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Abstract: Exposure assessment is a main component of epidemiologic studies and variability in
exposure. This assessment is considered as a common approach for such phenomenon. A total of 129
dust samples were collected randomly from 197 personnel from a cement factory located in Ilam
province, during 2009 in Iran. The between- and within-group components of variability were de-
termined to assess the contrast in exposure level between the Similar Exposure Groups (SEGs) and
to calculate the within-worker geometric standard deviation of the theoretical exposure-response
slope. Results were analyzing by one-way random effects model. According to the mentioned model,
the probability of long-term mean exposure exceeding to the occupational exposure limit (OEL) was
assessed for each SEGs. The arithmetic means (AM) of total dust levels ranged from 0.04 to 39.37
mg/m’. The geometric means (GM) of total dust were higher in the crusher (20.84 mg/m”), packing
(17.29 mg/m’), kiln (16.78 mg/m’), cement mill (14.90 mg/m°), and raw mill (10.44 mg/m’). However,
the figures for the maintenance and administration parts were 3.77 mg/m’ and 1.01 mg/m’, respec-
tively. The random effects model data demonstrated that the F-value calculated was greater than the
critical F-value approximately 59 % of the variability in the exposure was due to differences between
groups. Based on these finding, the order of probability of the long-term mean exposure exceeding (Z)
to the OEL of 10 mg/m3 for total dust which were in kiln (100%), packing (100%), cement mill (90%),
crusher (73%), raw mill (60%) administration (2.3%) and the maintenance parts (0%).
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Introduction

Occupational exposure assessment is an important fac-
tor for risk assessment as well as proper sampling strategy.
The concentration of an air pollutant is affected by the
rates of contaminant generation, task performed, produc-
tion characteristics and worker activity patterns in the
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workplace' ™. In order to avoid the possible bias such as
attenuation of the exposure-response slope, a group-based
strategy to deal with this problem classifying workers into
Similar Exposure Groups (SEGs)* . In this approach, the
SEGs are constructed based on job, task, processes and
environmental agent. Based on this strategy, all individuals
are measured within the SEGs and the average exposure
is estimated for all members of groups”*. The sampling
and analytical variability in exposure within- and between
SEGs can be used to evaluate the probabilities of exceed-
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ance relative to occupational exposure limits (OELs)”".

Dust is generated and dispersed into cement factories’
air through different production processes” '”. Several
clinical and epidemiological studies have shown an
increased incidence of impairment of respiratory and a
prevalence of respiratory symptoms among cement pro-
»1912 “and potential adverse effects on the
respiratory system'" ">, Portland cement dust is considered

duction workers

to have potential to induce malignant diseases on the lung
such as laryngeal and respiratory cancer'®'”. As noted
above, occupational exposure to cement dust is likely to
vary in different production operations and process” " '*.
Workers who work in the dusty cement production process
such as crusher or raw mill have high occupational expo-
sure to total dust (10230 mg/m®) and respirable dust (2—46
mg/m’)'* 2", Kalacic (1973) reported that in the cement
production process the aecrodynamic diameter range is
0.05-5.0 pm™.

The aim of this study was to evaluate the levels of
personal total dust exposure. The applicable objective was
to determine the efficacy of the classification of workers
into SEGs for the exposure assessment of large numbers
of workers and to assess the probability of overexposure
relative to OEL.

Materials and Methods

Study area and production process

This study was carried out at a Portland cement factory
in Ilam, Iran, from June-October 2009. It is the biggest
cement company in the west of the country, currently
producing about 600,000 tons of portland cement an-
nually. Around 405 workers are employed. The main
process consisted of crushing, raw milling, calcinations in
a rotary kiln, cement milling, packing, maintenance and
administration. The raw material limestone (60%) and
red soil (40%) are crushed before entering the raw mill.
The ground materials (fine particles) enter the rotary kiln
(with calcining, transition and burning zones) where it is
burning at 1,300-1,450 °C to form clinker. The clinker is
mixed with gypsum and ground in the clinker mill into
Portland cement. The final product is stored in silos, as
bulk or packed.

Study design and subjects

As mentioned in previous studies” > **, the classifica-
tion of workers into SEGs facilitate the efficient exposure
assessment of large numbers of workers. In the factory
workers who work into similar job tasks or environmental

were assigned into seven SEGs: crusher (group 1), raw
mill (group 2), kiln (group 3), cement mill (group 4),
packing (group 5), maintenance (group 6) and administra-
tion (group 7).

Exposure assessment

Stratified random sampling method was used for
197 personal total dust samples were allocated into the
SEGs. Samples were collected on cellulose acetate filter
membranes (Millipore type AA; 0.8 pm pore size; 37 mm
diameter) using a closed-face filter holder. Air sampling
was performed at a flow rate of 2 I/min using a personal
sampling pump (model 224-PCX R3; SKC-West, Inc.,
Fullerton, CA, USA), calibrated by a digital automatic
calibrator. The sampling of total dust in the breathing
zones of the workers was carried out during the 8-h morn-
ing shift. Gravimetric analysis using a microbalance with a
detection limit of 0.01 mg was employed. The results from
the occupational exposure monitoring have compared with
OEL of the American Conference of Governmental Indus-
trial Hygienists (ACGIH) which is 10 mg/m’*?.

Statistical analysis

Descriptive statistics were calculated for the AM, GM
and GSD of the total dust concentrations using the SPSS
software for Windows ver. 13.5 and Microsoft office Excel
2007. A one-way random-effects model also was used to
estimate between-group and within-group components of
variability””*”. In the model, for the ith worker there are
ni measurements and the to}cal number of measurements for
the SEGs is given by N = ni. Briefly, the random effects
model is specified as follows:
i =ptbi + wi (D
Where vyi is the log-terms (InXj) formed exposure of the
ith worker on the jth day; b is the random effect of the ith
worker’s mean exposure (ui); | is the mean exposure of
the group; wy is the random error of the ith worker in the
ith group; and Xj is the exposure concentration for the ith
worker on the jth day. The variance of b: is the between -
worker variability, °s, and the random error variance (wy)
is the within-worker variability, c’w. The two components
of variance are independent, and the total variability (c°r)
in model (1) is 6°s + o°w. The within-worker variance c’w
is calculated from the analysis of variance (ANOVA) ac-
cording to the formula is giver}( by )

—\2
= MSW = o = MW= 22 B Y )
(N-k)

Where MSW is the mean square within error calculated
from the ANOVA table; y; is the mean log-transformed




66

H KAKOOETI et al.

Table 1. Total dust exposure (mg/m") for the workers at a Portland cement factory in Iran categorized into seven SEGs

Dust concentrations (mg/m’)

Dust samples Exceeding

! ! GM(GSD) AM Median Range OEL*N (%)

Crusher 21 30 20.84 (2.10)  27.49 35.03 39.37-3.48 22 (73%)
Raw mill 19 25 10.44 (2.20) 14.29 17.59 33.25-1.59 15 (60%)
Kiln 8 10 16.78 (1.10) 16.86 17.23 19.45-14.42 10 (100%)
Cement mill 9 10 14.90 (1.60) 16.68 18.25 19.01-2.37 9 (90%)
Packing 17 22 17.29 (1.05) 17.31 17.29 19.28-15.22 22 (100%)
Maintenance 10 15 3.77 (1.80) 4.50 5.19 8.07-1.06 0 (0%)
Administration 45 85 0.88 (4.70) 1.83 1.27 13.78-0.04 2(2.3%)

AM, arithmetic mean; GM, geometric mean; GSD, geometric standard deviation. * Occupational exposure limit (OEL) for total

dust (10 mg/m®). " Number of workers for whom measurements were obtained. *Number of samples.

exposure for the ith worker, i.e., y; =[2 \2 ]/ni. The
Jj=1
between-worker variance 6’8 was estimated by
MSB— MSW
o= 3)
Hy

Where MSB is the mean square between error calculat-
ed from the ANOVA table, which obtained with the

k
equation by MSBz(Z n, (y;-y) ]/(k—l). Where y, is
the mean of the log transformed exposure for all work-

ers, ie.,y = (zzy )/N. In equation 3, no is equal to:

( ﬁ 2]/(/k 1).

The F-statistic in this model was estimated by Fi-1. 5«
= %ng,, where k-1 and N-k are the degree of freedom
associated with the mean square between worker and the
mean square within worker, respectively. When applying
one-way random effects model to the data, F-statistic is
compared with the critical F-value for a given level of con-
fidence. The GM () and GSD (o¢) were used to estimate
the probability of the long-term mean exposure exceeding
(Z) the OEL as described by Rappaport ez al. *:
_ In(OEL)- ln(p,g):l

P (Xi>OEL)=P [z () 4)

Results

The AM, GM and GSD values of total dust in the
personal samples are given in Table 1. The crusher, pack-
ing, kiln, cement and raw mill had higher GM total dust
exposure than the maintenance and administration. The
concentrations in 91 (49%) of the 197 personal samples
exceeded the recommended OEL based on the ACGIH for
nuisance respirable particles, which is 10 mg/m’ of air’”

Based on our finding, the probability of the long-term
mean exposure exceeding to the OEL of 10 mg/m’ for
total dust were higher in the kiln (100%), packing (100%),
cement mill (90%), crusher (73%), raw mill (60%) than in
the maintenance (0%), and administration (2.3%) (Table
1). This study confirms that cement factory workers have a
higher occupational exposure to total dust in the crusher and
packing processes, which is parallel to other findings re-
ported that GM total dust concentrations in the USA cement
factory were 2.9 mg/m’, which are lower than in our study'®
%) n general, in this study, the AM and GM of total dust
estimated in the factory (14.13 and 12.12 mg/m’) differ
from those reported in some of the previous studies™ .
As noted above, 49% of the personal measurements
exceeded the OEL of 10 mg/m’ for total dust, and all of
them sampled in the crusher, packing, cement mill, kiln
and raw mill processes. This is consistent with the finding
of Rappaport et al., (1995) and Van Tongeren (2000)**”,
in which the overexposure levels < 10% have indicated as
an indicator of acceptable probability of exceedance in the
raw mill, maintenance and administration.

Table 2 also shows the results of the random effects
model. The p-value is less than 0.05, and F-value calcu-
lated is greater than the critical F-value (2.10) for the 0.05
level of significance. Therefore, the between-group vari-
ability is significant. Based on the model, the within-group
variance (6°w) and the between-group variance (c’8) was
1.126 and 1.829, respectively. The total variability was

2
also o’ = 3.095. Hence, 0_12; is equal to 0.590 or roughly 59

T
% of the variability in the exposure is due to differences

between groups.
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Table 2. One-way ANOVA output table for the total dust concentrations

Source of Variance ~ Sum of Squares  Degrees of Freedom  Mean Square ~ F-Value
Between groups 17,740.51 6 2,956.75 64.25
Within groups 8,743.03 190 46.01

Total 26,483.54 196

Discussion

Variability in total dust exposure in cement factory
has rarely been evaluated in Iran. The variability of the
total dust exposure were higher among the crusher, pack-
ing, kiln and cement mill workers than the other parts of
raw mill, maintenance and administration (Table 1). The
within- and between-group geometric standard deviation
was 2.88 and 3.86, respectively. The cumulative exposure
distributions of the seven SEGs’ data are shown in Fig. 1.
Only workers in the crusher, packing, kiln and cement
mill areas (groups 1, 3, 4 and 5), who make crushing or
milling, had markedly higher exposure than others (groups
2, 6 and 7). Effects related to between- and within-worker
variability have long been recognized in the epidemiologic
literature™ > ”. As noted above, in the group-based strategy,
statistical analysis involves consideration of between- and

*) There is a signifi-

within-worker exposure variability
cance in the variability of the between-groups, because
the F-value calculated (64.66) was greater than the critical
F-value (2.10). Moreover, the results indicate that the
between-group variance (1.829) was relatively greater than
within-group variance (1.126) for the SEGs. It is interest-
ing to note that, this variation probably due to the presence
of different job and job tasks within the SEGs. Consider-
ing that the total variability was 3.095, our results strongly

o

O3

suggest (—2) that 59% of the variability in the occupational

2

T

exposure was largely attributed to the appreciable differ-
ences between groups. Congruent with previous studies”?,
our results also confirm that between-group variability was
higher than within-group variability. As illustrated in Fig.
1, the result shows the cumulative percent distribution of
all the measurements taken together. This aspect confirms
our intuition provoked from the computation of the AM
of the log-exposure of the SEGs in Table 1. In general, it
is distinct that the total distribution masks the underlying
differences between groups within SEGs.

In conclusion, the current study indicated that oc-
cupational exposure to cement dust in the factory has
considerable variable. Based on the one-way random

100%
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-+ 50%

+ 40%
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+ 30%
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Fig. 1. Cumulative exposure distributions of the seven groups.
Groups: 1 (crusher); 2 (Raw mill); 3 (kiln); 4 (Cement mill); 5 (Packing);
6 (Maintenance); 7 (Administration).

model, the long-term mean exposure exceeding to OEL
for total dust were higher in the kiln, packing, cement mill,
crusher and raw mill processes. Quantitative information
about between- and within-group sources of variation
in occupational exposure can be used to design useful
sampling strategies when risks assessment associated with
workplace contaminants.
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