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ABSTRACT

Form the geological point of view, the origin and transport of black and
normal sands is particularly important. Black and normal sands came to
their places along the Mediterranean-sea coast after transport by some
natural process. Both types of sands have different radiological properties.
This study is, therefore, attempts to use mathematical methods to classify
Egyptian sand samples collected from 42 locations in an area of 40x19 km2

based on their radioactivity contents. The use of all information resulted
from the experimental measurements of radioactivity contents as well as
some other parameters can be a time and effort consuming task. So that the
process of eliminating unnecessary attributes is of prime importance. This
elimination process of the superfluous attributes that cannot affect the
decision was carried out. Some topological techniques to classify the
information systems resulting from the radioactivity measurements were
then carried out. These techniques were applied in Euclidean and quasi-
discrete topological cases. While there are some applications in
environmental radioactivity of the former case, the use of the quasi-discrete
in the so-called rough set information analysis is new in such a study. The
mathematical methods are summarized and the results and their radiological
implications are discussed. Generally, the results indicate no radiological
anomaly and it supports the hypothesis previously suggested about the
presence of two types of sand in the studied area.
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INTRODUCTION

As the means for collecting and storing larger amounts of data develop, it is
essential to have good methods for identifying patterns, selecting variables of interest
and building models in high-dimensional settings; i.e. in universes in which boundaries
between some of their subsets are not well defined. One of the aims of data analysis is
the geometrical representation of objects on the basis of a defined dissimilarity
between them. Clustering or cluster analysis is one of the major techniques in pattern
recognition. The analysis refers to methods for grouping objects in such away that each
object is more similar to objects in its own group than to objects in other groups.
Cluster analysis is, therefore, designed to detect hidden groups or clusters in a set of
objects which are described by numerical, linguistic or structural data such that the
members of each cluster behave similarly to each other and groups are hopefully well
separated. There are several ways of measuring similarity between objects. Frequency
distribution is a simple statistical method that can be used in collection of objects
depending on only one attribute. Geometric approaches use three types of distances [1]
between objects that related to multi-attributes and is illustrated by the following
example. Assume a collection of objects {x/.x ,̂ .., x<j} with four attributes {a, b, c, d)
for each object. Three type of distances between x/ and x2 can be calculated; Euclidean
distance defined as

A(*i>*2) = [(*i - * 2 ) 2 + (fh -h? +(q ~c2)2 +(</, -d2f]
m,

absolute distance defined as

and maximum distance

x -d2\].

The clustering methods can be separated into two main types; i.e. partitioning
and hierarchical algorithms [1, 2]. Partitioning methods identify a user specified
number of non-overlapping clusters and assign each element to a cluster, so that
objects of the same cluster are close to each other and objects of different clusters are
dissimilar. The hierarchical methods construct a dendogram. Dendogram is simply a
tree in which the root is a single cluster containing all the objects, the leaves each
contain only one objects, and the branches can be seen as clusters. A hierarchical tree
can be divisive (i.e. built from the top down by recursively partitioning the elements)
or agglomerative (i.e. built from the bottom up by recursively combining the
elements). One of the techniques used in the hierarchical methods is the average
linkage technique. In this technique, the distance between two clusters is the average
of the dissimilarities between the points in one cluster and the points in the other
cluster. The single linkage technique (nearest neighbor methods) is also used. In this

-285-



case the dissimilarity between two clusters is the smallest dissimilarity between a point
in the first cluster and a point in the second cluster [1].

A recent method is the rough set theory approach, which is suitable for both
quantitative and qualitative data. It is based on clustering by partitioning method. In
the previous example, X; and x2 are similar with respect to a and b if aj-a2 and bi=b2

each attribute yields a partition and a general partition is obtained according to x, is
similar to x2 if ai=a2, b/=b2, C]=c2 and d]=d2. A comprehensive detail about rough set
theory and advantages over other methods can be found in [3].

The aim of the present work is to reduce and classify the information system
resulting from experimental data of the radioactivity contents as well as the total
organic matter (TOM) and pH values of sand samples collected from coastal area [4]
with the aim of identifying the character of the radioactive content based on local scale
characteristics or geology of the area. Any present structure can be due to a number of
causes, e.g., the nature of the locality and inhomogeneity of transport black sand. Such
information may make it possible to substantially reduce expenditures for diagnostics
of large territories.

MATERIALS AND METHODS

A study of the radionuclides concentrations in sand samples through the area
extended from Zaranik protected area to Al-Arish city in North Sinai [4] was carried
out with an objective of establishing reliable baseline data on natural activity
concentrations ( U and 232Th series and^K). Figure 1 shows the map of the studied
area. The pH and total organic matter (TOM) content of the sand samples were also
determined. Possible correlation between the radionuclide content and both pH and
TOM of the samples were suggested. The beach sand samples were found to have
higher activity content of 226Ra (3-260 Bq/kg with an average value of 50.5 Bq/kg)
and of 232Th (2-476 Bq/kg with an average value of 67.9 Bq/kg) than samples of sand
dunes. The results for sand dunes were 3-15 (average ~6.5 Bq/kg) and 2-14 Bq/kg
(average ~5.9 Bq/kg) for 2'!6Ra and 232Th, respectively. On the other hand, the beach
sand samples were °K poor (59-107 Bq/kg with an average value of 90.3 Bq/kg). The
concentrations of 40K in sand dunes ranged 77-240 Bq/kg with an average value of
178.4 Bq/kg. Black colored sand was observed in some coastal locations. This result
led to the suggestion that black sand is the major source of enhancement of U and
232Th in the area. The data consisted of measurements of 42 locations. Sites SI to S23
were on the coast while those from S24 to S42 were from off-shore (see Fig. 1). For
each location six attributes were used; activity concentration of 238U, Ra, Th and
40K in Bq/kg dry weight, ph and TOM.

Both hierarchical and partitioning (rough set approach) methods were applied
for knowledge reduction and clustering. A computer program designed based on the
mathematics of the rough set theory (partitioning method) [5] is applied. In the
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reduction of attributes, clustering and obtaining the matrices of dissimilarities between
cluster classes. In addition the Rosetta program [6] was also used for data reduction.
The program is another mode of rough set approach. The dendogram is obtained using
the XLMinerTM program [7] for reduced data. It is a comprehensive data analysis
program add-in for Excel.

37

Wetland 2 f " 2 ? 30 31
32 33

0 10 km 40 41

Fig. 1. Map of the studied area between Al-Arish city and Zaranik protected area with
the 42 sample locations. Symbols white squares, white triangles, black squares, black
circles and white circles refer to groupsl, 2, 3,4 and 5; respectively (see text).

. RESULTS AND DISCUSSION

Elimination of Superfluous Attributes

The use of all information resulting from an experimental measurement could
be a time consuming task. Therefores the process of eliminating superfluous attributes
is important for saving time and effort. The use of these attributes in the analysis
would not affect the final decision. The locations are W = {1, 23 3, , 41, 42} and
attributes are A= {U, Ra, Th, K, pH, TOM}; where U, Ra3 Th3 K refer to the

>238TT 226tradioactivity contents of Us
 //0Ras

 ZJZThs
 WK; respectively. The Euclidean distance

depends on the difference between each attribute as pointed out earlier. Therefore, the
results will be biased towards the attributes with larger range as the present case. The
range of 40K concentration is large and the range of pH values is small compared with
the ranges of other attributes. Hence, the values of each attribute were normalized to a
range of 0-1. Then, the range of each attribute was divided into 5 intervals. So, a
partition for the interval [0,1] was made as follows:

[0, 0.2) = 1, [0.2, 0.4) = 2, [0.4, 0.6) = 3S [0.6, 0.8) = 4, [0.8, 1] =5
The values of all attributes were then converted into only five values of intervals; 1, 2,
.. ,5. The resulted table was used for partitioning W according to the rough set analysis.
The results of the elimination process are shown in Table 1. The same approach was
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5 intervals
0.83

1
1

0.29
0.33
0.48

10 intervals
0.95

1
1

0.62
0.64
0.71

applied using 10 intervals instead of 5 for each attribute. The results of the analysis in
the case of 10 intervals are also given.

Tible 1. Degrees of dependency between different types of partitioning and the total
partition for 5 and 10 intervals.

Eliminated Dependency Degree of dependency pi)
attribute

S i U W/IND(A-U#W/IND(A)
M«Ra W/IND(A-Ra)=W/IND(A)
232Th W/IND(A-Th)=W/IND(A)
^ K W/IND(A-K#W/IND(A)
PH W/IND(A-pH#W/IND(A)

TOM W/IND(A-TOM#W/IND(A)

The notations W/IND(A) and W/IND(A-a) are the relation resulted from all attributes
and all attributes expect the a attribute, respectively and the degree of dependency \i is
defined as

H(A-{a},A) = |Low(A-{a},A)|/|W|

where LOW(A-{a}, A) is the number of objects that constitutes the union of all classes
in A that are contained in classes with respect to (A-{a}) [3].

The results for 5 and 10 intervals suggested that the superfluous attributes are
r*Ra and 232Th with degree of dependency 1 (100% similar) in each case. In the case
of 10 intervals, the results for single elimination have larger values of degrees of
dependency in the non-equality cases. This is because as the number of objects that
constitutes the union increases, the degree of dependency tend to increase till all
dependencies become unity for relatively large number of objects. When the number
of objects is exactly (or close to) the number of locations, each cluster will contain
only one location. So, the elimination of any attribute will have no effect on the
classification process. Therefore, it is advisable to constrain the number of intervals to
a number smaller than 42 (number of locations). This was the obtained results for even
15 intervals.

In addition, the elimination of the superfluous attributes (226Ra and 232Th
simultaneously) for 5 intervals has resulted of

W/IND(A-{Ra, Th})=W/IND(A)
v/ith degree of dependency 1. Therefore, the minimal set of attributes which preserve
the same significances of all attributes is

RED(A)={U, K, pH, TOM}
where RED(A) means the reduct of A. The set of essential attributes for 5 intervals is
given by the core
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CORE(A)= {U, K, pH, TOM}
which is the intersection of all possible reducts. On the other hand, the simultaneous
elimination of 226Ra and 232Th for 10 intervals did not produce the same cluster classes;
i.e. W/IND(A-{Ra, Th}) * W/IND(A), but the degree of dependency is considered
highly similar (= 0.95). The minimal reduct was in that case was

RED(A)={{U, Th, K, pH, TOM},{U, Ra, K, pH, TOM}}
and the core was the same; CORE(A)= {U, K, pH, TOM}.

The ROSETTA software [6] was also used for the elimination of superfluous
attributes. The program allows the use of 6 algorithms; SAVGenetic Reducer,
JohnsonReducer, RSESExhaustive Reducer, RSESJohnson Reducer, RSESGenetic
Reducer and RSESDynamic Reducer. In general, the results did not depend on the
used algorithm. The core of the data under all the first five algorithms is {U, K, pH,
TOM} in agreement previous method. The sixth algorithm introduced several cores
which are {U, K, pH, TOM}, {Ra, K, pH, TOM} and {Th, K, pH, TOM}.

The final decision concerning the superfluous attributes using the previous
methods is, therefore, the elimination of both the activity contents of2 6Ra and 232Th.
These results seem to have an obvious physical meaning. The concentration of 226Ra
and 232Th in these samples were found to be in strong correlation [4]. This means that
the activities of 226Ra and 232Th can replace each other. Since the activity content of
238U and 226Ra is in principle the same assuming a radioactive equilibrium. Hence the
radioactivity content of U can substitute 2 6Ra and consequently 232Th. These
particular results simplify the next step of analysis and make the dendogram of the
hierarchical method more understandable. According to our knowledge, the use of
both methods simultaneously has not been used before in environmental studies.
Thereafter, the four attributes ("MJ, '"'K, pH and TOM) will be used.

Nested Similarity Classes of Sand Samples

Through the previous section, the clustering based on the partitioning method
was applied for the reduction of the superfluous attributes. The hierarchical method
was also used to obtain a dendogram for the sand samples. The dendogram was
obtained using the raw data without reduction as well as the reduced data. The {Ra}
and {Ra, Th} attributes were eliminated in the case of the reduced data.

Figure 2 shows the dendogram of the reduced data W/IND(A-{Ra, Th}). In this
figure, the clustering process is shown as a function of Euclidean distance. The number
of clusters was 30. The results suggest the presence of 5 group of sand samples (see
Table 2). The 238U activity was referred to as low, moderate and high corresponding to
the ranges <17, >17-34 and >34 Bq/kg; respectively. Similarly, for 40K activity the
terms low, moderate and high were corresponding to the ranges <120, > 120-180 and
>180 Bq/kg. The inner-distance between each two of group 1, group 2 and group 3 are
nearly the same with the distance between group 1 and group 2 slightly smaller than
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that between group 1 and group 3. Group 4 has larger distance with the first three
groups. Group 5 (contains only sites 4 and 5) are at large distance from any other
groups.

The dendograms obtained with the raw W/IND(A) data and the reduced data
W/IND(A-{Ra}) and W/IND(A-{Ra, Th}) showed almost the same pattern with slight
deviation. In all cases, the five groups have the same number of sites and the inner-
distances between them were comparable. The only exceptions was that site number 6
and 7 were in group 1 in W/IND(A-{Ra}) and W/IND(A-{Ra, Th}) cases while they
were in group 4 in W/IND(A) case. Otherwise W/IND(A-{Ra}) and W/IND(A-{Ra,
Th}) provided exactly the same results.

Dendrogram(Complete linkage)

24 22 21 30 25 29 27 23 26 1£

Fig. 2. The dendogram of the reduced data by eliminating the 226Ra and Th attributes
from the raw data; W/IND(A-{Ra, Th}).

The first group contains 7 clusters (cluster ID 1, 14, 10, 8, 3, 6 and 1). The 7
clusters are corresponding to 10 sites (site number 1, 3, 6, 7, 8, 11, 14, 16, 21 and 24).
All these sites are on the coast (see Fig. 1) and they are characterized with low-to-high
238U activity and low 40K activity. The only exception is site 24, which lies close to the
coast and in the middle of the wetland. The second group is also all coastal sites
(except site 26 in the wetland) and characterized by low-to-moderate 238U activity and
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low K activity. The two groups (1 and 2) may be belonging to larger group with the
same sand type. Probably, group 2 is a sub-group of group 1. So, groups 1 and 2 will
be referred to as super-group 1. This seems to be also true for groups 3 and 4. They

238Tboth are off-shore samples (see Fig. 1) and both have low U activity. Taking into
account the 40K activity in these two groups, group 4 can be considered as a sub-group
of group 3. Hence, the large-group 2 contains groups 3 and 4. The results suggest that
the super-group 2 is pure dune sand and the super-group 1 is actually the result of the
contamination of dune sand (super-group 2) with little contamination of black sand.
Group 5 seems to be completely different than the other groups. Its sampling sites are
rich in black sand, for comparison, the information is also given in Table 1 for black
sand [4].

Table 2. The clusters given in Fig. 2 and their corresponding site numbers. The
proposed group of clusters (1-5) and their characteristics (activities 238U and 40K) are
also given. For the purpose of comparison the characteristics of Black sand [4] is also
given.

Group 1

Group 2

Group 3

Group 4

Group 5
Black
sand

Cluster
number
1,14,10,
8,3,6,7

2,13,9,1

1,12,15,
17

19,26,23
27,29,25
30,21,22
24

16,28,18
20
4,5
—

Site
number
1,3,6,7,8
11,14,16
21,24
2,9,10,

12,13,15
17,18,19
20,22,23
26
28,30,31
32,33,34
35,36,37
39,40,41
42
25,27,29
38
4,5
—

Location

cost

cost

off-shore

off-shore

coast
—

Activity concentration
2JSU
low-high

low-

moderate

low

low

very high
extremely
high

4UK
low

low

moderate-
high

moderate

UUgg
BBL1

I
wI

supers
igroup12;

B
S

lack
and

low
low

CONCLUSION

In this investigation, experimental data of natural radionuclide content were
analyzed using hierarchical and partitioning (rough set approach) methods. It is
assumed that there is no relation between the variation of the radioactivity contents and
the underlying geological formation since the samples were collected from a relatively
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small area. The activity contents of 226Ra and 232Th were found to be superfluous
attributes. The minimal set of attributes which preserve the same significances of all
attributes was {U, K, pH, TOM}.

Samples can be classified to ~ 40% dune sand samples (super-group 2) and ~
.55% dune sand samples with low contamination of black sand (super-group 1) and ~
5% dune sand samples with high contamination of black sand (group 5). Samples in
super-group 1 are all from the coast which made them subjected to contamination of
black sand. On the other hand, the dune sand samples (super-group 2) are all from off-
shore locations.
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