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1. Introduction

The radionuclides are the source of natural radioactivi-
ty in earth " Some effective dose of natural radioactivity
received by human acts in the world. Large amounts of ra-
dionuclides have been released into the environment after
the Fukushima and Chernobyl nuclear accidents . The
current research tries to create a reference value to future
investigation. Therefore, the data can be basic values in
the region, while the results always are comparable data in
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Oman Sea is connecting belt between the Indian Ocean and Persian
Gulf. Because it strategic and environmental aim, presence of natural
radionuclide *°Ra, **Th, *K and "’’Cs as man-made element is considered.
Water samples were taken from 36 marine spots at the coastal strip from
Hormoz canyon to Goatr seaport in the northern coast of Oman Sea.
Correspondence analysis is used to identify variation and relationship
between samples (Q mood analysis) and variable (R-mood analysis) based
on approximate #° distances. Radioactive elements (**Ra, **Th and “K),
physical (temperature, pH, turbidity, conductivity, special density) and
chemical (salinity, oxygen and chlorophyll) parameters of water for 36
samples handled by correspondence analysis, there are two outstanding
result, 1) Radioactive elements show high correlation in factors by greater
eigenvalue, and 2) some of the samples such as W13, W24 and rather W02,
W05 and W12 show highest activity from Radioactive elements and also
temperature and conductivity show nearest relation with them in many
factors.

each. It was necessary to mention that this the same type
of this research was published for many countries, such as

8 9
® Turkey "

Ireland, Egypt ™, India ', China ", America
and Mexico """, According to the International Atomic En-
ergy Agency (2003) 'Y, the standard systematic sampling
was taken at the northern coastline of Oman Sea.

Water quality assessment studies, especially in coast-
al seas from natural radionuclides have been frequently

conducted in many countries at the last years ">"". The
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variables and samples analysis were done by Correspond-
ence Analysis (CA) according to covariance and distance
parameters from R-mode and Q-mode analysis respec-
tively "' Accordingly, indicator samples were adjust-
ed in the spatial neighborhood of related variables "',
Monitoring of the radioactivity for all radionuclides is the
main environmental aim at each country. Besides these
data could be considered as reference data to check the
radioactivity changes during too many years. During this
study, the interaction effect of conductivity, temperature,
special density, salinity, chlorophyll, oxygen, turbidity and
pH parameters against *°Ra, *’Th and “K radionuclides
has been considered using multivariate analysis. Some of
these parameters show best similarity to detect radionu-
clide concentrations.

2. Materials and Methods

The total number of 36 marine spot was designed in the
northern coast of Oman Sea. The first related sample was
taken from the Hormoz canyon and it continued by coastal
strip to Goatr seaport. The sampling project was done in
May 2011 and covered an area between 56° 30" to 61° 30’
in longitude and 25° to 26° in latitude. Figure 1 shows the
location of sampling spots, afterward the sample code and
location of each sample represented in Table 1. A hand-held
EXPLORANIUM spectrometer was applied to monitoring
and detect the environmental changes "*"”. By using the
CTD system could record conductivity (MS/cm), temper-

ature (°C), special density (gr/cm’), salinity (PSU), chlo-
rophyll (mgr/m’), oxygen (PPM), turbidity (NTU) and pH
of water. A suitable pump was used to suction about 100
liters of surface water from the Oman gulf. A container
applied to minimize the absorption of activity. According-
ly, the pH of water solution decreases to 1.5 and High-Pu-
rity Germanium (HPGe) are used to detect of high-preci-
sion digital electronics of all parameters '“*”". The portable
HPGe detector positioned vertically inverse at center of
the water sample '\ All samples were taken from the
nearest coastal strip and each spot designed which could
probe possible polluting sources. All the statistic and mul-
tivariate analysis are done using Minitab 19.2020.1 (64-
bit) and SPSS Statistics 17.

W02Wo1

"N zone 40

Y Oman Sea

zZone 41

Figure 1. Locations map of the sampling spots consist of
water samples

Table 1. The location of water samples in Oman Sea

Sample code location Sample code location
Wo1 Chabahar Seaport (Pasabandar) W19 Pi Bashk (Karti)
W02 Chabahar Seaport (Baris Bala) W20 Pi Bashk (Lirdaf)
Wwo03 Chabahar Seaport (Baris Bala) W21 Pi Bashk (Sadich)
W04 Chabahar Seaport W22 Pi Bashk (Sadich)
Wo05 Chabahar Seaport w23 Pi Bashk (Kentaki)
W06 Chabahar Seaport (Konarak) W24 Pi Bashk (Kentaki)
w07 Chabahar Seaport (Konarak) W25 Pi Bashk (Kentaki)
Wo08 Chabahar Seaport (Konarak) W26 Jask Seaport
W09 Chabahar Seaport (Konarak) W27 Jask Seaport
W10 Chabahar Seaport (Konarak) W28 Jask Seaport
WiI1 Chabahar Seaport (Gordim) W29 Jask Seaport
W12 Pi Bashk (Tong Seaport) W30 Jask Seaport
W13 Pi Bashk (Hoomadan) W31 Jask Seaport
W14 Pi Bashk (Derak) W32 Taherooi (Serich)
W15 Pi Bashk (Derak) W33 Taherooi (Mashi)
w16 Pi Bashk (Derak) W34 Taherooi (Mashi)
W17 Pi Bashk (Karti) W35 Taherooi (Sirik Seaport)
W18 Pi Bashk (Karti) W36 Gheshm
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3. Results
3.1 Statistical Analysis

The minimum and maximum, mean and median, stand-
ard deviation, variance, values of **Ra, **Th and “K are
showed in Table 2. The boxplot that displays the distribu-
tion of median confidence interval box, outlier symbols,
median symbol and the minimum and maximum, mean
for Ra, Th, and K (Figure 2).

3.2 Correspondence and K-means Analysis

Correspondence Analysis (CA) method is a useful meth-
od in order to geochemical classification of variables .
By application of this method could reduce high-dimen-
sional data into subset of data which have low-dimension.
These data could easily interpret and show effective and
simple dimension. The subspaces reveal the main vari-
ances between variables **?*. R-mode and Q-mode are
the two main branches of CA method ***”. The Q-mode
(represented as sample-to-sample analysis) and R-mode

(represented as element-to-element) are the two main
results of the CA analysis. The results of R-mode and
Q-mode matrix are combined as F-matrix while the dis-
tances are y° distances between the respective modes ">,
Therefore, the CA could easily indicate the similarity or
association between variables (R-mode, which represent-
ed by loadings or blue vectors in Figure 3) derived from
data samples (Q-mode, which represented by scores or
red symbols in Figure 3). The first (82% of Inertia) and
second (9.6% of Inertia) CA factors with the highest ei-
genvalue are the stronger factors. The cumulative propor-
tion of inertia for the first and second factor consists of
91.5% of total variation in the whole samples (Table 3).
The symmetric with combination of the first and second
factor is displayed in Figure 2. Both row and column prin-
cipal coordinate overlaid in new dimensions. This method
could ease difficulty between variables while there are not
of primary interest in data (for columns and rows). There-
fore, columns (variables) and rows (samples) plotted in
new dimension.

Table 2. Descriptive statistics of water samples for “*°Ra, **Th and *K activity concentration.

Variable Minimum Maximum Mean Median St.Dev. Variance
“Ra 2.19 2.82 24917 2.555 0.1794 0.0322
water sample (Bg/Lit) Th 1.66 2.17 1.9031 1.885 0.1514 0.0229
K 132.6 148.87 141.48 144.42 5.87 34.51
Boxplot of Ra-226(Bq/Lit), Th-232(Bg/Li), K-40(Bq/Lit)
Ka-_2_2_6'(quLit) 2o Th-232(Bg/L1)
2.8 :
26 201
24 1.8
22

% K-40(Bq/Lit)
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135+

Figure 2. The boxplot of Ra, Th and K for water samples
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Figure 3. The 2-D symmetric plot from multivariate CA analysis for the first and second dimensions in the water samples.

The parameters and radionuclides are plotted within new dimension according to Euclidian distances between observations by

covariance-based and distance-based analysis. *Symbols are the special dispersion pattern of sample in the new dimension that

represent amount of concentration in samples.

Table 3. The Contingency table from CA analysis

Axis Inertia Proportion ratio Cumulative
1 0.0094 0.8190 0.8190
2 0.0011 0.0961 0.9151
3 0.0007 0.0629 0.9780
4 0.0001 0.0125 0.9906

4. Discussion

A set of samples in a K-means cluster are more similar
to each other according to some similarity or dissimilarity
measures. Therefore, it was used and revealed that sam-
ples show different properties due to their parameters. All
samples were categorized in 4 groups (Figure 4), while
the first group (which have 13 observations) shows higher
value for Ph, K, Ra, Th. The second and the third group
have 7 and 8 samples, respectively. They are more impor-
tant for temperature, conductivity, salinity. Parameters.
The fourth group by 8 samples show higher turbidity and
sigma-T. The first dimension of CA indicates maximum
variance between *Ra, **Th and *’K parameters and
temperature, sigma-T, oxygen, conductivity. On the oth-
er hand, the second dimension of CA analysis indicates
different Eigenvector for pH, turbidity, chlorophyll, and
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salinity parameters.

The sample numbers of W13, W18 and W24 are
strongly, in which W12, W05 and W02 are moderately
concentrated from ***Ra, **Th and “’K radionuclides (Fig-
ure 4). According to the Figure 2 it would have revealed
that sample W13 and W18 (Eigenvalues distinguished by
black circles, Figure 4) have been concentrated from **’Ra,
*Th and *K radionuclides (shown by blue eigenvectors,
Figure 3), whereas, W26 and W03 show at least values.
On the other hand, W26 and W35 sample numbers consid-
ered as the highest values of salinity and chlorophyll. All
the water variation from radionuclides indicated by the 2D
graphical representation of eigenvalues and eigenvectors
(Figure 3), simultancously in the correspondence (CA)
and factor analysis combination. The sample numbers of
W18, W34, W21, W08, W04, W13 and W24 can straight-
en this idea. Also, the second dimension of variation in
CA indicates that turbidity, chlorophyll, and salinity have
the minimum similarities with **Ra, **Th and *’K radi-
onuclides and it is indicated according to W26 and W35
samples. During this paper concluded that Sigma-T and
pH considered as best indicator for radionuclides concen-
tration. Higher concentrated values for salinity and con-
ductivity may be originated from at least values for **Ra,
**Th and “K radionuclides.
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Activity concentrations of radionuclides of “’K, **Ra and
**Th were measured (Table 2) and results compared with
international standard values and legal regulations (Table
4). Maximum activity concentration of *’Ra and *K was
measured respectively 2.82 Bg/Lit and 148.87 Bg/Lit in sam-

ple number 13 at Pi Bashk (Hoomadan). Accordingly, the
maximum value of **Th was 2.17 Bq/Lit in sample number
‘W34 at Taherooi (Mashi). The natural activity concentrations
of radionuclides of “’K, **Ra, and **Th have been estimated
below the significant values in the world.

Table 4. The compression of concentrations of K, Ra and Th northern coast of Oman sea with international standard
values and legal regulations

Country YK **Th *Ra References
Nigeria 7.51£0.56 1.78+0.14 2.99+0.57 [31]
Earth’s crust average 400 30 - [32]
Albania (minimum-maximum) 266-675 13-40 13-23 [33]
India, East coast of Tamilnadu (CSS) 360.23 14.29 - [34]
Saudi coastline, Gulf of Aqaba (CSS) 641.1 22.5 - [35]
Greateraccra, Ghana (CSS) 29.78 108.6 - [36]
Egypt red sea (Marine sediment) 330.70 £ 107 16.19 + 8.68 - [37]
Iran (Anzali wetland) (minimum-maximum) 371.8-652.28 17.57-45.84 13.83-38.37 [38]
Iran (northern coast of Oman Sea, CSS) 141.48 1.9031 2.4917 Present study
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Figure 4. The graphical combination plot of CA and K-means clustering.
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5. Conclusions

Correspondence analysis is applied to recognize water
sample and analyzed variable (three radioactive element
and eight physical and chemical properties of sample).
In these surveys, variables of Ra, Th and K have differ-
ent specification from conductivity, temperature, special
density, salinity, chlorophyll, oxygen, turbidity and pH
of water. Accordingly, these radionuclides have same
behavior (with high eigenvalue) and correlated in strong-
er factors. Therefore, samples such as W13, W24, W18
(strongly) and W12, W05 and W02 (moderately) are con-
centrated from Th, Ra and K. By application of CA and
factor multivariate analysis, the first dimension shows the
conductivity, temperature, O, and salinity parameters have
distinctly different from ***Ra, **Th and *’K according to
covariance-based (R-mode) analysis. On the other hand,
the second dimension indicates temperature, O,, and con-
ductivity and maybe pH have a high correlation with radi-
onuclides. Finally, after analysis, the values of the Ra,
75U, YK, **Th, and "’Cs concentrations in water samples
were lower than that value of the world. Therefore, the
data can be basic values in the region and accepted as a
reference and comparable data in each time. During this
paper concluded that Sigma-T and pH considered as best
indicator for radionuclides concentration. Higher concen-
trated values for salinity and conductivity may be origi-
nated from at least values for *°Ra, ***Th and *K radionu-
clides. Regarding these parameters, all the data are below
the significant values in the world but it suggested that Pi
Bashk (Hoomadan) and Taherooi (Mashi) stations need to
be studied in the future.
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