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Outline

e Variability of respirable crystalline silica (RCS) content
 Variability of other respirable mineral phases

* Methodology
=" Sampling of respirable mine dust
= X-ray diffraction (XRD) analysis
= Fourier transform infrared (FTIR) analysis

" Principal components analysis (PCA) of XRD and FTIR
data

e PCA of XRD results
e PCA of FTIR results
e What have we learned?



Respirable crystalline silica (RCS) can be present in every mining
environment
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Advanced exposure monitoring needed that accounts for dust
complexity

Feldspar minerals, muscovite, microcline are known
interferents in the quantification of RCS by FTIR
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Sampling of the respirable fraction from bulk material
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130 bulk mine dust samples were collected
from 57 different operations in 15 different Respirable fraction of each dust is
states sampled from the bulk material



Two analytical techniques

Fourier transform infrared
(FTIR) spectroscopy

 Analyses performed at
NIOSH/PMRD
e Direct-on-filter

X-ray powder diffraction (XRD)

* Analyses performed by
H&M Analytical Services

e Direct-on-filter
e Semi-quantitative



Generated a lot of data...

Data table with 130 samples and 29 (possible)
mineral phases total

Full set | Copper mines | Gold Mines | Iron Mines | Molbdenum mines Granite mines | 5&G mines | Limestone mines
i30 40 36 7 4 i1 i5 16
alpha Quartz| 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Cristobalite| 1.5% 2.5% 6.7%
Plagioclase | 66.9% 92.5% 72.2% 75.0% 1.0% 6.0% 6.3%
K-feldspar| 56.2%% 77.5% 36.1% 100.0% 81.8% 66.7% 37.5%
Zedlifes| 4.68% B.3% 42.9%
Cordierite | 2.3% 5.0% 2.8%
Kadlinife| 25.4% 32.5% 2.8% B5.7% 100.0% 36.4% 33.3%
Montmorillonife | 4.6% 15.0%
Talc| 2.3% 2.8% 28 6%
Chlorife | 44.6% 65.0% 52.8% 27.3% a6 7% 18 8%
Sepiclite| 2.3% 42 9%
Amesife | 1.5% 12 5%
Muscovite | 77.7% 92.5% 86.1% 100.0% 63 6% 53 3% 81.3%
Biolite| 3.8% 5.0% 2.0%
Phlogopite | 1.5% 18.2%
Natroapophyllite | 0.8% 2.5%
Amphibole | 6.9% 8.3% 14.3% 18.2% 2.0%
Calcile | 40.0% 45 0% 27.8% 14.3% 10.0% 53.3% B1.3%
Dolomite | 26.9% 7.5% 38.9% 14.3% 13.3% B7.5%
Siderite| 2.3% 42.9%
Alunife |  1.5% 2.5% 2.8%
Jarosite| 1.5% 5.6%
Gypusm| 10.0% 15.0% 13.9% 13.3%
Apatite| 1.5% 6.3%
Hematite| 7.7% 12.5% 57.1% 6.7%
Magnetile| 7.7% 11.1% B5. 7%
Hydroxide | 3.8% 2.5% 2 8% 42 9%
Pyrite| 14 6% 2.5% 41 7% 18 8%
Uniqiown | 7.7% 5.0% 5.6% 18.2% 26.7%

Data
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XRD data 29 variabl

e
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Full set | Copper mines | Gold Mines| Ma b mines Grane m ines | S8G Limestone mires
130 40 35 7 4 11 15 16
alphs Quartz| 100.0% 100.0% wo.o% | 0.0 | 100.0% 100.0% 00.0% 00.0%
Crigtobalite|  1.5% 28% k.
Flayodase| 6.9% 52.9% L% 75.0% 10% 6.0% 63%
K feidzpar| %6.2% bt 36.1% 100.0% BLE% 5.7 57.5%
Teoltes]| 4.6% 8.5% 2.9%
Cordierite|  2.3% 5.0% 8%
Kaginife| 25.4% 1 28% ES T 100.0% 64% o
Montmeriionite|  4.6% 15.0%
Tak| 23% 8% e
Chigrite|  44.6% 5.0% 52.8% 27.8% %7 18.8%
Sepiolite|  2.3% 420%
Amesite|  1.9% 12.5%
Mysconte| 77.7% 52.5% B6.1% 100.0% 63.6% 53.3% B13%
Bictite | 3.8% so% 1o%
Phiogmite|  1.5% 182%
Natroapophylite|  0.8% 25%
Amphibole|  6.9% 8.3% 43% 18.2% 0%
Caizite| “0.0% S5.0% ar.8% 145 10.0% B B3
Dolomite|  26.9% 7.5% 38.9% 14.9% 15.3% .5%
Sderite| 2.3% 419%
Alrute|  15% 5% 8%
Jaromte| 1.5% 5.6%
Gypusm| 10.0% 15.0% 13.9% 13,98
Apatite | 1.5% 63%
Hematile| 7.7% 12.9% 57.1% 5.7%
Magretite| 7.7% 1n1% B5TH
Hydronde|  5.8% 5% 2.8% 429%
Pyrite| 126% 25% a1 7% 1R R%
Unbnown | 7.7% 5.0% ses | 18.3% 5. 7%

Data
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General process for Principal Components Analysis

1. Examine data 2. Pre-process
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Complexity of mine dusts - XRD perspective
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Abundance of mineral phases in samples collected from different mining operations



Principal Components Analysis of XRD Data

Scores and Loadings plots
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Relationships between samples: limestone samples
show strong similarity with each other within the model

PC 2 (16.16%)
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Principal Components Analysis of XRD Data

|dentification of unigue samples
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Complexity of mine dusts - FTIR perspective
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Principal Components Analysis of FTIR Data

Scores plots . . . . | . . .
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Relationships between samples: Limestone and iron samples show strong within-commodity
similarities. Differences between copper, gold and S&G samples are less clear.



Principal Components Analysis of FTIR Data
|dentification of unigue samples
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What have we learned?

In general

 PCA model can classify [imestone samples easily

 Agreement with mineralogy data increases confidence in PCA as an
analysis tool

e |ron and granite may be classified with extra effort

 Copper and gold mines are not easily separated from each other

Results of PCA models of XRD and FTIR both show

e |dentification of samples with unique characteristics
e Some similar patterns and sample groupings

 FTIR may be used for this type of exploratory analysis



FUTURE WORK
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Two analytical techniques

Fourier transform infrared (FTIR) X-ray powder diffraction (XRD)
spectroscopy

e Panalytical X'pert MPD
diffractometer, H&M

e Bruker alpha | _
Analytical Services

e Analyses performed at

NIOSH/PMRD * Direct-on-filter
e Direct-on-filter . !Vline_rgl phase |
e Filter subtracted out identification with ICSD

powder
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Estimation of PCA-XRD model - 8 PCs

Eigenvalue % Variance % Variance

RMSECV

of Cov(X) This PC Cumulative pMaEr
1 537e+02 27.33 27.33 6.992 8.725
2 3.18e+02 16.16 43.49 6.165 9.358
3 2.84e+02 1443 57.92 5.32 12.73
4 229 +02 11.63 69.55 4.526 14.05
5 1.68e+02 8.54 78.09 3.839 13.11
6 1.12e+02 5.68 83.76 3.305 16.99
7 7.64e+01 3.89 87.65 2.882 21.06
8 6.75+01 343 91.08 2.449 27.38
9 5.06e+01  2.57 93.66 2.066 26.74
10 3.29e+01 1.68 95.33 1072 42.65
11 2.62e+01 133 96.66 1.498 63.32
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Scores on PC 6 (5.68%)

Principal Components Analysis of XRD Data
Scores and Loadings plots
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Relationships between samples: iron mine samples

show strong variation along PC6
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Principal Components Analysis of XRD Data
Scores and Loadings plots
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Relationships between variables: dolomite, calcite and
muscovite influence PC2 and PC3
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Removal of imestone mines reveals other structures in the data set
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Removal of imestone mines reveals other structures in the data set

Scores on PC & (7.62%)
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PCA model of just Gold-Copper

Scores on PC 2 (22.27%)
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Estimation of PCA-FTIR model - 5 PCs

— | =
_‘DhDDO“-JG\UﬂJhLUM—t

-
[

Eigenvalue % Variance % Variance

of Cov(X) This PC

1.36e-04
3.59e-05
1.27e-05
6.04e-06
2.65e-06
2.53e-06
1.49e-06
1.34e-06
1.06e-06
9.33e-07
6.28e-07
4.93e-07

66.72
17.62
5.97
297
1.30
1.24
0.73
0.66
0.52
0.46
0.31
0.24

Cumulative RMSEC
66.72 0.0001951
84.34 0.0001358
90.31 0.0001053
93.28 8.768e-05
94.58 7.871e-05
95.83 6.908e-05
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0.0001013

Eigenvalues

12

0.8

0.6

0.4

0.2

10

Principal Component Number

15

20

31



Principal Components Analysis of FTIR Data

0.015

Scores plots | | ' | | | | |
v |
[
|
|
0.01 B : |
v A
* | A
|
* v !
[
=
0.005 i m v v SN 1
*
* ﬁ@kﬁ i‘% ¢ A
s O w WiV M A
g Wy Uy - v
¢ w ! =
= %V, & ey 7
. Feke f% Bl B oA
s DD mmmmmm = W R V-V g A —
S LA \% = %
% v ol 4 'V Ay
< v W I .
b u | Other metals
O - | Al Aﬁr ¢
S 0005 i v V.m | ;‘Z m g SG |
% || Q (] : (] ‘ A Limestone
()
u ! Gold
v o 4, = ¢ v
Copper
] ' *
. L [
0.01 — | Industrial sand H
|
| Granite
|
: . Iron
[
-0.015 | | VvV 1 I I l l
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02

Scores on PC 2 (16.14%)

Relationships between samples: limestone samples spread more across PC3 and PC2 and are
harder to distinguish from other sample types.
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