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ABSTRACT

Objectives: This study was conducted to estimate quartz concentrations in the airborne respirable dust from concrete manufac-
turing industries and to compare performance of two analytical methods, direct on filter(DOF) and the transfer methods in the
Fourier Transform Infrared Spectroscopy(FTIR).

Methods: Total 36 area samples were collected from 8 concrete manufacturing industries. Each respirable dust sample was collected
by a 25 mm cassette attached to a 10 mm Dorr-Oliver nylon cyclone. The quartz content was estimated using the intensity of the
absorption peak of quartz at 799 cm™ by FTIR.

Results: By the comparison of quartz content in respirable dust between the two methods, the results of using DOF method were higher
than that of transfer method. And the result of quartz concentrations in respirable dust estimated by DOF method were mostly
higher than those by transfer method. Statistically significant difference of quartz concentrations in respirable dust were not found in
shakeout, input, loading and transporting processes by two methods. But quartz concentrations in the molding process had the
statistically significant difference between DOF and transfer method.

Conclusions: The results of the study is suggested that, it be needed to correct the influence of the interferences in order to establish
the DOF method when interfering minerals have an effect on quantitative analysis of quartz in respirable dust by the direct on
filter method with FTIR.
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ZEKChronic Obstructive Pulmonary Disease, COPD)
Zo] HEl= Aog HE 3 QthWeill et al., 1994;
Weber & Banks, 1994; IARC, 1997; NIOSH, 2002).
53], AEY 5 2, A, EYES 59 AFelA
A Fo] AR eFHTA dEA QLem(NIOSH,
1997), £ E 2319 B9 22 w=4w0] 2449
JHAate] 3F710] FRS = Aer HuE v ok
(Meijer et al., 2001).

olof| A7 (International Agency for Research
on Cancer, IARC)OIA = A 5& 233 24 F f
A FHOIAIE QA UAEZ(Group NE EF5HAL Q)
SHJIARC, 1997), vl AFALBAE7E E o3 (Ame-
rican Conference of Governmental Industrial Hy-
gienist, ACGIH)ol| A= 2000 o] A7} ¢S 21A
sto] Ao k&S TFAAREZCEA 0.05
mg/m’ol A 0.025 mgm'Z Zsetdon wWekAo]
oWt EFE A I FHEHA)E dAsHA vk
SIHTHACGIH, 2012).

olefat AAR 4ol EA ARPHoRE X-
A 3| A B X H(X-ray diffraction method, XRD)Z} 2]
of :H &4 @) A B8 A HH(Fourier Transform Infra-Red
spectroscopy, FTIR)®] 71 o] o] &%l 3lth(Mad-
son et al., 1995). 9-2]Lietoll Al XRDHHo] ]3] 2
AAZE A A0ET, Aok RAEgoR U
Tt wom WelEdo] EAE A HAggHoeR &
HEY FAE s & + e A 7H v=F
AobA B A AL (National Institute for Occupational
Safety and Health, NIOSH)2] -3 A &= 2l 760209
O3t FTIR-2]3H] o] de| o] &5 aL JIEHNIOSH, 1994;
Phee et al., 2005), L2t} o] WS A AJ7to]

AFs] e 2aro] oy o] ARE Aesh=dl 4
gt WRlolet & 4= glom, AlR9] ZE olFoR
gk B4 £AE Thags} = 4 ek wa 5ol &
% v} ltKohyama, 1985; Pickard et al., 1985; Lor-

berau, 1990; Lorberau et al., 1990; Madson et al., 1995; Shi-
nohara, 1996). o]&|3t TS FE35}7] 93t FTIR-Z
= el H(Direct On Filter method, DOF)-& ZEE H}
2 FTIRo|| A2tsto] FFE=s SH4sh= YHo=zA,
Ao ZFe o507 QIgt &AL Fo|x, AXZ
ARRE wol B 3 5 9lof 2l=te] A9 AEBeny
& AA AR e APt SE v gt
(Toffolo & Lackington, 1981; Pickard et al., 1985). -
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2zt E FTIR-53p 7 480 e o] a2 )
AT} S8 vl glont R4l Y Ko et al,
2002; Phee et al., 2005; Phee et al., 2007)2 =+3+%]| o]
A A8 TP AN B3 FAEE A
g HY &7 SERE EetaL 1
Y mEeEe] Ut =y dA4te AY olF
o || o9k, &=l HPoe FAYE APk B
7he =2 9 A5E 7 Y
o $tAE o] Biigo] ¢lci(Akbar-Khanzadeh & Brill-
hart, 2002; Linch, 2002; Flanagan et al., 2003; Mid-
daugh et al., 2012; Shepherd & Woskie, 2013).
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TEAEFL NIOSH 0600 ZAAEH el wheh A
Astgom, 217 25 mm, T2 5 me] GLA 5000 ZE]
(GLA 5000, SKC, USA)E 21t 7}M|E(2-piece cassette)
of| go} 10 mm nylon cyclone(Dorr-Oliver, Gillian, USA)
of Azkstod ARgsITt 5 HZ(GilAir-3RC, Gilian,
USA)o] AbelEaS ddste] AgsHolA L=A12
2] A 2 5E R 77k A1 S A ste] 360

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(2): 75-83



= A l FFe 17 2/
2 % A|(Defen-
der 510, BIOS, USA)& S 3ol 5]—01] A
g1,

F Ao, 5
= & ElOPml o] it 5
ﬂovzu HFe 001 mee] ES 74 A
Z]-ZiﬁCPAHSD, Sartorius, Germany)2 A5 S

33 vhasiel RS HAR 5 HRRe AHgsls

&0l GLAS000 ZEE AFaksto] ml=
skl A(National Institute of Standard and Tech-
nology, NIST) 3¥FE7%|(Standard Reference Material.,
SRM) 1878a(Respirable quartz, NIST, USA)ES LA
A eFslo] 2-propanol(Sigma-Aldrich, USA)o|| <3}
A AT = AAe el BRAR} AR
b AR Wel A ART FTIRG Selol 4348
T 90°2 43 SHAA TR SHSAT. Hp8e
sd40) e oxbE Zolv] Sleke] w4

g9 BAE B4 A #2% 499 FAR Ye
foz Z43E wshark

l:'l

55“ HNﬁ

T 2 WS Bl
35 o)Ak RFElglT, NIOSHO] ZA AW 76022
Vg gelo] WAL, AFHE 1) BE
ZX(blank, 12.5, 25, 50, 100, 150, 200 yg)©-= SRM 1878a
(NIST, USA)2} KBr(160-8010, PIKE, USA)S &3}5

o] #FEIS THE11 13 mm ZEcho|(Pellet die) 2 ©]
$AU T RYLALE olgstol 79| Yoz W

ststelet. ol FARet 3 FTIRZ HAfste] =
Y FRES ERHLS o|§3 YA helstel
A& Aotk A3 AR ErhUe Pof
S e 5 600°C BBhol A 24KHET Bl8kAI A3
Moo mR 712 A ol gl Aol A 200
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© & ukEo] FTIR(Cary 640, Agilent, USA)S o] 83}
o] 1500 em'~400 cm™ 72| ZAEHEI, 799 em™ o) A]
Aojo] s =439tk 3482 SRM 2679a
(Quartz on filter, NIST, USA)S /\]E'L@r 3 B
o2 AAgdle] Aoz vtE S AlFE x|t
vl shRlal, AlmEA "k @S E0lil EEE
do| =5 HASY] flsf Ale] FAef LT
BAR Ur gos =4S AT £33 A&
SHAl= u|= 374 2 S % (Environmental Protection Agency,
EPA)Q] HZHALE o| g3t WO g HEA| R & 7}
A e srs 7TH HHE B2y T FEZ=HA}
9] 3uE HETAR ﬁﬁé} Etl(EPA 2013), A
Z3%HA wjute] A g LODx V2 2 A 2|3k3ith

G) BENR £

D 9x HEE T4

Z32E =8 A2 (Bulk sample) T FH 2| 1A
Txo} YaES Ty $jste] 2 LEals
AWrE4 FAMEU]Z(Ultra High Resolution Field
Emission Scanning Electron Microscope, UHR-FE-SEM,
Model S-4800, Hitach, Japan)& AFE-3l oW, Al&R
e Y 23 A} 9l Xeray S HESH] B - A
F= A5

@ 3}shA] g Adw

FAESY EAARE ol gt sshy A
= Tofel] fiste] X-A 33343 7](X-ray Fluores-
cence Spectrometer, XRF, Model PW2400, Philips,
Netherlands) & ©]-&35} 3ttt #23E 3l Al=2} di-
lithium tetraborate(Li.B4sO7)E 1:59] H]%E Z3}s}o]
W (PH0,)0] 5% TeE Erhyo] Y& & 1,100°C
of 687F &9l & §-2]H(Glass bead)S A& 5lo] H
Halode) 24 4] Z2AZEES A7) 9 X4l 1)
o] AL 3 kWolglon], 2035 004 14801913 &
AA2E F4(Silicon, Si)of] $8& T AHS 5H4
th Ao gigt AMEHL 14222} 144.69] 209]
A= FAskch

3 Am e A

ZARE AR50 SAEASL SPSS(Version 20.0K, USA)
w2Re ALgeAt 7] F BEARA W 49
L Sapiro-Wilke] AT A AT R TEE
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78 uisldy, YBH, I

g wol s|shgRa AltEEARE ANSAL 2
3h9] |3k gisto] AR FEUAE Hujo] 5
Solgint 20 AT AR Sl F 21
371 % BEARR SEG NYFRF) vlwt Mam

o] AR whE = 9 o Hll= Wilcoxon

signed-rank testES Z-8-3}%th
ML 94 71Z 1t

1L BEAIES NEEA
NEEER L

23 E SRR 0N TR} LR Thols
7] $lste] HAApFEARA0R BASE ATt AxgA
o] BFASI zto] B waFS sk glglom,

vk o2 10~30 mm 27| E Ve tHFigure 1a).

-

4

100pm » ) Electron Image 1
(a) Shape

Spectrum 1

(b) Spectrum
Figure 1. A shape of concrete bulk sample analyzed by UHR-
FE-SEM
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oF 1.8 KeVolA
T4(Silicon, SHTAE & 4 QS H(Figure 1b),
FoEoka, B 21.7%, TE

[e]

9.7%, T14 3.7% SO0.& o2z ¢)ITtHTable 1).

2) 353 A A8

Z3YE EHARY 3 pAHJES XRF2
A& A3} Sioo7t 9F 53.1% AEE AFASFAL QU3
3l Ca0, MgO & S°2 A&%UcKTable 2).

2. 37| BAES s
) IZPZEAY 5=

2AE FFAGEY TN S 2T} 7|51
#FEEL 0.09 mg/m'2 UERTHTable 3). <ol A]
EE 5EARAC] 7|5hEE FEE 011 mym’2
718l E 4 H% 0.07 mgm’Eot =4 Uehgton,

4H 3
2> HA) #0087 = YEPdti(Table 4). £437
27 B9 71884 0.19 mgm’ =
(0.06 mg/m’)o]| vt} B
s EATHp<0.05).
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Table 1. Atomic percent of element in concrete bulk sample
analyzed by UHR-FE-SEM

Element O C Ca Si S Al Mg Fe Na K Ag

Compo
nent Rate59.90 21.68 9.71 3.66 1.60 1.16 0.55 0.53 0.47 0.43 0.31
(%)

Table 2. Chemical composition of concrete bulk sample analyzed
by XRF

Element Si02 CaO MgO FCzO3 A1203 Kzo SO3 CI’zO;

Compo
nent Rate 53.12 20.75 1320 548 5.16 146 0.53 0.3l
(%)

Table 3. Respirable dust concentrations by sampling location
(Unit : mg/m3)

Location N GM**(GSDT) Mean + S.D.} Min Max p-Value

Indoor 18 0.114(2.113) 0.143 £ 0.094 0.016 0.370
Outdoor 18 0.068(2.354) 0.102 + 0.135 0.011 0.616
Total 36 0.088(2.304) 0.123 + 0.117 0.011 0.615

: N ; Number of samples, “GM ; Geometric Mean,
GSD ; Geometric Standard Deviation,
¥Mean + S.D. ; Arithmetic mean + Standard Deviation
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Table 4. Respirable dust concentrations by process of Hjglo] EAIA O R {2514 =A YERFTHTable 5).
(Unit : mg/ms)
P N GMGSD) M E Min Max p-val o7 = Moo =
rocess ( ) SD. in ax p-Value 3) 7 F A9 Fx v
Molding 11 0.110"(2.285) 0.142 0.016 0.370 AT NES FIR-= A 3} 2lopilo 4—8]-
e A TE of Hoflsmg wlmt A ARk SABIA A
Shakeout 7 0.120™(1.945) O'Olgggi 0.055 0.256 Aoz AHYES o83t A7) sgie 0133
0.253 + ApHTE 57| et Table 6). 23 EH 2] 75‘%
b .
Input 4 0.187°(2.355) 0245 0.087 0.616 0.011 ﬂ X]Oﬂ A.]O:]A 7] ]__ﬁ_ﬂ_ 30 ﬂgfm o] E-%]_
= o B A5 Ax 2= RCR
Loading 10 0.048%(1.974) 060(5);41 0.011 0.131 ARE FaPHoR BASH Avl 7|8 8d 3.19 pgm’
i ot 2 il Rolr} gl 0= hekide et
ransporta a . - S
tion 4 0.059%(1.614) 0.028 0.033 0.087 2] X9 AL AHAEHoA A%k 7FFEFS
430 pgm’o L 7|51 E I 2.64 pgm’ 2 F B
Total 36 0.088(2.304) Oblﬁf 0.011 0.616 e 019131, S} - g 3 T
b - Azl Jolzk gl ACR hebtrhp<0.05)
; Group with the same letters were not significantly different AW A2 nwst 2yl eraol|A] 2A W
by Duncan's multiple comparison at a=0.05 58 AYe=s sk A FYelA AL
H9] A 7|SETe 2.53 pgm’0l9liL, FUNEE
2) 27 &= Ao ggFun slslH oz B3t Avl 7|5l Hd 242 pgm’S B
o A0 AR SEARA AR PTRAY oMbl 7). FEHE AR Mg 71ops
ZEHI sspHoz ‘j“’é‘}ojl A QS Bt T 3.04 pgm’, B|FPHL 3.17 pgm’o] ek HAEH
At AL A 7| ETE 4.7%2 3)5HH(2.6%) 7S ALER Agszo] 7[lEwo] 484 pgm’o|
Table 5. Comparison of quartz contents between FTIR-DOF and Transfer methods by sampling location (Unit : %)
. DOF method Transfer method
Classification N - - p-Value
GM (GSD) Mean + S.D. Min Max GM (GSD) Mean + S.D.  Min Max
Total 36  4.67 (3.09) 8.12 + 897 0.35 4146 2.62 (3.59) 4.84 £ 555 0.08 28.27 0.002
Table 6. Comparison of quartz concentrations between FTIR-DOF and Transfer methods by sampling location (Unit : gg/m’)
. DOF method Transfer method
Location N - - p-Value
GM (GSD) Mean + S.D. Min Max GM (GSD) Mean + S.D. Min Max
Indoor 18 4302 (2.134) 5293 + 2933 0.628  11.711 1.815 (2.999) 2.640 + 1.842 0.148  6.289 0.003
Outdoor 18 3.916 (2.195) 5229 + 3916 0.825 15.7533 2.926 (1.593) 3.190 = 1.224 0.794  5.971 0.398
Total 36 4.105 (2.144) 5261 + 4.105 0.628 15.7533 2.304 (2.377) 2.915 + 2.304 0.148  6.289 0.002
Table 7. Comparison of quartz concentrations between FTIR-DOF and Transfer methods by process (Unit : gg/m’)
DOF method Transfer method
Process N p-Value
GM (GSD) Mean £ S.D. Min Max GM (GSD) Mean = S.D.  Min Max
Molding 11 6.026 (1.528)6.523 + 2.671 3.048  11.711 1.781 (3.623)2.782 + 1.906  0.148 6.289 0.003
Shakeout 7 2.533 (2.436)3.361 + 2.315 0.6283  6.3330 1.869 (2.245)2.415 + 1.860 0.469 6.159 0.398
Input 4 3.040 (1.572)3.304 + 1.678 2.1503 5.7451 3.172 (1.350)3.274 + 0.887 2.088 4.165 1.000
Shakeout 10 4.840 (2.237)6.425 + 5.081 1.5074 15.7533 2.701 (1.756)3.046 + 1.409 0.794 5.971 0.169
Transportation 4  2.972 (2.743)4.163 + 3.644 0.8248  9.2636 3.295 (1.451)3.467 + 1.248 2.353 4.567 1.000
Total 36 4.105 (2.144)5.261 + 3.628 0.6283 15.7533 2.304 (2.377)2.915 + 1.566 0.148 6.289 0.002
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AL, 33 3.05 pgm’ 2 UERtow, Subg Aol
AR ZE ol AP et 7|k ET 2.97 pgnt’, 3P 345
pgm’ 2 Tha o7k QIR BAH Gode gt
thil, 43349 A ARDeERIA 7|shEo] 6.03
pgm’ o)L, B3P 1.78 pgm’' 2 T BAT] B4
Ao §olgt AJo|7h 9l AR LEPETHp<0.05).

v.on &

T AAY kel Egom kAo B
A EAsht J W AREd A HelAe E
grjnbo|E, JejAErlEto|E 3 A Fo] o7
g o] o Hxo| mgsie] J1HFS Yo
Aol 9= ALY A7|= 5 molstE LA 9
(Nagleschmidt, 1960; IARC, 1997). o]#3} 5354
Zlof| Zghe AAY AR AA oA iRE &
gog ZA5H7| gl AR Bofo M= F2
ol Wt =2 Hr} F3 QlckJeong et al., 1994). -
gufete] 49 Hgom Qg Z2Ae] AYETE ¢
3lo] 2008FHE =Z7]2S 0.1 mgm oA 0.05 mg/m’
2 ekt AAES SHENCEA A9, A
~EHlElo|E, ERjtjulolE, Eg|Ee] 47[A &2 E57
33 QJtH(MoEL, 2012).

THAMES A8l Abas T12]al T2 YAaE AE &
F EAFEHE AU, 0|3t sietE 5 oAkt

FE Wl 2493 vAAYS gk 2 o
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x| FHES XRFE &3 A3} Sio7F oF 53.1% &
T Uegon ol 3 E FE Y EX8= A
ZAE oulgtch IARC(1997)fl 41 Ea2| =9 F4)
=2l AHES] A9 5% o]ate] Agefge HolH,
=5t AIHES] 72 1% o]3te] A9 =S Ho|
o2 deA glthJakobsson, 1993). & o] A]
TIR-2|3H ol A] 2.62%9] A Eo=dl
ZAYEAAQ] A 2l 2 ZAfet T3 o
LEE7] gi2e] 1% o)ide] T Aog Helrt gt
H, ZAYE FHg ARl AFHE 3541119 7]
4 % 0.09 mg/m’ 2 UERGT} o] Kim et
al.(1999)0] X3t ZIBE AFdA o] FTA
L1 0.26 mg/m’ T} Kim et al.(2002)0] R113t &
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Meijer et al.(2001)0] =345t ZAZE AFGAQ]
JEA % 077 mgm Bt A Yo Ssxzom
B7FE A ol S Al A 219 HARS 3l
249) 2elo] A% W WAEOR 44
Aol Hsf thar BX19] =t WA o
FHEL % wBY|2e 2L
ARE 35/3wX10] A9 &9 A YE S A
o] 7} oF 57% %7 Lheth Sufolla] hle Syt
W uch AR 55 WeTel g7 vy

=
h
229 =572

ol el BAHA7F EHE

H(Microscopy method), QA+-8-4% ¥ (Atomic Absorp-
tion Method), H]AH ¥ (Colorimetry method), HA}7|-5
H(Nuclear Magnetic Resonance method), 2] of %}
2] Q)X B350 A H(Fourier Transform Infra-Red spectros-
copy, FTIR) & X-Al 3]-EAIH(Xray diffraction method,
XRD) Fo] 3len wjo] 49 Ui XRDE ©|-§3}o

BATH A7(Kim et al,, 1998; Kim et al., 1999)%= 4=
A vk QAT FTIRS o83t 49 s bt o

F7F o5 o|ti(Choi et al., 1987; Jeong et al., 1989;
Song & Lee, 1994; Jeong et al., 1995; Phee et al.,
1997; Ko et al., 2002). FTIRS ©o|&3%t Alo] A=
HA o] ARGEIE 3 5] w799, 779, 695 em) F
o|4 NIOSH " 760204 = =e|iErleto|EV}
R Al RE aPgo] HAA] Q= 695 em ol A £4
sh= Zle dASkAL QITHNIOSH, 1994). 18y &
AT B E AR AP Aelsmntetol
£} ABEA o Aao] ALoa ol2olz)
< qekstel Aol saw oreizl 799 om’ 5o
A FApstel B AESTh 1 Au ZaeE
T AR 71 S A9 wEe 3EolA 230
pgm'2 UER} oA B E Kim et al(1999)9]
7.64 pgm’, Kim et al.(2002)9] 7.52 pgm’ R} thi
We 702 Uehytt ot oY AFEe £
9E AT AYF ] 220] i wol WAL o
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2] 4(1.82 pgm’)ETh 2] 2] 9(2.93 pgm’)olA A%
o) &7t &4 B} =) ol ZIEE ARIAe]
RS AGBIE LR Z¢]o] Lo]ofA] SE QY
7] gEoz wokut Hokek ¢le oF 4 glolck

A 2aElE A9 SERe BE g
AN HYe SAR Qglon, Al FEa
AR B B ool 1 gk EERET
2 g3 2EAL HopR 4 giglow], ]
A w A8 Aol UA ek weh Aol
ALY FABAYE U o A= T
A 2EAS) AGHEES SISHE WEA BT
HET Zgo] Wash] HY w=EFTHIL HES
A S e Fadr1gA AAL AR AR

TotEc) 3, Meijer et al.(2001)0] XA Z3E]
E AR 371 F 99 FEe 03~186 pgm’®
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