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ABSTRACT. In an ongoing epidemiological study to clarify the exposure-response relationship 
for the development of silicosis in Chinese mine and pottery industries, a large historical data 
source containing approximately 60,000 mining workers' exposures from 1958 to 1992 was 
converted into respirable silica mass concentrations. In the original Chinese database, the 
exposure data were expressed as total mass concentration with size distributions categorized by 
microscopic sizing. In this report, two options, one by direct calculation using volume 
contribution in each fraction and the other by using the Hatch-Choate equation, have been 
developed to convert count fraction into mass fraction. In general, the conversion using the 
Hatch-Choate equation offered a slightly lower conversion value. The direct calculations using 
volume contribution in each fraction may be preferable because the assumptions are less 
restrictive. 
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INTRODUCTION 

It has long been recognized that exposures to airborne mining dust cause adverse effects 
to the respiratory system. <1

> More specifically, the development of silicosis, a disabling disease 
of the lung, is uniquely linked to respirable free silica. <2,

3l Currently in China millions of 
employees work in metal mining and factory operations where respiratory diseases have been a 
leading cause of death, and approximately 400,000 workers have developed silicosis. <4> 

Common symptoms related to silica over-exposures are cough (with or without sputum), 
breathlessness, dyspnea, and a predisposition to colds and bronchitis. In an ongoing 
collaborative epidemiological study between the National Institute for Occupational Safety and 
Health (NIOSH) and the Tongji Medical University in China, ''total dust mass concentration" 
data from a large historical data source were converted into respirable silica mass concentrations. 
The data source contains exposure records for approximately 60,000 employees who were 
employed from 1958 to 1992 at 29 mines and factories located in five provinces of south central 
China. 

From 1925 through the 1960's, impinger sampling with particle counting using light-field 
microscopy with 100 x magnification was the standard method used in the U.S. for quantifying 
exposure to mineral dusts. These measurements were reported as million particles per cubic foot 
of air (mppcf). During the 1960's, in recognition of the relevance of respirable mass to the 
development of pneumoconiosis, efforts were made to relate existing particle-count exposure 
limits to measurements of respirable mass. Consequently, studies to convert impinger particle 
count data to respirable mass sampling techniques were conducted<5>. Generally, the conversion 
factor has varied between 0.07 to 0.13 mg/m3 respirable dust per 1 mppcf. <5•

10
> These correlation 

studies used various instruments for the measurement of respirable dust, including horizontal 
elutriators and cyclones of differing dimensions. Some of the variability is undoubtedly due to 
the different operating characteristics of the respirable mass samplers. Studies measuring the 
conversion factor between impinger counts and respirable mass concentration for various 
industries provide a range of proposed values. In 1968, the American Conference of 
Governmental Industrial Hygienist (ACGIH) proposed to changed the Threshold Limit Values 
(TL Vs) based on count concentration by impinger sampling to respirable mass concentrations, 
and formally adopted the change in 1970. <11> 

The reconstruction of historical exposures are often necessary for the exposure 
assessment component of an epidemiological study because past sampling methods and/or data 
expressions were inconsistent with current technology. In China, airborne dust in mines has been 
collected by filter cassette at high flow rate while the tasks were in progress. The so called ''total 
dust" levels were determined gravimetrically and particles were sized microscopically. 
Respirable fractions were noted for all particles having less than a 5 µm geometric diameter 
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regardless of the density and shape factors related to the particles' aerodynamic behaviors. 
However, respirable particle mass, currently defined by the ACGIH, consists of those particles 
that are hazardous when deposited in the gas-exchange region of the lungs with a median cut 
point of 4.0 µm aerodynamic diameter< 12

,t
3

)_ In order to estimate the respirable mass 
concentration by means of the ACGIH definition, and subsequently , a respirable silica 
concentration, it was necessary to convert the "total mass concentration" into respirable 
concentration based on the Chinese microscopic particle sizing data. This paper provides two 
approaches, one by volume and the other by using the Hatch-Choate equation, for this purpose. 
Some necessary assumptions have been made and are discussed. Methodology on this issue has 
been lacking in the literature. 

MATERIALS AND METHODS 

Sampling and Analysis 

Sampling in this study was conducted in 20 metal mines and 9 pottery factories. A total 
of 134 samples were collected: 55 in tungsten mines, 23 in copper and iron mines, 7 in a tin 
mine, and 49 in pottery factories. As per tradition, the Chinese airborne dust sampler (Model 
FC-2, Wuhan Analytical Instrument Company, Wuhan, China) was used for sampling. This type 
of sampler has an open face 40-mm polyperchloroethylene filter (pore size 1.2 to 1.5 µm, 
thickness of 0.1 mm) and operates at a flow rate as high as 25 L/min. The sampling period lasted 
15 minutes while the tasks were in progress. 

After sampling, the filter was placed in a small beaker and dissolved by adding 1 to 2 mL 
butyl acetate. The solution was stirred thoroughly, then a drop of the solution was put onto a 
glass microscope slide. The drop was spread out to form a thin film, which dried quickly. 
Additional butyl acetate was used to dilute samples from the filters with high particle 
concentrations in order to obtain optimum counting and sizing conditions. 

Particles were sized using a light microscope, and at least 200 particles were randomly 
selected on each slide. Particles were categorized in four size ranges, i.e., ~ 2 µm, 2 to 5 µm, 5 
to 10 µm, and <!'. 10 µm. Due to the irregular shape of the dusts, slides were always moved 
vertically and sizes were measured in the horizontal direction. 

Dust densities from each mine and factory were measured by using a pycnometer in the 
College of Engineering and Mineral Resources of the West Virginia University. Two to three 
replicates were taken. The dust density ranged from 2.39 to 2.68 g/cm3

• 

Data Processing 

Log-probability plots were drawn to obtain the count median diameter (CMD) and 
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geometric standard deviation (GSD) for each sample so that size distribution curves could be 
generated based on the two-parameter lognormal density function. <

14l The straight lines by "eye" 
on most of the lognormal probability plots indicated the lognormal distribution as the correct 
model. As shown in Figure 1, the integration of the lognormal curves produced percentages of 
dust by count less than 5 µm in good agreement with the original sizing data. This also gives an 
impression that the lognormal distribution could be a reasonable assumption in general. Strictly, 
a goodness-of-fit test, such as the W tesf 14l or Chi-square test <15>, should be used as a powerful 
general-purpose test for the lognormality if needed. 

Two Approaches for the Conversions 

By direct calculation using volume contribution in each .fraction. The basic assumption 
for this conversion method was that particles have "similar shapes" by the mathematical 
definition. For instance, if the dusts were cuboid, each of the three corresponding aspects among 
them were identical. The conversion was based on the following steps: 

(1). Calculation of volume fractions based on the count fractions in each size range. First, 
a count median size (CMS) in each range was calculated. For example, for the range 2 - 5 µm, 
CMS was calculated as a geometric mean (2 µmx5µm)°- 5 = 3.16 µm, because a logarithmic size 
scale would be more reasonable for the size distribution due to a process that breaks the original 
powder down. <

15
• 1

6l The smallest size in the ":s; 2 µm" range was estimated by the limit of 
detection of the microscope used, which was roughly of the order of 0.5 µm. The largest size in 
the "::?: 10 µm" range was estimated by the concept that area under the curve in a plot of (number 
fraction/µm) against particle size equals to the number fraction in each size range. In this 
estimate, the ":s; 2 µm" and"::?: 10 µm" ranges are better approximated by right triangles, <17i 

whereas the other two ranges are approximately as rectangular. After CMS was calculated, 
percentage of volume ( or mass assuming the densities are the same) was computed by using the 
count percentage data and CMS approximately as the size of average volume. Assuming the 
total number of particles on a filter was N, the total volume of particles in each size range 
equaled the product of the particle number (N times the count percentage) and the average 
volume of the particles in the range. The volume percentage was then the ratio of the total 
volume in each size range to the total volume of the N particles. N was an arbitrary number and 
independent of the calculations since the N in the numerator and denominator were canceled out. 

(2). Calculation of mass median aerodynamic diameter (MMAD). Taking into account 
the particle density (p) and dynamic shape factor (X), CMS was converted into mass median 
aerodynamic diameter (MMAD), For example, for a particle with a CMS of 3.16 µm, the 
aerodynamic diameter is 4.75 µm, where p0 is unit density. A shape factor (X) of 1.36 for quartz 
was used. <

11
-
19> A typical reconstructed mass fraction plot by this option is shown in Figure 2. 

(3). Calculation of the respirable fraction. First, the respirable fraction in each size range 
was calculated as the product of the volume percentage and the respirable fraction at MMAD 
based on the ACGIH definition <12

•
13>. The sum of the respirable fractions in each size range 
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yielded the respirable fraction for the sample. 

By using Hatch-Choate Equation. The use of this option necessitated that two 
assumptions be made: 1) the size distribution is lognormal, and 2) particles are spherical. The 
conversion was calculated as follows: 

(1). Using the count median diameters (CMD) and the geometric standard deviations 
(GSD) from the log-probability plots, the mass median diameter (MMD) was calculated 
according to the Hatch-Choate equation <19>. 

MMD=CMDxexp(3In2(GSD)) (1) 

(2). Calculation of mass median aerodynamic diameter (MMAD) was based on the 
density (p) and dynamic shape factor (X ). Again, Po is unit density, and a shape factor of 1.36 
for quartz was used as in the volume option. 

MMAD=MMD~ p 
PoX 

(2) 

(3). Size distributions were reconstructed based on the two-parameters of lognormal 
distributions, MMAD and GSD. A typical plot is shown in Figure 2, which has a MMAD 10.86 
and GSD 1.8, respectively. The respirable fraction was then calculated by taking the products of 
the integration of the lognormal distribution and the ACGIH respirable curve. Details of the 
calculation are given in the Appendix. 

RESULTS AND DISCUSSION 

For mining and pottery industries, factors to convert ''total dust" of the Chinese system to 
respirable dust were calculated by the two different approaches described above. As shown in 
Table I, respirable dust percentages averaged by job titles fluctuated from 0.9 to 11.3% by using 
the Hatch-Choate equation, while respirable percentages ranged from 1.1 to 12.3 % by direct 
calculation using volume contribution in each fraction. Variations within each job title are 
generally high as indicated by the standard deviations in the parentheses. Variations among the 
values may really reflect different task-specific size distributions. In the tin mines, for instance, 
it seems reasonable that the pumper was exposed to less respirable dust than was the unloader 
because the vacuum device that the pumper operated removed a greater number of smaller 
particles than larger ones. Some discrepancies are not easily interpreted, however, and they may 
result from sampling and analysis errors, especially for the count fraction in the larger size range. 
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The use of the Hatch-Choate equation required several more restrictive assumptions than 
did the volume method. First, with the Hatch-Choate equation the particles must be assumed to 
be spherical, rather than just being similar as with the other method. Second, the overall particle 
size distribution should be lognormal, and this option applies only for single-mode size 
distributions. However, the size distributions of mining dust often appear as bimode or multi­
modes c21 >. Willeke and Baron <17> pointed out that it is frequently that tempting to draw a straight 
line on a log-probability plot through the data without knowing the distribution is bimodal. For 
instance, an aerosol with mode 1 (CMD=l.5 µm and GSD=2) and mode 2 (CMD=l0 µm and 
GSD=2) would be mis-calculated as a single mode (CMD=3.4 µm and GSD=3.4). Assuming a 
density of 2.5 mg/cm3 and a shape factor of 1.36, the calculated respirable percentages using the 
Hatch-Choate equation for mode 1 and mode 2 would be 23.9 and 0.1%, respectively. If each of 
the two modes possesses same particle number, the respirable percentage calculated by volume­
weighted average would be 0.18%. However, the mis-calculated single mode would result in a 
respirable percentage of 0.03%, only one-sixth the real value. Most likely, this could be a reason 
why the Hatch-Choate equation yields lower conversion factors than those obtained by the other 
method in general. Third, the mass median diameter calculated by using the Hatch-Choate 
equation greatly depends on an accurate estimation of GSD from the log-probability plots. With 
the same density and dynamic shape factor stated above, the respirable percentage by the Hatch­
Choate equation for the distribution shown in Figure 2 (with a CMD 2.84 µm, a MMAD 10.86 
µm, and a GSD 1.8) is 9.4%. However, if the true GSD was 1.62, only 10% smaller, MMAD 
would decrease to 7. 7 4 µm, and the respirable percentage would increase to 1 7 .1 %; while if the 
true GSD was 1.98, 10% larger, MMAD would increase to 15.61 µm, and the respirable 
percentage would decrease to 5 .1 %, nearly a doubling in the difference would occur in both 
cases based on the calculations by using the Hatch-Choate equation. In contrast, the volume 
option is less susceptible to such variation. 

On the other hand, results by the option that directly calculated volume contribution in 
each size fraction are largely dependent upon the accurate sizing of the larger particles. Even 
though the respirable fraction for an 1 µm particle is 97 times as high in probability as that for a 
10 µm particle, the volume contribution from the former is only one thousandth the latter. For 
example, if a total of 200 particles were counted on each of two filters and each has 50 particles 
less than 2 µm and 110 particles between 2 and 5 µm. Assuming one filter has 34 particles 
between 5 and 10 µm, and 6 particles greater than 10 µm, the respirable percentage would be 
7.4%. However, if2 particles larger than 10 µm had been mis-sized into the smaller size range, 
the real respirable percentage would be reduced to 6.6%. 

The Chinese sampling system was expected to collect greater quantities of bigger 
particles, say ::2: 10 µm, because of the higher sampling flow rate and the short-term sampling 
duration. In addition, the particle size distribution of the dust samples was supposed to be mainly 
governed by the operations, which suspended larger particles in air for shorter periods than were 
the smaller ones because of gravitational settling. A field study by Wu and et al. <22

> showed that 
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the Chinese sampling system did collect 38% more "total dust" than the 37-mm cassettes 
operating at 2 L/min. Based on these data, respirable concentrations should be estimated at an 
equivalent level where we have a calculated a conversion factor to be 38% lower. 

As mentioned earlier, in China, "respirable dust" was noted for the dust that was less than 
5 µm geometric diameter. Total dust and the free silica content were mainly regarded as the 
exposure indices for the development of silicosis; while the count "respirable fraction" are 
considered as a qualitative rather than a quantitative index to estimate the health effect. 
However, it is clear that the development of human silicosis is uniquely linked to the respirable 
free silica rather than the total dust. Thus, the ability to convert the historical dust exposures 
based on microscopic sizing data into respirable fraction is an important objective in the 
epidemiology research. The two approaches established in this study provide useful 
methodologies for the clarification of the exposure-response relationship. 

In summary, two approaches have been used to convert the historical mining exposures to 
respirable fraction based on the microscopic sizing data. Although the results are not 
significantly different between the two methods, the direct calculations using volume 
contribution in each fraction are preferable because the assumptions are less restrictive and the 
applications are broader, as shown in Table II. 
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APPENDIX 

After converting count median diameters into mass median diameters by the Hatch­
Choate equation, respirable fraction was calculated using Mathcad (MathSoft Inc. Cambridge, 
Mass.). For example, respirable percent was calculated as 8.3% for the distribution shown in 
Figure 2 that has a MMAD of 10.86 µm and a GSD of 1.8 as the following using Mathcad 
format. Note that a colon":" is required as a definition symbol, and "TOL" is the numerical 
tolerance for the approximation algorithms. The term "norm(z(x))" in the following integration 
is the cumulative probability function of a standardized normal random variable. A convenient 
algorithm for this function has been given by Soderholm c12>. 

MMAD . =10.86 

GSD =1.8 

_ log( x) - log( 4.25) 
z{x) -.,.... ~-~-

log( 1.5) 

TOL =0.000001 

d =100 

( ln(x) - In( MMAD)) 1 21] 
[c 2·1t >°"5-x-( ln(GSD))r 

1 .J 2·( ln(GSD))
2 

J ·O.s-(1 +e-0.06·x) .( I - cnom(z{x))) dx = 0.08 
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Table I. Percentage of Respirable Dust Categorized by Job Titles• 

Mine/Industiy Job Title 
Number of Option 1 b Option 2 c 

Samples 

Tungsten Crusher 4 4.4 (3.5) 3.6 (3.0) 

Driller 20 5.8 (2.5) 4.1 (2.8) 

Loader 3 4.3 (1.4) 2.3 (1 .6) 

Mining 6 10.2 (4.8) 7.5 (5.6) 

Transport way 9 7.0 (3.1) 5.1 (1.1) 

Unloader 12 6.9 (2.4) 5.9 (2.4) 

Working Lane 1 4.5 0.8 

Copper/Iron Driller 9 7.8 (3.6) 6.2 (4.1) 

Excavator 2 3.7 0.8 

Face Worker 1 5.4 0.8 

Loader 3 6.0 (1.9) 4.2 (2.2) 

Transport 5 8.7 (4.0) 5.0 (5.0) 

Tunnel 2 4.0 1.4 

Unloader 1 6.7 5.8 

Tin Driller 2 8.1 5.1 

Excavator 3 7.0 (0.9) 4.7 (1.1) 

Pumper 1 3.1 0.4 

Unloader 1 11.5 4.5 
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b 

C 

Table I. Percentage of Respirable Dust Categorized by Job Titles• (Continued) 

Mine/Industry Job Title 
Number of 

Option 1 b Option 2c 
Samples 

Pottery Crusher 1 5.6 2.9 

Dragger 1 7.4 4.4 

Driller 1 1.9 0.3 

Forming 6 6.8 (3.5) 4.1 (3.4) 

Furnace 3 7.4 (1.6) 5.7 (3.1) 

Glazer 3 4.2 (2.9) 1.2 (0.2) 

Loader 3 5.7 (2.2) 3.9 (2.4) 

Milling 2 6.6 3.1 

Mixer 5 6.3 (2.0) 2.9 (1.8) 

Molder 1 12.8 9.7 

Ore Loading 2 3.6 1.4 

Polishing 6 7.0(5.1) 5.2 (5.4) 

Preparation Worker 5 8.0 (1.7) 4.0 (1.5) 

Raw Material 6 5.6(1.1) 2.8 (1.4) 
Worker 

Transport 2 3.6 1.3 

Tunnel 2 7.2 5.5 

Values are in percent(%) of the respirable dust with respect to the total dust mass 
concentrations as measured by the Chinese method based on the ACGIH definitionof 
respirable dust<13). Values in parentheses are the standard deviations. 
Values calculated using volume contribution in each size fraction. 
Values calculated using the Hatch-Choate equation. 
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Table II. Comparisons of the Two Approaches 

Option Hatch-Choate Direct calculations using volume 

Assumption (1). lognormal distribution ( 1 ). doesn't matter what kind of 
overall; (2). spherical particle distribution overall; (2). similar geometry 

Applicable single mode more than 1 mode 

13 



FIGURE CAPTIONS 

FIGURE 1. Percentage of dust by count less than 5 µm: after lognormal treatment vs. the 
original microscopic sizing data 

FIGURE 2. A typical reconstructed mass fraction/µm plot 
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P. Gao BT. Chen i~ .E. ~ Z. Zhuang FJ. Hearl D. Schwerha 

MA. McCawley SC. Soderholm f.~ it;J.j 

[MWJ !~ ~tt~ff~•~R•m~ttA*~~J!ff~~llf•tt*~~~~~~n•o 

~,a ::¥:llfMf+n•: -f+llu~mK~ttJJ; JJ-f+ JU Hatch-Choate n @tt JJ, ~~ tll it It a 71- t;t "1 

ttte,rttal} .. ~~-o ta• ~JIJ.fi?.*~~)!1:jllf•tt*~~J!~JU~ff~•tt. ~'P. Jfl Hatch­

Choe~n@ttJJ~--~o -~ ~~K~tt••~~JUo 

c~■tllJ llf•tta,rtt *~ ff~•tt 

Two approec:bea to convert historical minilll d-.t expoans Into resplnble l'nctlon( baled oa micro9cope stz. 

Ina meuuemenu) Gao Pmgfn • , Chm BT, Chm Wnlumg, a al.. 'Natimral. Institute for Occupational. 

So.fay and Health, Morgantown, USA 

[ Abltnct) ObJectiYe A large lmtorical total dust exposure was convened into respirable mass concen­

trations for an epidemiological study. Metbodl Two options. one by direct calculation using volume contribu­

tion in each fraction and the other by using the Hatch-Choate equation, have been developed to conven oount 

fraction into mass fraction. ReAltl In general, the conversion using Hatch-Choate equation offered a slightly 

lower conversion value. Conclaslon The direct calculations using volume contribution in each fraction are 

preferable. 

[Ke, wordl) Respirable fraction Dust · Conversion factor 

~®~tt~~~rr~~~*~•~N~ 
.llitilt~Jf iti If .fa*~ ttt ~, ?tit 11: ;f1l m? ;I( SiOz 
a?t~*•·~~~~n~~®~*~m~~ 
~~~-~o*®®~~~~~TI~if~~ 
(NIOSH);ffllsJm!§f4::k~ilt 10 ~tf~li 291-

rri&• T, :n~-t-if~.Jt.M~m.t.tto9so 
-1994 ~>~-~--~ttt~~.llitilEBt•o 1-JT~ 
~~~m~$?tJH.t.tt~~w•.~~r~rr 
~~?t~. ~ fn x,t .i * ~ t{i ~ ~~Ji !If 11& tt * 
~ttt~~n~l!ffTif~o 

~t:l~n~ 

- , 1' Mr fa ,r 4'f 
1'Mr111t e 4 ~ r t1J '° ~ r .. fi?- tt 134 1-: 1u·· ss 

01.IUU'· 231",tli" 7 M.•r 49 Mo ~•ti~lff« 
ft: •• «I: : • 1111 « ~ ~ 'ri ~ J! 1:. if R §f ( NIOSH) 

(P.Gao, BT. Chen, Z. Zhuana, FJ . Hearl, D. Schwerha, MA. Mc­
Cawley, SC. Soderholm) ; 'P II lat~ !Ul *"It:»'~ J! 1:. ~ ft if• 
(llliJ!tt,llli••> 

rEJUuaz.•iJIMUJ~. illnl.aiiim< ~ili)40 mm2o 

illnl#UUJ. 111 ~-•>t, lEB. tl:tlr'1!m~ t ~ P 
2001-~fto fi~~:;k,J,,r:!9 4 tl: < 2 µm, -5 µm, 

-l0µm~>l0 µm(EBr*~~tt1-jUlt •>t.~~& 
·••1:nialsf!J, f;§ Jlt~71'V-niol~ t)o JU~~& 
~~*•rsr••~~tt•tt~rE*~tt•.~-t­

~Mr:t.l'. 2-3 !X, *~~JtftT2.J9 -2.68 g/cm1
0 

~-~ll:JU•tt••m••~~~~Bt1:•tt 
Mfl: l!I Jf: tt JJ ~ • uL 1: ~ ( count median diamater, 

cMD)"1.Jt.faT~IIU!( sc>, «tMM ~ttx-t lt:iE ~~ J! m 

tt~JlJ,rltJ!dll!'l''1 o i!* ~lt~~-tlt.iE~ ••m !l 
1:!'lo x-t•tt:iE~dll~•<s µm ~*~m,r, ~!j;fle 

tt••<s µm *~Yri!i~e,rttm~i'to ,&Jf~. -~~ 

.1:•x-tlt.iE~,r$:l:*ll~1'1iio 
=.Mf+tt~n~ 
(-)~~-~tt•• 

firE~tt~ltllrExA~~~~~~oA~rrJJ 

~\Uar: 
1. ttJJ~tt-&StlE .fi?-~ • PJf i!i ~lft a ,r tt, 11'£ ~ 

~•ur{l(count median size,CMS)o W:2-5 µm ~tt 
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& CMS :J;; ✓2 µmX 5 µm= 3. 16 µm, ... ,j,"(l(Jtt@#iJJ 
:f;;Hffl:tl~tlHl{I, ffii"Jl:::k"tt@JIU.ffl!I• µm etJtt~ 

ttMtt@etJm•-~.~•-~ttaa~retJ~m• 

~~tttt§etJI1tl:tom~--~--~-~:flJ-::k 

~~~tt&;m~~~--~~~~~tt&o~~4 

~-~(tt@Eb ,J,JlJ:k)etJ~ttlt § ,rJJ"7 60,86,38 :flJ 

16(~1t 200 ~~tt), ~U~ttetJl#J.litl:t,tjj1J"7 3oci,,, 

43% ,19%:f!J 8C!fi, gom l 1.Jr~o ~U&&etJ~m: 
=-le~ A (IIJiCJI "'2x 30~ ·H2-0.5) =0.40 

~~ B (11Jj'5JI = 43~ + (5- 2)•0.143 

~~ C (11Ji'5JI = 19~ +(10-5) =0 .038 

: . ".A:;k•~~ = 2 X 8~/0. 038 + 10 = 14. 2(µm) 

~fcHtJJ&~tt&etJ~~-,r Ito 

0.~"T"""------------, 
0.41 

0.40 

0.10· 

0.05 
A I 

0.00 ~J._.._...,__,_c_,1,-,~..:D;.,.......;~-----

!Hll'.~(,.m) 
Pro;«tiaa diamem( ,.m) 

1111 ~ -fRi:~itJJil;#iJJ"•:;k·tu~~~~-111 
Fis 1 E.stimate"Lariiesi" particle sise projection by volume 

2. ~ ~ ~ tJ ,J!J! "P uL {I ( nwa median aerodynamic 

size, MMAS)(l(Jtf-JJ:•M\4f .lt(po):flJ~tJ~$~-­

( X), CMS iiJ'ff'~.lit MMAS, !II: 
3 . 16µmx /(p)/(p.xz)=4.32,.m 

JlUl::/¥;.lff etJ•:a~(l(J$~-•< X) 1. 36[!,ll:f!J~tt 

, (l(J.ift!:J\!.lf 2. 54 g/m3
o 

3. irf~tt-~trri5 I,t 1:tetJttJJ: ~JUUtJtf :C 

~.l!~~~(ACGIH) (l(J • .li!, ~~ttltllf ~tt-~trr 

i5I7tl:t~r&~ttlt(l(J~~-7tlt.~MMAS(l(J 

irf PlttSIHt, IIPtt@•r MMAS (l(Je~i!A·~~~ 

~~uLetJ•$0Att&~ttlt~I1tlt.!ll#~~llf 

!gt f!I ?tlto 

<=> Hatch-Choate 1f@~ 

~Jff~~~~~#~1t•.1t~~-.iE~1t~-~ 
tt~~-? ttJJ~\UDr: 
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l . l!UHt. $ IE et] CMD:f!J sc, ~ Hatch-Choate 

1f f:!Cl l ft•• t cp ti! J:@ ( mass median diameter, 

MMD) :MMDaCMDx exp(3 tn1( s
0

) )
0 

2. ~ p :fl1 X tt•~ac~.11.cp{i!J:@(nws medi­

an aerodynamic diameter, MMAD)(:O~(l(J X = 1.36): 

MMAD=MMDJf-

3.~ MMAD:f!J sG(l(Jta•••,tltJI5t~ :MMAD 

=10.86 µm,sc= 1.8 a.tetJ-#Ul1t$1E.!A!.IE 2. iif.fflM 
~;J'lt.iE~,t$.JJ{,t:flJ ACGIH llf~tta!t(f(J-~it­

llf~ f! e ~ trf i5 I 7t Ito i$ ~ TT JJ 1f ~ j;; : ~ JU 
Hatch-Choate 1f @ ~ CMD ff ~ lilt MMD ffi, 

m Mathcad( tt•~ tt•ttr'f: > tt•llf ~tt~~~iS a* 
Ito gt]IIJ 2: MMAD= 10. 86 µm. Sc= 1. 8, rr•lfl llf lgtfJ: 

~~trii5I,tl:t"78.3C!fio r~m,r~"cnonn(z(.r) )" 

:Jl~ll.iE~Jll~~-~•w.••jjft:ClJO 
MMAD•l0 .86 

Sc= 1.8 

z(.r) = log.r - log4 . 25 
logl.S 

TOL=0.000 001 
d=lOO 

f" <1px-~1• 
0 

[ ((2 • irl'·' • r • (lnsc)J- 1 • e-[ 2.oi;;,r J] 

·o. 5o • • ·
0·°''> • (1- cnonn( z( .r ))dz= o. 094 

0.11 

Q.14 

0.12 

tj'ff 
•• CUii 

~ 

:1 a.a■ 
CUM 

o.az 

0.00 
0 

r\ 
I \ 
I 
I 
I 
I 
I 

10 20 

~-t~:Mtl'.~(,-> 
Actodynamic diameter{ ,.m) 

112 ••~e:Jim 
Fis 2 A typical maa frequency ploc reccnatruc:ted 

by the T~panmeter 

~1-~~M~~~~-~-a~~-~ 
~~~tt*~-~~~-~ft~-*~~~o 



ffl Hatch-Choate 'f£:, !P¥a&tt*£~s,tttut~ 
:a: o. 3 96 - 1 . s 96 z.1BJ; m ~~1i~tr•~. llf­
a&tt*£s?tttmuti: 1.196-12.396.ZlaJo 

tt 1 ~If'Ht~~llfllitt~~a,tt:t( 96) 
Table 1 Percentage of respirable dust( 96 ) categoried 

by job titles 
r(!'i)Ifi!r 
Job title in 

mine( industry) 

l!,lli Tungsten 

~6' I Crusher 

J:ij,f6I Driller 

~rI Loader 
.!t!!.mt!¥:#I Mining 

iEMI Transponer 
i11JliI Unloader 

YilI Working lane 
Mt!J.:li Copper/Iron 

J:ij,f6I Driller 

r'!'illf!;I Excavator 

.!t!!.iliI Face worker 

~rI Loader 

iEMI Transponer 

~ilI TUMel 

il1!liI Unloader 

flli Tin 

jij,f6I Driller 

r'lillf!;I Excavator 

:IJ(~I Pumper 

il1!Y.I Unloader 

\lr Pottery 

~6'.I Crusher 

11!~.I Dragger 

~ f6 .I Driller 

lit~.I Forming 

i!~.I Furnace 

flllj,E.I Gluer 

~j,E.I Loader 

~•m.I Mil1inc 
il~.I Mixer 

IUI.I Molder 

..tr .I 0re loadinc 
ti :)It.I Polishina 

1ffli:, 1• 1ffli:, 2• 
#.llilt Option l Option 2 

" G( Sa) G( Sa ) 

4 4.4(3 .S) 3.6(3.0) 

20 S.8(2 .S) 4. 1(2.8) 
3 4.3(1.4) 2. 3(1 .6) 

6 10.2(4.8) 7.S(S .6) 
9 7.0(3.1) S. 1(1.l) 

12 6.9(2.4) S.9(2.4) 
4.S 0.8 

9 7.8(3 .6) 6.2(4. l) 

2 

3 

s 
2 

3 . 7 0.8 
S.4 0.8 
6.0(1 . 9) 4.2(2.2) 

8. 7(4.0) S.0(S.O) 

4.0 1.4 

6. 7 S.8 

2 8. 1 S.l 
3 7.0(0.9) 4.7(1.l) 

3.1 0.4 

l 11 .S 4.S 

S.6 2.9 

7.4 4.4 

l 1.9 0.3 

6 6.8(3.S) 4.1(3.4) 

3 7.4(1.6) S.7(3.l) 

3 4.2(2.9) 1.2(0.2) 

3 S.7(2.2) 3.9(2.4) 

2 6. 6 3. 1 
S 6.3(2.0) 2.9(1.8) 

1 12.8 9. 7 

2 3.6 1.4 

6 7.0(S.l) 5.2(5.4) 

ll•.I Preparationworker 5 8.0(1.7) 4.0(1.5) 
/!(~/1•.I Raw material 6 ( ) worker 5.6(1. l) 2. 8 1.4 

iEM .I Transponer 2 3. 6 l. 3 
~ii.I TUMel 2 7.2 S. 5 
• ~fflf!.ttJJl'itJ~., ·Hatch-Clate 1rflf!.ttJJaeJti. 
•The results by using volume contribution;• The results by 

using Hatch-Choate equation 
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~~ 60 ~ttf.t~;Jt~l'41m~*f-f~-( 1U 
£ti!trtt~~) ~~ '1:ttlt1ul, ii'ii .§.if~~ 
a}j :trtt~•l:jJP¥1fltt*£tt~~~~:(£-
1-•~~ff~~tt. :k~1§V-~!Htffl:li: 1 mp­

pcf, .ffl~=f 0. 09(0 . 07 -0. 13) mg/m3 !Pf Pitt 
*£[4-7]0 

-~~A*£~*£7t~~*~~~:£ 
ti!~ JL{iiJ~.1{~1J,=f 5 µm !EA.IP¥"ltt~£o 
itt~&fl~&£tt~~~n~~~~~~a~ 
~~ffil«o mi ACGIH ~Sl~IJlf-Pltt*~filM 
Ji.JfflPJJ!Afrtf ~~~~~SfS{fttf.J £~C3,sJ o ffil 
lit, & ~-,t It~~ $1-~ .ta* ~ff~ :1-J IP¥ Pl tt 
*£~~~ttm•=•~~*~:li:~*~~• 
if~o •tntl~T J:l£p;lj?lr1i~. Hatch-Choate 

1Iffi~ lt~~tr•~•>JtF~: 1t5t, Hatch­

Choate ~•>Jt£tt~~~. mi1'~~,H~;JtA 
.ffl~~;~~. Hatch-Choate ~•>1t*£?tRi'.J.f 
~-tlt.iE~,t:tti", mi.§. ,&Rl =f •-!¥J «it5t •c11, m.~~1:r~1t1tA~~~~~•it?t 
:tti";•=• Hatch-Choate ~trJJ MMD fi:kffll.f 
J:Jfi tR: T ~;j" ft tf $ (II Ji.Jr ii~ l¥J M it9 ~ Sa f.lo 
.ffl~-tii'iia. ~~~B9~#ili~t2,1,. trJJ11:kt1 
J.fl:lfitk:=f:kMtttt El ~?ifltto 1it9t-, ~~ 
•tt~~•ttmtE=fFIITTm~•*•~~­
#~I~o~~A~#-~~~rrm~-1-
~~~ff~~fto~ffl~~~TT-~~f.£*£ 
Ji.Jfoa?t•~•*T s%-s96, m~'E:1i~mu 
j.J 4% -6%0 1Nti*~#§r~,tltl.ftll-¥t, 
!ilUff~~ tt~#~ll1J,o 

EB=f.~*£*#AtE.il3!,~lt-tfiiJ , IA. 
-~lt-t. ~=f *•!ll*=f 10 µm ~ £ti!o Wu 

~[
9

) 'ff if~~ lfJJ: ~ 1B * # 1f ~ lt ~ ~ J;,{ 

2 L/min*#il.J.f*•tE 37 mm #irlii:~~-~ 
*£•~i&•!l1 38%0 ~Jlt. •tnm:~ff~~ 
tt~•~968N~JJX.fflEY:~*•oftITT~ 
tr•~-.!; Burkhant •(lO]~;j'~"f~i'"ifRH 
~!¥J~~tt*~ Si{}z ~a,t-3':1*¥1.ffllaJo 

.~z. ••*~,ttt.J.f W$1-~JE j!f.£~ -~-
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~~~~~~~~~tt*~~~.~~ff~~ * R: Cf~ ~I:# :l:Jl 1¥1 o ~ ~ ~ fi!r1f ~itjJ ~ ~ 
*&fl~*~#.@~~K~#-~~ft~~ 
m. 12S1 itt ~~m tt~:;1,J ;if, *flj:~:;jttt~~ 
~o ftfmltilF.Jffl 341'-Ifi!r,41-~~rr~ 
->f-j$J~Plc~ttffl 6%, 12Sl:;l,J:(l)cpliJIA.ff~ 
1f ~RM. ._..t9! I fl:, l2S11tt Jeff lfl-~ {I~ Jl ~, 1i 
{j!; <2> ~ liSJ r r rsJ ~~ ~ tt~;tJ~ ,1,. op 
5 % - 7 % , -E5 11P tti :W: ~ 1¥J ~ ~ ~ tt 0. 09 

(0 .07-0.13)~*~~0 
( ~ ilU!f ~ & le ]Ej;:!'jt I !U''-,!'ft 1,u~ Larry Nice ;ta~& 
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11-13 ~/min),2 ~,i:.,~xtjJ(,t,Et!.l!l~i::•I'..'• 54-

58 ~/min), 1 ~.DD.ffiilil£(11. 7/7 . 5 kPa)o ~-~ta'. 
i:: SUUUE. # o Hb 131 g/L, RBC 4. 7 x 1012 /L, WBC 
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(GOT),1-GTi!JiE#o Jl.lt*!.t##o ·••■.ext• 
$&it e~~ictZ, lli ~Jill:t••-m:to 

ff:tJi' :4 ~'1=' •• A, 1 ~Ill~ iillf., ,t,Mff .il:, 
&AIi:~. ~-~~UEt:*. ~ 3 ~ lti!#r AA~s 
.U:llP~A~ AMlfii'C ffi« ttt'1'(#·1i· :2. 5 ATA. 

•• 2 ~. flJ?X 30 ,ttti, ~filff;.I 10 ,}-tfi);20~tt• 
IJ 250 ml,30 ,tf!,~9HUlt£1f, Jdla.}!r:tt s mg/?X, 
lt8t!ft,61J,lf.t 1 ~. fallt-tifrT ATP 40 mg/d, •• A 
30 mg/d, Vit C 2 g/d 1JDA101!fi···,tl9ilittto & 
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6-8 lf.tjlaFctf■, &fl:IUl. 5 ;Jc, ~#t"tifa, f§a 
ili Ro 2 -t- JJ Fc JI~, • 15BUf o 

( i&•: 1998--06-12 .Iii: 1998-09-18) 

<*xl.Cl•:fiUl8') 



NIOSH Bibliography of Communication and Research Products 1999 I CDC/NIOSH Page I of I 

Gao P, Bean T, Chen, Zhuang Z, Hearl F, Schwerha D, Mccawley M, Soderholm S [Jun 1999]. Two approaches to 
convert historical mining dust exposures into respirable fraction based on microscope sizing measurements. Chin J Ind 
Hyg Occup Dis 17(3):135-138. 

http://www.cdc.gov/niosh/docs/2000-l 36/ 7/25/2006 



Chinese Journal of Industrial Hygiene 

and Occupational Diseases 
Volume 17 June 1999 

CONTENTS IN BRIEF 

Assessment of Dust Exposure and Risk 

Number 3 

of Silicosis among Tin Miners ··· .................. ·•· ... ... Chen Weihong, Fu Changhan, Yang Jian, et al ( 131) 

Two Approaches to Convert Historical Mining Dust Exposures into Respirable Fraction 

( Based on Microscope Sizing Measurements) ........... • Gao Pengfei, Chen BT, Chen W eihong, et al (135) 

The Effects of Coal Dust-Stimulated Alveolar Macrophage 

on Human Embryo-Lung Fibroblasts in Vitro .................. Li Hong, Wu Yiming, Xu Dong, et al(l39) 

The Relationship Between NDP Kinase Expression and Lymph Node Metastasis 

in Lung Cancer of Yunnan Tin Miners .................. ......... Wang Fang, Gao Qian, &i Song, et al(l42) 

A Study on the Asbestos-Induced Apoptosis .................. Liu Bingci, Huang Bihui, Xu Zenglu, et al(l45) 

Relationship between Ag-NORs Staining and Proliferation of CHL Cells 

Induced by SiO2-Stimulated THP-1 Supernatant ......... Mao Guogen, Ye Shaojing, Cai Jian, et al ( 148) 

Purification and Characterization of Silica-Induced Proteins 

with Fibroblast Growth-Promoting Activity ...... ......... ... Pan Fan, Cai Guo ping, Shi ]ing:ri, et al (151) 

Effect of Surface Modification on Chrysotile-induced Transcriptional Changes of c-myc Oncogene 

in Cell Transformation of Human Embryo Lung Cells ... Fan ]ingguang, Wang Qien, Liu Shijie(lSS) 

Experimental Study on the Mechanism of Myasthenia 

following Acute Organophosphate Poisoning ...... ... ...... ... Yang Dongren, Niu Yong, He Fengsheng(lSS) 

Blocking Action of Cadmium on Calcium Channels of the Cultured Cardiac Cells 

and Protective Effects of Selenium ............................................. Peng Shuangqing, Liu Shijie(l61) 

Study on the Role of Chromium-Binding Substances 

in Chromium-Induced Hepatic Damage .................. Zeng Ming, Wang Xiangpu, An Feiyun, et al ( 164) 

ZHONGHUA L\OIJONG WEISHENG 

ZHIYEBING ZAZHI 

CHINESE JOURNAL OF INDUSTRIAL HYGIENE 

AND CX."CIJPATIONAL DISEASES 

Bimonthly 

1983 � 8 Jl €11 ftJ 
Established in Augu.t. 1983 

-�-ffim ll.llJ:iUt 
Editor-in-chief Gang Baoqi 

ffi m ll'!I .:t ff iw llli it 
Managing Dire:tor Lu Umin 

ISSN 1001-9391 
CN 12-1094/R CODEN ZLWZEX 

::tilJ. 9"$�$� 
100710, �t>l(ili*l1!l�:klti 42 -ij-

•• <t='$��E������ffim

�.!ll.� 
Jtl!Jil:,7;:�i!ijiiJ�[K!!,Jiiil!: 211 -ij-
11!. i;s :022-23280264, 1111!111 :300204 

w� �$*��E�����n� 
Jtl!lll:, FoLt, 11!. i;s(Fax) ,022-23281494 

l:lli4 � $$ mz E:jl itllr i!!i 0 i'iJ 
�fi OOP'l:�$$dlll�r,,j
iH� �00�.lt!!dl!IEl!r,,j
�� 9"$��E������ffim$ 

Jtl!lll:: 7;:�i!ijiiJE!i!K!!ilii:ill: 211 -ij-
11!. i;s: 022-23280264, illlS !Iii : 300204 

Sponsor Chinese Medical Association 
(42, Dongsi Xidajie, Beijing, 100710) 

Editing Editorial Board of Chinese Journal of 
Industrial Hygiene and Occupational Dis­
eases 
(Address: 211, Ma Chang Road, Hexi District, 
Tianjin 300204. Tel:86-022-23280264) 

Publishing Tianjin Institute of Industrial Hy­
giene and Occupational Diseases 
(Address:id. Tel(Fax) :86-022-23281494) 

Pr lntlng Tianjin Hengyuan Printing Co. Ltd. 
Domestic Distribution Tianjin Post Office 
Domestic Subscription Local Post Offices 
Mall-Order Dlslribultoa Editorial Board of 

Chinese Journal of Industrial Hygiene and 
Occupational Diseases 

1999 :IJ,:,.!Hli\13<f'!/,���/i./r:ff Copyright (c) 1999 by the Chinese Medical A...ociation 

� 11 ti/ � 3 WI 1999 � 6 Jl 20 13 1:1:l ll& r*�-'§'i!f"ilfiiE,$Iifijr� 0180 � dlll:!i:ft� 6-so 
Vol. 17 No. 3 Publication date: June 20, 1999 �fft.�� 33.00 JG &Jtll 5.50 JG 

~ YJ ~J 




