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I. INTRODUCTlON

In support of the National Institute for Occupational Safety and

Health Contract No. 210-76-0119, Walter C. McCrone Associates, Inc. acted

as a contractor to perform a physical and chemical characterization of smelter

dusts. Specifically the objective of this work was to obtain for :-each of five

smelter dust. samples as complete a physical and chemical characterization as

possible for at least 1000 individual particles from each dust. In performing

this study an automated electron microprobe was used to analyze the re­

presentative particles from the five samples. In total, 6027 particles were

analyzed using the fully automated elect-.con microprobe. That is, 1657 from

Sample 1, 1005 from Sample 2, 1155 from Sample 3, 1029 r.com Sample 4

and 1081 from Sample 5. The analytical techniques used in performing the

statement of work along with the data generated from each of the particles

analyzed were detailed in bi-monthly progress reports throughout the period of

performance of the cont-.cact. Forwarded to the Project Officer under separate

cover are all of the raw data developed in the performance of this cont-.cact.

In addition to this raw data,appended to this report are the computerized tables

summarizing the analytical results for each of the five dust samples analyzed.

That is,for each of the five samples there are five different tables. Table A-I

details the particle size distribution for each sample, Table A-2 summarizes

the normalized major elements for each sample, Table A-3 gives a further

breakdolivn of the nOrmalized major elements, Table A-4 lists· the total

major elements from the particles analyzed in the sample and Table A-5

summarizes the average particle size of each of the major elements within the

sample. Due to the nature of the statement of work and due to the detail of

information provided in the bi-monthly status reports, details of our analytical

progress during the performance of the contract has been kept to a minimum;

whereas in this report we have taken the opportunity to detail the techniques

used for sample preparation, for sample analyses, instrument conditions and an

evaluation of the data itself. For example, how good is the data generated using

the automated electron microprobe.

-1­
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Int-.coduction, cont!d.

What are the short comings in the data, in the instrument itse1£'o and in the

methods used? And, finally, a comparison of the various bulk analyses

performed and the indivi.dual particle analyses performed using the automated

elect-.con microprobe.
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II. SAMPLE PREPARA.TION

The five samples for elect-.ron microprobe analysis were received

in glass vials with each vial containing the amount of sample sho'\Y.o. in Table l.

The samples were composed of small particles ranging in size r.rom sub­

micrometer to approximately 10 pm. Most of the particles in each vial were

heavily agglomerated therefore for microscopical examination the particles

had to be dispersed on a glass slide using immersion oil and xylene. Our

normal procedure for electron microprobe analyses involves either individually

mounting particles on a polished beryllium plate or dispersing a group of many

particles for automated analyses. Aside from the ease in visual observation a

smooth highly reflective beryllium plate is used, as beryllium yields an ex­

tremely low x-ray background and therefore being indetectable in the elect-.ron

microprobe. Per the suggestion of the project officer, we used water as the

dispersion medium and after prolonged ultrasonic agitation, small droplets

of the dispersed particles were evaporated onto a beryllium plate and examined

in the light microscope. Since the majority of the particles were still

agglomerated after evaporation, several organic solvents were t-ded as a

dispersant to achieve a better separation. Experimentally we found that the

best particle separation was obtained using xylene at densities below 0.5% by

weight (0.5 g dust in 100 g of xylene). After prolonged ultrasonic agitation

a few droplets of the suspension were again placed on a beryllium plate and

allowed to evaporate. Visual examination verified that at least 95% of the

particles had been separated and that the degree of agglomeration was

negligible. Two sets of such samples were then prepared from each vial.

Each preparation covered an area of approximately 9 mm
2

(9X10
6

pm
2

) and

with a density of one particle per 1000 square micrometers, a total of

approximately 9000 small particles were mounted for analysis. The inherent

electrostatic forces between the particles and the beryllium substrate and t..'b.e

presence of t-.races of soluble organics 'l,vitbin each sample were sufficient to

keep the particles attached to the mounting plate during our electron micro­

probe analysis.

5<
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In addition to the two sets of samples for discrete (individual)

particle analysis, an additional set of samples with high particle density for

bulk analysis was prepared. These samples were easily prepared by sus­

pending a large number of particles in a small quantity of xylene and then

evaporating relatively large droplets onto a beryllium plate. Each of these bulk

samples contained well over a million small particles. As we have determined

from our previous experience small particles (below 10 pm) do not require an

electrically conductive coating, thus none was applied to these samples.

III. INSTRUMENTATION AND OPERATING CONDITIONS

Chemical analysis of the small particles from each of the samples

was performed using a completely automated Applied Research Laboratory

ElVIX ~ype electron microprobe. During the analyses for these studies the

elect-.con microprobe was operated with an accelerating voltage of 20 kV, a

specimen current on beryllfum of 25 nA and a 0.5 pm diameter electrom beam.

Each of the three crystal spect-.cometers mOlmted within the EWlX were used for

the detection of 25 predetermined x-ray lines and the measurement of their

respective intensities. For example, spectrometer number one is fitted with

a lithiur.i1 fluoride crystal which was used for the detection of mostly heavy and

intermediate atomic weight elements. Spect-.cometer number two has an ADP

crystal and was used for the detection of both light and heavy elements.

Spectrometer number three has a KAP crystal and was used to detect most

of the light elements such as sodium, fluorine, oxygen, etc. Table 2 lists

the elements detectable for each of the three spect-.cometers. Each x-ray

channel has a pulse height analyzer which was permanently set on a threshold of

0.5 volts with an electronic window of 10 v. The beam current was maintained

constant by the digital computer.

6<
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IV. SOFTW.P..-RE

The completely automated electron microprobe was entirely under

the control of our PDP-11/15 computer system which had been interfaced to the

EMX through an especially desig-.o.ed McCrone interface system. Although several

specific computer prog-.cams have been developed, the software system used for

tbis study was designed to detect small particles by changes in the specimen current.

The small particle analysis program was designed to locate a small particle

mounted on a polished substrate, measure its size and calculate its chemical com­

position from the measured x-ray intensities. Using the corresponding input

parameters the teletype prints out the total rectangular area searched, the stage

stepping increments, the beam scan area and the number of raster lines within the

beam scan area.

The detection of a particle is perceived by the computer as a decrease

in the absorbed specimen current sig-.a.al as the beam rasters through a search

area of approximately 24x30 Mm. Specifically, a decrease in the specimen current

signifies the presence of material with an average atomic number greater than

that of the beryllium substTate (Z=4). As beryllium is a low atomic number element,

over 99% of the particles have a higher backscattering factor, thus giving a lower

specimen current. FOT example, light minerals such as A1
2

0
3

cause an electron

backscatter about 10% greater than that of beryllium. HoweveT, materials which

cause less than 10% backscatter are usually organic in nature and cannot be

differentiated by automated microprobe analyses. The input parameter for the

decrease in specimen current can be chosen so that only mateTial of general

interest would be selected for analysis. For small paTticles the electron back­

scatter decreases rapidly due to the particle size effect; therefore during the study

the increment for the change in specimen current relative to the substrate ranged

from 2-5%.

When a decrease in specimen current is detected witl1in the pro­

grammed value, the beam transverses the particle in X and Y directions. The

computer then calculates the center of the particle and positions the beam on the

particle. If the average dimension is smaller than the input requirement

-5 ­
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(>0.5 ].LID particle size), the particle is rejected and the beam continues

searching for another particle. If the particle physically overlaps the perimeter

of the raster area the beam is centered only on that portion of the particle which

is within the raster area. For practical reasons IDinimum particle size of 0.5

to l].LID was accepted for the routine mass scan work. A minimli!ll particle size

can be established at any greater value depending on the requirements (degree of

dispersion and ID&"'dIDum particle size) for the sample. Once the heam is

positioned on the particle the spectrometers then cycle through the normal operating

range to provide a complete semiquantitative analysis. The chemical composition,

raster area and particle size are determined and recorded within the computer

system and thereafter printed out by the teletype. The new data are stored on

magnetic tape and computed values may be output onto various periphials. After

completing an analysis, or if a particle is not detected within the raster area, the

stage moves to the next raster position. During this process the heam current is

monitored for drifts and adjusted if necessary. This sequence is repeated until

the dimensional limits of the mass scan are reached or an operational failure occurs.

The actual analysis of a particle is performed as the spectrometers

are reset to the initial position and the three scanners start to operate in parallel

to measure the intensity of the 25 elements and 12 background positions. The

counting or accumulation period used throughout this study was 10 seconds as

manually preset on the timers. Each measured value is read and stored by the

computer after the scanner cycle has been completed.

The percentages of the elements as detected are calculated and

corrected for background. These values are then stored vlithin the computer and

printed out on the teletype in decreasing order of the composition within the per­

centage categories. The categories are as follows: major for elemental

percentage >5%; minor for 1-5%; and trace for <1%. Elements present in t-.cace

quantities are not printed out.

The elemental percentages are calculated using a standard intensity

file and a general background correction file. The standard intensities are com­

piled from primary x-ray line intensities measured on the pure elemental standards.

-6­
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In turn, the general background file is computed from the interelement interference

file and the measured background intensities. The interelement interference file

is generated by analyzing each standard and ext-.cacting all the background intensities

other than primary lines. This generated information therefore provides the

intensity ratios that any element cont-.cibutes to any other elementl s primary in­

tensity measurement. As these files are sensitive to individual s~ct-.cometer

misalignment or drifts they are monitored on a regular basis. The continuum for

background values are determined by fitting an empirical curve to the values

measured at selected spectral background positions. The interference and back­

ground calculations are then summed and subt-.cacted from the total observedcolmts

for each element. The elemental composition is ·calculated to an unnormalized

first approximation by ratioing the net counts to the expected values for pure

elements. The concent-.cations are then normalized to 100%.

An example of the actual data generated and printed out during an

analysis is shown in Table 3. The first six columns of the analysis printout list

the chemical symbol of the detected element and the respective raw count data.

Column 7 lists the lillllormalized-background-corrected first approximations for the

major and minor concentrations. These values vary with the established specimen

current and accumulation intervals as well as sample yariety. Column 8 represents

the background-corrected intensities normalized to 100% and Column 9 gives the

standard deviation based upon the counting statistics from the normalized column.

The analytical data determined from our electron microprobe analyses

are semiquantitative in nature since no atomic number, absorption, or fluorescence

corrections were performed on any of the sample data. The absence of a ZAF

correction generally int-.coduces a relatiye error of 2-5%. In extreme cases such as

yery light elements in a heavy mat-.cix this relative error could be as large as

20-30%. However, on yery small particles (approximately 2 J.Lm in size) the ZAF

correction is not applicable since the absorption effect (the most important of all

the corrections) is reduced significantly due to the physical size of the particle. That

is, the shorter the absorption path the less the x-rays are absorbed by the particle

itself.

-7-



V. STANDARDIZATION, INTENSITIES, PEAKS, BACKGROUND FILES

Before performing the elect-.con microprobe analyses both the micro-

probe· , and the computer were standardized following routine procedure. After

adjusting the sample current to a predetermined value (25 nA) at a 20 kV

accelerating potential, a pure element standard or a pure compouhd was analyzed

and evaluated. This standardization andjor calibration procedure consists of

locating the precise position of the major x-ray line for the standard, measuring

the number of x-ray counts for 10 seconds and then storing both of these values

in the computer memory. At various settings near the major peak a number of

positions are selected for measuring background intensities and in turn these

values are also stored in the computer for later use in calculating the backg-.cound

file.

As in most highly sophisticated analytical inst-:euments calibration is

an essential task.As tbe electron microprobe has been operating Ln an automated

mode for nearly ten years, the x-ray spect-.cometers were continuously checked to

veriry their positionings for both the major lines and the backgrolmd. Using a

series of standards the intensities of these lines were routinely measured after

the analysis of approximately 500 small particles.

The necessity for such frequent measurements is the frequent

changes in these values. As the x-ray diffracting crystals normally deteriorate

v:1ith use and lose their efficiency, alig-mnent of the x-rayspect-.cometers is

extremely critical. Any slight misalignment could cause up to a 20% change in

the x-ray intensity of a particular element within a week's time. Another source

of fluctuation in the x-ray intensities is the proportional counter itself; the

counters are affected by temperature, pressure (flow type) and changes in

voltage and thus can also cause significa.nt changes in the respective intensities.

The factors mentioned will affect the count rates of both the x-ray peaks and the

background positions. Since the count rates determined for backgrounds are

commonly one to two orders of magnitude lower than the peaks of interest,

-8­
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background fluctuations can easily affect the analytical results more severely.

Therefore, in our analyses we had to use more than one background file for

each sample in order to maintain consistency with the analytical results.

Most of the elements searched for within our analyses were easily

analyzed but some presented special problems. For example, the most serious

problem was encountered in analysis of oxygen due to a low crystal efficiency in

detecting this element. With the background values for oxygen at 2-5 cts/sec and

the peak values at 20-50 cts/sec the slightest drift or change in the spectrometer

alignment produced erroneous results ranging from a total absence of oxygen to

an abundance of various oxides. Therefore, the measurement of oxygen was

specifically watched.

Similar difficulties were experienced with some of the other light

elements such as fluorine or sodium. In order to detect these elements when

the count rates were at a low level, the sensitivit-y had to be increased; in some

instances t..he sensitivity increased so much that the computer program occasion­

ally calculated and produced particles with unusual compositions. For example,

the detection of iodine as shown in Table A5-2 is artificially detected due to the

low background. Such results were sometimes further caused by spurious

elect-deal puIs es during elemental peak measurements.

VI. SAMPLE ANALYSES

For each of the five samples, approximately 1000 particles from

the finely dispersed sample preparation were analyzed for 25 elements, using

the automated mass scan technique. The data generated during these analyses

are summarized w"ithin the data tables of the Appendix. Although we were very

pleased wUh the overall perform.ance of the instrument during our analyses, we

experienced numerous short comings as the analytical work progressed. Thus,

the subsequent analytical procedure was rectified and readjusted with more

than 1000 particles being analyzed from each sample. The main reason for

analyzing particles in excess of 1000 was to compensate for the earlier data

that was unfortunately poor data. In particular, during the analysis of Sample 1

the operating conditions deteriorated and had to be readjusted thus causing poor

- 9 ­
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and erroneous data on the first few hundred particles. The analytical data

obtained during our automated electron microprobe analysis of the small particles

from each of the samples are presented in t..h.e various individual computer

printouts. For each particle analyzed the computer printout contains the

sample and particle number, the size and the elemental components detected

in major and minor quantities. A summary of the results obtainBd on all the

particles are presented in six different tables prepared for each of the samples

(see Appendix A). The tables are as follows:

Table A-1 summarizes for each sample the particle size

dist-dbution of the particles analyzed. The particles are

characterized into nine size ranges varying from <1 [.lm to

>8 [.lm. The table contains the number and percentage of

particles in each size range.

Table A-2 summarizes the chemical composition of all the

particles into two groups: elements with concentrations of

5-10% and those with >10% concent-.cation by weight.

Table A-3 is similar to Table A-2 except that it contains a more

detailed division of the particles according to chemical com­

position in each percentage range, i. e., 5-10%, 10-30%,

30-50%, 50-75% and over 75%.

Table A-4 lists the total number of particles for each major

element identified in a particular sample.

Table A-5 summarizes the relationship between the size, the

chemical composition and frequency of the occurrence of the

particles in each sample.

A. Bulk Analysis Data

.. As mentioned in the sample preparation section, five bulk samples,

one from each sample, were prepared for electron microprobe analyses.

Following our analyses of these bulk samples a comparison of the resultant data

was made with these data supplied by mOSH from their bulk analyses of similar

samples. The results of both bulk analysis are given in the attached block

diagrams in Figures 1 and 2. Despite the general apparent agreement of these

-10 ­
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resu1ts~ there are considerable differences in the relative proportions of

certain elements. In our opinion the major reason for the discrepancy appears

to be the sampling technique which in spite of the small particle size is

extremely difficult to use and thus cannot ensure a homogeneous sample mounting.

Also due to the presence of a small quantity of artifacts such as fibers, organic

material and other trace materials, and due to the presence of luberent

elect-.costatic forces on the particles, there is a significant degree of segregation

present within the vials. This resultant segregation is a major cause of the

heterogeneous samplings from the glass vials. We believe that the initial buLk

analyses which we performed prior to our single particle analyses are more

representative of the samples than those data supplied to us.

Another possible source of disparity in the comparison of the tivo

data sets is the solubility of some of the dust components in the dispersant

solvent, xylene. An additional source of discrepancy was the segregation of the

particles after they had been dispersed and dried within the droplets on the

beryllium plate. During our microscopical examination, it was observed that a

distinct segregation of smaller particles had occurred towards the periphery of

the droplet while the center portion contained relatively coarse particles. This

segregation was partially compensated for by the random sampling of the areas

for electron microprobe analysis within the droplets.

B. Data Fluctuations and Limitations

One of the first problems encountered was the ste-ady drift of the

sample current due to rapid aging of the instrument filament. Although the

computer is programmed to compensate for such drifts with a relatively short

response time, the drifts had caused a number of erroneous readings before

the computer could react. These therefore caused a number of non-existent

particles to be analyzed revealing results which were more or less random.

We also realized that the stabilit-y of the spect-.cometers varied

from spectrometer to spectrometer resulting in non-detectable elemental

peaks. This error was rectified by more frequently aligning the spectrometers

and by continuously checking the intensities for most of the elements.

- 11 ­
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The inherent problems caused during the analysis of agglomerated

particles was avoided only by extreme sample dispersion. Such sparse dis­

persions, however, increased the time for analysis as the computer required

considerably more time to search for the particles than in the early work where

the dispersion of the particles was sig-illficantly less. Therefore, in reality, our

average speed of analysis ranged from 5 to 8 particles per hour.

Another factor which affected our average analysis time was the

elect-.con microprobe filament life. The filament life is definitely too short for a

fully automated analysis since without manual readjustment and reduction of the

filament current, the filament would last only a few hours. A considerably longer

filament lifetime was obtained by manually reducing the filament current every

few hours. It is possible to computerize this part of the procedure and it will

probably be incorporated into the program in the future.

The analytical data generated during our analyses show a general

correlation between the hardness of the dust components and particle size. For

example, in general relatively hard compounds such as silicates were found

predominantly in the larger particle sizes while the softer compounds were found

more within the smaller size ranges. Also the bulk analyses data sho'W"ll in

Figure 1 reveal good correlation with the individual analyses summarized in

Figures 3-8. It should be noted, however, that the lower limit of particle size

for analysis was dictated by the elect-.con beam size at 25 nA sample current. This

limitation was 0.5 J.1.m and it restricted our complete evaluation of the particle size

versus sample composition study. It is apparent r.com our examination of the

samples that a large percentage of the small particles are below 0.4 J.1.m and thus

they could not be analyzed within the present instrumentation while operating in

an automatic mode.

Although not a major problem, an occasional electrical pulse within

the main power supply and within other electronic components about our building

may have caused erratic reading on the x-ray counters thus creating extremely

high intensities on the spectrometers. This electronic noise is very difficult to

eliminate and was corrected or compensated for within this work by a purely

- 12 -
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statistical analysis of the results obtained from analyzing a large number of

particles from each sample. Knowing the average background and the collected

intensities of pure elements, the percentages of each element in a small particle

was calculated. Since the total x-ray intensity from a small particle decreases

as a function of particle size, the percentage of all detectable elements were then

normalized and the elements above 5% were categorized as maj0l"cand minor elements.
-'.
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Table 1. Net Weight of Each Dust Sample as Received

Sample no. Weight (g)

1 11. 0

2 8.8

3 4.8

4 4.8

5 5.8
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'1
4
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00

48
C

d
14

15
14

86
28

30
0

29
C

u
15

42
15

47
34

00

B
6
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00
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0
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Z

n
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14

42
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Table 3. An example of the data output durillg an analysis

PEPORT OUTPUT ON 2- 1-78

****** DATA ACOUI~ED ON ******
1-13-7B

SAMPLE NP - N-3-1
HIT ::;;IZE =

rHHJF.: -
3.95

1

TOTAL COUNTS FOP ALL ELEMEHTS PEOD.

Column 1 Column 2 Column 3 I Column 4 ColUmn 5
~(. K 32.SB 19.CA 48. i~ ~b.

Column 6

I 29 TI "'~ \.1 50 4 10_1.:".

3~=~ c:-c r . eLl ~,t= 1 296 zt··l, '- c· 1- '::"._1

A:3 5~] ~3E 42 c· c· 2 1:1- tiL 29 ~3 If...'i"'.

HG 69 TL 67 ,-. 75 P E: 76:;:..

0 76 "'- co- 4 7 57 NA•_1.;:'. ,
r'1G 713 ....•....• 13 (I. [I"1 {',

54. CF.: 60.
468. S-l.

63. 56.
73. C:D 320.
56. 69 .

1;:1. I). 0.

Column 7 Column ~ Column 9
l'lEA:3UPED l'IEt:lS. ~3TD .

EL '.' DEI",',,'Il'

l'lAJOF: :.1 :+=

ZH (I IJ l:i ,;17 7[1 15. 0(1_.·~1 .'-'.
p ..... 0 7[1 34. 60 6 Siflc'

CD iZi . --, ,-.. 11 7(1 1 50,::. ....:..
c- I] 10 7 40 1 213.~

r'l I r·{OR .'

S1 ~:::i . 10 2. 6l~1 1 313

** MAJOR ELEMENTS APE ABOVE 5% NORMALIZED
* MINOR ELEMENTS ARE BETWEEN 1% AND 5% NORMALIZED

***** ALL ELEMENTS (NORMALIZED) BELOW 1% ARENDT PRINTED *****
Columns 1-6: Lists the raw count data for the chemical symbols of elements

detected and the respective background data

Column 7:

Column 8:

Column 9:

Unnormalized-backg-.cound-corrected first approximations

Background corrected intensities normalized to 100%

Standard deviation associated with Column 8
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Figure 3. Bar graph shalling elerrental composition of sartple 1-1 as determined
by McCrone AssOclates by number of particles for rr6jor elements.

0,"
NJl<



,...--+--~

~

\
I
~

~--=I===

-,----;-1

-~--

,-~

~--,------'-. :--:--,

;;jc.:p2ptU.::-1.,'.. ·:.·· :::.l .... :' ... ::·l
···:·f~~,-:_· :l:~~::- • ~_::: '"

..:..:..:..:.:....:.:.:..:.:.....:.-;.;--'.:..:.:...-7-'---'-'-;+1.-'-;.:'c.. ,:'c.,.".+;;"";;~",.,,::c:-;i::;;:: I·:; ;:.'. [ '..".:. '.: I,

.. : !':' ,.. I···· : .... ,

-f---

r
-.:-,-.' ~i-,.----.:~-:--- ~ ·--·-~l-~-::-:'-_· .--~:--=~= ~i'-F=t:..::=

slIee

<)00

700

cOO

Figure 4. Bar graph shorTing elerr:€ntal CDrnposition of sanple 1-2 as determined
b¥ MCCrone Associates b¥ number of particles for major el~uents.

22<



900

800

TDD

-:,-,-'-'_.-~~
___of--. __ j.~+--:-.,..... _\..-_

.~::

-'~, I

Figure 5. Bar graph sho"7ing elemental composition of s&lple 2 as determined by
McCrone Associates by nurriber of particles for major elements.

23<:



-,-,-+--:--:
---t=:==t=::::J

--~-r--i : .E:=:t=;~
~~-=t---F=, ..

'--'=-'-bt==B
--' ======!

, --,-j -'- ~-...,------;
I • :l

Cl---,=+:==i
~;:=~

-"::f= --+-----cj

-:-

-,,---- ==t---
l-

-,------r-

800

3ao

100

100

500

400

2.00

bOO

to 0 a~~~_~-;=-~,~-i-:=::'-_:=::_i~~_,~_~-~~_~_:=::l~_~c_~~~~~~~-t=t~=-~':=::~~_~~'~=-~,_t~_~-D'~~_~~!~'~~~~~~~,E=:I'~f,~-~~[;=~:~,~~.,
=t~. ~ ---= :---.~ ~=J:-~=-=!~ I .'

;=:=1:='--"' -=±:;=-'=- r--=±~~=-' i----c-::::-=:;=: =--~---

~+--- ---:+--,-- :-::
-----::f= _:'_ -=-__! -f-~

r- -,- 1= __:_~gr U

Figure 6. Bar graph showing elemental conposition of sample 3 as detennined by
McCrone Associates by number of particles for wajor elerrents.

""' A'J
~':i--C:



900

-1---

, '
I---

~_J
;-'-"-t-------1

.1.--1
j---i-----l

-~

I -t===l==l
t---

- -~--,+......_-----,-- ~-:-

_S, '.'

-'.-~- ~

u~.!&1111-11IIi
~ ,

?oo

3M

500

70D

hoo

Zoo

Figure 7. Bar graph sho~'1ing elernental CJITPJsition of sarrple 4 as determined 0.1
McCrone Associates b¥ number of particles for major elerrents.

'" L"'r<..0<



~.--'---t---:-'-;--'--~t-----,-

=:~r==-===+~; -:=- < ~T-:-- __-=r-~_,_: :
t==~- ~ _~__; __' _ ~~__ ~:_ i f i I

l---+-- ~i-----~~-.-'-T--t-'--:-- ----r---- ---_._-­
1.---'-_'--.-;-----:-c-t---+--

- ------f-

=:=f:----i== _
·---r --'----, .:-_:._-

900

,~-
-~--~---'---.;-,---

tn
--'~ _-J: -----.__-,_

700

baa ---+--'-'----'-_

500

£00

300

Zoo

/00

~

,==-==1

gEb=EJ
'~r---=i---'=-.=------+---1__.+-_.1

Figure 8. Bar ~caph showing elemental composition of sample 5 as determined by
McCrone Associates by number of particles for major elerrents.

26<



Appendix A

Computerized Tables Summarizing

the Analytical Results for the Five

Smelter Dust Samples

Note: Table numbers are detailed as follows:
Table A-l-l

~ t tl--------~
Appendix number trable number Sample number



Table A-l-I, Sample 1

REPORT OUTPUT ON 2-14-78

DISTRIBUTION OF NIT SIZES FOR SAMPLE 1

G - 1

1 - 2

2 - :3

:3 - 4

4 - 5

5 - 6

6 - 7

7 - 8

195.

99.

36.

21.

20.

10.

'::I-,' .

NUMBER OF NITS FOUND = 1211

28-c:

43.60

24. 19

"-:. c!'7
.:-. _0-;:

1.73

1.65

0.74



Table A-2-1, Sample 1

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER 1

PARTICLE NUMBERS 1 THF:OUGH 1211

TOTAL OF ELEMENTS GREATER THAN 10%

[<

TI
Z[··~

:::n
CD

~1·7 HG
1 [I

1 TL

o I
331 CU

2
325

4:29
1ij9

ELEMENTS BETWEEN 5% AND LESS THAN 10%

TI

76 HG
47 0

23 (>~\

o '-'p

22 TL

is TE
!2! FE
3 BR

13 :3
1 r"! I:~

161 CU
121 AL

1 ~3ij PB
111 l'1G

1
290

1



Table A-2-1, cont'd, Sample 1

SUMMARY OF NORMALIZED MAJOR ELEMENTS
Hi Si~r'1PLE r·HJt'18ER ['i-1-1

PARTICLE NUMBERS 1 THROUGH 446

TOTAL OF ELEMENTS GREATER THAN 113%

K :3 S8 IJ CA 4 TE 0 I 2
.,- I I-;"a , , ,.., CR 0 FE c:;::: :l. CU '-l;:-:-~

I 1-':'. ',' 1-,.:) C. ~_i "_,

zt'1 " '7 A::;; 63 ,-.: 0 SR 0 AL 6, , .=. c.
,- r 4 7 f'I-' I} TL 0 8 246 P E: 30.=, n l-'!

CD ''''':'1 P < 1 ,-, F 3 r*1 i~ 0 :-:f,-'
i;:Ji;:.i ~ .!. ::l- I'l'..:!

ELEMENTS BETWEEN 5% AND LESS THAN 113%

L··· 2 SE: ~j CA 6 TE [I I :I.l"-.

T I 13 \.' 13 c· r , tj FE 2 7 C:jJ 6 =;-"£'=.

Zf-i 7 AS a ,-·r 0 Br- 0 AL :I.~- .=.c. -'r" .

,-. I 7 4- HG 0 TL 0 8 7 0 PH 7.=.
CD g I] I} F :I. r"(I~ 0 HG 0



Table A-3-1, Sample 1

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER 1

PARTICLE NUMBERS 1 Ti···fPOUGH 1211

ELEMENTS BETWEEN 75% AND 100%

o CF::
14 SE

~: TL
80 F

o TE
19 C:U
o AL

ELEMENTS BETWEEN 50% AND 75%

TT
i J.

'71-.1::-; ..

13 (I

.-:'. I-'C'
i::.= '.... ;..•

29 :3E
I'":=! T!
-:.' !;....

F

5 TE
o FE

o I
76 eLi

~} AL
39 FE;

2
1

ELEMENT:=: BETWEEN 30% AND 50%

2 SB
o \:1

3 HG
o (I

CI [:;::;
~3 C r:~

~i TL
259 F

14 TE
~3 FE
(i E: F.:
[[ ::::
o t··I;~

~3 I

[I AL
236 PB

19 r'lG

1

1
24

1

ELEMENTS BETWEEN 10% AND 30%

,..'
f'"

TT, J.

CD

42:;:: f~ i::;

44 HCi
1 (I

o [:1:::;

::oJ CP

1 TL
216 F

51 TE
(1 FE

o i::;

3 I"II~

(i I
14:::: CU

ld AL

1
-£ t::'".-,
1.. ._1.:::'

ELEMENTS BETWEEN 5% AND 10%

r-:::

TI
2!··1
i:::r
CD

1:£ Co c.
_." "_, E._'

r..'
"

1:::::4 :~::=:

76 HCi
47 :J

23 CA

:22 TL
26 F

I} I
161,_.u

11]1} PEl

111 MG

1

1

·:-t""71?'
~'_''''_'

59



Table A-3-1 cont'd, Sample 1

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER N-l-1

PARTICLE NUMBERS 1 THF::OUC,H 446

ELEMENTS BETWEEN 75% AND 100%

TI
-:-r.,
Ln.

CD

o S8

o HG
(i 0

o C:I~

121 CP
~3 TE
!~j FE
~3 8F.:

o I
19 CU

i-3 AL
14

ELEMENTS BETWEEN 50% AND 75%

K
TI

SI
CD

4 I:::;::;;
o Hei
o I]

~3 CA
o CR

14 SE
o TL

23 F

1 TE
o FE

8 I
to CU
o J~L

B PC:

[1

(" ::!
.-,
::::..

1

ELEMENTS BETWEEN 30% AND 50%

!....
i"'.

TI
Zi--j
SI
CD

4- A:::;
3 He;
13 I]

o C:I~

o CR

o TL
7 F

8 TE
I} FE
~3 8i?
(i ::;

13 r-j;,

8 I
7:3 CU

e AL

l~ t=iG

1

70
1

2

ELEMENTS BETWEEN 10% AND 30%

TI

S1
CD

1 88
o \.'
9 A'3

44 Hei
o 0

8 CA
o CR

29 :3E
o TL
9 F

:3 TE
o FE
o SF

3 rjl~

I} I
4:3 CU
o AL

172 PEl
8 !'1G

1
96

::3
27

f-­

TI
Zij

::; I
CD

7 A::;

74 HG
o 0

o TL

is TE
o FE

(] S
1 [-j i~1

I
27 CU

70 P8
o f'li~

{



Table A-4-1, Sample 1

REPORT OUTPUT ON 2-14-78

TOTAL NUMBER OF MAJOR ELEMENTS FOR SAMPLE 1

o

...,; ,-.
!"!l..=.

=
=
=
=
=
=
=
=
=
=

1066
659
626

168
159
123

C~I 715
=

HG
TL

1<
AL

F
I

._'i....

'TC
I .....

TI

C:R
8F::

=
=
=
=
=
=
=
=
=
=
=
=
=

23
13
12

7
4

NUM8ER OF NITS FOUND = 1211

33<:



Table A-4-1, cont'd, Sample 1

REPORT OUTPUT ON 2-14-78

TOTAL NUMBER OF MAJOR ELEMENTS

CU

FE

Pi:::

CA
i:;L

k""
:".

F
I

:;:;E:
TE
TI

ri Ci
TL
CD
[··jA

323
316
24::::
121
119

72
37
24
10

7
E::"._'
4

o

o
o
o

o

NUMBER OF NITS FOUND = 446

3 ,1.<
~..



Table A-5-1, Sample 1

REPORT OUTPUT ON 2-14-78

AVERAGE PARTICLE SIZE OF MAJOR ELEMENTS FOR SAMPLE ~ 1

Al",'EF::AGE
SIZE

FF:EC!UEr·jC'y'
OF

oC:CUF.:Er··!CE

AL :3 i~i 9 7
FF~ 2 2: 2 49 ;2
AS 2 2;2 1. 8 7
C:U 2 2 0 6 1~...}

P E 2 i 4- 659
I] .-, 12 610 gc.

Zf··f 2 1 I'"::: is r::. '=,1::,=

::; 2 !2f9 1I] 66
1'1G 2 0 9 1'5 :::
CD 2 I] 7 A Cl.. '-'
c: A .-, !}3 76.::.
lJ ,-', i 9 is 1 t:'"l-'
I'; ;""1 .l -_I::;'

S E 1 90 :3
:::; E: i S ,-, c: ..::;.l ':.

S I 1 ;::: 4 12 ::3
to:: 1 6 Ci 12_.'

HG 1 6 1. "-:'-:!r:--_'

F i 5 9 4
TL i ::; 6 i :3.L

I 1 25' 3
TE 0 0 I] (!

T I 11 ~3 0 !}

\,t !Zi !] IZI 0
C I:;;: 0 !2j !) [I

E: r. !} 12i 12f [!0.

NUMBER OF NITS FOUND = 1211



Table A-5-1, cont'd, Sample 1

REPORT OUTPUT ON 2-14-78

AVERAGE PARTICLE SIZE OF MAJOR ELEMENTS FOR SAMPLE N-l-l

ELEI'IEHT ;:::1\·IEPI~GE

::;;1 ZE
FF:Er!UEr·lCY

OF
OCCU?Er·{CE

AL .:.~ [i9 7
C:l::r .-, :3 I] 10.::.

A:3 2 7 4 -':!.-,
{ .::.

FE 2 c:-.-. 248,_IC·

FE: 2 C".-,
"_I.=, "_, I

ZN 2 50 .-:. 4l-

0 2 32 1 1 (}

CU :2 .-, 1 323c.
E 2 1 :3 3 1 6

'::; I 1 '='7 1 .-, 1'-"-' r::'

f'" 1 62 I::'
". .J

F 1 t:'"".-. 4,_I::!

I 1 -':- .:i 3~-".

:38 I] 013 13
TE I] 0'3 0
T I 13 00 13

I ,.,1 0 01~i I]

CF.: 0 00 13
51:: iJ "0-Qi t2i

E:F.: 121 00 0
HG I] 00 I]

TL I] ~::i 13 13
CD (3 I] 13 I]

t'~i~ 0 !~ :3 13"-'

t'1 G 0 00 13

NUMBER OF NITS FOUND = 446

3£<



Table A-1-2, Sample 2

REPORT OUTPUT ON 1-25-78

DISTRIBUTION OF NIT SIZES FOR SAMPLE 2

SIZE F.:I::;HGE

~3 - 1

1 - 2

2 - :3

3 - ::+

::.1- - 5

5 - is

6 - 7

7 - :::

1IJ 1.

4151.

224.

l:;iel_.'-,' .

5::::.

31.

36.

16.

21.

NUMBER OF NITS FOUND - 1005

37<

PEPCEfH

10.05

41.69

22.29

5.77

.58

1. 59



Table A-2-2, Sample 2

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER 2

PARTICLE NUMBERS 1. THROUGH

TOTAL OF ELEMENTS GREATER THAN 10%

TI
'''':' L':::'lo1

S1
1 75 1~:3

32 HG
5 I]

1 C:I~

o [:1:;;:
HI ::::E
o TI-

301 F

3!ZI TE
62 FE

o E:i:;;:
o S

11 I···IA

IZ! I
94 r'U

>3 AL

2 NG

.-.....
c.1..
'-:'7i:... -_'

7

ELEMENTS BETWEEN 5% AND LESS THAN 10%

1<
',- T
~ .!.

CD

1 SEt

41 HG
25 I]

o CR
6 ,-.r-

o TI_

l F

36 TE
1;3 FE

o I
45 eu

41 t:1G

1.

6S
22



Table A-3-2, Sample 2

SUMMARY OF NORMALI2ED MAJOR ELEMENTS
IN SAMPLE NUMBER 2

. PARTICLE NUMBERS 1 THF:OUGH

E L HI E tH :::: BETbJEEt··! 75~'~ A 1"1 Ii i 12i !Zj~·;;

f·" i ,='c' 0 CA 121 Ti=' !21 I 121'" ._~ L..'

TI 17-: T'l ~, C:F:: "7 FE 1 CU i21'-' '-'
Zr··i ,.., ......-. ,-. .-. r- ,.., rlr~ ,-. .···.1 I~

!::-I H·:· ..;.; ,=,c. !::,.l C'I':, 1::'1 l'"i.L !;;:.i

,-,
I 1 HG 121 TL 0

,-, 7 PB ~::I 1.:1 .:.'

C:Ii ,-:. I] :3 r- 2 t'-IA 121 NC~ ~3l-;'i r

EL E i"1 an:::: E:ETi.dEEr··1 5!2f ~.~ i:::ll··4D 75~'~

f" 2 ::::B 0 C,:=j (I TE 0 I 0",

TI l:"ot \:1 ~]
r,r-, 1 FE r.=' r'l' 121'-' _' r:. '-' _.1_1

2i'1 0 Pi:::: 1 ,-. r-
~] E:~: ':] I:::rL 1.:. c.

.=. T 1 HI-; 0 TL 0 ,-, ::: pp 1 87,_I. ..!,. .:' ~'

CD ~i I] .-:'''''? F 2 1'·11;
,.., hi ,-. 0,-,_I ~::'l , I''':;:

ELEI'IErHS BEHJEEr-.J 3lZi ~.~ I~I"ID 50~'~

f:" 2 c·c, (I CI; 121 TE 121 I 4'_'I...'

T I 0
, ,

(1 c:: F.: 4 F'E ,-, ,i CU 7',' ,::'0.;-

2t'1 ir.=' Ae' 4 .-. r- 12i B F.: i21 PIL :"'::
.l. ._f ,,_I ,=,c. ;-'':1

:::; I 0
, 1.-· 0 TL 121 :::; 1 ::: pI"" 1 04n!..:I - c,

CD 0 [I 1'-' ,,- F :3 HI; 0 1'IG 0~Cl

EL E i'ojE iH :::: E:EHJEEt,.J 1 121 :~.~ AI".JD 30~'~

V 3 ::::B 1 c:: l:=j 30 TE 121 I 1 .."
'" f

T I 2
,
'0'
, (I C:I~: 54 FE f:. ~+ CU 16

21"-1 1 .,-,"':"1 I;S t:' ::::E [1 Br:;: 121 I~:IL 2ell::'1 '-',-,
I 30 HCi 121 TL I] ::; 376 PB 1 ,::;c

.:' '-"-'

CD t:' 0 i 49 r- 1 121 t'·II~:1
,-, 1·'iG 7'-

, J. r .::.

E L HiE tH :::: BETi..JEEI'·1 I::'" n.,
1~lf·.JD l 0~'~,_1·,'11

I." I SE: 1 1 Cl; 31; TE 0 I 1r-"

i I I:=! I,,.' (1 Cl? ,::-7 FE 45 CLi 4:::-,' '._' ._1

-:'1.1 45 A:::: ,,- ,-.,- 1 ro, ~,
i~:i

.···.1 :":1
L:.l-i Co ·:::'i:" !:' r::. i-IJ_ l-':l

S I ;:.1· 1 HG 0 TL lZl ~=; 7C' 1 :,r,
6;=~"-' '-' rD

I-'n .':'t::: 0 '7 F '" t-J. l~ 4 1 1-."::--
::::~-'.!-' ~--'

, '-' nl_"I

39<



Table A-4-2, Sample 2

REPORT OUTPUT ON 1-25-78

TOTAL NUMBER OF MAJOR ELEMENTS FOR SAMPLE 2

P B == 9 76
:::; == 7 9 121

0 == ..., I] ::::.:..
Zl··! == .-, 2 13.:::.

FE == ; 39~

c: F:: -- 12 5
~=; I == ~""?.. •':=

CU == 7 1
CA == 66
!...!;:~ == .:i"7

1,_1

C:D == 30
("'1(:;; == ,,:. 9'-

I ::: ;22
F ::: 22

(:1 S ::: i 6
c·c, ::: 1 2'_'1_'

TI ::: 1 1
1< ::: ,-,

::?

AL ::: "70_'

:;:;E == 1
Tr::: == 0

rl/ ::: I]

B F~: == 0
HG == I]

TL ::: l)

NUMBER OF NITS FOUND::: 1005

40<



Table A-5-2, Sample 2

REPORT OUTPUT ON 1-24-78

AVERAGE PARTICLE ~lLt OF MAJOR ELEMENTS FOR SA~~PLE 2

I
r<
F

I~L

FE

C!~

r".D,""_
HG
-I
IL

:3IZE

3 62
3 34

.-, --:r.-..::. (:....

.-. l::" •.'!

.::. "_1'1-

2 53
2 41
2 41
2 36
2 25
2 14
2 11
2 139
2 0:3
;2 04
2 02

1 55
iJ 01]

(lOCI
o iJiJ
!] Olj

o 1]17-

;-J IT::; 17 0 Uii D =

nc-
'-' ~

OCCUI?::I-!CE

22

3

11

i .-, C'"
.L :::',_1

I "_,

43
220

66
12
71
29

1

1005



Table A-1-3, Sample 3

REPORT OUTPUT ON 2- (-(~

DISTRIBUTION OF ~IIT SIZES FOR SAMPLE 3

i - 2

2 - 3

:3 - 4

4 - 5

5 - 6

6 - 7

7 - S

1. 74.

237.

1. i;2.

7 1::J
,_1_,' •

-':"='t:...'_I.

OF [--j IT:::; FOUr--jD =

42<

1155

1.5.06

212!.52

4.33

3.3S

2.42

l.99

0.69



Table A-2-3, Sample 3

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER

PARTICLE NUMBERS 1155

TOTAL OF EL~MENTS GREATER THAN 10%

11 CA 53 TE o I 1

1 TL
4

95

::::2

726

112 C~J

7;:;4 PE:

:3 FF

I-
I397

1 \'

35 HG
ZI··i
:3 I
1-· .,.,
_.J-'

ELEMENTS BETWEEN 5% AND LESS THAN 10%

-t.'. ." ::;E; 1 4- C i:::j .-, TE 0 T 01"-, ...,. .:::. .L

T I !2! \l C ,-.
F:: 2 F E 1 1 6 C:U 1:3 2'_.

ZI"~ 1 :3 6 A,-. 40 c· E 4 E: Ct 0 AL ::::' ._' I"',

,-. I 62 H1-· ., .::f TL fi ~:; 1 i:.:::: p E 1 -:: ..-.=1 :..::. ... _.. f C

1-· D 1 1 5 '-I 24 c- i-] i···1 A 75 r'IG 4 r;:-
,~ '-' I ._,

43~



Table A-3-3, Sample 3

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMP!_E NUMBER 3

PARTICLE NUMBERS 1 TH~:OUGH 1155

ELEME~rTS BETWEEN 75% AND 1·00%

1 SE:
o ':l

1 HG 13 r

1 TE !J I
of -,. ,-·1 I
.t. .::... !_.i_!

of -,. r.:r~,

.i. •.:. 1·:-'

1.

·r !::"'-l
.L ._1:::'

CD ; .-;:, 1-1
.:;.,.~ 1._1 I::} 7 F 4 t··Ii:i

ELEMENTS 8ETWEEN 50% AND 75%

2:=; CiJ
o I

13 PB

1 FE
:::: TE

F
lZi TL

22
::3 HG

I.,'
r·,.

":'1·.1
~:':

ELEMENTS BETWEEN 30% AND 50%

K
TI

C:D

1 ~=;B

(! 'i
:;::1:;:1 1~:3

;2 HG
6 0

1 CA
(! r·[.;'
6 :3E
o TL

F

36 TE
1 FE

1 NA

o I
:3 ,-'11

[1 AL
145 PB

1

ELEMENTS BETWEEN 10% AND 30%

i<
TI 1 \'

4 CA
1 FE

(I I
::::4 CU 7~="I "_,

29 HG
1 ~5;2 1]

1 TL
13B F

~3 AL.

1 t'lG

2

ELEMENTS BETWEEN 5% AND 10%

,....
~ ".

TT
! J.

6;2 HG
i 1 1:.:- ~-,

J• .:. ._! 1.)

14 [;:::;
~:j CF::

'1,-· ,I
1. ~:;l I L

o I.
11.6 eLi

" -:r ..-
,!., l i::,

45



Table A-4-3, Sample 3

REPORT OUTPUT ON 2- 7~78

TOTAL NUM8ER OF MAJOR ELEMENTS FOR SAMPLE 3

S 9 .-; c
"';' '-'

c' Ei = :-,
IZi 2.- :'":1

~lr.1 = is 13L:...l";

0 4- 2 t
CIi = 28 9
FE = .-,

~:: ;::i:::.
-. f! = 2 1 4·L ,.,~;

[:'t G = i 4- !j

S I = 9 7
t"l l:~ = ? 6,
l:::i :::; = i:7""7-

._1 I"

C i:~l = 55
S B = .-,1'=

'::"-'

H,-. _. 2 13'._1-

A
,

= 12L

K = 1 1
TL = .=.

'-'
F = is

C~~ = I::"._'
Co E = 4-._'

I = 1
T I = 1
TE = t7-"1

"-'

1./ - 0
8 F' = [I

NUM8ER OF NITS FOUND = 1155

4S~



Table A-5-3, Sample 3

REPORT OUTPUT ON 2- 7-78

AVERAGE PARTICLE SIZE OF MAJOR EL-EMENTS FOR SAMPLE ~

.OF
OCCURENC:E

,-- R IS 2 t5 '-'-- --'
.- 4 9 7 is,

AL 2 7 ,-, 12,=,
("0, ::; 2 4- ~) '- fn '--'
::; I ~~ 3 ;:; 5~ 7
E C) ;2 7 4 2 1=

1-1 ._.1 --'
t::: ~: =3 2 1. ;

J.

P B 2 3 iJ 1-~

I~i ;2.::'

~=; 2 ;2 2 c, ::1- l::;---
C: Ii 2 1Sf 2 :::: 5'
t'l G .-:' 1 ;::; 14 [i'-

(] .-, 1 7 4 2 i.::.
.- E 2 4 IS 2:2 i:;, J.

Z 1-.1 2 1. IS 6 1 :-3j -:

C: U 2 1 --:. 2 J. ..;
'- --r

t-~ i::r 2 IA 2 7 :50;..'

r· A i 9 i '- ::.._'
~=;

.- 1 7 4 4-c.

HG i 6 '- 2 f2i"-'
TL 1 4:::: r"'"l,=,

T I 1. 2 6 i
T J. iZi -:> 1L .::..

T E iJ C13 13
\., 121 0 [~ I~i

E: j:;;~ 0 C;J 13

NUMBER OF NITS FOUND = o!" of E::";::;:-
.I. .L "_1._1



Table A-l-4, Sample 4

REPORT OUTPUT ON 2-15-78

0-1

t·!Ui'18 EF:

120

PERCEt-iT

1 2 592 52 44

2 - 3

4

4 - 5

5 - 6

6 - 7

7 - :=:

181

99

27

24

18

t·1UHE:EP OF tHT::; FOUt1D = 1129

16 ~33

:3 77

4 25

2 .:)9

1 77_ I I

1 59



Table A-2-4, Sample 4

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER 4

:l THF::CUGH 1129

TOTAL OF ELEMENTS GREATER THAN 10%

r.'- .-::~ :3B i 5 CI~ 1 TE 0 I 0f'" '--

T I lZi I I 0 1-'
i~: 0 FE 1 '7 1 CI' ::3 45'i '-' '-' ,_I

...,. u • ...,. .-, ..•.. ':' 7 .{", =::;
,- , " B~~ i~ i~ '- ;=~Ll"i .L .:.' ,::. H '-' .L .:. i:: 1::'1

c I 1 ,-, H,-. r- T,
[I ::; 4 69 c' ,.-, :3 1 .:::::.'-' ::;.' ,

-" :.' i_ , c:'
r"~ lZt [I 14 3 F .-, ,-, I. I

i:~
.• r:l i-. , .

_.J} I::' ':~l I'i '-i' -" .L !.

ELEMENTS BETWEEN 5% AND LESS THAN 10%

f:::

ZH
"'.,..:;; .L

CD
7' HG
5 0

5 r'l~

,3 c:: F.:

=3 TL
113 F

3 TE
[1 FE

2 ['iA

48<

I} I
44 CU

199 F'B
33 I'IG

1

1.



Table A-3-4, Sample 4

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER 4

PARTICLE NUMBERS 1 THF.~OUGH 1129

ELEMENTS BETWEEN 7r:::: tt••-
1 ,_1.'1:

I.·~

r··.

TI

:3 I

CD

15 I~S

o CJ

o CI~I

~3 CI:;::
325 SE

(1 TL

(I TE
o FE
o BR

13 I
6 CLl
13 I~L o

5

'.0'r-"

TI

.-. ,.
':::J..

CD

27 AS

ELEMENTS BETWEEN 50% AND

o TE
121 FE

222 ::::E
~3 TL

14 F

"71:'"".-
( '-' .":

I~i I
29 CU

35 FE

40
1

64.

ELEMENTS BETWEEN 30% AND 50%

TI
Zr·j

SI
CD

o ~3B

IJ '",1

7 HG
IJ I]

2 ~3B

9 He;
(i 0

9 c!~

110 SE
o TL

38 F

ELEMENTS BETWEEN

6 Cf~

~i CP
61 SE

fi Tl_
:::3 F

1 TE
o FE
~3 8 F.:

::3 [··fA

o TE

-::.",=,1:."
.:'11::1"'11

13 I
22 C:U

I] I
74 eu

4 fllG

1
76

.-. --r.-.
~.':.~.:J

167
11

ELEMENTS BETWEEN 5% AND 10%

1<

eIl
7 HCi
5 0

:3 TL
1C F

3 TE
o FE
o B~~

1 S

4 Q.. "..l-<::::"

I] I 1

1
.-. .:: .."

.:::: 1 1

15



Table A-4-4, Sample 4

REPORT OUTPUT ON 2-15-78

TOTAL NUMBER OF MAJOR ELEMENTS FOR SAMPLE 4

AS :::: 72~=:
,-. :::: 66e.';j

.-, U :::: 559'-'

F' E: :::: 523
2["1 :::: ; 9 ,,,,::

J. ""':1.

FE :::: 175
0 :::: ; 53J.

1"11; :::: :; -"..
F :::: :3 1

::; I :::: 26
['1G :::: 26

K :::: 2 ~3

:;:; :, :::: 2~3CI

1~ L :::: :3
r' D :::: 5
CA = ,.;..
HG :::: 3

I :::: ;
J.

TL = 1
TE :::: 0
T I = 0•., :::: 0'I

CR = 0
,-.;- :::: >3.=IC.

C'Co :::: 01_'.··.

NUMBER OF NITS FOUND:::: ·1129

50-c:



Table A-5-4, Sample 4

REPORT OUTPUT ON 2-15-78

AVERAGE PARTICLE SIZE OF MAJOR ELEMENTS FOR SAMPLE 4

:3IZE
FPEG!UEHC'"!'

OF
o CC:UF.:Er·~CE

I.... :3 I':=: l:i ;21211'", ':"'_0"

FE 2 ::::::: 1. ~r.="I" d

S I 2 69 26
A::; .-, 39 72:;:::::.

C;:l 2 25 4
0 2 '-l""":t 153C..':I

S 2 22 is 6:;::
CU 2 1. t::" l= == 1-'

'-' ._I __I::?

F'E: 2 1. 4 523
F .::' 09 :3 1<--

AL 2 09 9
"7Ll .-, 0i5 190&::..1"i .:::.

r·16 2 0 1 77
"_: I

t'lG 1 94 26
':::C' 1 9 17.; ''::17-1
'-';...' <:" ~::"I

TL 1 .':::;6 1.
HG 1 Q-:l 31_,._,

CD 1 48 t::"

'-'
I 1 7t::: 1'-' -.;..'

TE 0 01~1 13
TI 13 00 0

IVI I] ~]!-J ~3

C:F.: I] ~3 13 0
:3E [I 1~1 ~3 I]

Bf": 0 00 I]

NUMBEF.: OF NITS FOUHD = 1129



Table A-1-5, Sample 5

REPORT OUTPUT ON 1-30-78

TOTAL NUMBER OF M~JOR ELEMENTS FOR SAMPLE ,;;;-._'

PF:

:31
CD

o
FE

AL
CU

F
CF::

iI
::::E

iE
I

HCi
TL

=
=
=
=
=
=
=
=

=
=
=
=
=
=

=
=
=
=

=
=
=

=
=
=

674
593
554

295

129
76

47
46
44

9
4
1
1
1

NUMBER OF NITS FOUND = 1081



Table A-2-5, Sample 5

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER

PARTICLE NUMBERS 1 THFCJUGH

TOTAL OF ELEf1ENTS GREATER THAt-l 10%

V
TI

54 ~3B

1 \!

92 iJ

1 C I~I 2 1 1 TE 0 I
l'-:' CI? ;2 FE:: 9 :5 C:U,:":.1

6 1 ,-.- 1 c' ,-. 1 i~i::rc. w c:. I-

e TL [I ::; 3:;~} p 8
1 - 1 F ,:;)

r'~ i~ s ['1J;:; '...? L ;..:I

471
:1.2

ELEMENTS BETWEEN 5% AND LESS THAN 10%

TI

1-- TI
'-"-

4 '3D

1~::;5 HG
141 I]

;] C(;

o Cl~:

IJ TL
2 F

c. Ft:.

1 [-.fA

53..:::

o I
:;;.::, CU
o HL

26-_, PC:
.c' .-. ;-.-!!-,
'-i.'::" i"JI...J



Table A-3-5, Sample 5

SUMMARY OF NORMALIZED MAJOR ELEMENTS
IN SAMPLE NUMBER 5

PARTICLE NUMBERS 1 THROUGH

ELEMENTS BETWEEN 75% AND 100%

If
p"

TI
7k!
~1'1

CD 1 C

iJ CA 19 H:
o FE
121 BF:
o s
1 NA

I;:) I
10 CU

91 PE:
J.

::3

ELEMENTS BETWEEN 50% AND 75%

2

1
.S

9116 PEl21 TL

o CI::;
i2f FE

2 0
4 H-G

I.·"
r··.

CD

TT
! .!.

ELEMENTS BETWEEN 30% AND 50%

!<
TI
Zl-1

CD

. i 5 :::;E:
o './

1"" HG
::: I]

o CI~

11 SE
o TL

67 F

44 TE
121 FE

o I
24 crJ

13 PB

::1

1.

ELEMENTS BETWEEN 10% AND 30%

1<
TI

CD
113 HG

90 TE
2 FE

~::i :::;
5 !···IA

o I
52 eLi

1 AL
210 PB

22

·-t-:r......-
C. .=...:~

ELEMENTS BETWEEN 5% AND 10%

of r.::- ,-.r-
J. ,_I

o TL

103 TE

J. ~::J

,.-
r2

o '....

155 HG
141

::::I

I."
I···.

zr-,·l

CD

TI

5·. l1<
~"



Table A-4-5, Sample 5

REPORT OUTPUT ON 1-30-78

TOTAL NUMBER OF MAJOR ELEMENTS FOR SAMPLE I:::-

'-'

Zt··!

CD
o

FE

t··-roo

CU

F

I

=
=
=
=
=

=

=
=

=
=
=

=
=
=

=
=
=
=

674

554

295

1:::::3
i:29

76
613
58
47

44
9
4
1
1
1
1
13
13
13
o
~J

NUMBER OF NITS FOUND = 1081



Table A-5-5, Sample 5

REPORT OUTPUT ON 1-313-78

AVERAGE PARTICLE SIZE OF MAJOR ELEMENTS FOR SAMPLE ~

ELEr'lEfH A\lERI::::GE
3IZE

OCCU?EI"~CE

SE is 23
88 5 83
BR 4- 21
Fc~ 2 97
AS 2 00
FE 2 :34
81 2 80

S 2 88
ZH 2 77

CU 2 58
I~L 2 53
C~: 2 43

K 2 41

F 2 36
CD 2 29

I] 2 29
N-A Z ~6

TI 1 27
TE 0 013

\,' 0 IJI]

H~ 13 00
TL 0 00

NUMBER OF NITS FOUND =

1
1
1

to

1:29
295

674
314

46
47

4-

,;,[-4

·-:.r77
~'~'-'

1
13


