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— Abstract—

A Study on Evaluation for Sampling and Analytical Methods
of Diatomaceous Earth Dust

Hyun Sul Lim - Ji Yong Kim - Hoe Kyeong Cheong

Department of Preventive Medicine, College of Medicine, Dongguk University

This study was performed in a diatomite factory located at Pohang City, Kyeongsangbuk-Do. The
major objectives were to evaluate sampling and analytical methods of diatomaceous earth dust.

Concentrations of total and respirable diatomaceous earth dust were measured. Size distribution of
dust was analyzed by a personal cascade impactor and the particle size analyzer which is an applica-
tion of multiple diffraction method. Also crystalline silica in respirable and total dust samples was
analyzed quantitatively by X-ray diffraction and Fourie Transform Infrared Spectroscopy(FTIR).

The results were as follows:

The airborne total and respirable dust concentrations, particle size distribution, and cristalline sili-
ca(quartz) concentrations showed approximately a log-normal distribution. The means of totaldust
concentrations at flour maufacturing, fire brick grinding and packaging processes exceeded the
Korean and American Conference of Governmental Industrial Hygienists standards, 10 mg/m3.

The size distribution of diatomaceous earth dust was log-normal and identified as the rspirable par-
ticle mass and thoracic particle mass. Th e crystalline silica in respirable and total dust sampleswas
identified to quartz and contained about 10 % in those samples.

Finally, it is necessary to study the applicability ol multiple diffraction for particle size distribution
to compare the ACGIH's size selective sampling with other materials containing crystalline
silica.Also, advanced quantitative study to X-ray diffraction and FTIR methods shoud be carried out
to verify general and specific characteristics for respirable crystalline silica.

Key Words : Diatomaceous Earth, Respirable Dust, Size Distribution, Crystalline Silica, Multiple
Diffraction, Cascade Impactor, X-ray Diffraction, Fourie Transform Infrared
Spectroscopy
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T+2E (Diatomaceous earth) & #&# g
o o8 FAE Fan o] B s §Yol
o FEES J¥L 65-00% vIAFYe) 4
ot Ztm vhopgt @ilge, A8, ¥%olE, v
g, §8 % 183%F) T8 9. i
< 1400C °13 450C oM Zel2EqElo] B (eris-
tobalite) 29 W§o] AlAdd. e} dHVERH
Ao & FelA A FIUARE Y flol
3 APGEE E7E A) 7 dojdrha 800¢CoM ¢
A o] o)Wt AR FREANE AFY
fe)Tate] dhiel Azl AEwele] E (cristobalite)
€ 1% vlgte] 4Ho] G (ILO, 1983).

ol2 ¥ FREE Hold FAEAoln, Ane A
A HRE AH|Fe 50 %o siFec}, o) wiid]
AR, 9F, 2, £EF YFEE, B T
F 2 X oM AHgEu, ¢ 94, B9 4
ZAg Fol AMgEch Aitake] 30%e AA-Ad
E @d A4, ¥ig, ¥, #HE, Y, 1%, of
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AYE, AHE, APYE, Y1 T AHEgHH, &
whEl Ao £7] F AR A BHe TFA
o} TLE, AzZA, dHARAME FuiAEAN A}
S50, ;e 8o} B} e Fo @A
AH2ZA AHgE,

feite] 2R e 49 (quartz), FYA2EY
2}o] E (cristobalite), E2ltin}olE (tridymite) ]
o} YL 82y FzE ZAF o] Hojglen IPA
EdeglolEx AlGYFRela ERtslEs utE
B Fzoltt, AFY Rl ZE BE FollA
74 go] vehin difEe] g gAdd

TZESY] AHEL &4 7130] ¢t A28l &
< B2 AN F2dE S2AA e F2

ENGE A0, 23Y Relia(@szE
gelolE) & Ik 24 /1BE FxEd 25
W3 e e FREASE Yo 1o AYe]
®E Zoe ¢3A JUTHILO, 1983). FAFL #
71¥ola OFE ZHAY /el Ezxgosy
sk A sdR3 Ader F2 B
M =@et~A" (sandblasting), FEIAY R Avp
A F9 AAANAM Wol Yeldr), iz ewEl
AR e R4 dol Feloptt a1 48 M9 X-
ray ¥3E #3Y 4 3lov, g4 Fzd A$
€ R golM H d Alold] et Fdss vt
U= #ch(Casarett and Doull, 1991).

A feivel =R ARGALAY Y] FRE
o Y AUPAH HE/|EL 3% FHo 2N
10mg/mr2 2 Ho] glow BEAY R Fd~
E‘@WIEQ}FEQQU}OIE A¥ole 284 ¥4
0.05mg/me2. 2 FFH SO UATH(=FH, 1991). °lA
€ vFH LAY A 714 2) 3] (American Con-
ference of Governmental Industrial Hygieni-
sts, oIt ACGIH) A A se 3871&(ACGI-
H, 1994) %} vjmdle) BH ¥ 13 g}

Ul =B5F ARIGAELAYANE FZEE
3% #7182 ERY A F2E U M x§
oRE A g F an FENC g
fralTatel Fgi-&to] AR HHY FrEL 24
71 A& melsA] e A Fo| n=Hy g2
T 2 ARY RYFe] 3H8F B2 o
e & FHE 83 gl

a3y #@4e H2E FEA e AT
A 1% vigte] FREd d& Aide T Ad

Table 1. Threshold Limit Values of Diatomaceous Earth and Crystalline Silica

Material

Ministry of Labor(Korea)

ACGIH

Diatomaceous Earth

Total Dust, 10 mg/ m'* (3rd group)

Total Dust, 10mg/ ni** (uncalcined)

Crystalline Silica

Quartz Respirable Dust, 0.1 mg/ ni
Cristobalite Respirable Dust, 0.05 mg/ i
Tridymite Respirable Dust, 0.05 mg/ i

Respirable Dust, 0.1 mg/ 1
Respirable Dust, 0.05mg/ nf
Respirable Dust, 0.05mg/ ni

* for Total Dust containing < 1% Silica

** for Total Dust containing no Asbestos and <.1% Crystalline Silica
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< Distomaceous Earth Flour Manufacturing Line>
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<Fire Brick Manufacturing Line>
Outdoor Workplace
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Fig. 1. Flow chrat of daitomaceous earth flour and fire brick manufacturing processes.
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o ARER BE HIHE AME odAd A
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At FERE FitelA AFF FRE ABPA
3-4947 A ARAA FEREE 30%E @ 7
ZE 9%2 B4+ ZAHAk(Jaw Crusher) & 3-
4713t B3t 939 947& 50-100m 2718 B
8 ¥ Fold (Hammer Crusher) E $%2] YA
€ 30mm 2712 23 Bt HAHAZ7] (Rotary
Dryer) X 400-500C2 2083 AxAMA S8
FE& 7% o1tz wEcl o] UH& Ao AR
1 ¥ Z AE-U(Z-mil)ol Bujsted AEL 325
Mesh7tA] g4} v]dE A& A 9 &
ol X8t Fa@Tt ot EMAZ TN
£ 1, 234 24399 2PN FRE B3l
A A S AFFRE A7 BRlez
A 2=l e At

Q) tEHE Hx 33
A9 20%€ &3 FHoE AANzE F

ZEE 13 F4¢ ¥ B BYE £y 49
HE7IZ GEYEE AP o)A A Aol
A 15937 AP ¥ 24griaielA 900-11002 24
AlZE 249, 24E ddvEs 3 R JARg
dui7|2 duig ¥ XF e FPo= KW
AUYFP 22 olFoiA ¢l I TAARIA Av}
d F2E §30] 45 v|dshes gt

ojel XE BA Az FY3} SRUYHE A=
3 FoM 240 AsA gAse T4 2%
FUS S0 AP0 Jem FRE BAe 2%
£ S AU Tl §R8 AdAEE

2 oY

£ 479 ANaAHe #4942 uI3IYARitan
QA7 (National Institute for Occupational
Safety and Health, ©13 NIOSH)<jA M=
TR uie APt 4 AlRe] FH A
AN R EAPEE E 29t ot

() =& B2 &3

TEE $83 33& NIOSH Z3AHY Me-
thod 0500(NIOSH, 1984)cl we} Su 2JF%
o] A TEAHE s HAAL R FYAL
€ A AJANFL F3E AR AUE 2k
% F71EJ7) (HFS-MSA, USA)& AMsid 2
249 TFAAAA JJAANER AHEAS. Fa
Alge AR SUEARIFA A A Fax)
2 233399 AR FHe 23eMges e
5 @4 FARR B3N,

HEES] IFHFHL NIOSH 48 Me-
thod 0600(NIOSH, 1984)¢] wa} =33t
%, 10mm nylone cyclone® ABaj3j7]o] Hi}s}
o PVC filtero] 1.7Lpm 359 #%Fo2 T3}

Table 2. Sampling and Analytical Methods of Diatomaceous Earth Dust

Sample Sampling Media Flow Rate(Lpm) Analytical Method
Total Dust Glass Fiber Filter 2.00 Gravimetric
Respirable Dust Cyclone + PVC Fliter 1.70 Gravimetric
Particle Size Glass Fiber Filter 2.00 Muitiple Diffraction
Distribution Cascade Impactor 2.00 Gravimetric
Crystalline Silica in Respirable Dust  Cyclone + PVC Filter 1.70 X-ray Diffraction
Crystalline Silica in Total Dust PVC Filter 2.00 FTIR
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Q@ Tx=& #Xe| MY Ex &3

1 HNAH 88l ZFI|(cascade impactor) &

olgst HA Bx &% % £4

39 $29 ARREE ACGIHY size-selec-
tive sampling (ACGIH, 1994) & 2 &3l 27 2
H £37](Eight-Stage Marple Personal Casca-
de Impactor, 290 series Model No. 298) & A}
&3ld &g

ol 27 Y XY/NE 8 ©A Zo] AL A
HAzte THAHA (collection substrate, 34mmdi-
a., Mylar media, Sierra Model C-290-My) 2t
viRlet dAlel £ XP9HA] (Back-Up Filter,
34mm dia., polyvivyl chloride media, 5un pore
size, Sierra Model F-290-P5) & Z&sled 2218
EAET. 4 9AY EHA] (collection sub-
strate) & A& 2dE& HAPY THsho] 247t
Az F 22 23 A% 2AE 2R 7=
E 39 A7 & EEE BAsH)

2) CiE EEMYE o8

HE Ex 53 3 24y

oE HEENYS A4 2Y ¥V ¥ gln
NIOSH #%A1¥% Method 0500(NIOSH, 1984)
o mat FEZ ARE AH FARYY|(HR
850 high resolution sub-micron granulome-
ter, CILAS ALCATEL, MARCOQUSSIS,
France; At #8728 74) & A3l #79) 2
7 BXE 23T whgol)

ol W9 o|&4 WAL 328 (multiple dif-
fraction) .2 do]A 9} o] 7HdA o] 715 Belo
A U AR e 1g 98 ™A 3
Al718 Zal-e-5 3 (Fraunhofer) 3A 47} 34
€t o] o 49E AFH e BNFozA
A AR 3A7IE &Ase Aot (Fowles,
1975).

AHE ANae FHF 271 2892 6023 A
2lgt] EdolM T2E 78 218 BN ¢
& =&€ F8 Y43 HE i3 o]Rd He-Ne 3
olAE FAAA ¥APE HHEFH BM ARE EY
2 0.1-60m o2 M4 Ndoz A BIE
s ko = L=

@ TEE BIe FHY R EY

D XM 8HE 24

TEE 359 238 fatate] 242 NIO-
SH ¥3A¥¥ Method 7500(NIOSH, 1994) )]
02 3% BT 3PNEE FAL BAEY
23 #ATLEE FF3 98 PVC x| 9}
10mm Y& Alo] FES ALE3l] E3F THA B
A} F2E 82 Fo] AR fel TS Hakst
7l 919 384 ¢& g2 JHAHUY. HEZYso|=z
F @ (tetrahydrofuran) 22 33 HxE =9
¥ AE3ARFAE T 2H9HA (silver mem-
brane filter, 27 25mm, 0.45m pore, Nucleo-
pore) ol €8 MAelslct.

X-ray 33 4719 4 20 HY 40w, A
F 30mA, &3 ZHEE 2’ /mino® 20°90A 40°7
A 2FHAT. WY FTA] BEERL XY
(silicon dioxide, GR¥-#, FW:60.08, K , ¢
)& AH A APEN L AAsigon, BARe)
34 Wag usd 7 Alge] AFY gea
3d v3E 3 Fc)

2) Fourie Transform Infrared Spectroscopy

FTIR) &4

FTIRE ©] &% 72E B39 AAY faate]
5% 9 ¥HL nF2YAYLARAA Y 9] 2H
A18¥ Method 7603(NIOSH, 1994) ol wa} AlA}
AT 2T ABe ¥3 Ao ZAE 2
Fem, £ THE AR E 600 oA 2417 §
St FHAY F 23lE Ao KBre 300m A% A
7ete] ol AEkA ol Tmm die & AMR3lA pellet
& e ©] pellet& FTIR Spectrophotome-
ter(Bruker IFS 66, Germany)& o°]&3kd 800
an-1914 felFikel F4EE E2Fe NAg F
FTEAE AMEY EETHoE FEA A8Z9 I
BE FeEl ks A Hach

. ot & 0@

. WEE 29 E2 ¥y}
N 8K W A 27 EBsE

dtHos ARNBAF ey Z2gs BF
t ATEEEYe deRTExsE R (ACGIH,
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1989) 2.2 ¢8iA Jon, 44 23 ENAEg 9§
74t A3 29 29} 29 oA HRo] 2E2 Ez
FES BEHA ¥28 F2¥se SAoR g4
AEEse Aoz Jebden Kolmogrove-
Smirnove H¥E A (Daniel, 1987) & ¥l
e TEEde AL AU o|d g 2
A Fd ZEAY X dE #4898 J)sgEs)
7B EEHAE BAHAY, FH THFY BN H
€71F°] BAY K] disky FH= e
22 BN AHHoz ving 4 gleme A
2R 2 st

S Aoz olFoxe 4 FAEE FRE &
B3 THd BRE FPsie PHs B @
AAHeR ¥4 Az T4 SdBHe) dAnpayd
oA FEHe] HME/ERT L E24EE
Wt mepd ge) S &g FHE 5Y Egg

99.9
99 |-
8 v e
A 90 |-
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L
2 sof
g sl
3
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7 Respirable Dust

Fig. 2. Cumulatice Lognormal distribution of total and
respirable dust - Personal samples.

o2 do] WA EHAR A HrHE s

B 3& #2E 284 2 =HY $2 GE A
A A3HE MU B FiAae Fste] by
Hoj},

RN RS ¥ Z2FEE 71T 16,89
/re, 718 EEHA 1.38 (B9 8.86-29. 12mg/m) O
E 3 gr|ed st JdUsien, Z2MEE 7)
Y E 10.33me/n, 7|HEFHA 1.52(HH 5. 86-
21.95mg/m?) & W& FFEE eI 9 A9l
ABe] EA B2 V89T 1. 140/, 78R
FHAE 2. 18(4 9 0.35-3. 65mg/n) 2.2 pEpyRT),

AR FEE 71 FHE ARE BA Az
333 GEYE A2 FYLE olRoix en 2z}
zte] 2] 3 & AdAle] Agigde] wel Uzt
A SoFjies TR A, 24 FA F2
E EX9 Z27 34 SUsgEH e o)Ro)
A 7 e F2E ¥ THFY B9 2%

99.9
99 |
5
5 90 |-
§ 70 |
4 50
£ L
s sl
]
=
g 10} J
g .
1 ]
0.1

1 10 100
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Fig.3. Cumulative lognormal distrubution of total dust
- Area samples.

Table 3. Overall Concentrations of Total and Respirable Dust by S_atmples (unit; mg/ m)
Type of Diatomaceous Personal Sample Area Sample

Sample n GM*, GSD** Range n GM, GSD Range
Total 23 16.89, 1.38 8.86-29.12 19 10.33, 1.52 5.86-21.95
Respirable 18 1.14, 2,18 0.35- 3.65

* Geometric Mean
#* Geometric Standard Deviation
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Z3E HE 4] Hast.
B 48 37 qolA B B Az 243} 9dy
& A FF9 U 382 gdFevers &
7} 16.35, 17.76me/m2 25 AP H478$
2H%Ee A& ¢ F U

TY FHAA 23 £ G 2§59 B2
9 TxHE HEEE Bidsld M BN Az 2
Box W 6.9%, GEHE AZx FHAAN 6.6%
2 JEdt, AsNes AEEW 3§ 239
TRl #8379 59 6.7% ASE YAHn =
2 Fx 47t 0.35-3,65me/mE BTk i}
ol Aoz TFAY ¥ HHHE WG 5
slerz B A7 E¥ AAY St By
Zzet A vz $Asjol #c}

2) MRS BEE B

TEE FEY #39 3o HxHog A2Aa
§ F4¢ AE R 50 YA Ul EA

100 T T T T T

{

TLV, Total dust

-
o
o

Concentration, mg/m?*

AN 43¢ F2NEE A 3} 4243 dds
F 9vt % Y FHoR Ao FRE w25} 7
3 10 50me/ne, 71SEFHA 1.56 R 718y
T 11.08me/m¢, 71t EFHA} 1.412 SUZ o)
AgH oz F2E £ 2950 & Aoz Y
25124

2 HYYYo| oE 7FxE £X2 XY Ex v

1) =Z 28 ZE7|(cascade impactor) &
O|8E HH £x

diten Exlo ARL dsLAYFEEE o=
Aoz g8id ok A @ol AHgstn dE 22
o A7 FYPL AuiAE o8 ALY, A
o] ZHIE o8¢ FAH BY, EZME o849
Y, £79 £ e YP&Lxel ajolE o]
24 9 #39 #4HE 0|48 By So] 9
oA, 1992).

A AJAG RN ALgstm e AA By
EY7lEe 3EAH £ JHYEEE ACGIHY ¥
9 dA 3718 37 (size-selective sampling)
& A83] sk WiolH(Rubow et al :
1987). o] WL fA9 z2& PP FHUAA
YAt &5 AHHE ol g3l YA FAN B
dte Wdelch. A4 Y IV AN
2 EHe B9 AAe ofefel Ao o) 7

Table 5. Concentrations of Total Dust by Area Samples

Concentration (pg/ nf’)

Process ~ Workplace No. of
0.1 . 1 4 L . Sample GM GSD Range
Total Respirable Total Respirable
Flour Indoor 13 1050 1.56 5.86-21.95
Flour Fire Brick Manufacture
Fig. 4. Concentration of total and respirable dust by  Fire Brick Indoor 6 11.08, 1.41 636-18.18
processes. Manufacture
Table 4. Concentrations of Total and Respirable Dust Personal Samples by Processes
Concentration( mg/ mi
Process Workplace  Type of Sample  No. of Sample ’ (ne/m)
GSD Range
Flour Indoor Total 14 16.35, 1.39 8.86-28.23
Manufacture Respirable 10 1.12, 2.25 0.35- 3.65
Fire Brick Indoor Total 17.76, 1.38 12.33-29.12
Manufacture Respirable 1.17, 222 042- 284
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e
Dp = (St) 1/2W(9L/CepQ 1/2 -— (1)
o714
St = Stock’s Number
W = slot width, em
7 = gas viscogity, gm/cm-sec
L = slot length, cm
Pp = particle mass density, gm/cc
C = Cunningham slip correction
Q = volumetric flow rate in the impactor
stage, cc/sec
4 1o webr F71F 25¢C, 17193telA 2Lpm
o2 & XY AL 74 dol ¥HUH: #AY
AR F 63 o] FAYE) o] of £29 AL
dxrt 190 7% 239 FN98H A HIE
o E¥ X719 7 delM &4e] dojyjeg 7
SAe] THAAE BPSop Ut} o EHAN
(effectiveness) & EFIEEI WR&dz g3
o] A@E}
E = e(1-f)
7],
¥ A& (sampling efficiency), e : A &Y
2307 F9 e FRFEN F4M 277
AT ¢EBo RUY FREANQ ¥E RS
(internal loss), f : 3% ¥ X7 UKes
#UE FRHED TN Z A9 TAAAAY
back-up filterst BAIgle X7 W EHA ¥
E 19 vjg
AA F] AR A Y ¥Yrie] xHAS
€ d¥32e2 B 63 o] Fo|Ar) (Rubow et
al. :1987)

Table 6. Cascade Impactor Cut-Points at 2Lpm

A B FA7® o] 480] F2E By A3
& B Az A% ue WEd 9ot R ¥4 3
FolA olRo} Few 2 30719 Aa® EYHA

Table 7. Size Distribution of Diatomaceous Earth Dust

Sampled by Cascade Impactor
Impactor Cut-Point Cumulative Pasticle Effectivness Correction
Stage No. Dp(m) mass(%)  Cumulative Particle mass(%)
i 213 71.5 69.2
2 14.8 60.4 49.1
3 9.8 45.3 35.1
4 6.0 31.8 24.1
5 35 22.1 16.6
6 1.55 13.7 10.2
7 0.93 7.3 54
8 0.52 29 1.8
Back-Up 0.26 0.0 0.0
Filter
MMD#* =11.1 MMD = 15.0
GSD** = 5.8 GSD= 4.6

Impactor Stage No. Cut-Point Dp(um)  Effectiveness
! 213 0.52
2 14.8 0.61
3 9.8 0.78
4 6.0 0.89
5 35 0.95
6 1.55 0.96
7 0.93 0.97
8 0.52 0.99
Back-Up Filter 0 1.00

* MMD : Mass Median Diameter, 50% of the particle
mass is borne by particles larger than the MMD.
** GSD :Geometric Standard Deviation is the ratio M-
MD/Dp(16%) where Dp(16%) is the particle
size for which 16% of the mass is borne by par-
ticles smaller than Dp(16%).
99 — 7

90 |-

or
7a

70
50 |-

30 |-

10

Cumulalive Particle Mass,

0.1 : 4
0.1 1 10 100

Diameter. pm

® no effecliveness correction
v elfecliveness correction

Fig. 5. Size distribution of diatomaceous earth dust sam-
pled by cascade impactor - Cumulative lognormal
distribution.
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. 2 ZAE AsEd ® 73 29 59 2k 2
¥ 5ol ERe] £3l9] AR EE SAHH R o
T ATEEEE &+ Ut

E 74 BR A Alge) RN F2E B
o] 7 wE §£H9 %3 AF X7} MMD
(Mass Median Diameter) 7} 11.1m, 7)8t83F
BA 5.8& BT EY A BY ¥Yre 4 <
9 ¥IALE HE3UE @ MMD7} 15.0um, 7]
SETUA 4,69 EXE VERIT, wely o8
ACGIH®lA #Al8ke Particle Size-Selective
Sampling Criteria(ACGIH, 1994) ¢} vl@s] =
A 718 H3Y BA (thoracic dust) 22 FAE
o AEE & & Utk ArieAN HA BY ¥
2 E£79 AHELE 339 Aol THHRS HE
ool wet 27A FEo zlolrt BAFE FJY
gart o

2) CHE S|AEAMHE oIBE Y 2x

o HAEEAHE B3 RS ARt 3
A, & Ada AF@Y] 98 B Ae Bx
& 538 Wolth o Wye o84 WAL g3
2 (multiple diffraction) 22 #o]#¢} o] 7}
Aol 28 ol v 43 sbtel e 4y
3 EAR] FHAIFIE ZkEES (Fraunhofer)
A 7 A9 o W YAHE FAFY Yy
g BM¥e A 3 FAAY AV|E FHse Aol
% (Fowles, 1975).

Azt G ohge] WE ZAIME wo] 3B
ZEe ot o) e 4oz et

I(sinf) = Eok2Dp4 U1 (kDpsin) /kDpsinfl 2 (2)

714

Eo = Light Intensity per Unit Area

k = 27/A

A = Wavelength

6 = Diffraction Degree to Incident Light

Dp = Particle Diameter

J1 = Bessel Function of the First Kind,

the First Order

wheba gizpel ot AW H@Axe] 4% E¥E
AzdE YAANELS 7€ F AT (HAAE,
1992).

ol2igt A2 ool A A ¥A7) (parti-
cle size analyzer) & A& BME B4 E4A1Z

HEAE AIBH AN ollz &l 2R o]
AFE ZAI] A Aol A% HyBe] Ax
EXE 559 2 ¥eE B8 4= B¥= wp
o] &t rlelaRTBMME HolEE ANYste
Walog2 FAHo g},

AAE HZE ABE FHP 27 28292 60
X3t Al B4oA FRE A& 2§ By
A g =E8E B YFFE Fz o) R
He-Ne #H°|A& F3A# #HAE HPFY BA
A5E& ENE 0.1-60m HAE MUY Hecz
7 #XE BAslqch

29 69 78 FER AA ¥ E 4P RYgE
F¥e deE3ArAdSEE¥e e Aoz 13
oA BEo] FRE AN Z2HT Ye B9
AR 2AH2E dsLATEEHD S ¢ F
ek,

B 82 7t 3R EX9] AR EXE BEAG
238 dehia Aok A B s AmEw
2732l F713gagtel 6.59m (9 0.10-60.0)°)
I 7B EUAT} 3,322 @A A Bz
TEY B3 #3ecin B 5 Uk A AW
2 2y BA Az 339 B4 A9 gy
o] 6.66m(H¥ 0.10-60.0), 715tEFHA} 3.630]
1 ddYE Az FAY 2L JsWFFE 6.49

99.9 T T T

99 |

7

Cumulative Probability. %

90 }

70
50 |-
30 |

10 }

0.1 1 10 100
Diameler, um

Fig. 6. Size distribution of diatomaceous earth dust ana-
lyzed by particle size analyzer - Cumulative
lognormal distribution.
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Fig. 7. Size distribution of diatornaceous earth dust ana-
lyzed by particle size analyzer - lognormal dis
tribution.
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A7 HEr|EE ZA 2IEe SUAFEA
Sl AREFT AR Ee Uy € PR B
3o} Yg3ict

3 HE 2% 5% Yol vin TE

Y9 F7i3e EAlsle nAdY dAEH 2
2 EAE FAHA H¥4 e AFE= B
ohllg} QA A= gisich. dukstd AV Ed
o] A dAArIe g, Ari=dle
EFA o] Ay B AW B AP E
o] wAgsty] wjgolt}y, webq ACGIH TLV #€
e 7HEY 3FA 22 dAFszAloly 4%
#FAMo] A& A3 REEN AAY KA
At(crystaline silica)®l TLV 2M 92 =27
TLVE #3818 (ACGIH, 1994).

old] W& YA A7 HEXEL VA Y=
vepdt},

G &M 2% HB7|&(Inhalable Particulate
Mass TLVs) @ A7Ix oo} AXE o HY

Table 8. Size Distribution of Diatomaceous Earth Dust
by Processes

Process Median Size(im) Range(im) Percentile of dust
below 10m(%)
Flour
Drying 3.80 0.70-20.0 71.3
Packaging 1 11.04  0.80-60.0 43.2
Packaging 2 6.62 0.10-45.0 64.9
Packaging 3 6.68 0.60 - 22.0 60.8
Packaging 4 6.93 0.10-22.0 69.1
Tonbag Packaging 1 7.16 0.70 - 40.0 573
Tonbag Packaging 2 7.37 0.50-40.0 60.5
Tonbag Packaging 3 5.22 0.70 - 26.0 70.8
Tonbag Packaging 4 6.25 0.60-45.0 65.6
Conveyer 775 0.10-60.0 55.5
GM* = 6.66 Average
GSD** =3.63 0.10- 60.0 61.9
Fire Brick
Grinding 1 3.99 0.70-20.0 83.6
Grinding 2 6.61 0.60 - 20.0 64.4
Grinding 3 8.75 0.10 - 60.0 54.0
Grinding 4 6.20 0.80 - 26.0 69.9
Packaging 1 6.27 0.60 - 36.0 64.9
Packaging 2 92.63 0.10- 60.0 51.2
Packaging 3 5.59 0.10-220 68.2
GM = 6.49 Average
GSD=3.34 0.10-60.0 65.2
Total GM = 6.59 Average
GSD =3.32 0.10-60.0 63.2

* Geometric Mean
** Geometric Standard Deviation

A 4 sl B Ui HerlEo g
g n3die] X7 FFol @Al ol =
A& wel TAHE dakgo] s2ad.

SI{d) = 50%(1 + e-0.06d), 0 < d < 100m

© 71 y&Y 2= 8871& (Thoracic Par-
ticulate Mass TLVs) : 37| =9} Zt2m @7 of
Lo} HaE o fEsH A F e AR o}
o & TPA L) we XS = YAEelt

ST(d) = SI(d) (1-F(X))

o714

X =1n{d/ )/In()

= 11, 64um

=15
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F(X) =the cumulative probability function

of a standardized normal variable, X

© =84 2% 387|%FRespirable Particula-

te Mass TLVs) : 7tam@TodoAa Axd o 9

3 A 4 e AR ol B ¥JA & o}
2t ¥YEe dxHEs YA

SR{d) = SI{@) 1-F(X))

o714

=4, 25um

=1.5

o] 3ol old Heje 71 Wol BY AL IF
4 7 X719 median cut point(FYF) 7t
3. 5mol A 4mB F7HE Ao},

A7 Y ERe T8Y B9 FARITE 9
b Z& ACGIHS #39 9a 3718 24 (size-
selective sampling) & X831 ZH & Whyol
HRubow et al. : 1987), o A3 Y A&
ZAE (wood dust), A& A, fafiar 22
3 7el B39 3EAH A9 235 A& W0
gt =3 A s 239 44 o
2} 1 AolA] BEo] X3 FFE HAd] Ay
24 ESE ¥Ae 374 P¥XE AL 4 Uk

2z o] WEe AR BY TV EYAZ
Z3e] o=l 3, FA7 M9 FAH Fo A
HFHIAH &9, 1989 EH9 2AL A3}
A B2 23 & gl @Ho] U =% 23 &
ol Wzidtel wiel BRel ¥3F 2 Ao| wtapr)
g ol & o] A EEXE 2Fs A
€ AEXY I XF f3o] 3 dHIxE
FABtgol gk, X3 FEe] YR & ASdE
ERe] vhitnl g4 38 &40 8 5+ A2 #
Fol UR & de Y A2 &40 Frlsins
AP fFe] MUx wteAl AR} st T
EH3te B9 FR ¥ aja ¥PAHA
et yhdat Afulate] glrh. o|RE wWAEr) #s8t
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(Esmen & Lee : 1980; Hinds et al. : 1985).
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H 272 239 ARRITE 24Y A9 ¥
EE A& ¥ wat A EXo) Ao)rt HAY
& frejsiddol gtk o HAEMYe B3 9x
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o] Mo R ¥AMF FRE EZ A B¥e
HA FRe disl F718EEI] 6.59%m (H 9
0.10-60.0)°1x 7IstEEHA7} 3.3202 AR B
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HAZD ot &, o]AL FRE 2EA Age|
e FZRE §79 433 373 $EE vehn
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HAHQA vla Yrisprlels E38F Mol Ut

3 A7 BA47E o83 ¥zl A ¥ 2
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Table 9. Results of X-ray Diffraction and FTIR of Quartz (ag/ ni)

Type of Distomaceous X-ray Diffraction

FTIR

Sample n GM*,  GSD**

Range n

GM, GSD

Range

0.76, 1.40
0.15, 1.71

Total 5
Respirable 14

0.42-095 12
0.07-0.37

0.47, 233 0.06-1.17

* Geometric Mean
** Geometric Standard Deviation

ZFlolu &3 2 whgdte €32 FAE 23U 3
Solle € & glvh. =9 8 3k §A4o)
g $1Y Asce AF Fe) A7z B9 2
7] @k opat ¥2¢] 7)sietH =Y, 2P& 19
I oyR & E& 5o et @A slns ¥
o] BFo) e} wgo] WA (Myer et al. :
1982).

wekr OhF B EAEE o]4H B AR B
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A BEAH A g HE M5l oy
ACGIH Aeld] g §¥32 27E 847187 v
o H7E g 5 e Wl lertdd dE dekstn
A=de 77 gasil,

3. T=E 2¥e WY RalT B4
- X HFEAMY R 24

TZE 93] i iPBAIAFFA e F34e
Arte 2 AN ATL AR Y ARE
B fEatel 78.4% z1Elm @bt 10.43
%2 F8 AE& olR3 Uk wWIHYM FRE £3
&olx 2 v &E {TA] FHEHO & Ao
2 239,

Rl Tk GollA AP R WdRYA FE
de FEIeR HErEE dF%n Jdov EF
32 Asde TEA BP0 27 FdRAGE wd=
Agof] M 0. 1mg/me 28] 3 | 2EWel|E
9} Egjtjulo]Eel] tisjAE 0.05m/moE HH3}
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A AAY felTate] EAA AP o
T HILE Od 382 ez Bl 4 gin 3
Y fFaE BN grkslelor #H(ACGIH,
1986).
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Fig. 8. Cumulative lognormal distribution of quartz X-
ray diffraction.
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Fig. 9. Cumulative lognormal distribution of quartz FTIR.
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