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Abstract: Soil is one of the foremost vital foundations of life for humans, animals, and plants, so the soil contamination by
radionuclides is a dangerous threat of human health. This study investigated the *°Ra, **Ra, *’K, *’Cs and pb to assess their
risks in soil cover of Port Said governorate. So, 41 samples (29 soil samples and 12 shore sediment samples) were collected to
cover the districts area, beaches and industrial areas in Port Said governorate. Activity concentrations of 226Ra, 228Ra, 40K and
1¥Cs were determined by Hyper-Pure Germanium detector, and their Pearson’s coefficient correlations were calculated and to
assess the effects of radiation produced from these radionuclides, their hazards indices were estimated. Pb was determined
using Ionized coupled plasma optical emission spectroscopy (ICP-OES), Geo-accumulation index (I-geo) and Contamination
Factor (CF) were calculated. The activity concentration of soil for **Ra, ***Ra, °K and "*’Cs ranged from 2.78 to 26.88, BDL
to 19.69, BDL to 382.34 and BDL to 1.14 Bq/Kg with average values 11.59, 7.53, 218.77 and 0.25 Bq/Kg respectively. The
activity concentrations of shore sediment for 226Ra, 228Ra, K and "’Cs ranged from 5.48 to 15.17, BDL to 11.75, BDL to
448.48 and BDL to 1.14 Bq/Kg with average values 10.16, 6.91, 364.23 and 0.38 Bq/Kg respectively. The highest activity
concentrations and values of hazard indices are around the industrial facilities in both cases of soil and shore sediment samples
as a result of contamination from factories. But the average activity concentration of *’Ra, **Ra, and *’K in the soil and shore
sediment samples are still lower than the worldwide activity concentrations average values and the Egyptian activity
concentrations mean values. Also, all values of hazard indices and their average values are below recommended values by
UNSCEAR 2000. Geo-accumulation Index (I-geo) and Contamination Factor (CF) for Pb indicated that more than 2 thirds of
soil and 80% of shore sediment samples are moderately polluted or considerably contaminated by Pb. Pearson's Correlation
indicated that pb from side and ***Ra, ***Ra and *’K from other side may be from different sources.
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Latin America [1]. Soil contamination can be natural or due to
human activities [2]. Contamination natural sources are such as
volcanic eruptions, earthquakes, and geographical changes [3].
And human activities sources of the soil contamination are
Pesticide [2], fertilizers [4], Deforestation [5] and the most
important one is the industrial activity [6].

Among the possible sources of industrial pollution are:
aluminum production, the manufacturing of paints, fertilizers
production, plastics industry, petro-chemicals, detergents,

1. Introduction

Soil is one of the foremost vital foundations of life for
humans, animals, and plants, so the soil contamination is a
dangerous threat of human health. Soil contamination is an
alarming issue. It has been identified as the third most
important threat to soil functions in Europe and Eurasia, fourth
in North Africa, fifth in Asia, seventh in the Northwest Pacific,
eighth in North America, and ninth in sub-Saharan Africa and
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other types of consumable chemicals and burning of fossil
fuels [6]. Highly poisonous organic, inorganic, toxic metals
and radioactive elements are among the contaminants
produced by these industries [7].

The long-lived parents ***U and **Th identify two decay
series that contribute significantly to human exposure to
natural radiation. Another series, represented by *°U, has quite
little impact. Many of these radioisotopes decay by releasing
alpha particles, gamma rays as well as beta particles [8].
However, as a result of nuclear weapon testing, radioactive
contamination from nuclear technology or the wastes from the
different industries, humans may be exposed to radiation
coming from artificially radionuclides such as "*'Cs [9].

In terms of public health, the radioactive gases **’Rn
(Thoron) and **Rn (Radon) are members of **Th and ***U
series respectively. They escape from soil and rock into the
atmosphere, as well as into the airspace of buildings. Some of
their daughter products, which release alpha particles, may be
breathed, posing a threat of radiation damage to cells in the
lungs, which might cause lung cancer. *’Rn and its daughters
are usually more toxic than **’Rn and its daughters, owing to
*%Rn's much shorter half-life, which makes decay more
possible before emission into the atmosphere [8].

Radionuclides can reach to living organism through the
soil, so it is significant to determine the concentrations of
radionuclides within it. Radioactivity in the soil is generally
essential for creating basic data for future radiation impact
assessments, radiation protection, and research [10]. The
characterization of radionuclides or radiation sources is the
first stage in the environmental dose assessment process.

Lead is used in various applications such as gasoline use,
lead battery, cables production, sports equipment, crystalline
glass and making TV and computer screen glass to protect
watcher from the resulting radiation. Lead is rare in nature
and is found in the environment in different concentrations as
a result of industrial activities [11]. Lead accumulates in the
bodies of aquatic organisms and soil organisms as a result of
its entry into the environment through various human
activities such as burning solid waste, burning fuel, and
industrial processes [12]. When high levels of lead are
present in the soil; it may block fundamental soil functions,
especially near highways and factories [13].

Lead pollution is the most dangerous form of pollution
[14]. Lead is considered one of the four most harmful
elements to human health. In the human body lead does not
perform important functions but causes significant health
damages such a high blood pressure, anemia, brain damage
and learning difficulties with children [15].

Port Said government (in northeastern Egypt) at the northern
entrance of the Suez Canal, it is bounded by the Mediterranean
Sea in the north and by Port Fouad city in the east. Port Said
has remarkable industrial activities in different locations in the
government. The industrial area in the south of Port Said, there
are Spegeco factory for cement and building materials
industry, Schlumberger company for petroleum services, port
said factory for iron and steel industry, TCI sanmar factory for
chemicals and petrochemicals industry, KAPCI 1 and KAPCI

2 factories for coating painting industries, Royal factory for
chemicals industry. Other industrial activities are found on the
side of the international coastal road, where, Egyptian
Propylene & Polypropylene company, Zohr gas field, IPIC
company for Piping Industry, mining and welding activities,
and Balaeim Petroleum Company. So, monitoring the impact
of anthropogenic activities and assessment the pollution levels
on the environment of Port Said government is very important.

Many previous studies discussed the radioactivity content
in Port Said governorate. For example, 22°Ra, **Ra, *K, and
"Cs levels and its radiation hazards indices and their
relation to heavy metals in the industrial area of Port Said
were discussed by Attaia et al 2015 [16]. The radiological
impact of two block factories and a chemical factory in the
industrial area of Port Said was studied by abozeed et al 2017
[17]. Along the beach of Part Said, environmental monitoring
of gamma radiations and its radiological impact were studded
by Aziz et al 2020 [18].

In all previous studies, Port Said areas not covered in a
good way or not enough samples were collected. So, our
study covered all Port Said areas; industrial, beaches, and
residential. Comprehensive assessment of soil contamination
in Port Said government were achieved by using Hyper-Pure
Germanium (HPGe) detector to determine the activity
concentrations of **’Ra, “*Ra, °K and '“’Cs within 41
samples (soil and shore sediments) and inductively coupled
plasma-optical emission spectroscopy (ICP-OES) was used
for lead analysis. The radiation hazard indices were
determined for 226Ra, 228Ra and K and Geo-accumulation
index (I-geo) and Contamination Factor (CF) were used to
investigate the contamination by Pb. The obtained data are
recent base line to the radioactivity and Pb in Port Said
governorate in addition to the calculated pollution indices are
useful in monitoring the contamination in the Port Said
governorate from place to place and from time to time.
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Figure 1. The map locations of soil and shore sediment samples.

2. Methodology

2.1. Sampling and Laboratory Preparation

The present study covered all various regions in Port Said
government in Egypt by collecting 41 samples (12 shore
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sediments samples and 29 soil samples) from; Industrial area
in south of port Said (Thirteen samples), Manzala Lake (Nine
samples), Port Said - Ismailia Road (Two samples), Port Said
and Port Fouad Beaches (Four samples), Factories located on
the international coastal road (Seven samples), and different
residential district (Six samples).

The coordinates of samples locations were carefully
identified with its longitude and latitude axes by the Global
Positioning System device (GPS, e Trex, Personal Navigator,
Garmin Ltd). The description locations of samples of the

studied area and its coordinates are presented in table 1. And
the locations map of the studied area is presented in figure 1.
Soil and shore sediments samples are collected according
to a random and Judgmental sampling design using the
template method, 25 x 25 cm? area sample and 15 cm depth
was cut out. Samples were placed in polyethylene bags and
was transported to the lab. At the temperature of 100°C,
samples were oven dried even have constant weight (nearly
48 hours). The dried samples were sieved by a sieve of Imm

mesh size.

Table 1. The description locations of samples of the studied area and its coordinates.

Samples . q .
Site Type No Location Longitude/Latitude
1 Spegeco Factory for Cement and building 31°13'51.6"N, 32°17'23.0"E
2 materials industry. at 200 m from Raswa exit. 31°13'45.1"N, 32°17'23.7"E
3 Schlumberger Company for Petroleum Services, 31°13'37.2"N, 32°17'25.4"E
Around Different Factories Soil 4 650 m east of the Industrial area. 31°13'38.2"N, 32°17'25.9"E
5 Port Said factory for Iron and Steel Industry, 700 31°13'31.9"N, 32°17'37.0"E
6 m from north-east of the Industrial area. 31°13'27.8"N, 32°17'40.6"E
7 TCI Sanmar for Petrochemical Industries (C9 31°13'42.6"N, 32°17'04.2"E
8 zone). 31°13'45.9"N, 32°16'58.6"E
9 31°13'58.9"N, 32°17'03.7"E
10 31°13'58.7"N, 32°17'03.7"E
Industrial Manzala Lake In Industrial Shore L Around TCI Sanmar factory south-east of Manzala ST e RN P IHIER (1,
Area In Thy Area In South Of Port Said ~ Sediment: 12 Lak 31°1358.6'N, 32°1700.7°E
Soii‘h Ofpfm ca T sou ort >at CEmEns 3 ane. 31°13'59.5"N, 32°16'59.5"E
Said 14 31°14'01.8"N, 32°16'52.5"E
15 31°13'54.1"N, 32°16'44.0"E
Manzala Lake In Industrial ~ Shore Around TCI Sanmar factory south-east of Manzala o1 Atnm 1 o1 £1mm A
Area In South Of Port Said ~ sediments 16 Lake. 31°1402.1I°N, 32°1627.7°E
17 KAP.CI for' coating paints 1r'1dustry, 220 m from 31°1336.2"N, 32°17'37.7°E
starting point of the Industrial area.
. . . 18 Royal for chemicals industries, 2.7 km from east 31°12'36.8"N, 32°17'54.1"E
Around Different Factories  Soil 19 ofthe Industrial area. 31°1228.3"N, 32°17'55.5"E
20 KAPCI 2, factory located at 3.5 km from the 31°12'18.6"N, 32°1722.7"E
21 Industrial area. 31°1226.8"N, 32°1724.6"E
- . . 22 - . 31°12'56.1"N, 32°17'59.2"E
Ismailia -Port Said Road. Soil 23 Ismailia -Port Said Road at 5 km and 2 km. 31°1242.5"N. 32°18'01.0"E
Port Said Beach Shore 24 Port Said Beach at 1 km and 5.5 km from Gameil 31°16'44.6"N, 32°12'39.9"E
© © Sediment 25 exit. 31°1721.4"N, 32°12'39.9"E
Egyptian Propylene & Polypropylene Company 7 010t m AN oot A
26 km of the International Coastal Road. 31°1817.2°N, 32°09'42.0°E
27 . 31°18'42.2"N, 32°08'54.0"E
28 Zohr Gas Field at 9 km and 10 km of the road. 31°1924.5"N., 32°07'43.7"E
The International Piping Industry Company IPIC, 12 Ao 1 onmTa 1n
International Around Different Factories Soil 2 km of the road. SRR ENGE P RS
Coastal Road Automatic Welding & Fabrication Pipe spools
30 Workshops, at 16 km of the International Coastal 31°20'14.2"N, 32°06'22.3"E
Road And Parallel Pharonic Petrol Company.
31 The International Coastal Road at 9.5 km. 31°18'48.0"N, 32°08'38.5"E
32 Balaeim Petroleum Company at 8 km of the road. 31°1827.1"N, 32°09'21.1"E
Manzala Lake Along The Shore o177 @ o191 "
International Costal Road Sediment 33 East of Manzala Lake 31°17'03.4"N, 32°12'50.5"E
El-Zohor District 34 ftf‘;ezt"h"r district from Abd Elhady Elhadidy 31°16'05.5"N, 32°16'33.7"E
El-Dawahy District Soil 35 EL-Dawahy District around Henkel Company for 31°14'45.2"N, 32°16'51.3"E
The Y 36 Detergents Industry. 31°14'43.9"N, 32°16'59.9"E
Residential EL-Arab District 37 Al-Arab District in front of Saad Zaghloul Park. 31°16'05.2"N, 32°17'50.2"E
Districts Shore 38 31°14'37.1"N, 32°20'09.9"E
Port Fouad Beach Sediment 39 Port Fouad Beach 31°14'40.7"N,, 32°20'03.1"E
Port Fouad District Soil 40 Port Fouad District (street 25) 31°14'52.2"N, 32°19'19.4"E

41 El-Manakh District from the center of the district.

31°16'09.3"N, 32°17'11.6"E

NB: Samples from 1 to 23, from 24 to 33 and from 34 to 41 represent the industrial area, the international coastal road and the districts area respectively.
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2.2. Sample Preparation for HPGe Detector and Specific
Activity Calculation

From the dried, mixed and sieved samples; constant
volume of the samples was transported into Marnilli beaker
and weighed. The sample's identifying parameters, such as
sample location, sample number, net weight, and preparation
date, were written on the Marnilli beaker. The Marnilli
beakers were sealed tightly with insulating tape for 30 days
before measurement. During this period, secular equilibrium
will occur between “’Rn and its decay products (*'*Pb and
21Bi). In the **Th decay series the radon isotope (**’Rn)
poses no serious problem because of its short half-life of 55
seconds, “’K and '*’Cs are measured directly from their
gamma lines [19].

P type HPGe detector was supplied by ORTEC is used to
analyze samples with 32% relative efficiency and 1.9 keV
energy resolution at 1332 keV photons from *“Co. The
spectra of all samples were perfectly analyzed using Gamma
vision 5.3 spectra analysis software.

The **Ra was determined from the average concentrations
of *®Ac (338.32, 911, 968.97 keV) and **TI (583.19 keV).
°Ra was determined from the average concentration of the

21%pp (351.9 keV) and *"*Bi (609.3, 1120, and 1764.5 keV)
decay products. *’Cs and K were determined from 661.6.8
and 1460 keV, respectively. Marnilli beaker (empty) was
counted to determine background spectrum of the germanium
detector, and the background was eliminated from the peak
areas of the samples.

Checking the accuracy and precision of the measurements
by measuring the reference materials IAEA 313, TAEA-326,
TIAEA-154 and Soil 6. Activity concentrations are presented
as Bq/kg for soil and shore sediments samples.

2.3. Soil Preparation for ICP-OES

21 samples (16 soil and 5 shore sediment) were digested
according to method 3050B [20]. And the volumes of the
digested samples were adjusted to 100 ml with deionized
H,0, filtrated into polyethylene bottles and introduced for
lead analysis using ICP-OES.

2.4. Radiation Hazard Indices Calculations

Many publications discussed the radiation hazard indices
[21-26]. For shore sediment and soil samples, the following
radiation hazard indices are determined:

Radium Equivalent Activity (Ragg); Raeq (Bq/Kg) = Ajpera + 1.43 Agagra + 0.077 Aok )
Hex (Bq/KE)= Aszsra/370 + Anysra/259 + Ay /4810 2

Internal hazard index (Hi,); Hin (Bq/Kg) = Agera/ 185+ Aprgra/259 + Ayr/4810 3)
Representative level Index (I,,); I, (Bq/Kg) =Aziera/150 + Azygra/100 +A40k/1500 4
Absorbed gamma dose rate (D); D (nGy/h) = 0.462 Ajyera + 0.604 Ajgra +0.0417 Ayox 5)

Annual Effective Dose Equivalent (AEDE) outdoor; AEDE (uSv/y) = D (nGy/h) x 0.7 (Sv/Gy) x 8760 (h/y) x 0.2 x107  (6)

Annual Gonadal Equivalent Dose (AGED); AGED (mSv/y) = 3.09 Ajgra +4.18 Ajpgra T 0.314 Ayx @)
Excess Lifetime Cancer Risk (ELCR); ELCER = AEDE x DL x RF ®)
Where, Ajesra, Aoxgra and Ay, are the activities Miiller (1981) [31] has distinguished six classes of the

concentrations of *°Ra, ***Ra and *K in Bq/kg. DL is the
average duration of life (70 years) and RF is the risk factor
(Sv), for stochastic effects, for the public RF is 0.05 [27].

2.5. Geo-accumulation Index (I-geo) and Contamination
Factor (CF) Calculations

The degree of contamination and state of pollution are
described by many terminologies. In this study, Contamination
Factor (CF) and Geo-accumulation index (I-geo) are used for
assessing the contamination degree of the studied area for lead.

The I-geo was calculated according to the equation [28].

Igeo = lOgZ (Cn/l 5 Bn) (9)

Where, C, (ppm) is the concentration of metal, and B,
(ppm) is the geochemical background. We applied
modification based on the equation given by Loska, et al.,
(2004) [29], where B, is the average concentration of the
determined element in earth’s crust [30]. The factor 1.5 is
used for lithologic variations of trace elements.

geo-accumulation index: Unpolluted (Class 0, I-geo < 0);
unpolluted to moderated polluted (Class 1, 0 < I-geo < 1);
moderately polluted (Class 2, 1 < I-geo < 2), moderately to
strongly polluted (Class 3, 2 < I-geo < 3); strongly polluted
(Class 4, 3< I-geo<4); strongly to extremely polluted (Class
5,4 <I-geo < 5); and extremely polluted (Class 6, I-geo > 5).

The contamination factor was calculated according to
equation [32].

i Cha
G = o (10)

Where Cl_; is the concentration of the metal i, Cl is the
background value of the metal. We applied a modification of
the factor as applied by Loska, et al., (2004) [29] where Cl, is
the average concentration of elements in the earth’s crust [30].

Four contamination categories are documented on the
basis of the contamination factor [33]. C} <1 low
contamination; 1<C}<3 moderate contamination; 3<Cl<6
considerable contamination; C}>6 very high contamination.
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3. Results and Discussions
3.1. Activity Concentrations of **°Ra, ***Ra, “’K and " Cs

3.1.1. Activity Concentrations of **°Ra, **Ra, “’K and " Cs
in Soil

The results for the activity concentrations (dry weight) of
22Ra, ***Ra, K and "*’Cs in soil and shore sediment samples
of the three studied area were reported in Table 2, and
reported as Bq/Kg dry weight.

Soil samples at the Industrial Area in the South of Port
Said showed activity concentrations ranged from 8.63 to
14.59 Bq/Kg (11.99 Bq/Kg, in average) for *°Ra, ranged

from 5.22 to 10.11 Bq/Kg (8.03 Bq/Kg, in average) for
28R a, ranged from 93.01 to 382.34 Bq/Kg (260.09 Bg/Kg,
in average) for *°K, and ranged from 0.08 to 0.49 Bq/Kg
(0.2 Bq/Kg, in average) for "*’Cs. Sample number 1
(Spegeco factory for cement and building materials
industry) has the highest activity concentration value of
22Ra (14.59 Bg/Kg), Sample number 19 (Royal factory
for chemical industry) has the highest activity
concentration of **Ra (10.11Bg/Kg) and sample number 8
(beside TCI Sanmar for Petrochemicals industry) has the
highest activities concentrations of K (38234 Bg/Kg)
and "*"Cs (0.49 Bq/Kg).

Table 2. Results for the activity concentrations (dry weight) for *°Ra, ***Ra, “’K and '*’Cs in soil and shore sediment samples.

Sample No. Sample site Sample type 226Ra (Bg/Kg) 228Ra (Bq/Kg) 40K (Bg/Kg) 137Cs (Bg/Kg)  226Ra/228Ra
1 14.50+0.30 8.75+0.27 282.814+2.8 0.21£0.07 1.65
2 8.64+0.20 5.20+0.27 93.01x1.7 0.23+0.06 1.66
3 11.87+0.20 8.04+0.39 292.36+2.86 0.17+0.06 1.47
4 Soil 12.43+0.20 8.10+0.33 224.03+2.7 0.08+0.1 1.53
5 11.98+0.20 8.14+0.40 315.2242.0 0.11+0.06 1.47
6 14.05+0.40 9.29+0.43 352.6543.1 0.31+0.08 1.51
7 13.09+0.20 6.98+0.35 206.48+2.51 0.19+0.07 1.87
8 14.26+0.20 9.33+0.40 382.3443.5 0.49+0.11 1.52
9 9.41+0.03 7.53+0.03 32740.01 0.43+0.186 1.24
10 10.15+0.20 7.89+0.46 289.68+2.7 0.40+0.20 1.28
11 The Industrial 9.00+0.20 6.75+0.44 299.1+2.9 0.60+0.14 1.33
12 Area in South of Shore Sediments 10.86+0.20 11.7+0.40 317.8343.1 1.14+0.08 0.93
13 Port Said. 10.23+0.03 8.5+0.03 265.3+0.01 0.78+0.11 1.20
14 13.54+0.04 BDL BDL BDL -
15 10.51+0.20 9.28+0.29 310.46+3.1 0.32+0.12 1.13
16 12.45+0.47 8.81+0.86 312.5£5.91 BDL 1.41
17 9.74+0.2 8.68+0.40 340.6243.0 0.15+0.06 1.12
18 12.05+0.2 9.40+0.38 287.49+2.72 0.28+0.07 1.28
19 12.06+0.28 10.10+0.30 318.68+3.10 0.23£0.13 1.19
20 Soil 10.00+0.03 5.61+0.03 158.2+0.01 0.08+0.76 1.78
21 11.20+0.03 6.78+0.03 188.2+0.01 0.16+0.34 1.65
22 11.70+0.30 9.50+0.32 284.38+3.08 0.35+0.07 1.23
23 12.16+0.20 6.62+0.43 174.79+2.1 0.09+0.06 1.83
24 Shore Sediments 15.10+0.24 11.1+0.44 409.71+£3 .41 0.35+0.07 1.36
25 9.23+0.19 6.32+0.36 448.48+3.50 0.23+0.07 1.46
26 9.88+0.23 5.93+0.62 207.61+2.31 0.42+0.10 1.66
27 6.61+0.28 5.921+0.36 128.97+1.97 0.22+0.07 1.11
28 The International 11.98+0.19 8.08+0.30 250.65+2.52 0.09+0.06 1.48
29 Coastal Road Soil 26.88+0.28 19.6+1.21 192.60+2.25 1.14+0.09 1.37
30 13.22+40.26 7.93+0.80 231.70£2.67 0.30+0.09 1.66
31 14.53+0.29 11.30+0.34 280.80+2.68 1.06+0.11 1.28
32 12.15+0.24 8.03+0.35 206.85+2.30 0.18+0.07 1.51
33 Shore Sediments 8.51£0.19 6.84+0.32 333.44+3.10 0.66+0.10 1.24
34 8.96+0.22 5.50+0.96 208.99+3.30 0.18+0.08 1.63
35 Soil 2.79+0.04 2.10+0.08 43.66+0.02 BDL 1.32
36 8.43+0.26 BDL BDL BDL -
37 The Residential 8.85+0.19 4.80+0.31 123.94+2.13 0.07+0.05 1.84
38 Districts Shore Sediments 5.40+0.21 BDL BDL BDL
39 7.67+0.24 5.00+0.27 130.35+2.04 0.09+0.06 1.53
40 Soil 9.66+0.03 6.07+0.05 193.95+0.01 BDL 1.59
41 11.06+0.22 5.26+0.41 154.82+2.34 0.34+0.06 2.10

BDL: below detection limit.

Soil samples of both sides of The International Coastal Road
showed activity concentrations ranged from 6.61 to 26.88
Bqg/Kg (13.60 Bq/Kg, in average) for **°Ra, ranged from 5.92
to 19.69 Bq/Kg (9.55 Bg/Kg, in average) for **Ra, ranged
from 128.97 to 280.8 Bq/Kg (214.16 Bg/Kg, in average) for

“K, and ranged from 0.085 to 1.14 Bg/Kg (0.48 Bg/Kg, in
average) for *’Cs. Sample number 29 (IPIC Company for
Piping Industry) has the highest activity concentration value of
Ra™® (26.88 Bg/Kg), “**Ra (19.69 Bg/Kg), and 'Cs (1.14
Bg/Kg). Sample number 31 (located at kilo 9.5) has the highest
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activity concentration of “’K (280.8 Bg/Kg).

Soil samples of Residential Districts area showed activity
concentrations ranged from 2.78 to 11.06 Bq/Kg (8.29 Bg/Kg, in
average) for “*Ra, ranged from BDL to 6.07 Bq/Kg (3.95
Bg/Kg, in average) for “*Ra, ranged from BDL to 208.69
Bqg/Kg (120.89 Bg/Kg, in average) for YK, and ranged from
BDL to 0.34 Bq/Kg (0.098 Bg/Kg, in average) for 137Cs. Sample
number 41 (El Manakh District) has the highest activity
concentration value of Ra (11.06 Bq/Kg) and B1Cs (0.34
Bg/Kg). Sample number 40 (located in Port Fouad District) has
the highest activity concentration value of “*Ra (6.07 Bg/Kg),
and Sample number 34 (located Alzohour district) has the
highest activity concentration of YK (208.69 Bq/Kg).

In the soil samples, the activity concentrations of “*’Ra,
*Ra, K and "*’Cs for all the three studied areas ranged from
2.78 to 26.88 with an average value 11.59 Bq/Kg, ranged from
BDL to 19.69 Bq/Kg with an average value 7.53 Bq/Kg,
ranged from BDL to 382.34 Bq/Kg with an average value

218.77 Bg/Kg and ranged from BDL to 1.14 Bg/Kg with an
average value 0.25 Bq/Kg respectively. In the soil samples the
sample number 29 (IPIC Company for Piping Industry) has the
highest activity concentrations (26.88, 19.69 and 1.14Bq/Kg)
for °Ra, ®Ra and Cs"’ respectively. While, the sample
number 8 (beside TCI Sanmar for Petrochemicals Industry)
has the highest concentration (382.34 Bq/Kg) for “K. Our
average values are lower than the worldwide activity
concentrations average values (35, 30 and 400 Bg/Kg) and the
Egyptian activity concentrations mean values (17, 18 and 370
Bg/Kg) for *°Ra, ***Ra, *’K respectively [24]. Previous study
on Port Said area introduced by Mona Abozeed et al 2017 [17]
showed higher average values (13.74 and 228.23 Bq/Kg) for
2*Ra and “’K respectively and lower average value (9.64
Bg/Kg) for *Ra by comparison with our results.

The soil average specific activity of *°Ra, ***Ra, *’K and
¥7Cs for Port Said area previous studies and various
countries are indicated in table 3 for comparison.

. 2. . PR . . .
Table 3. Comparison of *°Ra, **Ra, “’K and "’ Cs average specific activity of soil samples for various countries.

Average Activity Concentration (Bq/Kg)

Country TR MR, e s References
Port Said (Egypt) 11.59 7.53 218.77 0.25 Current work
Port said 9.64 13.74 22823 - [17]
Gabal El Khashab and from Sinai (Egypt) 94.93 80.21 700.79 - [34]
Iron and Steel factoriesin different locations in Egypt 16.8 10.62 154.35 BDL [35]
Rashid area Egypt 111.24 140.38 47468 - [36]
Alexandria Egypt 16.43 18.31 268.16 7.24 [37]
MarsaAlam-Shalateen area, Red Sea (Egypt) 18.45 16.78 33435 - [38]
Abu Zaabal (Egypt) 7.7 10.1 9.18 1.26 [39]
Shebeen (Egypt) 10.1 11.7 136 1.63 [39]
Qattamia region (Egypt) 23.66 13.95 146.33 4.37 [40]
Abha city (Saudi Arabia) 38.67 23.49 217.87 [41]
Bethlehem Province (Palestine) 41.4 19.5 113.3 2.8 [42]
Kurdistan Region (Iraq) 0.100 0.076 0.429 0.30 [43]
Panipat city (India) 30.24 29.89 291.06 - [44]
Rize Province (Turkey) 24.5 51.8 344.9 26.3 [45]
Richards Bay (South Africa) 28.28 31.5 0.013 [46]
Fraser's Hill (Malaysia) 106.36 211.47 709.23 - [47]
Southern Serbia 45 50 651 10 [48]
Istanbul (Turkey) 21 37 342 e [49]
Fars Province (Iran) 26.3 14.9 271 6.37 [50]
Worldwide an average values 33 45 412 [51]

3.1.2. Activity Concentrations of mRa, mRa, YK and ¥’ Cs
in Shore Sediment Samples

All shore sediment samples of the industrial area in the
south of Port Said located around TCI sanmar for
petrochemicals factory and showed activity concentrations
ranged from 9 to 13.54 Bq/Kg (10.76 Bq/Kg, in average) for
%Ra, ranged from BDL to 11.75 Bq/Kg (7.56 Bg/Kg, in
average) for “**Ra, ranged from BDL to 327.16 Bg/Kg
(265.25 Bg/Kg, in average) for “°K, and ranged from BDL to
1.14 Bq/Kg (0.46 Bq/Kg, in average) for 37Cs. Sample no 12
has the highest values (11.75 and 1.14 Bq/Kg) for **Ra and
13Cs respectively. Sample no 14 has the highest value (13.54
Bq/Kg) of ?26Ra and sample number 9 has the highest activity
concentration of *’K (327.16 Bq/Kg).

Shore sediment samples of the International Coastal Road
showed activity concentrations ranged from 8.51 to 15.17

Bq/Kg (10.97 Bq/Kg, in average) for **°Ra, ranged from 6.32
to 11.17 Bq/Kg (8.11 Bg/Kg, in average) for ***Ra, ranged
from 333.44 to 448.48 Bq/Kg (397.21 Bg/Kg, in average) for
*K, and ranged from 0.23 to 0.66 Bq/Kg (0.41 Bq/Kg, in
average) for *'Cs. At Port Said Beach; sample 24 has the
highest values (15.17 and 11.17 Bq/Kg) for **Ra and ***Ra
respectively and sample no 25 has the highest value (448.48
Bg/Kg) for “°K. While, sample no 33 (East part of Manzala
Lake) has the highest value (0.66 Bq/Kg) of *'Cs.

Shore sediment samples of The Residential Districts (2
samples), the activity concentrations of **’Ra ranged from
5.48 to 7.67 Bq/Kg with an average value 6.57. Only, sample
number 39 (along Port Fouad Beach) has a detectable activity
concentration of ***Ra (5 Bq/Kg), “’K (130.35 Bq/Kg), and
B7Cs (0.09 Bg/Kg).

The activity concentrations of shore sediment for **°Ra,
*»Ra, *K and "’Cs in the studied areas ranged from 5.48 to
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15.17 with an average value 10.16 Bq/Kg, ranged from BDL
to 11.75 Bq/Kg with an average value 6.91Bq/Kg, ranged
from BDL to 448.48 Bq/Kg with an average value
264.23Bq/Kg and ranged from BDL to 1.14 Bg/Kg with an
average value 0.38 Bg/Kg respectively. Sample number 12
(where TCI sanmar for petrochemicals dumping its wastes)
has the highest activity concentrations (11.75, and 1.14
Bqg/Kg) 22Ra, and "V'Cs respectively. And Port Said Beach
has the highest values for %Ra (15.17 Bg/Kg) and K (448
Bq/Kg) for samples numbers 24 and 25 respectively.

Our average values are lower than the worldwide activity
concentrations average values (35, 30 and 400 Bq/Kg) and

the Egyptian activity concentrations mean values (17, 18 and
370 Bq/Kg) for **Ra, *Ra and “’K respectively [24].
Previous studies on port Said area showed higher average
values (25, 20.56 and 389.32 Bg/Kg) for **’Ra, “*Ra and *K
respectively for study introduced by Attia et al 2015 [16] and
the study introduced by Azziz et al 2020 [18] showed lower
average values (6.16 and 223.30 Bg/Kg) for 22Ra and K
and showed higher average value for **’Ra (12.37 Bqg/Kg) by
comparison with our results.

The shore sediment average specific activity of **°Ra,
228Ra, 40K, and "*’Cs for Port Said area previous studies and
various countries are indicated in table 4 for comparison.

Table 4. Comparison of *°Ra, **Ra, “’K and '’ Cs average specific activity of shore sediment samples for various countries.

Average Activity Concentration

Country 2Ra 2R, e s References
Port Said (Egypt) 10.16 6.91 264.23 0.38 Current work
Manzala Egypt 25 20.56 38932 - [16]

Port said beach 12.37 6.16 22330 - [18]

The Egyptian Red Sea coast 27.38 38.45 4194 e [52]

El Dabaa (Egypt) 5.47 0.92 1143 e [53]
Rosetta beach (Egypt) 107.6 201.6 1162 - [54]

Brulus Lake (Egypt) 17.26 10.03 299.7 3.33 [55]
Mariout Lake (Egypt) 12.65 7.24 518.75 3.68 [55]

Idku beach sediments (Egypt) 13.08 13.97 345.97 0.48 [56]
Calabria (Southern Italy) 21.3 30.3 849 [57]
Ponnaiyar river (India) 7.31 46.85 384.03 - [9]
Tamilnadu (India) BDL 14.29 36023 0 - [58]
Henties Bay (Namibia) 175.59 40.17 34966 0 - [59]

Coast of Greater Accra (Ghana) 22.04 108.60 2978 - [60]

3.1.3. Comparison Between Activity Concentrations of
26Ra, **Ra, “’K and "’ Cs in Soil and Shore Sediment
From comparison of the soil samples and shore sediment we
can conclude that; the highest activity concentrations samples
are around the industrial facilities. In case of soil, sample
number 29 (IPIC Company for Piping Industry) has the highest
concentrations of ***Ra, ***Ra and "*’Cs and sample number 8
(TCI Sanmar for Petrochemicals Factory) has the highest value
of “K. In case of shore sediment sample number 12 (TCI
Sanmar for Petrochemicals Factory) has the highest
concentrations of **Ra and "*’Cs. And samples number 24 and
25 (beside Propylene and Polypropylene Factory Oil Fields at
these regions) have the highest values of **Ra and *K
respectively and that also may be related to the geological
nature (black sand) of beach area [18].
The soil and shore sediment **’Ra/***Ra ratios are indicated
in table 2. In the soil sample, the ***Ra/***Ra ratios ranged from

1.12 to 1.87 (1.52, in average), ranged from 1.11 to 1.66 (1.44,
in average) and ranged from 1.32 to 2.10 (1.41, in average) for
industrial area in the south of Port Said, International Road and
The Residential Districts respectively. In the shore sediment
samples, the “°Ra/***Ra ratios ranged from 0.93 to 1.41 (1.06,
in average) for industrial area in the south of Port Said, ranged
from 1.24 to 1.46 (1.35, in average) for The International Road
and only sample number 39 (Port Fouad Beach) has
26Ra/**Ra ratio (1.53) for The Residential Districts.

The ratios of ***Ra/***Ra in all samples (soil and shore
sediment) are above unity with clear variation and elevation.
So, that normal pattern of the soil and shore sediment in Port
Said area may be affected by pollution of industry and human
activities. And the Port Fouad region has ***Ra/**Ra
maximum ratios (2.10 and 1.53) for soil sample number 41
(in the Port Fouad District) and shore sediment sample 39
(Port Fouad Beach) respectively.

Table 5. Comparison of *°Ra, “**Ra and ’K standard deviation of soil and shore sediment samples for the studied area.

Industrial area

International road

Residential area

Soil Shore sediment Soil Shore sediment Soil Shore sediment
26Ra 1.65 1.520 6.39 3.61 2.85 1.60
28Ra 1.49 1.59 4.79 2.62 32 ===
K 82.7 20.60 48.13 58.53 6576 e

The standard deviation results for activity concentrations of
26Ra, **Ra and *K are presented in table 5. The results
indicated that The International Road has the highest standard

deviation values for “°Ra (6.39 and 3.61) and ***Ra (4.79 and
2.62) in case of soil and shore sediment respectively. And that
is attributed to samples no 29 (IPIC Company for Piping
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Industry) and sample 24 (Port Said Beach beside Propylene
And Polypropylene Factory And Oil Fields) have elevated
activity concentration values for *°Ra (26.88 and 15.1 Bq/Kg)
and *®Ra (19.6 and 11.1 Bq/Kg) respectively and when the
standard deviation is recalculated without their values
decreased from 6.39 to 2.8 and from 3.61 to 0.5 in case for
*Ra and decreased from 4.79 to 1.96 and from 2.62 to 0.37
for soil and shore sediment respectively. The soil of residential
area has higher standard deviation (2.85) for *°Ra and that is
related to the sample no 35 (El Dwahy Distract) has lower
activity concentration value (2.79 Bg/Kg) with great difference
with the other samples and when the standard deviation is
recalculated without this value decreased from 2.85 to 1.03.
Also, *%k has standard deviation elevated values in cases of soil
of The Industrial Area and Residential Area and that is
attributed to some samples have lower activity concentration
values with a wide range when compared with the other
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3.1.4. Lateral Distribution of **Ra, ***Ra and *’K in Port
Said Area

Figures 2, 3 and 4 indicate the activity concentration levels
in all samples (soil and shore sediment) for **°Ra, ***Ra and
K respectively, collected from Port Said area.

The activity contour maps showed that the trends of the
increase and decrease of *°Ra and ***Ra contents are similar
(the direction of increment from east to west all over the
studied area) and that may be related to transportation of
radioactive black sands deposition originally deposited along
the Nile delta shoreline towards port said beach via long
shore drift process [18]. In the other side, the activity content
of *K in samples has a different behavior compared with
*%Ra and **Ra. It has the maximum value near center of the
studied area and decreases to N, W, S and E directions.
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Figure 2. Lateral distribution of *°Ra for soil cover of Port Said.
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Figure 3. Lateral distribution of “**Ra for soil cover of Port Said.
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Figure 4. Lateral distribution of *’K for soil cover of Port Said.
3.2. Radiation Hazard Parameters
3.2.1. Radiation Hazard Parameters for Soil
The results for the radiological hazard parameters of soil samples of the studied area were reported in Table 6.
Table 6. The results for the radiological hazard parameters of soil samples.
Sample No. Location Raegpykg  Hex Hi, Iy Bg/Kg D nGy/h AEDE pSv/y AGED mSv/y ELCR x 10?
1 4891 0.132  0.171 0.373 23.69 29.05 170.57 0.102
2 23.26 0.062  0.086 0.171 10.84 13.29 77.72 0.047
3 45.88 0.123  0.156 0.354 22.49 27.59 162.09 0.097
4 41.27 0.111  0.145 0.313 19.83 24.32 142.63 0.085
5 47.91 0.129  0.161 0.371 23.59 28.93 170.07 0.101
6 54.50 0.147  0.185 0.421 26.78 32.84 193.02 0.115
7 . 38.98 0.105 0.140 0.294 18.68 22.92 134.49 0.080
8 %ﬁ gﬁ;%?ﬁ;;a;; g 5705 0.154 0192 0443 28.16 34.54 203.14 0.121
17 48.38 0.130  0.157 0.378 24.05 29.49 173.36 0.103
18 47.63 0.128  0.161 0.366 23.18 28.43 166.82 0.100
19 51.06 0.137  0.170 0.394 24.96 30.61 179.62 0.107
20 30.22 0.081 0.108 0.228 14.46 17.74 104.08 0.062
21 35.42 0.095 0.126 0.268 16.98 20.83 122.15 0.073
22 47.28 0.127  0.159 0.363 23.00 28.21 165.47 0.099
23 35.08 0.094 0.127 0.263 16.70 20.49 120.13 0.072
26 34.35 0.092  0.119 0.263 16.73 20.52 120.54 0.072
27 25.01 0.067  0.085 0.189 11.94 14.65 85.68 0.051
28 The International 42.82 0.115  0.148 0.327 20.77 25.47 149.47 0.089
29 Coastal Road 69.87 0.188  0.261 0.504 31.65 38.82 225.86 0.136
30 42.40 0.114  0.150 0.321 20.39 25.01 146.76 0.088
31 52.36 0.141 0.180 0.397 25.12 30.81 180.45 0.108
32 39.57 0.106  0.139 0.299 18.93 23.22 136.10 0.081
34 3291 0.088 0.113 0.254 16.13 19.78 116.29 0.069
35 9.16 0.024  0.032 0.068 4.34 5.32 31.15 0.019
36 . - 8.45 0.022  0.045 0.056 3.60 4.42 26.11 0.015
37 The Resident Districts 5 0.068 0.092  0.189 12.01 14.73 86.35 0.052
40 33.28 0.089 0.116 0.254 16.13 19.78 116.14 0.069
41 30.50 0.082  0.112 0.229 14.55 17.85 104.79 0.062

The hazard indices of The Industrial area in the south of
port said, ranged from 23.26 to 57.05 Bq/Kg, 0.06 to 0.15,
0.08 to 0.19, 0.17 to 0.44 Bg/Kg, 10.84 to 28.16 nGy/h,
13.29 to 34.54 uSvly, 77.72 to 203.14uSv/y and 0.04 x 107
to 0.12 x 107 with averages values 43.52 Bq/Kg, 0.11, 0.14,
0.33 Bq/Kg, 21.16 nGy/h, 25.95 uSvl/y, 152.4 uSv/y and 0.09

x 107 for Raeg, He, Hi, L, D, AEDE, AGED and ELCER
respectively. Sample number 8 (TCI Sanmar for
Petrochemicals Factory), has the highest values (57 Bq/Kg,
0.15, 0.19, 0.44 Bg/Kg, 28.16 nGy/h, 34.55 uSv/y, 203.14
uSv/y and 0.12 x 107) for Ray, He, Hin 1, D, AEDE,
AGED and ELCER. While, sample number 2 (Spegco
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factory for cement and building materials industry) has the
lowest values (23.30 Bg/Kg, 0.06, 0.08, 0.172 Bq/Kg, 10.84
nGy/h, 13.29 uSvly, 77.72 pSv/y and 0.047x107) for Ragg,
H., Hi,, Iy, D, AEDE, AGED and ELCER respectively.

The hazard indices of the International Coastal Road
ranged from 25.01 to 69.87 Bq/Kg, 0.06 to 0.18, 0.08 to
0.216, 0.18 to 0.50 Bq/Kg, 11.94 to 31.65 nGy/h, 14.65 to
38.82 uSvly, 85.68 to 225.86 uSvly, 0.05x 107 to 0.13x107
with averages values 43.77 Bg/Kg, 0.11, 0.15, 0.32 Bq/Kg,
20.79 nGy/h, 25.50 uSv/y, 149.27 uSv/y and 0.08x10~ for
Ragg, Hey, Hin, I, D, AEDE, AGED and ELCER respectively.
Sample number 29 (IPIC company for piping industry), has
the highest values (69.87 Bq/Kg, 0.18, 0.26, 0.50, 31.65,
38.82, 225.86 and 0.13 x 107). While sample number 27
(Zohr Gas Field) has the lowest values (25.01 Bg/Kg, 0.068,
0.085, 0.18 Bq/Kg, 11.94 nGy/h, 14.65 uSv/y, 85.68 uSv/y
and 0.05x107) for Rae, Hex, Hin, Iy, D, AEDE, AGED and
ELCER respectively.

The hazard indices of The Residential Districts ranged
from 8.45 to 33.28 Bq/Kg, 0.023 to 0.09, 0.03 to 0.11, 0.056
to 0.254 Bq/Kg 3.60 to 16.134 nGy/h, 4.42 to 19.78 uSvly,
26.11 to 116.29 pSv/y and 0.01x 107 to 0.0692x 10~ with
averages values 23.26 Bq/Kg, 0.06, 0.08, 0.14 Bq/Kg, 11.13
nGy/h, 13.65 pSv/y, 80.14 pSv/y and 0.04x 10~ for Ragg,
H., H;, Iy, D, AEDE, AGED and ELCER respectively.
Sample number 40 (Port Fouad District) has the highest
values (33.28 Bg/Kg, 0.089, 0.116, 16.134 nGy/h, 19.787
uSv/y and 0.692x107) of Ra., He, Hi, D, AEDE and
ELCER respectively, and sample 34 (EL-Zohor District) has
the highest value (116.293 uSv/y) for AGED, and both of the
2 samples (34 and 40) have the same maximum value for I,

(0.245 Bqg/Kg). While sample number 36 (EL-Dawahy
District) has the lowest values (8.45 Bq/Kg, 0.022, 0.056
Bq/Kg, 3.6 nGy/h, 4.42 uSvly, 26.11 pSv/y and 0.015x10)
for Ragg, Hey, Iy, D, AEDE, AGED and ELCER respectively
and sample number 35 (EL - Dawahy district) has the lowest
value (0.032) for H;,.

In all the soil samples in the studied areas of Raq, Hex, Hip, L,
D, AEDE, AGED and ELCER ranged from 8.45 to 69.87
Bg/Kg, 0.02 to 0.189, 0.03 to 0.261, 0.05 to 0.50 Bg/Kg, 3.60 to
31.65 nGy/h, 4.42 to 38.82 uSvly, 26.11 to 225.86 puSv/y and
from 0.01 x 10° to 0.13 x 10° with averages values 39.24
Bg/Kg, 0.1, 0.13, 0.29 Bg/Kg, 18.92 nGy/h, 23.20 puSv/y, 136.11
uSv/y and 0.08 x 107 respectively. All values of Ragg, Hex, Hin,
and I, and its average values are below the maximum allowed
limits recommended by UNSCEAR 2000 [24], 370 Bg/Kg, 1, 1
and 1 Bg/Kg respectively. And all D, AEDE, AGED, and
ELCER and its average values are below average worldwide
values (60 nGy/h, 70 uSvly, 300uSv/y and 029x 107
respectively) recommended by UNSCEAR 2000 [24]. Sample
number 29 (IPIC Company for piping industry) has the highest
values for Ra.q (69.87 Bq/Kg), Hex (0.189), Hi, (0.261), I, (0.50
Bg/Kg), D (31.65 nGy/h), AEDE (38.82 uSv/y), AGED (255.86
uSv/y), and ELCER (0.136 x 107). Sample number 36 that is
located in EL-Dawahy District has the lowest values of Rag
(8.45.16 Bq/Kg), Hy (0.23), Iy (0.056 Bg/Kg), D (3.60 nGy/h),
AEDE (4.42 uSvly), AGED (26.11 uSv/y), and ELCER (0.015%
10”*). And sample number 35 located in EL-Dawahy District has
the lowest values of H;, (0.032).

The results for the radiological hazard parameters of soil
samples of various countries are indicated in table 7 for
comparison.

Table 7. Comparison of hazard indices of soil samples for various countries.

q Ragq Iy D AEDE AGED ELCR

Region He Han Bq/Kg Bg/Kg nGy/h puSvly mSvly x10° LG
Port said 0.105  0.137 39.24 0.29 18.92  23.20 136.11  0.08 This study
Portsaid e e s e 802 e - [16]

Port said 0.103  0.140 39.54 0.150 1922 92 e e [17]

Abo Zaabal, Egypt 0.094  0.127 3388 - 14.2 17.4 127.8 - [61]

Iron and Steel factories in different locations in Egypt 0.12 0.17 44.47 7.45 2098  25.74 146 0.09 [35]
Quseir Safaga 5.8 11.4 2160 14.5 855 105 - - [62]

Delta State, Nigeria 0.3 0.4 98.5 0.8 54.6 70 e e [63]
Dammam, Saudi Arabia e e 0.62 40.28 43 063 - [64]

Rize Province, Turkey 034  ----—-- 125 - 56.9 69.8 - - [45]

3.2.2. Radiation Hazard Parameters for Shore Sediment
The results for the radiological hazard parameters of shore
sediment samples of the studied area were reported in Table 8.
The hazard indices of the Industrial Area in the south of
port said, ranged from 13.54 to 52.13 Bqg/Kg, 0.03 to 0.14,
0.07 to 0.17, 0.09 to 0.40 Bq/Kg, 5.78 to 25.39 nGy/h, 7.09
to 31.14 pSvly, 41.85 to 182.45 uSv/y and 0.02x 107 to
0.10x 10 with averages values 42.01 Bqg/Kg 0.11, 0.14, 0.32
Bq/Kg, 20.57 nGy/h, 25.23 uSv/y, 124.80 uSv/y and 0.08%
10” for Raeq, Hex, Hin, Iy, D, AEDE, AGED and ELCER
respectively. In the industrial area, the sample number 12
(TCI Sanmar factory for petrochemicals), has the highest
values (52.13 Bg/Kg, 0.141, 0.17, 0.4 Bq/Kg, 25.399 nGy/h,

31.15 uSvl/y, 182.5 uSv/y and 0.109 x 107) for Ragg, Hex, Hin,
Iy, D, AEDE, AGED and ELCER respectively. while sample
number 14 (Spegco factory for pipes industry) has the lowest
values (13.5 Bg/Kg, 0.037, 0.073, 0.09 Bq/Kg, 5.78 nGy/h,
7.1 uSvly, 41.8 uSv/y and 0.025x 107) for Ra, Hey, Hig, 1y,
D, AEDE, AGED and ELCER respectively.

The hazard indices of The International Coastal Road
ranged from 43.98 to 62.70 Bq/Kg, 0.11 to 0.16, 0.148 to
0.210, 0.34 to 0.48 Bq/Kg, 22.10 to 30.84 nGy/h, 27.11 to
37.82 uSvly, 159.63 to 222.24 uSv/y and 0.09x 107 to 0.13x
107 with averages values 53.16 Bq/Kg, 0.14, 0.15, 0.41
Bq/Kg, 26.66 nGy/h, 32.70 uSv/y, 192.55 uSv/y and 0.11x
10” for Ray, He, Hi, Iy, D, AEDE, AGED and ELCER
respectively. Sample number 24 (Port Said Beach beside
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Propylene and Polypropylene Factory and Oil Fields) has the
highest values (62.701 Bq/Kg, 0.169, 0.210, 0.4Bq/Kg, 30.84
nGy/h, 37.8 pSvly, 222.24 pSvly and 0.13 x 107) of Ragg,
H., H;, Iy, D, AEDE, AGED and ELCER respectively.

While sample number 33 (Manzala Lake) has the lowest
values (43.98 Bq/Kg, 0.116, 0.148, 0.348 Bq/Kg, 22.11
nGy/h, 27.11 pSvly, 159.63 uSv/y and 0.095x 107) for Ragg,
Hex, Hin, Iy, D, AEDE, AGED and ELCER respectively.

Table 8. The radiological hazard parameters in the studied shore sediments samples.

Sample No. Location Hex Hi, Raeq Bykg Iy Bk D nGy/h AEDE pSv/y AGED mSv/y ELCR x 10°
9 0.123 0.148 45.375 0.356 22.636 27.761 163.296 0.097
10 0.118 0.146 43.743 0.340 21.558 26.439 155.318 0.093
11 The Industrial 0.113 0.137 41.686 0.327 20.782 25.488 149.951 0.089
12 Area in The 0.141 0.170 52.131 0.402 25.399 31.150 182.458 0.109
13 South Of Port 0.116 0.143 42.857 0.330 20.929 25.667 150.574 0.090
14 Said 0.037 0.073 13.546 0.090 5.784 7.094 41.857 0.025
15 0.129 0.157 47.698 0.370 23.448 28.756 168.787 0.101
16 0.133 0.166 49.110 0.379 24.075 29.525 173.419 0.103
24 The 0.169 0.210 62.701 0.486 30.846 37.830 222.245 0.132
25 International 0.143 0.168 52.805 0.424 27.045 33.168 195.775 0.116
33 Coastal Road 0.116 0.148 43.981 0.348 22.109 27.115 159.632 0.095
38 The Residential 0.015 0.030 5.488 0.037 2.343 2.874 16.957 0.010
39 Districts 0.067 0.088 24.864 0.188 11.903 14.598 85.551 0.051

The hazard indices of The Residential Districts ranged
from Ra.q 5.48 to 24.86 Bg/Kg, 0.01 to 0.06, 0.03 to 0.11,
0.03 to 0.18 Bq/Kg, 2.34 to 11.90, 2.87 to 14.59 uSvly, 16.95
to 85.55 pSv/y and 0.01x 107 to 0.05x10” with averages
values 15.17 Bg/Kg, 0.04, 0.08, 0.11 Bg/Kg, 7.12 nGy/h,
8.73 uSvly, 51.25 uSv/y and 0.03x10 for Ragg, Hey, Hip, Iy,
D, AEDE, AGED and ELCER respectively. In shore
sediment samples on The Residential Districts, the sample
number 39 (Port Fouad beach) has the highest values (24.864
Bqg/Kg, 0.067, 0.088, 0.188 Bq/Kg, 11.903 nGy/h, 14.598
uSv/y, 85.551 pSv/y and 0.051x107) of Ra.g, Hey, Hip, Iy, D,
AEDE, AGED and ELCER respectively. While sample
number 38 (Port Fouad Beach) has the lowest values (5.488
Bqg/Kg, 0.015, 0.030, 0.037 Bq/Kg, 2.343 nGy/h, 2.874
uSv/y, 16.957 uSv/y and 0.010x10) for Rag, Hey, Hiy, Iy, D,
AEDE, AGED and ELCER respectively.

In all the shore sediment samples in the studied area of Ra,,
Hex, Hi, Iy, D, AEDE, AGED and ELCER range from 5.48.26
to 62.70 Bq/Kg, 0.015 to 0.169, 0.030 to 0.210, 0.03 to 0.48
Bq/Kg, 2.34 to 30.48 nGy/h, 2.87 to 37.82 uSv/y, 16.95 to
222.24 uSv/y and from 0.01 x 107 to 0.08x10” with averages

values 40.46 Bg/Kg, 0.10, 0.13, 0.31 Bq/Kg, 19.91 nGy/h,
24.42 pSvly, 147.25 pSv/y and 0.08 x 10~ respectively. In all
the shore sediment samples, all values of Ra.q Hex, Hiy and 1,
values and its averages values are below the maximum
allowed limits of recommended by UNSCEAR (2000) [24],
370 Bg/Kg, 1, 1, and 1 Bg/Kg respectively. Also, all values of
D, AEDE, AGDE and ELCER values and its averages values
are below average worldwide values (60 nGy/h, 70 pSvly,
300uSv/y and 0.29x 107 respectively) recommended by
UNSCEAR (2000) [24]. Sample number 24 (located along
Port Said Beach beside Propylene and Polypropylene Factory
and oil fields) has the highest values of Ra., (62.70Bq/Kg), Hex
(0.169), Hi, (0.210), I, (0.48 Bq/Kg), D (30.84 nGy/h), AEDE
(37.83 uSvly), AGED (222.24 pSv/y), and ELCER (0.132x
10”). While Sample number 38 (that is located in along Port
Fouad Beach.) has the lowest value of D (2.34 nGy/h), He
(0.015), H;, (0.030), I, (0.037 Bq/Kg), of AEDE (2.874 pSvly),
AGED (16.95 puSvl/y), and ELCER (0.010x 10°).

The results for the radiological hazard parameters of shore
sediment samples of the studied area and various countries
are indicated in table 9 for comparison.

Table 9. Comparison of hazard indices of shore sediment samples for various countries.

Hex Hin Raeq

I, D AEDE AGED

Region msv/y msv/y Bq/Kg Bq/Kg nGy/h uSvly mSv/y x 10° LG
Port said 0.109 0.136 40.46 0.31 19.91 24.42 147.25 0.08 This study
Portsaid e e s 18.75 120 - 0.46 [18]
Rosetta beach Egypt 1.1 - 404.8 14 186 - - 0.8 [53]
Greater Accra, Ghana 048 - 9 77.02 90 0 - [60]
Hurghada City, Northern Red Sea, Egypt =~ -----—-- - 60 - 28.7 352 e e [65].

North Dune beach, Henties Bay, Namibia 0.70 1.18 - 255.8 105.43 12930 - 0.45 [59]

From comparison the hazard indices samples of the soil
and shore sediment samples we can conclude that; the
highest hazard indices samples are around the industrial
facilities. In case of soil, Sample number 29 that is located
around IPIC Company for Piping Industry has the highest
values for Ra. (69.87Bg/Kg), Hec (0.189), H;, (0..261), I,
(0.50Bq/Kg), D (31.65 nGy/h), AEDE (38.82 uSv/y), AGED

(255.86 uSv/y), and ELCER (0.136 x 10™). In case of shore
sediment Sample number 24 (beside Propylene and
Polypropylene Factory and Oil Fields) has the highest values
of Ray (62.70 Bq/Kg), Hex (0.169), Hi, (0.210), 1, (0.48
Bq/Kg), D (30.84 nGy/h), AEDE (37.83 uSv/y), AGED
(222.24 uSv/y) and ELCER (0.132 x 10°%).
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3.3. Pearson's Correlation

3.3.1. Pearson's Correlation Between Radionuclides in the
Soil and Shore Sediment Samples

Pearson's correlation coefficient analysis can be used to
evaluate the relationships and degree of correlations that may
exist between the detected radionuclides in the samples and
between the radionuclide and hazard parameters.

As shown in Table 10, in soil samples ***Ra has strong
positive correlation with **Ra (r =0.88). **°Ra has weak
positive correlation with “’K (r =0.43) and positive strong
correlation with "*’Cs (r = 0.72). **Ra has moderate positive
correlation with *’K (r =0.59) and strong positive correlation
with *’Cs (r =0.75). While *’K has positive weak correlation
with ¥7Cs (r =0.28).

Table 10. The Pearson's correlation coefficient of radionuclides of soil
samples in the studied areas.

has weak positive correlation with *’Cs (r =0.43).

Table 11. The Pearson's correlation coefficient of radionuclides of all shore

sediment samples.

226Ra zzsRa 40K 137Cs
226Ra 1
28Ra 0.407271 1
K 0.285884 0.827281 1
¥Cs 0.01052 0.624544 0.453174 1

226Ra 228Ra 40K 137Cs
226Ra 1
28Ra 0.889876 1
9K 0.430421 0.598503 1
¥Cs 0.728165 0.759647 0.280127 1

As shown in Table 11, in shore sediment samples, 2Ra
has weak positive correlation with “*Ra (r =0.40), and
negligible correlations with “’K (r =0.28) and "*’Cs (r =0.01).
**Ra has strong positive correlation with *K (r =0.82) and
moderate positive correlation with '*’Cs (r =0.62). While “’K

The highest Pearson's correlation coefficients (r = 0.88)
and (r = 0.82) were existed between *°Ra and ***Ra in case
of soil and were excited between ***Ra and *’K in case of
shore sediment respectively. these coefficients values can't
explain the amount of variation in **Ra activity
concentrations due to the variation in **Ra activity
concentrations in soil and the amount of variation in ***Ra
activity concentrations due to the variation in *K activity
concentrations variation in shore sediment samples, so we
used determination coefficient (R*) for more explanation.

As illustrated in figures 5 and 6, determination coefficients
(R* = 0.79) and (R* = 0.68), explained that 79% of variation
in the **Ra activity concentrations is due to the variation in
*%Ra activity concentrations in soil samples and 68% of
variation in the *’K activity concentrations is due to the
variation in ***Ra activity concentrations in shore sediment
samples. These high determination coefficients interpret the
strong Pearson's correlation.

25
y = 0.7622x - 1.3003
20 R%=0.7919 / :
g T
g 10 & %"ﬁ
,,,,,,‘,.
| ” L 2
| 5 > Re22s & 20 25 30
Figure 5. Strong positive correlation between Ra’”® and ***Ra in soil samples.
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Figure 6. Strong positive correlation between ***Ra and *’k in shore sediments samples.
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3.3.2. Pearson's Correlation Between Radiation Hazard Parameters and Radionuclides in the Soil and Shore Sediment

Samples

Results of the Pearson correlation coefficients between radionuclides and radiological parameters in soil and shore sediment

samples are shown in tables 12 and 13 respectively.

Table 12. The Pearson correlation coefficients among the radiological parameters and between radionuclides and radiological parameters in all studied soil

samples.
*Ra *Ra K B7Cs H,. H, Ra,, 1, D ADED AGDE ELCR
Hex 0.824 0.918 0.851 0.622 1.000
Hin 0.891 0.941 0.781 0.667 0.991 1.000
Raeq 0.824 0.918 0.851 0.623 1.000 0.991 1.000
Iy 0.788 0.894 0.883 0.591 0.998 0.981 0.998 1.000
D 0.784 0.889 0.887 0.585 0.997 0.980 0.997 1.000 1.000
ADED 0.784 0.889 0.887 0.585 0.997 0.980 0.997 1.000 1.000 1.000
AGDE 0.780 0.886 0.891 0.581 0.997 0.978 0.997 1.000 1.000 1.000 1.000
ELCR 0.784 0.890 0.887 0.587 0.997 0.980 0.997 1.000 1.000 1.000 1.000 1.000

Table 13. The Pearson correlation coefficients among the radiological parameters and between radionuclides and radiological parameters in all studied shore

sediments samples.

**Ra **Ra “K 5Cs He Hi, Ra,, I, D ADED AGDE  ELCR
Hex 047227 092390  0.96412 049736  1.00000
Hin 0.58005  0.91229  0.93203 046114  0.99196  1.0000
Raeq 047215 092390  0.96414 049739  1.00000  0.9919  1.00000
Iy 0.44376 091467  0.97403  0.49480  0.99918  0.9871  0.99918  1.0000
D 044299 091174 097527 049192  0.99895  0.9868  0.99895  1.0000  1.0000
ADED 044299 091174 097527 049192  0.99895  0.9868  0.99895  1.0000  1.0000  1.0000
AGDE 044198 090937  0.97629 048971  0.99871  0.9864  0.99872  0.9999  1.0000  1.0000  1.0000
ELCR 044299 091174 097527 049192  0.99895  0.9868  0.99895  1.0000  1.0000 _ 1.0000 _ 1.0000 _ 1.0000

In soil samples, 226Ra, **Ra and *’K have strong
positive correlations with all radiological parameters that
is attributed to the three radionuclides contribute to the
release of gamma radiation. In shore sediment samples,
***Ra and *°K have strong positive correlations with all
radiological parameters while, **°Ra has moderate positive
correlations with all radiological parameters. >'Cs has
moderate positive correlations with all radiological
parameters in both cases of soil and shore sediment

Perfect positive correlations were existed among all
studied radiological parameters in case of soil and in case of
shore sediment.

3.4. Lead Concentration in the Soil and Shore Sediment
Samples by ICP-OES and Calculated Pollution Indices

Table 14. Shows the concentration, Geo-accumulation
Index (I-geo) and Contamination Factor (CF) of the lead in
the soil and shore sediment.

samples.

Table 14. The concentration, Geo-accumulation Index (I-geo) and Contamination Factor (CF) of the lead in the soil and shore sediment.

Areas Sample code Pb (mg/g) (Igeo) Classes of (Igo) (C}) Contamination categories
Soil 1 71.91 1.94 moderately polluted 5.76 considerable contamination
Soil 4 39.01 1.05 moderately polluted 3.12 considerable contamination
The Industrial ~ Soil 5 33.84 0.85 Unpolluted to moderated polluted 2.70 Low contamination
Area In The Soil 8 43.59 1.22 moderately polluted 3.49 considerable contamination
South Of Port  Shore sediment 12 88.68 224 moderately to strongly polluted 7.10 Very high contamination
Said Soil 19 47.89 1.35 moderately polluted 3.83 considerable contamination
Soil 21 31.60 0.75 Unpolluted to moderated polluted 2.53 Low contamination
Soil 23 45.91 1.29 moderately polluted 3.67 considerable contamination
Shore sediment 24 38.80 1.05 moderately polluted 3.10 considerable contamination
Shore sediment 26 48.38 1.37 moderately polluted 3.87 considerable contamination
The Soil 28 27.09 0.53 Unpolluted to moderated polluted 2.17 Low contamination
International Soil 29 26.29 0.49 Unpolluted to moderated polluted 2.10 Low contamination
Coastal Road  Soil 30 4491 1.26 moderately polluted 3.60 considerable contamination
Soil 32 43.67 1.22 moderately polluted 3.50 considerable contamination
Shore sediment 33 41.09 1.13 moderately polluted 3.30 considerable contamination
Soil 34 76.20 2.02 moderately to strongly polluted 6.10 Very high contamination
The Soil 35 50.38 1.43 moderately polluted 4.03 considerable contamination
Residential Soil 37 ' 38.65 1.04 moderately polluted 3.10 cons?derable contamination
Districts Shore sediment 39 66.22 1.82 moderately polluted 5.30 considerable contamination
Soil 40 56.82 1.56 moderately polluted 4.55 considerable contamination
Soil 41 69.71 1.90 moderately polluted 5.58 considerable contamination
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In the soil, Pb concentrations ranged from 31.6 to 71.91
ppm (44.82 ppm, in average) for the industrial area, ranged
from 44.91 to 44.91 ppm (35.49 ppm, in average) for The
International Coastal Road and ranged from 38.65 to 76.20
ppm (58.35 ppm, in average) for Residential Districts area.
Geo-accumulation Index (I-geo) ranged from 0.75 to 1.94
(1.21, in average) for the Industrial Area of Port Said, ranged
from 0.49 to 1.26 (0.87, in average) for The International
Coastal Road and ranged from 1.04 to 2.02 (1.60, in average)
for Residential Districts area. Contamination Factor (CF)
ranged from 2.53 to 5.75 (3.60, in average) for the industrial
area, ranged from 2.10 to 3.60 (2.83, in average) for the
international coastal road and ranged from 3.10 to 6.10 (4.70,
in average) for residential districts area.

For the soil samples, in The Industrial Area, soil number 1
(Spegeco Factory for cement and building materials industry)
has the highest values (71.91 ppm, 1.94 and 5.75), in The
International Coastal Road, soil number 30 (Automatic
Welding and Fabrication Pipe spools Workshops) has the
highest values (44.91 ppm, 1.26 and 3.60) and in the
Residential Area soil number 34 (El-Zohor District) has the
highest values (76.20 ppm, 2.02 and 6.10) for pb, Geo-
accumulation Index (I-geo) and Contamination Factor (CF)
respectively.

In the shore sediment, Pb concentration is 88.68 ppm for
sample number 12 (TCI Sanmar for petrochemical industries)
in The Industrial Area of Port Said, ranged from 38.8 to 48.38
ppm (42.75 ppm, in average) for The International Coastal
Road and 66.22 ppm for sample number 39 (Port Fouad Beach)
in The Residential Districts area, Geo-accumulation Index (I-
geo) is 2.24 for sample number 12 (TCI Sanmar for
petrochemical industries) in The Industrial Area of Port Said,
ranged from 1.05 to 1.37 (1.18, in average) for the
International Coastal Road and 1.82 for sample number 39
(Port Fouad beach) in The Residential Districts area.
Contamination Factor (CF) is 7.10 for sample number 12 (TCI
Sanmar for petrochemical industries) in The Industrial Area,
ranged from 3.10 to 3.90 (3.42, in average) for the
International Coastal Road and 5.30 for sample number 39
(Port Fouad beach) in The Residential Districts area.

In all the soil samples, the sample number 34 (El-Zohor
District) in The Residential Area has the highest values
(76.20 ppm, 2.02 and 6.10) and in all the shore sediment
sample number 12 (TCI Sanmar for petrochemical industries)
in The Industrial Area has the highest values (88.68 ppm,
2.24 and 7.10) for pb, Geo-accumulation Index (I-geo) and
Contamination Factor (CF) respectively.

Pearson's Correlation between Pb, “°Ra, “*Ra and *’K were
estimated (results not presented here). The correlations showed
that, in soil samples, Pb has a negative weak correlation with
*0Ra (-0.35) and ***Ra (-0.42) and a negligible correlation with
“K (-0.08). In shore sediment samples Pb has a negative weak
correlation with *Ra (- 0.23) and “’K (- 0.46) and a positive
weak correlation with ***Ra (0.26). So, we can conclude that
pb from side and **°Ra, **Ra and “’K from other side from
different origins or sources.

4. Conclusion

In the port said governorate,

1) The highest activity concentrations are around the
industrial facilities in both cases of soil and shore
sediment samples. because the soil and shore sediment
were affected by contamination from factories in cases
of soil and shore sediment in addition to geological
nature (black sand) in case of shore sediment. That is
confirmed by the elevated ratios of 226Ra/228Ra from
side and from another side by a wide range of variation
of standard deviations of the determined radionuclides.
But the average activity concentration of 226Ra, 228Ra
and 40K in the soil and shore sediment samples are still
lower than the worldwide activity concentrations
average values and the Egyptian activity concentrations
mean values. The contour maps indicted that 226Ra and
228Ra take the same behavior while 40K has a different
behavior.

2) The values of Raeq, Hex, Hin, Iy, D, AEDE, AGED and
ELCER ranged from 8.45 to 69.87 Bq/Kg, 0.02 to
0.189, 0.03 to 0.261, 0.05 to 0.50 Bq/Kg, 3.60 to 31.65
nGy/h, 4.42 to 38.82 uSvly, 26.11 to 225.86 puSv/y and
from 0.01 x 10-3 to 0.13 x 10-3 with averages values
39.24 Bqg/Kg, 0.1, 0.13, 0.29 Bg/Kg, 18.92 nGy/h,
23.20 uSv/y, 136.11 pSv/y and 0.08 x 10-3 respectively
for soil. Raeq, Hex, Hin, Iy, D, AEDE, AGED and
ELCER range from 5.48.26 to 62.70 Bq/Kg, 0.015 to
0.169, 0.030 to 0.210, 0.03 to 0.48 Bq/Kg, 2.34 to 30.48
nGy/h, 2.87 to 37.82 uSvly, 16.95 to 222.24 uSv/y and
from 0.01 x 10-3 to 0.08x10-3 with averages values
40.46 Bg/Kg, 0.10, 0.13, 0.31 Bg/Kg, 19.91 nGy/h,
24.42 uSvly, 147.25 uSv/y and 0.08 x 10-3 respectively
for shore sediment. All values of hazard indices and
their average values are below recommended values by
UNSCEAR 2000.

3) Geo-accumulation Index (I-geo) and Contamination
Factor (CF) for Pb indicated that, in soil samples more
than 2 thirds are moderately polluted or considerably
contaminated, 25% are unpolluted to moderately
polluted or low contamination and only one sample is
moderately to strongly unpolluted or very high
contamination according to Classes of Geo-
accumulation Index and Contamination categories of
contamination factor respectively. in shore sediment
samples, 80% of samples are moderately polluted or
considerably contaminated and only 20% (one sample)
moderately to strongly unpolluted or very high
contamination according to Classes of Geo-
accumulation Index and Contamination categories of
contamination factor respectively. Pearson's Correlation
between Pb, 226Ra, 228Ra and 40K indicated that pb
from side and 226Ra, 228Ra and 40K from other side
may be from different origins.
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