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ABSTRACT

Trace element levels were determined by spark-source
mass spectometry for five (5) locations in the Northern Great
Plains area. Samples were collected using low volume membrane
samplers and analyzed for some fifty (50) elements.

Quarterly composite samples were analyzed. Comparison
of composite results was made with individual filter results
during one quarter.

A discussion of recommended methodology for ambient
trace element sampling is presented.
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1.0 INTRODUCTION AND PROGRAM RATIONALE

The development of the energy industry in the Northern
Great Plains area will result in an increase in the atmospheric
level of particulates. Of particular interest is the possible
increase in the levels of certain potentially hazardous trace
elements as a result of coal conversion facilities. However,
the data base concerning existing concentratioms of trace elements
in the ambient air in undeveloped areas is virtually nonexistent.
Therefore, this program was designed as & supplement to an ambient
air monitoring project performed by PEDCo Envirormmental under
EPA Reglon VIII sponsorship. The PEDCo program was to collect
ambient air quality data includimg sulfur oxides, nitrogen oxides
and particulates at representative locations in the Northern
Great Plains area. The filters collected by PEDCo were to be
shipped to Radian's analytical subcontractor, Accu-Labs Research,
Inc. for trace element analysis by spark source mass spectrometry
(SSMS). The samples were collected at the following locations
shown in Figure 1l-1l: Ft. Peck and Glendive, Montana; Garrison,
North Dakota; Belle Fourche, South Dakota; and Newcastle, Wyoming.

As initially planned, samples were to be collected at
twenty-six locations by Hi-Volume (Hi-Vol) sampling techmiques
with the 8 x 10" filters submitted for trace element analysis
by SSMS. Samples were to be taken at each site at six-day inter-
vals for ome year. These samples were to be composited and
analyzed for their trace element content on a quarterly basis
to determine long-term variatiom in composition.

During the plamning for this program, it was recommended
by Radian that cellulosic filter material be used for the.collection
of trace element samples. This would insure a low ash and low



Figure 1-1 Sampling Locations
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background residual of trace elements in the filter media. Also,
this type of filter is highly uniform which permits suitable
blank corrections to be performed. During early meetings with
EPA officials, it was established that much of the sampling had
already been performed utilizing fiberglass Hi-Vol filters, and
that it would not be possible to change the Hi-Vol media for this
project. To determine the feasibility of using the fiberglass
media, a study was undertaken to establish the level of trace
element impurities in selected fiberglass blank samples that had
been used in the program as well as some typically loaded samples.
Also the statistical variation of these impurities was established
to determine how accurately blank corrections could be performed. |
The results of this study are outlined in Reports 1 and 2 attached
as Appendix I to this report. In summary, these reports indicated
that data obtained from these samples would be of little use
because of the poor blank characteristics of the fiberglass filter
pads used to obtain the samples.

After consultation with the project officer, it was
decided to modify the scope of work to switch from the fiber-
glass Hi-Vol filters to the membrane back-up filters taken at
each site. It was agreed that this would necessarily compromise
the data to some degree but would allow the data that was
acquired to be meaningful. The compromises were as follows:
(1) the air volumes of the membrane filters were lower than the
Hi-Vols, hence, less sample was collected; (2) no weights were
obtained by the field contractor on the actual loading of the
filters, thus, even though blank levels are low, an unfavorable
ratio of particulate to.blank can still exist; (3) due to the
limited amount of sample, it would not be possible to obtain
data on the element mercury, because it is determined by an

alternate atomic fluorescence procedure.



To perform the analysis on the membrane filters, it
was absolutely necessary to have blank membrane filters from
the same lot as those used to obtain the samples. These were
requested from the fleld contractor and received. After
coumencement of the analysis, it was soon realized that not
only did the blank membranes not represent those used in collec-
tion of the samples, but that, definitely, several types of.
membranes were employed in collection of samples.

This was evidenced by attempting dissolution of the
filter media. Some filters dissolved readily in acetone while
others left a web of insoluble supporting material. On ashing,
the materials gave ashes of varying colors, again raising
suspicions that the filter substrates were of different
materials. However, these problems not withstanding, the
analysis of the membrane filters provides a usable data base
for a number of elements. These are documented in the results

section.

The analysis of filter-collected atmospheric particulate

matter can be accomplished with relative ease by following a few

basic procedures. It is recommended that in any ambient trace
element sampling and analysis program the following key items

should be considered:

gselection of a low ash/low trace element

)
background filter material,

* careful equilibration and weighing of
filters before and after particulate
collection,



collection of a sufficient amount of
particulates for analysis, i.e. a 24-hr.
Hi-Vol sample or a 6-7 day membrane
filter sample, and

collection of meteorological data at
the sample site to permit data analysis.



2.0 EXPERIMENTAL METHODOLOGY

2.1 Filter Collection

The samples were collected at the following sites:

(1) Newcastle, Wyoming;

(2) Glendive, Montana;

(3) Garrison, North Dakota;

(4) Ft. Peck, Montana; and

(5) Belle Fourche, South Dakota,

Figure 1-1 is a map showing the collection points. The sites

were selected to give a representative cross-section of back-
ground air quality conditions in the Northern Great Plains area.

2.2 Sample Preparation

. The circular, 12.5 cm diameter membrane filters were
prepared for spark source mass spectrographic analysis in the

following manner.

(1) The sample was divided into quadrants,
in such a fashion that the ink-stamped
identification number was located in
only one quadrant. This quadrant was
not used for any of the analyses. When
analyzing individual filters, one-half
of the filter was carried through the
remainder of the preparation steps as
1isted below. When compositing was
performed, one-fourth of each sample
to be composited was combined for sub-

sequent preparation.



(2) 0.100 gram of ultra-high purity graphite
was weighed into an acid-washed (Vycor)
crucible which had been tared to constant
weight by successive heatings in a muffle
furnace. The portion or portions of
filter(s) to be analyzed were then placed
into the crucible, which was heated in

 a muffle furnace at 450°C for ashing.

(3) After ashing, 10 micrograms of indium
were added to the graphite-ash mixture
to act as an internal standard. This
mixture was then thoroughly homogenized.

(4) The mixture was compressed into elec-
trode pins, which were then ready for

analysis.

2.3 Analysis

The mechanism and principles of operation of the AEI
MS 702R high resolution spark source mass spectrometer have been
described in many publicationms (1, 2, 3) and consequently will

not be included in this report.

A pulsed radio frequency potential is employed to

vaporize and ionize the sample. The positive ions which are

formed by this process are separated by electrostatic and
magnetic fields and impinged on a photographic plate. This
permits not only high sensitivity to be obtained (by the inte-
gration principle of icm beams) but also high resolution.

The results appear as & series of lines with differing

densities on the photoplate. The lines are measured optically

with the darker lines indicating higher concentrations,

-7-



Selected isotopic spectral lines are recorded. These are then
compared to values obtained for reference standards, and
concentrations are calculated.

In this particular case, since the basic matrix of the

samples is graphite, synthetic standards made in graphite are
used for reference materials.

Figure 2-1 below shows an actual photoplate from an
SSMS scan. The lines of different densities represent the
various mass-to-charge ratios measured. Each line indicates
a particular mass-to-charge. By selection of the appropriate
isotopes, the concentrations of each element can be measured.
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Figure 2-1 S8MS Photoplate




3.0 EXPERIMENTAL RESULTS

3.1 Major Constituehts in Composites

Table I lists the mean value of the total volume of
air passed through each of the composited samples from each
sampling site. Table II lists the total air volume passed
through each of the individual fourth-quarter samples from

each site.

Tables III through VII list the major comstituents in
the quarterly composite samples from each of the sampling sites
in micrograms per cubic meter. These values may be compared to
the total particulate loading recorded using a Hi-Vol with a

fiberglass filter at the same site.

The samples were generally lightly loaded. These
elements represent the major constituents. The major elements
varied slightly from location to location probably reflecting
the mineralogy of the background dust.

3.2 Minor or Trace Elements in Composites

All samples were subjected to a semi-quantitative scan
for over 50 elements. In a typical case, some 40+ were detected.
The actual detection limits vary slightly from day to day and
from sample to sample depending upon internal standard adjust-

e size differences, igsotope abundance and spectral
Therefore, no uniform detection limit can be set
The detection limit for elements in each

ments, sampl
background.

for each element.
sample is reflected by a less than (<) value.

Tables VIII- XII give a tabulation of the elements studied.
Because of the very low levels of most elements, an exponential
format is used. For example 2E-5 is equivalent to--2 x 1075

-9-



~MEAN VALLES OF TQTAL AIR VOLUME
JOR EACH COMPOSITED SAMPLE
Site Quarter Composite Mean Volume (m3)
Newcastle o1 - 282
Newcastle 2 283
Newcastle 3 289
N +le u 2582
Glendive 1 120
Glendive 2 120
Glendive 3 123
Glendive b 123
Garrison 1 82
Garrison 2 208
Garrison 3 198
Garrison 4 169
Ft. Peck 1 m
Ft. Peck 2 77
Ft. Peck 3 17
Ft. Peck N 158
Belle Fourche 1 153
Belle Fourche 2 154
Belle Fourche 3 142
Belle Fourche 4 122



* TABLE II

Fi INDIVIDUAL VOLUMES

Site Date Volume (m3)

Newcastle 6-5-75 254
6~11-75 265
6~17-75 287
6~23-75 209
§-29-75 265
7-5-75 289
7-11-75 261
7-17-75 261
7-23-75 265
7-28-75 228
8-4=75 254
8-10-75 2u6
8-16-75 259
8~22-75 254
8-28-75 239

Glendive 6-5-75 108
6-11-75 152
6-17-75 130
6~23-75 152
§-29-75 147
7-5-75 124
7-11-75 113
7-17-75 118
7-23-75 13
7-29-7% 124
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TABLE II

(Continued)

Site Date Volume (m3)

Garrison - 6-5-75 138
6-11-75 165
6=17~75 159
6-23-75 159
§=29-75 159
7-5-75 158
7-11-75§ . 159
7-17-75 171
7-23-75 184
7-29-75 | 159
8-4~75 223
8-10-75 © 1su
8-16=75 171
8-22-75 168
8-28-75 159
9-3-75 165

Belle Fourche §-5-75 122
6-11-75 122
6=17-75 122
6-23-75 122
6-29-75 122
7-5-75 123
7-11-75 123
7-17-7$ 123
7-23-75 123
7-28-75 123
8-4-75 123
8-10-75 123
8-16-75 123

12~



TABLE II
(Continued)

Site Date Volume (m3)

Ft. Peck 6-5-75 157
6-17-75 159
6-23-75 157
6-27-75 159
7-5-75 160
7-7-79 157
7-17-75 157
7-23-75 147
7-29-75 153
8-4-75 157
8-10-75 169
8-16-75 170
8-22-75 170

-13-



TABLE I1I
MAJOR SPECIES IN NEWCASTLE QUARTERLY COMPOSITES

(ug/m?)
Newcastle Newcastle Newcastle Newcastle
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Comp. Comp. Comp. Comp.
Aluminum 1.1 0.8 0.3 0.8
Calcium 0.1 0.3 0.2 0.4
Chlorine 0.07 0.02 0.02 0.008
Fluorine 0.01 0.003 0.004 <0.02
Iron 0.4 0.1 0.09 0.4
Lead 0.05 0.01 0.02 0.01
Magnesium 0.2 0.3 0.1 0.2
Phosphorus 0.2 0.1 . 0.09 0.06
Potassium 0.1 0.04 0.1 0.3
Silicon Major Major Major Major
Sodium 0.3 0.2 0.2 0.4
Sulfur 0.1 0.02 0.07 0.005
Titanium 1.9 1.5 1.5 0.8
Mean High Volume
Sample Loadings (ref §) 24.9 8.3 11.3 40.3



TABLE IV

MAJOR SPECIES IN GLENDIVE QUARTERLY COMPOSITES

(ug/m*)
Glendive Glendive Glendive Glendive
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Comp. Comp . Comp. Comp .
Aluminum 2.5 0.4 0.7 1.3
Calcium 0.8 0.3 0.3 0.9
Chlorine 0.2 0.04 0.05 0.02
Fluorine 0.4 0.05 0.1 0.03
Iron 0.08 0.003 0.03 0.01
Lead 0.03 0.002 0.002 0.002
Magnesium 0.1 0.009 0.09 0.4
Phosphorus 0.02 0.07 0.02 0.02
Potassium 0.08 0.009 ‘0.67 0.05
Silicon Major Major Major Major
Sodiym 0.1 0.3 0.03 2.0
Sulfur 0.3 0.03 0.2 0.008
Titanium 1.7 3.3 2.4 1.6
Mean High Volume
Sample Loaiings (ref &) 18.7 11.4 13.5 23.7
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TABLE V

MAJOR SPECIES IN GARRISON QUARTERLY COMPOSITES

(ug/m?)
Garrison Garrisen Garrison Garrison
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Comp. Comp. Comp. Comp.
Aluminum 2.4 0.5 1.0 3.6
Calcium 1.0 0.2 0.2 0.4
Chlorine 0.2 0.1 0.01 0.01
Fluorine 0.2 0.08 0.01 0.03
Iron 0.05 0.03 0.02 0.1
Lead 0.03 0.007 0,02 0.008
Magnesium 0.1 0.1 0.2 0.4
Phosphorus 0.1 0.04 0.1 0.05
Potassium 0.02 0.1 0.09 0.07
Silicon Major Major Major Major
Sodium .06 0.4 0.5 2.0
Sulfur 0.06 0.1 0.1 0.03
Titanium 4.9 1.9 1.0 1.4
Mean High Voluge
Sample Loadings (ref 4) 31.5 40.0 18.6 34.1



TABLE VI
MAJOR SPECIES IN FT. PECK QUARTERLY COMPOSITES

(ug/m®)
Ft. Peck Ft. Peck Ft. Peck Ft. Peck
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Comp . Comp. Comp. Comp.
Aluminum 0.5 0.1 0.6 1.4
Calcium 0.1 0.4 0.3 0.1
Chlorine 0.3 0.05 0.07 0.008
Fluorine 0.06 0.03 0.09 0.03
Iron 0.01 0.006 0.06 0.06
Lead 0.003 0.009 0.01 0.003
Magnesium 0.04 0.09 0.07 0.2
Phosphorus 0.03 0.07 0.2 0.05
Potassium 0.04 0.07 0.2 0.05
Silicon Major Major Major Major
Sodium 0.6 0.2 0.5 0.9
Sulfur 0.06 0.2 0.03 0.1
Titanium 1.8 1.7 1.1 1.6
Mean High Velume
Sample Loading (ref 4) 18.8 7.1 13.0

6.8
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TABLE VII

MAJOR SPECIES IN BELLA FOURCHE QUARTERLY COMPOSITES

(ug/n®)

Belle Fourche

1st Quarter

Belle Fourche

2nd Quarter

Belle Fourche

Belle Fourche

3rd Quarter 4th Quarter
Comp. Comp . Comp. Comp.
Aluminum 2.6 1.3 0.7 1.8
Calcium 1.3 2.6 0.6 0.6
Chlorine 0.008 0.02 0.04 <0.02
Iron 0.4 0.3 0.07 0.06
Fluorine 0.02 0.05 0.01 <0,02
Magnesium 0.5 0.6 0.08 0.2
Lead 0.03 0.03 0.009 0.02
Phosphorus 0.2 0.3 0.06 0.04
Potassium 0.2 0.1 0.06 0.08
Silicon Major Major Major Major
Sodium 0.5 0.09 0.6 1.3
Sulfur 0.2 0.3 0.1 0.06
Titanium 3.3 0.2 2.8 1.2
. Mean High Vot
Sample Loading (ref 4) 19.1 8.9 14.9

39‘2



TABLE VIII
DETAILED ANALYSES FOR NEWCASTLE COMPOSITES

(ug/m®)

<1E=$

7E-$
iy o “lees
2 at ¥
523 -2 -3
12-1 282 TE-2
<78-6 <TE-4 s
18-3 b <iut;‘
<2z <2E0
pr i -y 23
18-2 182 -t
22-3 Theb

R TR



TABLE IX
DETAILED ANALYSES FOR GLENDIVE COMPOSITES

(ug/m®)

- Alumiaun
Antimony
Arsenic
Barium
Berylltum <3%-5 <o B
Bsmuch 28-3 .t s i3
- <625 &8-5 $t-3 223
mme:m - iy ag-1 $Ea1
Caletie bl x4 484 b, 3
Ghlorine 221 se-2 -2 oo
Chrontun %2 22 -2 6e-3
Cobalt a8-4 s T -z
Cobale 22 o Ige3 783 2.2
fluocice 45-1 a2 s -
ris pori -3 ®~-5 ]
Gareaaium 2E-5 - et
Leachsoum 74 s 203 23
Laad -2 2e-3 3E-3 bt
Lithiua ge-4 i G2 i1
Magnesium 12-1 il HE 2.3
un o3 <aE-3 <A4i-3 <3g-3
N¥olybdenun 12-4 P ‘o3 s
¥ickal 28-3 e 214 i
Kieke 2 Por- 4 <-4 <§E-4
Orsivm Pt ‘al_s <1E-4 <38l
Phosphotus 8s-2 et oo '?{i
Placioum iy <ag-§ - g2
Potassivm -2 s -3 .
theaium <it-$ <EB-$ 78~ $3E-3
Mhodium <3e-3 <21-$ <3S b
- 753 ey 68~4
RBucheniuan <8t-5 <%n-5 ‘%M's e
Scandium <AE-S % g
Selenium -3 C“i'!n’, din o
$31lcon 7l ‘ &
Stiver -5 5 m &
Silver 121 - 113 78-3
$eronciun n-2 g-z -1 ’ St«-
Sulfur 3x-5 <ﬂ4“ 826 3
Thallium <$2-6 } s
Thorium 2z-4 el e et
The e “.g ‘“"3 <‘§:';‘
T{tantum 250 o gﬁ‘ ‘
Urentum 15-4 it 28-3 | g::z
Vanadium 38-3 o S-5 =
Teterbium <5z-$ ‘::’: 8- ' 5“:;
teerium 28-4 - 1E-2 i
2100 382 18-2 38-3 $E-4
2irconium -3 et
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TABLE X
DETAILED ANALYSES FOR GARRISON COMPOSITES

(ug/m®)
Garriscn Garrison Gaxrison
1st Quarter 2nd Quazter 3vd Quartor
wlunkeles it frisalx, =, L D43 DI 18

st

Aluninus xo

Ancineny -4 - 1E=4 28-5
Arsenic -4 1%-4 18~4
Barium x-2 2-2 : 18-
Seryllium <Sg~$ <if-3 %3
Bismuth §8~4 e ] 12-4
Cadniun -3 -5 <“x-5
Calcium 1£0 22-5 221
Cartum 1E-3 sE-4 -4
Clorine 2-1 ig-3 -2
Chromium 482 62-3 583 -
Cobale 2E-4 22-4 9E-5
Copper 382 483 .
Gallium 154 12-4 %5
Cermanitn 4B-3 2£~5 -5
tron SE-2 -2 <5k~
Lanchasun 123 98-4 Se-4
Zead 32 72-3 282
Lichiua 18-3 1£-3 -4
Magnesiua -1 12-1 221
Molybdenun 12-4 <2E-4 <1E-4
Nickal a2k ) 8E-4 9B-4
Osaium <IB=4 <9E-3 <98-3
Palladium <18 <5E~$ <5E~5
Posphotus 1E=1 22-2 1E-1
Potassium 222 is-1 se-2
Thealum <AE=$ <8-S <285
thadice <h~S [4¢ 23] <223
Rubidivm 12-3 24 b8-4
Se $ium (S!., <2z-, <28~3
Salenism se-4 -3 rory
$ilicon <9nel <Agrl ¢
Stiver 583 1S -2
Sodiun 6z ~4 ;
Serontium -2 3 $-3
Bulfur :ﬁg “g' ’6‘
Thallium < : - g
Thoriua 184 s8-$ -5
Tia 18-3 i iz-3
Titaniun <50 <2l ‘
Ursnton 184 ie-s %
Vanadiua 28-3 i2-3 i
Yetarbium <7E~5 o e
Yeerim 624 12-4 i
240 22 92-3 o
Zizeconiua 62-3 -3 -
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TABLE X1
DETAILED ANALYSES FOR FT. PECK COMPOSITES

(ng/m®)

Thoriun

Tecerbivm <3E-5 5
Tesrium se-S B 22
Taa LE-4

Zirconium 624
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TABLE XTI
DETAILED ANALYSES FOR BELLE FOURCHE COMPOSITES

(ug/n®)

Aagimouy

Barium
Saryllium
Sisauch
Cadmiun
Calcium
Cariunm
Glorine
Chroaiun
Cobals
Copper
Fluorine

Garoaniuva

Sulfur

;uum b
Vansdiua 12-3 - B2 . 18- ébl
Teterbium <2x=4 <3g~3 d;::z 7§:;
Yecrium U~4 98-S 72
Tne 12-2 iz-2 1E-2 7 :2
irconium 3E-3 -3 33 1B
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All detection limits reported are actual calculated values.
Therefore, depending upon internal standard adjustments, sample
size differences, choice of analysis, isotope, and spectral
background, these values may differ somewhat from sample to
sample. Tables XIII-XVII list the results for the individual
samples collected at Newcastle, Glendive, Garrison, Ft. Peck,
and Belle Fourche sites, regpectively.
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TABLE X111
INDIVIDUAL FOURTH QUARTER FILTERS FROM NEWCASTLE

a/n®)
(A1} Dazs Mounded to Ome Significant Figute)

] 12-4
1E-4 28-3 2z-2 52-3 g-2 1%-2 x-3

sa-3 w-3
Becylilum <38-6 <4p-§ <)E-4 <3E-7  <E-6 <R-4 <IR-6 “g-4 “z-4
Bisnuth 26-4 -4 624 28-4 6&~4 x4 st-4 E-4 x4
Cadnivm <28-5 <4E-3 <28-5 <«e-~5  <2E-5 5%-5 -5 «z-3 <1E-3
Calelium 1e-1 se-1 ae-1 71 Ie-1 Ax-1 A-1 5g-1 150
Cariun ®n-5 -5 9E-4 B4 -4 18-4 -4 4B-4 p: XY
Ohworine <ER-2 <4E-3 %-3 45-3  <E-3 <IE-3 <)g-3 <gR-} <s£-3
Chrontun ®-3 283 <1g-2 283 28-3 2%-3 18-3 -3 423
Cobajt %-6 ”®-6 18-4 1B-4 -3 B4 »®-5 154 IE-4
Copper 58-3 18-2 %2 1E-2 2e-3 E-2 5¢-1 18-2 -3
Fluocine <iE-2 <3g-2 W-2 <®-2  <Ig-2 8E-3 - <iz-2 iz-2 1E-2
Gallive <384 4R-6 5e-5 ®-6 28-5 18-§ -8 -3 . s
Carmanisg <3E-6 <45-6 IE-6 <IE-6 <156 <3g-§ <3g-4 “%z-5 86
Tron J2E-4 282 361 5E-1 -y 56-1 %1 10 tne
Lanthanug <IE-§ T m-4 28-4 -3 he-$ ”-5 24 fE-4
Laad SE-k se-3 Ix-2 wr-2 8&-) ig-2 1£-2 -3 3
tichiue AE-4 3E-4 <154 18-4 <54 1E-4 ®-4 -3 -4
Hagnesfun 68-2 620 -1 28-1 88-3 5E-2 381 xn =0
Manganese 383 1E-2 2E-2 1E-2 iz-3 1£-2 -2 %-2 -2
Halybdenam <1R-4 <6B-5 <JB-3 <IR-4  <9g-§ <9g-% “8x-5 <N-3 <-3
Mickel <15-4 <1g~4 <1E-4 <1R-4 ”®-3 %-3 <1E-4 <iz-$ <IE-§
Osnium <5g~§ <IE-$% <SE-3 <5B-5  <5¥-% <5g-§ «3g-3 <hg~5 <485
Palladiue . <3g-5 <3E-% <1g-5 <-5  <2p-5 <2%-% <ig-% <383 <35
Phosphorus 1E=} 221 8- 1E-1 1£-3 -3 18-1 481 -1
Platinu <4E~S <S5g-% <4g-3 <UE-5  <48-$ <«“x-5 “g-3 <4R-5 <4E-5
Fot ... %3 38-3 5e-2 %1 AE-1 180 -1 -1 -1
Wenton <3E-§ <ia-3 <1g-5 <IE-5  <ig-5 <1E-3 <183 <1E-3 SIE-3
Shodtus <I-6 <1g-5 <I1R-S <IR-5  <Pg-4 <g-6 <26 <Bk-6 <6%-5
Bubidium <2E-5 <3e-5 SE~-4 2&-4 484 (1 =n-4 SE-4 R4
Ruchening <8-S <35 <2g-$ <3E-5 <W-5 <5 <3 <In-3 L 2
Scanding. <1g-3 <ig-3 <iE-$ <Ig-$ 720 «1p-3 <183 18-4 SK3
Salentiun. <3E-§ g5 se-5 5e-5 ®-5 -3 34 $&-3 -3
Stiicow. <4K0 <86 <bEQ <5E0 <eh <750 < <}ee) <in
Stivar <2B-5 <}E-5 €2§-5 <IR-5  cife§ 503 AR-5 £13-3 k-5
Sodium. <28-§ <1g-5 <hE-} <IR-1  <9p.3 -1 <I;-1 £2E-1 <Ig-1
Strontive €28-3 -4 4E-3 56-3  <48-3 -3 i8-3 *4x-3 5&-3
Suifur <IR-2 <352 28~} 28-2 <5k-2 28-7 oe-2 €-2 -2
Thalltue CFE-3 <Bg-5 <18-5 <IE-5  <Im-S <I5-5 <IR~5 <8B-3 -5
Thorius: <H-5 <9g-5 1E-4 <IR-$ 18~5 ®-5 <%E-3 -4 554
Tia <2E-4 1E-3 -4 24 28-4 AR-§ SE-4 W4 <5
Titanium <2ED 4ED 280 <2EG - F. b S£-1 <LED <agi
Uraatos . Ag-§ €55 K-S <IR-5  <Ig.5 Sp-5 <M-3 58-3 <3f-5
Vanadine 2®-3 " 183 1E-3 [T LY 18-3 A8~4 58-4 n-3
Yecorbium <3g-4 <8E-§ <BE-$  <ggp-5 <M-§ g5 *0R-3 56
Yecsium 188 -3 1E-4 1E-4 9g-% 9E~5 ”»-3 R ] 7 2
2inc hE-3 1E-3 m-1 Stxd. -3 58-3 -3
Etrconiom L Y
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TABLE X1V
INDIVIDUAL FOURTH QUARTER FILTERS FROM GLENDIVE

(vp/n’)
(AL Duats Rounded te One Sigaificant Piguwe)
N A:Yi W ViY)) ] SIS 298 5428 - Hun mns Iy 2933
3x-2 n-2 -4 9%~} «g-1 we xe 5K-2 AE-1
. <1R-% <22-3 <ig-$ <lg-5 <m-% <2%-3 <2g-3 <2%-5 <2E-5
<|-$ o2-4 <6E-3 <6E-3 x4 <in-5 ”%-4 98-5 IE-4
s&-¢ -3 SE-4 584 x-) 38-3 n-4 <6R-4 6E-4
<2%-3 <2E-5 Q-5 £2E-% 2n-3 <x-3 <3E-$ <3g-5 <2%-5
w4 -4 -4 E-$ -4 2.3 -4 58-% IE-S
<he-3 <32-3 <2E-5 <3%-§ «3g-3 %-3 <358-3 <2E-§ %-3
-1 4E-} 1t-1 Ae-} m-1 34 -1 1e-1 -1
B4 42-4 18-4 -4 18-4 x4 -4 sz-5 18-4
«4E-3 «8g-3 <1E-3 <5E-3 <ig-3 <1g-3 <6g-3 <152 <3g-2
4E-3 n-3 -4 I8-4 2%-3 12-3 42-3 5g-3 bg-)
<1£-5 <g-§ <ig-5 IR-5 <BE-5 <05k -3 <Bg-6 %-$
-2 -2 282 IE-3 12-2 4E-) w2 1e-2 1g-2
€382 <Ag-2 <4E~2 <382 $3-3 <4E-2 <4g-2 <1g-2 3-2
(13 -5 2%-5 &85 ~=-6 [ 203 . OB-& <hg-6 ag-6
353 <76 <6E~6 <6 ®n-3 <ag-§ %8g-6 <ig-6 <BE-§
12 3E-* 2%-2 281 -2 ma ®n-1 <2 8x-2
SE-S 184 -5 1E-4 88-3 184 n-5 3£-3 1E-4
3E-3 wn-2 223 3%-3 98-3 AE-3 -3 -3 4Eg-3
-3 SE-4 984 12~3 7®-4 -3 a4 <Ip<d 6E-4
<kE-2 1e-1 1e-1 18- ®-2 W -3 g2 2E<1
<3g-3 ”n-3 <3g-3 3E-3 -4 “E-3 -4 -3 1E-3
<ig-4 <9E-5 <56-5 <B4 <6g-5 <g-5 <x-3 <-4 <HE-4
-4 -4 %-3 <IR~4 -5 <M= <-4 <-4 %4
<1E-4 <IE-4 <525 <14 SER-4 -4 G o <if-4 <AE-4
<5B-§ <58-§ <58-5 <5p-§ SEe-5 <LE-3 <Ax-$ <68-5 <4g-3
18-4 sE-3 <28-2 *-2 <22 L %®-1 %) E-2
<5 <88-% <3t-5 <5 <9g-5 “1p-4 <AE-3 “1E-4 <9%E-5
<1%-2 18- 58-3 B} 3x-2 x-3 ®=-1 8g-3 231
<IR-5 <IB-3 ©28-5 <385 -5 <}-5 <ig-3 <155 <le-3
m-5 <2E-5 <18-5 <18-% <2%-3 <3S <3g-3 <23 <2g-5
154 88-4 28-4 Wb 14 -4 ®-4 <hE-% 2e-4
<Ag-3 «5E-5 <4E-$ <4E~5 «“g-5 <SE-§ <3}g-3 <Sg-$ <SE-S
<kt-3 <2E-3 -5 <J8~4 <3-3 “Ax-§ «3-5 <AE~S <3E-5
184 -4 <6E-S -3 48-3 um-5 “£-5 b 23 4E-5
W L} 3241 2B ey W Axe} <&kel AELL
18-4 184 3E-3 "5 -3 *® <g-3 - Ag-3 ®4
-2 k-1 % [T = o8- se-§ "4 280 3E0
<SE-3 “e-3 <583 <283 423 <48-3 33 <1g-3 <6E-3
<IE-3 9%-2 g-2 <BE~2 -2 <9g.3 15-1 %n-3 -3
<38-3 - <JE-3 ®-5 <IE-§ &5 g <485 <©%E-5 <4g-5
E-5 IE-3 <3X-5 w5 <=5 -4 %3 4g-3 4E-3
<-4 x-3 <IE~4 <IE+4 »n-4 <2~y <3K-4§ <RE-4 <-4
<ol <189 <10 < 258 <-4 <0 2E0 <2£0
Wy %-5 <2E-5 K-5 -5 <8 x-3 <)E-% x-3
-4 SE-4 62-§ -4 M4 -4 -4 254 284
«SBe5 <5¢-5 <583 <55 “%R-3 <in-3 -5 BE-3 <g-3
-3 154 %3 4r-3 -3 -3 -3 -5 -3
N3 -3 -3 -3 n-3 n-3 -3 -3 »n-)
L - »-4 4 304 R4 “R-4 «Qn-4 “n-4
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TABLE XV

INDIVIDUAL FOURTH QUARTER FILTERS FROM GARRISON

(vg/u?)
(AL Basa Bousded s Gos Sigaiticans Figure)

EEresbEprdy

fubyfbet

4

A
5

freieasysisfapivs

I
-1
TTTIRY
-1
<1E-4
s4£-§

<2£-5

. -3

LITo
-4
8-2

n-5
<22-5

-4
“ie-2
&8-3
4Le-5

<“e-2’
-3

-3
%5
-2
-4
-1
28-2
<ig-4
28-4
“8e-3

5t-3
“Jg-3
®-1
cie-5
}e-3
%3
“%r-5
<Je-5
-4
-4
E-5

-2
‘-1
<-4
~4E-5
#-3

<2z-3
b ]
-4
-4
-3
x-3
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TABLE XVI

INDIVIDUAL FOURTH QUARTER FILTERS FROM BELLE FOURCHE

tvaln®)

uummummmunpn)

<ag-t

<3g-2

-4

-2

<ie-3
<X-3
-3
“5K-3
“3E-4
»-4
<4g-|
“2e-5
-1
-3
JE-L
<fE-4
*x-5
-3
30
1E-3
%-)
<154

-2
n-4

3e-2
<25
-5

-4
“3L-3
“ig-4

-3
“32-1
“2K-3
-‘“.l
“6£-3

an-1
<§E-4
-3

-3

QL5
n-4
<3E-4

-2
Se-4
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TABLE XVII
INDIVIDUAL FOURTH QUARTER FILTERS FROM FT. PECK

Gulnt)
(A1l Data Bounded to One Sigatficent Figurs)
SR )2} WO YT YR ViV S V1)) W 1LV W 1101 LT3 57E L ST W VYL W Vi1 Yt S VIVY1 S 771, SO

Aluninun 3o mw-3 1 203 g~} -3 1B~) 158 e se-1 e} 50 4e-1
Aak inony -4 ¥ -4 72-4 28-3 z-4 m-4 -3 -4 sS4 L4 -1
Arosnts -4 <48-3 -3 '5-% -4 4x-4 -4 -4 LE-5 42-4 sz-3 [ 22 }
Barinn -3 -4 1%-3 %-3 &3 -3 4£-3 s~-2 4~ &2~ &8-) -3
Betyitfun <3%E-§ <z-3 <12-3 <ig-$ 12-5 -3 <22-5 <3g-3 “1z-3 <7e-5 <15 “g-3
Alsmuth -4 -4 3e-3 -4 m-4 A4 -3 An-4 -4 4R-4 484 -4
Codniua 1E-3 <3e~3 48-3 4z-5 AR-5 4k-3 e-5 B-3 x-3 55-3 -5 ®-3
Catotua -4 -1 x-1 ig-1 -1 2%-2 [ o ] [ SE-1 42-1 -1 6£-2
Cevlum ®m-4 -5 %5-5 2E-4 28-4 1E-4 - m-3 SE-4 6E-4 IE-4 x4
Chlartias <AE-2 <1E-3 <bi-2 <ig-2 m-3 -3 <IE~2 <Ig-3 <hE-3 <7t-3 c4k-3) -3
Ehronine ~$k-) rE~4 -3 52-1 - A4 n-3 3E-3 -3 x-3 -3 . =) 0% ]
Cobalk IE-$ Ag-3 -5 18-4 18-4 -4 -4 R-4 x-5 3E-3 -5 2e-$
Coppac 58-2 1Kt Se-2 5e-2 %2 12-2 n-2 m-2 18-2 93 -2 2-2
Fluas ine <iE-2 <3-2 «@E-2 <6E-2 <2 -2 <£2-2 <48-3 228-2 <2£-2 <2€£-1 <3g-2
Catitum 3x-5 <6B-§ <6R-6 re-3% -4 <%g-6 3e-5 n-3 sE-6 12-3 -3 <SE-§
Garmanitun -6 <ip-5 <6r-6 <&e-6 -6 <1g-5 <6x~6 <426 <4E-& <5E-§ <RE-3 <SE-§
Sron ®-1 g1 AE-2 $8-1 n-i 35-2 -1 -3 x-t 2E-} -2 “®e-2
Lant hanus: -4 LE-4 %-4 6e-4 =4 18-4 -4 a4 %4 -4 -4 28-4
Lead 9%-3 6E-3 m-2 3e-2 4p-3 "-2 1£-2 n-2 6e-3 12-2 -2 -2
Lithiem 4E-3 2E-4 -3 %-3 -3 -4 ®-2 ®-3 %-3 284 B {2 <9£-5
Hagncaim 3E-1 18- %-2 1.5 %-1 <32 n-1 1R~} -1 1 281 -3 -1
Honwg asup 4E-) SE-) 28-2 18-2 »-3 -4 8-2 ”-3 -3 L5 ] -3 122
<LE-4 <4e-§ <3E-4 «g-4 124 kB4 <2g-4 <-4 <3g-5 <AB-5 [ <}E~4
Nhhal E~4 iE=3 iz-3 in-4 SB-4 <ig-4 -5 <-4 <jg-4 <-4 *®-5 <ie-4
Giplun <9i~3 <9E-3 <98-3 <9g-5 ”n-35 <184 <if~4 <Op-5 <9e-% <2g-3 <BE-S <BE-$
Pak Ladiy «“z-5 <4e-3 <i8-3 <4R-5 <AR-5 <AR-$ <58-3 <3g-3 “e-5 <r-s LE-3 «“4p-3
ﬁm 28-1 12-1 -1 -1 -2 =-3 .°”-3 M- 852 n-2 9%-2 -2
M <$IE-5 <7e-3 <JE-5 <Jz-§ «72-3 -5 <13 <is-3 g3 <JE-3 «4p-3 <g-3
ot 262 - T -2 2z-1 9e-2 <Ax-2 -1 n-3 <4g-2 8£-2 <3f-2 <«g-2
m, <28-$ <2t-§ <22-5 «2¢-3 <25 <3g-5 <)8-3 <ig-3 <25 <28-% «2£-3 <3g-3
<3g-3 <1E-3 <18-5 <if-3 <ie-3 <iz-% 137 T €1K-5 <}£-3 <Ig-% <}E-5 sjg-5
Pubtdiue ®-4 1B=4 -4 62-4 [ 124 M=% -2 -4 34 H-4 -4
Bt haninn <hE-S <«g-3 “4g-5 <4E-5 <AR-$ <“AR-S <4g-$ <AR-5 <HE-4 <hE-S <48-5 <ke-%
Scandiue <8-S <LE-S <3E-§ A2-3 48-5 <AR-$ -3 -3 <3R4 €hE~D 45 <3g-3
Sulenive -3 9E-5 <6t-6 -6 -3 18-5 ae-3 [ e-4 ®%+5 <3e-4 <Sf-6
Salteom <4£0 cAg-} “%E-) <4E-1 “4g-1 <ig-) <58-1 <4g-) <5g-1 <4E-1 c4e-1 <3z-}
Silver 1E-5 1E-4 -4 -4 L4 %-3 -3 -5 2.5 -5 E-5 2E-5
Sodiun "®-1 280 ae-1 «9g-1 48-1 KD -2 1z6 %-1 150 1£0 se-i
52 roase bon <4E-3 <5E<) %3 2z-3 <3JR-3 x-3 48~3 <583 <42-3 <3g~3 4£-) g}
Sulfer 2E-3 -1 68-1 28-1 -1 o-2 5E-1 e-t -2 x®x-2 8£-2 <ig-4
Thalliun <1E-S <45 <3E-% <3r-5 «3R-35 <38-5 w“Ug-5 <4g-5 <IE~-5 “4e-5 “4E-5 <3g-5
Thor lus <3E-5 <3%-5 <3IE~5 9E-5 4K-5 <32-5 -5 e-5 42-5 €4E-S 5E-5 <)g-3
Tia 15-3 -3 SE-3 22-3 ”-4 w-2 -2 3e-3 28-3 28-3 1£-3 22

Tizaatun L3 <] <30 <3g0 <220 <80 <280 <20 <2EQ <280 <2£0 <250 <if0
Ysaniom S1E-§ -3 28-5 48-5 28-5 <JE-5 ®-5 -3 -3 2E-9 2e-% 2£-5
Vanadiom 8- 4£-3 %3 28-2 ”n-3 -4 -3 %-3 n-4 8E~4 -4 -4
Yeeerbtan <9g-5 <9E-3 <9E-5 <8g-5 <-5 <hi-5 <5¢-3 <SE-3 <4g-5 <58-5 <5£-5 “%he-5
Veooing 28-4 -4 b6-6 2B-4 -3 -5 R4 6E-4 2E-4 SE-4 iE-4 (143
2inc %-2 &7 . 6E-3 -2 W2 %-2 5.2 ®-2 %82 -2 22 4g~2
Lircosium b 2% "o-4 -3 18-3 -4 8- %-3 m-4 a“®-4 2-3 2E-) 12-4



4.0 DISCUSSION OF RESULTS

The results of each set of filters demonstrate a
fair consistency. Four factors must be kept in mind when

using or analyzing thesé data:

(1) Spark source mass spectrometery used
in the survey made is at best +£30%,
with the true accuracy dependent on
background, standards and the amount
and nature of sample. For these
samples, the results are felt to
give a reasonable order of magnitude
level of the varicus elements.

(2) The nature of the filter material is
in question. Although the sampling
contractor supplied blanks and sup-
posedly used the same filtera in all
cases, the behavior of the individual
filters under analysis raises some
doubts as to the uniformity of filter

materials.

(3) The sample loading was very low, too
low, in fact for the sampling con-
tractor to be able to weigh the filters.
All results are based, therefore, on

flow measurements.

(4) The filter loadings available were from
separate Hi-Vol samples taken egncurrently.
A direct comparison indicatee that cor-
respondence with the membrane samples
is poor. This is probably due to the
difference in sampling rates and location
of the two samples.
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Irrespective of these problems, it is felt that the
results presented in this report give a usable semi-quantitative

indication of the relative trace element backgrounds in the
Northern Great Plains area.

To show some measurement of the reliability of the
data, the individual results of the fourth quarter samples
were averaged and compared with the results of the fourth quarter
composites. These data, along with the ranges for the individual

analyses are given in Table XIII.

With few exceptions, even though the ihdividual
samples show a wide range, the composites and averages are generally
within a good enough agreement to lend credence to the data base.

Comparison of individual filters is complicated by
the absence of total loading measurements. The data shown in
Table XIX are from the High-Volume samplers located near the
membrane samplers used for trace element analysis. Unfortunately
the strong differences in total grain loadings are not reflected
directly in the trace element analyses. Two factors may be
responsible for this finding: (1) the membrane samples were
operated at much lower flows than the Hi-Vol samplers, perhaps
affecting total grain loading though differences in turbulence;
and (2) the composition of the particulates is variable as a
function of location and meteorological conditions. The very low
levels of the trace elements, frequently below the detection
limits of the instrument, also make variations difficult to

detect.

Ambient standards for the trace elements are virtually

nonexistent. Cadmium and mercury emissions are regulated in some
smelter applications. The maximum permissible level of beryllium

averaged over a 30-day period is 0.01 ug/m*® (CO-182). This
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standard is applied to the following industries.

(a) extraction plants, ceramic plants,
foundries, incinerators, and
gropellant plants which process
‘beryllium oxide, beryllium alloys,
or beryllium-containing waste; and

(b) machine shogs which process
beryllium, beryllium oxides, or
any alloy when such alloy contains
more than 5 percent beryllium by
weight. ,

This is significantly higher than the ambient levels found
of ~107¢ ug/m® in the Northern Great Plains.

The data acquired during this program represent
a usable data base for the ambient conditions near each sampling
point. The levels of the trace elements are consistantly
low indicating that any gross increases in individual elements,
for example 50-100%, caused by emissions from a point or mobile
source should be detectable. It is strongly recommended,
however, that any future work in this area pay strict attention
to sound sampling procedures. Trace element sampling requires
the use of special low ash filters, not fiberglass, to provide
a low background. Also sampling should be designed such that
weighable quantities of dust are collected. Trace element
sampling should be specially designed into an ambient dusct
monitoring program. In this way, reliable, credible results
are insured. The very low concentrations of ambient trace
elements and the potential significance of small changes in
individual elements makes this of vte;l importance.
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TABLE XVIII
COMPARISON OF FOURTH QUARTER COMPOSITES WITH RANGE AND AVERAGE OF FOURTH QUARTER INDIVIDUAL FILTER
TRACE ELEMENT ANALYSES (ug/m®)

Yevcastie __Cleadive Gareisan Selle Fougche Fi. Peck
Wuc Mvecage  Range  Tomporite
Aluminun e 3E-213E0 -1 Sg-1 JE-2/2£0 180 <-4 <2B-2/8E-1 488 4] <AE-2{2E-1} e -1 E~1/LEQ 1E-0
Aat inony “4E~3 ME-5/0E-3 x-5 QE-5 <JU-5/<2B-5 <-4 M4 BR-A)5E-A »-35 M4 AR-GIWE-A x-3 %®-4 SE-1/3€-3 IE-4
Atseaic B-4 <5KE-5/28-) -4 W4  <HE-5/6E-4 <4E-5 AR-4  <2E-4/9E-4 B~4 W-3 <IE-4/8E-) -4 -4 LE-S/LE=-3 -4
Bariua %®-2 -412E~2 8k-) -3 SE-Af3e-) [ 2% w-2 E-1{88-2 58-3 ®;-3  SE-4f2e-2 8g-3 hE-3 1e-6/3E-2 SE-A
Beryllium  S4E-&  CIE-D/<4E-& <kE-6 -5 28~ f<I-5 <OE-6 <IB-3 <IE-5/<2-3 <SA-6 <IE~S <IR-S/<2E-% <B8E-6 <2-5 <JE-S/~2E-D <6E-b
Sismath LE-& -4/ 78-4 1E-4 -4 IE-5/38-4 i1E-4 28-3  <5E-5/28-2 1£~5 -4 <IE-S/TE-4 ®B-4 AE-4 JE-AJ1E-3 2E-4
Cadaiuwm S4E-3  <IE-5/2¢-4 -4 AR-%  <2B-3/2E-5 . 2E-3 -5  <6E-6fIE-4 x-3 6E-3 <BE-6/1E-% 5€-5 GE-% ME-S/6E-5% IK-5
€alcium SE-3  <1E-L/MEQ 4LE~1 2E-} 18-1/45-) 9%-1 30 SIE-3/<2R4) AR-1 e E-1/3E0 65-1 4E-) $E-2/88-) ie-1
Cexium 6E-4 SE-5/48-) -4 2E-4 68-5/4A8-4 R4 oS4 AE-5/18-) 4R-) w-4  8-5HE-) 4AE-4 LE-4 9K-5/26-6 2E-4

Chlocine  <I8-1  «5E-2/<1E-2 «<B%-3  <8E-3 <IE-}/<IE-2 282 18-2  9E-5/%8-2  <«QR-2 <¥g-2  IE-4/<5E-2 <2B-2 <1g-2 IE-D/<4ET  BE-)
Chvomtunm 3E-3  <BE-4/<1E-2 SE-} 4AE-3 IE-4/1E-2 tg-1 -1 w3242

g 2E-2 8E-3  (E-3/1-2 3E-D IE-)  GE-4/BE-3  25-)
Cobalt -4 IE-6/9E-A -k 2E-5  <IE-6/5E-3  QE-6 2B-4  <AE-G/AR-A 1B~ -3 <E-5/2-2 6E-& 9E-S  2E-3/ME-§  IE-S
Copper 8- <-INE-2 -2 1E-2  3E-3/IE-2 IR-2 AR-2  X-)JeE-2 %-2 m-2 Wm-nm-t W-2 IE-2° SE-NE~Y  1E-2
Fluorine  SAE-2  BE-3/IE-1 <2E-2  <3E-2 <IL-2/6E-3 -2  <2R-2  <4R-1/<5E-2 <IE-2 <AR-2 <IE-2/<6E-2 <2L-2  <IE-2 <IE-D/<hE-2 <IE-2
Galliwe ®-5  3E-6/1E-4  6E-3 -5 6k-6/.i~8 <BE-b 6E-5  LE-6/28-4 -3 56-5 <BE-6/3E-4  &E-3 -3  <SE-6/2E-3  ME-S
Getwmanium  <4E-& <IE-6/88-6  AR-4 9%-6 <BE-6S2-5 <BE-6 IB-6  <AR-5/3R-%  <5B-6 <BE-6 <BE-G/BE-6  OE-h  <IE-6 <SE-6/<IE-5 <bE-6
T 128 2E-417E0 AE-) w-1  18-2/2K-]  28-2 ®B-1 -1 1E-) -1 <IE~D/AE-D - BE-2 -1 AB-2/%E-1  6E-2
Lanthasue  28-4  <IE-6/1E-3  M-4 _ BE-S  IE-SA1E-A  1E-4 W4 IE-545E-4  BE-4 -4 <KE-SI6R-A 2E-4 B~ IE-G/BE-&  6E-5
Lead T SE-AfME-2 -2 6E-3  28-)/28-2  Bg-} ®-2 IW-I4E-2 8E-3 ®-2  2E-3/58-2 -2 -2 GE-)IE-2 XE-D
Lithivw Sk  <IE-A/5E-3  AE-S 18-3  <26-4/28-3 1p-3 M-t <6E-6/1E-3  IR~4 SE-4 <BE-6/M-) <4E-4 IE-3  <GE-S/AE-D  <AE~4
Magnestum 1O SE-3/6ED |, 2B-1 1IE-1  2B-2028~)  4&-1 E-1 SE-S/3E-1 4R~} 3E-1  SE-2/38-1 8- E-1 2e-2732-)  2E-1

-2 E-IE-1 3D IE-3  GE-AJIE-]  <I-D 18-2  <2B-3/3-7  8E-4 8-3  AR-43E-2 2%-3 9£-3 1E-I/2E-2  1E-)
Holybdonum <BE-S CM-S/<IE-&  2e~5  <IE-4  <SE-S5/<IE-4 <IAR~&  <IB-& <6E-5/2K-& <IE-§4  <2B-& <IE-5/2E-h  <IE-A  €IB-R  <AE-B/<2E-4 <2E-4
Sickel &E~k  9E-573E-3 8B4 AE-4  <6E-5/98-4  I%-3 -4 IE-S/6E-4  AE-3 1B~ 18-4/58-)  GE-A 28-4  AB-S/0E-4 <JE-3
Ounion <4E~3 <-S/<IE-3 <ME-4 <1E-4 <OE-S/<IE-4 <bBE~-&- <8g-5 <OR-SI5M-3 <-4 CH-& <H~A/<IB~4 <S4 <3g-$ <BE-5/<1E-4 <4E-§
Pallsdiue  <3E+%  €2E-5/<IE-$ <2E-4  <6B-5  <5E-5/<6E-3 <IR-4  <IB-4

<IE-Sf<AR-4  <IE-A <6E-3 <OE-3/<6E-3 <IE-b C4E-5  <AE-5/<SE~5 <2E-4
Phosphorus  2E~1 LE-1 /4E-) 6E-2 68-2 18-4/56-1 x-2 -2 <SR-IER-2 ie-2 -2 <ik~2/68-2 AE-2 iz-3 6E-2/26-1 JE-2°
Fiatioum <AEe$  CAE-5/<5E-5 <2E-4 <9R-5  <IE-5/<1k-4 <3R-A <IB-5 GU-S<IR-5 <2R-4 <95 CUE-3/<IE-5 <hE-4 S-S <BE-3/<IE-H <IE-~4
Potassiun $E~% 3E-3/5E0 -1 B8E-2 SE~3/28-1  <58~2 -1 <M-2/280 78-2 -1 <3R-2/4E~0 8e-2 8-2 2E-2/26-2  SE-2
Rhenium <18 <1E-S/<lE-S  <1E-5 €5 <IR-5/<Ag-5 W5 <W~5  <IR-4$/<18-3 T <28-S <I-5 <IR-S/<-3  <IR-S <AW~-3  <2W-5/<IE~D ~2E-S
Bhodiun “BE-6  <JE-6/<1E-5 <AE-5 <28-5  <)E-5/<2E-5 <9E-5 <jg-5 BR-6/<1E-5 <AE-S <¥-5 <H~5/7.-% <5 <1E-3  <IE-5/<IE-5 <GE-5
Rubidium -3 <2-511E-) 2%-3 JE-&  <AE-5/8E-4 -4 ®-) 1B-4/4k~3 18-3 28-3 2%-&{a-) A&-4 -4 1E~4/28-3  3E-4
Ruthenina  «28-%  €2E-5/<3E-§ “IE-4 ~5E~5  <4R-5/76R-3 IEB-4 <RR-5  <IB-S/<hE-S <lE-4 <3E-5  <SE-5/<5E-5 <-4 <4E-5  <AE-3/<KE-4 <RE-4
Scandiom AE-& <IE~S/9E-4 4E~5 <4E-4 <2E-5/<Af~]) <BE-§ I8-4  <3E-5/68-4 <22-5 <HE~4  <HE-A/<IR-4  <BE-& AE-5  <IE-3/6E-5 <6E-6
Salentum 86-3%  <3E-6/58-4 1E-6 68-5 IB-5718-4 2B-4 6B-4

] 2E-3{28~3 =4 iB-4  2E-5/4E-4 k-4 4E-8  <SE-G6/1E-4  2E-L
S$tlicon <IREQG <SRN/ <R Eed LRI LAEAL 29RN) 0. cH-VI2REL  <AERL <5E-) <H-WIE-  <eirl SHEi-F < JE-1/.4EQ0 <IE4L
Stlver -5 <ig-5/2e-4 2%-3 B8E-5  <28-573E-4 n-4 -4 LE-543-4 -3 -4 <W-5/8E-4 -3 6E-5 E-53/28E-& 2E-3
Sodive <U-F  <IE-S/38-1  <if-] ite SE-1/3E0 wno 86-1  <5E-5/358 %0 b 4 IE-A/4ED 160 9%~} 7E-212E0 9E-1
Stront fum -3 56-6/2£~2 -2 <SE-3 <2B-3/<IR-3 TE-] -2 <IR-If4E-2 e-3 1E~2 <4B-3/2E-2 <bE-) &E-3 2E-3/<5E-3 <4E-~)
Sulfur -2 2E-2/72€~} “®-3 -2 IW-3/1E-2 8e-3 3E-}  <5E-2/6R-1 %-2 ®-1  E-2/40 -2 2%-1 2E-2/6E-1  1E-}
Thallive “fB-§  <IE-5/<BE-5 BE-6 <3E-§  <3B-5/<5E-3 <BE~6 <JE~-4 <BE-5{<)E-4 <3E-6 <18-4 <}E-4/<iE-4 385 €IE-3  <IE-B/<RE-S5 <bE-6
Thortua Wk <6E-5/5E~4 ”"-5 IE-5  <IE-5/4E-5 6E-3 65-3  <)E-5728~4 -3 (<48<3  IE-51<5E-5 -5 4E-5  <IE-5/9E-5 IE-Y
Tin AE-4  <26-A11E-} -4 AE-4  <IW~4/2E-) 8E-4 -3 2B-4/18-1 m-4 28-3  1R-4/6E-3 &E-4 se-3 9E-4/3E-2  IE-4
Tiraniue %8 -1 1460 <BE-1 <2£0 <IE-472E0 <260 ze 1~ /90 <ifn e 1£0/<5¢0 <}t <2E0 CIRQ/<IED  <2E0
Urantum 6«5 <IE-S/28-4 -5 3E-S  <2E-3/<250 68-3 x-3 IR-510E-5

-4 <285 <IB-5/58~5 - -3 <IE-S/4E-3  GE-5 -
Vagadiun #%-3 2£-570E-3 1e-3 4B-§ 2B~-4/8E-4 -4 ®-3 8-411%-2 -4 E-}  7E-4/8E-) 1£-3 AE~) JE~&/2E-2 IEAA
Yeterblua  <9E-3  -BE-SJCiE-4 -5 <bB-5  <SR-37<8K-3 <1IE-% <Hi-4

i CIE-SfME-4  <IE-3 SiB-4  CE-4<IE-D <4E-5 63 ChE-3/<3E-3 <E-5
Teerium -4 1£-5/18-3 -4 4B-3 28-5/16-4 k-3 ) SR-4f B4 -4 -4 SE-5/9K-4 -5 x4 6E-6768-4 SE-Y
2iac o~} 16-3456-1 -3 58-3 18-3/98-1 -} n-3 W-48-2 -3 xR~  IE-N4e-2 -3 -2 6E-3/58-2 1E-T
2icconiun 2E-) e-4/12-2 -3 «IE-4  <IR-A/5E-4 -4 -3 1E-4/R-3 w-~3 -3 SB-k/4E-) -4 1%-3 E~4/2E-3  4E-4



-vs -

TABLE XIX
MEAN GRAIN LOADINGS FROM HIGH VOLUME SAMPLERS LOCATED NEAR THE MEMBRANE SAMPLER SITES

(ug/m*)
1st Quarter an_Quartet 3rd Quarter 4th Quarter
Newcastle 24.9 8.3 11.3 40.3
Glendive 18.7 11.4 13.5 23.7
Garrison 31.5 40.0 18.6 34.1
Ft. Peck 18.8 7.1 13.0 6.8
Belle Fourche 19.1

8.9 14.9 39.2
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1. PURPOSL

The pucrpose of this study was to deterniane the mean levels and
statistical variation of trace elerents in blank fibarglass filter pads
prior to the analysis of filters loaded with air particulates. This
data was compared with typical results acquired on two loaded samples
provided by the Environmental Protection Agency. All data was obtained

by spark source mass spectrometry.

II. SCOPE

Multi-element analytical data was acquired on each of eight separate
8" x 11" blank fiberglass filter pads. Each filter was statistically
sampled by removing eight one inch square segments from one inch wide
diagonals cut from cormer to corner of the filter pads. These eight
square inches of fi{lter were ground into a fine powder in an agate
mortar and pestle. A separate composite of each of the eight blank
filter pads was prepared in this fashion, such that a2 statistically

accurate composite was available for each pad.

Tsble I tabulates the printed nurber on each blank pad that
was sampled. In additiom, the numbers of the two typical loaded

samples are also listed.

TABLE I

and Weight of Eight Blank

Identification Number
d Two Typical Loaded Samples

Fiberglass Filter Pads an

Identification Filter No. Veight (g)
Blank 002060 4,2643
Blank 004030 4.3124
Blank 009030 4.3975
Blank 013060 : 4.3088
Blank 016069 4.2712
Blank 02103 4,3161
Blank 023060 3. 8444
Rlank 026030 4,4354
Sample 800036 4.9575
Sample 800038 4.8053



III.

0.1000 gram of each powdered composite was blended with 0.1000
gram of ultra high purity graphite, and internal standards of indium
and rhenium were added. Each of these mixtures was compacted into
electrodes and speactra from the nass spectrometer was obtained for each
sample under identical instrumental parameters.

The two typical loaded filters were prepared in the following
fashion. The unloaded margin of sample No. 1l was cut and removed
from the loaded area. This margin was ground into a powder, and
0.1000 gram was prepared as described above. The loaded area of
the filter was sampled as described above into eight randomly taken -
one inch squares from the diagonals of the filter. The ground composite
of each sample was thoroughly mixed, and 0.1000 gram was subsampled
and blended with 0.1000 gram of high purity graphite. By back
calculating from the weight of one square inch of filter material,
the 0.1000 gram sample was shown to be equivalent to approximately
1.7 square inches of surface area.

RESULTS

Table II lists the data from the determination of trace elements
in the blank fiberglass pads. This data is presented both in the
units of ppm wt. in the bulk filter material, and also in terms of
ug/sq. inch based upon the mean weight/unit area of the blank pads.
The data is presented in this form so as to be more directly
comparable to the typical loaded filter data.

Error terms are also presented. These were determined based
upon accepted statistical data treatment techniques. The 907
confidence interval was used to represent the error data.

TABLE II
Losded S Data

lank Dats Blank | Sample Sangle 2
mean (ppm wt.) .r%ﬁz_?i_g (ug/in.?) + error2 M ™ % eglin-9) (ug/im.2)

.2 1.2 0.065 0.065  0.034 0.07L
6.0 6.9 6.32 0.37 g.21 0.21
0.42 0.17 0.023 0.009  0.03% 0.029
6.4 5.1 0.35 0.28 1.2 0.31

0.46 0.41 0.025 0.022  0.048 0.048
1.7 1.5 0.092 0.091  0.040 0.083

G.1a

0.36

0.42
0.056

G.15



TABLE IT (con't) 4
Logaded Sample Data

Eemnt mean (ppm wt.) * e% (Hg/in.z) + errvord E;?i.nfé) zgi:%) Sga];pé:.%)
Lu 0.07 0.02 0.004 0.0001  0.0C4 0.004 0.005
e 0.56 0.30 0.030 0.016 0.037 0.028 0.038
Tn 0.63 0.02 0.002 0.001  0.00Z 0.002  0.002
Ex 0.14 0.08 0.008 0.004 0.008 0.017 0.013
Ho 0.06 0.05 0.003 0.003 0.004 0.007 0.004
Dy 0.90 0.83 0.049 0.045 0.036 0.071 0.87Z
™ 0.15 0.13 0.009 6.0a7  0.007 0.011 0.0LL
cd 0.61 0.48 0.033 0.026  0.036 0.029 0.048
Eu 0.55 0.43 0.030 0.023 0.014 0.029 0.054
‘Sm 0.90 0.79 0.049 - 0.043 0.021 0.050 0.084
Nd 16 9.9 0.86 0.53 0.77 0.56 0.78
Pr 2.6 1.3 .0.14 6.070 0.12 0.51 0.12
Ce 37 20 2.0 1.1 1.7 0.83 1.3
La 9,0 5.3 0.49 0.29 0.25 0.29 0.47
Ba 130 68 7.0 3.7 5.1 3.0 7.8
Cs 0.029 0.048 0.002 0.003 0.001 0.004 0.804
1 0.23 0.18 0.012 0.010 0.018 0.021 0.021
Te 0.06 0.05 0.003 0.003 <0.0046  <0.006 <O0.004
sb 0.10 0.05 0.005 0.007 0.006 0.016 0.006
sa 2.4 3.0 0.13 0.16 0.55 0.10 0.14
cd g.32 0.15 0.017 0.008 0.043 0.037 0.013
Ag 0.04 0.02 0.002 0.001 0.004 0.002 0.003
Mo 1.0 0.66 0.053 0.036 0.05% 0.059 o.13
Nb 8.0 4.5 0.43 0.24 0.59 0.36 0.3
Fr 150 63 8.1 3.4 5.9 7.1 3.0
Y 11 7.4 0.59 0.40 0.43 0.3 . 0.44
S 67 1.3 3.6 0.070 4.0 4.0 4.0
Rb 1.7 0.26 0.092 0.014  0.15 - 0.06S 0.066
Ec 1.1 1.1 0.059 0.059 0.015 0.21 .  qg.a78
0.12 a.12 a.006- 3.006  0.01C 0.0l4 0.014

Se



TABLE II (con't)

Loaded Sample Data

Element : Blank Data Blank #i Sample 1  Sample 2
pean (ppm wt.) : error® mean (ug/in.2) * error®  (ugfin.©) (ig/in.2)  (ug/ia.?)

As 1.6 0.97 0.086 0.052 0.13 .20 - 0.13
Ge 0.32 0.33 0.017 0.018 0.015 0.012 0.016
Ca 4.2 2.1 0.23 0.11 0.37 .25 0.25
Zn 12 9.9 0.65 0.53 1.2 1.8 0.96
Cu 10 6.4 0.54 0.35 1.1 1.2 1.4
Rt 14 6.1 0.75 0.33 1.1 1.1 1.L
Co 0.52 0.63 0.028 0.034 0.045 0.034 2.017
Fe 1900 1040 100 56 100 170 150
Mo 17 9.4 0.92 | 0.51 1.2 1.2 0.84
cr 39 26 2.1 L.4 2.7 1.4 1.9
v 75 . 61 4.0 3.3 5.9 5.9 4.5
TL 1600 1800 86 97 104 100 84 .
sc 20 33 .1 0.033 1.2 .89 2.5
Ca Maj Maj} Maj Maj Maj Ma} Maj
K 340 480 18 26 21 14 14
cL 140 120 7.5 6.5 14 14 14
S 110 96 5.9 5.2 17 100 28
P 360 260 19 14 17 14 6.1
AL Mai Maj Maj Ma} Maj Maj Maj
Mg 5% 2.12 2700 1100 3400 3400 3500
Ne 6900 8700 370 470 530 550 360
r 2250 2750 120 150 71 7L 160
B ‘Maj Maj Maj Maj Maj Ma3 Maj
Be 0.53 Q.50 0.029 6.027 0.033 0.071  0.072
Li 27 31 1.8 1.7 3.9 3.9 3.9

a 90Z confidence interval



IV,

CONCLUS IO

As can be seen from the data p
are present as impurities in the fi
they are not uniformly distributed

The degrea of elemental enhancement of loaded samples over blank
levels is not sufficiently high to allow accurate blank corrections to
be performed. This is illustrated bty roting that in Table II, the loaded
values are often lower than the value of the upper 907 confidence limit for
the blank measurements. Perhaps with rore heavily loaded samples, the
background levels would be less significant.

In summary, it is apparent that this fiberglass material is not
suitable for the sampling of particulate matter when trace element analysis
is to be performed. The combination of high background levels of trace
elements in the fiberglass material and the inability to separate the
particulate loading from the fiberglass material prior to analysis precludes
the ability to achieve accurate analvses.
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1. PURTOSE

The purpnse of this study was to deterniue thie mean levels and
statistical variation of mercury in blank fiberslass filter pads prior
to the analysis of filters loaded with air particulates. This data
was compared with typical results acquired on two loaded samples provided
by the Environmental Protection Agency. All data was obtained by combustion/
amalgamation atomic fluorescence spectrophotometry.

II. SCOPE

Analytical data was acquired on each of eight separate 8%" by 11"
blank fiberglass filter pads. ECach filter was statistically sampled
by removing elght one inch square segments from one inch wide diagonals
cut from corner to corner of the filter pads. These eight gquare inches
of filter were ground into a fine powder in an agate mortar and pestle.
A separate composite of each of the eight blank filter pads was prepared
in this fashion, such that a statistically accurate composite was avail-

able for each pad.

Table I tabulates the printed number or each blank pad that was
sampled. 1In addition, the numbers of the two typical loaded samples are

also listed.

TABLE I

Identification MNumber and Weight of Eight Blank
Fiberglass Filter Pads and Two Typical Loaded Sarples

Identificaticn Filter No. Treight (g)
Blank 002060 4.2643
Blank 004030 4.3124
Blank 049030 4.3975
Blank 013060 4,3088
Blank 016060 4.2712
Blank 021030 4.3161
Blauk 023160 3.8444
Blank 02690130 4L,4354
Sample 800036 4.9575
Sample 800938 4,8353



11I.

Each of the composited samples was analyzed by heating 0.1000

gram to 850° C. in a dynanic oxygen atrosphere. The vapor is passed
through a quartz combustion tube at 10079 C, and amalgamated on gold
wool. The mercury is thermally deamalgamated in an argon stream, and
p::ssed. through an atomic fluorescence cell wvhere it is excited by 253.6
nanometer radiation. The fluorescence signal is weasured by a solar
blind photomultiplier tube, and the resultant signal is amplified and
displayed on a strip chart recorder. The sarple signals are compared

to the signal observed from MBS standard reference material 1633-fly ash.

RESULTS

Table II lists the data from the determination of mercury in the
blank fiberglass pads. This data i3 presented both in the units of ppm
wt. in the bulk filter material, and also in terms ofug/sq. in. based
upon the mean weight/unit area of the blank pads. The data is presented
in this form so as to be more directly comparsble to the typical loaded

filter daca.

Error terms are also presented. These were determined based upon
accepted statistical data treatment techniques. The 90Z confidence

interval was used to represent the error data.

TABLE 1T

Blank Data Loaded Sarple Data
Me;n (ppm wt.) 0.050 Sample l(ug/in.z) 0.016
Error (ppm wt.) *0.020 Sample 2(ug/in.2) 0.010

Mean (ug/in.2)  0.002
0
Error (ug/in.“) #0.0008



