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Estimation of Total Dust Concentration Complying with the TLV
of Airborne Man-made Mineral Fibers by Regression Analysis

Yong Chul Shin and Gwang Yong Yi*
School of Industrial Safety and System Engineering, Inje University, Kimhae
Industrial Safety and Health Research Institute, Incheon

The purpose of this study was to investigate
the correlation between airborne total dust and
man-made mineral fibers (MMMEF), and to estimate
total dust concentration to maintain below the
American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Value (TLV®)
for the MMMEF. The regression coefficients between
airborne total dust concentrations and fiber
concentrations determined in the industries
producing glass fibers, rock wool, refractory
ceramic and continuous filament glass fibers
products were 041, 0.42, 0.20 and 0.19, respectively.
The size characteristics of fibers as well as the
amounts of contaminated non—fibrous dusts could
affect the correlation intensities. When total dust
and fiber exposure data were compared with the

occupational exposure limits, there was a large gap
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between two evaluation results. The regression
coefficient between total dust and fiber data was
increased (r* = 0.8%) in the process of insulation
installation generating in the higher levels of glass
or rock wool fibers. In this case, an estimated total
dust concentration of glass wool or rock wool
fibers complying with the ACGIH TLV (1 f/cc)
was 1.7 mg/m’. In conclusion, the total dust and
fiber concentrations was highly correlated at the
higher exposure levels so that total dust-monitoring
data could be wused to control
economically and to estimate worker’s exposure to
fibers.

simply and

Key Words : Man-made mineral fibers, MMMEF,
glass wool, rock wool and refractory ceramic
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(man- made
mineral fibers, synthetic vitreous fibers, MMMF)

(inert dust) 10
mg/
(refractory ceramic fibers),

(rock wool fibers), (continuous filament

glass fibers) (slag woal fibers)
( il
1998).
MMMF ,
(IARC, 1988).
MMMF ,
(IARC, 19898)

(Bunn et al., 1993)

American Conference of Governmental Industrial
Hygienists(ACGIH) , ,
Threshold Limit Value(TLV)

(8- hour time weighted average) 1 ficc
(Suspected
Human Carcinogen, A2) TLV 01

flcc “Notice of Intended Changes"
(ACGIH, 1999). ACGIH(1999)
TLV
5 mg/m’
. National Institute for Occupational Safety and
Health (NIOSH)
( <35 um,

=10 um) 3 flcc,

5 mg/m’
(Bender et al., 1991),
Occupational Safety and Hedth Administration(OSHA)
(NIOSH, 1988).

MMMF

MMMF
MMMF
MMMF
(Bender et al., 1991;
Corn and Sansone, 1974; Jaffery, 1990; Konzen,
1976)

MMMF )

MMMF

MMMF
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II.

NIOSH Method #0500(NIOSH,

1994) ,

37 mm cellulose ester membr
ane(MCE) (0.8-um, Type AA, Millipore
Corp.)

10% blank
, NIOSH Method # 7400(NIOSH, 1994)
MCE acetone/triacetin

Walton- Beckette graticule(G22,

Graticules Ltd, UK) (Carl
Zeiss, German) “A" "B
A 5 um
(aspect ratio) 31
, B 5um
: 51
3 um ( )
“A” B
(regression coefficient,
r)

II.
1
MMMF
Fig. 1 - Fig. 4
A rule
0.42,
0.46, 041, 0.19
MMMF 0.19
(p<0.001).
0.41 - 0.46
0.20
ia E . i , ¢
Mr: '1:.- = =
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041, 0.18,
0.20, 0.18
(p<0.001).
MMMF
MMMF
B A
MMMF
B
3 mm

042,



0.18 - 0.19

Table 1 . 15
MMMF 10 mg/ '
ACGIH TLV 5mg/m’
3 20% . ,
(1 f/cc)
. 6  (40%)
Corn and Sansone(1974) 2
5 mg/m’
1flcc .
. Lees et 10 mg/ '
al.(1993) 5 mg/m’ TLV
1flce
. Bender et al.(1991) 2.66 mg/ '
2)
1 ppm
, , Talbe 1
Berum et al.(1986)  Schneider (1987)
3.4% 10
mg/ 0.1 f/cc
79.3%
) 5 mg/m'
2. 10
9 (90%) ACGIH TLV 01
1) , , flce 5 mg/
m’ 19 10 0.1 flcc
, , 5
mg/
(10 mg/ m') (1flc) 0.1 flcc 38 31
. ACGIH
TLV 5 mg/w’ )
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Table 1. Comparison of Evaluation Results for Total Dust and Fiber Concentrations

Type of Process S’\la?ﬁ[jfe E\;gjgsaut:(e)?o I:\;_egtualjtspzr);i culate Evaluation Result for Exposure to Fiber
Installation of 15 Exceeding 5 mg/m3 Exceeding 1 f/cc: 6 (40%)
rock wool 3 (20%)
Exceeding 1 f/cc of samples =5
Exceeding 10 mg/m3 mg/m3 4/4 (100%)
None
Range of total dust concentrations
of samples > 1 flcc : 2.66 - 9.95 mg/m3
Production of 29 Exceeding 5 mg/m3 Exceeding 0.1 f/cc: 23 (79.3%)
ceramic fiber 10 (34.5%)
products(wool Exceeding 0.1 f/cc of samples =5
and module) Exceeding 10 mg/m3 mg: 9/10 (90%)
1 (3.4%)

Exceeding 0.1 f/cc of samples <5
mg : 10/19 (52.6%)

Range of total dust concentrations
of samples > 0.1 f/cc : 0.17 - 2.26 mg/m3

Table 2. Estimated Value and 95% Confidence Intervals of Fiber Concentration at Given Total Dust
Concentrations

Fiber Conc., f/cc (Y)

Total Dust Conc., mg/m3X)

Estimated Value 95% Confidence Interval
17 0.83 066 - 1.00
20 0.91 0.74 - 1.07
25 104 0.88 - 1.19
3 117 101 - 132
5 1.69 150 - 187
10 2.98 255 - 340
3. Table 2
Table 2 10 mg/ '
(95% ) 298 flcc (255
1) - 340 flcc) ACGIH TLV  1flce
Fig. 5 . 5 mg/m' 1.69
flcc(150 - 1.87 flcc) TLV
r=09%4 10 mg/m'
5 mg/m’
Y = 0258 X + 0.3%4 (r2= 0.88, p<0.001) TLV
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Y =0258 X+ 03939 (=088, p<0 001)

Fiber concentration, f/cc

Total dust concentration, mg/m?

Fig. 5. Regression between fiber and total dust
concentrations during in stallating rock
wool or glass fiber insulations at a shipyard

y=0.091x-0.078 (R?=0.35, p<0.001)
| -

Fiber Concentration, f/cc

Total dust concentration, mg/m

Fig. 6. Regression between fiber concentrations and
total dust concentrations in a ceramic fiber
manufacturing factory.

A%
2,

| WEw 2R2A F27t 17 mg/melAE
T 083 f/ee (066 - 1.00 f/ec) & Ve, o
5% AFFEqM Hirse

e
T
A2 F e BoFET

do Lo of &
o

Ny o
M AN do ton

o2 vt (Fig. 6). ©1<
S B A3 A9 ARt g o
42 o)gstel Hf FE F
Fagrol 01 fleed 2AA g F2A FEE
05 mg/m 2.2 Uehdth of el B A 5
EE 5% A FEAA Af =5 01 f/ec TS

a1 042, Ak A 0.20,
0192 Yetwn feds o Ao

WA g w

o

)

—d

RS
=
x N
= 3
&L o
19

tott
o 4
P =
L 4
o e
o
i)
=Y
b,
N
e
o
El

o Ho X

LI,

g} Zo] Af FFA We 2

ox ML o o o rlf X
o

B0 m do
o
Ho

Jo rir
»oox

I
o
ox
o
&

=)
il
o
At
X,
N
29
=2
=
rO
ol
ol
re ¢
P
o

off
k1
. 1
=
=
2
Hir
rlo
Ho
A
o
Ho
b
o2
g
o
Ho
B

(23

o0
T oo
RIS

H1

1o,

AN,
S
il
P
iS)
L
rlo
ru
N
o
X
¥0;
32 Ao
=
o
off off
iyl
BN

lo

I
€
tlo
N
i)
o
1,
fu
rir
ot
N,
il
L%
32
e
o
Ho



FEE 05 mg/m lTo R e stofof 5% £
FoA Adf sEE 01 flec e vx]E]E

oz Uehgou), § Wizel AR

o

=T

1
(=)
8

|

o

LIEES IS

o
e
_Q.
;3‘
i

2
=
L)

o L ox
0
=R

Eom
o
=
El
2
Hir
rlo
off

2{_:{
re J
o foH oo

Foor
H o
S

o,

rr o
T

z

ox,

oy

o2l

=2,

off
K o
iz
=
o

N
M o
o
o B g Fo

|d
i

H1
Xorr oy 2
-
i
off
f1

N
ol T ofj
3%

e
=
o=t Y

ox nd

o
M
™,
_>|~14
=4l
rir
x._l,
N

O
s
1Y

:1_>.i
lo,
o;
4,
ooy
B3
Mr e ANt ofe Ay um e

S|
h=i

-2y A g AR
A

R
9#
rd
fu
-}
lo,
o
b
i
=)
it
o
e Jo
ofo
ila}

o

Ao
rriﬂ—i

A7} ”0}
mg/m'<

] /ccE %l’ﬂ Z 3} o]
ke A = 1.7 mg/m<l
?Zviﬂr ek Sl 78 AR =&
22 10 mg/mol7] WEed # ”}J%Q]
Azt HAs A NGk st
E 02 AXFENRY 35 =27]

3t}

- A
> 4 o
-
AN
My

ir
o —
M

S
=

5
i
N
-

2
o do =
N

o
E
°1L
ol
L
i

m{

3
FN
rlo

o
=
g — oXx o

2 2

N
N
EiN

[e]

REFERENCES

b= =

=5 fFAEAY HEEE =TT
91-21%, =%, 1998

American Conference of Governmental Industrial
Hygienists:1999 TLVs" and BEIs."

American Conference of Governmental Industrial
Hygienists, Cincinnati, Ohio, 1999

Bender, JR, JL Konzen, GE Devit: Occupational
Exposure Toxic Properties, and Work Practice
Guidelines for Fiber Glass. AIHA, Fairfax, VA,
1991.

Berum, NO, E Holst, and T Schneider: Evaluating
Occupational Exposure to Man-Made Mineral Fibre
Dust by a Screening Test. Staub Reinhalt Luft
1986,46:276-283.

Bunn, I WB, JR Bender, TW Hesterberg, GR

A A

Chase and JL Konzen: Recent Studies of
Man-Made Mineral Vitreous Fibers. J. Occup Med
1993;35:101-113.

Corn, M and EB Sansone: Determination of
Total Suspended Particulate Matter and Airborne
Fiber Concentrations at Three Fibrous Glass
Manufacturing Facilities. Environ. Res. 1974;8:37-52.

International Agency for Research on
Cancer(IARC): Monograph on the Evaluation of
Carcinogenic Risks to Human Man-Made Mineral
Fibers and Radon. Vol. 43,  World Health
Organization/International Agency for Research on
Cancer, Lyon, France, 1983.

Jaffery, TSAM: Levels of Airborne Man-Made
Mineral Fibres in UK. Dwellings. I - Fibre Levels
During and After Installation of Insulation.
Atmospheric Environment 1990;24A(1):133-141.

Konzen, JL: Results of Environmental Air Sampling
Studies Conducted in Owens-Corning Fiberglass
Manufacturing Plants. In Occupational Exposure to
Fiberglass Proceedings of a Symposium
(DHEW/NIOSH Pub. No. 760151). Washington
D.C., Government Printing Office, 1976;115-120

Lees, PSJ, PN Breysse, BR McArthur, ME
Miller, BC Rooney, C.A. Robbins and M Corn: End
User Exposure to Man-Made Vitreous Fibers: L.
Installation of Residential Insulation Products.
Appl. Occup. Environ. Hyg. 1993;8(2):1022-1030.

National Institute for Occupational Safety and
Health: NIOSH Docket Submission: Hearing on the
Final Air contaminants Rule for General Industry,
Doc. H-020, EX 8-47, 1988

National Institute for Occupational Safety and
Health: Method 0500: Particulates Not Otherwise
Regulated, Total. In: NIOSH Manual of Analytical
Methods, 4th ed. DHHS(NIOSH) Pub. No. 94-113,
NIOSH, Cincinnati, 1994.

=165 =



National Institute for Occupational Safety and NIOSH, Cincinnati, Ohio, 1994.
Health: Method 7400: Ashestos and Other Fibers Schneider, T: Mass Concentration of Airborne
by PCM. In: NIOSH Manual of Analytical Man- Made Mineral Fibres. Ann. Occup. Hyg.

Methods, 4th ed. DHHS(NIOSH) Pub. No. 94- 113, 1987;31:211- 217.

- 166 -



