Iranian Journal of Medical Physics

[fmp.mums.ac.ir

Estimation of
Manufacturing

Occupational Exposure during Ceramic

Fawzia Mubarak®”", Hesham Saleh?

1. Rad. Protection Dept.,NRC, AEA, Cairo, Egypt
2. Biological Application Dept., NRC, AEA, Cairo, Egypt

ARTICLEINFO ABSTRACT

Article type:
Original Article

Introduction: The present study investigated the relatively high concentrations of natural radionuclides in
raw material that used in ceramic manufacturing, and estimated the occupational exposure due to these

activity concentrations.

Material and Methods: A high-purity Germanium detector was used to determine naturally occurring
radionuclides in raw materials that used in ceramic manufacturing. Activity concentrations of these materials
lead to potential radiological hazards due to gamma and alpha radiation. These hazards were evaluated in the
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present study.

Results: Maximum activity concentrations was_5844, 1065 and 41 Baq/kg for 226Ra, 232Th and 235U in
powdered quartz; however, maximum activity concentration for 40K was 1868 Bag/kg in colors. These
activities were observed to be exceeding the exemption limit. Pancreas_received the lowest dose (i.e., 0.02
mSvly), while skin received the highest dose (i.e., 0.044mSv/y). Internal hazard index (Hin) was reported as
53.74, which exceed the recommended value (Hin<l). Alpha index was 42.4 which led to over exposure.
Representative level index and excess lifetime cancer risk were 0.00062 and 0.641 respectively. The total
annual external dose was 2.62 m Gy/y which led to 1.83 mSv/y effective dose. Radiological hazard due to
radon inhalation was 1.53E-06 mSvl/y.

Conclusion: Due to the high activity concentrations of raw materials (especially zirconium compounds) and
consequently the associated high dose, specific regulations must be applied in the ceramic industry in Egypt.
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Introduction

Naturally, occurring radionuclides usually
measured in all building materials are derived from

study, most of the measured samples showed
concentrations exceeding the exemption limit.

rock and soil. The most common radionuclides in the
construction materials are U-238 and Th-232 series,
as well as the radioactive isotope of potassium (K-
40)[1-5]. Ceramic industrial processing can lead to
high exposure due to products, by-products or waste
materials [6-8]. Ceramic tiles are among the
commonly used decorative building materials. Due to
the polished surface and attractive colors of ceramic
tiles, they are used as ornamental and constructive
materials for interior and exterior purposes. Ceramic
tiles are made of a mixture of naturally occurring
radioactive materials (NORM). Glazes applied to tiles
and sanitary ware commonly containing zircon as
zirconium silicate (ZrSiO4) or zirconium (Zr0Oz) [9-11].

Releases of these radiocontaminants into the
atmosphere cause external exposure due to gamma
and internal exposure due to alpha, which is emitted
by radon and its short-lived decay products.
Therefore, it is very important to assess gamma
radiation dose and alpha index as well as associated
radiation hazards from natural sources [12-19]. In this
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Exemption limit is a regulatory control determined if a
source or practice activity involves radiation [20].
Table 1 tabulates the exemption levels of moderate
amounts of materials without further consideration.
Consequently, the purpose of this study was the
investigation of the relatively high concentrations of
natural radionuclide in these samples and radiological
characterization, as well as the evaluation of
occupational radiation exposure.

Table 1. Exempt activity concentrations and exempt activities of
radionuclides

Radionuclide  Activity concentration (Bg/g) Activity (Bq)
Ra-226 1x10! 1x10*
Th-232 1x10* 1x10*

K-40 1x10? 1x10°

Materials and Methods

Forty samples of zirconium oxide, zircon sand,
feldspar color-coated and clay were collected from
different Egyptian ceramic factories. The samples were
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dried at 60°C for 6-12 h to remove residual moisture.
Then thoroughly mixed, weighted, filled in a
polyethylene jar perfectly sealed to make them airtight
and finally stored for more than 28 days before gamma
spectroscopy to reach secular equilibrium between Ra-
226 and its progenies. For gamma spectrometry, a high-
purity germanium (HPGe) detector was used in this
study. This detector has a relative efficiency of 30% and
resolution full width at half maximum of 1.9 keV at 1.33
MeV (with associated electronics) connected to a
multichannel analyzer and coupled with software
program Genie 2000. It was shielded by 10 cm Pb
thickness, 1 mm Cd, and 1 mm Cu. The main
advantages of such detectors are high efficiency, high-
energy resolution and very low background for the
estimation of detection limits. Secondary standard
sources (i.e., RGU-1, 400 pg/g of U-238 and RGTh-1,
800 pg/g of Th-232) produced by the International
Atomic Energy Agency were used for the efficiency
calibration of the system.

Measurements of Naturally Occurring Radioactive
Materials

Determination of NORM was carried out by the
measurements of different daughters that emit clear
gamma peaks of high intensity. This was conducted by

measuring Ra-226 directly through the 186.1 keV (after
subtracting the 185.7 keV line of U-235) and indirectly
by measuring the Bi-214 (i.e., 609.3, 1120.2, and 1764.5
keV) and Pb-214 (i.e., 351.9 keV) photopeaks. Th-232
was determined through the measurements of Ac-228
(i.e., 911.2 keV and 968.9 keV), and TI-208 (i.e., 583.1
keV and 2614 keV) photopeaks, as well as estimation of
K-40 through the 1460.8 keV photopeak. The measuring
time was 6 h for each sample and background in the
present study.

235 Activity Concentration Evaluation

Common types of uranium isotopes are 28U (i.e.,
with 99.27% abundance and T1,=4.5 G year) and®*U
(i.e., with 0.72% abundance and T12=0.7 G
year).Consensus value of the 2%U/%5U ratio is 137.88
(i.e., #°U/%8U=0.0072). Although the HPGe detector
has a good resolution, the overlapping of some
photopeaks of different radionuclides occurred due to
very minor energy differences between them, such as
the interference between 185.7 keV (i.e., the most
predominant gamma transition to measure?®**U with the
abundance of 57.2%) and 186.2keV (i.e., the energy line
of 22°Ra with the abundance of 3.6%) [21-25].
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Figure 1. Schematic view of the general processing paths in ceramic manufacturing (European Commission2007)
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It is more practical to calculate the activity
concentration of 25U using 185.7 keV line due to very
minor transitions of 143.76 (i.e., 10.96%), 163.33 (i.e.,
5.08%), and 205.31 keV (i.e., 5.01%).2%U activity
concentrations in different samples were mathematically
evaluated using the following equation, regardless of

238 equilibrium status [26]:
C/sra __ 0.036ARa

C/sys  0.572Ays @

Where C/sp, is counts/sec due to %?°Ra in the 186.1
keV energy peak, C/sys is counts/sec due to 2°°U in the
185.7keV energy peak, Ara is the activity of 22°Ra in the
sample, Aus is the activity of 2%U in the sample, 0.036 is
the 2%Ra abundance, and 0.572 is the 235U abundance.
Then, total counts at this peak can be separated as it
follows:

C/s ra = 0.588 Clsr ?)

Cls us = 0.4117 Clsr 3)
C

Aus = iioem @

Where C/sr is the total counts/sec in the 186 keV
energy peak, ¢ is its efficiency, lys is the transition of
185.7 keV energy peak (57.2%) and m is the mass of the
sample (kg) [26].

Radiological Risk Calculations

There are different techniques in ceramic
manufacturing. Figure (1) shows the general production
process description [27] through which workers were
exposed to naturally occurring radionuclides. Most of
the raw materials are in powder shape; therefore,
radiological risk was due to external and internal
exposure. The potential exposure pathways were
through external gamma radiation and inhalation of
released radon that distributed with huge quantities. In
this study, external exposure was calculated using Dose
Factor EXTernal (DFEXT) code after converting
activity concentrations from Bg/kg to Bg/m® according
to the density of each material.

Organ Doses Assessment

The DFEXT code [28] was used for the calculation
of effective organ doses of Er (Sv) from external
irradiation using the equivalent dose in tissue T per unit
integrated exposure, h; (i.e.,, Svm®sec Bq), activity
concentration of raw material, A(Bg/m®), and T (8 hr/d x
5 d/week x 50 week/year) as the exposure time.
Er=A x T %3600 (sec/hr)x h; (Sv) (5)

Weighting factors, according to ICRP-1990
recommendations used to calculate the committed dose
equivalent for each organ. For the remainder tissues, 0.2
weighting factor used to calculate  committed dose
equivalent, i.e. hem=1/5 Y h: [29]. Exposure to airborne
of raw materials in ceramic factories is controlled in the
workplace by the implementation of general
recommendations for safety and health protection of
workers during the working time recommended by the
National Institute for Occupational Safety and Health
[30].
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Workers exposed to high radon concentrations due
to that raw materials are working in closed rooms with
poor ventilation. Many workers spend much of their
time inside these buildings, which may result in high
internal exposure to radon [19-31]. Almayahi et al. in
2014 measured the concentration of radon activity in
Egyptian ceramic factories_reported as 411.45 Bg/m?®
[32]. In another study carried out by Shoeib and
Thabayneh in 2014, the mass exhalation rate was
measured and obtained at 28.7 mBqg/kg [33]. The annual
effective dose to different organs due to radon exposure
was calculated according to the forementioned
concentrations.

Internal and External Hazards Indices

A wide range of raw materials was used in the
manufacturing of wall and floor tiles, as well as
household ceramics sanitary ware. These raw materials
pass through many processes, such as multiple stage
firing process, then, mixed, cast, and finally, pressed or
shaped [27]. Internal radiological risks for workers were
assessed through key quantities, including internal
hazard index (Hin), alpha index (Ia), representative level
index (RLI), indoor absorbed gamma dose rate (Din),
annual effective dose (Ein), and excess lifetime cancer
risk (ELCRin)[9].

Internal Hazard Indices

The internal hazard index used to calculate the
exposure to naturally occurring radionuclides should be
lower than unity and is obtained according to the
following equation:

— ARa  Ath , Ak
Hin = 185 T 259 T 2810 ©)

Where Agra, Am, and Ax are the activity
concentrations of Ra-226, Th-232, and K-40 in Bg/kg
respectively.

Alpha Index

Alpha radiation is very dangerous and more
carcinogenic than gamma radiation; therefore, it is
necessary to study alpha activity in ceramic factories
[34,35]. The recommended limit is 200 Bg/kg, and then,
there is overexposure to radon at levels higher than this
limit. Excess of alpha radiation from the radon
inhalation was calculated using the following equation
[36]:

ARa

< = E (7)
Representative Level Index

The RLI is a hazard indicator of gamma radiation
due to NORM its value should be < 1 and it is written as

follows [6]:
1 1 1
RLI = + + (8)
1504rq 10047 15004k

Indoor Absorbed Gamma Dose Rate

Indoor absorbed dose rate for ceramics, marble,
roofing tile, and granite can be calculated according to
Monte Carlo simulation with a standard room model of
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4 mx5m x 28 m, thickness of the walls, floor, and
ceiling, structure density of 20 cm, and density of 2350
kg/m3[18]. It can be written as it follows [1]:

Din (nGy/h)= 0.12 Aga + 0.14 A, + 0.0096 Ak 9)

Annual Effective Dose

The annual effective dose due to 2000 h annual
working is calculated by multiplying the indoor
absorbed dose rate by a factor of 0.7 SvGyas it follows
[37]:
Ein(MmSv/y) =0.7 (Sv/Gy)*2000 (h/y)xDin(nGy/h)x108 (10)

Excess Lifetime Cancer Risk

Excess Life time Cancer is a stochastic effect and
can be calculated according to annual internal effective
dose using the life expectancy (LE: i.e. standard all life
time for a person with world average of 70 years), and
the fatal risk factor per Sv(RF) which is equal to 0.05
for stochastic effects [14, 29] as follows:
ELCRin =Einx LE xRF

Table 2 tabulates that the activity concentrations of
zirconium were within the ranges of 1460-3466, 10-24, and

(11)

382-773 Bg/kg for Ra-226, U-235 and Th-232,
respectively, in comparison to the world average values
reported as 3000 and 600 Bg/kg for Ra-226 and Th-232 for
zircon, respectively. However, for zirconia, the activity
concentrations were 7000 and 300 Bg/kg for Ra-226 and
Th-232 respectively [18] It can be concluded that some
samples in the results of the present study had higherTh-
232 concentrations. Activity concentrations of different
types of clays were within the ranges of 31-626, 0.2-4.4,
32-725 and 144-507 Bg/kg for Ra-226, U-235, Th-232 and
K-40 respectively.

Table 3 shows that the activity concentrations of
feldspar were within the ranges of 30-54 Bg/kg for Ra-226,
0.21-0.38 for U-235, 29-54 Bg/kg for Th-232, and 441-
1227 Bg/kg for K-40. Table 4 presents the activity
concentrations of powdered quartz and colors. Table 5
tabulates the annual effective dose to different organs of
workers due to exposure to natural radionuclides in
zirconium and colors. The aforementioned values
represented only external exposure that was within the
permissible values. Nevertheless, the internal potential
radiological risk due to the inhalation of dust was still
considerable.

Table 2. Activity concentrations (Bg/kg) of imported zirconium compounds and clays

Zirconium compounds Clays
Sample Ra-226 U-235 Th-232 Sample Ra-226 U-235 Th-232 K-40
Zr-1 3462 24 624 Clay-1 31 0.2 32 217
Zr-2 2020 14 720 Clay-2 31 0.2 33 144
Zr-3 1722 12 635 Clay-3 104 0.7 175 242
Zr-4 1460 10 667 Clay-4 82 0.6 172 255
Zr-5 1685 12 511 Clay-5 54 0.4 54 217
Zr-6 2870 20 662 Clay-6 44 0.3 41 208
Zr-7 3462 24 624 Clay-7 83 0.6 130 212
Zr-8 3087 22 648 Clay-8 104 0.7 207 294
Zr-9 3425 24 745 Clay-9 72 0.5 134 149
Zr-10 3466 24 773 Clay-10 100 0.7 84 156
Zr-11 2054 14 615 Clay-11 626 44 725 507
Zr-12 3192 22 672 Clay-12 424 3.0 558 168
Zr-13 1520 11 382 Clay-13 452 3.2 507 201
- - - - Clay-14 483 34 522 222
- - - - Clay-15 485 34 521 198
Range 1460-3466 10-24 382-773 Range 31-626 0.2-44 32-725 144-507
Average ~ 2571 18 637 Average ~ 212 15 260 226
Table 3. Activity concentrations (Bg/kg) of feldspar
Sample Ra-226 U-235 Th-232 K-40
Fe-1 30 0.2 31 1227
Fe-2 33 0.2 29 1121
Fe-3 54 0.4 54 721
Fe-4 41 0.3 41 802
Fe-5 31 0.2 33 441
Range 30-54 0.2-0.4 29-54 441-1227
Meanz standard deviation 38+10 0.26+0.07 38+10 862+317
Table 4. Activity concentrations (Bg/kg) of powdered quartz and colors (STDEV= standard deviation)
Powdered quartz Colors
Sample Ra-226 U-235 Th-232 Sample Ra-226 U-235 Th-232 K-40
P.qu.1 3418 24 513 Color-1 397 2.8 105 728
P.qu.2 5694 40 872 Color-2 420 29 112 766
P.qu.3 5844 41 1065 Color-3 1005 7.0 267 1868
P.qu.4 5844 41 969 Color-4 409 29 109 747
P.qu.5 4556 32 695 - - - - -
Range 3418-5844 24-41 513-1065 Range 397-1005 2.8-7.0 105-267 728-1868
Mean+ STDEV 5071+1070 35+7 823+221 Mean+ STDEV 558+298 3.9+2.1 14879 1027560
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Table 5. Annual effective doses due to exposure to zirconium and colors (mSv/y)

Zirconium Colors
Organ Ra-226 U-235 Th-232 Ra-226 U-235 Th-232 K-40
R-Marrow 1.73E-06 1.84E-04 3.99E-06 3.75E-07 3.32E-18 9.27E-07 1.32E-02
Adrenals 1.20E-06 1.59E-04 3.48E-06 2.60E-07 2.87E-18 8.08E-07 1.50E-02
2B- Surface 1.05E-05 4.86E-04 1.66E-05 2.27E-06 8.77E-18 3.87E-06 1.34E-02
Brain 1.36E-06 1.84E-04 4.05E-06 2.94E-07 3.31E-18 9.41E-07 1.32E-02
Breast 8.41E-06 2.25E-04 6.60E-06 1.83E-06 4.05E-18 1.53E-06 1.29E-02
3G-bladder 1.15E-06 1.57E-04 3.44E-06 2.50E-07 2.83E-18 7.99E-07 1.21E-02
Esophagus 8.33E-07 1.50E-04 3.05E-06 1.81E-07 2.70E-18 7.08E-07 1.42E-02
4STWall 1.55E-06 1.74E-04 4.03E-06 3.37E-07 3.13E-18 9.36E-07 1.41E-02
5S1 wall 1.06E-06 1.56E-04 3.36E-06 2.29E-07 2.81E-18 7.81E-07 1.39E-02
SULIWall 1.19E-06 1.61E-04 3.58E-06 2.58E-07 2.91E-18 8.31E-07 1.25E-02
"LLIwall 1.13E-06 1.61E-04 3.50E-06 2.44E-07 2.91E-18 8.13E-07 1.26E-02
Heart 1.42E-06 1.71E-04 3.87E-06 3.08E-07 3.08E-18 9.00E-07 1.28E-02
Kidneys 1.84E-06 1.78E-04 4.17E-06 3.99E-07 3.20E-18 9.68E-07 1.32E-02
Liver 1.56E-06 1.78E-04 4.11E-06 3.39E-07 3.20E-18 9.54E-07 1.31E-02
Lungs 1.86E-06 1.94E-04 4.62E-06 4.03E-07 3.50E-18 1.07E-06 1.40E-02
Ovaries 1.03E-06 1.55E-04 3.24E-06 2.24E-07 2.80E-18 7.54E-07 1.25E-02
Pancreas 9.68E-07 1.54E-04 3.28E-06 2.10E-07 2.77E-18 7.63E-07 1.20E-02
Skin 2.82E-05 2.37E-04 1.09E-05 6.11E-06 4.28E-18 2.53E-06 2.59E-02
Spleen 1.19E-06 1.79E-04 4.11E-06 2.58E-07 3.22E-18 8.31E-07 1.25E-02
Testes 1.52E-06 2.16E-04 6.01E-06 3.31E-07 3.89E-18 9.54E-07 1.32E-02
Thymus 6.50E-06 1.85E-04 4.40E-06 1.41E-06 3.33E-18 1.40E-06 1.50E-02
Thyroid 1.88E-06 1.81E-04 4.42E-06 4.08E-07 3.26E-18 1.02E-06 1.34E-02
8U- Bladder 2.31E-06 1.72E-04 3.89E-06 5.01E-07 3.10E-18 1.03E-06 1.32E-02
Uterus 1.51E-06 1.53E-04 3.28E-06 3.27E-07 2.76E-18 9.04E-07 1.29E-02
Muscle 1.00E-06 1.95E-04 5.07E-06 2.17E-07 3.52E-18 7.63E-07 1.21E-02
°H_rem 4.49E-06 1.93E-04 4.95E-06 9.75E-07 3.48E-18 1.18E-06 1.42E-02
10 4.19E-06 1.91E-04 4.76E-06 9.09E-07 3.44E-18 1.15E-06 1.41E-02

'Red Marrow, 2Bone Surface, 3Gall Bladder, “Stomach Wall, *Small Intestine Wall, *Upper Large Intestine Wall, "Lower Large Intestine Wall,
8Urinary Bladder, °H_for reminder tissues and °Effective dose.
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Figure 2. Total annual effective dose due to different raw materials (mSv/y)

Figure 2 depicts the total annual effective dose due equivalent dose to different organs due to all different
to different types of raw materials in which the higher raw materials. The skin appears to receive the highest
exposure is due to colors as the higher K-40 activity external exposure (i.e., 0.044mSv/y), while pancreas
concentrations, which have the highest conversion dose receives the lowest value (i.e., 0.02mSvly).
factors. Figure 3 illustrates the summation of an external
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Table 6. Annual effective doses due to exposure to all raw materials and radon inhalation (mSv/y)

Organ Zirconium Feldspar Quartz Clay Color Radon Total
R- Marrow 1.7E-04 5.66E-03 3.67E-04 2.91E-03 1.32E-02 1.51E-06 2.23E-02
Adrenals 1.7E-04 6.45E-03 3.16E-04 3.31E-03 1.51E-02 1.30E-06 2.53E-02
B- Surface 1.8E-04 5.78E-03 9.88E-04 3.00E-03 1.35E-02 3.04E-06 2.35E-02
Brain 1.8E-04 5.69E-03 3.65E-04 2.92E-03 1.33E-02 1.50E-06 2.24E-02
Breast 1.8E-04 5.54E-03 4.62E-04 2.85E-03 1.29E-02 1.79E-06 2.20E-02
G- Bladder 2.0E-04 5.21E-03 3.12E-04 2.68E-03 1.22E-02 1.27E-06 2.06E-02
Esophagus 1.6E-04 6.10E-03 2.97E-04 3.13E-03 1.42E-02 1.24E-06 2.39E-02
STWwall 1.6E-04 6.06E-03 3.46E-04 3.11E-03 1.41E-02 1.38E-06 2.38E-02
Sl Wall 2.8E-04 5.99E-03 3.09E-04 3.07E-03 1.40E-02 1.28E-06 2.36E-02
ULIWall 1.84E-04 5.38E-03 3.21E-04 2.76E-03 1.26E-02 1.31E-06 2.12E-02
L LIWall 2.28E-04 5.40E-03 3.21E-04 2.77E-03 1.26E-02 1.32E-06 2.13E-02
Heart 1.91E-04 5.50E-03 3.40E-04 2.82E-03 1.28E-02 1.38E-06 2.17E-02
Kidneys 1.88E-04 5.65E-03 3.54E-04 2.90E-03 1.32E-02 1.43E-06 2.23E-02
Liver 1.77E-04 5.61E-03 3.54E-04 2.88E-03 1.31E-02 1.43E-06 2.21E-02
Lungs 1.57E-04 6.03E-03 3.87E-04 3.10E-03 1.41E-02 1.55E-06 2.38E-02
Ovaries 2.05E-04 5.35E-03 3.08E-04 2.74E-03 1.25E-02 1.25E-06 2.11E-02
Pancreas 2.02E-04 5.17E-03 3.05E-04 2.65E-03 1.21E-02 1.24E-06 2.04E-02
Skin 1.99E-04 1.11E-02 5.31E-04 5.70E-03 2.59E-02 1.90E-06 4.35E-02
Spleen 1.84E-04 5.66E-03 3.56E-04 2.91E-03 1.32E-02 1.42E-06 2.23E-02
Testes 2.28E-04 6.45E-03 4.40E-04 3.31E-03 1.51E-02 1.73E-06 2.55E-02
Thymus 1.91E-04 5.77E-03 3.69E-04 2.96E-03 1.35E-02 1.48E-06 2.28E-02
Thyroid 1.88E-04 5.69E-03 3.62E-04 2.92E-03 1.33E-02 1.44E-06 2.24E-02
U- Bladder 1.77E-04 5.54E-03 3.42E-04 2.84E-03 1.29E-02 1.37E-06 2.18E-02
Uterus 1.57E-04 5.21E-03 3.04E-04 2.68E-03 1.22E-02 1.25E-06 2.05E-02
Muscle 2.05E-04 6.10E-03 3.95E-04 3.13E-03 1.42E-02 1.57E-06 2.41E-02
H_rem 2.02E-04 6.06E-03 3.90E-04 3.11E-03 1.41E-02 1.55E-06 2.39E-02
E 1.99E-04 5.99E-03 3.84E-04 3.08E-03 1.40E-02 1.53E-06 2.36E-02
R- Marrow 1.7E-04 5.66E-03 3.67E-04 2.91E-03 1.32E-02 1.51E-06 2.23E-02
Adrenals 1.7E-04 6.45E-03 3.16E-04 3.31E-03 1.51E-02 1.30E-06 2.53E-02
B- Surface 1.8E-04 5.78E-03 9.88E-04 3.00E-03 1.35E-02 3.04E-06 2.35E-02
Brain 1.8E-04 5.69E-03 3.65E-04 2.92E-03 1.33E-02 1.50E-06 2.24E-02
Breast 1.8E-04 5.54E-03 4.62E-04 2.85E-03 1.29E-02 1.79E-06 2.20E-02
G- Bladder 2.0E-04 5.21E-03 3.12E-04 2.68E-03 1.22E-02 1.27E-06 2.06E-02
Esophagus 1.6E-04 6.10E-03 2.97E-04 3.13E-03 1.42E-02 1.24E-06 2.39E-02
STWall 1.6E-04 6.06E-03 3.46E-04 3.11E-03 1.41E-02 1.38E-06 2.38E-02
SI Wall 2.8E-04 5.99E-03 3.09E-04 3.07E-03 1.40E-02 1.28E-06 2.36E-02
ULIWall 1.84E-04 5.38E-03 3.21E-04 2.76E-03 1.26E-02 1.31E-06 2.12E-02
L LIWall 2.28E-04 5.40E-03 3.21E-04 2.77E-03 1.26E-02 1.32E-06 2.13E-02
Heart 1.91E-04 5.50E-03 3.40E-04 2.82E-03 1.28E-02 1.38E-06 2.17E-02
Kidneys 1.88E-04 5.65E-03 3.54E-04 2.90E-03 1.32E-02 1.43E-06 2.23E-02
Liver 1.77E-04 5.61E-03 3.54E-04 2.88E-03 1.31E-02 1.43E-06 2.21E-02
Lungs 1.57E-04 6.03E-03 3.87E-04 3.10E-03 1.41E-02 1.55E-06 2.38E-02
Ovaries 2.05E-04 5.35E-03 3.08E-04 2.74E-03 1.25E-02 1.25E-06 2.11E-02
Pancreas 2.02E-04 5.17E-03 3.05E-04 2.65E-03 1.21E-02 1.24E-06 2.04E-02
Skin 1.99E-04 1.11E-02 5.31E-04 5.70E-03 2.59E-02 1.90E-06 4.35E-02
Spleen 1.84E-04 5.66E-03 3.56E-04 2.91E-03 1.32E-02 1.42E-06 2.23E-02
Testes 2.28E-04 6.45E-03 4.40E-04 3.31E-03 1.51E-02 1.73E-06 2.55E-02
Thymus 1.91E-04 5.77E-03 3.69E-04 2.96E-03 1.35E-02 1.48E-06 2.28E-02
Thyroid 1.88E-04 5.69E-03 3.62E-04 2.92E-03 1.33E-02 1.44E-06 2.24E-02
U- Bladder 1.77E-04 5.54E-03 3.42E-04 2.84E-03 1.29E-02 1.37E-06 2.18E-02
Uterus 1.57E-04 5.21E-03 3.04E-04 2.68E-03 1.22E-02 1.25E-06 2.05E-02
Muscle 2.05E-04 6.10E-03 3.95E-04 3.13E-03 1.42E-02 1.57E-06 2.41E-02
H_rem 2.02E-04 6.06E-03 3.90E-04 3.11E-03 1.41E-02 1.55E-06 2.39E-02
E 1.99E-04 5.99E-03 3.84E-04 3.08E-03 1.40E-02 1.53E-06 2.36E-02
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Table 7. Radiological indices due to stockpiles of raw materials inside storage areas

Materials Din (n Gy/hr) Din (M Gyly) Ein (M Svly) ELCRi, Hin RLI Io
Zirconium 397.70 0.80 0.56 0.195 16.36 1.83E-05 12.86
Feldspar 18.16 0.04 0.03 0.009 0.53 4.39E-04 0.19
P. quartz 723.74 1.45 1.01 0.355 30.59 1.35E-05 25.36
Color 71.26 0.14 0.10 0.035 3.80 6.55E-05 2.79
Clay 97.54 0.20 0.14 0.048 2.46 8.02E-05 1.21
Summation 1308.39 2.62 1.83 0.641 53.74 6.17E-04 42.40

Din: Indoor absorbed gamma dose rate
ELCRin: Excess lifetime cancer risk
RLI: Representative level index

Table 6 shows annual equivalent and effective doses
due to exposure to naturally occurring radionuclides and
radon inhalation (mSv/y).Table 7 tabulates the total
annual external dose (i.e., 2.62 m Gyly), effective dose
(i.e., 1.83 m Svly), ELCR (i.e., 0.641), and alpha index
(i.e., 42.4) due to all raw materials inside storage areas.
Internal exposure due to dust inhalation should be
carefully and specifically taken into consideration. The
internal hazard index should be < 1, and the results of
this study showed a value of 53.74, which may cause
potential radiological hazards. In the present study, the
RLI was reported as 0.00062.

Discussion

Maximum activity concentrations were reported as
5844, 1065, and 41 Bg/kg for Ra-226, Th-232,and U-
235 in powdered quartz, respectively. However, the
highest_activity concentration of K-40 was 1868 Bqg/kg
in color. These concentrations were observed to be
exceeding the exemption limit. The skin received the
highest external exposure (i.e., 0.044mSvly), while
pancreas received the lowest value (i.e., 0.02 mSvly).
Internal hazard indices due to all raw materials and
alpha index were 53.74 and 42.4, respectively. The
aforementioned higher values caused higher exposure
and potential radiological hazards, compared to the
recommended values. For the whole body, the total
annual external dose and total annual effective dose
were 2.62 mGy/y and 1.83 mSvly, respectively.

Conclusion

High

concentrations of some raw materials
(especially zirconium compounds) in addition to the
activities of their whole masses of shipments (multiple
tons) were observed to be exceeding the allowed activity
limits and then led to overdoses due to external and
internal exposure. Due to the associated high doses,
specific regulations are necessary to be applied in the
ceramic industry in Egypt. In this study, it is
recommended to limit the working_time to 8 h as a daily
work shift during 5 days of workweek over 50 weeks
per year. These limitations help to prevent or greatly
reduce the risks of eye, skin, and respiratory organs.
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Ein: Annual effective dose
Hin: Internal hazard index
Io:: Alpha index
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