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Identification of water quality in Radoum Area-South Darfur-Sudan
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Abstract:

This study aims at assessing the identification of water quality in Radoum Area-South Darfur-

Sudan. Water samples were collected from different sources in wet and dry seasons, and analyses
using atomic absorption, and traditional titration techniques. Different computer software’s were used to
analyses and interpret ate data such as Aqua chem and SPSS. From the analyses data sodium followed by
calcium and magnesium were the main dominant cations, while bicarbonate followed by chloride and
sulphide were the dominant anions in wet and dry seasons. The moderately established correlation between
sodium and bicarbonate is due to the presence of thermonatrite (Na2CO. H20) and halite (NaCl) in under
saturated state. The moderate to strong correlation between magnesium, calcium and bicarbonate indicate
of presences of dolomite and carbonate rocks in the study area. The partial correlation between major
cations and major anions showed that the water exhibits simple dissolution or mixing processes due to no
dominancy of an anion and/or a cation. Multi variant classifications of water samples in dry and wet
seasons have resulted into three homogenous clusters (group). Further Classification by Factor analysis
indicates three components responsible of the variation with the data area in wet and dry seasons. between
the mean concentrations of the different parameter in wet and dry seasons in the study area shows that
there are no significant differences between the mean concentrations of all the studied variables.
Keywords: - Radoum area, SPSS. Correlation, atomic absorption, water quality

1-Introduction
Water is the major chemical component and universal solvent of living systems. It makes to up about 70
percent of human body weight and is the principal medium for metabolic processes (Nason, 1965). Water
that exists today has been on earth for billions of years. Water covers four-fifth of our world. (Armand,
1965). More than 80% of the earth’s surface is covered by water, but less than 1 % of it is fresh and/ or
drinkable water.
1.2 Composition of water:
Pure water consists of two parts of hydrogen and one part of oxygen by volume, and one part of hydrogen
and eight parts of oxygen by weight. (Armand, 1965).
1.3 Impurities:

(8)
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No water on earth is 100% pure. It acquires several types of impurities in passage from its origin to place

of consumption. (Bsnraju, 1995).

2-Significance of the problem: -

The area is known of its mineralization, including trace minerals. And as water is hosted and moves in
these rocks, interacts with the minerals constituted in the rocks, and consequently effect ground water. In
most cases the chemical constituents of a ground water sample are an indicator of the chemical
composition and the type of the source rocks. On the other hand, seasonal streams (Khors) are sources of
surface and/ or perched ground water supply. Traditional shallow wells (Masheesh) are dug on the beds of
the khors to tap perched ground water. The khors in the area originate from the high lands of the basement
terrains and mostly aligned with the fracture lines trending NE. The area is characterized by its high
rainfalls, which produce channel and sheet runoffs. As water flow through these channels encroaches
rocks/soil, dissolves, removes and deposits materials that effect physical and chemical properties of surface
and ground water. Persumenbly, seasonal climate variations (wet &dry) cause some variations in the
properties of water samples measured in different seasons, reflecting the effect of the mineralization in the

area.

3-Objectives:

The overall objective of the study is to detect the water quality in study area.
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Fig (1) Location map of study area

4-Physiograhical Features.

4.1-Topography:
The regional topography of the area comprises high lands on its south western limits the area which stands

at an average elevation of about 1240m above sea level. The higher lands merge into a vast plain as low as
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438 m towards Hofrat Enhas area NE wards. However, a number of isolated hillocks and low-lying ridges

are not uncommon.
4.2-Drainage:

Generally, the area lies within Nile drainage basin. There are many seasonal streams that drain the
area in NE and SE. Bahr ElArab is considered as the main river in the area, it has two branches: Adda
River, and Um Blacha River (Fig2). The two branches of Bahr EIArab come from Central Africa and
temporary flow according to the rainy season, and usually effected by the sand deposits (Abo Elzaki,
2006). Most of the drainage pattren which feeds the Um blacha river is located to the south of draining to
the north-eastern direction. The tributaries include Neher Adda, Neher Umblacha, Wadi Foungo,Wadi
Raikakai and Wadi Shlakha and all of them are characterized by a complicated system of meanderings and
ox-bows indicating maturity. Some parts of these streams turn into swamps rather than defined channels

especially during the rainy seasons. This is the flatness (low gradients) at lower reaches and sluggish flow
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Fig (2) Drainage system of study area

3- Data Collection and Analysis

3.1 Collection of water samples: -

Water samples were collected from different sources including hand pumps wells, water yards, traditional
dug wells, (masheish, gammam) and surface water, around Radom area between latitudes 8° 46 12.21N and
10° 53 15.56N longitude 24° 03 56.46E and 25° 59 10.17E Fig (2).

3.2 Determination of total hardness (TH)

EDTA titaramitric method: -
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50 ml sample was placed into a 200 ml conical flask. PH was adjusted to 10 by gradually adding of buffer

solution. About 0.03 — Erichrome black T was added to the solution. Then the solution was titrated against
EDTA till the color changed from red to blue.
Calculation: -

THas CaCO3 mg /L = VX 0.01 M x 1000x MWT

ml of small

Where: -V = volume of EDTA from burette

0.01M = concentration of EDTA

MWT= molecular weight of CaCO3
3.3 Determination of calcium by EDTA tetrameter method.

50ml sample was placed in a 250 ml conical flask. The pH was adjusted by adding 2 ml of sodium
hydroxide .0.1 mg of murexide indicator was added.The solution was then titrated against 0.01 M EDTA
till the color was changed from violet to pink
V- Calculation: -
Camg/l = Ax 40 x 0.01 x 100% ml sample.
Where (A) is the volume of EDTA from burette.
Estimation of magnesium
Mg mg/l = (TH mg/l — Ca mg /l)
3. 4-1-Determination of chloride ion by argentometric method
In 250 ml beaker a 50 ml sample was taken .1 ml of potassium chromate was added.The solution was
titrated against silver nitrate 0.014 M till a pinkish yellow precipitate was produced distill water being
used as a blank was titrated by the same method.
V-Calculation: -
Clmg/l=(A=B) 35.45 x 0.1 M x 1000
50 ml sample

Where: -
A = ml titrates for sample. B= ml titrates for blank. M = molarity of Ag NO3
3.5-Determination of bicarbonate
50 ml sample was taken into 25 ml conical flask.3 drops of methyl orange was added.The solution was
titrated against sulfuric acid till the color of the solution was changed from violet to pink.
iV-Calculation: - Vx 1000 x 61 (HCO3s MWT) x 0.1 ((H2SOa) con.
50 ml sample
Where: V = Volume of Hz SO4
3.6 Determination of nitrate (NO3)

(11)
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-Into a 25 ml cuvette 10 ml sample was taken.Nitrate reagent was added to the sample.The

spectrophotometer was adjusted to zero by using 10 ml of a bank .The program was selected.The prepared
sample was placed in spectrophotometer.The reading was taken from displayer. (A.P.H.A 1975).
iV-Calculation: - Rx4.4=NO3 ppm

Where: R=Reading from the displayer.

2.7- Determination of sulfate anion: -

10 ml was taken into 25 ml Cuvette. Sulfaver 4 reagent was added. Adjusted to zero by using 10 ml of
sample as blank.The program was selected. The prepared sample was putt in spectrometric (DR/2400).
Reading was taken from the display (A.P.H.A1984)

V-Calculation: -

Sulphate ions can be Calculated directly.

4 - Results and discussion

4.1 -Descriptive statistic: -

A summery statistic of all measured parameters was present in table (1), for wets (A), dry seasons (B),
illustrating the range, maximum, minimum, mean, variance, standard deviation, skew ness and kurtosis to
each parameter.

Table (1) Summary of descriptive statistics of the measured hydro geochemical parameters in wet
season (A) and dry season (B).

N Range | Minim | Maxim | Sum ean Std. | Varian Skewness Kurtosis
Statisti | Statisti | Statisti | Statisti | Statisti | Statisti Std. Statisti | Statisti | Statisti Std. Statisti Std.

c c c c c c Error c c c Error c Error
pH 15 2.40 7.60 | 10.00 [126.40 |8.4267 17416 (.67450 455 | 1.313 580 | 1.328 1.121
EC 15 |415.00 |137.80 |552.80 | 4425 | 295.0 | 33.1338 | 128.3 | 16468 739 580 [ -.494 1121
DS 15 [290.50 | 96.46 [386.96 | 3026 | 201.7 | 22.3799 | 86.68 | 7513 .968 .580 .166 1121
Na 15 |140.40 | 25.60 |166.00 | 1241 | 82.70 | 8.53818 | 33.07 | 1094 790 580 [ 2.142 1121
Mg 15 | 38.67 1.89 | 40.56 |106.39 |7.0928 | 2.52502 | 9.779 [95.636 | 3.291 .580 (11.383 1.121
Ca 15 | 60.53 6.32 | 66.85 |360.14 | 24.01 | 4.92607 | 19.08 | 364.0 .885 580 [ -.095 1121
k 15| 12.84 .26 | 13.10 | 83.53 |5.5687 | 1.12776 | 4.368 |19.078 215 .580 | -1.388 1121
Cl 15 | 64.65 575 | 70.40 |322.01 | 21.47 | 4.24323 | 16.43 | 270.1 | 2.029 580 [ 5.178 1121
S04 15 8.00 1.00 9.00 | 63.20 |4.2133 | .70325 | 2.724 | 7.418 581 580 [ -.719 1121
NO3 15 7.00 1.00 8.00 | 42.00 |2.8000 | .52735 | 2.042 | 4.171 | 1.530 580 | 1.937 1121
3HCO 15 |199.82 2.68 |202.50 | 1241 | 82.73 | 16.4435 | 63.69 | 4056 243 580 [-1.120 1121

(A)
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N Range | Minim | Maxim | Sum Mean Std. | Varian Skewness Kurtosis
Statisti | Statisti | Statisti | Statisti | Statisti | Statisti Std. Statisti | Statisti | Statisti Std. Statisti Std.
c c c c [o c Error c c c Error c Error
pH 25 1.50 7.30 8.80 [203.60 |8.1440 | .0811 (.40526 164 | -409 | 464 | -700 | .902
EC 25 |546.00 | 98.90 |1644.90 | 7436 | 297.5 | 33.10 | 165.5 | 27397 544 464 | -797 | .902
TDS 25 (388.23 | 63.20 |451.43 | 4623 | 184.9 | 22.05 | 110.2 | 12150 728 464 | -.326 | .902
NA 25 (162.67 | 12.00 |174.67 | 1341 | 53.65 | 7.446 | 37.23 | 1386 | 1.626 | .464 | 3.610 | .902
Mg 25 | 50.20 2.82 | 53.02 |437.85 | 1751 | 2.752 | 13.76 | 189.4 .886 464 .303 .902
Ca 25 | 72.00 4,90 | 76.90 |596.71 | 23.87 | 3.522 | 17.61 | 310.1 | 1.355 | .464 | 2.073 | .902
K 25 | 12.73 A7 | 1290 | 75.23 |13.0092 | .7749 | 3.875 |15.012 | 1.270 | .464 .345 .902
Cl 25 | 65.19 491 | 70.10 |547.24 | 21.89 | 3.901 | 19.51 | 380.5 | 1.370 464 .749 .902
SO4 25 | 25.50 .50 | 26.00 {164.60 |6.5841 | 1.325 | 6.626 |43.898 | 1.311 | .464 | 1.522 | .902
NO3 25 (126.27 .01 |126.28 |590.49 | 23.62 | 5.552 | 27.76 | 770.6 | 2.403 | .464 | 7.161 | .902
HCo3 25 1562.86 | 10.54 |573.40 3704 | 148.2 | 29.94 | 149.7 | 22412 | 1.401 464 | 1.408 .902

(B)
4.2. -Normality test: -

To apply any statistical test the data must be distributed normally. The normality of the data was tested by
using a histogram for each parameter, employing Statistical Package for Social Science (SPSS). The test
has shown that the data are not distributed normally(skewed) except TDS, TH and NO2 in wet season, and
EC, and PH in dry season, this skewness in the analyzed data was confirmed by using square root,
logarithm and sin transformations, so as to transfer the data to normal distribution (Rossiter,2006).
4.3-Nonparametric Correlations: -

Because most of the data is not normally distributed, simple we used nonparametric correlation method
such, as Kendall's correlation coefficient has been calculated. The strength of relationships between two
variables and whether one variable increases as the other decreases or the opposite is gauged by correlation
coefficient (r). If r>0.75 the variables are classified strongly correlated and those variables with r0.6-0.75
are moderately correlated, (Roossiter,2006). Also, partial correlation was used to depict the relationships
between major cations and anions. Table (3) for wet (A) dry (B) seasons for partial correlation.

Table (3) Kendall's correlation matrix (A) wet season (B) dry season

pH EC TDS Na Mg Ca Cl S04 HCO3
pH 1.000 A14* 414* 287 .059 -039 .010 237 -287
EC 1.000 .962*] 249 .105 -181 115 378 -.383*
TDS 1.000 211 143 -219 134 378 -421*
Na 1.000 459*% 153 -029 230 .067
Mg 1.000 -048 .000 .040 .096
Ca 1.000 -115 -279 .268
cl 1.000 130 -.048
S04 1.000 -340
HCO3 1.000

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

(A)
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pH EC TDS NA Mg Ca Cl S04 HCO3
pH 1.000 -176 -.155 -.162 .079 297* -177 -.152 .225
EC 1.000 .813* .507*4 113 .050 101 .097 .254
TDS 1.000 507+ 127 .050 114 .097 254
NA 1.000 -.007 .010 .074 -.178 161
Mg 1.000 .524*4 121 -.017 .455*
Ca 1.000 -.024 -.255 .365*
Cl 1.000 .145 -.081
S04 1.000 -.151
HCO 1.000

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
(B)
4.4-Interrelation between the measured parameters
The relationships between the measured hydro chemical parameters shown in table (3 A&B) may lead to
interpretation of the main processes contributing to the groundwater salinization. Moderate to strong
correlation coefficients (r=0.507, 0.813, 0.507) between Na-EC, Na-TDS and EC-TDS indicate that the
ground water was affected by factor of salinization. Moderate correlation coefficients (r=0.459, 0.524)
between Na-Mg and Ca-Mg in the two seasons indicated that the groundwater samples were affected by
cation exchange process. The moderate correlation coefficients(r=0.455,0.365) between Mg-HCO3 and
Ca-HCO3 were found, which means that HCO3 and Ca are dominant or cations are indiscriminate, with
Mg dominant or Ca and Mg. Important indicates, are often associated with dolomites, Ca Mg (CO3)a.
In partial correlation matrix, (table 4.), (A) wet season (B) dry season lack no anion or cation dominance,
indicates that water exhibits simple dissolution or mixing.
Moderate correlation coefficient between Na and HCO3 indicates the appearance of thermonatrite
Na2C03.H20 in under saturation state. This means that the water samples are potential to dissolve this
mineral.

Table (4). Partial correlation matrix (A) wet season (B) dry season

Na Mg Ca Cl SO4 | HCO3
Na 1.000 350 | .166 -.096 -332 542
Mg 1.000 | .475 250 -010 124
Ca 1.000 026 -223 401
Cl 1.000 031 -.052
SO4 1.000 -.255
HCO3 1.000

(A)
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Na Mg Ca Cl S04 | HCO3
Na 1.000 324 301 039 269 | 350
Mg 1.000 209 012 | -220 | 454
Ca 1.000 39 | -376| 528
Cl 1.000 082 | 015
S04 1.000 | -.361
HCO3 1.000

(B)

4.5-Factor analysis

Factor analysis is a statistical technique that reduces the number of variables and detects structure in the

relationships between these variables and classifies them (Davis, 2002).

In order to interpret the three groups of clusters the principal component in factor analysis is used. By

using variance-maximizing (varimax) analysis, total variance values were shown in table (5) for the two

seasons, wet(A) and dry (B).

Table (5) Showing total variance explained (A) wet season (B) dry season

Initial Eigenvalues Rotation Sums of Squared Loadings

Cumulative Cumulative
Component Total % of Variance % Total % of Variance %
1 3.703 41.144 41.144 3.390 37.661 37.661
2 1.704 18.936 60.080 1.776 19.736 57.397
3 1.151 12.786 72.866 1.392 15.469 72.866
4 .895 9.943 82.810
5 633 7.033 95.063
6 470 5.220 98.174
7 280 3.111 98.174
8 157 1.749 99.923
9 6.899E-03 7.666E-02 100.000

Extraction Method: Principal Component Analysis.

(A)
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Initial Eigenvalues Rotation Suns of Squared L oadings
% of Cumulative % of Cumulative
Component Total Variance % Total Variance %
1 4,435 49.272 49.272 4,392 48.797 48.797
2 1.992 22.135 71.408 1.987 22.078 70.875
3 1.155 12.830 84.237 1.203 13.362 84.237
4 .697 7.743 91.981
5 .348 3.868 95.849
6 .202 2.241 98.090
7 126 1.397 99.487
8 3.858E-02 .429 99.915
9 7.632E-03 8.480E-02 100.000
Extraction Method: Principal Component Analysis.
(B)

From table (5) which shows wet season data(A), the first component or factor explains 37.66 % of data
variance. It’s influenced by  contribution of electrical conductivity, total dissolved solids, sodium and
sulphate. This is also attributed to factor of salinization in ground water. Sodium, magnesium and
bicarbonate form the second principle component .This factor may be related to ion- exchanged waters
although generation of CO2 at depth can produce HCO3 where Na is dominant under certain circumstances
(Winoggard and Farlekas 1974). This explains the 19.73% of data variance.

The third principal component, which explains 15.46%, is contributed by calcium and chloride that may
be due to the ground water mineralization that appears in reverse ion exchangeable process.

From table (4) (B) dry season first component or factor explains 48.79% of data variance, contributed by
electrical conductivity, total dissolved solids, sodium, calcium, magnesium and bicarbonate, this is due to
factor of salinization also may be related to dissolution of Ca and Mg bearing minerals (calcite, dolomite
minerals).

The second factor explains 22.1% of data variance that contributed by pH, NO dominant anion or cation,
indicates waters that exhibit simple dissolution or mixing.

The third factor component contributed by chloride and explains 13.36% of data variance which is due to

the ground water mineralization; which may result from reverse ion exchange of Na-Cl.

4.6-Test of seasonal variations: -

The groundwater samples in the study area were collected in two seasons so it necessary to check the
coefficient difference between the two seasons, to assess this Mann-Whitney U test (Roossiter, 2006) was
performed. Mann-Whitney U test. is the most popular of the two-independent-samples tests. It is
equivalent to the Wilcoxon rank sum test and the Kruskal-Wallis’s test for two groups.

From table (6) it is noticed that there is no significant difference between all parameters in the two seasons,
except for Na, Mg this implies that the two sampled populations were equivalent in location.
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Table (6) Mann-Whitney Test for significant difference

pH EC TDS Na Mg Ca Cl SO4 HCO3

Asymp. Sig. .361 .856 459 .005 .004 | .878 530 | .780 .288
(2-tailed)

5- Conclusions and Recommendation
5.1-Conclusions: -
1- A summary of descriptive statistics of all measured parameters in the wet and dry seasons showed
that the dominant cation is sodium followed by calcium and magnesium. While potassium is minor.
Bicarbonate is the dominant anion followed by chloride and Sulphide.
2- The measured parameters have shown, moderate to strong correlation between magnesium, calcium
and bicarbonate, indicating dominance of dolomite and carbonate rocks as, water acts as weak carbonic
acid leading to soluble carbonate constituents. The cationic composition of the water is calcic due to
leaching of alkali elements in carbonate constituents, which easily go to solution by solubility.
3- Moderate to strong correlation between sodium, electrical conductivity, and total dissolved solids
such correlation is normal since these parameters are the main factor that control salinity of water.
4- Partial correlation showing that no dominant anion, no dominant cation, that means the water
exhibiting simple dissolution or mixing processes
5- Moderate correlation between sodium and bicarbonate is indicated due to the presence of
Thermonatrite Na,COz: H20 and halite NaCl in under saturated state in the calculated of saturated
indices.
6- No seasonal variations between (concentrations) most of the parameters due to seasonal renewal of

ground water storages in fracture zones by recharge.
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Abstract

The results recorded the highest prevalence of residues at 218.5 ppm in mixed soils, while the lowest
prevalence in mud soils was 44.8 ppm; The highest electrical conductivity in mixed soil was 5.37 micro
centimeters/cm and the lowest electrical conductivity was 1.81 micro centimeters/cm; When measuring the
sand function, the sand soil recorded 8.3 while the gypsy soil recorded 7.5; When the relative moisture in
the soil was measured, the mixed soil recorded the highest rate of 93.55%, while the lowest moisture in the
gypsy soil recorded 57.90%; When the heavy elements (cobalt, cadmium and lead) were measured, the
higher readings were as follows (15.40 per sand, 58.10 per gypsy, 122.80 per mix) and the lower readings
were as follows (7.10 per clay, 14.60 per clay, 71.90 per clay) respectively.

Keywords: Prevalence, Petroleum Residue, Soil Texture, Depth.
Introduction

Soil pollution results mainly from man's inability to deal efficiently and safely with air and soil pollution,
water sources and waste disposal resulting from his human and industrial effectiveness the most important
aspect of soil pollution is the methods of discharging solid and semi-solid waste, the presence of hazardous
chemicals in the environment and the deformation of the soil's surface, Chemical contamination is one of
the most dangerous and endangering contaminants because chemicals can enter natural life cycles and thus
affect food, health and the perpetuation of human existence (Adam, 1988), animal and plant

In addition, it is the role of running water carrying the contaminants it creates for the soil when it comes
into contact, because the movement of water pushes the contaminants towards the surface, thus depositing
the contaminants in the soil and the degree of risk of many pollutants depends on the composition and
concentration of the contaminated substance, as indicated by (Abayji, 1988) refers to the spread and
distribution of contaminants between water, air, land and living, and their focus depends on the image of
the contaminant, such as being dissolved or stuck in water, or glued to dust minutes, in either case these
contaminants are deposited in the soil by either falling or deposition.

Heavy total petroleum hydrocarbons are the most harmful pollutants for their direct and indirect impact on
the growth of plant organisms, animals and other biota and, on the other hand, crude oil, its derivatives and
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manufactured hydrocarbons are among the most important environmental pollutants being toxic to most

organisms. as well as carcinogenic and transmissible in food chains, in addition to their complex
composition and large molecular size, the importance of the treatment of hydrocarbons contaminated by
the environment is demonstrated as the most important objective for avoiding damage to the biosphere,
which extends to most organisms, including humans (Nasr, 2000).

The oil industry is also one of Irag's most important and important industries for the national economy.
However, this industry has caused high levels of land, water and air pollution and has caused a clear ruin in
the use of these sources (Hanoush, 2004).

The study aimed to identify the oil pollutant's susceptibility to various types of soils and its ability to
transmit through soil types and its potential to contaminate groundwater, and to try to select the best types
of soils that prevent the liquid pollutant from leaking to be used as sanitary disinfectants for many wastes.

Materials & Methods

The research included a study of the prevalence of oil residues in segments of four different tissues, namely
soil (sand, gypsy, blend, mud), which was conducted using a box made of non-waterproof wood; Divided
into four segments with boiled-tin wooden barriers to ensure that oil waste does not spread among different
types of soils, a central perforated and boiled-tin jar was left with a container made of filtration paper. The
container was filled with petroleum waste, which is allowed to leak into the four soil segments through the
holes, where the oil waste was allowed to spread for 45 days, after which a series of analyses were
conducted to search for the oil waste in the segments of the experience soil

Volume Distribution and Composition of Soil

The experiment was conducted based on the hydrometer method mentioned (FAO, 1974).
PH acidic function

Using a hydrogen exponentiator. (McLean, 1982) used the method he mentioned

EC Electrical Connectivity

and using an electrical conductivity measurement device. Richards, 1954 has used a method (
Humidity Relative humidity

The assessment of soil content of water (moisture) for air-dried samples was performed in the laboratory
by (Hesse, 1971) Using a relative humidity measurement device.

Soil Content of QOil

The content of the soil was measured according to the method mentioned (Chaineau et al., 2003).

(20)
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ble 1: Physical and chemical properties of Kirkuk crude oil medium used in the study
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Table 2: Chemical Ingredients for Kirkuk Crude Oil Medium Used in Study

Carbon %86
Hydrogen %11
Sulfur %?2.1
Nitrogen %0.05
Vanadium %0.0025
Nickle %0.0015
Sodium %0.0020
Potassium %0.0006
I Calcium %0.0021 I
Table 3: Soil Texture
Texture| Soil Type Sandy Soil Silty-Clay Soil
Sand %50 %32
Clay %32 %30
Silt %18 %38

Table 4: pH Acidity function in soils before and after treatment with crude oil

Soil Depth
Soil Type
15cm 30cm 45 cm
After After After
Crude | Control | Crude | Control | Crude | Control
Oil Oil Oil

Sandy Soil 8.20 8.27 8.10 8.27 8.15 8.27
Silty-Clay 7.57 7.87 7.55 7.87 7.52 7.87
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The results were indicated in table 4 of the acidic function measured in two types of soil (sand and mix).

The results showed the highest rate at all depths in the untreated sand soil at 8.27, while the lowest at all
depths in the clay soil at 7.87; The cause of oil pollution was a moral reduction of 15cm deep in the mixed
soil, which was 7.52. On the other hand, the distance from the pollution center showed moral differences in
the sour function, with the highest function rate in the sand soil in the 60cm dimension, at 8.30, while the
lowest function rate in the mixed soil in the 30cm dimension, at 7.60.

The decrease and decrease in the acid function is explained by the oil's containment of sulfur and some
halogens and chlorides with acid effect on the medium in which it is present. The base of the medium
decreases and its acidity increases (Hamid and Kamel, 1998).

Table 5: EC Electrical conductivity before and after treatment with crude oil

Soil Depth
Soil Type
15cm 30cm 45cm
After After After
Crude | Control | Crude | Control | Crude | Control
Qil Qil Qil

Sandy Soil 3.09 3.24 3.09 3.24 3.09 3.25

Silty-Clay 5.93 7.38 6.66 7.38 6.65 7.38

The results were shown in table 5, the electrical connectivity in the soil types used in the study (sand
and mix) prior to the treatment of crude oil. The results showed that the highest conductivity rate
occurred in the mixed soil and in all depths, at 7.38 micro-smins, while the lowest delivery rate was
in the sandy soil and at all depths, at 3.24 micro-smins; The cause of oil contamination is a moral
reduction in connectivity of 3.09 at all depths.

On the other hand, the distance from the pollution center showed moral differences in connectivity,
with the highest conductivity rate being 7.79 micro-smins in the 30cm dimension, while the lowest
connectivity rate was 3.11 micro-smins in the 120cm dimension.

In general, electrical conductivity decreases with the low concentration of electrolytes due to the
phenomenon of expansion and dispersion that are affected by the type of positive ions present in the
soil (Dograma G, 1990).

Table 6: Relative moisture rate in soils before and after treatment with crude oil

Soil Depth
Soil Type

15cm 30cm 45 cm
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After After After
Crude | Control | Crude | Control | Crude | Control
Oil Oil Oil

Sandy Soil 50.63 76.46 | 50.65 74.21 50.65 74.21

Silty-Clay 63.07 93.55 | 63.00 93.55 63.05 93.55

The results in table 6 show the relative humidity rate in two types of soil The results showed that the
highest relative humidity rate was in the mixed soil and at all depths, at 93.55%. While the lowest humidity
rate in sand soil and deep soil was 30cm and 60cm, it was 74.21% Soil contamination with crude oil
caused a moral reduction of the humidity rate, the most severe in the 45cm deep sandy soil, at 50.63%.

The gradual decrease in relative humidity in soil segments taken by oil molecules to replace water
molecules and evaporation of water molecules can be explained by the fact that soil molecules are
associated with oil molecules with a stronger bond than soil particles with water due to the presence of
magnesium, calcium and some high surface tensile organic compounds (Ramadan and his group, 1991).

Table 7: Pb Concentration in soils before and after treatment with crude oil

Soil Depth
Soil Type
15cm 30cm 45cm
After After After
Crude | Control | Crude | Control | Crude | Control
Qil Qil Qil

Sandy Soil | 109.57 109.65 | 109.55 | 109.55 | 109.47 | 109.40
b a b b b c

Silty-Clay | al122.65 | al22.85 | 122.65 | al22.85 | 122.77 | al22.90

Results in Table 7 showed lead concentration in two types of soil (sand and mix) prior to the treatment of
crude oil, showing that the highest concentration of lead was in mixed soil with 122.82 ppm in depth of
15cm, while the lowest concentration of lead in sand soil 109.40 in depth of 15cm, caused the soil to be
contaminated with oil with a moral reduction of 109.00 ppm.

The values of the concentration of lead in the soil varied from the distance closest to the pollution center
and gradually increased towards the distance away from the pollution center due to the carrying of the
liquid to the element from the place of flow to the place farther, which was interpreted. S. F. D. A) This
case is the FDA in an article published in 2010

Table (8) Cobalt concentration in soils before and after treatment with crude oil
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Depth Soll
Soil Type
15cm 30cm 45cm
After After After
Crude | Control | Crude | Control | Crude | Control
Qil Qil Qil

Sandy Soil 15.40 15.37 | 15.40 15.36 15.35 15.35

a a a a a a

Silty-Clay 11.77 11.77 | 11.75 11.75 11.77 11.77

The results in table 8 show the concentration of cobalt in the types of sand and mixed soils, with 15.37 ppm
the highest cobalt concentration rate in sand soils and 45cm deep, 11.77 ppm the lowest in mixed soils and
at 15cm and 45cm, there are no moral differences in cobalt concentration after treatment with crude oil.
There was also no moral difference in distancing from the pollution center, with the highest cobalt
concentration rate being 15.41 ppm in dimensions 90cm and 120cm in sandy soil.

Table 9: cadmium Concentration in Soils Before and After Treatment with Crude Oil

Depth Soil
Soil Type
15cm 30cm 45cm
After After After
Crude | Control | Crude | Control | Crude | Control
Qil Qil Qil

Sandy Soil 47.20 4720 | 47.17 47.17 47.20 47.12

a a a a a a

Silty-Clay 25.25 25.25 | 25.27 25.27 25.17 25.17

The results in the table show 9 the concentration of cadmium in the sand and mix soil types, with 47.20
ppm the highest cadmium concentration rate in the sand soil and at depth 45cm, and the lowest 25.17 ppm
in mixed soil and at depth 15cm, there are no moral differences in the concentration of chromium after
treatment with crude oil. There was also no moral difference in the distance from the pollution center, with
the highest chromium concentration rate being 47.31 ppm in the 120cm dimension.

Table 10: Average of Oil Residue Diffusion in Soil Depth
(25)
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Soil Type Silty-Clay Sandy Soil

Soil Depth 15cm | 30cm | 45cm | 15¢cm | 30cm | 45¢cm

Concentration 218,5 203.9 185.3 0 0 128.2

Results in table 10 show the prevalence of oil residues in two types of soil The results indicated that the
highest prevalence rate occurred in mixed soils, with 218.50 parts of a millionth depth of 15 centimeters,
followed by the same 30cm deep soil, with a prevalence rate of 203.91 parts of a millionth, While the
lowest prevalence of oil waste in sandy soil was 15cm and 30cm, there was no spread which is due to the
nature of the soil, where the sandy soil has very high interstitial spaces and has relatively large grain size,
allowing all liquids to access the bottom, i.e. they cannot retain the means because of the large size of the
intersection distance, For mixed soils, the highest prevalence is due to their ability to retain liquids for
longer. This in turn is due to small interreligious distances and the inclusion of this type of soil in mud
grains, which they started to interact with oil residues because they possess effective mineral elements that
have the ability to interact with oil (Dougramji, 1990).
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Abstract

GKRS, developed by Lars Leksell and Borje Larsson, is a kind of radiosurgery that employs numerous
gamma radiation beams from Cobalt-60 sources to converge on a single focus point known as an
isocenter. To match the patient to a physical coordinate system, stereotaxic is performed utilizing a
stereotactic head frame for GKRS. The Gamma Knife Radiosurgery System (GKRS) is the gold
standard for stereotactic radiosurgery to the brain, and the Perfexion is a new variant of the Gamma
Knife specially created for the radiosurgical treatment of numerous metastases.

The first gamma unit required a significant leap of faith. No such machine existed, nor had any machine
ever been developed for the purposes for which this machine was designed. At a time when stereotaxy
was not widely acknowledged by neurosurgeon peers, the suggested apparatus was designed to treat a
limited number of patients using a stereotactic technique. The Swedish government wanted large
amounts of data in order to develop and practice radiosurgery, but no financial help was offered. This
was gained privately.

Keywords. Gamma Knife, Radiosurgery, GKRS, Radiation Dose.

1. Introduction

The Leksell Gamma Knife is a highly sophisticated therapy unit that employs a stereotactic approach to the
treatment of brain tumors, vascular abnormalities, and pain problems. Inside the protected treatment unit
(see Figure 1), beams from 201 Co-60 radioactive sources are focused such that they meet at the same
place in space. As a result, a spherical zone of a high dose is created, known as a shot of radiation. By
mixing various doses of radiation, the treatment technique may be adjusted to target lesions of varied sizes
and forms. [1]

(27)



Journal of Natural and Applied Sciences Ural No: 1

Figure (1): Gamma Knife Treatment Unit

2. Gamma Knife history

Leksell released landmark research on radiosurgery in 1951, which was a declaration of principles that
were all remarkably well-known at the time. The initial cases treated with a commercially available
industrial X-ray machine attached to the Leksell arc and frame were effective enough to motivate more
attempts to improve the method. In 1953, the arc of the stereotactic device was coupled to an orthovoltage
X-ray tube, and Leksell tested his idea by treating two patients with trigeminal neuralgia using SRS. (See
figure 2).[2]

Figure (2): The first patient treated by connecting the stereotactic arc to an orthovoltage X-ray tube.

In the late 1950s, Leksell met Borje Larsson, a radiobiologist, and physicist who would become the head of
the Gustav Werner synchrocyclotron lab in Uppsala, about an hour north of Stockholm. Leksell was the
chairman of neurosurgery at Lund at the time. They began a comprehensive investigation into the future
prospects of Leksell's non-invasive alternative to open brain surgery. [2]

Later, Leksell and physicist Borje Larsson utilized rabbits and goats in radiobiology experiments to
determine and quantify the effects of focused fine beam radiation on the brain. The goal was to destroy the
normal brain in order to cure functional brain illness using focused radiation. There was umbrage with
proton radiosurgery, and it became widely believed in Sweden that proton beam radiosurgery was overly
complicated and impractical. It was clear that a new machine was required. It would have a fixed design.
Complex collimators were created to create beams with acceptable properties when powered by Co-60
sources. The machine's geometry was calculated, which included the distance of the sources from the
patient and the optimal distance between the sources. [3]
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The first Gamma Knife was installed in 1968, and over the next 50 years, Gamma Kbnife surgery has
expanded to include much of what is done in neurosurgery, with over 330 Gamma Kbnife clinics throughout
the world. More than 1.2 million people had received Gamma Kbnife surgery by the end of 2017. [2]
Finally, the first patients were treated in Uppsala in 1961. (Figure 3)

" B = =
(3): The first patient treated with the synchrocyclotron in Uppsala.
3. The Evolution of Gamma Knife Technology

Since its inception in 1967, the Gamma Knife has undergone various modifications.

Model A (or U), 201 Cobalt sources were grouped in a hemispheric shape in the initial versions, these
devices faced difficult Cobalt-60 loading and reloading challenges. To remove this issue, the unit was
reconfigured so that the sources were grouped in a circular (O-ring) arranging (models B, C, and 4C), see
figure (4). [4]

Figure (4): Schematic diagram of model 4C Gamma Knife unit (Courtesy of Elekta AB, Stockholm,
Sweden.)

Gamma Knife design was created in 1999. In March 2000, the University of Pittsburgh Medical Center
became the first in the United States to install a Model C. This method combines advancements in dose
planning with robotic engineering and employs an autonomous positioning system with submillimeter
accuracy (APS) see figure (5). This technology (APS) eliminates the requirement for each set of
coordinates in multiple isocenter designs to be manually adjusted. The robotic positioning device moves
the patient's head to the treatment plan's target coordinates.
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Figure
(5): Gamma Knife 4C automatic positioning system.

The model 4-C includes innovations that are intended to improve workflow, boost accuracy, and give
integrated imaging capabilities. The integrated imaging, enabled by Leksell Gamma Plan, provides for the
merging of images from multiple sources. The planning information is available by both sides of the
treatment couch. The helmet changer and robotic APS are faster and decrease total treatment time see
figure (6), and Gamma Knife PERFEXION module is the most recent implementation of this
technology.[5]

Figure
(6): Gamma Knife 4C unit (Courtesy of the University of Pittsburgh Gamma Knife Facility, 2013.)

3.1 Gamma Knife Perfexion

Because of the considerably different geometry of this device compared to prior Gamma Knife versions, it
was carefully evaluated before being put into commercial usage. It certainly makes the use of the Gamma
Knife faster and more efficient for the user, while also allowing access to any area within the cranium and
making the process more comfortable for the patient. [6]

The Perfexion TM (PFX) unit is made up of 192 sources that are separated into eight distinct sectors or
radiation source banks see Figure (7). Each sector can be robotically driven to deliver beams with
diameters of 4 mm, 8 mm, or 16 mm, or no beam at all. The automated features of PFX have eliminated
the requirement for human helmet changes, which were required in LGK previously models. [7]
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Figure (7): The
Leksell Gamma Knife Perfexion

Beginning in 2002, the manufacturer asked an invited group of neurosurgeons, radiologists, and medical
physicists to design specifications for a new Leksell Gamma Knife system. The group made an agreement
on five important features for a new system:

1) Best dosimetry efficiency.

2) Unlimited cranial connect.

3) Better radiation coverage for patient and apparatus.

4) Full automate of the therapy.

5) Patient and staff safety.

6) Same dosimetry for the smaller collimator as previous units.

In 2006, the new unit was first installed in Marseille, France. The Perfexion system was installed and
completed in Prague, Czech Republic, in 2009. [8]

That has 192 CO-60 sources dispersed in 8 cylindrically organized sectors. Each sector has 24 sources
distributed across five rows, which when aligned with the adjacent sectors generate five rings of beams.
The radiation beams are formed using collimators, which are cylindrical 120 mm long tungsten tubes
integrated into a collimator body.

Three collimator sizes, 4, 8, and 16 mm, are included, and an automatic drive mechanism moves each
sector back and forth, allowing selective exposure of the collimators of the chosen size to the sources (Fig

8).[9]
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Figure (8): Gamma Knife Perfexion radiation unit and collimator system by Leksell. A) The Leksell
Gamma Knife Perfexion radiation unit in cross section. B) A detailed view of the sectors; each sector has
24 60Co sources and can be moved independently of the other sectors to determine a collimator size or
block beams. C) A sector location that defines a 4 mm collimator. D) A sector location that defines a
collimator of 8 mm. E) A sector position that defines a collimator of 16 mm. (Elekta Instrument AB,
Stockholm, Sweden, granted permission for the photos.)

A sector can also be placed between two rows of collimators, allowing individual sectors to be blocked
during treatment. Using a skull immobilization device and a completely automated patient positioning
system, the collimated beams are converged with great accuracy to a fixed isocenter where the target is
positioned during treatment. [9]

4. The Advantages of Gamma Knife

Gamma knife Radiosurgery has various advantages over conventional surgery, some of them are
mentioned below:

1-There is no need for any type of surgical incision on the patient's body, thus there is no postoperative
pain, no blood loss, and no surgical site infection.

2- It is an outpatient treatment that takes about a day to complete.
3- Patients can continue their usual activities the next day.

4- It is less expensive than traditional surgery.

5- It reduces the length of post-surgical hospital stays.

6- Gamma knife surgery has been shown to be efficient in a number of deep-seated malignancies that are
difficult to treat with traditional surgery.

7- It has a high degree of precision. [10]
5. Physics of Gamma Knife

The Leksell Gamma Knife versions (Icon, Perfexion) administer dosage from 192 Cobalt-60 sources
collimated into narrow beams by a massive tungsten body. About 40 cm from the sources, the beams

(32)



Journal of Natural and Applied Sciences Ural No: 1
converge in a narrow space known as the isocenter. The sources are divided into eight sectors, each with 24

sources. The sectors may slide in four different locations across the collimator body, which has 576
collimator channels in total, to produce beams with sizes of 4, 8, and 16 mm (The sizes refer to the cross-
sectional diameters of single beams at the isocenter).When only a little amount of radiation seeps through
the tungsten body, the fourth position is beam-off. There are 65,535 different beam size combinations for
each isocenter, often known as "shots.” A dose is administered to numerous isocenters by adjusting the
patient's posture. As a result, the total dose can be molded to conform to the goal with a sharp dose gradient
outside the target, resulting in a small dose for healthy tissue and organs at risk [11].

Due to the intersection of the 192 beams in an isocenter and the relatively sharp dose fall-off for single
beams, a very high dose is delivered at the target, while the surrounding tissues are relatively spared. The
patient's couch can be moved in relation to the isocenter to reach any point in the brain; and the shape and
size of the focal volume can be optimized thanks to a unique collimator, divided into 8 sectors. Each sector
can be moved to different positions: "Home' is the position when the system is switched off, "4 mm', "8
mm' and "16 mm' correspond to the 3 possible treatment configurations, and "Off' is an intermediary
shielding position when the system is on but the patient's couch is being moved[12].

5.1 The impact of cobalt-60 source age on biologically effective dose in high-dose functional Gamma
Knife radiosurgery

The influence of radiation dose rate on biologically effective doses (BED) has long been known, yet this
effect is often overlooked when GKRS treatments are planned. The time it took for the target tissue to
perform intrafraction DNA repair had a significant impact on the size of the BED change anticipated by the
model. If intrafraction DNA repair is low (i.e., DNA repair halftimes are significantly longer than the
irradiation period), the BED should be unaffected by cobalt-60 source age.

In most cases, GKRS is employed in practice for tumor care, with radiation doses of less than 30 Gy being
used in most cases. Because the irradiation period in GKRS for tumors is often less than the time necessary
for significant DNA repair in the target tissue, variation in cobalt-60 source age may be less important in
tumor management given these lower doses and shorter treatment times. Functional GKRS treatments, on
the other hand, can take hours, and the length of irradiation time varies dramatically depending on the age
of the radiation source. The literature on DNA repair timeframes shows that cobalt-60 source age variation
may be clinically important for high-dose functional GKRS.

The stronger the correlation between source age and BED, according to the model's results, the higher the
prescription dose (and the longer the treatment time).For the same physical dose prescription, using a new
cobalt-60 source after replacing an old source significantly increases the estimated (BED) for functional
GKRS treatments. In the investigation of outcomes after high-dose functional GKRS treatments, source
age, dosage rate, and treatment period should all be taken into account. To investigate how this potential
shift in BED contributes to GKRS toxicity and whether technical adjustments should be made to reduce
dose rates or prescription doses with newer cobalt-60 sources, animal and clinical investigations are needed
[12].

5.2 Radiation around the Leksell Gamma Knife

Spectroscopic measurements revealed that during treatment, photons with energies less than 1150 Kev
make up 81% of the dose in the area in front of the Gamma Knife. Primary photons account for less than
20% of the dosage, and the National Council on Radiation Protection and Measurements (NCRP)
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assumption that the dose load is entirely made up of primary photons appears to be inaccurate. During

treatment, the largest dose rate is logically present in front of the Gamma Kbnife, at an angle of around 30
degrees. When the system is turned off, however, the largest leakage appears to lie behind the Gamma
Knife. The patient is within the unit during treatment, and all beams intersect in the brain target volume.
The patient's scattered radiation makes up the majority of the radiation field in the room. The workload is
600 Gy/week (15 patients, each receiving a maximum dose of 40 Gy), and the occupancy factor is 0.075,
equal to three hours of therapy per week. More than 50 cm of concrete is necessary to hide 40 hours of
leakage per week, according to the NCRP method. There is no venture in saying that the NCRP method
probably overestimates the leakage level around the Gamma Knife. The NCRP assumes that the radiation
comes from a single source, is isotropic, and only consists of primary photons with energies of 1.25 MeV
(mean energy of the two Co-60 gamma-rays), with leakage radiation accounting for 0.1% of the useable
beam. In actuality, the Gamma Knife is surrounded by enormous casing and doors that screen the majority
of the radiation from the 60Co sources, and leakage is significantly lower than the estimated 0.1%.

The Gamma Kbnife's design also prevents any primary photons from leaving the device without passing
through the internal shielding, lowering the number of primary photons in the treatment room.
Furthermore, the NCRP provides no guidance on how to aggregate the contributions of the 192 sources,
and the radiation field produced by these almost 200 sources confined within a massive shielding case is
highly anisotropic. As a result, the NCRP recommendations appear inadequate for the Gamma Knife
system, prompting the creation of a new approach to structural shielding design [12].

5.3 Radioactive source Co-60

Cobalt was discovered by Georg Brandt, a Swedish chemist, in 1735. Cobalt-60 is artificially produced by
bombarding a target material, either cobalt-59 or nickel-60, with neutrons. This reaction is produced by
nuclear reactors. Natural Cobalt, Cobalt-59, has 27 protons and 32 neutrons. When inserted in a stream of
slow neutrons, Cobalt- 59 absorbs a neutron and becomes Cobalt-60, which is radioactive. It emits an
electron, a B-particles, from the nucleus and is transformed from Cobalt-60 to Nickel-60 [13]

The radiation source in the Leksell Gamma Knife treatment machine is cobalt-60, a radioactive isotope.
When Co-60 decays, it produces beta particles as well as two strong gamma rays, one with 1.17 MeV of
energy and the other with 1.33 MeV of energy.1 electron volt is the energy obtained by an electron that
accelerates through a potential difference of 1 V. MeV is a widely used unit of energy for particles in the
treatment energy range. The Gamma Knife's effective energy is slightly less than 1.25 MeV (the average of
1.17 and 1.33 MeV).Cobalt-60 decays to nonradioactive nickel in the end. The half-life of Co-60 is 5.26
years, which is the amount of time it takes for Co-60 to lose half of its radioactivity due to decay. Only half
of the original radioactive material remains at the end of one half-life. This means that after 5 years,
treatment time is double what it was when the system was first installed, and that the Gamma Knife source
must be replaced after a certain amount of time to prevent long treatment times gamma knife capsule is
show in fig(9).

The decay scheme of a cobalt-60 nucleus that has been made radioactive in a reactor by bombarding stable
Co-59 atoms with neutrons is shown in the diagram below in figure (10). [12]
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Figure (9): gamma knife capsule (neuroscience hospital, GK center, Baghdad, Iraq).
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(10): cobalt-60 scheme decay

6. Patient’s preparation procedure

To assure that the treatment is done properly, the following measures were taken to the patient for the

treatment

6.1 Stereotactic frame fixation

The fixation frame is attached to the patient's skull under local anesthesia on the day of the treatment. The
frame has two crucial functions: First off, it has a rigid fixing technique that prevents the patient from
moving throughout the delivery. Second, it provides a frame of reference for determining tumor

localization relative to the frame and the delivery unit.
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Starting to put a stereotactic frame. The frame is fixed to the patient's head with four screws after a little
sedation is taken. This process, which is done under local anesthetic, takes around five minutes. Figure (11)
illustrates the frame. [14]

- Figure  (11):
Gamma knife coordinate frame

6.2 Anesthesia

Before fixing the frame over the head with a screw we should use Local anesthesia, where this anesthesia is
injected through the plastic inserts for each frame attachment. The anesthetic which was used in this
process is called lidocaine, fig (12) show the needle of lidocaine and fig (13) show the patient taken the
local anesthesia.

The surgeon should be informed of previous craniotomies, burr holes, and shunts so that no local anesthetic
or pins are used there. [1]

(12): Picture of the needle of the local anesthetic.
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Figure (13): picture of the patient when taken the local anesthesia

6.3 Fixation of frame screw

Fixation Screws are utilized to fix the Leksell Coordinate G Frame to the patient's skull. Aluminum is used
to make these fixing screws, the medical-grade titanium allows for a long lifetime. Long-lasting and
durable hexagonal fixation screws allow for enhanced treatment volume in the Leksell Gamma Knife and
simplicity of usage in confined MR head coils. During MRI scanning, always employ Insulated Fixation
Posts. The screw has a hexagonal socket. This allows for flush mounting with the frame posts while also
providing optimal frame stability. The Fixation Screws package includes 20 pairs of reusable screws in

various lengths.as shown in fig (14).

—
—
—_—
—
—

Figure (14): Sterilizing case with slots for all Elekta fixation screw lengths available, and fixation screw

To fix the frame to the patient's head, use a socket wrench in conjunction with Fixation Screws (see figure
15). For the frame to be safely secured, two Socket wrenches are required. [3]
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Al

: Figure
(15): picture of socket wrench (neuroscience hospital, GK center, Baghdad, Iraq)

6.4 Fitting the Frame cap

The Perfexion further utilizes a "frame cap"” (Figure 16), which conservatively simulates a human scalp and
is of known dimensions to the treatment planning system.

Figure (16): The Frame cap

The frame cap is placed over the stereotactic frame and allows the system to reduce the chance of
collisions in many cases, lowering the number of skull and frame measurements requested. Finally, the
Perfexion includes a collision sensor in the shape of an aluminum cap that covers the treatment cavity.
When pressure is applied to this cap, the system will retract the sources to their protected home position,
reducing radiation exposure and allowing the patient to be manually removed from the unit. [2]

6.5 Fitting the indicator

CT imaging is a less widely used imaging technique due to its poor soft-tissue visibility. CT imaging, on
the other hand, is highly effective in circumstances where MR is contraindicated or where the bone
structure may provide important information. During CT scanning, the Open CT Indicator is utilized in
conjunction with Leksell Coordinate Frame G for target localization in stereotactic neurosurgery,
radiosurgery, or stereotactic radiotherapy. It has an open top that allows for a lower frame mount as in fig

(7). [3]
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Figure (17): CT indicator

MR Indicator with five side plates is used in stereotactic neurosurgery and radiosurgery during MR
scanning for target localization. [3]

The MRI fiducially system is made up of a plastic box that is directly attached to the stereotactic frame
(Figure 18). Channels with a characteristic “N” shape are machined into the box. A cupric sulfate solution
injected into the channels to improve commonly utilized pulse sequences. The fiducially marks emerge as a
series of dots in the image when resampled as axial and coronal sections.

Figure (18): MRI indicator

It should be indicated that MRI is sensitive to a wide range of linear and nonlinear geometric distortions,
mainly caused by gradient field nonlinearity and magnetic field in homogeneities, including those caused
by the patient and frame. [2]

6.6 Radiographic imaging

Following the installation of the head frame, the patient will be subjected to an MRI or CT scan, depending
on the diagnosis. These radiology scans are taken to precisely detect the size, form, and location of your
tumor, lesion, or irregularity. The head frame will be fitted with an indication box. When the imaging
studies are finished, the patient can take a seat while the neurosurgeon, radiation oncologist, and physicist
use the images to arrange the treatment. [15]
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6.7 Skull-scaling measurements

In order to compute photon attenuation and avoid collisions between the patient and the unit, the Gamma
Knife treatment planning system requires the depth of the target point in each beam direction.

Gamma Plan does this by collecting sampled skull measurement data with skull scaling equipment Figure
(19), which is then interpolated and used to generate the appropriate skull and frame model. A member of
the treatment team measures the distance from the scaling "bubble™ to the patient's head with a simple ruler
and enters this information into the treatment planning system. [2]

Figure (19): picture of A physicist takes a measurement of the patient's skull.

6.8 Image reqistration

In this study, we used two approaches: patients who had previously undergone GK SRS (under follow up)
used the first approach (figure 20), while patients who underwent all treatment procedures with us used the
second approach, in which stereotactic CT scanning was performed using a fiducially system when
acquiring the images. The MRI images are then registered to the CT dataset and mapped into stereotactic
space. There is no significant effect from employing any of the approaches, but the crucial thing is to do
imaging for the patient while wearing the frame to identify patient skull coordinates. The fiducially
differences between CT and MRI are shown in (Figure 21). [4]

Patient’s Positional Indicator
(left/amnterior iry this axial imacge)
3\

Fiducials T Hhird FPlate

Image

N
Right Ficdtucials N rter
Fiducial Fiducial
NMarkers Narkers
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Figure (20): MRI image of a Gamma Knife patient, fiducially marks appear as white spots (Photo courtesy
of Elekta).

Green dots
. represents
registered
Whit dots points
represent
fiducials

Figure (21): The fiducially markings on the CT scan appear smaller than those on the MRI picture
(neuroscience hospital, GK center, Baghdad, Iraq).

6.9 Prescribed treatment dose

This entailed entering the prescribed dose (12-20) Gy into GK's planning software in single or several
shots. The neurosurgeon performed this step, as well as all subsequent processes until the data was
exported to the LGK treatment interface. The dose of 12 Gy is regarded a minimum dose to create any
control for tumor size as advised by the GK Society, and it is used in Neuroscience Hospital Center,
Baghdad, Iraq.

6.10 The prescription dose ranges

The prescription dose ranges (minimal dose to target volume) for critical structures for single fraction
Leksell Gamma Knife treatment shown in (Table 1).

Table (1): Special limits for maximal point doses and mean doses to critical structures for single fraction
Leksell Gamma Knife treatment

Critical structure Maximal point dose Gy
Optic nerve 8-10
Brainstem 12-15
Eye lens 2
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Cornea 10
Eyelid, conjunctiva 10
Infundibulum 17
Pituitary gland 15 (Maximal mean dose)
Cochlea 4.5 (Maximal mean dose)

6.11 Determination of target’s isocenter

Target decides to create a conformal plan. The LGP (Leksell Gamma Planning) program (manual or
semiautomatic mode) can be used to outline the target volume (see figure 22). The target determination
technique is used for more precision, delineation, and outlining of the target.

Figure (22): Target determination of low grade glioma with multiple shots (neuroscience hospital, GK
center, Baghdad, Iraq)

6.12 Dose targeting

This phase was taken to improve patient treatment safety by using sector channels "plugging™ of the GK
device to prevent dose from vital components such as the optic nerve, optic chiasm, and brainstem while
giving dose to cover the larger extent of the adenoma. Figure (23) shows how the weight of the shot was
reduced or raised to provide better protection to the essential organs, figure (24) shown the screens with all
setting steps. [4]
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gure (23): The usage of plugging blocks and GK weight to decrease dosage to healthy tissue (neuroscience
hospital, GK center, Baghdad, Iraq).

(24): shown the screens with all setting steps, it can be found installed inside the device unit.

6.13 Patient Irradiation

Finally, after plan approval, protocol printing, and data export to the LGK treatment console. The patient
was then placed on the couch to undergo radiation treatment after the whole patient data was imported into
the LGK treatment control system.

To begin this final step, there are several settings to the patient on the couches before closing the door (as
indicated in figure 25):

1. Gamma angle 900.
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2. Docking standard G.

3. Docked.
4. Side protection left & side protection right.

5. Close the room door. [6]

: Figure
(25): A patient on a couch in a medical setting (neuroscience hospital, GK center, Baghdad, Iraq)

7. Patients' Follow-Up:

Six months after treatment; the evaluation was based on knowledge of the effect of radiation on size. The
follow-up includes MRIs for all patients who treated by GKRS, as well as measurements of tumor size
before and after GK for all patients.
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Abstract:

This study suggests using three exploratory data analysis steps (Data Summarization, Data Visualization,
Data Normalization) on a functional data set. The data used in this research is Canadian weather data.
Principal components analysis process for the data are used the command (prcomb) from the software R to
reduce the analysis time and display more accurate results. New codes are established to analyze functional
data, and then the data are represented using functional boxplot , histogram, and barplot techniques.

Keywords: Exploratory Data Analysis, Functional Data Analysis, Exploratory Functional data Analysis,
Functional Boxplot, Principal Components Analysis.

1. Introduction

The researcher’s ability to analyze raw data is very important skill due to the growing interest in data
analysis in many areas of life such as environment, medicine, politics, psychology and many others
disciplines. One of the most important methods of data analysis is exploratory data analysis and functional
data analysis, which have recently begun to work together. in several statistical areas.

(Jolliffe, 1986) introduced the principal component analysis as an exploratory and functional tool used to
reduce data dimensions while preserving as much variance as possible. It is a simple and very common
method among multivariate statistical techniques, several applications have been used and applied in R
statistical program and using of special codes to facilitate the solution and greatly save time and effort.

2. Basic Concepts

Definition 2.1 Functional data analysis (FDA) is a term coined by Ramsay in (1982), but its history dates
back to Grenander in (1950). It is a statistical method for analyzing data and representing it in curves or
surfaces. the technique is a intrinsically infinite dimensional ,and is a rich source of information in data
analysis, looking at observations as functions and each sample considers it a random function. It has a great
importance in the fields of medicine, environment, meteorology and economics.
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Definition 2.2 Exploratory data analysis (EDA) is a statistical technique for data analysis introduced by

Tukey in (1977). The term EDA is defined to depict the data analysis philosophy by introducing set of
graphical and numerical summaries as well the structure of the data are explained. The relationship
between the variable and the data trends are specified and represented graphically.

Definition 2.3 Principal components analysis (PCA) can be defined as a technique for reducing variables
and it is used to analyze, simplify, and processing data. . PCA technique is considered as a standard
instrument applied on multivariate data analysis to minify the dimensions during preserving the data
variation. PCA Measures how each variable is associated with one another by using a Covariance matrix .
It is used in many applications as stock market predictions data, and many others . PCA in its essence can
be considered an exploratory tool in addition to being a widespread tool in the field of functional data.

Definition 2.4 Functional boxplot (FBP) is an exploratory tool for analyzing, generalizing and visualizing
functional data. It is created similar to a regular boxplot .

Definition 2.5 Outliers: is an observation that lies an abnormal distance from other values in a random
sample.

3. Methodology

To perform an EFDA in R, we take a functional data set and perform an exploratory analysis on it, There
are three stages of EDA. The first stage is data summarization, the second stage is data visualization, and
the third is data normalization. Before starting the analysis steps in R, the data packages for EDA are
downloaded, which is the statistics package (“stats”) that contains functions for data exploration and a deep
lie package ("dplyr™) which contains functions for data manipulation, and packages for FDA, which is
("fda™) which contains the data set to be worked on with commands for FDA and package (“fields™). After
installing the statistical packages, and loading the data, An exploratory analysis is started, where the data is
summarized by creating a group that contains the data and selecting the variable to be analyzed from it,
then calculating the different measures of the data (mean, median, mode, standard deviation and variance,

as well as the quartiles).

After summarizing the data, the second stage of the exploratory analysis begins, which is data
visualization. It depends on the type of data where histogram of numerical data and boxplot for categorical
data. The data structure is shown to see the types of data, and then choose the method of representation for
each type of data. the last stage, which is data normalization, where the variables are normalized for the
data set by calculating the (z-score) scale, It uses numerical data only, and displays the results (z-score) ,
this is the last step of the exploratory data, then principal components analysis of the data , which is a

functional exploratory method of data analysis.
4. Example: Canadian Average Annual Weather Cycle

In this example, an EDA for FDA using Canadian weather data by PCA are applied

First the data set and some packages of EDA and FDA have been loaded
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So, downloading fda and calling the data names (ME) as follows:

> ME<-Canadian Weather
#1- data summarization
command str to show structure of data
> str (ME)
take the monthly temp as
>sI=ME$ monthly Temp
The mean of data
>mean(sl)
[1] 1.801284
>median(sl)
[1] 3.963333
To load mode use first
mode=function(x){
ta=table(x)
tam=max(ta)
if(all(ta==tam))
mod=NA
else
if(is.numeric(x))
mod=as.numeric(names(ta)[ta==tam])
else
mod=names(ta)[ta==tam]
return(mod)
}
Then we find mode
>mode(sl)

[1] -8.16129 10.66000 11.62333 20.82903
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To find standard derivation of AM

>sd (sl)

[1] 12.69994

>var (sl)

>quantile(sl)

No:1

0% 25% 50% 75% 100%
-33.007143 -6.630645 3.963333 12.410484 20.829032
>dim(sl)

[1] 1235

To show the boxplot of sl

>boxplot(ME $ monthly Temp)
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Figure 1: Box plot of monthly temperature

#2- data visualization (histogram for numerical data)

>hist(sl)
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No:1
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Figure 2: Histogram of data
#( barplot for categorical data)
> da<-md $region
>table(da)
Arctic Atlantic Continental Pacific
3 15 12 5
>bar plot (table(da))
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Figure 3 bar plot of region(categorical data)
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#3- data normalization

md_numeric<-(md$dailyAv)

zscore_md<-scale(md_numeric)

#PCA for EFDA

> pc=prcomp (sl,scale=TRUE)

>summary(pc)

Table 1 summary of PC data

No:1

Importance of components:

PC1 PC2 PC3 PC4 PC5 PC6
S.D 5.8659 0.63270 0.36144 0.19532 0.11548 0.05866
Var. 0.9831 0.01144 0.00373 0.00109 0.00038 0.00010
Cnm. |0.9831 0.99455 0.99828 0.99937 0.99976 0.99985
PC7 PC8 PC9 PC10 PC11 PC12
S.D 0.04670 0.03986 0.02538 0.02252 0.01428 2.308e-16
Var. 0.00006 0.00005 0.00002 0.00001 0.00001 0.000e+00
Cnm. | 0.99992 0.99996 0.99998 0.99999 1.00000 1.000e+00
>plot(pc,type="1")
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Figure 4 PCs as Line

>hiplot(pc)
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Figure 5 biplot of pc
>attributes(pc)
$names

[1] "sdev"  “rotation" “"center" "scale"

$class

[1] "prcomp
>cor <-t(sl)
>pc$sdev
>pc$scale

> boxplot(pc$scale)

X

(53)
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Figure 5: Boxplot of the scale of pc

> fbplot(sl,method="MBD',ylim=c(-2,20))

Figure 6: Functional boxplot of the data

4. Conclusion

In this research, the three steps of Exploratory Data Analysis were used in R program on Functional Data,
which is Canadian weather data, and only numerical data was taken from it. The data was visualized using
histogram to the numerical data and the barplot for the categorical data. The Functional boxplot was used.

(54)
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Data normalization was done using z-scale. A principal component analysis of the data was done using the

prcomp command, and the results were written in the form of tables and graphics.
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