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Errors in the sampling methods and in the determination of respirable size quartz in
foundry dust have been evaluated and discussed. In general, the total precision of
dust sampling and analysis was better than 20 % The term “exposure dose” is
introduced and defined. The temporal variation associated with measuring exposure
dose is assessed with reference to the use of a log-normal distribution of air sampling
results. The logarithmic standard deviations of dust concentrations at fixed sites

and jobs are calculated.
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The reliability of the conclusions drawn
from air pollutant studies greatly
depends on the validity of the sampling
strategy and the adequacy of the statisti-
cal treatment of the concentration mea-
surements. The development of an appro-
priate sampling strategy for a given situa-
tion requires the proper choice of loca-
tions, periods, and number of samples.
Choice is limited by the characteristics of
the particular work situation and by the
sampling and analytical methods availa-
ble. The strategy must take into account
the inevitable errors in sample collection
and analysis, as well as the sampling
errors that occur when random measure-
ments of a changing environment are
made. The precision and accuracy of
these components and their subsequent
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use compound the overall error of the es-
timates of contaminant exposure. In the
present paper the term precision refers
to the tendency of measurements to yield
the same result, accuracy means the near-
ness of the mean of measured values to
the “true” or reference value, and error
equals systematic error plus random er-
TOr.

Exposure data are often used for the
establishment of dose-response relation-
ships or for the determination of com-
pliance to occupational safety standards
If a person works in a dusty environment,
he is exposed to contaminated air. The
amount of contamination inhaled over a
given period of time can be defined as
“exposure dose.” Exposure dose can be
calculated by multipling the mean con-
taminant concentration in the air by the
breathing rate and by the length of ex-
posure.

The errors inherent in gravimetric mea-
surements of dust concentrations at work-
places are caused by (a) errors in air flow
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through the device used for sampling, (b)
errors in weighing filters and dust sam-
ples, (c) errors in chemical analyses, (d)
errors in locating samplers on men or at
workplaces, (e) unattended operation of
samplers, and (f) mistakes in handling
samples. It is possible to associate quan-
titative estimates with the first three
types of errors. Other errors in dust samp-
ling have not, up to this time, lent them-
selves to quantitative evaluation.

In 1972—1975 the Finnish foundry in-
dustry was extensively surveyed and the
prevalence of occupational exposure to
dusts, fumes, and gases was determined.
In the present paper, we have evaluated
and discussed the errors associated with
measuring dust exposure in this study.

RESULTS
Precision of flow rate

The personal samplers (MSA Gravi-
metric Sampler model G) and the low-
volume samplers (Reciprotor piston pump
equipped with a dry gas meter) used in the
study were calibrated against a wet test
meter (Lange Gelsenkirchen). The accu-
racy of the wet test meter, a primary
flow standard, is believed to be better
than 2 %. In a laboratory test series with
30 personal samplers the coefficient of
variation of repeated rotameter calibra-
tions in the range of 1.5—2.0 1/min aver-
aged 7 9%. The same result was
also achieved by Kalliokoski and Pfaffli

Table 1.
lines used in the determinations.

(5). The gas meters of the low-volume
samplers had a precision of 2 % (= coef-
ficient of variation). The systematic error
caused by the heating of the pump box
during the operation was not corrected.
This inaccuracy can be as high as 7—13 %o

@).

Precision of weighing

The Millipore filters (type AAWP 03700,
pore size 0.8 um), on which the dust sam-
ples were collected, varied in weight from
30 to 60 mg. The weight of dust in most
samples was from 1 to 100 mg. We esti-
mated the precision of weighing a filter
by determining the weights of 50 un-
loaded filters before and after they had
been transported and handled with the
filters used for taking dust samples in
foundries. The mean standard deviation
of the two weights was 0.19 mg. With a
1-mg sample this would translate into a
19 %/ coefficient of variation of weighing;
with a 10-mg sample the coefficient of
variation would be 1.9 %, etc.

The humidity of room air had a distinct
effect upon the weight of a filter which
had been dried in a desiccator. During the
weighing the increase in weight averaged
0.015 mg/%0 relative humidity. The value
reported by Jansson (3) was slightly dif-
ferent, i.e., 0.018 mg/% relative humid-
ity. The error of the analytical balance
(Sartorius model 2474, precision 0.01 mg)
had a minor effect upon the determina-
tion of the weight of dust on a filter.

Coefficient of variation of quartz analysis by sample type and the X-ray diffraction

Number of
Quartz
’Srgnlz;lgf coo;lc. dr :@:ﬁ?g_ Coefficient of variation (%)
Clo) ations
Synthetic 100 5 4 12 4 8 6 4
» 90 5 3 12 2 4 8 7
» 70 5 5 8 1 i 6 3
» 50 5 6 11 3 13 14 4
» 30 5 4 10 4 3 7 4
» 10 5 9 12 8 6 5 5
Foundry dust 7 12 11 10 9 9 17 15
26 SiO» 20.85 20.85 26.67 26.67 50.15 50.15
26) CaFy 28.30 47.10 28.30 47.10 28.30 47.10
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Precision of determining respirable
size dust

The modified Andreasen sedimentation
method was used for the determination
of the <5 um size fraction of the dust
sample (6). We estimated the precision of
the method by dividing a typical foundry
dust sample with 40 %o respirable dust
into 12 equal parts and measuring the re-
spirable size fraction in each. In the test,
the coefficient of wvariation was 11 Y.
Respirable dust separation is reported to
have a precision of 30 % at a 95 % level
of probability, which corresponds to a
coefficient of variation of 15 % (9).

Precision of quartz analysis

The concentration of quartz in the re-
spirable dust was determined by an X-ray
diffraction method with calcium fluoride
as the internal standard and titanium
dioxide as the matrix compound of the
quartz standards (6). The quartz diffrac-
tion lines 2© = 20.85°, 26.67°, and 50.15°
and the calcium fluoride lines 26 =
28.30° and 47.10° were alternatively used
in the analyses. The analytical lines ac-
tually employed were selected on the
basis of interfering compounds, of which
graphite (26 = 26.45°) was the most com-
mon in foundry dust samples. If no in-
terference existed, we employed the
quartz line 26 = 26.67° and the calcium
fluoride line 26 = 47.10° in the quantita-
tive determination of quartz by compar-
ing the ratio of the measured line inten-
sities to that of calibration samples.

We estimated the precision of the
duartz analysis by measuring the quartz
concentration of the 12 dust samples used
in the sedimentation experiment. The
mean of the determinations was 7.0 %
quartz with a coefficient of wvariation
from 9 to 17 % (table 1). Further experi-
ments were performed on synthetic sam-
ples containing 10, 30, 50, 70, and 100 %
quartz with amorphous silica as a matrix
compound. The results are presented in
table 1.

Total precision of dust samplers
and analyses

The compounding of the partial sources
of imprecision in the calculation of the

cv (Cv)?
% ()2
L VRESP. QUARTZ
250 \\ \ X
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%
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AIR FLOW x CONCENTRATION IN AIR
Fig. 1. Coefficients of variation for measuring
total dust concentrations and respirable quartz
concentrations in air. Contribution of the pre-
cisions of air flow measurement, weighing,
sedimentation, and quartz analysis.

mass concentration of dust in air follows
a general formula. When the random er-
rors are independent of each other, the
coefficient of variation of the total dust
concentration obeys the equation:

CViotal dust = V CV2air flow + CV2‘weighing 3
and the mass concentration of respirable
quartz, the equation:

e 2 2
Cvresp.quartz —= V cv air flow + CV weighing +

2 2
Ccv sedimentation + CV quartz analysis,

where CV,;, s1ow = 7 %0 for personal samp-
lers and 2 % for low-volume samplers,

0.19 mg

T oo ems 0
CVveigting = yutuiiof dashons Ay T /o,

— 0
Cvsedimentatiun =1 /07 and quuzu'tz analysis
=9 %.

The contribution of the different fact-
ors is presented in fig. 1. Generally, the
sampling times were from 2 to 8 h and
the mass of dust on the filters was heav-
ier than 1 mg in most of the foundry sam-
ples. Since the quartz analysis requires,
as a minimum amount, 10 mg of sample,
the total precision of dust sampling and
analysis was better than 20 %b.
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Temporal variation of dust concentration

Dust spreads at a workplace in a highly
irregular manner. It is necessary to know
the behavior of the dust concentration in
time and space in order to assess the ex-
posure of a worker or a group of work-
ers. In coming to grips with the problem
of quantitatively describing the temporal
variation of a concentration at a fixed
site or job, one can assume that the distri-
bution of dust concentrations is log-nor-
mal. The flexibility of the log-normal
distribution makes it possible to describe
the temporal variation of air pollutant
data, which are asymmetrically distri-
buted around the mean value. The use
of the distribution in such a case will give
more meaningful results than the com-
mon assumption of a normal distribution.

In the foundry study, airborne dust
samples were collected during two con-
secutive work shifts. Under the assump-
tion of equal statistical conditions and a
negligible autocorrelation between the
measurements, the logarithmic standard
deviation of 8-h mean concentrations
can be calculated for different sites and

jobs. The formula is as follows:
/L3
5 = ]/ zl\i > (log Xli—lOg XZi)Q‘
i=1...N
where X, = concentration during the

first sampling, X, = concentration during
the second sampling, and i...N = order
of sample pair.

Table 2.

tration at different sites and jobs in 50 iron foundries.

The results of the calculations for iron
foundries are presented in table 2. The
number of samples from steel and copper
alloy foundries was too few for the as-
sessment of their corresponding values,
but there seemed to be no difference
between the foundry types within the
same occupational category.

We found the parameter to be approxi-
mately constant with regard to sampling
type and job classification. However, in
general, the magnitude of the logarithmic
standard deviation is affected by the
length of the sampling period, the pre-
cision of the sampling and analytical
methods, and the characteristics of the
pollutant emission. In this case, the ef-
fect of imprecision in sampling and anal-
ysis (less than 20 %o, as previously stated)
is negligible in comparison to the varia-
tion of concentration in time. Manual
labor or an irregular process with occa-
sional short-term outbursts of contami-
nant favor a higher value. For instance,
the various metal fume concentrations
during the melting operation exhibit val-
ues from 0.20 to 0.34 (10). Having taken
a large series of measurements in found-
ries, Riediger and Coenen suggested that
the dust concentrations can be considered
as log-normally distributed with a stand-
ard deviation of 0.3 or less, when the-
sampling time is longer than 1 h (7).

An attempt was made to determine
whether possible, intentionally produced
abnormal work conditions would have an
effect on dust concentration. It was hy-
pothesized that in these cases activity

Logarithmic standard deviation of repeated determinations of total dust concen-

The mean concentration (conc.)

refers to the arithmetic mean; and the number of sample pairs, to the number of sample pairs

used in the calculation.

Breathing zone samples

Stationary samples

Number
Site or job of Loga- Number Loga- Number

workers Meém rithmic of Mean rithmic of

involved (n(io /1;.3) standard sample co?;{a standard sample

g deviation pairs (mgimy deviation pairs

Sand preparation 110 18.3 0.18 46 18.7 0.13 31
Machine molding 260 6.9 0.15 48 6.5 0.14 56
Floor molding 230 10.1 0.14 56 8.0 0.16 68
Coremaking 230 6.7 0.19 47 4.4 0.14 52
Casting 150 10.0 0.24 20 6.3 0.15 24
Shake-out 160 13.3 0.12 28 9.1 0.13 25
Fettling 420 19.8 0.21 66 11.7 0.18 71
Others 740 77 0.16 26 5.2 0.17 9
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would be different during the first day
of the 2-day sampling. However, a bino-
mial test performed on the pairwise re-
sults (400 iron foundry samples at differ-
ent jobs) did not indicate such an effect.

Interpretation of air sampling data
in terms of exposure dose

Because exposure dose is defined as the
amount of air contaminant inhaled, the
sampling method should give the concen-
tration in the inhaled air. It is evident
that a personal sampler is more accurate
in this respect than an air sampler in a
nearby fixed position. The volume of in-
haled air should be measured separately
or assessed in another manner so that the
dose can be expressed in units of mass,
e.g., in milligrams. Drasche measured the
breathing rates of foundry workers, and
the mean rates were from 13.6 to 32.3 1/
min during 22 typical foundry jobs (1). Ac-
cordingly, an 8-h exposure to a mean con-
centration of 0.2 mg/m3, the Finnish
threshold limit value for <5 ym of quartz,
would mean an exposure dose ranging
from 1.3 to 3.1 mg. The total dust doses
of different foundry workers can be esti-
mated with the mean concentrations pre-
sented in table 2. The concentrations of
respirable quartz have been reported else-
where (8).

DISCUSSION

The estimates of the dust exposure during
the sampling period are, of course, as
accurate and precise as the methods of
measurement. But, if one needs to know
more, the representativeness of the sam-
pling has to be considered. Exposure eval-
uations are highly sensitive to error in
representativeness, and therefore the
foundries, workers, and sampling times of
the present study were chosen with care
not to cause any biased selection in fac-
tors that may influence dust concentra-
tion. The objective was to keep the sam-
pling scheme uniform and unaltered from
foundry to foundry.

The logarithmic standard deviations
presented in table 2 can be used in the
generalization or extension of the results
of the dust concentration measurements

beyond the actual sampling period. With
the value of 0.19, the approximate 90 b
confidence interval of a single measure-
ment is attained by dividing the measured
untransformed concentration by 2.0 and
multiplying it by 2.0. This rule of thumb
applies when one estimates the daily vari-
ation of a worker’s exposure on the basis
of one measurement made on him or
on the basis of the mean exposure data of
his job classification (table 2). For obvious
reasons, the estimation refers only to the
work conditions which were or, in a
statistical sense, might be included in the
sampling. The prevalence of different ex-
posure levels in a group of workers can
also be approximated with the mean con-
centration and the logarithmic standard
deviation. This statement includes the
assumption that the work conditions
within a job category are similar on the
average in all foundries.

There are two essential variables in-
volved in measuring exposure to any
hazard. One is the intensity of the haz-
ard, and the other is the period of expo-
sure to that hazard. In theory many
pertinent details about a man’s actual job
would be required for an accurate mea-
surement of exposure, but in practice his
stated occupational category and the
length of time he has followed that oc-
cupation are the measures by which he is
classed into exposure categories (4). An
exposure profile for an individual em-
ployed in the foundry industry can be
constructed from the air sampling data
of different jobs and the worker’s em-
ployment time in these jobs. The preci-
sion and accuracy of dust sampling and
analysis are excellent in comparison to
the errors occurring when air sampling
data are used for generalization beyond
the sampling period.
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