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Particle Size-Related Dust and Quartz Concentration
of Stone Grinding Operations
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ABSTRACT

Objectives: The purpose of this study was to evaluate quartz concentrations in airborne respirable dust and particle size-related
quartz concentrations.

Methods: Respirable dust samples were collected using a 10 mm Dorr-Oliver nylon cyclone equipped with a 37 mm, 5 /m pore
size PVC filter. Dust samples were collected with a Marple’s personal cascade impactor from stone grinding operations in five
stone-related business located in the Gyeongsangbuk-do area.

Results: The geometric mean of quartz concentration in the respirable dust was 0.170 mg/m’, and the rate of exceeding the Korean
Occupational Exposure Limit(KOEL) was 93.3%. The quartz concentration by particle size shows that it was the highest(0.115 mg
/m’) in stage 5(3.50-6.00 1m), which corresponds with the size of respirable particle. The smaller the particle sizes were, the higher
quartz the content became. The mass fractions of inhalable, thoracic, and respirable dust were 72.1%, 36.0%, and 14.4%.
Conclusions: The rate of the quartz concentration in respirable dust from stone grinding operations exceeding the American
Conference of Governmental Industrial Hygienists Threshold Limit Values was 100%, which means proper work environmental
management is required through regular working environmental measurements. Given that the stone grinding operations had a
higher small size dust concentrations, there is a need to reduce respirable dust, such as through wet operation and local exhaust
ventilation.

Key words: particle distribution, quartz, stone grinding operation
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A=, A=, AHE 7HsA, EEA 9 XA B4 5 AT 87%, E|A AT 6%, HAYT 4% H 4t
o] QAT AL Zt okMog AzYrl AZRE F7F 3%ol L AAdUdFAA = AT &5 F
o] oW, W, oF 9 yFule Fof ARSEM, A AodFollA= AS, WHAYNTFAE dEldel 8
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L ageh AR % el alo] i ol syt A
A Sl ARl 90% ol4e sk ek
ol AU TR THBEL NG 30%, FA
65%, S 3%, 7|E} 2% AAE = x| o] whe} &
Y Hge] |7k glof HAe] Mo| chzch
(Jung, 2004; Lee et al., 2006).

/dxﬂ/\].cﬂg ﬁ.ﬂok 591 HZH% xh:L}, % 7]_
Bofol HAES Azshs HuEL 4u1 s, 2
= Zoll sFFTHKOSTAT,
2013). o] =gt “H*PO‘% Apgdo] EAst= o]& 7t

]_
=

S AEE REE A
9 e Ao TaHd
(Lee, 1992). AHYAA £l AF7lo] SJshAL
A E A ZEA 9 A7l ofgh wale] 9
o ®31, AA7FE TN A AR Bale] e
rae) F8, R W A4l wet xfolst glom,
SQu A, elad Fof uheh s7peow tha
9] Exlo] HAE 7= tohLee & Kim, 1992; Min
et al., 2004).

ol XA 7 WAA V] FoF HhyE= I
E/\éﬁ_xloﬂh /\]—§}-_HL_{\_ ﬁ?@lxﬂ /\4030] sFo E]o—] o3}
t}. o] 33t AL Ifu|Z=(Silicosis), Tlﬂ 493K Lung
fibrosis), H¢F 5-4 o] HH, fHFE 3344 7]
o) 4ol wEEAS W 1T W 2L WAL AT
(Hogan, 1995). 3, 5174 4o w22 #7]
s A3}, 7| =49 M (Airway obstruction) 2! THA ] 2 A
H 23} So] SHFEm(Malmberg et al., 1993; Rushton,
2007), HAHE EE-HHEHA 7 S Zo s o
A 9JtHAttfield & Costello, 2004). ©]of] =A< 17]
—H(International Agency for Research on Cancer, IARC)
o= AdE I At AAAE UA =
Z 17Group o2 EE3L3 QTHIARC, 1997).

AR 2= B sPeelA 371 5 e
I Ao wZof thdt AX(Theriault et al., 1974,
Malmberg et al., 1993; Kullman et al., 1995; Rushton,
2007)7} th o] Fol A gtk oA Mgl
FEAE, 8d, E2E AR 55 ddes
S5 X AP =&k g A AR
4=38(Choi et al., 1988; Kim et al., 1999; Shin et al.,
2002; Park et al., 2003)E A A9 SIS FURE
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o] F7193H4 A7l 4°H AA W HAEHE H=

7} tE2HISO, 1981, ACGIH, 2013). o] 23t
S 7Febsto] Sirianni et al.(2008)+= iHHXOl-sq 1oAY

19] JAHA7] L2E et vl 9laL, Bello et
al.(2002)= ALZAAE tio R ?:]ﬁt'a]__\ﬁ;gﬂ
€ &8st A7 A9 st dade o
ofgh vk Qo fEuEtel e ol2d A7t 43y

Of

Wb AT AABYS) AFERS B
o YaslE Ba % Y9 BT E4S wo}
sfo] G5 DRA AGHEE T 71 2ARE AT

shel Bo] gck.

1 I RThA
M) AFBYA Al dhetol Al A
AH sl AT TN BB
2oE Aol sttt 1 F A
2 4ol g
”Oi 20129 847 H 11€7H4] = "
HEALS 1549 ARE, A4a7E ARE
73t

ofor &
m{m 11101v

2. 014k
1) AR 7|E A 29 A

() 2542309 A

FTEAEAL = FHAFY P B A A5G- (National
Institute for Occupational Safety & Health, NIOSH)<]
06001 "ol whel 274 37 mn, 3= 5 me] PVCHE S
3 piece cassetteo]] A5} 10-mm Nylon Cyclone
(Dorr-Oliver, Gillian, USA)of| ¢1A3}o] -5 1.7 L/min
o7 ARE AF3FATHNIOSH, 1998).

Q) YA=7E A2 A3

NARRe] Axasd SEg selsls] 9lstol
97 B s 7](Marple's personal cascade impactor,
Anderson sampler, model 298, USA)E AM&-3|%ith
Az B HEom gk £4E Hassl] 9
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3to] L3z A|(Silicon grease 316, Dow Corning)S 34
mm Mylar Ef(Anderson Stock#C-290-MY, Anderson
Sampler Inc., USA)of| =33} 24A]17F o)Ak AZA]
A Apgatgon, 2EEAS WA S5kl 4%
= 2 Umino 2 53t YA x5 7= 70l
A=A F HE(Apex, Cacella CEL, Bedfort, UK)]
Adsto] HigHoezRE 12~15 mo fIA] oA
240~39027F Al=E AFEHTE AlZA Tl AR
H Hxz= AXGFR A A (BIOS Defender Calibrator
510, USA)E o]&st] 54 A - 39 f5F& &els)
Ak,

SRELER

(1) AFAANREY] S =4

Sfdedl 9 dAgALle 2 el 5

A& Q5 A -5 HAAOTE oA 24417 o] 4 1
A SEE AAT T ARE 001 nee] AL
(AG245, Mettler Toledo, Switzerland)& ©]-8-5}4
FHEE 33 o] AT & FghS ARESRlL, ¥
Ag dE= BAstel FEge AEshan

BN rlo

>

@) AHAR g 24
TEREA] 2 Mo =r

o

PR EY7 o 2z
W Ay BE R e uels] sl
FTIR(Fourier Transform Infra Red spectrophotometer,
Cary 640, Agilent, USA)S 8513t} 2 thofl 3
24 2-propanol(Sigma-Aldr1ch USA)ol| #4314 3
Ast & A7 37 mm, 3= 5 me] PVCHE(SKC, USA)
I &2 %J%OJIJ}’E}XE 2-§3tof oApA)7|aL 1
ElE dAAoEl ol SHF o)Ay EEAIAT g &
A& NIOSHO| 7602 ¥H-e 7H42 &8skt
(NIOSH, 2003). u]=+3#Z&31}3}¢ 4~ (National Institute
of Standard & Technology, NIST)®] &5 %(Standard
Reference Material, SRM) 1878a(Respirable quartz,
NIST, USA)J"Jr KBr(160-8010 PIKE, USA)S %ﬁ o

_Ll..r

N

Qﬁ‘rioﬂfﬁ 650 Ci 2/\1” &<t JJEi 144 w-r7l€:
SHAIZ B, KB 200 g S ALgolel s
zestgint. TakE /\]E— 13 mn dieS AFg-a}o] =
< ut=o] FTIRE 1500 e’ ~400 cm' 74A] Z=A)5)

339. mh.
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799 cmlol| A Ao TALE =AYt

=]
(Inhalable) $ZA(Thoracic) 2! & 54 (Respirable)i-
o) FRFHlES gofsr] flsto] v= Rkl ¢4
71 2] 3] (American Conference of Governmental
Industrial Hygienist, ACGIH)2] Particle size-selective
sampling criteria for airborne particulate matterS A&
bol 7} who] BAFF vl gol 2w WP EYRL

ol

2 T PSS Fstel Austadch. P =AY
2 eA BN, T L SERAY L 39
Woge 2708 fRTALAC] tE TYRLE

=
's RuleZ AAFSI9tHBello et al., 2002).

%
o
@
]
=]
w

2 SPSS(Version 20.0K,
USA)E AHgstac 7t wel #719) et gl
== Sapiro-Wilke] AHA AAZAN LA FEE
E@l 715t 8} 7stREHAIR YER ol A
shel ollE Sletel AEHE EEBAE AN}
At

WS 1372 mgmo| gl
71584 S5 0.170 mgm*gg UFEFCH(Table 1).

Salyer Aool wE7]20.05 mgm) IS

93.3%°]%1a ACGIHO| =27]3(0.025 mg/m) thH]
< AE7F 234E i

2 MRI7HE Al SAME|S QIXIT7|E BAl 9 Aol
EAM
| o
DRI B FE

DHRIRYIY 2 gd B AT
(Effective cut-point diameter)-2 l‘ﬂ'—‘,ﬂ—lﬂ S7kR] 2+
ZF 21.30 pm 14.80 zm 9.80 um, 6.00 pm 3.50 um, 1.55
im, 0.93 m 2 0.52 ymo|th. AA7lF FA ol A LAY
ol= ARV BA =& 1 Z7|7F 2130~

Al A

O
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Table 1. Respirable dust and quartz concentrations of stone grinding operations

(Unit : mg/m’)
Concentration N’ GM*(GSD*) Mean+S.D.} Minimum Maximum ER'
Dust 15 1.372(1.744) 1.567+0.777 0.548 2.657 -
Quartz 15 0.170(2.181) 0.225+0.175 0.049 0.554 93.3%
N : Number of samples "GM : Geometric Mean
¥GSD : Geometric Standard Deviation ’S.D. : Standard Deviation
‘ER(Exceed rate) : (Number of samples over KOEL / Number of samples) x 100
Table 2. Concentrations of stone dusts by particle size
(Unit : mg/m’)
Stage no ECD"(tm) GM'(GSD) Mean+S.D.} Minimum Maximum
1 21.30 4.831(2.455) 6.318+4.235 1.519 11.128
2 14.80 2.695(2.170) 3.319+2.039 1.100 5.208
3 9.80 2.815(1.891) 3.250+1.700 1.243 4.743
4 6.00 1.678(1.836) 1.907+0.933 0.704 2.792
5 3.50 1.700(1.761) 1.910+0.935 0.801 3.051
6 1.55 0.667(1.994) 0.783+0.417 0.239 1.218
7 0.93 0.195(5.646) 0.444+0.527 0.014 1.340
8 0.52 0.120(6.729) 0.401+0.507 0.022 0.973
" ECD : Effective cut off diameter "GM : Geometric Mean
GSD : Geometric Standard Deviation ’S.D. : Standard Deviation
Table 3. Quartz concentrations in stones dust by particle size
(Unit : mg/m’)
Stage no ECD*(um) GM*(GSD)$ Mean+S.D.} Minimum Maximum
1 21.30 0.049(2.212) 0.063+0.051 0.022 0.145
2 14.80 0.057(2.832) 0.076+0.055 0.012 0.181
3 9.80 0.078(2.671) 0.109+0.089 0.018 0.247
4 6.00 0.068(3.005) 0.104+0.091 0.019 0.202
5 3.50 0.115(2.599) 0.154+0.108 0.028 0.274
6 1.55 0.054(3.193) 0.086+0.081 0.013 0.203
7 0.93 0.048(1.743) 0.054+0.034 0.024 0.113
8 0.52 0.023(1.418) 0.025+0.009 0.016 0.039
50.00 /mel 15kl 4] 713HEF 4831 mgmE 7% ¥ ) ARIA7E A b=
ka1, 27H(14.80~21.30 pm) 2.695 mg/m’, 3%H9.80~ AAA7ERE Yo =& EA% A1 A =
14.80 ym) 2.815 mgm'E Vet 1 oS A7) 717} 21.30~50.00 m3l 1ol A 7|3tE4t 5=
7} 6.00~9.80 ym?l 4o A ] 7]5kH > 1.678 mg 0.049 mg/m'o] a1, 2+ 0.057 mg/m’, 3%+ 0.078 mg/m’,
m'o] 3 5(3.50~6.00 pm) 1.70 mg/m’, 6%H(1.55~ 4¢H2 0.068 mym'o 2 AAEA L] AR} A7 7} E4

3.50 mm) 0.667 mg/m’, 79H0.93~1.55 m) 0.195 mgm' = Ado] Eml o3y W AFS HrHTable
20 8H0.52~0.93 m) 0.120 mg/m'=2 ¢JAF=L7]7} o} CE3E 55 A4YAF 27]9] SEH3.50~6.00 1m)ol A
A5 7t WolAe A% HerhTable 2), NSHEE 0115 nywE TP S FES BRI,

W
~—
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Table 4. Weight percent of quartz in stones dusts by particle size

(Unit : %)
Stage no ECD"(um) GM'(GSDY Mean+S.D.§ Minimum Maximum
1 21.30 1.543(1.507) 1.650+0.867 1.030 2.400
2 14.80 3.348(2.640) 5.224+6.605 1.710 17.010
3 9.80 4.362(1.253) 4.450+0.972 3.320 5.010
4 6.00 4.518(1.645) 4.936+2.113 2.060 7.780
5 3.50 5.956(1.455) 5.31442.525 3.840 10.400
6 1.55 8.364(1.907) 9.584+4.607 2.940 13.960
7 0.93 5.706(1.918) 6.980+5.776 3.430 17.160
8 0.52 6.033(1.631) 6.648+3.378 3.200 12.100
Table 5. Inhalable, thoracic and respirable particulate mass fraction of stone dusts
Stage no ECD*(ﬂm) fMa?S Mean particulate mass fraction(%)
raction Inhalable Thoracic Respirable
1 21.30 0.307 0.174 0.003 0.000
2 14.80 0.171 0.115 0.017 0.000
3 9.80 0.185 0.137 0.062 0.001
4 6.00 0.115 0.094 0.077 0.007
5 3.50 0.119 0.104 0.103 0.043
6 1.55 0.049 0.046 0.046 0.040
7 0.93 0.028 0.027 0.027 0.027
8 0.52 0.026 0.025 0.025 0.025
Total 1.000 72.1 36.0 14.4
I o 6% 0.054 mg/m’, 7% 0.048 mgm W 8¢S 29 59l A, FEAHEA SABEZ o] =T
0.023 mym'S2 GA| FAFA YAl FErE v H| &8 717} 1%, 36.0% 2 14.4%°] ) tH(Table 5).

7 RobAt Aoz e,

3) AAA7E A F7F

AA ZAde] wiste] JAETIER Aot
HA4%t A= Table 49 2oy 7 dhoj| A A
ol 715t W 1.54~8.36%0] %tk AA
A7 AP s Wel= 1.03~17.2%F UE

B AR At HobasE AARa
WA BRFl ¥ AT Beow, Bdl A%

=27]7}F 1.55~3.50 mel 6%+e] AL 7 =2 A
FreFQl 8.36%= UrERGTH

ol

MRS AU, BY H S YRS BT
HIg
A7 340l A2 2R 7= HFeE A
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FEEH RS 1980

=

B3k gl FRARE A
FAofl wket HAe] =87} X7}0}011 AR Arejo] &

YYFoR

o] AYAFE| 31
A, =5, A2
B B FH %
FA o] E ARLo Mo AHRLA

ol BhehE B

70 bl
[e]
L ERREIER

Bz}

=
[e)

7]

A12tsE A tH Lee,
2004). FHNAE BT 2E AR B73ro]
o, A=A 52 A dizF YA = o

zo

‘l‘—é—a

1992; Jung,

52

s At wuf, A J$3 Y A" S

ek 379 A

A].x]—/d A

al

- =
5 g
5 O

M,

At At
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7} 65~70% o]Aro|H A g
A A AThKim, 2008).

£3l0] felo] Hof WA= MY
AL A3t AHdo|th(Benjamin & Malmes, 2002).
F-Euetel A AR A HSA= 20101 93175 of| A
201149 1,018 o2 879 Z7}= ATHMoEL, 2012).
olRE AWZL outsln TS AL A
7] 9slo] ArorAE AW wat Aoz zh
A3 A=A AAA]5}oof dl(MoEL, 2014), 2008
E Abehta 5 AR A9 01 mg/mOW 0.05
ngm'o gz 7tslelal STAER R AHoA F

et = =20 WA 1A '1L“IT°]'
QITHMOEL, 2013). welr] 2 At Hoo] &
I =4Exe] Pt =EEe A
% LR

FE 20% ooz

ol z#HS<l

O
o
fru
iR
R
u
N
1k
FlIE
R

ACGIH, =A% 7]+ (International Standardization
Organization, I1SO) % HSHIEFYU3](Comit'e
Europeen de Normalisation, CEN)= 27| & &3] O‘X}
of tiet =7 A 7IES AFst] FUA
o W SgAYRe Bl 9A ERREe
Xﬂ/\]?S‘]—_TJ. ATHISO, 1981; ACGIH, 2013). 2317 o]
g oA BXle A7 feste] sk
FEAL 1119 47 540l 3F7IW FeiE 3
A IS Fohe ARS Alske] 2119 Y flsh
ol ik 7By HEg ARE AFst=d ot
(Lippmann, 1988). o]2]3t o]-f-2 153t EEZ(Kim
& Kim, 1994), o] 2K(Park & Paik, 1995), 22527
(Phee et al., 1997)7} LH A|ZY(Kim et al., 2000) U
Eld-ZAKRyoo et al., 2003) 52 Ao =2 JR=Z7|E
54 Sol digk A7t cheksil SayEelch e
BE ARATE Y] BE U B o 24
=7 9lon Iy Mori ulolslz] Ealar).
FERER] A9 1 5o} A 54 orom A
2718 AABES Al oleigol Atk o
A Aekstol Aol AR AAslES e &
BAS Ao 1 FES shelg A7) ARRHS
Hat 5.64 mg/m, 7FEEAL 16.15 mg/m 2 LERY
FEIL S AARE B ARl AR A
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o A77t AaEo] gk & AT AR ArIAel A
WS SEHRAY FES vt A% 75
7L 0.904 mg/m'(0.595~1.372 mg/m)olo‘i’. X e o]
e ~

O

o ol
ISR sEY 7]’3}%‘&(0-24 mg/m)JJ- Y T
(0.0172~0.0241 mg/m)E.c} AFehs] = Zzoloi).
E??_h Kim et al.(2002)9] ATAT ARArARe] &
A 529 7shEF2 1.25 mgm, 4% L9
Ha2 0.010~0.0297 mgym' S22 JA| E A2
ﬂr°ﬂ ug) e Szo nusheth oled ol
Kim et al.(1999)37} Kim et al.(2002)0] =33+ A ZHA]—
AGe F2 BaUEe B Azl ARG
AAzol Eakel Ae] kol tha W, 49
g PR Sels 5 ATy
o Aolol= /\qlel Aoz b, £, o)
< e QAT AT AR Bk #eid

*P%‘Oﬂﬂﬂ Wt TEARA 3 A9 w2
= el ATE AWHE ALE Y YA A}
Ao A 0.12~1.47 mg/m'(Koskela et al., 1987), 24
dl s EAFEA 0.16 mgm’(Malmberg et al.,
1993), u|l= AA7+E AFYEA 0.055~0.088 mg/m’
(Donaldson et al., 1982), 0.034~0.043 mg/m'(Eisen et
al., 1984), &4 BE2AFAA; 0.04~0.06 mg/m'(Kullman
et al,, 1995), G+ AFEMNT AR} YA U B A}
A& 0.04~0.09 mgm’(Davies et al.,, 1994)0.2 =
AT} 2 Aol e,

Aol st XA w270 AL ACGIH:
1999 E] 0.1 mgm'o)| A 0.025 mgm' S =2 7335519
o=+ AR 9HA B 7% (Occupational  Safety & Health
Administration, OSHA)9] 3]-&=%7]&(Permissible
Exposure Limit, PEL)-2 10 mg/m/%SiO,+2 2 A-8-3}31
glom, NIOSHO| ##A7]Z(Recommended Exposure
Limits, REL)S ¢-2|uzte} SUsHA 0.05 mym' o2
FA3 QtUS DoL, 1996). E3}, 22 0.03 mg/m,
= 0.1 mgm’, =< 0.15 mgm’, 7fvich= 0.025 mgm’' S
2 AgHel Q= 5 Frutch 234 Hol7} st
(Roh et al,, 2004). FA| AAYAGAo A EAYsH= 2
of that A ESH S AFF A LAY AJFYF2] A

u:_UE _1
o o

o

AQJEHU
.1

—umz {m
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BAAAVAEH DY AL )l whek LA E T
gloLt Arelekd )
Aehel el ukek A2k
AREA | BN S9E ST YA e A
CHMOEL, 2014). ZL{u} & ATtoll A 427} %w
SHERA T AYse 24247 7158 0.17
m)o] Lyl =&7|F 005 mymS
ACGIHE| =27]20.025 mg/m’) tH] =& A&7} 2
BEE Aoz Priso] AAAAFE HZolet
Ax|ete A7|H oz ZAJAHEAHL 435t0] &
Zzo uloldt 797} 9ok
W, YFRYEY)S) 2 ekl w219 |5 E
e 1T 4.831 mgw’, 2 2.695 mg/m’, 3¢ 2.815
mg/m’, 4 1.678 mg/m’, 5T+ 1.700 mg/m’, 6+ 0.667 mg
/m', 7k 0.195 mg/m’ % 8% 0.120 mgm'= YA 7|
7h Zoldes FEs} WolAlk 4TS Btk ol
oA, T W TEAEA O] 2 H|S&2 A
H FAEEA 72.1%, FHEA 36.0%, S5
2 14.4%3 JERYTE Kim(1992) 45 57
A AFAAS Ao s $EAEZ ] H|8S Tttt
A1t g3 A9 32.67~65.05%, Aub= 4114~
52.37%2 HI135F% 3L, Phee et al (1997)2 F=AMY
Aol TEAER O] A5t HES 46.06~66.11%
= msfel @ AT W 52 SEE B
o},
H

23 5}1

ol SXEH FEAY] B AT T NA
HAEL 92} F7]o] BExvt thEn zgud o

gArIge] Afelofl e 7]Q1E Ao® Welrh Ee,
Kim & Kim(1994)0] 7}7-54o] A MY E= = 23
o FAHEAY FF W& AT AT 544~

60.5% e} 2 QAo Hla) Tha Re 42
o2 BIstgly ol AR TAY 211_ ohy
E219] Hx7t 14.80~50.00 me] A7) & HS
Hoket o = 270 uja) AR T Aol B

o] Bxmstu i AL 2uldltl. Ryoo et
al,,(2003)e] - B AdFAtoA T st= S
A, FEAY 9 SRR HdE SEH|Eo] Z

84.0%, 67.2%, 43.1%%2 X2 AAzlo| u3] Auk
o2 g2 £F0=2 HusYh o3t Zol= EHYE
Ad dAo] A9 UeFte s 22 JarEo] 37|
Zofl A7 AlFstA =Hv AAAAS] A9 49
9] Zgjo] wol o]FolA A2 YAtEo| 7] &
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2 Fdy) uie] wAR Aoe F3Ht
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