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Quantitative Analysis of Quartz, Mica, and Feldspar in Respirable
Coalmine Dust in Taebaek Area by Fourier Transform
Infrared Spectrophotometry

Ho Chun Choi, Ph. D., Yong Hee Cheon, M. D, M. P. H,,
Hae Jeong Kim, Jeong Joo Lee, M. S. E.

The Institute for Pneumoconiosis
Korea Labour Welfare Corporation

A Fourier transform infrared spectrophotometric method was described for the determination of quartz,
mica(sericite) and feldspar(potassium feldspar) in respirable dust in Taebaek area.

The results were as follows;

1) The concentration of minerals were determined from the intensity of absorption peak of quartz
at 799 cm?, sericite at 539 cm?, and potassium feldspar at 648 cm™ respectively.

2) The precision(C. V. %) for the quartz determination was 7.70+ 2.68 % from 10 to 200 ug of quartz.

3) The precision for the sericite determination was 16.34+6.82 % from 30 to 500 ug of serictite.

4) The precision for the potassium feldspar determination was 5.28+ 1.74 % from 30 to 500 ug of
potassium feldspar.

5) The concentration of respirable dust in Taebaek area was 4.90+ 3.29 mg/m® (04—93.7% ), percent
quartz was 1.80+4.14% (0.01—20.56%), percent sericite was 11.37+643% (0.00—29.69% ), percent
potassium feldspar was 8.15% (n=7, 3.41—19.70%).

6) The difference of respirable coal dust, quartz, and sericite concentrations in drilling, coal cutting,
hauling and seperating was significant respectively (p<0.05).
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AEAF3 Yo &= FHE AbeF THREE
4 =g o2 FAs glon, AbsEE §49 718
7IX7t Sl FEFogA 1 s AT A9l
A3\ gto] eutEn] FR= AY, Al 2 Mgigoz
AEo] JHEXT Z, 1967). ol2d g Qe
A geto] Ao Ao o] Algd] o3 4
Aer-S 33 e dFos ARBALANN YAHE
AL o|Ze AA L v o g vheke] B71EA F A9,
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BAE 7M™ (Saric, 1971), H&ll FF8 499 s=7t
255 H43d9 Af3t wdol o ZAtn 3ot
(Martin 5, 1974). =% X% BochumAlol $12% 7
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T3, 1983).

AAU) H2e FEA B T8 A7) Y35
£ AFdMe vlojazaY(ug) 7HA £4o] 7% 7t
4] H 9 £37](Fourier transform infrared spectro-
photometer, FT-IR) & ¢|43lo FE53& A3yt
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FAE Y| wha} SHRE 4770, e 5870, Aee
147) 28)al 932 14740]%]ch

2y $3719 £F 2 AR £42 HUu|gtel &
|4 B wxe SARIT 457, Ado] 557, Meghe
147] 2R 2L 1109 AlE§ do] & 12579
qow, ¥y A ZARE MY, AL 5870,
Ak 147, $HHEE 14HE F 1307 AEOIYch

SR} AN NG FrE A F e EA4MQ0
=200 pg) e AEE Aol AMESIY, 29 FFEA
oA 27} 2370, Aol 390, A&k oA, eRtE e
TN F 7809 AEE EAEH o, F4L F 13070
Alg F TR AgelAMute] Aol 7h5atsich

2. 7| 2|

Ngge] 3FAH 23 F 49, &R ¥ FNS HF
487l 913 7171 oS3 £k

1 498 23 EFY7I(Personnal dust sampler) :
MSA fixt-flo model 1, 10 mm nylon cyclone2.2 3§43
& Bt 7L

2) A A)HH(Electrobalance) : Shimadzu L-200 SM,
readability = 0.01mg

3) A71=(Muffle furnace)

4) 74 A 237] | Analet Instrument FX-6160

3. M= '34’ Aot

AlEe] ¥3] g B4 AH8E Ag g A% veH
2k '

1) Membrane filter : Mixed cellulose ester(Gelman
sciences ; 045um pore size) _

2) ¥F A9 E2(Qurartz) : Respirable oc-quartz
(National Bureau of Standard, NBS, standard reference
material number 1878, particle size{5um)

3) &% 34 2% (Potassium feldspar) : National Bu-
reau of Standard, NBS, standard reference material nu-
mber 70 a

4) BF ¥ ¥ Y(Sericite)

5) BE3ZE(KBr) : A9 £34714

4. A=ef 27 U &3
AN EER] AMSE AAE A 2NV FEFe Y
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Fig. 1. Infrared absorption spectrum of quartz
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Fig. 2. Infrared absorption spectrum of sericite
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gr=9ch dAHe g el A M2 AXA] e 539
£ Zo} HGITh
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. & o} ] ) e R
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ZAREY, 777 cm'2 o] FEE ¥ F AUk

FE2+= 833 cm’e} 539 em'7} E%Jliol‘kioﬂi 833

29 omlolAE e FEUAE BelFAth BF AL
A a om7h Mg SARoR Yehton, 493 $57} c}%k
FHEASH 728 cmlolE T FAAFeR 9

g AH3 FFIIE 799 cm?, 779 cmlol A o]F  ATHE A F et Flon Eg thE IAEL YERHA
#3737 Jelgon ¢ H32E 1173 cm’, 1081 cm’, %kt
695 cm’, 517 cm’, 461 cm'E YERAAH(Fig. 1). 9of o] PR HEA R UF F4 2HER S
T $2E 1031 cm?, 833 cm?, 749 cm’, 539 cm?!, wlgoE NG, $E, FMEY Fua F UwvL ¥
486 cm'9] YRH AH FFHAE RAFUHKFig o0, d& 239 F4uad) J&& @A g J3g
2). , Adste EFEAN GUAEA &0 FHE FE2AY

A2 1137 ecm’, 1052 cm’!, 1013 cm?, 771 cm’!, 728 F3= g vlws] HEgkcH(Table 1).
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g. 3. Infrared absorption spectrum of potassium féldspar
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Table 1. Results of absorbance of minerals(0.D.) ugol B8 FEAE QoM HYH FFEE Yo

) Wavelength/cm™! E23 721 799 cm' ¢} 695 cmtell A 22} 0.25937F 0.0761
Minerals
799 6% 648 539 ot ol& A 100 pge TY BEAFAN ehd
Quartz(100ug) 0.2855 0.0617 .\ s
. X H| 28k £ & HoF .
Sericite(300ug) 03676 028559} 0.0617&+ =9 H|=3§ $x oA FAch

Potassium feldspar TEY 25539 emoll M &7} BEAISE 03639, @Y
0.0260

(100ug) FAEE 0367601021, FHT 648 cm'olM ZHzt
Mixture(500ug) 0.2593 0.0761 0.0238 0.3639 002387 0.02602.2 UIERRO) 2} A¥e] Exm e
25.000 ——— 77—
24.000 ]
20.000 | 1
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12. 000
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8. 0000

4. 0000
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O_MX) n A A n 4 i
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Fig. 4. Infrared absorption spectrum of potassium feldspar from 1500cm™! to 402cm™! at wave number
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Fig. 5. Composite spectrum of potassium feldspar showing the presence of quartz and sericite
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Fig. 6. Composite spectrum of quartz and sericite showing the presence of potassium feldspar

OE 2] WSS FokE £ g st
3 Hegel A 2% Bl BFEAEY XY, 29L& 799 cm’, 695 cm? XA A W37} 242} 12

TR R ANS 47 kst Ay 233 vas B m'Aez A AT, $5Y ALE 565 cm'z
2% Fig 7,8, 9% Ao 7N nlaskA 2 REAES  o]FSHo] dehgton, Ao thak HrIHUL A% A
SAMA7E vdepton, AW 5EY 2300 &8 29 o) 779 cm'HA] 2GS AR, 728 em'E
EYe g¥oz ojd QAL 42t olFHol U 720 cm'Z, 648 cm'E 651 cm'Z o] 550 UElton
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Fig. 7. Infrared absorption spectra of respirable dust from a coalmine in Taebaek area. (A) original spectrum of respirable
dust (B) composite spectrum of respirtable dust containing quartz
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Fig. 8. Infrared absorption spectra of respirable dust from a coalmine in Taebaek area. (C) original spectrum of respirable
dust (D) composite spectrum of respirable dust containing sericite
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Fig. 9. Infrared absorption spectra of respirable dust from a coalmine in Taebaek area. (E) original spectrum of respirable
dust (F) composité spectrum of respirable dust containg potassium feldspar
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10).

foh 2o FEAHA B2 AW FFuAg HGL 799 cm'9 AANM FF=E FAHHI e,
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Fig. 10. Standard calibration curves for quartz, sencxte and potassium feldspar determinations by Fourier transfrom
infrared spectrophotometry

Table 2. Changes in absorbance and precision for determination of mineral contents

Standard concentrations(ug)

Minerals 10 30 50 100 200 300 500 ReEeRsY
Mean 00348 01253 01744 03276 06395 9+ 21*
Quartz SD. 00019 0009 00134  0039% 00358 105+ 8**
CV.(%) 546 766 768 12.09 560
Mean 00301 00535  0.1064 04122 06531  97+8
Sericite  SD. 00082 00077 00173 00347 01006
CV.(%) 27.24 14.39 16.26 8.42 15.40
Potassium Mean 0.0138 0.0209 0.0415 0.1087 0.1887 93+ 3
feldspar . SD. 00010 00009  0.0015 00077 00078
CV.(%) 725 431 361 7.08 413

AN FH=E

+6
3 Table 20 XFAIE F5o thet FH=, HolAlF 3 l

2 7#=g vtk 23
oluf Mg 10—200 ugH ] EEAIR A oA HT

, AdolAle¢E 2724% 08 HYgHg ¥
g qT?iE}.
3 F4ee 97+ 8% 2 velgth A4S 30—500
o] EEA)FA HF WHo|Al4r) 528+ 1.74%, Hu)

2x3r}.

Hol Al e 7.70+ 268% o5, A WolAF= 12.09% %OWTC 725% % YEIY) 3588 93+ 3% o1k
olyct dhdo] 348 10—200 ugolAl 96+ 21% o2

o 30—200 ugolAe 30—500 ugollAe 105£8% =

30ugolAtel My

22X
==

3. EfSEX|y AMEIYS| $5M 22X Y
STe 2=

iz

FEE SRYA Bl T &

B3 30—500 pg M 8N B AFT 1634 Aot 2L BEAY SANAE olf3t HUWAY
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Fig. 11. Distribution of dust concentrations and percent quartz in respirable dust in Taebaek area

Log (Quartz concentration (%))

—-2.0 -1.2 —-0.4 0.4 1.2 2.0
T T T T T T L T T T T T T T
D Dust - Quartz
80} Mean : log™ 0.690=4.90 Mean : log™ 0.256=1.80 |
S.D. :log™ 0,517=3.29 S.D, :log™ 0.617=4.14
L 6 :0.44 B8, 1 —0.65 4
, :0.21 B, :0.98
60 F Xt :3.32 (p>P.05) 2 11,22 (p>0.05) ]
P .

Frequency
T

—-4,0 0.0 0.4 0.8 1.2 1.6 2.0
Log (Dust concentration (mg/m?®))

Fig. 12. Distribution of logarithms of dust concentrations and percent quartz in respirable dust in Taebaek area
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[
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=
20F 1
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Fig. 13. Histogram of percent mica in respirable dust in Taebaek area
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IFA EAFET YE6,=044,
HER=021, *=332, XY BEE 4= pi=-065
HEP,=098, ¥*=1228 A7 FAFEE FHE B
oA H(p>0.05, Fig. 12). ¥3+ 2= Fig 133 Zo]
YEp,=054, HEB,=—007, ¥*=5.052 ATFEE =4
& el Z=Quk(p0.05). e} smxe Hekge
ig_ﬂ 2R & AAMo) &2 ohgke) $R9} Ag9L
6}1 Ao} Hold ~HEHNAM HUEFoz AP
A Al87E BF 70 XA ksl
& F3Y F Ade VY ANEE T ge] ¥
t}(Table 3). Mgtdo) £7 & 70 Alge FA
E FEE 341-1970% 2 ¥F 815% S Ug

A=
BAEE, A

Table 4°A 9t o] ZARAEo| we} TFA B2
v MR 718 Hirgho] 9.1+ 3.0 mg/m’E &}
om, Ao e FXEI} 394+ 4.26% 08 74
A et

TR e A

Hatgol &xl deE 23 2

1:1
A erRtol A 2+z} 1545+ 8.33%, 13.75+ 7.21%, 13.05+ 6
23%, 905+ 526% 02 Mg FAito] BA & wre ool

TR FHHEHIES 4 UG

EF AT E]’.E_—‘ 27, A
AolM THEH BT R A F S’i‘é}% Mg g R
HAE FEE vlas] B7] A3te AREEo) gee
i @A) 2 ASHTEA 2 42 vos) 2 s 354
g R HAE FEE BF ZRA
o whe}t {3 Aolrt AATHp<0.05).

& o

=

Table 3. Chemical composition of 7 samples prepared from respirable dust in Taebaek area

Dust Quartz Serictie Potassium
Colliery concentration feldspar

(mg/m®) (%) (%) (%)

KD Hauling 2.1 0.54 9.69 341
DB Seperating 15 1.29. 22.82 10.12
SS Drilling 24 1.29 14.75 4.16
SW Hauling 0.5 0.00 19.29 5.95
JA Hauling 0.6 1.52 19.70 19.70
HS Coal cutting 2.2 027 - 643
HS  Drilling _ 22 2.08 - 7.27
Mean 16 1.00 17.25 8.15

Table 4. Results of respirable dust, percent quartz and percent sericite by site

Resplrable dust Percent quartz Percent sericite

Samplin conc. (mg/m®)* (%) (%)*
sxtgensp & Geometric Geometric Arithmetric

Mean SD. Min. Max. Mean SD. Min. Max. Mean SD. Min. Max
Drilling 3.0 25 0.5 600 394 426 001 2056 1305 623 054 2463
Coal cutting 9.1 30 15 937 102 329 009 1650 905 526 000 2556
Seperating 5.2 30 1.2 278 155 233 020 575 1375 721 284 2411
Hauling 15 24 04 57 125 476 003 7.78 1545 833 450 29.69
ALL sites 49 33 0.4 937 - 180 414 001 2056 1137 643 000 2969

* p<0.05
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e 4 el Ao

o gigd JoiME B £ glon] o] ¥ zole
A S FE Aoz Bohi Sz,
1985).

T fEivel guxde) Heks gL e A
& Z4AAC &3 MILdEH WA FHE, A
55 1R ¥ 5QFoZA o] AY, AL %
A3)Qt o2 Hoj gloh A YubHo s MY o]

F7t =y W2E ohake] AME sk Qlch Ade
HEYV UEZ £t 18 B¢ s sheay
o|E, ¥ZoJAlolE, PR Peto|E9} e Fgarat vh
avES X, ojuf exAon} U FEIAL
HolAl He, =3 4, A F TG BE] FaEHE
Zlo| Higo|t}. oleidt e B E BP|got 4
ke REEAE Ay, o5 9 AL xeka gloh
53 H9de TEAEe AAAHNE dovle EHE
Bo] A Lt Saric F(197D L Ml F7d 4
Frert A FHEH dAHSG #AE zZevin 3y
on, ozttt e AERR F FRE HIdT=E
st £39 43 E g gt Aok $-vtet
L o3 4] YA AEVL 32)(American Conference
of Governmental Industrial Hygienist, ACGIH) oA &
& A9 4TS 49 5% vvE A 2mg/m*E
3t9.eH, 5% ol N 0.lmg/m’E, 4 F Y% e
ol & de £39 §871EX7 vig wrobFch
Al Bt ohlgl A% BochumAlol HX[g oA+
ZeXE AW 2 FEAH X g3 9=
Hgste E4R gt A nHe fiAxE
AdstdTk 492 10, Z4 2 F2E 49 T3l
25% 0173 W 0.7, 25% o]&lE 05018 YL FHatA
&ske e 0322 FASATHATE, 1983).
Skulberg$-(1985)& X X HZ2] 669 F 26¢] THo]
SRl o3 AHF o] HAUoH, &8 Ay
& 2% Hgoly ANz e g2 JFEAN EFE
lo] Ho] 2 Hcty 3t & FEHEY EH o
veld e £ A3eEe dszgo] A7) Ho

2o

ACGIHOIM = 1% quartzZ7l @ ¥£38H 2 EZd o
3lo] &]-8-7)F(threshold limit values)-g 20

st gk

millions of
particles/cubic footZ2
EYALFZo e S EE nuisance dust® B{sha
AAEHHRA BFE gl 1s]9fol M 3 2FA
£ st 8 mg/m’2 dFrh EF madoldiE
5 umoldte) Yzp=7)e BAL Amg/miE, 2|1 F
BERE 6mym’E Lk g o] TR MR
HAE wa} S egsrg g Jote 2L A &
oAxe At dsge AP=rt g o=
Azt
aYPA B dAFe Mgagat
7t He A9,

s, °1F—1§} 1—1 A3t7] HaiA

ol&E FAIVIZE 2% HH BYE A3l
Ak o] NgEreg ZAsrlde ofal AH(Gold-

berg 5, 1973 ; Larsen &, 1971).
22U FT-IRS A4 4719 dd=z do|gol &
e S Y JeEhd BAyolal g
T 9\1‘:} 53 v4'°]§ A71e) A&7 L= A4
A sl AR A3 SHE 9o ARE EXE =
of 9 AL Al7te] Aelw, 428 9] He-Ne lasere] A4to]
7Feite B8 AEEgE JH3] FAHT = ey
microprocessor 4} mm1computer7]— 29l BF)d W
4ol Fouriera & &40l 2718 4 de 58 L
Zhet),

ES AE Fo FHE 2 vro B Fixg
#§Fo g wu|gto} Fago] 015% < AEZRA A
2HEYE AL 4 UE & A= Asly AF7A]
EHo] e & zujg EAo] sh5dhdl =AUk

agjste} FT-IRO 93] Aagitel 5354 83 3
vFog IHE A, $E 2 FNS FA3Yo.

a8y My, &8 3 AME 7ty #EZ oM
F937 fARE Hgog ZAQED agste] B d
TAME 4 MY, &2 L Ao g @ F5+ &
HEHE 18 Bkon(Fig 1,2,3), B3 E¢E A7)
AoiA] 3742 ’f}%’é—q AFEHE Yslo Zzhe] {4
HA3E F ANA ¥t 5AHAE Folugik(Fig 4,
5, 6).

— 281 —



ol NG 799 cm'9} 695 cmloll A FR} FA 9
vz BARA Gkor 779 em'E TFe] 29} F4o]
ZAE o 5937} 777 em'E o) E Y AAFALS
Bo Fck

Goldberg 5(1973) & 49L&

12 Mt o™, Larsen
@,3}9&1:}.

Giellieson 5-(1971)& g &4l 3loJ X+ 12.5 (800
cm?) Fo A 100 HNE S ERel AL 22 Fag
Yehfi7] el 7Hg wefabgo] AL fXa &4
o, 12u(829 cm™) oA e er v A9} 12.8u(777 cm
DellA e FMIAE B Fck

E dTAARE o9 miriAZ 833 cmlofA FH&
TEHAE velfo] FEE AUl edetR &
%on, FAe 728 cm'oM MG 27} OF TG
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7+ EAFol Atk

=g EATAE 7] 4 BAAEEY #AHE 9
Hated, 44, T8 L FAe EFEAH 7zt 9y
EAE ol &3 AHHY ZAHAWYL ARRS, s
285 dots A ¢t 2& ARE AJTH(Table 1).

T} Aetde] B3 EFEA 8 49, &8 2 Z4 e
Ao A7 gL 139 9 el Wzt A giuAgt
FHL 648 cm'E 651 cmlZ o] FHo] Uehton &
e 565 cm'2 ol FEol e o]Ze A
3 R0 g FEAEo] e Fnet A4H,

A9 7 A3 tvhE EAd JF¥E ¥R Y= ¢
HadA 49, £2 2 F4d e FR=E SPAG
(Table 2). o]m 24194& 10—200 ugoll Al HTF wo|APFs}
7.70+2.68% (5.46—12.09% ) 2, )5 Bureau of Mine2}
Dust Divisiono|A] A&d B34 2] 25—160 ugolA 4
HEF QA (relative standard deviation) 7} 13—22% o]
o, Taylor(1977) 2] 30 pgel A9 o Y% (precision)
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7 15%9 ARG & ARE AYY. T DAY

Heold 237ld A% AUeslt e B4/ R e
R AL Fo EANEE ©FE7] wEolth
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549, 2 2 49 FEE ENF 4 sEHN R
FEE 7181 T 490+ 329 mg/m®, 4% FTE 1814,
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a2y Hebdite) 5FA B v ¥ A9 5
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£ d7dMe 2259 3FH B3 557 30425
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FE AT AN FEE T Ad o Fet 4
Z+er).
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2) 92 10—200 pg BN AN B E=(C. V.%)
7} 770+ 7.68% (546—12.09% )15 348 (recovery
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43% (0.00—29.69%), F4L 815% (n=7, 341-19.70
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