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— Abstract —

A Study on Evalueation of Worker Exposure to Diatomaceous Earth Dust and Engineering
Control in a Dintomite Factory

Hoe Kyeong Cheong, Ji Yong Kim, Hae Kwan Cheong, Hyun Sul Lim
Department of Prevenlive Medicine, College of Medicine, Dovgguk Universily

This study was performed in a diatomite factory where silicosis had been found at
October, 1993. The major objectives were to evaluate worker exposure to diatomaceous
earth and to present engineering control methods for workplace management. Total and
respirable dust of diatomaceous earth were measured. Size distribution of dust was analy-
zed by applying the multiple diffraction method. Also crystalline silica in respirable dust
samples was analyzed qualitatively by X-ray diffraction. The suitable Local Exhaust
Ventilation systems for that factory were recommended. The results were as follows.

The airbomne total and respirable dust concentrations by exposure groups showed
approximate normal distribution. The means of total dust exposures at flour maufacturing,
fire brick grinding and packaging, ceramic raws packaging processes exceeded Korean
and ACGIH standards, 10mg/m®. The means of total and respirable dust concentrations to
high exposure groups were 6.8 and 3.9 times higher than those of low expousre groups,
respectively.

The size distribution of diatomaceous earth dust was lognormal with a median diameter
of 707 pm(range, 0.10-600 xm) and with a geometric standard deviation of 1.43.

The crystalline silica in respirable dust samples was identified to quartz and cristobalite
and/or tridymite.

Above results suggest that engineering controls and periodic environmental and medical
surveillances will be important for preventing silicosis in the diatomite factory.

ney Words: Diatomaceous Earth, Silicosis, Respiable Dust, Size Distribution, Crystalline
Silica, Multiple Diffraction, X-ray Diffraction, Local Exhaust Ventilaton
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Table 1. Threshold Limit Values of Diatomaceous Earth and Crystalline Silica

Material Ministry of Labor (Korea) ACGIH
Diatomaceous Earth Total Dust, 10 mg/m** Total Dust, 10 mg/m**
(3rd group) (uncalcined)

Crystalline Silica
Quartz
Cristobalite
Tridymite

Respirable Dust, 0.1 mg/m®
Respirable Dust, 0.05 mg/m®
Respirable Dust, 0.05 mg/m*

Respirable Dust, 0.1 mg/m®
Respirable Dust, 0.05 mg/m®
Respirable Dust, 0.05 mg/m°

*for Total Dust containing < 1% Silica

**for Total Dust containing no Asbestos and < 1% Crystalline Silica
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Table 2. Sampling and Analytical Methods of Diatomaceous Earth

Sample Sampling Media Analytical Method
Total Dust Glass Fiber Filter 2.00 Gravimetric
Respirable Dust Cyclone+PVC Fliter 1.70 Gravimetric
Diameter Distrubution Glass Fiber Filter 2.00 Multiple Diffraction
Crystalline Silica Cyclone+PVC Filter 1.70 X-ray Diffraction
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Fig. 1. Cumulative Normal Distribution of Total and
Respirable Dust.
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Table 3. Overall Concentrations of Total and Respirable Dust by Exposure Groups
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Fig- 2 Overall Concentration of Total and Respirable
Dust by Exposure Group.
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Ho 3.9 2 E24FEE Hojal Uth

FZRE 718 33L& FRE ¥4 Az 4%
SaHE Ax 34 22 Ay 948 A2 F
oz o]fojA glon Ztzte A FAHL &
A7te) A Faol wE WA SAFYLe
2 FEHo A, o HF AYFAe] TR 1
g zt 349 FZE F8AY 334 U9 &
A ARE # 49 AYFAh

¥ 4% 39 3-5904 By 84 Ax A
Sy E AZ T4 SUAY FEY HaEF=2
¥57} 27t 16.64, 19.38 mg/m'E EF AP
74 871ee 29%se Ag ¢ & Ao 28y
29849 Y Agole o FAHY FEW HIFZ=2
¥=7t 2.90, 2.74 mg/m’o 2 FE7|E HTeR

(unit ; mg/m®)

Type of High Exposure Group® Low Exposure Group**
Diatmaceous @ —

Sample Mean+SD*** Range MeantSD Range
Total 18.301+6.44 8.86—35.51 2.6911.24 0.40—4.22
Respirable 2.2010.73 1.18—3.65 057+0.26 0.35—1.15

*Flour Manufacture, Fire Brick Grinding & Packaging and Ceramic Raws Packaging Processes

**Outdoor Workplace except above
***Standard Deviation



Table 4. Concentrations of Total and Respirable Dust by Processes

ati ¥
Process Workplace Type of No. of Concentration (mg/m)
Sample Sample Mean1SD Range
Flour Indoor Total 14 1664+ 527 8.86—23.20
Manufacture Respirable 6 2.321 080 1.42— 3.65
Outdoor Total 3 290+ 0.78 2.05— 3.59
Respirable 2 093f 0.72 0.70— 3.07
Fire Brick Indoor Total 9 19.381 6.50 12.77-26.91
Manufacture Respirable 1 2.84
Outdoor Total 10 2741 145 040— 422
Respirable 5 087+ 097 040— 284
Ceramic Raws QOutdoor Total 5 17.70+£12.39 2.40-23.07
Manufacture Respirable 4 140t 0.80 0.35— 2.06
40 , : : : : 40 : , , ,
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Fig. 3. Concentration of Total and Respirable Dust by
Workplace at Flour Manufacture.
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Fig- 4. Concentration of Total and Respirable Dust by
Workplace at Fire Brick manufacture.
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Fig. 5. Concentration of Total and Respirable Dust at
Ceramic Raws Manufacture.

Table 5. Concentrations of Total Dust by Area Samples

Sampling No. of Concentration
Area Sample (mg/m®)
Indoor* 2 11.77
Office Room 2 1.09

*Packaging and Grinding Process
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Fig. 6. Concentration of Total and Respirable Dust by
Area Samples.
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Table 6. Size Distrubution of Diatomaceous Earth Dust by Processes

Process Median Size (um) Range (u#m) Percentile of dust
below 10 zm (%)
Flour
Drying 3.80 0.70—20.0 713
Packaging 11.04 0.80—60.0 432
Tonbag Packaging 1 7.16 0.70—40.0 57.3
Tonbag Packaging 2 7.37 0.50—40.0 60.5
Tonbag Packaging 3 5.22 0.70—26.0 70.8
Packaging 6.93 0.10—220 69.1
(Area Sample)
GM*= 6.57 Average
GSD**= 143 0.10—60.0 62.0
Fire Brick
Mixing 13.91 0.60—50.0 330
Grinding 1 399 0.70—20.0 83.6
Grinding 2 6.61 0.60—20.0 644
Grinding (Area Sample) 8.75 0.10—60.0 54.0
Packaging 1 6.27 0.60—36.0 64.9
Packaging 2 9.63 0.10—60.0 51.2
GM= 761 Average
GSD=1.53 0.10—60.0 58.5
Ceramic Raws
Ore Input 6.23 0.60—45.0 64.6
Packaging 7.94 0.10—24.0 57.2
GM= 7.06 Average
GSD=1.18 0.10—450 60.9
Total GM= 7.07 Average
GSD= 143 0.10—60.0 604

*Geometric Mean
**Geometric Standard Deviation
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122
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Fig. 7. Size Distnbution of Diatomaceous Earth Dust-
-Lognormal Distribution,
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Fig. 8. Size Distribution of Diatomaceous Earth Dust-
-Cumulative Lognormal Distribution.
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Fig. 9. Median Size and Range of diatomaceous Earth
Dust by Process.
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Table 8. Characterstics of Local Exhaust Vntilation
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€ Farle el 294 F=2 dAE
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de E4NE HE Friioz AXH YA
o 239 £2¥x/t 3L £8E BY $97
AERdAe w70l AR 7HES A
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Process Type Control Velocity Face Velocity
(m/sec) (m/sec)
Flour
Crushing 1 Enclosing Hood Impossible to measure 0.40-0.45
Crushing 2 Enclosing Hood » 0.70
Packaging Flexible Duct-1 0.10 1.50
Flexible Duct-2 0.50 9.00
Flexible Duct-3 0.50 17.00
Fite Brick
Grinding Enclosing Hood-1 Impossible to measure Entrance : 3.20
Exit: 5.00
Enclosing Hood-2 # Entrance : 3.50
Exit: 4.80
Enclosing Hood-3 # Entrance : 4.00
Exit : 4.00
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Square setting box

Exhaust duct

Internal dust shield

Completely enclosed conveyor

Flexible skirt board \
—  Clean out and inspection

Troughing belt

Minimum duct velocity = 18 m/sec
Exhsust Rate Q = 76 n’/min/n’ of open area

Fig. 10-1. Local Exhaust Ventilation Hood of Conveyor (Belt Loading).

Totally enclosed conveyor

Internal skirt board

Troughing belt
Cleanout and Inspection doors

Return belt scraper or brush

Minimum duct velocity = 18 n/sec

Exhaust Rate Q = 76 n*/min/m’ of open area

Fig. 10-2. Local Exhaust Ventilation Hood of Conveyor (Head Pulley).
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(1) EZ7o] 4ol e FYAIE 9EY
ATHAM Y] FYEEE 18 m/sec B FHAIZ]
t},
(2) TAAA BN FUE o TAX S ¢
go|] 7lA BAo] wEHE2g HAyg 2508
%3 9 EAAZ gAEd AHEEcE §#
o}

(3) 23U ¥4 Foo Add F8 dA
B Aol 9§ Az AX 3ty wjr)Ajgich

(4) ¥94 = iHe AFdez 3 g
de EZEL Ade £& A%

ClEHE Hx 3D

Hop| — 28 128k

(1) Aubege HAoz £EuFAAN 79
HA&Es 282 dn 2o dEHE & T

-

Filtering

& T =15 mY/min

Flexible duct

I\ ke
I , >—- Qc = 27 m/min
Spill hopper

Minisum duct velocity = 18 w/sec

Fig. 11. Local Exhaust Ventilation Hood of Flour
Packaging.

Minisum duct velocity = 18 m/sec
Exhaust Rate Q = 40 a'/min

Fig. 12. Local Exhaust Ventilation Hood of Fire Brick Grinding.
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