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Fig. 1 The map of the study area in West Sinai, the location of the gypsum plant is
marked with a red star, the high carbon Ferro-manganese alloy plant is marked
with a green star, and the oil fields region is marked with a blue star. The cities are
shown as red circles.

2.2 Sampling and Sample Preparation

Samples representing all raw materials, end products, products from Um Bogma
mine, and gypsum samples were collected from the high carbon ferro-manganese
alloy plant. Samples, representing the most popularly widely used oil products
were also obtained from the local market. The collected samples were air dried and
hand-cleaned. The samples were then oven dried at 90°C, homogenized, grinded
and screened with 2 mm sieve. The prepared samples were placed in PVC
cylindrical container. The sample containers were sealed tightly and stored for a
minimum period of 4 weeks.

The activity concentration of radioisotopes in the studied samples was measured

using a 50% p-type closed-end coaxial HPGe detector. The HPGe detector has an
energy resolution (FWHM) of 1.98 keV for the 1332.5 keV Co v-line. The
detector was shielded using a 10 cm thick low-background lead shield. The
amplified signals of HPGe detector was acquired with 16 K ADC MCA.

3. Results and Discussion

3.1 Gypsum Plant

The Sinai Manganese Company (SMC) in Abu Zenima mines gypsum ore from
quarries at Ras Malaab area in southwest Sinai which is used to produce calcined
gypsum for construction purposes also it is used in cement industry, construction
materials and in production of sulphoric acid.

Table 1 lists the activity concentrations of NORM in the samples collected from
gypsum plant at Ras Malaab. The raw and calcined gypsum have nearly the same
activity concentrations of 238y, *?°Ra and *°K. On the other hand the activity
concentrations of ***Th are higher in calcined gypsum. The radiation hazard indices
(Ra.q) the absorbed dose rate in outdoor air (D) and the external hazard index (Hy)
were calculated using NORM activity concentrations for all the studied samples
(Table 2). The calculated values of radium equivalent, absorbed dose rate and
external hazard indices are relatively low. To estimate the annual effective dose
(AED), it was assumed that workers spend a total of 6048 h a~' in working areas
and that they work 50% of their time with the raw gypsum and 50% of their time

with calcined gypsum. The calculated AED is 9.57 uSv.

Table 1 The activity concentrations (Bq kg"') of y—ray emitting radioisotopes in
gypsum samples.x-f'

i IE'EU 220 Ra EJ.ETh 4UK
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1.8+0.8 1.5+0.9 / SGSE I

0.1

.2 Ferro-Manganese Alloy
The Um Bogma region (

siltstones, shales

e SMC was ft;:-un '_ _ Q
enin . Egypt. In 1993 ) >duction
the plant built in Abu Zer area. The
ganese alloy using a are of low-
orwegian high-grade @ he mixture of
smelted to enable red n reactions and
the chief raw materis the manufacture
limentary carbonate rc nd a mineral. both
carbonate CaMg(C( found in crystals
esium oxide and in

(gre liorite. of Prec
explo = manganese deposits in S
of hig irbon ferru—manganese stz
CcOomp produces high carbon f =
grade of Um Bogma and impc
mang se ore and other materia
alloy nation. Limestone (CaC
of Pc d cement. Dolomite is
comp of calcium magnes
Dolo is used as a source of

=

for production of magnes 1. A carbon paste sists of a mix
cond g graphite powder an organic binder ich is immisci
watec

Tab
wast
NOR

The activity concent D
ples from the ferrc
in white sand and
mple type

anganese ors:

s of NORM (E
anganese alloy g
produced bv t
szU

Norwegian Mn 18.21.3 42.1+£0.9 204+0.5 27113
Egyptian Mn 204.3.0=11.2 201.4=3.8 23.3+0.6 B85=+5
Treated Mn-mixture 420.4+21.5 348.0=6.5 23.6+0.7 108+6
er raw materials: y 4 y 4

Limestone 58.0=3.6 64.8+1.4 4.6+:0.2 S59=+4
Dolomite 68.64.3 53.8£1.1 20.44+£0.5 298414
Carbon paste 9.9+2.1 5.7£0.2 5.91+0.2 el
Coal Sy, by et 46.0+1.2 32.5+0.9 168+10

- Final products: s &

~ Fe-Mn alloy 10.1+0.8 17.6=0.4 1.5+0.1 161
Smelting waste 231.4==12.0 435.9x=8.1 32.6+0.9 334=16
Other products 4 y 4 Ay
White sand e = 2. 8500 2.7+0.1 ]
Kaolin 64.2+1.3 68.4+:1.2 Sl

57.0£3.5

Table 3 gives the activity concentrations of NO 3
ferro-manganese alloy plant including raw. end prnduéts and wa
concentrations of ***U-series in the E%yptlan ore is slgnlf'icanﬂy hi;

Norwegian ore. the concentration of ""K in Norwegian ore is about three time that
in Egyptian ore. The two ores have nearly the same concentrations of " Th. The

Mn-mixture has much hl%hﬂl‘ concentration of **®U-series than both ores. about the
same concentration of *°?Th and intermediate concentration of *°K. The results
indicate that most of the WNORMSs are associated with the waste while the alloy
contains relatively low concentrations. The waste generated in the alloy production
process is 500-1000 kg for every ton Mn-alloy the company produces. Since the
Lumpan:;y is prﬂdLILlng 40,000 ton/vear. the estimated range of the total activities of
22°Ra, ?°?Th and YK in the wastes produced annually by the extraction process are
8.7—17.4, 0.7—1.3 and 6.7—13.4 GBq. respectively. The activity concentrations of
2 4 232Th and #°K in the other raw materials (limestone, dolomite., electrode paste
and coal) ranged from 5.7 to 64.8 Bq kg '. from 5.9 to 32.5 Bq kg '. from 29 to
298 Bq kg '. respectively. Table 3 lists also the activity concentrations of the y—ray
emitting radioisotopes in sand and kaolin produced by the same company.

Table 4 Radium equivalent, absorbed dose., external hazard index and annual
effective dose equivalent of samples collected from ferro-manganese alloy plant
samples.

Ra.q D e AED

Sample tvpe (Bqkg ') Gy hhH (nLSwv)
M-1 M-11

Manganese oOrs:
MNorwegian Mn 02.2+1.5 43.24+0.7 0.25+0.01 60.96 —
Egyptian Mn 241.3£3.8 105.1%x1.7 0.65+0.01 148.32 —
Treated Mn-mixture 3902+6.6 168.9+2 8 1.05+0.02 238.35 —
Total AED for workers in manganese ore treatment 447 .63
Other raw materials and components:
Limestone 75.9+=1.4 33.24+0.6 0.21+0.004
Dolomite 105.9+1.6 49.3+0.8 0.28+0.004
Carbon paste 16.4+0.4 7.6x0.2 0.04+=0.001
Coal 105.5+1.8 48.540.9 0.28+0.005
Final products and waste:
Fe-NMn alloy 20.9+:0.4 0.2+0.2 0.06=0.001 — 19.47
Smelting waste S08 2483 222 13 6 1.37+0.023 — 470.14
Total AED for workers dealing with alloy and waste 489.62

Other products:
White sand
Kaolin

Fill—— 1
164 .4+2 .2

3.240.1
74.01+2.1

0.02+0.001
0.44+0.006

The ranges for Ra.q, D and H., are 7.0-508.2 Bq kg ', 7.6—222.1 nGy h' and
0.02—1.37. respectively (Table 4). The Mn-mixture and the waste have Ra.y values

higher than the recommended maximum wvalue of 370 Bq kg" and H.: higher than
1. Otherwise, all other samples have low wvalues. The waste should be considered
hazardous to health as they contain high concentrations of both heavy metals and
radioactive isotopes. Special consideration needs to be given to its disposal. In
addition, the use of this waste as filling materials in areas where houses may be
built on is not recommended.

For the calculation of AED, two categories of workers were assumed: workers who
work with the mixing process of the Egyptian and Norwegian Mn (M-I) and
workers who work with the final Fe-Mn alloy and the waste (M-I11). Workers in
groups M-I and M-II spend 6048 h a”'. M-I workers are assumed to be subjected to
each of Egyptian, Norwegian and mixture Mn one-third of their total working time.
Likewise, M-Il workers are assumed to be subjected to each of Fe-Mn alloy and
waste one-half of their total working time. The AED wvalues were 447.63 and
489.62 uSv for the two groups M-I and M-II, respectively. The effective doses are
higher than that of the world average value 410 uSv a™' for public but below the 20
mSv a”' for workers.

Table 5 The activity concentration of NORM (Bq kg ') in crude oil, petroleum
products and waste samples.

.E.!EU .:.:E-Ra 2327 h WK
Oil 23.41x+2.24 18.0+0.4 14.0+0.3 388.0+13.0
Liquid waste 14.45+1.49 17.0+0.4 11.0+0.3 243 .0+8.8
Solid waste 20.31+2.01 19.0+0.4 14.0+0.4 218.0+8.0
Bitumen 4.53+0.81 5.040.2 4.00.1 61.0+£2.5
Heavy fuel 4.88+=1.09 6.0x+0.2 2.0+0.1 <5.0
Grease <2.26 <0.25 <0.3 <5.0
Gasoline 2.634+2.20 0.34+0.1 2.0+0.4 7.0+1.0
Kerosene 3.68+2.36 0.5+0.1 =0.3 7.01.4
Benzine 4.06x2.70 0.4=+0.1 0.5+0.2 6.0x1.6
Mean 3.67 N 2 1.5
Range 0.25—-6.00 0.3—4.0

<2.26-4.88
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