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ABSTRACT

This study compared FTIR with XRD method for the analysis of quartz by % recovery, coefficient of variation (CV)
and influence of the interference. the results were as the following. 1. In FTIR method, the coefficient of determination
(%) was 0.9998 in a calibration curve of 695 cm™, and the limit of detection was 4.9 pg/sample. 2. The highest recovery
was 799 cm™ (98.2%). 3. The CVpooled of the FTIR method was approximately 10% in three wave numbers. 4. The
analysis of qualitative and quantitative for quartz is difficult with mixed cristobalite and iron oxide. 5. In XRD method
with rotating sample holder and LynxEye detector, the coefficient of determination was 0.9996 in a calibration curve,
and the limit of detection was 5.9 pug/sample. 6. The recovery and CV pooled were 104.3%, and 11%, respectively. 7.
In muffle furnace ashing, the quartz weight decreased to 34% when the maximum weight of the iron oxide was more
than eight times. In conclusion, the accuracy (% recovery) and precision (CV) of FTIR and XRD method for analyzing
o-quartz were similar. FTIR method was a disadvantage for sample matrix because it indicates possibility of inter-
ference. However, XRD method distinguished specific crystalline forms of silica, and the majority of silicate minerals.
In addition, XRD method recommend filter dissolution to pretreatment method.
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Research on Cancer, JARC)OIA @38 FAAdE
Group 2A2 EF3IH7F 199737 Growp 122 &
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SN

St 2AE felate AMSEE AR
e 20570002, & ZEAR= 47,725 (1~27,3878),
HFTEAE 1,905 (1-6969), AL HFHLe
2,960,469,661 kg (1~283,240,000 kg/d)0 & L]
R, AR Helke AzRdls ARRSE F ol
2, 2 ZEAFE 19086-739), 5 2E2AE 74
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AA0) HEoR BEEA &4 8h (Carmichael,
1989), FEITFAHSIONS g o a7k Silicagt ¥
Bed 2R 39 Sl 278 (Crystalline)st v)12
4% (Amorphous) F7HA FEHZ A3} ARG
(plagioclase), %712 A4](alkali feldspars), 34
(pyroxenes), 7+ 4] (amphibole), -2F(mica), FE
(clay) 59 FPatdg=Ee] AAEHe 80%E 95t
H, AAE fElvpate] s il gell A (e
Quartzye] 12%F 73 3H(Klein, 1993). 492 34
el 03~332%, AXEA 20~80% EFHA Aok
(Carmichael, 1989).

AR felikg 2xs) sl ule 2472
7} H39(Klein and Hurlbut, 1993) o-Quartz, p-
Quartz, o-Tridymite(E 2] u}o] E), B-Tridymite, o-
Cristobalite(Z &) 2B ulg}o| E), B-Cristobalite, Coesite,
Stishovite 52| T¥F B4z EAHA Hed, oF
o-Quartz’} 7 FH% Bdol, o1 olf= Xz B
e 259} JHEGA 71 0}7‘0@ Hefjo]7] w&

olt}, 28] Tridymites}t Cristobalites #& £&olA
FAEH, Coesite®} Stishoviter %2 oA dx9€
THIARC, 1997).

AP B A My BRAL FElat gl
a2} Al 1, 2, 3% BRoE ERsl] =EEE g
Asin low, TEEFess FH "63 Fre] Tk

A, A iErlgtelE, EUirlolEx (.05 mg/mt,
Eﬂiel 0.1 mg/m’. 8 et 910‘1% HH4E &
ke S4A8HTA 0.1 mym’®, THER, AR T+
A, AePHE 10mgm’ e E 3K UTHMinistry
of Labor, 2007). w]=:2kd ¢4 8719 2] 8} (American
Conference of Governmental Industrial Hygienists,
ACGIHpPIME 49, az|zgnilolg, BExjvnols

off isle] 0.05 mg/m®, E2lEe] 0.1 mg/m’, V] AAE
2 Uyt B e E 10 mgim’e. R daske] ¢
out HAle oAy, FEagniEelEed Yale] FF
AER R 0.025 mgm’eE Zesihey, iR &

Zatte ARRSHoR ATE I SATHACGH,
2006).

Tk B4 WHOEE N7 Microscopy
Method), ¥ARTE-4H (Atomic Absorption Method),
XA13]-H32 9 (Powder X-ray diffraction Method), 7+
2] of 1 b 9] A K2 (Fourier infrared
spectroscopy  Method), ¥4 (Colorimetry Method),
A 845 (Thermal analysis Method), & 2}7] 3-8
(Nuclear Magnetic Resonance Method) 5-©] ion}

SAAQL AR XRDHO) 71 ) AR AL Sl

:u

transform

o I t&o® FTIRYCl ARSI lthMadson,
1995). ¥ 499 AE3A(Limit of detection,
LODY 5~10 pgoln}, AYE (Precisiomy= 15% ©]3},
AT (Accuracy)e= TR %2 ZHo=E dEiA o
(NIOSH, 2002). 84 =W =27]E0] 005 mgm’,
ACGH TLV 0025 mgm’e 2 Zslel 2L 7gtsid
Az 7159 12.5~1/10 F5=0]7] gl HAE
A9 AEAS HS A Bart Yot
FME FTIRE ol 43 23% feltit #2494
e o] ATE ZE o)FYd e (Chai et dl,
1988: Oh er al., 1994; Phec e al, 1997; Kim e df,
1998, 1999; Kim er al, 2002; Shin er al., 2002a,
b: Ko er al., 2002; Park e al, 2003), XRDE o}&
o Al 9% U2lou(Cheong e al, 1994; Kim
et al, 1998; Phee et al, 1999) HAgo] Fglx|o]
SMOM gy AREI e AdEis ol FIIR
ol galed Aol HYRAMA THEHRE 8124 E
vﬂ%’&, 31# A (kaolinite, ALSi,Os(OH),), Z&)~FEn}
Zho]E(christobalite, SiQ,) 5°] ¥4 .2 Madson,
1993), XRDY o2 49 EoA] 7MEAR = F44
(barite, BaS0,), -$&E (muscovite, KMgAlSi,O,i(OH)),
B8 (biotite, K(FexMg):AISLOOH),), E(Fe) ol
A ITHNIOSH, 1994). FEAIG S tiitos
7 712NN E FIIREC) XRDY) g A8%
b s EA JElET . Bsigon, A1e
B3] & e flovt FIRYe] e s F=7t
=A velpd 9 9ua SO Kim er al., 1998).
3, AAY el 460 dlo] SAEem P
dg] o} &5 NIOSH Method 7500(XRDH)olA &=
XAFE eSS 7218 AN, GAEAAE A
ki, e Adyeold REE ANl Uk
Jeu GBS ALSS XAe] BAS BEA
o 04 S 101,]. X/v]o] =2 ﬂ§}21—7q Tﬂ'i ﬂ
A % %ﬂoﬂ 7] ool ﬂt?k Tk 7hAEh,
ol ¥ WMF ARY HAEF 74 AFE F o
c3k Aol FheEe XM | A8 Fd o @
lola 2Asle 439 3eE 80 ¢
13 XAl wbge SAskets EEAAY 3 aﬂ~
oro} #2¢] XRDOME 2
XA FARES S AlgRy dRE Li Ali
& AV el a3 89 ‘Q o}, ot
?—01]*% AN BN E AHESIT Ni ZHE
pre Frgton whskgRE gAsiglen Aes
22w Aldgeold hege ulg] $-5¢
A% A7) 4E71E AT
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by @ Apel 2 APAIN AZE ¥E
4YAES HYoR WS BE7Ie NANEI B
el XRD7E 49 249 o] A4E9A 2 AR
WAL & QA doknz, A FIN Mt
W TAY F Qe FsEolE, sk 24
9%, AR gl Be F#E vwsd FIR,
XRD 7 el Aol Ee wusiast de

II. 9i7EHy

1L X2 9 AExH

B o) AEE Table 13 2Ho™, AJSEH HPE
2 NAERY oAY FFEZS 1uR A
(Mettler Toledo, XP26) 2-Propanololl #4317 &gk
2 A YEIAR A 37mm, 5um PVC FilterS ©]
231 ANAFsIAT). BEHOE 10~200 pg HloIA A
Fsigon, A9TE 7] 3l FeiEHEelE
o} A3lAS 7b Mgt ) FMste] FAd W
02 ABE AR AHE PVCEEE A8 &
Az QAL WAE] Yt 1318 HEZTH B
B3 2 FoA ARAFT

2. A|2EY

1) FTIR

20| A& FTIRS Nicolet 6700(Thermo Corp.,
USA)C B F3J3l9lom, 2~ $)= 1000~400 cm™']|
A FALE 25t A9, ALEvee|E, A8t
HEe B4517] 9% FTIRY 7L Table 29} 22
), Alg9] 348 vls=gAtd B A9 (National
Institute for Occupational Safety and Health, NIOSH)
Method 760201 Wl AlE7F XHE PVC ZHE A9
7ol 31 A7]3)3}Z (Nabertherm Corp., Germany)
oA 600°C, 2A17F F<F 3SR 12417 & =t
YUE A 110°C AZ710IA 24417 o) 3= o] 3l
H KBr 200mgs ¥, 102 o) 124 A& &
13mm KBr el 529] tg oz 284 23]
L 7] AYS AR Az Do Aol
%AE 124 BESHNE gomz HeHo] pelletd]

Table 1. Standard materials

Table 2. FTIR conditions for analyzing quartz, cristobalite, iron

oxide
Parameter Analytical Condition

Scan range 1000~400 cm™-4
Number of sample scans 32
Number of background scans 32
Resolution 4.000
Sample gain 1.0
Optical velocity 0.6329
Aperture 100.00
Detector DTGS KBr
Beamsplitter KBr

AThe difference between NIOSH Method 7500 and this
experiment.

ZARA o7t Hold X E FIAIES FUAA

2 243 9 "3 BaA) w900 s 43
ok slo] FEgkd AMS-SFsATE. NIOSH Method 7602
Me Mg AHLS 800 cm™ 2 AAMBIL ot &
2 A3} 798~800 cmi'9] EEE B3 799 emT'E
stk £ FUola AEHAY WHE 185tk
799 cm'¢} TiEo] Age] So|H FHAY 779, 695
cm! LT 3 A3 2 (Choi et al., 1988;
Ko e al, 2002), 338X FHxe Eo)& ol&3t
Atk

AgeAe] 9XE Fo]7] 8 pellet AE A - ¥
N5e FAZ BAASE ol S48 EFY F
EZAuaAe AAsrh. KBre 7] Foll SRt
E FR 44 Jge wouw BN AAsY] A
A GrAClE AN Basey, A98AS 2
21°CE2°C, $& 23%+2%% 32 - A5 HEHE
A &5t

AGEAA] 7HFES Golry) At A oF
100 pgoll Fe)2Enlelo| g} A31EE 0.5-8 TFEL
2 #Arpelel EPAEE 7 Az

Az ~EvEo)|EE 620cm™, At3HEE 640 cm™,
530 cmollA AERE FHEE o] 8310, niEAd
Egow Q) 9= Fo] 4o oHE A+ H
0|5 Aliksle] ).

. Particle Size
Material CAS No.

Mean (um) Range (pm)
o-Quartz. (NIST 1878a) 14808-60-7 1.59 0.95~3.78
Cristobalite (NIST 1879a) 14464-46-1 3.48 2.29~5.61
Iron Oxide (Fe;0,) 1317-61-9 <5
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Table 3. XRD conditions for analyzing quartz, cristobalite, iron

oxide
Parameter Analytical Condition

X-ray source Copper
KB remove Ni filter
X-ray source intensity, kV 40
X-ray source intensity, mA 40
Scan rate 10 sec.
Copper increment 0.02°
Detector LynxEye*
Divergence slit width 1 mm
Air scatter slit & mm

Sample displacement Auto changer®

(9 sample holder)
Rotation holder
Stripping

Degree of data smoothing Not

“The difference between NIOSH Method 7500 and this
experiment. LynxEye Detector : Linear Detector

Sample holder
Ko, stripping or not

2) XRD

B9 AFESH XRDE Bruker D8 Advance(Bruker
Corp., Germany)Z 431920, Xy FA W=
HEUR Ve o g4 4Rt 7P 24
A A (Primary location)s A A o2 FAsie]
o, BMH3l= NIOSH Method 750000 weh 48
SHL, 71712718 Table 33 72},

NIOSH Method 750000 Axfe] wo s A2s|st
H(Low temperature ashing), Z23]3PH Muffle furnace
ashing) ¥ HE-&-s)H (Filter dissolution) 37F 2 AA
B Sioh B dgelXEe alslshia gelgsy F
o8 AAS & ulasig e, Al8rr ¥ PVC

MaEnrbe B dulg FHr|gaz e
600°C, 277k F2ot 3gsint, f4Eel8 B2 (Falcon
Tube, S0mHollA  HEIE  Teuahydrofuran(Sigma-
Aldrich, USA)© & &alisle] dgag %‘—‘MWI(Ag
membrane filter; 25 mm, 0.45 um)ol] A Fz& T 29
parlodion solution(Fluka, USA)S.2 1831 HE7o]
A gk Axd AelE A A2le 25 mm FEE
XRDZ ol Faste] st o) slabges
Aelgh AlEE Zgael AMtERE (Fe,00] FAS
AHEAI2E (Fe.0)% THIEIGoER (28-S A
BT

FA7ve saEye s Husigien Mg 127
I 10199 260002672994 26.3%°0102
w, FyAaBuERe) B |00 211422245

oo ok
rO{

i)
i

=z o
2 A

Lr

Ao ,

8 o-Quartz B9 Blw 133
21,689, AFEA2EE 1049 32313337k

32.88%), ARVEAFEHE 311W 34.63°-3591(F U H
35.18°), 2(Agre 1117 37.20°~3848° (%47t 37.83)
]Mt}’ "\];?f- %‘XL] XJ ‘ 3;: 9]”‘[’-} %@(74}‘9{» A]203)
2 Z4sted XA o] Walehe WAshy nhd 7
=5 23] 2EaE SIS Net Intensity)2 7
-2 A
S XMo) Agol FEel AR e 2
FEFEY I sk & A= BAE A (D)

o2 ALFsted BASITH

P

Iy = Iy f(0) M

Ia : Corrected normalized intensity of the quartz

I, :Normalized intensity of the quartz

f(t) : absorption correction factor=-R(In TH(1-T%)

R :sinf,,/ sinb,

sinB,,: location of silver peak

sinfq: location of quartz peak

T :transmittance of sample=L,, (average I5.5)

I, :Normalized silver peak intensity from sample

Iagn : Normalized silver peak intensity from media
blanks

3. °._4—TLLH% E—J a4y

o] %‘%;391 »@:ﬁ‘; SHAE: NIOSH(1995ylA] #jA g =)

of W} AEEtEom, 10~200 ugdl EFAEE zﬂ
Zale] 2AsITE A b 2ol AETAIE Akl
gou, geFgAE o Gyt 2ol AREsIITHNIOSH,

1995; Kennedy, 1996).

Calculated LOD =3 X £ = recovery 2)
m

o AR A0 FEeAt

m : 7187

recovery : A% LOD TE5F0lM9] 548
LOQ = 33 X LOD 3)

2) Z‘]§l5 gl Hule
Ao REEdS 2% W delA AR
Axslgoem 39&, & % recovery® L}E}LHQLTL, -_[L

S A o é% @ 2HTaylor, 1987; NIOSH,
1995).
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2AF o 00 )
A7 =

AU == Ho|AlS(Coefficient of Vanauon CV)E
e AR A8 A Ed gk HelAlg= S50l
AF(CVpooled)Z AT CV 2 CVpooledZE T+
ke 342 247 A (5), A (6)F ZTH(Taylor, 1987;
NIOSH, 1995). 232 AZE A8 F Mg F2A
3 717184 i A= HIE $3 BYMNBE 4
3] vk 248l HolAFE Eodrh

& (%) =

CV = o (5)
CVpooled =
J(N.—1)CVf+(N2-1)CV§+...+(Nn—l)CVZ ©)
(N=-D)+(N,-D+...+(N,~1)

CVn : A AEQ] HolAlS
N A =

om
HI

1

4. BH

EAEAL Windowd SPSS 12.0& ARE-sllom,
dole ¥ 2 Z AMe]= Excel 2003, Sigma plot
10.0& ARE3IATE. BFHFAL 95% FTEalN &
A AR L A ST

J_u

IIL. 243 &3}

1. FTIR

1) Ay ¥z @9 9 AgA 24

10~200 pgollAl 455 $FOT BFEASE A2
B4 A3l 799, 779, 695 cm oA Ao EHE
=7} VERteH, 799, 779 cm! peaki= XA U

Table 4. Accuracy and Precision of FTIR for analyzing o-Quartz

® 799 cm’, P=0.9973
0254 | © 779cm”, #=00085

v 695cm”, P=0.9998
—— Regression curve

Absorbance, Height
o
&

4
o

0.05

0.00 T T T T
0 50 100 150 200 250

Weight, ug
Fig. 1. Calibration curve for Quartz by FTIR.

2, 695 cm™ M AE EEEo] UERth MY Es

Aﬂ o2 AFslgon, RAASE Ha 09827, ¥

£ 0.9782~0.989001%001, Z+zte] A|gul} HAGA

F2 BAT F Ao} TR AL s
Ac}(Fig. 1).

2) AZA 2 HHeA

2 2Pl 93l 4F2E FTR ¥ AEdAE 799
em'NA 172 pg@EFE 934% AR, 779 cm o)A
13.5 pg(Bl8& 88.8%), 695 em'ollA] 4.9 pe(Z &
89.1%)° 2 JER}, 695 e oA 7 $473 AE3
AZ Jepglon, HHHIE 16 ugoldth

3) A%E % BUE

A 2@ FUEE Table 49 2ok F5EL 799
m'o X 982%, 695 com oA 98.0%, 779 cmellA]
97.5% &=o)Ron, AULE k] FaLda B
E3o)A1S oF 10%o2 veistth 223 7718
9 AUE BRS 93] FUANEE TR A 799,
779, 695 cm Z¥zt BShHOVAIS 2%, 2%, 4%E -

799 cm’™ 779 cm’™ 695 cm’™!
Added
Level N Found Recovery Found Recovery  Found Recovery
He Ccv Cv Ccv
ug mean, % Hg mean, % ng mean, %
1 3 1098 1176 +178 0.15 93.4 1237+201 0.16 88.8 12.33+1.48 0.12 89.1
2 3 5197 5520+457 008 94.1 5344+286 0.05 973 5093+6.12 0.12 1020
3 3 104.57 98.17+575 006 1065 99.68+846 008 1049 103.56+6.37 006 1010
4 3 20637 208.76+9.13 004 98.9 208.41+£11.24 0.05 990  207.7+948 005 99.7
Overall Recovery 98.2 975 98.0
Overall CV 0.09 0.10 0.09

CVpooled of repetition is 0.02~0.04.
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Table 5. Effect of cristobalite on quartz analysis by FTIR

Absorbance
cm’! Quartz Cristobalite Quartz Cristobalite Quartz Cristobalite
100.1 pg 49.2 pg 104.8 pg 99.3 ug 102.8 pg 206.6 pg
799 0.134 0.206 0264
779 0088 0.122 0.136
695 0023 0.029 0.027
620 0.026 0061 0.127

08

pX: 3

083

o7s

Absorbance

Wavsnumbers (o]

Fig. 2. The spectrum for mixtures of Quartz and Cristobalite.
A is contained cristobalite with 206.6 ug(67%), B=99.3 ug(d9%), C=49.2 ug(33%)

2 H3ow 695 cmloME AR E gle] FglxEulolert eEo] 9o 799, 779

3 e
R W 7k B9 em 7F 73RS AL, skl SREol lew
695 cm™7h ZHEE ol AR freatite] S

4) HgAE el Mot A agEulete|Ee] o] oA Hn,
2% °F 100 ugoll Aej2ErlelelE FF Tte] w} AHEAe) 2o HiE 7 A

2} 799, 779 cm” FEEE SIS, F HH3= shi

2 AXH(Table 5, Fig. 2). ©3 A3k 3ol & 2. XRD

7rel 695 em e frolshA gasiivke = DRI ER- R R

097, p<0.05; Table 6; Fig. 3). Wk A B0 10~200 peollAl 5%% FEOZ FFANEES AXE, &

Table 6. Effect of iron oxide on quartz analysis by FIIR

Absorbance
cm™ Quartz Fe,0; Quartz Fe, 0, Quartz Fe, 0, Quartz Fe,04
99.6 51.8 100.7 101.1 101.3 401.7 101.0 796.5
799 0.117 0.113 0.133 0.114
779 0.087 0.082 0.095 0.078
711~680* 0.263 0230 0212 0.189

4 Area of 695 cm™.
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Absorbance

Wavenumbers {cm-1)

Fig. 3. The spectrum for mixtures of Quartz and iron oxide.

A is contained iron oxide with 52 ug(34%), B=101 pg(50%), C=402 pg(80%), D=797 pg(88%)

250
* = 0.9996

200
2
2 150
]
4
©
B 4
2 100

50 -4
0 v . v T
0 50 100 150 200 250
Weight, ug

Fig. 4. Calibration curve for Quartz by XRD.

4

M3 Fig, 4°] AGFEs} M2 wANY AY
dRon, LE AgE HFd el AR

2) A& 2 AFIA
XRD 39 AEdAE 59 ng@FS 1243% 3
4oz yehtdon, FH3AE 20 pgelict.

3) A= 4 @“‘E

Ao 9@ Ad= Table 79} 7tk 34 Ha
1043%, SFHNATE 11%E e, 20 ug ©l
& Ase AlBelM 54 293 WolAlS BF e
HATh 23 SYAE RS A3 FRRelAT
2% W $5E AUEE YERIQIT

Table 7. Accuracy and Precision of XRD method for analyzing a-Quartz

26.33° (26.00°~26.72°)

Level N Added, pg
Found, ng Ccv Recovery mean, %

1 3 10.04 1248+1.75 0.14 124.3

2 3 20.07 20.72+3.32 0.16 1032

3 3 50.18 477751287 0.06 952

4 3 100.35 98.38+9.84 0.10 98.0

5 3 200.70 202.02+4.04 0.02 100.7
Overall Recovery 104.3
Overall CV 0.109

Pretreatment method is filter dissolution
CVpooled of repetition is 0.02

Journal of Environmental Health Sciences, Vol. 35(2)
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Table 8. Diffraction intensity of Quartz, Cristobalite according to two pretreatment methods

Muffle furnace ashing

Filter dissolution

ug added Diffraction intensity, cps® ng added Diffraction intensity, cps
Quartz  Cristobalite Cristobalit®  Quartz® Silver® Quartz  Cristobalite Cristobalite  Quartz® Silver
100.1 49.2 1.27 2.63% 125.0 101.6 50.6 1.22 1.934 1192
104.8 99.3 2.81 2.65" 126.8 100.9 100.1 2.63 1.82 115
102.8 206.6 5.36 2.265 1224 1013 401.2 11.72 2.12 113.8

ACounts per second
26.00°~26.72°, “32.31°~33.37°(Fe,0s), ©37.20°~38.48°
Absorption correction factor :

3060 3

B

|

laaaad

1600

Log (Cps)

Lolaeia o

Cristobalite 100

i

A

Quartz 101 fl
|
4

il L

W

2-Theta - Scale

Fig. 5. The diffraction line of Quartz, Cristobalite according to
muffle furnace ashing.

£1.0166, F1.0000, ©1.0292, "1.0071, '1.0292, 1.0368

4y ARt e

Table 8& A7} Ze|aguklole EHadE 33
W (Fig. 55 S o® At 47 22 Aol
ok AlgEEeA] XMo] U FpEle] iRl & 3
HA7pert Rase A%e vrhlislod §5E4 &
Ao Bld7hwe ovwigle Aol fIgivt. el #st
Ho A AlE7T Gaiel v dAHe R F

H
g

ZAgre 7hkor) BshfoMe akakd SRRl
2 49 EA=sE oAl A Le=-098,
p=0.017), Ako] oF 50 ug FHEUL wiell B3k
800 pg THEI0e woll= APBEdEr) 34% s
gk et g oR HAEde uisle Aol
7} figiek. Egk aksbdo] ShE AlEolME TRt
of we} wpebo] A<53lAchFig. 6).

FNAE Fash 2 T8)T e gaR T 8
e BAYHE Aok olele YR pAdde F
% oakhita, ABHYFIE, A8 o) Vet
apgw gAEEd oled sgy 4 &

o
5

Table 9. Diffraction intensity of Quartz, Iron oxide according to two pretreatment methods

Muftle furnace ashing

Filter dissolution

pg added Diffraction intensity, cps® pg added Diffraction intensity, cps
Quartz  Iron oxide Quartz® Iron oxide®  Silver” Quartz  Iron oxide  Quartz  Iron oxide®  Silver
99.6 51.8 1.93F 0.486 125.5 1024 499 1.797 0.336 1174
100.7 101.1 1.90¢ 0.903 123.6 101.0 99.8 1.751% 0.609 119.1
10L0 401.7 1748 3.378 1059 102.2 402.8 2.002+ 4.273 107.1
101.3 796.5 127 5.067 102.8

*Counts per second

26.00°~26.72°, ©32.31°~33.37°(Fe,05), P37.20°~38.48°, P34.63° ~ 35.91%(Fe,0y)

Absorption correction factor :

F1.0071, ©1.0217, F1.1378, "1.1566, '1.0071, *1.0144, “1.0848
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Fig. 6. The diffraction line of Quartz, iron oxide according to
muffle furnace ashing.
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B4 Fdagnlge|Er) i AlEE JeiEd
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Table 10. Comparision of analytical methods for Quartz by FTIR and XRD

FTIR XRD
Peak location 799, 779, 695 (cm) Many” (reflection)
LOD (ug) 4.9(695), 13.5(779), 17.2(799) 5.9%
Accuracy (%) 98.2(799), 98.0(695), 97.5(779) 104.38
Precision 0.09(799, 695), 0.10(779) 0.11%
Pretreatment duration > 6 hour <30 min
Analysis duration <1 min about 10 howr®
Internal standard Not Silver membrane filter® or metal substrate®

Correction {matrix effect}
Pretreatment method
Interference effect Much

Necessary (but limitation®)
Ashing, acid clean up®

Necessary (absorption correction)
Ashing"®, dissolution
Little

4101, 100, 112, 110, 012, 211...
B 101 reflection

€ Slow step scan with interferences (10 to 80 °26, 0.02%/10sec).

P NIOSH Method 7500
¥ Japanese standard(Kohyama N, 1985)
FCan not apply to all interferences

S Using for including silicates of sample, but limitation for all interferences

H Muffle furnace ashing is limitation incleding iron of sample

FTIRHS] 7Hdddl diside g A7) ofFo
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Reut et al., 2007). 2281} o)A 7RG 3] )
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al, 2007). XRDe £4A710] 711077h o) i)
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