trace .

0.2
4.7
Lrace
0.4
1.0
0.2

0.1

1.6

69.7

61

PIXE

170 ug/m?
SAX CCSEM
¢ up/m® (%) (0

- 2 (0.3  (1.9)
(4.9) 0.3 (0.4) (2.5)
(8.8) 0 (7.6) (8.5)

(26.7) 24.5  (31.1)  (29.9)

- 0.1 (0.1) (0.7)
(8.6) 7 (6.0) (5.4)
(1.6) 0.2 (0.3) (1.4)
(3.3) 6 (3.3) (3.4)

(3§;0) 29.8  (37.8)  (29.9)
(0.4) 0.2 (0.3)  (1.8)

- trace - (0.9)

- 0.5 (0.6) (0.7)
(0.3) 0.1 (0.1) (0.9)
(6.7) 7.4 (9.4) (7.5)

- trace - (0.6)
(0.6) 0.8 (1.0) (0.0)
(1.4) 0.4 (0.5) (2.8)
(0.3) - - -

- 0.0 (0.0) -
(0.1) trace. - (0.3)
(2.3) 1.1 (1.4) (1.1)
(100) 78.9  (100)  (100)
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Na
Mg
Al
Si
P
S
Cl
K
Ca
Ti
v
Cr
Mn
Fe
Ni
Cu
Zn
As
Sn
Br
Cd
Sb
Pb

TOTAL

TABLE 3.2.15

-y

INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AND CCSEM

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE # 92

UTEP - 9/07/8a

Ambeint TSP Concentration:

AA XRF PIXE

pe/m® g /md %) ug/m3

- - - 0.9
- - - 3.0

- - - %  trace
- - - 0.1
- - - 0.1

- - - trace

- Lo - trace

L2)

(6.0)

(1.2)
(1.2)

(2.4)

(100)

45 yg/m3

SAX, CCSEM
pg/m® () ()
trace - {2.3)

0.2 (0.9) (3.7)
2.3 (10.5) (92.8)
7.9 (35.9) (31.5)
0.2 (0.9) (0.7)
0.6 (2.7) (3.4)
trace - (1.0)
1.0 (4.5) (3.7)
5.8 (26.4) (29.0)
0.3 (1.4) (1.1)
trace - (0.9)
trace - (0.7
trace - (0.9)
2.4 (10.9) (4.7)
trace - {0.7)
0.8 (3.6) (1.9)
trace - (1.4)
0.0 (0.0) -
trace - {0.8)
0.5 (2.3) (1.6)
22.0 (100) (100}
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TABLE 3.2.16 L

T

INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AND CCSEM

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE #93

AA
sp/m3

Ivanhoe Fire Station - 10/31/81

XRF

pg/m3

Na
Mg
Al
S5i
P

3

Cl
K

Ca
Ti
v

Cr
Mn
Fe
Ni
Cu
Zn
As
Sn
Br
Cd
5b
Pb

TOTAL

0.4

trace

trace

0.2

0.6

trace

trace

0.1

trace

0.1

Lrace

0.2

0.4

63

Ambient TSP Concentration: 156 ug/m3

PIXE SAX CCSEN
wgfm? () ue/m’ (%) )

- - 0.1  '(0.1) (2.0
5.3 (21.2) 1.7 (2.5) (5.0)
3.1 (12.4) 4.8 (6.9) (7.6)
- - 18.7  (27.1)  (31.6)
- - 0.3 (0.4) (0.6)
4.4 (17.6) -8 (11.3)  (10.6)
0.6 (2.4) 0.2 (0.3) (0.8)
0.9 (3.6) .2 (3.2) (3.1)
9.5 (3@;0) 27.8  (40.2)  (28.1)
0.1 (é.#) 0.1 (0.1) (1.1)
- - trace - (1.0)
- - 0.1 (0.1) (0.8)
trace - 0.1 (0.1) {0.9)
0.9 (3.2) 4.0 (5.8) (4.0)
trace - trace - (0.8)
0.1 (0.4) 1.0 (1.4) (0.1)
- - trace - (0.6)

- - (0.0) -

trace - (0.0) (0.4)
0.2 (0.8) 0.2 (0.3) (1.0)
25.0 (100) 69.1 (100) (100)
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TABLE 3.2.17

' fﬂ%

INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AND CCSEM

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE # 94

AA
ng/m?3

Na
Mg
Al
5i
P

B

C1
K

Ca
Ti
v

Cr
Mn
Fe
Ni
Cu
Zn
As
Sn
Br
Cd
5b
Pb

TOTAL

0.3

trace

0x3

0.6

pg/m3

UTEP -~ 12/29/80

(%)

i

Ambient TSP Concentration:

144 yg/m3
PIXE SAX: CCSEM
we/md (%) wg/m3 (%) (%)

- - 0.2 (0.3) (1.6)
7.1 (9.7) 0.5 (0.7) (3.2)

10.8  (14.8) 6.3 (9.4)  (11.3)
3L.4  (42.9) 25.3  (37.9)  (41.8)

- - trace - (0.6)
1.6 (2.2) 3.1 (4.6) (2.5)
0.6 (0.8) trace - (0.9)
2.1 g(z.g) 3.2 (4.8) (4.6)

14.5  {19.8) 22.0  (32.9)  (21.8)
0.4 (0.5) 0.7 (1.0) (1.0)
trace - 0.1 (0.1) 0.7)
trace - 0.2 (0.3) {(1.0)
0.1 (0.1) 0.1 (0.1) (0.7)
3.8 (5.2) 4.5 (6.7) (6.4)
trace - 0.1 {0.1) (0.6)
0.3 (0.4) "0.3 (0.4) (0.2)
0.1 (0.1) trace - (0.7)
trace bl - - -

- - 0.0 (0.0) -
0.1 (0.1) trace - (0.2)
0.4 (0.5) 0.2 (0.3) (0.2)

73.3 (100) 66.8 (100) (100)

64
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Na
Mg
Al
51
P

5

Cl
K

Ca
Ti
v

Cr
Mn
Fe
Ni
Cu
Zn
As
Sn
Br
Cd
5b
Pb

TOTAL

GTEP - 12/29/80

Ambient TSP Concentration:

(%)

TABLE 3,2.18

PIXE

pg/m*

9.9 (10.2)
14.4 (14.8)
42.2 (43.5)

2.0
0.6
2.8

18.6 (ﬁ?.z)

0.6
trace
trace

0.1

4.9
trace

0.3

0.1

trace

0.1

0.4

97.0

65

¢
.m%
L

INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AND CCSEM

144 pg/ma

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE # 94R

SAX CCSEN
g /m3 ,7{32) (%)
0.2 (0.3) (1.5)
0.5 (0.7 (3.5)
7.1 (10.2) (11.0)
30.4  (43.8) (42.3)
0.1 (0. (0.6)
0.5  (0.7) (1.8).
trace - (0.7)
2.7 (3.9) (4.2)
18.9 (27.2) (25.4)
0.6 (0.9 (1.9)
trace - {0.9)
0.4  (0.6) (0.5)
0.1 (0.1) (0.9)
7.5 (10.8) (4.4)
trace - (0.3)
0.2 (0.3) (0.0)
0.1 (0.1) (0.2)
0.0 (0.0) -
trace © - (0.0)
0.1 (0.1) (0.1)
69.4 {100) (100)
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TABLE 3.2.19 ki
INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AI‘iD CCSEM

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE # 95

Zack White School - 9/07/81
Ambient TSP Concentration: 53 pg/m3

Latshd e

mrhrent

b,

[

) ik g bt

s i rvo—

rvp——

ppee

AA «RF PIXE SAX * CCSEM

ELEMENT  up/m®  yp/m3 (%)  wg/m® (%) ug/m3 () (%)
Na - - - - trace - 2.1)
Mg - - - - 0.1 (0.4) (3.2)
Al - - - - 1.8 (7.0) (8.0)
Si - - - - 8.2 (31.8) (30.2)
P - - - - trace - 0.7
5 - - - 2.0 1.6 (6.2) (5.3)
cl - - - - trace - (0.8)
K - - - 0.8 0.8 (3.1) (3.1)
Ca - - - 6.4 ! 7.8 (30.2)  (30.8)
Ti . - - trace 0.1 (0.4) (1.3)
Y - - - trace trace - (0.8)
Cr - - - - trace - (1.2)
Mn - - trace - trace trace - {1.0)
Fe - - - 4 0.6 1.9 (7.4)  (4.5)
Ni - trace - trace trace - (0.8
Cu - 0.2 - 0.2 0.9 (3.5) (0.6)
Zn 0.6 - - - 0.3. (1.2) (1.4)
As 0.2 - 0.1 - - -
Sn - 0.1 - - 0.0 (0.0) -
Br - ~trace - trace trace - (0.8)
cd trace 0.1 - - - - -
Sh - trace - - - - -
Ph 0.5 0.4 - 0.4 2.3 (8.9) (3.4)
TOTAL 1.2 1.0 - 10.5 25.8 (100) (100)

Wy,
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TABLE 3.2.20

IB & WC - 2/27/81

Ambient TSP Concentration:

AA XRF
B ELEMENT pg/m>  pg/md (%)
% Na = - -
) Mg - = -
: Al - - -
' Si - - -
: P - - -
i
S - - -
i Cl - - -
p K _ _ _
Ca - - -
Ti - - -
v - - -
Cr - trace -
Mo - 0.1 -
Fe - - -
Ni - trace -
Cu - 0.3 -
Zn - -
i As 0.2 0.3 -
§_ Sn - trace -
. Br - 0.1 -
L cd trace 0.1 -
Sb = - -
Pb 1.4 1.1 -
TOTAL 2.9 2.0 -

PIXE
wg/m® (%)
3.7 (5.3)
10.4  (14.8)
34.4  (49.0)
2.8 (4.0)
0.7 (1.0)
2.0 (2.8)
8.5 (1%%1)
0.4 (0.6)
trace -—
trace -
0.2 (0.3)
5.0 (7.1)
trace -
0.3 (0.4)
0.4 (0.6)
0.2 (0.3)
0.1 (0.1)
1.1 (1.6)
70.2 (100)

67
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INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX\AND CCSEM

T

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE #96

159 pg/m3

SAX CCSEN
ue/m® (1) (1)
%
0.3 0.4)  (0.9)
0.2 (0.2)  (1.2)
13.0 (15.4) (16.0)
34.7 (41.2) (45.8)
0.4 (0.5)  (0.5)
2.9 (3.4) (2.7
trace - (1.0
2.3 (2.7) (4.0)
7.8 (9.3)  (7.6)
0.8 (1.0) (1.9
trace - (1.1)
0.1 0.1y  (0.7)
0.3 (0.4) (1.0
18.0 (21.4) (12.1)
0.1 (0.1)  (0.4)
1.3 (1.5)  (0.1)
0.5 (0.6) (1.3)
0.0 (0.0) -
trace - (0.2)
1.5 (1.8) (1.7
84,2 (100)  (100)
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TABLE 3.2.21

’ fﬁ%

INTERLABORATORY COMPARISON OF AA, XRF, PIXE, SAX AND CCSEM

ELEMENTAL RESULTS FOR QUALITY ASSURANCE SAMPLE # 97

AA

ug/m3

Na

[TFE PPN

Mg
Al
Si
P
S
Cl
K
Ca
Ti
Vv
; Cr

s e

Yarsta Hupein

ek dlabaion ]

Mn
Fe
Ni

i Cu

Zn

Wbt s

As
Sn
Br
Cd
Sb
Pb

TOTAL

UTEP - 10/31/81

Ambient TSP Concentration:

XRF
ug/m3 (%)

1.2 (4.3)
5.1 (18.4)
0.}  (0.4)
3.1 (11.2)
1.0 (3.6)
0.8 (2.9)
11.6  (41.9)
trace -
trace -
0.1  (0.4)
1.7 (6.1)
trace -—
0.3  (1.1)
0.6 . (2.2)
0.3  (1.1)
0.1 (0.4)
0.1  (0.4)
1.6  (5.8)
27.7  (100)

gy

11.2

2.6
0.7
0.9
12.8
0.2
trace
trace
0.1
2.3
trace
0.4
0.8
0.2

0.1
0.2

1.6

43.0

PIXE

76 pg/m?

S5AX CCSEN

yg /m3 i;z(%) ()
0.1 (0.3) (1.8)
0.5 (1.3) (4.6)
2,8 (7.4) (7.3)
8.8 (23.2) (26.1)
0.2 (0.5) (1.0
2.0 (5.3) (7.2)
trace - (0.9)
0.9 (2.4) (3.1)
13.3  (35.0) (32.4)
0.1 (0.3) (1.3)
trace - (0.9)
trace - (0.8)
0.1 (0.3) (0.8)
2.6 (6.8) (4.5)
0.1 (0.3 (0.6)
0.2 (0.5) (0.1
3.4 (8.9) (1.9)

g.0 (0.0) -
trace - (0.3)
2.9 (7.6) (4.1)
38.0 (100) (100)
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whether analyses based on different microscopic methods were comparable. A

sunmary of the results are presented in Table 3.2.22 through 3.2.31.

Comparison of the CCSEM and SAX particle class results show generally good
agreement. The particle class results were obtained by combining the
particle category results. The particle category results did not compare
as well as the particle class results because of the difféféht definitions
used by CCSEM  and SAX to classify particles. Slightly different
classification parameters may alter the category to which the particle will
be assigned. .
Optical microscopy wused ecriteria such as morphology, phase contrast, and
color to classify particles. The use of this information rather than the
elemental composition caused the optical analysis to report particle
categories that differed from CCSEM and Sé§, Information directly obtained
by optical microscopy often provided reséigticn of the particles' source.

Individual particle analysis based on both automated scanning electron and
optical microscopy, as wused in this study, enabled the strengths of each
method to be utilized. However, since each technique classified particles
differently, comparison of particle types was not always a simple process.

One had to thoroughly understand the classification criteria of each method
to establish wvalid c¢ross-comparisons. Because particle types did not
directly compare from one method to another, the comparisons of microscopic
data were made on a particle class basis. A review of the daté indicated
that the CCSEM and SAX results compared favorably with the optical analyses
(0IM). '

Automated scanning electron microscopy combined with optical microscopy
showed the potential to be a powerful analytical tool for envirommental
studies. Additional efforts should be made to optimize this combined
technique. '
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3.2.7 Summary of CCSEM Results for 'Blind' Quality Assurance Filters

Phase III of the E1 Paso receptor modeling study was conducted as a 'blind'
study. No dinformation on these samples was available to the contractor,
prior to analysis. The primary purpose of this phase of the study was to
determine the reliability and appropriateness of using CCSEM to resolve the
chemical constituents of TSP on cellulose and glass fibéf{filters. This
determination was made by comparing the CCSEM results with those from other
methods. In -all, thirty (30) ambient filters (TACB #71 through TACB #97
plus three replicates) were analyzed in this phase of the study. No loss
of precision or accuracy was observed in the results obtained from CCSEM
for these samples. The following sections summarize the CCSEM results from

these filters.

3.2.7.1 TACB#71 (Tillman EPCCHD)

—

CCSEM vparticle type results from this filter showed it to be composed
mainly of ecarbon (16%), calciwm-silicon (15%Z), and calcium=-rich (12%)
particles, with smaller amounts of silicon-rich (7%), diron~rich (57%),
lead-rich (5Z) and mix-clay (6%) particles. Particle types accounting for
a small percentage of the §otal mass which indicate the presence of the
ASARCO smelter included iron-zinc (22), mix~zinc (1Z), lead-silicomn (2%),
and sulfur-iren (1%). The presence of lead-bromine particles indicated

impact from automotive sources.

The presence of lead-bearing particle types associated with other tracer
types, indicated. that the ASARCO smelting operations had an impact at this
monitor. The TACB did not report any XRF results from this filter. PIXE
was unsuccessful in determining the concentrations of the light elements
because of .the glass fiber element interferences (Mg, Si and P were not
reported). ;Lead results from AA and PIXE show good agreement, while zinc

results do not.
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3.2.7.2. TACB#72 (Ivanhoe Fire Station)

CCSEM results show this filter to be composed mainly of calcium-silicon
(18ug/m3), mix-clay (19ug/m3), caleium=-rich (LOug/mg) and silicon-rich
(8ug/m3) particles. Particle types that indicated the presence of the
ASARCO  smelting operations included lead-rich (O.3ug/q§), iron-zine
(2.Oug/m3), mix-zine (1.3ug/m3) and lead-silicon (0.2ug/m3)5{ The presence

of lead-bromine particle type indicated impact from automotive sources.

The TACB reported only a few elements (Cr, Mn, Ni, Cu, As, Br and Pb)
because of interferences from the glass fiber filter. PIXE also had
difficulties, and did not report Mg, Si or P results. Comparisons between
XRF and PIXE results for Pb, Br, 4s, Cu, Ni, Mn and Cr show good agreement.
AA results for lead and arsenile compared well with the XRF and PIXE

results. The zine results reported by AA were twice as high as reported by

ik
e

PIXE. _ b
3.2.7.3 TACB#73 (Zack White School)

CCSEM results showed this filter to be composed mainly of calciwm=-silicon
(22ug/m3), calcim-rich (19ug/m3), mix-clay (17ug/m3), silicon-rich
(10ug/m%) and carbon (7ug/m3) particles. Particle types that indicated a
small  impact  from  ASARCO were lead-rich (2.7ug/m3) and iron-lead
(O.4ug/m3). The presence of lead-rich and lead-bromine (0.9ug/m3) also

indicated impact from autcmotive sources.

The TACB reported ZXRF data only for the heavy elements (elements with an
atomic nunber greater than chromium) because of interferences from the
glass fiber filter. The PIXE results for these elements compared well with
the ZRF data. CCSEM results, on a percentage basis, also show agreement
with the PIXE data.

g1
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3.2.7.4 TACB#74 (Dallas, Texas)

CCSEM results indicated the filter to be composed mainly of lead-rich
(17.6ug/m3), carbon (9.0ug/m3), calcium~silicon (6.7ug/m§), mix-clay
(6.6ug/m3), silicon-rich (5.9ug/m>) and caleiun-rich (5.7ug/m?) particles.
Lead-bearing particles which would indicate dimpact from a lead smelter
include: lead-calcim (0. 9ug/m3), lead-sodium (2.4ug/m? ), lead-silicon
(1.6ug/m3), lead-iron (0. Sug/m }, and lead~magnesium(arsenic) (0. 6ug/m ).
Although it may look as though ASARCO had an impact on this monitor, it
should be noted that there is a lack of zinc-bearing particles which were
prominent at the ASARCO plant. Upon discussion with the TACB project
manager, it was learned that this filter was collected near a secondary

lead smelter in Dallas, Texas.

Both XRF and PIXE were not able to determine the light elements (Si, Ca,
Mg, Al, etc.) because of interferenceg with the glass fiber filter.
Elemental vtesults for the heavy elements showed good agreement between PIXE
and XRF methods.

3.2.7.5 TACB#75 (IB & WC)

CCS5EM results showed the amb}ent filter to be composed mainly of mix-clay
(2lug/m?), caleiwm-rich (19ug/m ), caleiwm-silicon (léug/m3), silicon-rich
(12ug/m3) and silicon-calcium-iron (12ug/m®) particles. Smaller amounts of
lead-rich (6ug/m3), mix~zine (0.5ug/m3), lead-silicon (1.3ug/m3),
lead~calcium (O.Bug/mg), lead-zinc (1.0ug/m3), lead-iron (O.Gug/ma) and
lead-magnesium(arsenic) (4.0ug/m3) indicate impact from the ASARCO smelting

operations.

The TACB reported XRF results only for elements heavier than chromium
because of interferences from the glass fiber filter. PIXE reported the
light elemeﬁts (Mg, Al, Si, and Ca), but PIXE data did not compare well
with the CCSEM results. XRF and PIXE results showed good agreement for the
reported heavy elements: Pb, Br, 4s, Cu, Mn and Cr.
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3.2.7.6 TACB#76 (Zack White School)

CCSEM results dindicate that the majority of this filter wag composed of
mix-clay (2lug/m®), calcium~silicon (13ug/m3), caleiwm-rich (13ug/m3),.
silicon-rich (llug/m’), and calciun-sulfur (10ug/m®) particles. Particle
types which indicated the impact of the ASARCO smelting operations include
lead-rich (2ug/m3), mix-zinc (lug/m?), lead-calcium (O.Bug/mﬁs, sulfur-iron
(0.6ug/m@) and 1lead-silicon (0.3ug/m3). The presence of lead bromine
(0.5ug/m3) indicated that automotive sources had an impact on this monitor.

Because this was a glass fiber filter, the TACB did not determine the
lighter elements by XRF. PIXE did analyze for the light elements and
results compared favorably with the CCSEM data. JRF and PIXE results
compared well for Mn, Ni, Cu, As, Br, Cd, Sb, and Pb. AA results compared
well with XRF and PIXE results for Pb and Ai.
i

3.2.7.7 TACB#77 (Tillman EPCCHD)

CCSEM results indicated that the majority of the weight on this filter was
composed of mix-clay (56ug/m®), caleium-silicon (36ug/m3), calcim-sulfur
(33ug/w®), calcium-rich (27ug/m®), carbon (1%ug/m®) and silicon-rich
(18ug/m3) particles. Minor concentrations of mix-zinc (0.6ug/m3) and lead
silicon (1.2ug/m3) indicate that the ASARCO smelting operations may have
had a small impact at this monitor.

Since this was a glass fiber filter, the TACB did not determine the light
elements by ZXRF. PIXE results for the light elements compared favorably
with the CCSEM data on a percentage basis. 3XRF and PIXE results showed
good comparison for Mn, Ni, Cu, As, Br and Pb. AA results compared well to
XRF and PIXE results for Pb and As. The AA zinc result was twice as high
as the PIXE value.

83
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3.2.7.8 TACB#78 (Tillman EPCCHD)

CCSEM results showed the majority of welight on this filter to be composed
of calciwm-silicon (17ug/m®), calciwm-rich (13ug/m3), mix-clay (12ug/m3),
and carbon (7ug/m3). The presence of lead-rich (0.8ug/m3), mix-zinc
(6ug/m3) and lead-sodium (0.3ug/m3) indicated the imp;ét-of the ASARCO

smelter.

PIXE and XRF results compared well for the heavy elements (Cr, Mn, Ni, As,
Br and Pb). The TACB did not analyze for the 1ightei elements because of
glass fiber filter interferences. PIXE results for wmost of the light
elements compared favorably with the CCSEM data. The silicon results as
reported by PIXE may be overestimated because of poor blank correction. AA
Tesults for Pb and As compared well with both XRF and PIXE results.

e
£

3.2.7.9 TACB#79 (IB & WC)

CCSEM results indicated that the majority of the particle mass was
associated with the following particle types: 4irom-silicon (120ug/m?y,
silicon-caleium-iron (66ug/m3), calcium~silicon (28ug/m3), silicon-rich
(22ug/m®), lead-rich (20ug/m3)} carbon (19%ug/m3), sulfur-bearing (17ug/m?),
calcium-rich (l6ug/m3), irdhwrich (15ug/m3), mix-clay (l5ug/m3) and
lead-iron (14ug/m3). Besides the lead-rich and lead-irom, other particle
types which indicate the presence of the ASARCO smelting operations
include: mix-zinc (Bug/ms), iron-lead (5ug/m3), lead-sodiwmm (4ug/m3),
lead-silicon (7ug/m3), iron-sulfur (6ug/m3) and lead-magnesim(arsenic)
(2ug/m3). The lead-magnesium particle type was most probably composed of
lead arsenic (Pb-As). Interferences between magnesium and arsenic
prevented the direct ldentification of arsenic by CCSEM in this study.
S

Comparison éf PIXE and CCSEM elemental results, on a percentage basis,
indicate good agreement for most elements. Since this was a glass fiber
filter, the XRF reported only the elements with an atomic welight heavier
than chromiw. Results showed good agreement between XRF, PIXE and AA for
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45 and Pb results. The AA and XRF results for Zn did not compare to the
results obtained from the PIXE analysis.

3.2.7.10 TACB#80 (San Antonio, Texas)

CCSEM  results indicated that calcium-rich (22ug/m?), qﬁlcium-silicon
(15ug/m3) and silicon-rich (9ug/m3) particle types accounted for the
majority of the filter weight. Small amounts of lead-bearing particles
were also found on the filter. These particles include 1lead-rich
(0.3ug/m3), 1lead-silicon (0.2ug/m?%), lead-calciwm (0sbug/m 3y, lead-sodium
(0.2ug/m3) and copper-lead (0.2ug/m?).

Since this filter sample was collected from San Antonio, the lead is most
likely related to automotive emissions. However, no bromine was found by
CCSBEM on this filter. Therefore, thei%sample was analyzed again. The
second analysis reported 0.3 percent of légd—bromine particles. Additional
analysis by ETC and the TACB indicate that this may not be as
representative of San Antonio as originally anticipated and suggests that

the filter may not be uniformly loaded.
3.2.7.11 TACB#81 (IB & WC)

CCSEM results indicated that the majority of filter weight was composed of
mix-clay (287ug/m3), silicon-rich (93ug/m3), calcim-silicon (45ug/m 3y,
lead-rich  (3lug/m3), calecium~rich (30ug/m?), calcim=-sulfur (27ug/m3),
carbon (2lug/m3) and d{iron-rich (l6ug/m3) particles. Particle types found
on the ambient filter in smaller concentrations that indicate the presence
of the  ASARCUO  smelting operations include: iron-zine (Sug/m3),
lead-magnesiun(arsenic) (2ug/m3), lead-potassim (2ug/m’), lead-silicon
(1lug/m3), iron-sulfur (llug/m3) and lead-zinc (l4ug/m3).

Comparison of elemental results for Pb, As, and Zn between AA, XRF and PIXE

showed wvariation. In addition, the bromine results from XRF and the IC
results for bromine did not compare well. Comparison of PIXE and CCSEM

85
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results show good agreement for most elements. The TACB did not determine
the concentrations for the light elements because of the glass fiber filter

medium.

3.2.7.12 TACB#82 (Zack White School)

. “‘.
CCSEM particle type results 1indicated that the majority of filter weight
was composed of mix-clay (75ug/m3), silicon-rich (22ug/m3), calcim=-silicon
(18ug/m3), caleium-sulfur (13ug/m?) and calciwm~rich (l1lug/m3) particle
types. The presence of 1lead-rich (1ug/m3) and leﬁﬁ-magnesiun(arsenic)

(0.1ug/m3) indicated a minor impact from the ASARCO smelting operations.

Comparison between elemental results from AA, XRF, and PIXE showed good
agreement for Pb and As. However, the Mn results as reported by XRF and
PIXE did not agree. The TACB. did n%t analyze for the light elements
because of interferences resulting from the glass fiber filter. Comparison

between PIXE and CCSEM showed good agreement for most elements.

3.2.7.13 TACB#83 (Houston, Texas)

CCSEM particle type results gfrcm this filter showed it to be composed of
silicon-rich (l6ug/m3), calcium-rich (20ug/m3), calciwm-silicon (13ug/m3),
mix-clay (16ug/m3) and iron-rich (IOug/m?) particles.

Comparison of the elemental results between XRF, PIXE and CCSEM generally
showed good agreement. However, XRF results for Al and 81 report lower

concentrations than PIXE. The AA analysis was not performed on the filter.

3.2.7.14 TACB#84 (IB & WC Monitor)

o
CCSEM resulté indicated that the wmajority of the mass from this ambient
filter was composed of mix-clay (80ug/m3), lead-rich (76ug/m3), carbon
(45ug/m3), sulfur-bearing (37ug/m3), mix-zinc (36ug/m3), silicon-rich
(22ug/m3) and caleciuwm-silicon (17ug/m>) particles. Particle types which
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indicated contribution from the ASARCO smelting operations include
iron~sulfur (22ug/m3), zinc-lead (6ug/m3), calcium-lead (2ug/m3),
lead-silicon (llug/m3), lead-potassium (2ug/m3), lead-magnesium(arsenic)

(l4ug/m?) and iron-magnesium(arsenic) (lug/m3).

Comparisons of elemental results between XRF, AA, and PI;E showed good
agreement for Pb. The As and Zn and Cd values by AA diH\Eot compare as
well with the PIXE or XRF. XRF and PIXE results compared well for Cr, Mn,
Cu, 4s and Cd. The bromine levels indicated by XRF and IC showed
variation. Comparison of elemental results, om a perceitage basis, between

PIXE and CCSEM had good agreement.
3.2.7.15 TACB#85 (Dallas, Texas)

The ambient TSP concentration was unavai%%ple for this filter. Therefore,
all results were presented as weight perceétages. CCSEM results showed the
filter to be composed mainly of lead-rich (27%), caleium-rich (13%), carbon
(11%) and calcium-sulfur (8%) particle types. Other particle types of
lower concentrations, that indicated the presence of a possible smelter

are: lead-silicon (4%), lead-potassium (1%), 1ead~magnesium($rsenic) (2%),
lead-sodimm (3%), lead-calcium (3%2) and calcium-lead (1%). Although the
CCSEM results might be used to suggest contribution from the ASARCO
smelter, there were tw major departures from typical ASARCO emissions:

1)the lead-rich particle type had a higher concentration, relative to
mixed-lead types, than that found on other ambilent filters; and 2)there was

a lack of zinc particle types, present in most of the ASARCO sources.

This filter was found to have been collected in Dallas, Texas near a
secondary lead smelter. This may explain the significant difference
between particle types from this filter, and those that are prevalant in

the ASARCO smelter source samples.
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Although this was a glass fiber filter, the TACB analyzed for some of the
light elements (P, S, Cl and Ca). Comparison of the XRF results with PIXE"
showed good agreement for §, Cl, Cr, Mn, Cu, S5n, As and Pb. Ca and Fe PIXE
results dia not compare with the ZXRF results. Comparison of elemental
results between PIXE and CCSEM did not show good agreeﬁent, primarily
because of significant differences in the relative amounts of calcium and

silicon reported.
3.2.7.16 TACB#86 (Tillman TACB)

Majority of weight was composed of mix~clay (BOug/m?), silicon-rich
(12ug/m?), calcim~silicon (17ug/m®), caleiwm~rich (40ug/m¥)  and
calcium~sulfur (15ug/m3) particles. Parg}cle types which indicated impact
from the  ASARCO smelting operations%ﬁinclude: lead~rich (l.6ug/m3),
silicon~lead (1l.lug/m3), lead-calcium (1.4ug/m3), lead-magnesium(arsenic)
(l.1lug/m%) and lead-potassium (0.4ug/m3). This filter was a 'blind'
replicate of TACB #64. Comparison of CCSEM results to the original filter
showed good agreement (see Table II in Appendix A).

!
PIXE, XRF and AA analyses were ﬁbt performed on this filter.

3.2.7.17 TACB#87 (IB & WC)

This filter was collected while the ASARCO plant was on strike. CCSEM
results indicated‘ that the majority of filter weight was composed of the
following particle types: calcium~-rich (75ug/m3), mix—-clay (72ug/m3),
calciwm=-gilicon (42ug/m3), silicon~-rich (28ug/m3), silicon~calciuwm=-iron
(18ug/m®), and carbon (15ug/m3). Particle types found on the ambient
filter that fiﬁdicated a2 minor impact from the ASARCO smelting operations
are lead-rich (1ug/m3) and lead-silicon (0.%ug/m3). Since the plant was on

strike, these particles most probably represent reentrained dust.

Comparison of the elemental results between AA, XRF and PIXE showed good

agreement for As and Pb. The zinc concentration as reported by AA
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TABLE 4.1.8
STATISTICAL EVALUATION OF CCSEM DATA

Cal
Replicate El Paso Source Sample 83-1, 83-2 & 83-3

Interlaboratory Comparison Filter

Cellulose Filter Media
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Element Mean Standard Deviation Confidence Interval (fl.960)
Na 1.13 0.35 ( 0.45 - 1.82)
Mg .87 0.12 (1.64 -~ 2.09)
Al .57 0.15 %% (7.27 - 7.87)
5i 28.50 0.60 1 (27.32 - 29.68)
S 17 0.21 ( 5.76 - 6.57)
Cl .77 0.25 (0.27 - 1.26)
K .07 0.21 ( 1.66 - 2.47)
Ca 25.80 1.25 (23.35 ~ 28.25)
Ti 1,33 0.23 ( 0.88 - 1.79)
Fe 16.97 1.18 (14,64 - 19,29)
Mn 1.07 0.12 ( 0.84 - 1.29)
Zn 1.10 0.46 ( 0.20 - 2.00)
Cr 1.27 0.29 ( 0.70 - 1.83)
Pb 0.60 0.26 ( 0.08 - 1.12)
v 1.07 0.31 ( 0.47 - 1.67)
Cu 0.13 0.23 ( 0.00 - 0.59)
P 1.90 0.00 ( 1.90 - 1.90)
Br 0.10 0.10 ( 0.00 - 0.30)
Ni 0.63 0.12 ( 0.41 - 0.86)
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Element

Na
Mg
Al
Si
S
cl
K
Ca
Ti
Fe
Mn
Zn
Cr
Pb
v
Cu
P
Br
Ni

TABLE 4.1.9

STATISTICAL EVALUATION OF CCSEM DATA

5
1

Replicate El Paso Source Sample 91-1, 91-2, & 91-%8
Interlaboratory Comparison Filter

Glass Fiber Filter Media

Confidence Interval (fl.963)

Mean Standard Deviation
1.43 0.51 ( 0.43
2.23 0.15 ( 1.93
8.77 0.46 " ( 7.86
31.93 1.75 § (28.51
4.43 0.67 ( 3.13
0.90 0.26 ( 0.38
3.50 0.17 ( 3.16
30.63 0.98 (28.71
0.97 i0.21 { 0.56
7.00 0.95 ( 5.13
0.93 0.25 ( 0.44
1.23 0.31 (0.63
0.83 0.25 ( 0.34
2.37 0.38 ( 1.62
0.93 0.12 (0.71
0.50 0.10 ( 0.30
0.63 0.29 ( 0.07
L :0.23 0.23 ( 0.00
053 0.15 ( 0.23
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.83)
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TABLE 4.1.10
STATISTICAL EVALUATION OF CCSEM DATA

Replicate El Paso Source Sample 92-1 & 92?@
Interlaboratory Comparison Filter

Cellulose Filter Media

Element Mean Standard Deviation Confidence Interval (il.963)
Na 1.85 0.49 ( 0.98 - 2.92)
Mg 3.65 0.07 ( 3.51 - 3.79)
Al 9.40 0.57 | ( 8.29 - 10.51)
51 31.55 0.07 6 (31.41 - 31.69)
S 3.70 0.42 ! (2.87 - 4.53)
Cl 0.85 0.21 ( 0.43 - 1.27)
K 3.65 0.07 ( 3.51 - 3.79)
Ca 29.30 0.42 (28.47 - 30.13)
Ti 1.15 0.07 ( 1.01 - 1.29)
Fe 5.30 0.85 ( 3.64 - 5.96)
Mo 0.90 0.00 ( 0.90 - 0.90)
Zn 1.15 0.35 (+0.46 - 1.84)
Cr 0.70 0.00 ( 0.70 - 0.70)
Pb 1.85 0.35 (1.16 - 2.54)
Vv 0.95 0.07 ( 0.81 - 1.09)
Cu 1.75 0.21 (1.33 - 2.17)
P 0.70 0.00 ( 0.70 - 0.70)
Br 0.85 0.07 ( 0.7 - 0.99)
Ni 0.55 0.21 (0.13 - 0.97)
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TABLE 4.1.11

kb

i STATISTICAL EVALUATION OF CCSEM DATA

i Replicate El Paso Source Sample 91R-1, 9LR-2

Interlaboratory Comparison Filter

Glass Fiber Filter Media
Element Mean Standard Deviation Confidence Interval (f1.960)
Na 2.10 0.28 ( 1.55 - 2.65)
Mg 2.55 0.07 ( 2.41 - 2.69)
Al 8.75 0.35 g ( 8.06 - 9.44)
i 51 30.70 1.13 5 (28.48 - 32.92)
i s 5.35 0.07 ( 5.21 - 5.49)
; c1 1.25 0.21 ( 0.83 - 1.67)
i, K 3.35 0.07 . ( 3.21 - 3.49)
, Ca 31.05 1.63 (27.86 - 34.24)
Ti. L.45 L 0.21 (1.03 - 1.87)
Fe 6.25 Y 1,77 ( 2.79 - 9.71)
Mn 1.00 0.14 ( 0.72 -~ 1.28)
- Zn 1.80 1.41 { 0.00 - 4.57)
Cr 0.70 0.00 ( 0.70 - 0.70)
- Pb 1.10 0.00 ( 1.10 = 1.10)
i v 0.95 0.07 (0.81 - 1.09)
t Cu 0.00 0.00 ( 0.00 - 0.00)
g P 0.75 0.07 ( 0.61 - 0.89)
P Br +0.30 0.00 ( 0.30 - 0.30)
Ni " 0.65 0.07 ( 0.51 - 0.79)
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Element

Na
Mg
Al
5i
5

Cl
X

Ca
Ti
Fe
Mn
Zn
Cr
Pb
v

Cu
P

Br
Ni

Mean

1.76
2.39
8.76
31.32
4,89
1.08
3.42
30,84
1.21
6.63
0.97
1.51
0.76
1.74
0.94
0.25
0.69
0.27
0.59

TABLE 4.1.12
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STATISTICAL EVALUATION OF CCSEM DATA

Replicate El Paso Source Sample 91 & ngii.

Interlaboratory Comparison Filter

. Glass Fiber Filter Media

Standard Deviation

N
.23
.01
.87
.65
.25
.11
.30
.34
.53
.05
.40
.09
.90
.01
.35
.08
0.05
0.08

0O O O 0O 0O O O 0O 0O 0 O 0 o000

o
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Confidence Interval {tl.960)

( 0.
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( 0.
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84
85
73
61
61
59

22
(30.
.54
.59
.87
.73
.58
.00
.91
.00
.52
.17
42

26

2.69)

2.83)

8.79)
33,02)

6.17)

1.56)
.63)
.42)
.88)
.66)
.06)
.30)
.95)
.50)
.97)
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0.76)
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Element

Na
Mg
Al
Si
5

Cl
K

Ca
Ti
Fe
Mn
n
Cr
Pb
v

Cu
p

Br
Ni

]

TABLE 4.1.13

STATISTICAL EVALUATION OF CCSEM DATA

t

Replicate El Paso Source Sample 93-1 & 93-2

Interlaboratory Comparison Filter

Glass Fiber Filter Media

Mean Standard Deviation Confidence Interval (fl.géu)
1.90 0.14 ( 1.62 - 2.18)
5.20 0.28 ( 4.65 - 5.75)
7.50 0.14 o ( 7.22 - 7.78)
30.30 1.84 § (26.70 - 33.90)
11.05 0. 64 ( 9.80 - 12.30)
0.80 0.00 ( 0.80 - 0.80)
3.10 0.00 ( 3.10 - 3.10)
29,70 2.26 (25.27 - 34.13)
1.20 é 0,14 ( 0.92 - 1.48)
3.60 " 0.57 ( 2.49 - 4.71)
0.80 0.14 ( 0.52 - 1.08)
0.65 0.07 ( 0.51 - 0.79)
0.90 0.14 ( 0.62 - 1.18)
0.75 0.35 ( 0.06 - 1.44)
1.00 0.00 (1.00 - 1.00)
0.10 0.00 ( 0.10 - 0.10)
0.50 0.14 ( 0.22 - 0.78)
10.30 0.14 ( 0.02 ~ 0.58)
0.65 0.21 ( 0.23 ~ 1.07)
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Element

Na
Mg
Al
Si
S
Cl
K
Ca
Ti
Fe
Mn
Zn
Cr
Pb
Vv
Cu
P
Br
Ni

TABLE 4.1.14

STATISTICAL EVALUATION OF CCSEM DATA

Replicate El Paso Source Sample 94-1 & 94—

Interlaboratory Comparison Filter

Cellulose Filter Media

+
Confidence Interval (-1.96.)

Mean Standard Deviation
1.50 0.14 (1.22
2.95 0.35 ( 2.26
11.25 0.07 N (11.11
41.55 0.35 %; (40.86
2.40 0.14 (2.12
0.80 0.14 ( 0.52
4.70 0.14 ( 4.42
23.85 2.90 (18.17
0.95 0.07 ( 0.81
5.55 1.27 ( 3.01
0.70 0.00 (0.70
0.45 0.35 (-0.00
0.75 0.35 ( 0.06
0.25 0.07 (0.11
0.75 0.07 { 0.61
0.20 0.00 ( 0.20
0.75 0.21 (0.33
0.15 0.07 ( 0.01
0.55 0.07 ( 0.41
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1.

3.
11.
42.
2.68)
1.08)
4.98)
9.33)
1.
7
0
1
1

78)
64)
39)
24)

09)

.99)
.70)
J14)
RAN'

0.39)

0.
0.
1,
0.
0.

89)
20)
17)
29)
69)
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TABLE 4.1,15
STATISTICAL EVALUATION OF CCSEM DATA

Replicate El Paso Source Sample 94 & 94K

Interlaboratory Comparison Filter

Cellulose Filter Media

M'o-.-umol
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Element Mean Standard Deviation Confidence Interval (fl.gﬁs)
Na 1.52 0.04 {( 1.46 - 1.59)
Mg 3.18 0.32 { 2.55 - 3.80)

Al 11.15 0.14 n (10.87 - 11.43) .
Si 42.23 0.95 § (40.35 - 44.10)
S 2.13 0.39 (1.36 ~ 2.89)
Cl 0.80 0.00 (0.80 - 0.80)
K 4,53 0.25 ( 4.04 - 5,01)
Ca 24.13 0.39 (23.36 - 24.89)
Ti 1.30 . 0.49 (0.33 - 2.27)
Fe 5.00 4 0.71- ( 3.61 - 6.39)
Mn 0.80 0.14 ( 0.52 - 1.08)
Zn 0.37 0.11 (0.17 - 0.58)
Cr 0.65 0.14 ( 0.37 - 0.93)
Pb 0.15 0.14 ( 0.00 - 0.43)
v 0.70 0.07 ( 0.56 - 0.84)
Cu 0.10 0.14 ( 0.00 - 0.38)
P 0.73 0.04 ( 0.66 - 0.79)
Br . 0.08 0.11 ( 0.00 - 0.28)
Ni 0.48 0.11 ( 0.27 - 0.68)
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Element

Na
Mg

- Al

5i
5
€l
K
Ca
Ti
Fe
Mn
Zn
Cr
Pb
v
Cu
P
Br
Ni

Replicate El Paso Source Sample 096-1 & gﬁqé

Mean

0.95
1.40
16.30
46.25
2.85
0.85
4.00
7.10
1.30
11.50
0.85
1.45
0.90
2.15
1.05
0.10
0.40
0.30
0.45

TABLE 4.1.16

STATISTICAL EVALUATION OF CCSEM DATA

Interlaboratory Comparison Filter

Glass Fiber Filter Media

Standard Deviation

j)
o
~1

O 0O 0O 0O 0 0O 0O O O 0O 0 0 0O 0O 0O o000

.28
W42
.64
.21
21
.00
.71
.85
.85
.21
.21
.28
. 64
.07
.00
A4
14
.07

111

e
R

&7

Confidence Interval (fl.96j)

( 0.
(00.
(1s.

(45
2

~ ~~ ~ ~ ~~ ~~ o~~~ ~ ~~ ~~ -~ ~~ -~ ~~ ~

81
85
47

.00
.43
0.43
4,00
5.71
0.00
9.84
0.43
1.03
0.
0
0
0
0
0
0

35

.90
.91
.10
12
.02
.31

¢
o O O O F W o

.09)
.95)
.13)
.50)
.27)
.27)
.00)
.49)
.96)
.16)
.27)
.87)
45)
L40)
.19)
.10)
.68)
.58)
.59)
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Element

Na
Mg
Al
Si
S

C1
K

Ca
Ti
Fe
Mn
Zn
Cr
Pb
v

Cu
P

Br
Ni

Replicate El Paso Source Sample

Mean

(3]
Ww © O~ o~

w
L2

o O O C O B~O H O 0o

.55
.40
.25
.20
.45
.85
.05
.35
.10
.75
.85
. 60
.80
.20
.80
.10
.75
.35
55

i

TABLE 4.1.17

STATISTICAL EVALUATION OF CCSEM DATA

t

97-1 & 97-2

Interlaboratory Comparison Filter

Cellulose Filter Media

Standard

Deviation

g

0.35
0.28
0.07
1.56
1.06
0.07
0.07
1.34
0.28
0.
0
0
0
0
0
0
0
0
0

35

.07
42
.00
14
14
.00
.35
.21
07

112

T

Interval (TI.QGOL

Confidence
( 0.86 - 2.24)
( 3.85 - 4.95)
( 7.11 - 7.39)
(24.15 - 30.25)
( 4.37 - 8.53)
( 0.71 - 0.99)
( 2.91 - 3.19)
(30.72 - 35.98)
( 0.55 - 1.65)
( 4.06 - 5.44)
( 0.71 - 0.99)
(0.77 = 2.43)
( 0.80 - 0.80)
(3.92 - 4.48)
( 0.52 - 1.08)
( 0.10 - 0.10)
( 0.06 - 1.44)
( 0.00 - 0.77)
( 0.41 - 0.69)
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4.1.18 through 4.1.22 present the results of this statistical analysis.
Since the TSP concentrations of the co-located samplers had significant

variation, results of the comparison are presented as weight percent.

The results for both elemental and particle type CCSEM data generally show
good comparison at the 95 percent confidence level. Howevefé-some elements
and particle types do show variation in results. An exaﬁgie of varlaticn
between samples 1is the Ca (elemental) and Ca-Rich (particle type) results
on 1/22/81 and 6/03/81. Although these results do indicate a wider than
normal confidence interval, it should be remembered that these results are
from co~located Hi~Vols which collected TSP on different filter media (i.e.
glass fiber vs. cellulose). On average, the TSP recorded at the co-Jocated
Hi-Vol samplers was substantially (approximately 25%) different. Thus, at
this point, it is difficult to assess whether the difference in results is

media. B

due to the CCSEM analysis or to the ﬁgbient Hi-Vol samplers and filter

4.2 Statistical Evaluation of CCSEM, XRF, PIXE and AA Elemental Results

As a part of the quality assurance program, the CCSEM elemental data was
compared to results from XRF, PIXE and AA to determine if the data were
statistically correlated. Since the CCSEM elemental results were Teported
as a relative percentage, while the XRF, PIXE and AA results were reported
as micrograms per cubic meter (ug/mg), a direct comparison of the results
was mnot possible. Therefore, results were compared using a Pearson
correlation procedure.?® A brief discussion of the correlation procedure

used is explained below.
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ELEMENT

Na
Hg
Al
51

PARTICLE
TYPE
Si-Rich
Ca-Rich
Fe-Rich
Pb-Rich
R. Mix-Clay
Mg-S1
Mg~Ca
Fe~Zn
Mix-Zn
Hix—Clax"
Ca~51
Si~Ca-Fe
Carbon
Pb-Bearing
Pb-51
Fe-51
Misc.

TABLE 4.1.18 C
“ J’jé‘%

STATISTICAL COMPARISON OF CCSEM RESULTS FROM,
COLLOCATED HI~-VOL SAMPLERS

Tillman Monitor - 1/22/81
TACBA13 Cellulose Filter Concentration: 111 ng/m?
TACB#13R Cellulose Filter Concentration: 111 pg/m’

TACB#14 Glass Fiber Filter Concentration: 156 pg/m3

INTERVAL (1.960)

T o328
5.58
6.86
27.56
1.34
5.64
1.72
3.27
33.13
2.12
1.60
1.87
1.64
9.75
1.32
0.92
2.57
3.23
9.26

[

INTERVAL (1.960)

MEAN STANDARD DEVIATION
2.50 0.40 1.72
4.33 Q.64 3.09
6.37 0.25 5.87
25.10 1.25 22.64
0.93 0.21 0.53
4.63 0.51 3.63
1.03 0.35 0.35
2.97 0.15 2.67
28.43 2.40 23.74
1.67 0.23 1.21
1.40 0.10 1.20
1.47 0.21 . 1.06
1,30 0.17 ;; 0,96
7.27 1.27 ) 4,78
0.80 0.26 0.28
0.40 0.28 0.00
2.17 0.21 1.76
1.97 0. 64 0.71
5.43 1.95 1.61
;

MEAN STANDARD DEVIATION

6.83 0.23 6.38
20.93 2.12 16.78
2.50 0.36 1.79
4.40 3.12 0.00
1.23 1.07 0.00
0.67 1.15 0.00
2.57 0.06 2.45
0.80 1.39 0.00
0.73 1.27 0.00
10.10 0.96 8.21
22,63 1.07 20,54
0.50 0.87 0.00
B.43 4.59 0.00
3.57 0.67 2.26
2,00 0.61 0.81
1.40 2.42 0.00
10.70 1.83 7,11

T - 114

7.29
25.09
3.21
10.51
3.33
2.93
2.68
3.52
3.2
11.99
24.73
2.20
17.44
4.87
3.19
6.15
16,29
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ELEMENT

PARTICLE
IYPE
§i-Rich
Ca-Rich
Fe-Rich
Pb-Rich

R. Mix-Clay
Ca-5§

Fe«Ca

Mg-Si
Mg-Ca
Mix-Zn
Mix-Clay
Ca-51i
Carbon
Pb-Bearing
Pb~Br
Fe-51
Br-Bearing
Misc.

LN

TABLE 4.1";3@ S

Q g
Z'g%

STATISTICAL COMPARISON OF CCSEM RESULTS FROM

TACBA15 Cellulose Filter
TACB#16 Cellulose Filter
TACB#22 Glass Fiber Filter Concentration: 132 ug/m?

MEAN

STANDARD DEVIATION

COLLOCATED HI-VOL SAMPLERS

Tillman Monitor - 4/10/81

Concentration: 100 ug/m’

Concentration:

2.17
4,90
7.47
26.40
1,00
377
0.87
3.23
29.70
1.33
.27
1.03
1.03
6.03
0.77
0,47
2.87
1.87
3.77

MEAN

0.06
0.87
0.25
0.80
0.17
0.35
0.06
0.06
1.05
0.06
0.45
0.21
0.23
L.20
0.15
0.40
0.06
0.60

1.26 .

STANDARD DEVIATION

8.50
24,73
2,33
2.40
1.97

0.73

0.60
3.63
0.93
2,27
15.03
14,53
5.233
37
1.13
0.57
1.23
10.37

0.89
1.00
0.15
1.0%
2.11
1.27
1.04
4.11
l.62
0.35
2.80
1.11
3.19
1,73
0.25
0.98
2.14
3.17

115

90 uglm3

INTERVAL (1,969)

2.05
.19
6.97
24.83
0.66
3.08
0.75
3.12
27.64
l.22
0.38
0.83
0.58
3.68
0.47
0.00
2.75
D.69
1.30

.28
(‘1E.61
7.96
27.97
1.34
4,45
0.98
3.35
31.76
1.45
2.15
1.44
1.49
8.39
1.07
1.26
2.98
3.05
6.23

INTERVAL (1,960)

6.76
22.77
2.03
0.41
0.00
0.00
0.00
0.00
0.00
1.58
g.54
12.37
0.00
0.30
0.64
0.00
0.00
4,16

10.24
26.70
2.63
4.39
6.11
3.22
2.64
11.70
4,10
2.95
20.52
16.70
11.58
7.10
1.63
2.49
5,42
16.57



TABLE 4.1.20 .

T h

: » 0 Ky
STATISTICAL COMPARISON OF CCSEM RESULTS FROM K

. COLLOCATED HI~VOL SAMPLERS

prtw o

Tillman Monitor = 5/10/81
- TACB#24 Cellulose Filter Concentration: 123 pg/m’
TACB#25 Glass Fiber Filter Concentration: 138 ug/m3

[IE—

-ﬁlhﬂltm1

b td

nmdidesin d

P r— !-.u.w..n prbadtanid

I b

ELEMENT HEAN STANDARD DEVIATION INTERVAL (1.960)
. Na 2.60 0.57 1.49 AL
i Mg 2.85 0.07 2.71 ‘Y 2,99
: Al 13.10 0.42 12,27 13.93
St 46,15 0.07 46.01 46.29
P 0.55 0.07 0.41 0.69
s ‘ 3.05 0.35 2.36 3.74
c1 1.10 0.28 0.55 1.65
X : 5.20 0.28 4.65 5.75
Ca 14,20 0.99 12.26 16.14
Ti 1.15 0.21 0.73 1.57
v 1,40 0.14 1.12 1.68
. Cr 1.00 0.42 ‘ 0.17 1.83
3 Mn 0.85 0.35 F 0.16 1.54
Fe 4,30 0,00 ' 4,30 4.30
. Ni 0.80 0.28 0.25 1.35
i Cu 0.15 0.07 0.01 0.29
1 7n 0.70 0.00 0.70 0,70
’ Br 0.45 .07 0.31 0.59
Pb 0.35 0.21 0.00 0.77

PARTICLE £

TYPE MEAN STANDARD DEVIATION INTERVAL (1.96a)
Si-Rich 16.70 0.28 16,15 17.25
Ca-Rich 7.85 0.07 7.71 : 7.99
. Pb-Rich 0.35 0.49 0,00 1.32
. R. Mix~Clay 6.85 0.07 6.71 6.99
Ca-5§ . 4,45 1.06 2.37 6.53
Mg-§i © D.80 1.13 0.00 ' 3.02
Mg~Ca 0.75 1.06 0.00 2.83
Mix-Clay 46,95 2.19 42.65 51.25
Ca-S1 7.75 1.20 5.39 10.11
- Carbon » - 2.35 1.06 0.27 4.43
Po-Br - 0.15 0.21 0.00 0.57
Misc. 5.05 0.35 4.36 5.74

W 116
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STATISTICAL COMPARISON OF CCSEM RESULTS FROM,

COLLOCATED HI-VOL SAMPLERS

[,

Tillman Monitor - 6/03/81
TACB#11 Cellulose Fllter Concentration:
TACBH#12? Glass Fiber Filter Concentration:

[,

Cnnpnaa

;“ ELEMENT MEAN STANDARD DEVIATION
; Na 3,70 0.4
Mg 3.40 0.42
i Al 6.85 0.35
; si 28.10 1.41
) P 0.75 0.07
: s 4.80 1.70
: cl .70 0.28
] K 3.30 0.28
; Ca 26.90 3.96
; T4 1.45 0.35
i v 1.25 0.21 i
i cr 1.00 0.28 3
' Ma 1,00 0.28 '
. Fe 4.40 0.99
i N1 0.95 0.07
| Cu 0.30 0.00
; Zn 2.45 0.78
i Br 0.95 0.21
Pb 7.70 2.40
i
%- PARTICLE
IYPE HEAN STANDARD DEVIATION
Si-Rich 8.50 0.85
— Ca-Rich 19.30 5.37
Fe-Rich 1.00 1.41
Pb-Rich 7.40 2.55
- R.Mix~Clay  2.55 1.34
; Ca-$ 3.65 1.06
Mg-Si u.80 1.13
- Mg-Ca 0.90 1.27
Mix-Zn 0.90 1.27
Mix-Clay 19,20 0.57
h Ca-51 16.25 1.20
Carbon 5.15 2.05
Pb-Bearing 5.85 ) 2.90
- Misc. 8.55 2.19

117

129 yg/m3
170 pg/m?

INTERVAL (1.960)
L.38

3.42
2.57
6.16

25.33

0.61
1.47
0.15
2.75

19.14

0.76
0.83
0.45
0.45
2.46
0.81
g.30
0.93
0.53
2.99

3.38
4.23
7.54
30.87
D.89
8.13
1.25
3.85
34.66
2.4
1.67
1.55
1.55
6.34
1.09
Q.30
3.97
1.37
12.41

INTERVAL (1.960)

6.84
8.17
0.00
2.41
0.00
1.57
0.00
0.00
0.00

18.09
13.89

1.13
0.17
4.25

10.16
29.83
3.77
12.3¢9
5.18
5.73
3.02
3.39
3.39
20,31
18.61
9.17
11.53
12.85
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ELEMENT

Na
Mg
Al
Si
P

8

cl
K

Ca
Ti

b

PARTICLE
TYPE

Si-Rich
Ca~Rich
Fe=-Rich
Pb-Rich
R. Mix~Clay
Ca-58
Mg~Si
Mg-Ca
Fe-in

Y
Fe=Cr
Mix-2n
Mix-Clay
Cs-«54
Carbon
Fe~51
Pb-Bearing
Pb-Br
Misc,

FEPC TABLE 4.1.22 ™

-

STATISTICAL COMPARISON OF CCSTM RESULTS FROM
COLLOCATED MNT-VOL SAMPLERS

Tillman Monitor - 11/24/81
TACB#20 Cellulose Filter Concentration: 226 wg/m’
TACB#23 Glass Fiber Filter Concentration: 316 ug/m?
TACE#23R Glass Fiber Filter Concentration:316 pg/m’

INTERVAL (1,960)

H

4 3.0
4,48
8.31
2B.84
1.00
4.03
1.08
3.46
38.33
2.09
1.36
1,62
1.10
8.11
0.94
1.45
2.13
1.23
3.85

INTERVAL (1,960}

MEAN STANDARD DEVIATION
2,43 0.49 1.47
3,70 0.40 2.92
6.90 0.72 5.49
26,47 1.21 24,10
0.80 0.10 0.60
2.83 0.61 1.64
0.97 0.0% 0.85
2.97 0.25 2.47
34.33 2.04 30.33
1.17 0.47 0.24
1.13 0.12 0.91
1.10 0.26 g 0.58
0.90 0.10 { 0.70
7.40 0.36 6.69
0.60 0.17 0.26
" 0.63 0.42 0.00
1.63 0.25 1.14
0.93 0.15 0.63
3.03 0.42 2.22
K
MEAN STANDARD DEVIATION
8.40 1.35 5.76
29,40 1.73 26.00
3.53 0.98 1.61
2.03 0.76 0.55
2.77 0.84 1.12
0.67 1.15 0.00
1.00 1.73 0.00
1.60 1.44 0.00
0.53 0.92 C0.00
0.97 1.67 0.00
0.67 1,15 0.00
15.77 1.25 13.32
17.37 0.75 15.90
3.10 1,11 0.92
0.77 1.33 0.00
2.03 D.15 1.73
.1.07 0.51 0.06
8.31 2.84 2.77

a 118

11.04
32.80
5.46
3.52
4.4
2.93
4,39
4.43
2.34
4.25
2,93
18.22
18.84
5.28
3.37
2,33
2.07
13.90
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4.2.1 Statistical Method Employed in the Evaluation of Elemental Results

Linear correlation coefficients and F-ratios were calculated to determine
the strength of the relationships between pairs of laboratory methods..
These calculations assumed that there was some basic mathematical
expression which would adequately describe these relationsh;ps; such as, a

straight line or linear relationship as expressed in Equatiogﬁ@.Z.l.

y = Ax + B (Equation 4.2.1)

Such an expression represents the simplest non-trivial relationship and,
consequently, has most often been utilized in comparisons of pairs of
variables. In an attempt to quantify the appropriateness of fitting a
least squares linear regression model (Equation 4.2.1) to a set of data
points (xl, yl), (xz, yz), .eny (xn, yni? several statistical quantities
such as, covariance, correlation coefffﬁients and F-ratlo are typically

computed.

The covariance is a statistic for measuring the concurrent variation of two

variables, x and y, such that...

s(x, ¥) [Z (x; = %) (v; = )1 (Equation 4.2.2)

1
n-1

where x and y are, respectively, the mean values for the.x's and y's, and
the summations are taken from 1 = 1, 2, ..., n, where n is the nunber of
sample values. In a sense, the covariance of a set of data points measures

joint variation of two variables about their common mean, (x, y), just as

-the variance of a single variable measures the spread of values around the

central point or mean.
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The correlation coefficient (r) is a statistical ratio for measuring the
relative magnitude of the concurrent variation of two variables as

compared to their individual variations:

r = s{x,y) (Equation 4.2.3)
v s(x,x) s(y,y)

-7
t

Y

Because the correlation coefficient is a ratio, it is a unitless number.

Even more iImportant is the fact that its value always lies between -1 and
+1. Specifically, a correlation of +1 indicates a perfect direct
relationship bétween x and y, while a correlation of -1 indicates x and y
change inversely with each other (y increases as x decreases or y decreases
as X increases). An  entire spectrum of increasingly insufficient
relationships of the form expressed by Equation 4.2.1 lies between the t&o

extremes of -1 and +1. For r equal to zero, no linear relationship exists.

égs
1

In swmary, because of the aforementioned properties, the correlation
coefficient, r, 1is often utilized in appraising the reasonableness of
fitting the least squares linear regression model (Equation 4.2.1) to a set
of data (xl, yl), (xz, yz), see, (xn, yn).
}

Finally, to more precisely evaluate the appropriateness of Equation 4.2.1,
an F-ratio 1is calculated. The standard F-ratio is a statistical tool for
evaluating the hypothesis "Does Equation 4.1 adequately describe the
relationship between the variables x and y on the basis of a given set of

data?” fThe F-ratio with 1 and n - 2 degrees of freedom is calculated as:

2y - (D)sCxy)xGey) o 4.2,
Fr {1, n 2) s(x,x)x(y,y)-s(x,y)x(x,y)(Equatlon 4.2.4)

The F-ratio 1is actually the ratioc of the swm of Bquares error described by
L
the regresion equation (Equation 4.2.1) as compared to the sum of squares

error not explained by Equation 4.2.1.
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The F-statistic is utilized as follows. If a calculated F-ratio is greater

than the corresponding F-statistic critical wvalue for a particular

confidence level, then, the above mentioned hypothesis 1s accepted at the

confidence level. For example, at the 99 percent confidence level, the
F-statistic critical wvalue is Fc (L, 19y = B8.18; if F = 16.14 when
comparing two variables, then, the existence of a 1ineqr relationship

between these two variables is accepted at the 99 percent confidence level.
4.2.2 Statistical Evaluation of XRF, AA and PIXE Elemental Results

The atomic absorption analysis was performed on all glass fiber filters
collected by the El Paso City County Health Department (EPCCHD). However,
only =zime (2Zn), arsenic (4s), cadmium (Cd), and lead (Pb) were determined
by this method. Pearson product-moment correlation coefficients were
determined between the XRF, AA and PIXE analytical results for these four
elements as a part of the statistical revgew‘ Since CCSEM did not analyze

for arsenic and cadmium, it was excluded from this analysis.

The statistical procedure consisted of determining the correlation
coefficients for each of the four elements (Zn, As, Cd, Pb) between methods
(XRF & AA, XRF & PIXE, AA & PIXE) based on the number of samples that had
compatible data sets (i.e. no missing data). .
A summary of results of this analysis is presented in Table 4.2.1. Results
of this analysis indicate that all three bulk analytical methods (AA, XRF,
PIXE) have good agreement for Zn, As, Cd and Pb.

4.2.3 Statistical Evaluation of XRF, PIXE and CCSEM Elemental Results

A comparison of the elemental results obtained by XRF, PIXE and CCSEM was
made by determining the Pearson product-moment correlation coefficient
between methods on compatible data sets. This was accomplished by
utilizing all data sets which were analyzed by either XRF, PIXE or CCSEM

for 17 elements selected for use in the statistical review. The 17
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INTERMETHOD STATISTICAL COMPARISON BETWEEN
XRF -~ AA -~ PIXE

Analytical Methods

XRF - AA
XRF - PIXE
AA - PIXE

Analytical Methods

ARF - AA
XR¥ - PIXE
AA - PIXE

Analytical Methods

XRF - AA
XRF ~ PIXE
AA - PIXE

ot
1

TABLE 4.2.1

Sample Correlation Coefficients

n
kX

0.89
0.94

As

0.91
1.0
0.92

cd

1.
1.0
1.0

Number of Samples @sed in Analysis
1

Zn

3
16
25

Shgere

**% Insufficient Data

As

37
49

4,

40

F - Ratio

160.7
5497.0
199.8
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30
6
4

Cd

12089.3
11138.7
1214.8

37
58
44

b

7497.3
10844.5
7323.7
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elements that were used to determine the correlation coefficients were the
following: Al, 8, P, 5 Ci, K, Ca, T1, V, Cr, Mn, Fe, Ni, Cu, Zn, Br and
Pb. Any data set which did not determine concentrations for all 17
elements was excluded from the analysis. This resulted in the exclusion of
most of the TACB XRF analyses of the glass fiber filters, gince only a
limited number of elements were determined by this method. A suwmmary of
the Pearson correlation coefficients obtained when comparigézthe XRF, PIXE
and CCSEM analytical methods for sample TACR #1 through TACB #100 is
presented in Table 4.2.2.

4s mentioned above, if one of the analytical methods dié not analyze all of
the selected 17 elements, then the correlation coefficient was not
determined for that analytical method. In many instances, this resulted in
no comparisons made (8=0) because of insufficient data, or the filter was
not analyzed by one of the analytical methods. A total of 32 compatible
data sets were used to compare the XRF a%%;the PIXE results, 41 compatible
data sets were used to compare the XRF and CGCSEM results, and 88 compatible
data sets were used to compare the PIXE and CCSEM results. Generally, the
statistical analysis indicates, on a sample by sample basis, that the
elemental results from XRF, PIXE and CCSEM have good correlations (R..R0).
This suggests that the CCSEM elemental results are valid. The correlation
coefficients compared better on results obtained from analysis of cellulose
filters. The correlation coefficients had less agreement on results
obtained from the analysis on the glass fiber filters. This reflects the
problems the bulk analytical methods have when analyzing light elements on
glass fiber filters due to filter interferences. Further discussion on the
analytical results from analysis of cellulose and glass fiber filters is-

presented in the following sections.

Table 4.2.3 presents a summary of the quality assurance interlaboratory
comparison filters. This table also includes SAX (automated scanning
electron microscopy) results in addition to the XRF, PIXE and CCSEM results
which were presented in Table 4.2.2. The SAX results also compare well on

the ten quality assurance filters.
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&n  effort was also made to compare elemental analytical results from XRF,
PIXE and CCSEM across compatible data sets. Similar to the statistical
analysis on individual samples, a total of 32 compatible data sets were
used between XRF and PIXE, 41 compatible data sets were used between XRF
and CCSEM and 88 compatible data sets were used between PIXE and CCSEM.

'
[

The results of this analysis were analyzed at the 95% confidence level. 1In
addition, this analysis were based on 1) results from glass fiber filters,
2) results from cellulose filters and 3) results from both cellulose and
glass fiber filters. A swmary of the results of this analysis are
presented in Tables 4.2.4 through 4.2.6. The standard deviation in these
tables represents the variation of the differences between paired data, and
the confidence interval represents the range where the results would Be

expected to occur in 95 percent of all cases.

Pl

§

On average, comparison of the XRF and the PIXE results obtained from
analysis of glass fiber filters indicates that the XRF method reports
lower wvalues for the following elements; aluminum (3%), silicon (15%) and
calecium (8%). The XRF method reports higher values for the following
elements; sulfur (11%), chLPride (3%), 1iron (4%) and 1lead (7%).
Results from cellulose filtérs indicate that the XRF method generally
reports lower values for aluminum (6%) and silicon (10%), whereas, the XRF
method reports higher values on sulfur (5%), calcium (8%) and lead (1%).
These results were based on eight glass fiber filters and twenty—four
cellulose filters which had compatible data sets.

On average, comparison of the XRF and CCSEM results obtained from analysis
of glass fiber filters indicates that the XRF method reports lewer values
for aluminum (4%), silicon (30%), potassium (2%Z) and chromiwm (2%),
whereas, thg )XRF method reports ﬁigher values on sulfur (22%Z), chlorine
(47), calciwm (4%), irom (4%2) and lead (5%). On cellulose filters, most of
the XRF elemental results compared better to results obtained from CCSEM

data. For example, XRF results reported lower values on aluminm (42), and
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TABLE 4.2.2(Continued)
INTERMETHOD STATISTICAL COMPARISON BETWEEN XRF-PIXE~CCSEM

~Correlation Coefficients-

Analytical Analytical
Sample Method (X) Method (Y)
29 XRF PIXE
29 XRF CCSEM
29 PIXE CCSEM
30 RF PIXE
30 XRF CCSEM
30 PIXE CCSEM
31 XRF FIXE
31 XRF CCSEM
31 PIXE CCSEM
32 XRF PIXE
32 XRF CCSEM
32 PIXE CCSEM
33 XRF PIXE
33 XRF CCSEM
33 PIXE CCSEM
34 XRF PIXE
34 XRF CCSEM
34 PIXE CCSEM
35 XRF PIXE
35 XRF CCSEM
35 PIXE CCSEM
36 XRF PIXE
36 XRF CCSEM
36 PIXE CCSEM
37 XRF PIXE
37 XRF CCSEM
37 PIXE CCSEM
38 XRF PIXE
38 XRF CCSEM
38 PIXE CCSEM

N

17
17
17

17
17
17

17
17
17

17

17
17

i7
17
17

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient

0.96
0.95
0.94

0.92
0.92
0.99
0.92

0.93
0.99

0.45

129

F-Ratio Slope Intercept
14.47  0.51 2,90
231,32 1.02 ~0.14
22.39  0.54 2.69
58.60 0.59 2.40
297.31 0.94 0.37
100.83  0.66 1.98
93.03  0.69 1.84
68.65 0.63 2.18
199.27  1.04 -0.25
126.04  0.60 2.34
108.39  0.55 2.63
77.19  0.89 0.66 -
83.68 0.87 0.77
594,23 0.96 0.23
81.86 0.92 0.45
90.75 0.95 0.28
910.55  1.02 -0.09
3.87 0.42 3.42
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TABLE 4.2.2 (Continued)
INTERMETHOD STATISTICAL COMPARISON BETWEEN XRF-PIXE-CCSEM

~Correlation Coefficients—

Analytical Analytical
Sample Method (X) Method (Y)
39 XRF PIXE
39 XRT CCSEM
39 PIXE CCSEM
39R XRF PIXE
39R XRF CCSEM
39R PIXE CCSEM
40 XRF PIXE
40 XRF CCSEM
40 PIXE CCSEM
41 XRF PIXE
41 XRF CCSEM
41 PIXE CCSEM
42 iRF PIXE
42 XRF CCSEM
42 PIXE CCSEM
43 XRF PIXE
43 XRF CCSEM
43 PIXE CCSEM
44 XRF PIXE
L4 XRF CCSEM
44 PIXE CCSEM
45 ARF PIXE
45 XRF CCSEM
45 PIXE CCSEM
46 XRF PIXE
46 XRF CCSEM
46 PIXE CCSEM
47 XRF PIXE
47 XRF CCSEM
47 PIXE CCSEM

bl

17
17
17

0
0
17
17

17
17

17
17
17

17
17
17

17
17
17

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient

Uy

) ,

R

0.95
0.87
0.95

0.97
0.92

0.92
0.99

130

F-Ratio Slope Intercept
136.31  0.92.  0.50
48.58 0.83 1.00
144.26  0.94 0.37
206.22  0.96 0.26
83.80 1.11 -0.65
78.69 1.05 -0.29
1245.74  0.94 0.33
149.34 1.04 =0.23
3.81 0.38 3.67
13.16 (.48 3.04
163.43 0.81 1.12
7.29  0.53 2.79
65.24 0.75 1.49
73.58 1.00 0.00
100.50 0.99 0.07
1122.33  0.96 0.24
7.66  0.46 3.16
0.63 0.14 5.04
2.13 0.32 4.01
50.67 1.00 -0.02
1.11  0.25 .42
2.56 0.32 4.02
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TABLE 4.2.2(Continued) .
INTERMETEOD STATISTICAL COMPARISON BETWEEN XRF-PINE-CCSEM
i ~Correlation Ceofficients-

- Analytical  Analytical

§ Sample Method (X) Method (Y) N R F-Ratio Slope Intercept

i 48 XRF PIXE 17 0.94 110.90 1.10 v -0.62

48 XRF CCSEM 17  0.57 7.22  0.44% 3,31

i 48 PIXE CCSEM 17 0.68 12.87 0.44 3.28

; 49 XRF PIXE 17 0.97 237.83  1.12 -0.73

g 49 XRF CCSEM 17 0.22 0.73  0.10 5.30

: 49 PIXE CCSEM 17 0.10 0.15 (.04 5.65

§ 50 XRF PIXE 0 - ~ - -

: 50 XRF CCSEM 0 - - - -
50 PIXE CCSEM 17 0.54 6.18 0.41 3.44

3

i

i 51 XRF PIXE 0 - - - -
s1 XRF CCSEM 0 - - - -

; 51 PIXE CCSEM 17 1.00{7 3387.80 0.90 0.59

3 1

)
51R XRF PIXE ) - - - -

) S1R XRF CCSEM 0 -~ - - -

! 51R PIXE CCSEM 17 1.00  4624.32  0.92 0.47
52 XRF PIXE 0 - - - -

s 52 XRF CCSEM 0 - - - -
52 PIXE CCSEM 17 0.97 231.92 1.07 -0.40
53 XRF PIXE 0 - - - -
53 XRF CCSEM 0 - - - -
53 PIXE CCSEM 17 0.46 3.97 0.43 3.37
54 XRF PIXE 0 - - - -
54 XRF CCSEM 0 - - - ~
54 PIXE CCSEM 17 0.97 231.46  0.99 0.09
55 XRF PIXE 0 - - - -

) 55 XRF CCSEM 0 - - - -
55 PIXE CCSEM 17 0.95 145,44  0.97 0.16

- 56 XRF PIXE ) - - - -
56 XRF CCSEM 0 - -~ - -
56 PIXE CCSEM 17 0.51 5.36  0.46 3.17

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient
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TABLE 4,2.2(Continued)
INTERMETHOD STATISTICAL COMPARISON BETWEEN JRF-PIXE~CCSEM

~Correlation Coefficients-

Analytical Analytical

Sample Method (X) Method (Y) N R F-Ratio Slope Intercept
57 XRF PIXE 0 - - -4 -
57 XRF CCSEM 0 - - - -
57 PIXE CCSEM 17 0.99 709.69  0.92 0.49
58 XRF . PIXE 17 0.31 1.57  0.43 3.33
58 XRF CCSEM 17 0.31 1.63 - 0.40 3.52
58 PIXE CCSEM 17 0.99 919.46 0.90 0.57
59 XRF PIXE 0 - - - -
59 XRF CCSEM 0 - - - -
5% PIXE CCSEM 17 0.98 441.77 0.92 0.46
60 XRF PIXE 0 - - - -
60 XRF CCSEM 0 -7 - - -
60 PIXE CCSEM 17 0.98 292.44 0,79 1.23
61 XRF PIXE 0 - - - -
61 XRF CCSEM 0 - - - -
61 PIXE CCSEM 17 0.97 266.88 0.77 1.33
62 XRF PIXE 0 - - - -
62 XRF CCSEM O - - - -
62 PIXE CCSEM i 17 0.53 5.86 0.44 3.31
6 2R XRF PIXE 0 - - - -

6 2R XRF CCSEM 0 - - - -

62R PIXE CCSEM 17 0.45 3.74  0.34 3.90
63 XRF PIXE 17 0.93 89.45 0.92 0.49
63 XRF CCSEM 17 0.95 134.77  0.90 0.60
63 PIXE CCSEM 17 0.98 462.57 0.94 0.35
64 XRF PIXE 17 0.94 123.34  0.90 0.59
64 XRF CCSEM 17 0.97 245.54  0.89 0.63
64 PIXE CCSEM 17 0.99 580.48  0.95 0.27
65 XRF PIXE 17  0.87 47.45  0.90 0.61
65 XRF CCSEM 17 0.92 79.89  0.97 0.18
65 PIXE CCSEM 17 0.97 225.12 1.00 0.03

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient

g
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H TABLE 4.2.2{Continued)
INTERMETHOD STATISTICAL COMPARISON BETWEEN XRF-PIXE~CCSEM

~Correlation Coefficlents—

- Analytical Analytical

é Sample Method (X) Method (Y) N R F-Ratio Slope Intercept

~ 66 XRF PIXE 17 0.87 46.46  0.83 1.0l

i 66 XRF CCSEM 17 0.86 42.26  0.84: %  0.96

; 66 PIXE CCSEM 17 0.99 641.80 1.01 -0.06

F 67 XRF PIXE 0 - - - -

i 67 XRF CCSEM 0 - - - -
67 PIXE CCSEM 17 0.99 513.64 0,89 0.66

; 68 XRF PIXE 0 - - ~ -

: 68 XRF CCSEM 0 - - - -

) 68 PIXE CCSEM 17 0.50 4.94 0,33 3.94

¢

3 69 XRF PIXE 0 - - - -
69 XRF CCSEM 0 - - ~ ~

: 69 PIXE CCSEM 17 0.967 198.05 0.87 0.78

i "
70 XRF PIXE 17 0.87 48.85 0.87 0.77

. 70 XRF CCSEM 17 0.88 49.28 0.85 0.86

; 70 PIXE CCSEM 17  0.99  838.01 0.97 0.15
71 XRF PIXE 0 - - - -
71 . XRF CCSEM 0 - - - : -
71 PIXE CCSEM 17 0.64 10.34  0.41 3.49

3 71R XRF PIXE 0 - - - ~

i 71R XRF CCSEM 0 - - - -

“ 71R PIXE CCSEM 17 0.73 16.64 0,44 3.27

j 72 XRF PIXE 0 - - - -

i 72 XRF CCSEM 0 - - - -
72 PIXE CCSEM 17 0.54 6.07 0.44 3.30

L 73 XRF PIXE 0 - - - -
73 XRF CCSEM 0 - - - -

[ 73 PIXE CCSEM 17 0.99 540.36 0.91 0.53

= 74 XRF PIXE 17 0.19 0.54 0.18 4,84
74 XRF CCSEM 17 0.48 4,50 0.28 4.23

| 74 PIXE CCSEM 17 0.53 5,98 0.33 3,96

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient
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TABLE 4.2.2(Continued)

INTERMETHOD STATISTICAL COMPARISON BETWEEN XRF-PIXE-CCSEM

~Correlation Coefficients—

Analytical Analytical

Sample Method (X) Method (Y) ¥ R F-Ratio S5lope Intercept
75 XRF PIXE 0 - - - j -
75 XRF CCSEM 0 - - - -
75 PIXE CCSEM 17 0.35 2.08 0.39 3.61
76 XRF  PIXE 0 - - - -
76 XRF CCSEM 0 - - - -
76 PIXE - CCSEM 17 0.99  1344.70 0.86 0.81
77 XRF PIXE 0 - - - -
77 XRF CCSEM 0 - - - -
77 PIXE CCSEM 17 1.00  1641.072 0.91 0.51
78 XRF PIXE 0 - - - -
78 XRF CCSEM 0 -4 - - -
78 PIXE CCSEM 17 0.9 194.50 0.73 1.60
79 XRF PIXE 0 - - - -
79 XRF CCSEM 0 - - - -
79 PIXE CCSEM 17 0.96 200.37 0.82 1.07
80 XRF PIXE 17 0.97 248.02 0.89 0.65
80 XRF CCSEM 17 0.90 64.82 0.74 1.53
80 PIXE CCSEM ; 17 0.97 286.94 0.87 0.74

A
g1 XRF PIXE O - - - -
81 XRF CCSEM 0 - - - -
81 PIXE CCSEM 17 1.00  3439.89  0.89 0.62
82 XRF PIXE 0 - - - ~
82 XRF CCSEM 0 - - - -
82 PIXE CCSEM 17 1.00 1858.60 1.02 -0.11
83 XRF PIXE 17 0.89 54.24 0.92 0.50
83 XRF CCSEM 17 0.92 84.88 0.88 0.70
83 PIXE CCSEM 17 0.99 498.54 0.91 0.52

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient
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TABLE 4.2.2(Continued)
INTERMETHOD STATISTICAL COMPARISON BETWEEN XRF-PIXE-CCSEM

—Correlation Coefficients-

Analytical  Analytiecal
Sample Method (X) Method (Y)
§ 84 XRF PIXE
1 84 XRF CCSEM
84 PIXE CCSEM
T
i 85 XRF PIXE
85 XRF CCSEM
i 85 PIXE CCSEM
1 86 XRF PIXE
. 86 XRF CCSEM
g 86 PIXE CCSEM
87 XRF PIXE
] 87 XRF CCSEM
} 87 PIXE CCSEM
: 88 XRF PIXE
1 88 XRF CCSEM
: 88 PIXE CCSEM
: 89 XRF PIXE
E 89 XRF CCSEM
89 PIXE CCSEM
i 90 XRF PIXE
90 XRF CCSEM
; 90 PIXE CCSEM
! 91 XRF PIXE
91 XRF CCSEM
91 PIXE CCSEM
_ 91R XRF PIXE
( 91R XRF CCSEM
; 91R PIXE CCSEM
92 XRF PIXE
92 XRF CCSEM
- 92 PIXE CCSEM

~NO Qo

17
17
17

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient
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F~Ratio Slope Intercept
- N _

169.09 0.89 0.68
0.99  0.22 4.56
9.82 "0.42 3.41
20,92 0.56 2.56
4283.13 0.95 0.27
48.92 0.52 2.81
3059.82 0.87 0.76
279.98 0.69 1.85
790.66 0.97 0.17
511.22 0.94 0.34
372.70 0.97 0.16
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93
83
93

94
94
94

94R
94R
94R

85
95
95

96
96
96

97
97
97

98
98
98

99
99
99

100
100
100

INTERMETHOD STATIS

TABLE 4-2.2(Cont1nued)

~Correlation Coefficients-

Analytical Analytical
Method (X) Method (Y)
XRF PIXE
XRF CCSEM
PIXE CCSEM
XRF PIXE
XRF CCSEM
PIXE CCSEM
XRF PIiXE
XRF CCSEM
PIXE CCSEM
XRF PIXFE
XRF CCSEM
PIXE CCSEM
XRF PIXE
XRF CCSEM
PIXE CCSEM
XRF PIXE
XRF CCSEM |
PIXE CCSEM /¢
XRF PIXE
XRF CCSEM
PIXE CCSEM
XRF PIXE
XRF CCSEM
PIXE CCSEM
XRF PIXE
XRF CCSEM
PIXE CCSEM

LW
N=Number of elements used in analysis

R=Pearson product moment correlation coefficient
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TICAL COMPARISON BETWEEN XRF-PIXE~CCSEM

F-Ratio Sloae Intercept
- o to

9T27 0?51 2?87
13&3;88 0;92 0;&8
510;00 0;94 0?38
10;58 0;44 3;28
599;85 0;91 0;52
1382;88 0;97 0;19
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TABLE 4.2.3

o

E i e
st _f"i,»
R

TATISTICAL COMPARISON BETWEEN XRF-PIXE-CCSEM-SAX ON
QUALITY ASSURANCE SAMPLES

~Correlation Coefficients—

Analytical Analytical
Sample Method (X) Method (Y)
83 XRF PIXE
83 XRF CCSEM
83 XRF SAX
83 PIXE CCSEM
83 PIXE SAX
83 CCSEM SAX
g1 XRF PIXE
91 XRF CCSEM
91 XRF SAX
91 PIXE CCSEM
g1 PIXE SAXY
91 CCSEM SAX
91R XRF PIXE
91R XRF CCSEM
S1R XRF SAX
1R PIXE CCSEM
91R PIXE SAX
91R CCSEM SAX
92 XRF PIXE
92 XRF CCSEM
a2 XRF SAX
92 PIXE CCSEM
92 PIXE SAX
92 CCSEM SAY
93 XRF PIXE
93 XRF CCSEM
33 XRF SaX
93 PIXE CCSEM
g3 PIXE SAX
93 CCSEM SAX

K=Number of elements used in analysis

R=Pearson product-moment correlation coefficients

17
17
17

17
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0.89
0.92
a.87
0.99
0.88
0.93

FEY

F-Ratio Slope Intercept
54.24 0.92 0.50
84.88 0.88 0.70
45,05 0.87 0.78
498.54 0.91 0.52
53.93 0.86 0.84
89.77 0.97 0.18
790.66 0.97 0.17
462.49 1.06 -0.35
758.76 1.09 -0.51
511.22 0.94 0.34
1142.68 1.08 ~0.45
804.06 1.12 -0.73
372.70 0.97 0.16
234.03 0.95 0.28
350.03 0.97 0.18
9.27 0.51 2.87
23.69 0.72 1.64
178.51 1.07 -0.93
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TABLE 4.2.3 (Continued)
INTERMETROD STATISTICAL COMPARISON BETWEEN XRF-PIXE~SAX ON
QUALITY ASSURANCE SAMPLES

~Correlation Coefficients-

Analytical Analytical
Sample Method (X) Method (Y)
94 XRF PIXE
94 XRF CCSEM
94 XRF . SAX
94 PIXE CCSEM
94 PIXE SAY
94 CCSEM SAX
94R XRF PIXE
94R XRF CCSEM
94R XRF SAX
94R PIXE CCSEM
Q4R PIXE SAX
94R CCSEM SAX
95 XRF PIXE
95 XRF CCSEM
95 XRF SAX
95 PIXLE CCSEM
85 PIXE SAX
95 CCSEM SAX
96 XRF PIXE
96 XRF CCSEM
96 XRF SAX
96 PIXE CCSEM
96 PIXE SAX
96 CCSEM SAX
97 XRF PIXE
97 XRF CCSEM
97 XRF SAX
97 PIXE CCSEM
97 PIXE SAX
97 CCSE% , SAX

N=Number of elements used in analysis

R=Pearson product-moment correlation coefficient

oo o

17
17
17

o OO0

17
17
17

0.99
0.94
0.96

0.99
0.97
099

0.64
0.62
0.98

.99
0.94
0.96

0. 99
0.96
0.97

138

F-Ratio Intercept
1343.88. 0.92 0.48
121.66 0.89 0.68
199.11 0.98 0.12
510.00 0.94 0.38
287.95 0.9%4 0.35
744,59 1.01 -0.03
10.58 0.44 3.28
9.27 0.41 3.46
426.05 0.95 0.29
599,85 0.91 0.52
112.84 0.81 1.10
1B6.14 0.90 0.58
1382.88 0.97 0.19
200.85 0.91 0.52
230.40 0.94 0.34
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CHAPTER 5

SUMMARY AND CONCLUSIONS

!
ER

The purpose of the El Paso Quantitative Microscopy study was to ldentify
and quantify the major sources of total suspended particulates (TSP) and
particulate lead in the El Paso area by quantitative microscopy techniques.
This was accomplished by using computer controlléd scanning electron
microscopy (CCSEM) as the primary analytical method to analyze a set of TSP
filters (cellulose and glass fiber) collected by high-volume (Hi-Vol)
samplers at several locations in El Paso. Source samples were collected
from major sources of particulate matter and lead 4in E1 Paso. These

samples were also analyzed by CCSEM. ?
!

In addition to CCSEM, a number of complementary analytical methods were
employed to evaluate the CCSEM results. These methods included x-ray
fluorescence  (XRF), proton  induced x-ray emission (PIXE), ion
chromatography (IC), low temperature ashing (LTA), atomic absorption (AA)
and quantitative optical m%?roscopy. These analyses were provided by
several independent 1aborat6;ies and subcontractors. A total of 100

samples (source and ambient) were analyzed in this study.

Analytical results for the source samples indicate that industrial fugitive
and soil emissions were characterized mainly by éilicon, calcium,
magnesium, and * mix-clay materials. The ASARCO smelting operations
emissions were characterized mainly by zinc, lead and iron in addition to
the earth crustal materials. The highway sample was characterized by earth

crustal materials with smaller amounts of lead and bromine.

The majority of the ambient filters analyzed in this study were composed of

earth crustal materials (i.e. silicon, calciwm, and mix~clay). This
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strongly suggests that 801l and industrial fugitive emissions account for
the majority of the TSP in El Paso. The lead concentration varied
throughout E1 Paso, with average concentrations ranging from 0.5ug/m3 at
Ascarate Park to 9.6ug/m3 at IB&WC. The analysis of the source samples
Suggest that ASARCO and automotive emissions account for the majority of
the lead in El Paso.

i

iy
A secondary purpose of the study was to detemmine if CCSEM elemental
results were comparable to bulk analytical methods, and if the results were
reproducible, The  intermethod comparisons' performed in this study
indicated that the CCSEM elemental results were comparable to data obtained
from XRF and PIXE analyses on cellulose filters. The results did not
compare as well on the glass fiber filters because the bulk methods were
usually not able ¢to correct for filter blank interferences. Unlike the
bulk methods, CCSEM was more reliable in determining the light elements on
the glass fiber filters, because of %%e ability of CCSEM to reject the
glass fibers, Thus, CCSEM was capable of analyzing both cellulose and
glass fiber filters with a high degree of reliability. Al though CCSEM
results showed good agreement with the bulk techniques for cellulose
filters, it should be noted that trace concentrations of the heavier
elements were determined with more apparent accuracy by the XRF, PIXE and
AA methods. CCSEM had less accuracy and precision for the trace elements
pPrimarily because of the relatively small number of these particles
included in the CCSEM analysis. A Iimited number of particles lowers the

counts, and thus the precision, of the data.

Optical microscopy used brOperties such as morphology, phase contrast, and
color to classify particles.  The use of this information, rather than the
elemental composition, caused the optical analysis to report particle
categorles that differed from CCSEM and SAX. Individual particle analyses
using either automated scanning electron or optical microscopy, enabled the
strengths of each method to be utilized. However, sgince esach technique
classified particles differently, comparison of particle types was not
alwvays a simple process. One  had to thoroughly understand the

143



T

Ibdiae b,

h»miﬂ»—..z

L

weyglilphdsc B kit [N ]

RENPET

A Sy ot i

SRR

AR
Loy
ks
" ’5,.1_.;‘;%

.

classification criteria of each method  to establish valid
cross-comparisons. Because particle types did not directly compare from
one method to another, the comparisons of micréscopic data were made on a
particle class basis. The particle class results were obtained by grouping
the particle type results into four categories: Minerals, Biologicals,
Combustion and Industrial/Transportation. A review of the data indicated
that the CCSEM and SAX results compared favorably with the optical analyses
(OLM) . o

SAX elemental results. generally showed good agreement with CCSEM, XRF and
PIXE results for the ten interlaboratory compérison‘filters. Since CCSEM
and SAX use different definitions to classify particles, the use of these
slightly different elemental classification parameters may alter the
category to which a particle will be assigned. Therefore, the two methods
were compared on a particle class basis. The CCSEM and SAX particle class

results generally show good agreement.

‘—rﬂ%}"“ N

Since none of the other bulk analytical techniques were specific for
carbon, low temperature ashing (LTA) was performed in an effort to evaluate
the CCSEM, SAX and OIM carbon results. Hoyever, replicate analyses proved
that the LTA results were extremely unreliable. Possible causes were
interferences from the filter blank and nitrates, possible nonuniform
loading of the sample, and imprecision resulting from the small sample

slze.

Ion chromatography (IC) was employed for comparison purposes with the other
methods. Although seven ion species were determined with this method, of
speclal interest-were those containing sulfur and bromiﬁe. The IC results,
after conversion to elemental concentrations, generally were in good
agreement with the other methods.
W

With the e%ception of low temperature ashing, the analytical wethods
employed in this study generally performed well. Because of the variety of

sample types and filter media, each method exhibited its own strengths and
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weaknesses. Through the numerous intercomparisons afforded by the study

design, CCSEM proved to be a reliable quantitative microscopy method, when

applied to TSP samples.

-1
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