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4. CONCLUSIONS

From the results of the current study, it can be
concluded that:

most of the patients drank a little of water,
consumed lots of sugar, did not eat breakfast daily,
did not eat vegetables and fruits daily, ate high-fat
meat, chicken, and dairy products, and they rarely
used healthy oil in cooking. From the results of
this study, we can conclude that chemotherapy
negatively affects the health status of the patients
because it decreased their muscle mass and body
weight and increased the liver enzymes, while
hormone therapy caused the body weight gain of
the patients.

5. RECOMMENDATION

From the results of the current study, it can be
recommended that:

nutrition should be taken into consideration the
prevention and treatment of cancer cases generally
and breast cancer especially. Treatment of cancer
patients should aim to maintain good nutrition and
health status of the patients.
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with hormonal therapy at the beginning was 3.84(10°cell/
ml), and one month later it increased to 3.91, the
differences were significant at p< (0.05). and the average
of PLT of patients who were treated with chemotherapy
at the beginning of taking results was 309.3(billion/L)
and one month later it decreased to 280.9(billion/L) the
differences were not significant. While the average of
PLT of patients who were treated with hormonal therapy
at the beginning of taking results was 307.2(billion/L)
and one month later it increased to 323.7(billion/L)
the differences were not significant. The Hb average
of patients who were treated with chemotherapy at the
beginning of taking results was 11.5(g/dl) and one month
later it decreased to 11.2, g/dl) the differences were not
significant. While the average of Hb of patients who were
treated with hormonal therapy at the beginning of taking

results was 11.4 g/dl) and one month later it increased to
11.6 the differences were significant at p< (0.05).
Haematologic toxicity is a major dose-limiting side
effect of cytotoxic chemotherapy drug administration.
Since bone marrow cells proliferate continuously and
a majority of chemotherapy drugs have their greatest
effect on rapidly growing cells, suppression of bone
marrow activity (myelosuppression) is prevalent.
Myelosuppression is the most common cause of
treatment delays and dose reductions in cancer patients
receiving chemotherapy. Myeloid stem cells are the
precursors to neutrophils, monocytes, platelets, and
red blood cells; therefore, myelosuppression leads to a
reduction in the number of white blood cells (WBCs),
platelets, and red blood cells (RBCs) (Clinical Pharmacy
Guide,2015).

Table 7: Percentage distribution of the patients according to Mean and SD of AST, ALT, Urea, Creatinine
and Blood Picture during chemotherapy treatment

Chemotherapy
Items The )—?igg]l;ﬁng Aft)—zr:;]))nth difference T Normal
AST 36.6 £43.1 47.3£58.6 10.7 2.1% <351IU/L
ALT 30.5+18.8 40.0+259 9.5 2.045* <351IU/L
Urea 29.1+£12.9 27.1+114 -2 1.146 20-40 mg/dL
Creatinine 98 +£.38 0.83+.16 -15 1.336 0.5 - 1.4 mg/dL

WBC 49+1.5 42+24 -7 1.333 | 4,500 -10,500 (cells/ml)
RBC 3.89+.55 3.63+.63 -26 2.66%* 4.0-4.9 (x 10%/ml)
PLT 309.3 +£128.9 2809+ 1184 -28.4 0.681 100-450 billion/L

Hb 11.5+1.6 11.2+£2.0 -3 1.2 12.0 - 15.0 (g/dl)

* Significant at the 0.05 level
** Significant at the 0.01 level

Table 8: Percentage distribution of the patients according to Mean and SD of AST, ALT, Urea, Creatinine
and Blood Picture during hormonal therapy treatment

Hormonal therapy
Items The)_:) igislgling Aft)—?;:n;l))nth difference T Normal
AST 20.7+6.3 18.4+39 -23 2.1% <35IU/L
ALT 18.1+13.2 17.0+13.1 -1.1 1.136 <35IU/L
Urea 241+7.0 22.0+7.2 -2.1 2.4%* 20-40 mg/dL
Creatinine 90+ .17 87+.19 -0.3 1.29 0.5 - 1.4 mg/dL

WBC 5.07+1.7 50+1.3 -0.07 0.48 | 4,500 -10,500 (cells/ml)
RBC 3.84 + .43 391+ 42 0.07 2.55% 4.0-4.9 (x 10%/ml)
PLT 307.2+72.4 323.7+70.6 1.5 1.52 100-450 billion/L

Hb 114+1.1 11.6 £ 1.0 2 2.0%* 12.0 - 15.0 (g/dl)

* Significant at the 0.05 level

156




Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (2), (2020/1442 H)

Women who were overweight and obese had increased
invasive breast cancer risk vs. normal-weight women.
The risk was greatest for obesity grades 2+3 (BMI>35.0
kg/m2). BMI > 35.0 kg/m2 was strongly associated
with risk for ER+/PR+ breast cancers. Obesity grade
2+3 was also associated with advanced disease
including larger tumor size, positive lymph nodes,
and deaths after breast cancer. Women with baseline
BMI<25.0 kg/m2 who gained >5% of body weight
over the follow-up period had an increased breast
cancer risk, but among women already overweight or
obese we found no association of weight change (gain
or loss) with breast cancer during follow-up. There
was no effect modification of the BMI-breast cancer
relationship by postmenopausal hormone therapy
(HT) and the direction of association across BMI
categories was similar for never, past, and current
HT use (Neuhouser, Aragaki, Prentice, Manson,
Chlebowski, Carty, et al 2015).

A review of published studies, concentrating on
recent systematic reviews, meta-analyses, and
large prospective studies showed that Overweight/
obesity increases the risk for cancers of the
esophagus (adenocarcinoma), colorectum, breast
(postmenopausal), endometrium, and kidney; body
weight should be maintained in the body mass index
range of 18.5-25 kg/m2, and weight gain in adulthood
should be avoided(Key, Aragaki, Prentice, Manson,
Chlebowski, Carty, 2004).

3.4 Hematological and Biochemical Measurements

The Tables (7) and (8) refer to the distribution of the
study sample according to laboratory tests. The results
show the mean and SD of AST, ALT, Urea, Creatinine,
and Blood Picture during treatment.

The data in Tables (7) and (8) show that the average
AST (IU/ L) of patients who were treated with
chemotherapy at the beginning of the study was 36.6,
and one month later increased to 47.3, the differences
were significant at p< (0.05). While, the average AST
of patients who treated with hormonal therapy at the
beginning was 20.7, and one month later decreased to
18.4, the differences were significant at p< (0.05).
The data in Tables (7) and (8) show that the average of
ALT of patients who treated with chemotherapy at the
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beginning was 30.5, and one month later it increased
to 42.0 the differences were significant at p< (0.05).
While, the average ALT of patients who treated with
hormonal therapy at the beginning was 18.1, and one
month later it decreased to 17, the differences were
non-significant.

The data in tables (7) and (8) show that the average
of serum urea for the patients who were treated
with chemotherapy was 29.1, and 27.1 (mg/ dl) at
the beginning and one month later respectively the
differences were non-significant. While, the average
of urea of patients who treated with hormonal therapy
at the beginning was 24.1, and one month later it
decreased to 22 the differences were significant at p<
(0.05).

The data in Tables (7) and (8) show that the average
serum creatinine of patients who treated with
chemotherapy was 0.98(mg/ dl) and 0.83 (mg/ dl) at
the beginning and one month later respectively the
differences were no significant. While, the average
creatinine of patients who treated with hormonal
therapy was 0.90 (mg/dl), and one month later it
decreased to 0.87(mg/ dl), the differences were not
significant.

These results are in agreement with some researchers
who found a decreasing pattern of blood urea nitrogen
level was noted during chemotherapy treatment as a
non-significant value. No specific alterations were
observed in the creatinine level during the different
courses of chemotherapy. However, Aspartate
aminotransferase (AST or SGOT) level increases as
the courses of chemotherapy further proceeds and
increased alanine aminotransferase (ALT or SGPT)
level indicate the improper liver function (Chauhan,
Yadav, Kaushal, and Beniwal, 2016).

Also, this study indicates the average WBC of patients
who were treated with chemotherapy at the beginning
was 4.9(cell/ ml), and one month later it decreased
to 4.2(cell/ ml), the differences were not significant.
While, the average WBC of patients who were treated
with hormonal therapy at the beginning was 5.07, and
one month later it decreased to 5, the differences were
not significant. Also, the average RBC of patients
who were treated with chemotherapy at the beginning
was 3.89(10%ml) and one month later it decreased to
3.63(10%ml) the differences were significant at (0.01).
While, the average RBC of patients who were treated
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increased risk of breast cancer. There was a positive
association between BMI and breast cancer risk
for both pre- and postmenopausal women, but the

association was stronger among postmenopausal
women (Karim, Ghalib, Fattah, Gubari, and Majeed
2015).

Table 5: Percentage distribution of the patients according to height, weight, BMI, arm circumference, and

triceps during chemotherapy treatment

Chemotherapy (n =30)
Ttems The beginning | After month Normal
_ _ difference T
X +SD X +SD
Height (cm) 160.7 £ 6.1 163 cm
Weight (kg) 80.13 £10.9 76.5+11.7 -3.63 3.2%%* 57 kg
BMI 31.1+£47 27.42+ 5.0 -3.68 21.5
Arm (cm) 35.8 +4.1 34.20+ 4.1 -1.6 1.6
Triceps (mm) 27.3+5.0 2530+ 5.6 -2 1.084

* Significant at the 0.05 level
** Significant at the 0.01 level

Table 6: Percentage distribution of the patients according to height, weight, BMI, arm circumference, and
triceps during hormonal therapy treatment

Hormonal therapy (n=30)
Ttems The beginning After month Normal
_ _ difference T
X +SD X +SD
Height (cm) 159.5 +£6.8 163 cm
Weight (kg) 83.7+£16.2 84.9+16.5 1.2 3.413** 57 kg
BMI 33.0+6.0 33.43+6.0 0.43 2.595% 21.5
Arm (cm) 36.6 £5.0 37.8+5.0 1.2 3.077**
Triceps (mm) 31.3+7.9 32.7+8.2 1.2 1.418

* Significant at the 0.05 level
** Significant at the 0.01 level

Concerning the average of arm circumference
of patients who treated with chemotherapy at the
beginning was 35.8, and one month later it decreased
to 34.20, the differences were no significant, and
the average of arm circumference of patients who
treated with hormonal therapy at the beginning was
36.6, and one month later it increased to 37.8, the
differences were significant at (0.01).
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Concerning the average of arm Triceps of patients
who treated with chemotherapy at the beginning
was 27.3, and one month later it decreased to 25.3,
the differences were not significant, and the average
of Triceps of patients who treated with hormonal
therapy at the beginning was 31.3, and one month
later it increased to 32.7 the differences were not
significant.
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Continued table 4: Percentage distribution of the patients according to food frequency

. Daily Weekly | Monthly Never Total
Statement Options -

A N A N A N A N 7.

Skimmed milk 2 | 1.7 118 | 98.3 2 1.7

Full-fat milk 98 | 81.7| 4 | 33 18 15 102 85

) Yogurt 12| 10 | 40 [ 333 | 8 | 6.7 | 60 | 50 60 50
plﬁlﬁts Ice cream 22 [ 183 (30| 25 | 68 | 567 | 52 | 433
Low-fat cheese 2 | 1.7 | 34 | 283|34|283| 50 |41.7| 70 58.3
Medium-fat cheese | 34 | 28.3 | 68 | 56.7 33 | 14 | 11.7 | 106 | 88.3

High-fat cheese 40 | 333 | 66 | 55 1.7 | 12 10 108 90

olive oil 2 | 1.7 118 | 97.3 2 1.7
Mix oil* 86 | 71.7 34 | 283 | 86 71.7

Fats and oil Flaxseed oil 120 | 100

group Corn, Sunflower oil | 36 | 30 84 70 36 30
Animal fats 32 1267 | 2 1.7 86 | 71.7 34 28.3
Margarine 82 | 68.3 38 | 31.7 82 68.3

Mix oil* (Blended edible refined oil from sunflower and soybean oil)..

The Table (4) shows that most of the patients
(81.7%) were drinking full-fat milk daily, but
(98.3%) never drink skimmed milk, (33.3%) were
eating yogurt weekly, but (50%) never eat yogurt,
and (56.7%) were eating medium-fat cheese
weekly, and (55%) were eating high-fat cheese
weekly.

The most of patients (71.7%) cooked with mix oil,
and (68.3%) cooked with margarine but (97.3%)
never used olive oil, and (100%) never used
flaxseed oil. The results indicated that most of the
patients ate high-fat dairy products and they rarely
used healthy oil in cooking.

Food intake may have a role in preventing breast
cancer. Evidence suggests that fruits and vegetables,
low-fat dairy products, fish, monounsaturated and
polyunsaturated fatty acids, vitamin D, calcium,
and phytoestrogens may reduce the risk of breast
cancer. However, a high intake of meat, poultry,
total energy, total fat, and saturated fatty acids may
play a causative role in this disease (Bissonauth, et
al., 2008).
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3.3 Nutritional Assessment

The data in Tables (5) and (6) show that the average
patient’s weight who treated with chemotherapy
was 80.1 kg at the beginning, and one month
later it decreased to 76.5 kg, the differences were
significant at (0.01). Weight loss is one of the most
common side effects of chemotherapy. Nausea and
vomiting caused by many of the drugs dampen
a patient’s appetite (Szafranski,2012). While,
the average weight of patients who treated with
hormonal therapy at the beginning was 83.7 kg,
and one month later it increased to 84.9 kg, the
differences were significant at (0.01).

Also, the average BMI of patients who were treated
with chemotherapy at the beginning was 31.10, and
one month later it decreased to 27.42, the differences
were significant at (0.01). While the average BMI
of patients who were treated with hormonal therapy
at the beginning was 33 and one month later was
33.43, the differences were significant at p < (0.05).
Height, weight, and BMI were associated with an
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3.2.3 Food Frequency

Table (4) shows that all of the patients (100%) were
eating balady bread daily, (78.3%) were eating rice
weekly, (76.7%) were eating pasta weekly, (73.7%) ate
boiled potatoes weekly, (95%) ate French fries weekly,
but (93.3%) never eat cornflakes. These results indicate
that balady bread is the main source of carbohydrate.
In conclusion, intake of whole-grain products was not
associated with the risk of breast cancer in a cohort of
Danish postmenopausal women (Egeberg, Olsen, Loft,
Christensen, Johnsen, Overvad, and Tjenneland 2009).
The results indicate that half of the patients (50%)
were eating leafy vegetables weekly, (61.7%) were
eating tuberous vegetables weekly, (86.7%) were
eating fresh vegetables weekly, (75%) were eating

salad weekly, and (56.7%) ate fresh fruit weekly. The
results indicate that most patients didn’t eat vegetables
and fruits daily. The evidence suggested that high
consumption of grapes, tomatoes, and soybeans could
have a significant protective effect against breast
cancer in Korean women (Do, Lee, Jung, and Lee
2007). The data shows that almost all of the patients
(96.7%) weren’t eating low-fat meat, but (45%) were
eating high-fat meat weekly. The study of (Nasui and
Ciuciuc, 2013) highlights the importance of decreasing
the consumption of dietary high-fat animal products to
prevent breast cancer risk.

(46.7%) ate chickens with skin weekly, (93.3%) ate
fish weekly, (63.3%) ate legumes weekly, and (55%)
ate kidney and liver weekly. The results indicated that
most of the patients ate high-fat meat and chicken.

Table 4: Percentage distribution of the patients according to food frequency

giog); Options Daily Weekly Monthly Never Total
~ N /. N | Z|N|Z]|N /A N A

Balady bread 120 | 100 120 100

Rice 18 15 94 78 8 6.7 112 | 93.3

Pasta 92 77 | 18 | 15 10 8.3 110 | 91.7

Baking products 12 10 36 30 | 28 | 23 20 16.7 100 | 83.3

Bread and cereals

Peas 66 55 | 25 | 42 4 3.3 116 | 96.7

Boiled potatoes 88 74 | 24 | 20 8 6.7 112 | 933

French fries

114 | 95 6 5 120 100

Cornflakes

2 1.7 | 6 5 112 | 933 8 6.7

Leafy Vegetables 34 | 283

60 50 | 14 | 12 12 10 108 90

Tuberous vegetables

74 62 | 34 | 28 12 10 108 90

Fresh vegetables 10 8.3

104 | 87 | 6 5 120 100

Frozen Vegetables

24 20 4 | 33| 92 76.7 28 23.3

Vegetables and

fruit Salad 20 | 167 | 90 | 75 | 4 | 3.3 6 5 114 95
Fresh fruits 34 | 283 | 68 | 57 | 18 | 15 120 100
Kiwi 2 17 | 26 | 22 | 4 | 33 | 8 | 733 32 26.7
Pomegranate 58 | 48 | 18 | 15 44 36.7 76 63.3
Grapes 2 1.7 80 | 67 | 20 | 17 18 15 102 85
Low-fat meat 4 3.3 116 | 96.7 4 33
medium-fat meat 6 27 | 16 | 13 72 60 48 40
high-fat meat 54 | 45 | 14 | 12 | 52 | 433 68 56.7
chickens with skin 56 47 4 33 | 60 50 60 50
Skinless chickens 54 | 45 4 | 33| 58 48.3 62 51.7
“:fl“:;’c]heigc'l’('::: ' Fish 2|32 (17 6| s | 14| 95
Salmon and tuna 32 27 | 40 | 33 72 60 48 40
Crustaceans 4 6.7 | 24 | 40 32 53.3 28 46.7
Eggs 54 45 58 | 48 | 6 5 2 1.7 118 | 98.3
Legumes 18 15 76 | 63 | 16 | 13 10 8.3 110 | 91.7
liver and kidneys 66 55 | 22| 18 32 26.7 88 73.3
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diagnosed histologically confirmed breast cancer
(n = 44) with controls (n = 55) with non-neoplastic
conditions and no history of malignancies in the
same hospital for their dietary food and beverage
consumption. In logistic regression analysis,
water drinking appeared strongly inversely, and
significantly associated with breast cancer risk. The
unadjusted OR for water drinking was 0.31 (95%
CI, 0.13 to 0.72), which remained unaltered after
age adjustment. This risk estimate represented a
4.7-fold difference in the odds of exposure between
cases and controls. The authors stated that water
intake may play a role in limiting carcinogenesis
via water requirement-related mechanisms.
They hypothesized that subclinical or “chronic”
dehydration may compromise intracellular water,
alter cellular concentrations, affect the activity
of enzymes in metabolic regulation, and inhibit
cellular carcinogen removal (David et al., 2004).

3.2.2 Beverages

Table (3) shows that (31.6%) didn’t drink canned
juices, (26.7%) rarely did that, while (16.7%)
always did that. While more than half of the
patients (61.7%) always drank natural juices,
(20%) sometimes did that, while (5%) didn’t do
that. Most of the patients (71.7%) didn’t drink

ginger, (10%) always or sometimes did that, while
(8.3%) rarely did that. Wallace, (2016) conducted
that biologically active components of ginger
consist of gingerols, zingerones, shogaols, and
zerumbone which demonstrate anti-cancer effects
in a variety of cancer cell lines. Also, most of the
patients (73.4%) didn’t drink cinnamon, while
(10%) only did that. About (36.7%) always drank
herbal beverages, but (26.6%) of the patients didn’t
do that, while (16.7%) rarely did that. Also, most
of the patients (81.6%) didn’t drink green tea, but
only (5%) always did that. Most of the patients
(75%) always drank black tea, while (3%) rarely
did that. The risk of breast cancer was not related
to black tea consumption. In contrast, green tea
drinkers showed a significantly reduced risk of
breast cancer (Wu,2003). Data in Table (3) indicates
that (43.3%) of the patients always drank Nescafe,
(31.7%) didn’t do that, while (6.7%) rarely they
did. Besides, more than half of the patients (60%)
didn’t drink coffee, but only (10%) sometimes or
rarely did that. Also, half of the patients (50%)
didn’t drink cocoa, (25%) sometimes, while (10%)
rarely did that. About more than half the patients
(60%) always drink soft drink, (18.3%) sometimes
did that, while (10%) didn’t drink soft drinks. Most
of the patients drink unhealthy drinks such as (soft
drinks, Nescafe).

Table 3: Percentage distribution of the patients according to Favourite drinks

Statement Always Sometimes Rarely Never Total
Favorite drinks N % N % N % N % N %

Canned juices 20 | 16.7 | 30 25 32 | 26.7 | 38 | 31.6 | 120 | 100
Fresh juices 74 | 61.7 | 24 20 16 | 133 | 6 5 120 | 100
Ginger 12 10 12 10 10 83 | 8 | 71.7 | 120 | 100
Cinnamon 12 10 10 8.3 10 83 | 88 | 73.4 | 120 | 100
Herbal beverages 44 | 36.7 | 24 20 20 | 16.7 | 32 | 26.6 | 120 | 100
Green tea 6 5 6.7 8 6.7 | 98 | 81.6 | 120 | 100
Black tea 90 75 6.7 6 5 16 | 13.3 | 120 | 100
Nescafe 52 | 433 | 22 | 183 8 6.7 | 38 | 31.7 | 120 | 100
Coffee 24 20 12 10 12 10 | 72 60 120 | 100
Cocoa 18 15 30 25 12 10 | 60 50 120 | 100
Soft drinks 72 60 | 22 | 183 | 14 | 11.7 | 12 10 120 | 100
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Type of Snacks Always 14 11.6
Sometimes 38 31.7
Rarely 38 31.7
Nuts
Never 30 25
Total 120 100
Always 74 61.7
Sometimes 44 36.6
Vegetables and Fruits Rarely 2 1.7
Never 0 0
Total 120 100
Always 32 26.7
Sometimes 32 26.7
Snacks food (chips, biscuits, Rarely 14 11.7
Never 42 35
Total 120 100
Always 54 45
Sometimes 42 35
Sweets Rarely 14 11.7
Never 10 83
Total 120 100
little (less than 6 cups) 80 66.7
Lo Medium ( 6-8 cups) 16 13.3
Amount of drinking water
a lot (more than &) 24 20
Total 120 100
1 4 33
2 10 8.3
Sugar (tablespoon) 3 I8 15
4 20 16.7
more than 4 68 56.7
Total 120 100

The population-based case-control study was
conducted in Malaysia with 382 breast cancer
patients and 382 controls. The food intake pattern
was assessed via an interviewer-administered
food frequency questionnaire. A significant
two-fold increased risk of breast cancer among
premenopausal and postmenopausal women was
observed in the highest quartile of sugar. A higher
intake of dietary fiber was associated with a
significantly lower breast cancer risk among both
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premenopausal and postmenopausal women. The
results show that sugar and dietary fiber intake were
independently related to pre- and postmenopausal
breast cancer risk. However, no association was
observed for dietary carbohydrate intake (Sulaiman,
Shahril, Wafa, Shaharudin, & Hussin, 2014).

David et al. (2004) conducted that a hospital-based
case-control study to investigate the hypothesis
that water drinking protects against breast cancer.
They compared a group of women with newly
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3.2 Food Habits
3.2.1 Food

The data in Table (2) indicates that the majority of
the patients (75%) were eating three meals every day,
while only (25%) of the patients were eating two meals
only every day. Most of the patients (88.3%) said that
the most important meal was lunch, (6.7%) was dinner,
and (5%) was breakfast.

The results show that (16.7%) of patients didn’t eat
snacks between meals, more half (58.3%) ate two
snacks between meals daily, while (5%) ate three
snacks between meals daily.

Concerning the data of the type of snacks in the table (2)
show that (31.7%) of the patients ate nuts sometimes or
rarely, (25%) didn’t eat nuts, while (11.6%) always eat
it. Some studies have suggested that nut consumption
is associated with reduced cancer mortality (Falasca,
Casari, and Maffucci,2014).

About (61.7) always ate vegetables and fruits, while
(1.7%) did that rarely. Also, it is found that (35%) of
them didn’t eat a snack such as chips, biscuits, and
other junk food, (53.4%) always and sometimes eat
these foods, while (11.7%) rarely eat it. About (45%)
of patients always eat sweets between meals, (35%)
did that sometimes, but only (11.8%) didn’t eat any

sweets between meals, and (8.3%) never eat it.
Also, the data in Table (2) indicates that (66.7%) of
the patients drunk a little water (less than 6 cups),
while (20%) drank a lot of water (more than 8 cups).
David, Gesundheit, Urkin, & Kapelushnik, (2004)
stated that water intake may play a role in limiting
carcinogenesis. They hypothesized that subclinical or
“chronic” dehydration may compromise intracellular
water, alter cellular concentrations, affect the activity
of enzymes in metabolic regulation, and inhibit cellular
carcinogen removal. Also, (56%) of the patients
consumed a lot of sugar (more than 4 spoons) daily,
while (3.3%) consumed one spoon of sugar daily. The
high amounts of dietary sugar in the typical Western diet
may increase the risk of breast cancer and metastasis to
the lungs, according to a study at The University of
Texas MD Anderson Cancer Center (Jiang, Pan, Rhea,
Tan, Gagea, Cohen, Fischer, and Yang,2016).
Throughout 2006, 71 consecutive women with breast
cancer in University Hospital Santa Maria, Portugal,
mean age was 60 + 12 (36-90) years. Food frequency
analysis showed a low intake of vegetables and
wholegrain cereals rich in complex carbohydrates
(sources of fiber and phytochemicals), of fatty fish &
nuts, primary sources of n-3 PUFA’s and a high intake
of saturated fat (Amaral, Miguel, Mehdad, Cruz,
Monteiro, Camilo & Ravasco, 2010)

Table 2: Percentage distribution of the patients according to food habits

Statement Options N %
Two meals 30 25
Number of meals Three meals 90 75
Total 120 100
Dinner 8 6.7
. Lunch 106 88.3
The most important meal
Breakfast 6 5
Total 120 100
no snacks 20 16.7
One 24 20
Number of Snacks Two 70 58.3
Three 6 5
Total 120 100

149




Ekram R. Soliman, Isis A. Nawar, Heba G. Elsheredy, Mariam A. Ginena: Nutritional Status of Breast Cancer Female Patients

60.00% 51.70%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

40%

8.30%

<30 years 50 >-30 50 or more

u The age of beginning of injury

Figure 1: Percentage distributions of patients according to the age of beginning of the injury
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Figure 2: Percentage distributions of patients according to the method used to detect breast cancer
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Figure 3: Percentage distributions of patients according to breast cancer stages
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Figure 4: Percentage distributions of patients according to surgery to remove the tumor
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while (16.7%) worked. Half (50%) of employed
patients were laborers, (30%) were working
in government, and only (20%) were working
in private sectors. Most of the patients (95%)
were living in cities, and about two-thirds of
them (65%) were living in low neighborhoods.
The results in Table (1) indicate that more than
half of the patients their family size was (3-

5) person and only (13.3%) was less than 3,
while (26.7%) had 4 or more children and only
(8.3%) had no children. The half of patients in
this study (50%) their monthly income was less
than 1000, (40%) was 1000(EGP Pound )to
less than 2000, and only (1.7%) was 3000 to
less than 4000. The mean ranged from 728.5
— 1332.

Continued Table 1: Percentage distribution of the patients according to some demographic characteristics

Characeristcs Options N
less than 3 16 13.3

o 53 76 63.3
Family Size 6_8 78 234
Total 120 100

1 18 15

2 30 25

) 3 30 25

Number Of Children 4 or more 3 26.7
No 10 8.3

Total 120 100

< 1,000 pounds 60 50

1000 - <2000 48 40

Monthly Income 2000 -< 3000 10 8.3
(EGP) 3000 - <4000 2 1.7
Total 120 100

(X)+SD 1332+728.5

The data in (Fig. 1) indicates that more than half of the
patients (51.7%) their age at the beginning of injury
ranged from 30 years to less than 50, (40%) were 50
years old or more, and only (8.3%) were less than
30 years. Figure (2) show that more than half of the
patients (60%) discovered cancer by chance, (38.3%)
by manual scan, and only (1.7%) by the mammogram.
Concerning the breast cancer stages, the data in
Figures (3, and 4) indicates (40%) of the patients were
in stage Illa, (25%) were in stage IIb, and (1.7%) only
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were in stage I or in stage Illc.

Cancer staging is based on the size of cancer, whether
the cancer is invasive or non-invasive, whether lymph
nodes are involved, and whether cancer has spread
to other places beyond the breast as described by
(Breastcancer.org.,2018).

The data indicates that half of the patients (50%)
treated by chemotherapy and (50%) treated by
hormone therapy. Most patients (97%) removed the
tumor.
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Table 1: Percentage distribution of the patients according to some demographic characteristics

Characiristos Statement N %
25-35 years 18 15
36-45 24 20
46-55 42 35
Age (yrs.) 56-65 26 21.7
66 or more 10 8.3
Total 120 100
X +SD 49.4 +11.4
Single 2 1.7
Married 106 88.3
Marital Status Divorced 4 33
Widow 8 6.7
Total 120 100
Illiterate 50 41.7
read and write 46 38.3
Education Level Mediate 16 13.3
University 8 6.7
Total 120 100
Work 20 16.7
Occupation Does not work 100 83.3
Total 120 100
Laborers 10 50
Type of Job Gov. Employee 6 30
Private Employee 4 20
Total 20 100
City 114 95
Residence Village 6 5
Total 120 100
Low 78 65
Neighborhood Mediate 40 333
High 2 1.7
Total 120 100
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play a causative role in this disease (Bissonauth,
Shatenstein &Ghadirian, 2008).

In a relatively new study, researchers from the
Federal University of Santa Catarina provided
eighteen Brazilian breast cancer patients with
nutrition education for 12 months as compared with
a 75-patient control group. The main goals of the
nutrition education were to reduce the patients’
consumption of red and processed meat which harm
cancer patients and increase fruit and vegetable
intake which have antioxidant effects that have
been shown to reduce the aggravating effects of
chemotherapy treatment and, consequently, may
reduce the risk of breast cancer recurrence. The
results showed that significant reductions in red
and processed meat as well as increased fruit and
vegetable intake among the experimental group
concerning their peers in the comparison group,
who had two times greater body weight increase
during the study and three times BMI (Ceccatto.,
De Liz, Cardoso, Sabel, Gonzalez, da Silva, Galvan
& Di Pietro, 2015).

Aim of the study

This study aimed to study the nutritional and health
status of breast cancer female patients.

2. MATERIAL AND METHODS
2. 1. Materials

An intended sample comprising 120 breast cancer
female patients, chosen from (Cancer management
and research department - Medical Research
Institute, Alexandria University). The information
of 60 patients was collected during the hormonal
therapy and another 60 cases their information was
collected during chemotherapy. The anthropometric
and biochemical measurements were carried in 30
patients before the start of chemotherapy and in
another 30 patients before the start of hormonal
treatment. The measurements were repeated after
one month from the start of chemotherapy and
hormonal treatment. Metastatic cases and patients
with advanced breast cancer at presentation
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were excluded from the study. The relevant data
were collected from using designed a special
questionnaire by interview.

2.2 Type of Treatment Received by Patients

1. Chemotherapy (anthracyclines- based
treatment) for 6 cycles every 21 days.
2. Hormonal treatment for patients with

hormonal receptors (either tamoxifen or aromatase
inhibitors) in the form of daily tablets.

2.3 Nutritional Status

Included food frequency and nutritional assessment
height (cm), weight (kg), body mass index (BMI),
Mid-upper arm circumference (MUAC)cm, and
subcutaneous fat thickness (Triceps)mm. according
to (Al Hazah, 2010).

2.4 Biochemical Measurements

These measurements were done by specialists in the
hospital. It included ALT, AST, Urea and Creatinine,
and Hb, WBC, RBC, and Platelets.

2.5 Statistical Analysis

The data were tabulated and statistically analyzed
using descriptive analysis, percentage, mean
and Standard deviation as well as t-test between
variables using the (SPSS version 14.0).

3. RESULTS AND DISCUSSION
3.1 Demographic Characteristics of Patients

The data in (Table 1) indicates that (70%) of the
sample their ages were less than 56 years, while
(30%) their ages were 56 years or more.

The results of education level indicate that (41.75%)
of the patients were illiterate, and (38.3%) of them
could read and write, but the patients with medium
educations were (13.3%), while (6.7%) of them
were university graduates.

Most of the patients (83.3%) were unemployed,
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1. INTRODUCTION

There has been great interest in cancer in general
and breast cancer in particular since the last few
decades of the twentieth century. Nearly 40 years
ago, the former first lady of the United States of
America (USA), Betty Ford, announced to the
world that she had been diagnosed with breast
cancer and would undergo a radical mastectomy to
remove the tumor. Ford’s brave decision to make
her diagnosis public broke the silence around the
disease and prompted millions of women to go for
screening. And, as they did, detection rates in the
USA rose sharply. Researchers called it the “Betty
Ford blip” (WHO, 2013).

Breast cancer is a malignant tumor that starts in the
cells of the breast. A malignant tumor is a group of
cancer cells that can grow into (invade) surrounding
tissues or spread (metastasize) to distant areas of the
body. The disease occurs almost entirely in women,
but men can get it, too (American Cancer Society,
2014).

Around 5% to 10% of breast cancer cases are
thought to be hereditary, caused by abnormal
genes passed from parent to child. Most inherited
cases of breast cancer are associated with two
abnormal genes: BRCAI (Breast cancer gene
one) and BRCA2 (Breast cancer gene two),
(Breastcancer.org,  2018).

Breast cancer is the most common cancer among
women and the 2nd most common cancer overall.
It is estimated that nearly 1.7 million new cases of
breast cancer were diagnosed around the world in
2012 representing 25 percent of all cancers. Since
2008, breast cancer incidence around the world
has increased by more than 20 percent, while the
mortality rate has increased by 14 percent. Every 19
seconds, somewhere in the world, a case of breast
cancer is diagnosed in a woman. The number of
breast cancer cases are increasing worldwide, with
the number of cases in some countries increasing
much faster than the global trend. The number of
women with breast cancer in Malaysia, for example,
grew from 1,529 to 8,429, an annual increase of 5.7
percent between 1980 and 2010. Over the same
period, breast cancer cases in the United States
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went from 127,425 cases to 241,249 cases with an
annual increase of 2.1 percent. The regions with the
most growth in breast cancer incidence are North
Africa and the Middle East, Oceania, Southeast
Asia, Western sub-Saharan Africa, and Central
Latin America. In developing countries, breast
cancer cases are diagnosed commonly in younger
women making 44.1 percent of the overall number
of cancer cases. In 2010, women at reproductive
age (ages 15-49) in developing countries made up
23 percent of the total global of breast cancer cases.
This means that the incidence of breast cancer in
women under 50 in the developing countries is
twice than of developed countries. Worldwide,
breast cancer is the fourth most common cancer in
women, and the seventh overall, with an estimated
528,000 new cases in 2012 (Erica, 2014). National
Cancer Registry Program (NCRP) stratified Egypt
into 3 geographical strata: lower, middle, and
upper. Abstractors collected data from medical
records of cancer centers, national tertiary care
institutions, Health Insurance Organization,
Government-Subsidized Treatment Program, and
death records. Incidence rates were calculated at
a regional and national level. Future projection
up to 2050 was also calculated. Results indicated
that age-standardized incidence rates per 100,000
were 166.6 (both sexes), 175.9 (males), and 157.0
(females). Commonest sites were liver (23.8%),
breast (15.4%), and bladder (6.9%) in both sexes.
Liver (33.6%) and bladder (10.7%) are common
among men, Breast (32.0%) and liver (13.5%) are
common among women. By 2050, a 3-fold increase
in incident cancer relative to 2013. These data are
considered the only available cancer registry at the
national and regional levels of Egypt. Studying the
rates of individual cancer sites might help in giving
clues for preventive programs (Ibrahim, Khaled,
Mikhail, Baraka, & Kamel,2014).

Food intake may have a role in preventing breast
cancer. Evidence suggests that fruits and vegetables,
low-fat dairy products, fish, monounsaturated and
polyunsaturated fatty acids, vitamin D, calcium,
and phytoestrogens may reduce the risk of breast
cancer. However, a high intake of meat, poultry,
total energy, total fat, and saturated fatty acids may
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Abstract: The major aim of this study was to assess the nutritional status of Breast cancer Female Patients. One questionnaire was
designed and data were collected from one research sample comprising (60 patients treated with hormonal therapy and 60 patients
treated with chemotherapy). The anthropometric and biochemical measurements were carried in 30 patients before the start of
chemotherapy and another 30 patients before the start of hormonal treatment. The measurements were repeated after one month
from the start of chemotherapy and hormonal treatment. The data indicated that (75%) were eating three meals every day, (66.7%)
drunk a little water, and (56%) consumed a lot of sugar daily. The patients always drink fresh juices, and herbal beverages. Balady
bread is the main source of carbohydrates. The patients were eating fresh vegetables and fruits. Most of them were eating fish
weekly. From the results, we can conclude that chemotherapy affects the health status of patients because it decreases muscle
mass and weight of patients. Also, these results show that hormonal treatment may increase weight if it would be used for a long
period. The results show chemotherapy increases the average of liver enzymes and decreases the average of “Urea, Creatinine,
WBC, RBC, Hb, and PLT. However, the hormonal treatment decreases the average of liver enzymes and decreases an average of
Urea and Creatinine.
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5. CONCLUSION

In conclusion, based on this study, there is a positive
association between BMI, age, and osteoporosis.
Increased BMI is positively linked with increased
BMD and reduced risk of osteoporosis. Age above
45 years, is a contributing factor in the increased
risk of low bone mineral density in adults.
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due to age-related bone density lowering. Due to
that, during the aging, the bones become thin or
osteoporotic, and increasing age is a contributing
factor in the increased risk for incident fractures
in adults (Lee, Kim, Kim, Kim & Choi, 2012),
but it is most common in females than males,
especially after menopause due to the reduction
in estrogen hormone levels (Nandi, Sinha, Ong,
Sonmez, & Poretsky, 2016). As a result, decreased
levels of bone minerals such as calcium will lead
to the lightweight of bones, reduced density, and
increased bone fragility (Oommen & AlZahrani,
2013). This finding is in line with another study
done in Pakistan at a tertiary medical care center
for rehabilitation. The authors of this study reported
that the majority of the study population in the age
group below 50 years had a normal BMD while the
BMD of those in the age group above 50 years is
in the osteopenic range (Akhlaque, Ayaz, Akhtar
& Ahmad, 2017). Another study reported that a
significant reduction of BMD was found for the
age group between 40 and 59 years among patients
with rheumatoid arthritis mainly in the spine,
femoral neck, and total hip (Lee, Park, Park, Kim,
Choi, Lee, & Kim, 2012), and there was substantial
diversity of femoral morphology and volumetric
BMD among older men (Marshall, Lang, Lambert,
Zmuda, & Ensrud,2009).

In a recent study conducted in China on 394
participants, including 122 male (representing
31%) and 272 females (representing 69%), authors
observed that there was a slow decrease of BMD
with male aging, while there was a gradual increase
of BMD among female before 30-49 years and then
it got decreased rapidly (Zhang, et al., 2019).
According to BMD measurement, it has been
observed in this study that the osteoporotic rate
is reduced when the BMI increased. The relation
between BMD and BMI was illustrated in figures
(4 and 5). Hip and lumbar rates of osteoporosis
were found higher (77.8 and 66.7%) in study
groups with low BMI (underweight groups) then
the osteoporotic rate was reduced (67.1 and 25.6%)
with increases in BMI in normal groups and obese
groups (39.7 and 9.9%), respectively. On the other
hand, with increased BMI, the BMD has increased
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thus the rate of low BMD was reduced. It has been
noticed that BMD of overweight and obese subjects
was in the normal range leading to decreased risk
for osteoporosis. This is because bony eminences
are cushioned by body fats leading to the decreased
effect of the direct impact of potential falls (Galvard,
Elmsta, Elmsta, & Robertson, 1996).

In contrast to the findings in the above studies,
some studies excluded that increased level of fat
mass does not protect the bone against osteoporosis
(De Laet, Kanis, Oden, Johanson, Johnell, &
Delmas, 2005; Mobley, Landoll, Badenop-Sevens,
Clairmont, Goel, & Matkovic, 2005; Hsu, Venners,
Terwedow, Feng, Niu, & Laird, 2006; Janicka,
Wren, Sanchez, Dorey, Kim, Mittelman, & Gilsanz,
2007).

The result of this study showed that all patients
(males and females) with low BMI were more
subjected to low BMD. Similar study by Prabha
and Stanley, reported that there is a consistent
association between low BMI and low BMD
(Prabha and Stanley, 2015). Thus, a high BMI is
a factor that lowers the rate of osteoporosis among
obese individuals. Many types of research had
reached similar conclusions that females with high
BMI are protected from osteoporosis (Salamat, et
al., 2013).

Other studies showed that higher BMI levels are
associated with higher BMD score in males and
females (Akhlaque, et al., 2017; Salamat, et al.,
2013; De Laet, et al., 2005). A cross-sectional study
conducted by Salamat, et al., reported that increased
BMI level and body weight were associated
with high BMD score, and obesity significantly
decreased the level of osteoporosis fracture risk
especially among males (Salamat, et al., 2013).
Analysis of age-adjusted linear regression done by
other cross-sectional studies found that BMI weight
is positively associated with BMD scores (Mobley,
et al., 2005). In a study made by El Hage, Jacob,
Moussa, Benhamou, & Jaffre, (2009), reported that
increased obesity is usually associated with a higher
level of BMD, this is mainly due to improved
bone mass among males and females as a result of
converting androgen to estrogen especially within
the adipose tissue (Janicka, et al., 2007).
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by BMI category according to lumbar DEXA
80%
70% 66.70%
60% 58.80%
50%
40%
30% 31.40%
20% 22.20% 25.60%
4.60% 12:90% 5
10% g 9:90%. — 9.80%
0%
Under weight Normal Preobesity Obesity I Obesity I  Obesity III
e Normal e (steopenia Osteoporosis

Figure 5: Percentage of osteoporotic, osteopenic, and normal bone density by BMI category according to lumbar DEXA

Discussion: It is well known that obesity and
osteoporosis are considered as major health
problems that threaten people all over the world.
In this study, analysis has been done to find the
relationship between BMI and age with the BMD
among Saudi males and females referred to as King
Fahad University Hospital (KFUH).

It has been found that low BMD is a major risk
factor that may predispose to osteoporosis, and it
can lead to increased bone fragility and fractures
risk in the elderly population. It affects about (66.4
and 77.4%) of females and males aged between 50
and 70 years, respectively, and (94.4 and 100%) of
those aged >70 years and older, respectively ( Data
(figure) not shown)

The incidence of fragile bone and fractures were
increased during the last years among the Saudi
population. In our study, it has been found that the
prevalence of osteoporosis in the hip and lumbar
region among our study sample were 34% and
46%, respectively. This might be due to many
predisposing factors leading to low BMD and
increased probability of osteoporotic fractures,
for example, hormonal status, age, smoking, diet,
BMI, physical activity, etc. However, up to 80% of
BMD is genetically determined, leaving 20% to be
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influenced by environmental factors (Stagi, Cavalli,
lurato, Seminara, Brandi & deMartino, 2013). Low
protective dietary intake which is poor in calcium,
magnesium and phosphorous directly affects the
bone mineral content on the body. A similar study
was conducted among elderly males by Paniagua,
et al, it noticed that 35.6% were osteopenic and
27.1% were osteoporotic (Paniagua, Malphurs &
Samos, 2006).

It has been observed that most of the studies
emphasized the importance of exercise in increasing
BMD. A cohort prospective study was conducted
among the Canadian population by Langsetmo et al
reported that physical activity (PA) is very important
for increasing BMD. They also stated that increased
PA is usually associated with increased BMD and
decreased BMI (Langsetmo, Hitchcock, Kingwell,
Davison, Berger, Forsmo, Zhou, Kreiger, & Prior,
2012). Other studies from different regions have
also indicated that regular exercise at a younger
age will maximize BMD and reduce fracture risk
(Chan, Anderson & Lau, 2003; Loudm, Gordon,
Micheli & Field, 2005).

Another finding of this study was that bone mass
growth began to decline after 45 years of age,
and bone loss increases with age. This is mainly
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Figure3: BMD against age groups according to hip area and lumbar region DEXA (15 years interval)

Association of BMI and BMD: The results
in Figures (4 and 5) show the prevalence of
osteoporosis was high (77.8, and 66.7%) in
hip and lumbar, respectively among patients
with underweight compared to (39.7, 9.9%),
and (29.9, 6.9%) in an obese 1, and obesell,

respectively. It is noted that with the increase
in BMI, BMD is increased, and the frequency
of osteoporosis is reduced. Also, we noted
that the risk of low BMD among underweight
individuals is more compared to normal and
obese individuals.

Percentage of osteoprotic , osteopenic and normal bone
density by BMI category according to hip DEXA
100%
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Figure 4: Percentage of osteoporotic, osteopenic, and normal bone density by BMI category according to hip DEXA
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Figure 2: Percentage of osteoporotic, osteopenic, and normal cases, distributed by gender according to lumbar DEXA:

BMD level according to Patients age: In this study,
age is considered as the main factor for bone health
and development. The linkage of BMD and age
were illustrated in figure 3. The data showed that
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the bone density increases during the life till age
year 45, then started to decline gradually and more
losses were recorded in the hip region in patients
above 80 years.



Kheirallal, Goja, Bakheet, Al-Ghamdil& Sadath: Association of Body Mass Index, Age, and Gender with Bone Mineral Density in Patients ...

were performed by a qualified bone densitometer
technologist using Hologic - Delphi QCR series
Model 4500A. The procedure followed was as
described by the manufacturer’s manual. Based
on the formula; weight (kg)/height square (m2),
BMI was calculated and according to the standard
classification of BMI by CDC (normal weight is
between 18.5 and 24.9, underweight is below 18.5,
overweight is between 25.0 and 29.9, while obese is
above 30.0 (CDC, Center for Disease Control and
Prevention)

3. DATA ANALYSIS

Data was collected and analyzed using version 23
of IBM-SPSS. Descriptive analysis, frequencies,
and correlations were performed. Results were
presented in tables, bar charts, and line charts.
4. FINDINGS AND DISCUSSION
Demographic factors and BMD of the patients:

500 cases were selected for the study, 427

Tablel. General characteristics of the patients:

(85.4%) were females, and 73 (14.6%) males.
Table 1 gives the general characteristics of
our study population. The mean BMI is (31.0
(£7.7), BMD at the hip area and lumbar region
are 929.6 (+ 223.3) and 929.6 (+ 223.3) (mg/
cm2), respectively. T-Score was ranged from
osteoporosis to normal in the hip with (-4) to
(18) and from (-11.00) to (11.00) for lumbar,
respectively.

Prevalence of Low Bone Density: Figures 1
& 2 showed the frequency of normal BMD,
osteopenic, and osteoporotic patients’ measures
at the hip and lumbar regions respectively. For
females (17.8%) and (37%) normal, (37.9%) and
(52.2%) osteopenia, and (44.30%) and (10.8%)
osteoporosis was recorded in hip and lumbar,
respectively, while (12.3%) and (16.4%) for males
had normal, (31.5%) and (52.1%) osteopenia,
and (56.2) and (13.5%) osteoporosis for hip and
lumbar, respectively. The overall percentage
of osteoporosis for hip and lumbar among both
genders was 34% and 46%, respectively which is
considered a higher prevalence rate.

Minimum | Maximum | Mean (SD) 95% Confidence Interval
Lower Upper
Height (m) 1.26 1.82 1.56 (£ 0.09) 1.56 1.57
Weight (Kg) 35.0 165.0 76.8 (£18.7) 75.167 78.395
Body mass index 16.00 99.0 31.0 (£7.7) 30.4 31.7
Age (yrs.) 18.00 90 56.03 (£12.7) 54.9 57.1
BMD “at hip area (mg/ | 3886 929.6 (£223.3) | 910.60 950.1
cm?2)
T-score at hip area -4.00- 18.00 -78 (£ 1.5) -.89 -.63
Z-score at hip area -3.00- 19.00 -122 (£ 1.5) -.24 .02
?nlz’f;critz)lumbar region | oo 2373 911.90( 192.9) | 893.85 928.11
T-score at lumbar region -11.00- 11.00 222 (£ 1.8) -2.40 -2.07
Z-score at lumbar region | -7.00- 12.00 -0.97- (£ 1.8) -1.16 -.82
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1. INTRODUCTION

Osteoporosis is a metabolic disease in which
bone mass, quality, and microarchitecture decline
leading to increased bone fragility (NIH, 2015). It
is considered a serious health problem because it
is associated with different types of life-threatening
fractures such as vertebral, hip, and forearm
fractures. BMD 1is a clinical indicator of bone
wellbeing and health. It is referred to as the amount
of minerals such as calcium and phosphorus per
volume of the bone mass unit. DEXA represents
the “gold standard” for diagnosis and treatment
of osteoporosis and fractures risk prediction as
recommended by WHO (WHO, 2004). T-score is
the standard deviation (SD) of BMD of a specific
bone compared to that of a healthy 30 years old
individual of the same gender. A T-score value of
more than -1.0 is considered normal, T-score value
in the range between -1.0 up to -2.5 is considered
as osteopenia and a T-score value more than -2.5
is considered as osteoporosis (Genant, Cooper,
Poor, Reid, Ehrlich & Kanis 1999). There are
many factors may affect BMD and osteoporosis,
including gender and age (S6zen, Ozisik & Basaran,
2017), BMI (Zhang, Hua, Zhu, Peng, Yang, &
Kang, 2019). reduced dietary calcium and vitamin
D intake (Alyami, Alqahtani, Alsadah, Altumaysi,
Abuzaid & Goja, 2019) and lack of exercise (Wee,
Sng, Shen, Lim, Singh & Das, 2013).

This study was conducted among patients referred
to DEXA at King Fahad University Hospital
(KFUH) to identify the association of BMD with
age and gender and BMI.

Recently, many researchers stated that BMI and
BMD are positively related. Such researches stated
that the most important risk factor for the occurrence
of low BMD is low BMI (Bierhals, dos Santos Vaz,
Bielemann, de Mola, Barrosm, Goncalves, 2019);
Mazocco & Chagas, 2017), which can be used as a
strong predictor for bone strength and osteoporosis
(Prabha & Stanly, 2015). A prospective study
was done by Ravn, Cizza, Bjarnason, Thompson,
Daley & Wasnich, (1999) and stated that the risk
of bone loss in females with low BMI in early
postmenopausal was higher compared to those
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with higher BMI. A study was done in Ajman
(UAE) highlighted BMI as a good indicator for
measurements of BMD (Fawzy, Muttappallymyalil,
Sreedharan, Alshamsi & Al Balsooshi, 2011).
Thus, low BMI is considered as a risk factor for
low BMD, while overweight decreases the risk
for osteoporosis (Salamat, Salamat, Abedi, &
Janghorbani, 2013). Other studies also indicated the
negative relationship between age and femoral neck
BMD may be considered as good guidance for the
initiation of early assessment as well as prevention
of osteoporosis and fracture risk among the elderly
population (Hoxha, Islami, Qorraj-Bytyqi, Thagci,
& Bahtiri, 2014).

It has been reported that fat mass has a role in bone
metabolism (Ibrahim, Elshishtawy, & Helmy, 2011)
and osteoarthritis does not prevent the occurrence of
osteoporosis in postmenopausal females (Elwakil,
Mohasseb, Elkaffash, Elshereef, & Elshafey, 2016).
Previous studies in Saudi Arabia stated that the
prevalence of osteoporosis is increased among
both genders including pre and post-menopausal
females as well as males (Sadat-Ali, & AlElq, 2006;
Oommen & AlZahrani, 2013).

2. BODY

Study design: with the approval of King Fahad
University Hospital (KFUH) this retrospective study
was conducted on 578 cases referred to DEXA in
KFUH during the period between December 2016
and December 2018. DEXA reports were collected
by datasheet and analyzed (appendix 1).

Inclusive criteria: No missing variable in the DEXA
report, all cases were only recruited from KFUH in
good physical and mental conditions.

Exclusive criteria: Cases that did not satisfy any
of the inclusion criteria were excluded. 78 patients
were excluded for chronic diseases related to
hormonal disturbances.

Data Collection: Data Collection was done using
a datasheet that includes little demographic data
(gender, height, weight, and age). It also includes
a DEXA report for both the hip area and the
lumbar region (BMD, T-score, Z-score, WHO
classification, and fracture risk). DEXA scans
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Abstract: Bone mineral density (BMD) is an important indicator of the possibility of osteoporosis and the risk of bone fracture.
Multiple risk factors may lead to low BMD, up to 80% of these risk factors are genetically determined and the remaining 20%
are influenced by environmental factors including body mass index (BMI), age, lifestyle, and nutrition. This study aims to assess
whether age, gender, and BMI can be used as an indicator or risk factor for low BMD.

A retrospective study was conducted on 500 DXA reports collected from KFUH. The collected data include patient demographic
factors: age, height and weight, DXA report give BMD measurement for hip area and lumbar region, T-score, and Z-score. Data
were analyzed using SPSS version 23. The results demonstrated that the overall percentage of osteoporosis was 34% in the hip
area and 46% in the lumbar region according to WHO criteria. BMD increases as age increases till the age of 45yrs. BMD starts
to declines gradually among patients aged between 45 and 75 yrs., with gross losses occurs for ages > 75 yrs. Also the prevalence
of osteoporosis shows a higher among under-weighted patients (BMI = 18-25) than among obese patients (BMI = 30-40) 77.8%,
29.9% in hip area and 66.7%, 6.9% in lumbar region respectively. There is a positive association between BMI, gender, age,
and osteoporosis. Increased BMI is positively linked with increased BMD and reduced risk of osteoporosis. An increase in age,
especially after 45 years, is a contributing factor in the increased risk of low BMD in adults.
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Figure 20. Zoom of Figure 19

The curves in Figures 19 and 20 prove that the sta-
bility of the wind power plant can be maintained
for a period of 115 milliseconds when the SVC is
coupled. But, if the latter is ignored, the wind farm
loses its stability after a short circuit duration of 83
milliseconds.

6. CONCLUSION

A static VAR compensator was developed in this
paper in order to obtain an improvement in the volt-
age quality by studying some operating regimes. In
another section of this work, the dynamic behavior
of the wind power plant was studied. This behavior
was analyzed during short-circuit faults and voltage
sags with and without SVC. These faults can cause
situations of instability in the generation system and
thus cause significant power oscillations or even
their sudden losses. The simulation results showed
that in the presence of the static VAR compensator,
the variation of the voltage across the terminals of
the power plant can be kept in the £ 10% range for
different operating cases. The grid upstream of the
wind power plant was relieved of the transit of the
reactive power great part. This study showed that
the presence of the SVC can maintain the stability
of the wind farm for longer periods of time in the
event of occurring faults.
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Figure 18: Voltage at node 5 for a 30% depth dip and Ku= 0.3

5.1.2.Three-phase Short-circuit

The design of an electrical installation and the ma-
terials to be implemented, as well as the determi-
nation of the protections require the calculation of
the short-circuit currents at any point of the grid.
Before installing any decentralized production unit,
such as wind power plants, in the distribution grid,
it is imperative to check the protections selectivity
even adjust them, since the wind turbine contributes

to short-circuit current in the grid (Pan, Liu, CHen,
Wang, Qiu, SHen, & Mei, 2018). This contribution
can reach from 4 to 8 times the machine rated cur-
rent. For this reason, one must take into account all
these constraints when designing our SVC as well
as its location. The short circuit simulated in this
part is a balanced three-phase short circuit. Figures
19 and 20, show the simulation results after appli-
cation of a three-phase short-circuit at time t = 10s
at node 6 as given in Figure 2.
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Figure 19: Voltage evolution at node 5 during a three phase short circuit
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Figure 16: Voltage at node 5 for a 50% depth dip and Ku= 0.3
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Figure 17: Zoom of Figure 16

Also, in the same way for a voltage dip of 30%, ration of 1.9s by the use of SVC. But, when the stat-
which is represented by figure 18, one was able to ic VAR compensator is ignored, only during 0.935
maintain the stable state of the wind farm for a du- seconds the power plant keeps its stability.
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Figures 14 and 15 show the evolution of active farm loses its stability when it can recover its nor-
and reactive power, at the distribution grid at the mal operation when the Static VAR Compensator
wind farm coupling node. Consequently, the wind is placed.
15 .
|
10 formmmm e d e e e e R —
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Figure 14: Active power at equivalent Thevenin’s generator outputs (Node 5) for 60% dip depth
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Figure 15: Reactive power at equivalent Thevenin’s generator outputs (Node 5) for 60% dip depth

Figures 16 and 17 represent the voltage evolu- presence of the SVC which can be done in 200
tion at node n° @ for a depth of the sag of 50%, ms in the absence of the SVC. It is clear that
with and without SVC. The wind farm was the compensator was able to extend the time
able to restore its normal operating condition interval during which the wind farm keeps its

after a longer period (250 milliseconds) in the stability.
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Figure 11: Zoom of figure10
Figures 12 and 13 show the active and reactive ers reactive power to the grid and that it no longer
powers at the wind power plant output. It can be supplies active power once it has lost synchronism
noted that at the fault time, the wind farm deliv- (figure.12).
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Figure 12: Active power supplied by power plant for a 60% depth dip

= 1 i : without SVC
g = et i g ‘
5 2 I / |
= : “. T Fault start
2 .5t-- Coupling machines rempmm e Ammm e - ===
E steps & ' H Fault end
FTa) R SR SOV SOOI AN t ------------------ o
= s S -
-0 i i i i i i
o 2 4 10 12 14

t(s)

Figure 13: Reactive power supplied by the power plant for a 60% depth dip
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It is remarked that the generators request a strong
starting current at the machine coupling time which
explains the significant consumption of reactive
power. In practice, this transient is attenuated by
the coupling dimmer whose role is the soft starting

5. DYNAMIC BEHAVIOR OF SVC DURING
GRID FAULTS

5.1. Characteristics of Grid Faults

In this section, the ability of wind farms is exam-
ined. This is to maintain their stability face to the
faults that may arise in a network using the static
reactive power compensator. Indeed, their inte-
gration into the electrical energy transmission and
distribution grid posed problems related to the grid
stability and the injected power quality. In addi-
tion, wind farms are generally located at the send-
ing end of the line where the grid is characterized
by a low short-circuit power and therefore they
can suffer the consequences of its weakness and
can lead to poor quality of the power supply. The
quality of the voltage is linked on the one hand, to
the voltage value and its frequency between pre-
defined limits and on the other hand, to the absence
of disturbances. The disturbances that can affect
the voltage are:

* Dbrief overvoltage, likely to damage the de-
vices,
three-phase voltage imbalances,
quick variations in voltage, voltage sags,
distorted waveforms: flicker, harmonics.

5.1.1. Voltage Sags (dips)

A voltage sag is a sudden drop in the supply volt-
age, at a node on an electrical power grid, ranging
from 90% to 1% (IEC 61000-2-1) or between 90%
and 10% (IEEE 1159). Voltage dips (sags) are char-
acterized by their amplitude and their duration. The
duration of the voltage dip can range from 10 milli-
seconds to 3 minutes. Phenomena whose duration is
less than 10 milliseconds are considered as transient
phenomena. The voltage dips are mainly caused by
phenomena leading to high currents which cause a
large voltage drop across the impedances of the grid
elements. Other random phenomena, namely atmo-
spheric conditions and strikes with foreign bodies
(car percussion, earthworks, etc.) can be the cause
of voltage sags. Voltage sags are likely to disturb the
operation of certain industrial installations as well
as many devices connected to the grid (Kang, Choi,
Morsy & Enjeti 2017). They are the most common
cause of energy quality problems. Indeed, this fault
type can cause degraded functioning of the electri-
cal equipment as well as their destruction. For each
type of voltage sag, the appropriate Z_ load must be
coupled to determine the desired depth (Figure 2). In
Figure10, one shows the voltage evolution at node
5 with and without SVC for a wind torque equal to
the rated torque. The 32 asynchronous generators are
coupled by group of eight wind turbines. The fault
was created at time 7, = 10 s. Figures 10 and 11 show
that the wind farm is capable to restore its normal
operating state after a 192 milliseconds dip duration
and a depth of 60% when the SVC is coupled but the
wind farm loses its stability in the absence of SVC.
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Figure 10: voltage at Node 5 with 60% depth dip
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Figure 7: reactive power absorbed by 32 wind generator

Figures 8 and 9 show the active and reactive power
at the output of the Thevenin’s equivalent genera-
tor (supplied by the grid) with and without SVC.
These two characteristics show the improvement

introduced by the use of SVC by reducing the reac-
tive power transmitted by the grid upstream of node
5 which minimizes losses in the transmission and
distribution lines.
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Figure 9: Active power at the output of Thevenin’s equivalent generator
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2.1.2. Design Controller

Ziegler and Nichols determined by simulation
for various types of processes the parameters of
the PI controller. The settings indicated in Table
1 correspond to the values approaching the opti-

Table 1: Parameter of PI controller

mum of the criterion and generally give a relative-
ly satisfactory behavior in regulation. The choice
was fixed on a PI type controller given its essen-
tial role for the cancellation of the position static
error without altering the initial performance of
the system.

Controller Step response method Sustained oscillation method
Kp(1+1/ts) Kp=0.9/(a*Tr) Kp=0.5*K,
T.=3.3%Tr 1,=0.83*T,

3. Operating Regime Analysis

Let us consider the case where the wind torque
has the same value of the rated torque. For this
regime, the simulation was carried out for load
factor ku = 0.5 which means that the grid is heavi-
ly loaded. Figure 6 shows the voltage evolution at
the node 5 with and without the use of SVC. The

32 induction generators are attached to the grid by
groups of eight wind turbines, given the impossi-
bility of coupling them together because the wind
torque is very high and one can only connect 11
machines simultaneously. Figure 6 shows that the
voltage drop at node 5 can exceed 10% without
using the SVC, which justifies the need for com-
pensation.

with SVC :

09

(NR=]

V(pu)

0.7 f-mmmfemm e

[ =7 AR U R

without SVC

085 F-----dommmnnn -.. ....... .

______

Figure 6: voltage evolution at node 5 of the grid

Figures 7 shows the impact of the sudden variation
of the load on the quality of the reactive power ab-
sorbed by the wind turbines. This load variation is
materialized by disconnecting the load and their
connecting. It is noted that the consumption of
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the reactive power is reduced at the time of their
connecting. The loads disconnection generates an
overvoltage at the coupling node of the wind farm.
Consequently, a greater consumption of the reactive
power is attained.
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2.1. Voltage Regulation

This strategy is based on a successive comparison
of the grid voltage across the terminals of the pow-
er plant to the reference voltage. The result of this

comparison can be processed by the regulator. The
latter, in turn, determines the firing angle of the thy-
ristors o according to the chosen control law. The
block diagram of the control loop is given in Figure
5.

Vref

Controller

1 ICR

Node5 of grid

Voltage sensor

Figure 4: Block diagram of the control loop

However, the synthesis of the controller requires
knowledge of the transfer function of the absorber in
order to be able to deduce the appropriate parameters.
This step requires the identification of the process.

2.1.1. Identification

In this work, to model the TCR, one proceed-

ed by a step response analysis in order to de-
termine the parameters of the selected model.
This method consists in stimulating the process
(TCR) by a step in alpha (firing angle of thyris-
tor) and analyzing the behavior of the system
response. The shape of the TCR response can
be approximated by Figure 5.

Tr

v

Figure 5: step response shape of the TCR

Using the Ziegler-Nichols approximation, it is possible to determine the parameters of

the proportional integral (PI) or proportional integral derivative (PID) type controller

associated with an aperiodic response process without having to carry out the exact

identification. The simplified model adopted for the process is then written as follow:

H(s)= (f)e‘m

(5)

where S is a complex number frequency parameter. This model therefore corresponds to

an integrator with a gain and Tr delay.
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2.3.Active And Reactive Power in Wind Generating

The consumption of reactive power of the wind pow-

er plant depends on the active power supplied, which

itself depends on the mechanical power received

from the wind. The actually solution used for reactive

power compensation is based on the use of capacitor
Phl

Ph2

banks or steps for each wind turbine. This approach
consists in replacing the local compensation of each
wind turbine with a global compensation of the entire
power plant as well as the loads which are in the vi-
cinity of the coupling node of the wind turbine to the
electrical grid. The dynamic compensation is assured
by the developed SVC which is shown in Figure 3.

Ph3

Figure 3: Three phase scheme of the studied SVC

2. Compensator Design

The compensator studied makes it possible to maintain a
voltage level at the coupling node of the wind turbine. The
allowed voltage drop AV must not exceed 10% (AV<10%).
The elements that constitute the static reactive power com-
pensator are calculated in such a way that the latter can
compensate the wind turbines as well as the neighboring
loads. The maximum reactive power absorbed by the wind

1

L (=5 052y = )+ (=) + (B -p)sin 2y ~sin2f)sin

turbine is around 6.44 MVAR. The reactive power required
is around 4.65 MVAR for a load coefficient ku = 0.5 which
means that the grid is heavily loaded. The fixed capacitor
is designed to provide a fixed maximum reactive power
Q,.,; €qual to the sum of these two reactive powers. Let
us assume that L absorbs a part of reactive power which is
provided by the total maximum capacitor C and that this
inductance involves an internal resistance R, . The removed
capacitor C(y) can be expressed as:

2

So, the variation of the R load is accompanied by a change of a final equivalent capacitor

Ceq(y) through changing the firing angle . In this case, the equivalent reactive power

available is defined by:
0, =UwC, ()

3)

The coil, placed in series with a dimmer, serves to absorb the excess reactive power supplied
by the capacitor banks. If this coil is considered purely inductive, the reactive power absorbed
by the coil, in each arm, is given by the following relation:
V2
0]

0, = 2r —2a +sin2a) 4)

where o is the firing angle of the thyristors. The absorber's reactive power consumption is
maximum for a control angle a ==/ 2. This will allow us to deduce the value of the inductance

L of the coil in each arm of the three phase dimmer.
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2.2. Wind Generator Modelling

The Doubly-Fed Induction Generator (DFIG) is
the dominant technology for variable-speed wind
power generation. Indeed, the accessibility to the
stator and the rotor offers the opportunity to have
several degrees of freedom to properly control the
transfer of power and the power factor with all the
possibilities of recovery or the injection of energy
into the windings of the machine.

However, a disadvantage of the DFIG is its vul-
nerability to grid disturbances because the stator
windings are connected directly to the grid. There-
fore, the maintenance requirements and potential
failure of brushes and slip rings are a significant
disadvantage of DFIG. In addition, this type of the
machine has complex control schemes. Also, it

has limited fault ride through capability and needs
protection schemes.

On the other hand, the induction generator is sim-
ple, reliable, and requires very little maintenance
which makes it competitive and that can explain
their increasing in the electrical energy produc-
tion.

For these reasons, the choice of using squirrel
cage machine is the result of a compromise which
favors the structure’s robustness relative to the
regulation facilities.

The squirrel cage induction generator model is
developed using an analytical model. This model
is implemented in Matlab/Simulink. The latter is
based on Park two-phase frame to study the steady
state and it is given by the following equations
system.

di
— = _&isd +iVsd
dt Ls Ls
dl_/“l = _&i; L V.
dt Ls " Ls ™
diyy :ﬁiyd+la),.iw—(£+£ iy~ +LVsd (1)
dt olLr o olLs olLr oLs
disq 1 . r ) Rs Rr 1
— ==, i, t o, - + i #
dt o olLr oLs olLr oLs
do. p C
7 = 7[pLS(l#dlsq - l/lqlsd) - Cv]z C, —-C,
Where
M? . . .
o =1-—s : coefficient of dispersion

LsLr

C,: The wind torque related to the rotor of the machine,

Cem: The developed electromagnetic torque.

The parameters of the induction generator are given by: Rotor resistance: Rr = 0.00396 Q;

Stator resistance: Rs = 0.0058 Q; Stator inductance: Ls = 0.00986 H; Rotor inductance: Lr =
0.00986 H; Mutual inductance: Msr = 0.00954 H.
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using the static VAR compensator. Subsequently,
one investigates in the role of the SVC in improving
the stability of the wind power plant during grid
faults such as sags and short-circuits.

2. DYNAMIC REACTIVE POWER
COMPENSATION

2.1. Grid Modeling

The wind turbines are installed at the end of the
grid of Houaria, from the high-voltage substation in
Korba. The latter is a Mediterranean town located
at the east of the governorate of Nabeul (Cap Bon).
The city of Korba province has 34,807 inhabitants
(2004 census) and the average altitude is 316 m.
The outgoing line substation in Korba is character-
ized by an operating voltage fixed by the voltage

regulator at 32 kV. The overall grid consists of 32
wind generators with a unit power of 330 kW, with
a rated voltage of 400V/ 690V. Let us consider 17
nodes given by Figure 1. The single-phase single-line
diagram of the grid can be represented by a Thevenin
model seen from node n°5 while keeping the two start
of loads 7-9 and 10-15 as shown in Figure 2 (load 1,
2). The load n°1 represents the total of the loads of
nodes 7, 8 and 9 and the load n°2 groups together the
load of nodes 10, 11, 12, 13, 14, and 15. These loads
can be disconnected by acting on the switch K. The
E, and Z, parameters depend on the state of the grid,
i.e. the load coefficient defined by the ratio of the ef-
fective power by the power installed in each feeder.
The load coefficient Ku is considered the same for all
loads. The consumption of electrical energy is highly
variable in the Sidi-Daoud region, especially since
the significant load in this region are seasonal.

Grid Source- site of Korba

E ; 00 kV/30 kV

T
, T

16 17

115 14 13 12 11 10

RARRAS

___________________

Figure 1: Simplified single-line diagram

Tt (30/0.69 kV)

Wind Farm

Loadl 1 | S1=325MVA
T $=45MvA
Neeud 6
Neeud 5 Zss I
— /|
Zin
\ K
Z
SVC F

Figure 2: Thevenin’s model of the grid and the wind farm of the grid
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1. INTRODUCTION

The energy is at the heart of the operating of all
industrial societies. An accessibility of energy, at
reasonable prices and without limits, appeared as
a necessary condition for economic developments
and individual comfort. However, the increasing
use of non-renewable energies by industrialists
leads to increased depletion of fossil and fissile
resources (Ye, Vera & Miguel, 2016). This causes
the progressive degradation of the environment
and threatens the health of human beings. Major
and rapid climate change, due to an increase in
the greenhouse effect, requires a reasonable and
harmless use of energy as part of a sustainable
development model. There is thus a correlation
between the problems of energy, environment, and
development.

Today, wind power is considered one of the most
promising renewable energies for the planet’s
energy future. The development of this technology
continues to assert itself around the world given its
clean and inexhaustible. As a result, wind energy is
an alternative solution to meet the needs of today’s
society. The proliferation of wind turbines has
pushed researchers to invest in this area to increase
the efficiency of electromechanical conversion
and improve the quality of energy that can be
distributed to different types of receivers (Deng,
Kornelis & Kees, 2012, Altinta, Okten, Karsu &
Kocaman, 2018, Olusayo, Josiah & Yskandar,
2019). Three-phase induction machines based on
wind turbines is relatively widespread as energy
generating devices. These induction machines are
widely used to provide electrical energy for the
individual as well as for technical sites (Vanishree
& Ramesh 2018, Hemeida, Hussien & Abdel
Wahab 2015). In addition, wind power plants are
generally located at the end of the line where the
network is characterized by a low short-circuit
power. Consequently, these wind turbines suffer
the consequences of the weakness of the line and
may possibly aggravate the phenomenon of voltage
fluctuations. This can lead to poor quality of the
power supply. As a studied special case, the Sidi-
Daoud wind power plant (first unit) is equipped
with asynchronous squirrel-cage machines with
a unit power of 330 kW, with a nominal voltage
of 400/690 Volts. Each group of 4 machines is
connected to the grid through a step-up transformer
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(0.69kV / 30kV) of 1.6 MVA. These wind turbines
are located at the end of the distribution grid (30
kV) in the North region of Cap Bon. The other
end of this local distribution grid is supplied by
the step down transformer (90 kV / 30 kV) from
Korba, whose short-circuit power is 577 MVA. The
main load for the region is made up of housing,
pumping stations, and the seasonal food industry.
The compensation of each wind generator is done
by four stages of batteries (50 kVAR, 50 kVAR,
30 kVAR and 30 kVAR). However, this technique
has the disadvantage of providing a reactive power
generally higher or lower than the requested power.
This reactive power fluctuation alters the quality of
the voltage at the coupling node of the wind turbine
to the power grid. One must also take into account
the harmful effects of mechanical switching which
can cause transients of large currents and that this
switching is not so fast to be able to follow the
instantaneous power variations. Consequently,
dynamic compensation of reactive power seems to
be good alternative at the connection nodes of wind
turbines both to provide the reactive power required
by these wind turbines in a unified manner and for
the maintenance of voltage on the grid.

The focus of this work consists on the study of
system based on power electronics components
called SVC. The latter makes it possible to design
a control strategy for the voltages and the reactive
power flows crossing through the grid (Mohammad
& Akbar, 2017, Jiashen, Ching-Ming & Yu-Huei,
2018, Oyekanmi, Radman, Babalola & Uzoechi,
2013, Pathak, Sharma & Gupta, 2016, Raju & Pillai,
2016). Static reactive power compensators are shunt
generating or absorbing the reactive power. They can
be used to regulate the voltage, at the nodes of grid
connection by feeding an active or reactive current
(Nitin & Ashwani, 2016, Srinivasa & Srinivasa,
2015, Stalin, Shiva, Revanth, Velbharathi & Durai,
2015, Tamer & Mohamed, 2017, Hemeida, Rezk &
Hamada, 2018). Consequently, it can be identified
as a variable impedance that can be sometimes
inductive or capacitive. SVCs consist of thyristor-
controlled reactors and/or capacitors and are used
to improve the dynamic performance of electrical
systems (Ezzeddine, 2019). Through this study one
start by identifying the various SVC components,
which allow us to synthesize the controller which
must be placed in the feedback control system. The
voltage quality improvement is, thereafter, studied
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Abstract: Induction machines are widely used as generators in wind power generations because of their robustness, reliability,
low cost, and maintenance. Nevertheless, due to their reactive power demand from the system to which they are connected, the use
of this type of generators carries new related power quality problems, which generally consist of voltage regulation and reactive
power compensation.

To stabilize the voltage across a wind turbine coupled to the grid, a Static VAR Compensator (SVC) is developed in this paper. The
compensator, based on a Fixed Capacitor Thyristor Controlled Reactor (FC-TCR) type uses a capacitor bank mounted in parallel
with a thyristor-controlled coil to ensure a dynamic response to the variable reactive power of a power plant which contains wind
turbine equipped with induction generators. This work presents the dynamic behavior of the SVC during faults that may occur
in the grid. Then, the SVC performance is tested for different operating regimes. This study showed the reduction of the voltage
fluctuation level and subsequently a consolidation of the voltage quality at the coupling node. Also, this analysis showed the
improvement of the stability of the power plant in front of the studied faults.

Keywords: Wind farm, SVC, TCR, voltage quality, grid faults.
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HEVC. This feature is more useful for higher reso-
lution videos. It also allows HEVC to achieve much
better lossy compression performance compared to
H.264. However, the flexibility of HEVC comes at
the cost of higher computational complexity. De-
spite this, in terms of market penetration, H.264 has
been a more successful codec compared to HEVC,
largely due to its simple licensing structure. From
the comparison of H.264 and HEVC, it can be
learned that the popularity of a video compression
standard depends on both its compression perfor-
mance as well as its simple licensing structure. It is
expected that while developing future video coding
standards, both these aspects will be considered.
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Table 2: Royalty structure of H.264 and HEVC (Rutz, 2016; Ozer, 2019)

Per device royalties
Licensing Rovalt Yearly
Codec Organization yary Cap
(per unit) (Millions)
$0.1-$0.2 depending on volume. No royalties for

H.264/AVC MPEG-LA volumes less than 100,000 units $9.75
MPEG-LA $0.20 $25

HEVC Advance $0.866 $25

HEVC
Velos Media $1.00-2.50 None
Others + +

From Table 2, it can be seen that H.264’s license
is owned by a single organization (Rutz, 2016).
On the other hand, HEVC’s license is owned by at
least three patent pools. These include MPEG-LA,
HEVC Advance, and Velos Media. Each of these or-
ganizations have a different royalty structure which
makes it difficult to understand the royalty structure
of HEVC (Rayburn, 2015). What complicates the
HEVC royalty structure even further is that apart
from these three licensing organizations, there may
be individual patent holders who can claim royal-
ties for using HEVC based products. Hence, unlike
H.264, where the cost of deployment can be esti-
mated in advance, with HEVC, it is difficult to esti-
mate the total cost of deployment of HEVC due to
its complex royalty structure (Rayburn, 2015).

3.5 Beyond H.264 and HEVC

As discussed in the previous sections, while HEVC
is technologically superior to H.264, due to its com-
plicated licensing strategy, it has not been as popu-
lar as H.264. Hence, there is a need for a video com-
pression standard which combines the strengths of
both H.264 (i.e., simple licensing structure) and
HEVC (i.e., efficient compression performance). In
this regard, currently, there are many video coding
standardization activities taking place. This section
presents an overview of the recent advances and
expected future developments in the field of video
compression research.

In terms of standardization work, MPEG and VCEG
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are currently working on developing a new video
compression standard. This activity is called video
compression with capability beyond HEVC (Segall,
Baroncini, Boyce, Chen, & Suzuki, 2017). The new
activity is expected to result in the development of
a new video compression standard which has better
compression efficiency compared to HEVC. The
standard is expected to be finalized by the end of
2020. Hence, a lot of the video coding research in
future is expected to be based on this new standard.
The Alliance of Open Media (AOM) is a consor-
tium of industries including Facebook, Google,
Microsoft, Apple, IBM, Intel, and Netflix, etc. The
alliance has recently combined efforts to develop a
royalty-free video compression standard. Their new
standard is called the AOM Audio Video 1 (AOM
AV1) (Grois, Nguyen, & Marpe, 2016). AOM AV1
achieves around 30% better compression efficiency
compared to HEVC. However, the current version
of the encoder is very slow. Research is currently
being performed to speed up the AOM AV1 encod-
er.

4. CONCLUSIONS

In this paper, the two most recent video compres-
sion standards of H.264 and HEVC were reviewed.
It can be concluded from the review that both the
standards are based on the well-known principle
of hybrid video coding. Moreover, HEVC employs
more efficient techniques such as allowing more
flexible and finer partitioning of blocks compared to
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3.3 Market Adoption

In terms of market penetration, HEVC has not yet

H.264

HEVC 9%
3%
5%
VPS 6%
11%
1%
FLV 2%
5%
WebM 2%
2%
!

10% 20% 30% 40%

gained as much success as H.264. As can be seen
in Figure 9 (Liu, 2019).

sk
82%
81%
79%
50% 60% 70% 80% 90% 100%

Market share

Figure 9: Market adoption of different video codecs by the years 2016, 2017, and 2018 (Liu, 2019).

From Figure 9, many trends can be observed. Firstly,
over the years, H.264 has been the most popular video
compression standard. Secondly, although inferior to
HEVC in terms of compression efficiency, H.264 cap-
tured 82% market share in 2018 compared to the 12%
market share of HEVC. Another important observa-
tion is that the market share of both H.264 and HEVC
has increased over the years. One of the major rea-
sons to which the widespread adoption of H.264 can
be possibly attributed is its simple licensing structure
compared to the more complex licensing structure of
HEVC as discussed in the previous subsection.

3.4 Licensing Strategy

While the technical features of a video com-
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pression standard allow it to achieve a certain
level of performance, its deployment strategy
is an important factor in ensuring the mar-
ket penetration of a video compression stan-
dard. In this regard, the cases of the deploy-
ment strategies of H.264 and HEVC present
an interesting comparison. For example, as
discussed in the previous subsections that
despite HEVC’s richer features compared
to H.264, HEVC still has not been able to
penetrate the market nearly as well as H.264.
One of the reasons for this could be the dif-
ferences in the licensing strategies of H.264
and HEVC. The licensing/royalty structures
of both H.264 and HEVC are summarized in
Table 2.
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Table 1: Performance of H.264 and HEVC for lossless compression of still images (Cai et al., 2012)

From Table 1, several

PSNR (dB)
A W A
5 8 4

IS
S O

woow
[SE

PSNR (dB)
Wom oot o o@
B E& =2 8B

w
<]

Video | Resolution | Compression ratio

H.264 HEVC
Traffic 2560x1600 |2.28 2.16
PeopleOnStreet 2560x1600 |2.29 2.21
Kimono 1920x1080 [2.35 2.32
ParkScene 1920x1080 |1.93 1.96
FourPeople 1280x720 2.64 2.55
Johnny 1280x720 2.85 2.78
RaceHorses 832x480 1.82 2.00
BQMall 832x480 2.05 2.08
BQSquare 416x240 1.42 1.69
BlowingBubbles | 416x240 1.33 1.59
Average 2.10 2.13

PeopleOnStreet (2560x1600)

2z 3 4
bitrate (kbps)

=———H.264 =—=HEVC

BQMall (832x480)

2 3 4
bitrate (kbps)

——H264 ——HEVC

trends can be observed.
Overall, HEVC achieves a compression ratio of 2.13
which is slightly better than the compression ratio
of2.10 achieved by H.264. This slight improvement
in performance can be attributed to the more
flexible intra-prediction technique used in HEVC.
In terms of resolution, HEVC compresses smaller
resolution images much better compared to H.264.
For example, for the resolution images BQSquare
and BlowingBubbles, HEVC achieves compression
ratios of 1.69 and 1.59 compared to 1.42 and 1.33

achieved by H.264. On the other hand, higher
resolution images are much better compressed using
H.264. For example, for the 2560x1600 resolution
images Traffic and PeopleOnSreet, H.264 achieves
compression ratios of 2.28 and 2.29 compared to
2.16 and 2.21 achieved by HEVC.

The performance comparison of H.264 and HEVC
for the lossy image compression scenario is shown
in Figure 8. Unlike the lossless image compression
scenario, for lossy image compression, HEVC
outperforms H.264 for test images of all resolutions.

Johnny(1280x720)

v oo
[

=,
& &

PSNR (dB)
a

bitrate (kbps)

=———H.264 =——=HEVC

BQSquare (416x240)

PSMR (dB)

5 6 0 05 1 15 2 2.5

bitrate (kbps)
x 1074 X 1074
——H.264 ——HEVC

Figure 8: RD performance of HEVC and H.264 for PeopleOnStreet, Johnny, BQMall, and BQSquare test sequences.
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HEVC was developed with the aim of provid-
ing twice the compression efficiency of the
previous standard, H.264. Although the com-
pression efficiency results vary depending on
the content type and encoder parameters, at
consumer-typical video distribution bit rates,
HEVC is generally able to compress the video
twice as efficiently as H.264.

At an identical level of visual quality, HEVC
can compress video to a file that is about half
the size (or half the bit rate) of H.264, or when
compressed to the same file size or bitrate that
stroke, HEVC offers a much better visual qual-

1ty.

uncompressed image size

3.2 Image Compression Performance

In this section, the performances of H.264 and
HEVC standards are compared for compression still
images under two scenarios: lossless compression
and lossy compression. While comparing the per-
formances of H.264 and HEVC, it is important to
understand the evaluation criteria which has been
used to compare the two standards. Performance
under lossless image compression is evaluated with
using compression ratio as a metric. Compression
ratio can be defined as the ratio between the uncom-
pressed image size and the compression image size
ie.

Compression Rato =

compressed image size

(1)

For lossy image and video compression, it is important to evaluate both the quality of video
and the data rate. While the quality is evaluated using the Peak Signal-to-Noise Ratio (PSNR)
(Equation (2)), the data rate is generally represented using bits per second (bps).

2

PSNR = 10logy, 5 — 2)

In Equation (2), R represents the maximum fluctuation in the image. For an 8-bit image, R =
255. Mean Squared Error (MSE) can be computed between two images (or frames, in case of
videos) I; and I, of resolution M X N pixels, using Equation (3).

_ Zualli(mm) -1 (mm))?

MSE g 3)

In a typical RD curve, the vertical axis represents
the quality (PSNR) while the horizontal axis rep-
resents the bitrate. When comparing the perfor-
mance of two encoders, RD curves representing
the two encoders are plotted first. Then, there are
two ways of comparing the performance of the
two encoders. Either by fixing the data rate and
then comparing the quality of the two encoders
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or by fixing the quality and then comparing the
data rate for the two encoders. The encoder which
provides better quality for a given data rate or less
data rate for a given quality is considered more
efficient.

The results of lossless image compression using
H.264 and HEVC are shown in Table 1 (Cai et
al., 2012).
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Similarly, for Intra prediction, H.264 uses a maxi-
mum of 9 modes including eight directional modes
(Figure 7a) and one DC mode. On the other hand,
HEVC uses a total of 35 modes. Among these, 33

The 8 directional prediction modesin H.264
(@)

are directional modes (Figure 6b) while the remain-
ing two are Planar and DC modes. The Intra predic-
tion modes of H.264 and HEVC are shown in Fig-
ure 7 (Wiegand et al., 2003; Sullivan et al., 2012).

0: Planar
1.DC

The 33 directional prediction modes in HEVC
®)

Figure 7: The intra prediction modes available in H.264 and HEVC (Wiegand et al., 2003; Sullivan

3.1.3 Transform Coding

As discussed in Section 2, transform coding is
based on three steps. In the first step, a transform
like Discrete Cosine Transform (DCT), Discrete
Sine Transform (DST) etc. is applied so that in-
formation is compacted in only a few transform
coefficients. In the next stage, a quantization tech-
nique is used to discard the visually less-important
coefficients while an entropy coding technique is
then used to finally assign more bits to less frequent
symbols and less bits to the more frequent ones.
In terms of transform, there are two consider-
ations. The transform block size and the transform
type. As for transform block size, the H.264 uses
a fixed size of . On the other hand, in HEVC, the
transform block also follows a quadtree structure
and the size of a transform block can be either of
the following: , , , or . Hence, HEVC allows for
a more flexible transformation of data. However,
again, the flexibility of HEVC comes at the cost of
additional computational complexity. In terms of
the transform type, H.264 use a DCT type integer
transform while HEVC uses integer types of both
DCT and DST transforms. However, the use of the
DST style integer transform in HEVC is restricted
to block size.

For quantization, both H.264 and HEVC use the
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same Uniform Reconstruction Quantization (URQ)
(Gupta, Khanna, & Chaudhry, 2013) technique
which uses a Quantization Parameter (QP) value
for controlling the amount of quantization. The
range of QP values in both H.264 and HEVC fall
between 0 and 51. Increasing the QP value by 6
nearly doubles the quantization step size in both
H.264 and HEVC. Moreover, HEVC also allows
the uses of fixed quantization tables. Hence, the
quantization process in both H.264 and HEVC is
very similar and its impact on the compression ef-
ficiency and computational complexity of the two
standards is also similar.

For entropy coding, H.264 uses two types of cod-
ers: CABAC and CAVLC. On the other hand,
HEVC only allows the use of CABAC. However,
the CABAC algorithm in HEVC is better than that
in H.264. The CABAC used by HEVC provides
better throughput speed compared to HEVC and is
more suitable for parallel processing architectures.
Similarly, in terms of compression efficiency,
the CABAC algorithm used HEVC is better than
that of H.264. Finally, in terms of context memo-
ry requirement, the CABAC algorithm in HEVC
requires less context memory compared to the
CABAC algorithm used in H.264. Hence, it can be
concluded that the entropy coding mechanism in
HEVC is better than that of H.264.
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3.1.2 Predictive Coding

Both H.264 and HEVC employ Inter Prediction
technique to exploit temporal redundancy be-
tween the blocks of different frames and Intra
Prediction technique to exploit spatial redun-
dancy between the blocks of the same frame.

However, for inter prediction, H.264 can split an
MB into six different partitions to achieve this
while HEVC allows the splitting of a CB into
many different partitions. The partition sizes al-
lowed in H.264 and HEVC are shown in Figure
6 (Richardson, 2010; Sze, Budagavi, & Sullivan,
2014).

Macroblock (16x16)

=

0 0 1
Macroblock
Partitions: 0 0
1 2 3
16x16 8x16 16x8 \&
Sub-Macroblock 0 ols 0 o1
Partitions: 1 R
8x8 4x8 8xd 4x4

(a) Allowed macroblock partition sizes for Inter prediction in H.264.

MxM M x (M/2)

(M/2) x M (M12) x (M/2)

M x (M/4) M x (3M/4)

(M/4) xM (3M/4) x M

(b) Allowed splitting of coding blocks of M X M size into prediction
blocks in HEVC.

Figure 6: Available block partition sizes in H.264 and HEVC (Richardson, 2010; Sze et al., 2014).
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3. DISCUSSION

3.1.Technical Comparison

In the following subsections, the major technical
features of both H.264 and HEVC compression
standards are reviewed.

3.1.1 Block Structure

The basic coding unit in the H.264 video compres-
sion standard is a macroblock (MB). An MB has a
fixed size of 16x16 pixels. On the other hand, the
basic coding unit in HEVC is called a Coding Tree
Unit (CTU). The size of a CTU can be configured
to 16x16, 32x32, or 64x64. The block structures of

Macroblock Coding Tree Block

(@) (®)

H.264 and HEVC are shown in Figure 4. A CTU
contains a luma Coding Tree Block (CTB) and two
chroma CTBs. Each sized CTB can be either used
as the same size Coding Block (CB) or it can be
broken down into square shaped smaller CBs using
a quadtree structure (Figure 4c). For example, for,
the possible CB sizes are: . In fact, is the smallest
allowable size for a CB in HEVC. The H.264 and
HEVC block structures are shown in Figure 4 (Sul-
livan et al., 2012). An MB has a fixed size while a
CTB can be broken down into smaller CBs using
a quadtree structure. This gives HEVC more flex-
ibility over H.264 but evaluating the extra number
of CBs adds to the computational complexity of
HEVC and it slows down the encoding process of
HEVC.

Coding Quadtree

(©

Figure 4: (a) An H.264 macroblock, (b) an HEVC Coding Tree Block subdivided into Coding Blocks. (¢) Quadtree corre

From Figure 4, it is clear that an MB has a fixed size
while a CTB can be broken down into smaller CBs
using a quadtree structure. This gives HEVC more
flexibility over H.264 but evaluating the extra number
of CBs adds to the computational complexity of HEVC
and it slows down the encoding process of HEVC.
As shown in Figure 5 (Hruska, 2013), on the left

H.264

side, the traditional H.264 standard is used, and each
macroblock size is fixed. On the right side, the HEVC
standard, the size of the code unit is determined by the
regional information. From the contrast of the image,
we can see the improvement of the video quality and
the skin of the more delicate character HEVC presents,
which is much better than H. 264.

HEVC

Figure 5: Illustration of block structure of H.264 vs HEVC (Hruska, 2013).
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2. RELATED WORK

The H.264 and High Efficiency Video Cod-
ing (HEVC) are among the most popular video
compression standards (Zhang & Mao, 2019).
Encoders conforming to each of these standards
offer unique advantages over the other. For ex-
ample, Pourazad, Doutre, Azimi, & Nasiopoulos
(Pourazad, Doutre, Azimi, & Nasiopoulos, 2012)
found that while compressing videos, HEVC
provides 30 — 50% more compression efficiency
compared to H.264. Xu et al. (Xu et al., 2015)
found that the main reason for the better com-
pression performance of HEVC over H.264 is the
enhanced and improved coding tools (such as the
quad-tree block structure) used by HEVC. Nguy-
en and Marpe (Nguyen & Marpe, 2012) found that
for still images, HEVC provides, on average, 30%
more compression efficiency compared to H.264.
One of'the reasons for such improved performance
could be the use of larger block sizes by HEVC.
Similarly, in terms of computational complexity,
Yan et al. (Yan et al., 2013) found that the HEVC
encoder is several times more complex compared
to H.264. Again, this can be attributed to the ex-
haustive use of efficient coding tools by HEVC.
Video encoders which are capable of high com-
pression efficiency are generally very slow. Much
of the research in the field of video compression
has focused on finding a solution to this problem.
Many fast encoding solutions have been pro-
posed for H.264 (e.g., (Yang, Po,, & Lam, 2004;
Yin, Tourapis, & Boyce, 2003; Kim, Shih, &
Kuo, 2006; Pan, Lim, Rahardja, Lim, Li, Wu, &
Wu, 2005)), H.264/MVC (Ho & Oh, 2007) (e.g.,
(Khattak, 2013; Gul & Khattak, 2018)), H.264/
SVC (Vetro, Wiegand, & Sullivan, 2011) (e.g.,
(Yeh, Fan, Chen, & Li, 2010; Lu & Martin, 2013;
Jung, Baek, Park, & Ko, 2010)), HEVC (e.g.,
(Tan, Ko, & Rahardja, 2016; Belghith, Kibeya,
Loukil, Ayed, & Masmoudi, 2016; Jou, Chang,
& Chang, 2015; Lee, Hang, Kim, Jeong, & Choi,
2015)), MV-HEVC (Hannuksela, Yan, Huang,
& Li, 2015) (e.g., (Khan & Khattak, 2017), and
3D-HEVC (Tech, Chen, Miiller, Ohm, Vetro, &
Wang, 2016) (e.g., (Chiang, Peng, Wu, Deng, &
Lie, 2019; Zhang, Yang, Chang, Zhang, & Gan,
2017; Shen, An, Zhang, Hu, & Chen, 2015; Fu,
Zhang, Su, Tsang, & Chan, 2015)). However,
with the development of each new standard, new
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challenges related to the issue of computational
complexity arise. Hence, research in low-com-
plexity video coding is expected to continue until
a radical new and computationally less complex
approach is taken for video coding.

In the literature, some studies can be found which
compare different video compression standards.
Forexample, Pourazad etal. (Pourazad etal.,2012)
compared the performance of H.264 and HEVC.
Similarly, Grois, Marpe, Mulayoff, Itzhaky, &
Hadar (Grois, Marpe, Mulayoff, Itzhaky, & Ha-
dar, 2013) compare the performance of H.264,
HEVC, and VP9 (which is an opensource video
codec). However, these studies are limited to ei-
ther reviewing the technical features available in
each video compression standard or reviewing the
compression performance of each compression
standard. Similarly, Koumaras, Kourtis, & Marta-
kos (Koumaras, Kourtis, & Martakos, 2012) con-
firm that HEVC can achieve twice the compres-
sion efficiency of H.264. In terms of comparison
of the H.264 and HEVC, some works in the litera-
ture compare specific features offered by both the
compression standards. For example, Lv, Wang,
Xie, Jia & Gao (Lv, Wang, Xie, Jia & Gao, 2012)
compare the sub-pixel interpolation filters avail-
able in both H.264 and HEVC. Similarly, some
works in the literature compare the performance
of H.264 and HEVC under different operating en-
vironments. For example, Garcia & Kalva (Garcia
& Kalva, 2014) evaluate the performance of the
two video compression standards in mobile envi-
ronments and find that the gains of HEVC against
H.264 are less impressive in mobile environments
with lower video bitrates and resolutions.

While the above studies provide an insight into
the compression and complexity performances
of HEVC and H.264, the two standards need to
be compared in a broader sense. For example,
even though HEVC outperforms H.264 in terms
of compression efficiency, it has not been able
to penetrate the market as successfully as H.264
has (Liu, 2019). The reason for this cannot be
explained by only considering the compression
efficiency of the two standards. Hence, in this pa-
per, a more comprehensive comparison of the two
video compression standards in presented which
takes into consideration both the technical and
non-technical aspects of the two video compres-
sion standards.
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main techniques which achieve this in successive
steps are: transform, quantization, and entropy
coding. Among these, transform is used to rep-
resent the frame/block differences (received after
the predictive coding stage), in such a way that
the energy is compacted in only a few transform

coefficients. These transform coefficients are lat-
er quantized using a quantization technique. The
quantization step allows to discard many of the

transform coefficients and hence leaving only a

small number of coefficients to encode (Richard-

=
.
-t

son, 2010). Finally, an entropy coder is used to
code the transformed and quantized coefficient
(Richardson, 2010). The idea behind entropy
coding is to use reduce the overall number of
bits by allocating smaller codes to more proba-
ble symbols and larger codes to fewer probable
symbols (Richardson, 2010). Context Adaptive
Binary Arithmetic Coding (CABAC) and Context
Adaptive Variable Length Coding (CAVLC) are
two widely used entropy coders for video com-
pression.
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Figure 3: A generic hybrid video encoder (Kuo, Chung, & Shih, 2006).

The main contribution of this paper is that it pro-
vides a comparison of the H.264 and HEVC vid-
eo compression standards from a unique perspec-
tive i.e., it reviews both the technical aspects as
well as the deployment aspects of both H.264 and
HEVC. Among the technical aspects, it reviews
the encoding tools/features and the compression
performance for the case of still images. Among
the deployment aspects, it reviews the licensing
strategies as well as the market penetration of both
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H.264 and HEVC.

The rest of the paper is organized as follows: in
Section 2, related work is reviewed. In Section
3, a discussion of the comparison of both H.264
and HEVC is presented. The discussion is divided
into several subsections, including technical com-
parison, image compression performance, market
adoption, licensing structure, and upcoming video
compression standards. Finally, conclusions are
presented in Section 4.
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Figure 2: A history of video compression standards (Khattak, 2014).

It can be seen from Figure 2 that in the last two
decades, the two standardization bodies of ISO/
IEC and ITU-T have combined their efforts in
developing joint standards. The last two of their
jointly developed standards are the H.264 (Wie-
gand, Sullivan, Bjontegaard, & Luthra, 2003)
and the High Efficiency Video Coding (HEVC)
(Sullivan, Ohm, Han, & Wiegand, 2012) stan-
dards. Advanced Video Coding (MPEG-4 AVC)
or H.264 is a video compression standard based
on block-oriented motion compensation (Domin-
guez & Villegas, 2014). It is widely used in Blu-
ray discs, Internet sources such as videos on
iTunes Store and YouTube, Web software, as well
as HDTYV terrestrial, cable and satellite broad-
casts (Diehl & Karmasin, 2013). On the other
hand, the High-Efficiency Video Coding (HEVC)
combines original technologies with advanced
techniques to significantly improve bit flow, es-
tablish a better connection between delay and
complexity of the algorithm and improve coding
quality, leading to better optimizations consider-
ably (Jiang & Nooshabadi, 2017).

Both the H264-AVC and HEVC compression
standards implement a hybrid video coding ap-
proach based on spatial redundancies and tempo-
ral redundancies contained in a video sequence
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(Kovacs & Nagy, 2014; Pastuszak & Abramows-
ki, 2016). In hybrid video coding, two video
compression techniques, predictive coding and
transform coding, are combined. A generic hybrid
video encoder is shown in Figure 3 (Kuo, Chung,
& Shih, 2006). The idea behind predictive coding
is that there is spatial redundancy within a vid-
eo frame and temporal redundancy between the
frames of a video. Hence, instead of coding each
video block separately, information from already
coded blocks of the same frame should be used
to predict information in a current block (Rich-
ardson, 2010). Similarly, instead of coding each
frame separately, information from one frame
should be used to predict information in anoth-
er frame (Richardson, 2010). A simple technique
to achieve this is based on block differences and
frame differences. That is, only the block or frame
differences are encoded. This way, the amount of
information, which is encoded, is reduced. Mod-
ern video compression standards achieve pre-
dictive coding using techniques such as motion
estimation and motion compensation as shown
in Figure 3. On the other hand, the idea behind
transform coding is to reduce any existing psy-
chovisual and coding redundancy while com-
pressing videos (Richardson, 2010). The three



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (2), (2020/1442 H)

INTRODUCTION

Communication is an important aspect of human
life. Humans have always found a way to commu-
nicate with each other. Among the forms of com-
munication, visual communication has always been
a popular mode of communication for humans. One
reason for this could be that it allows human be-
ings to understand the context of communication
in a better way compared to speech communication
only. The rapid advancements in telecommunica-
tion technologies have given birth to newer means
of visual communication. For example, today, mil-
lions of people use their mobile phones to capture
and share videos. There are over 170 million mo-
bile video users in the USA alone (Statista, 2019).
Similarly, a number of online video sharing and
broadcasting services have emerged (e.g. YouTube,
Netflix, and Facebook etc.). All these developments
have made video communication more interesting
for users and, hence, the number of users who use
online video sharing or broadcasting services is ris-

ing with every passing day. For example, it is esti-
mated that the number of viewers who watch online
videos will grow from over 2.6 billion in 2019 to
over 3.1 billion in 2023 (Verna, 2019) . While video
is one of the most interesting mediums of online
communication, it is also the most data-intensive
medium. For example, it is estimated that, currently,
around 80% of all internet traffic is based on video
(Roesler, 2019). For example, storing a one-minute
raw High Definition (HD) video requires more than
8 GB of storage space (DR, 2019). If the same video
is required to be transmitted in real-time, it would
require a substantially high bandwidth which may
not be available in many scenarios. Hence, most of
the times, when a video is captured, it is compressed
before storage or transmission (Segall, Katsaggelos,
Molina, & Mateos, 2004). At the receiver side, the
compressed bit-stream is decompressed to view the
video. So, almost all the digital videos that we see
online today, are the compressed and decompressed
versions of the raw videos. The video compression
phenomenon is illustrated in Figure 1.

Video
Capture

Video
Encoding

Transmission/
Storage

Video
Decoding

Video
Display

Figure 1: The video compression and decompression process (Richardson, 2010).

Video compression technologies are reducing and elim-
inating redundant video data so that a digital video file
can be efficiently sent over a network and stored on com-
puter disks. With efficient compression techniques, a sig-
nificant reduction in file size can be achieved with little
or no adverse effects on visual quality (Shi & Sun, 2008).
The quality of the video, however, may be affected if the
file size is further lowered by increasing the compression
level for a given compression technique (Hernandez &
Schwarz, 2018).

Many different techniques can be used to compress vid-
eos. Since many different vendors of video technology
(e.g., camera and television manufacturers etc.) exist, it
is important that there exists a standard which defines the
compression technique. In such a way, a video captured
using a device from one vendor will be able to be played
on a device from another vendor since both the capture
(and encoding) device and display (and decoding) de-
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vice will conform to one compression scheme. Without
standardization, video captured using device from one
manufacturer would not be able to play on a device from
another manufacturer (Bhaskaran & Konstantinides,
1997). Hence, many video compression standards have
been developed over the years. In this respect, the two
main standardization bodies are the Motion Picture Ex-
perts Group (MPEG) of the International Standardiza-
tion Organization/International Electro-Technical Com-
mission (ISO/IEC) and Video Coding Experts Group
(VCEQG) of the International Telecommunication Union
— Telecommunication (ITU-T). While in the beginning,
both these groups competed each other by working on
competing standards, lately, the two groups have joined
resources and combined efforts in order to develop joint
video compression standards. A pictorial depiction of the
history of video compression standards developed by the
two organizations is shown in Figure 2 (Khattak, 2014).
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Abstract: Video compression techniques are used to reduce the number of bits required to represent video data. These techniques
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of radiogenic nature such as cheralite and zircon.
While the pegmatite of Gabal El-Dob are of normal
radioactivity in eU (av. 4.20 ppm) and eTh (av. 7.20

ppm).
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uranium and presence of radioactive minerals.
The monzogranites around Gabal Abu Kharif,
Gabal El-Dob and Gabal El-Urf are moderately of
high radioactivity due to the presence of allanite,
zircon and titanite minerals where the average of
eU (5 ppm) and average eTh (11.50 ppm).

The syenogranites from Gabal El-Urf can be
generally described as slightly radioactive rocks in
which average eU (11.80 ppm), whereas average
eTh (20.40 ppm). The relative increase in eU and
eTh in the rocks are due to the presence of cheralite,
monazite and zircon mineral.

The radiometric investigations indicate that the
concerned pegmatite of Wadi Abu Zawal is high in
eU and eTh where the eU content has an average
of 1017 ppm, while eTh content average is 432.40
ppm. These averages are also higher than those
recorded for the Egyptian uraniferous pegmatite (33
and 28 ppm for U and Th respectively, Moharam,
2004). The analyses show that the studied pegmatite
is uraniferous since the high eU and eTh can be
attributed to U and Th-mineralization and presence
of minerals of radioactive nature such as uranophane,
beta-uranophane, thorianite, = uranopolycrase,
monazite and zircon. These minerals are also well
suited for U-series disequilibrium dating.

The pegmatite of Gabal El-Urf is enriched in eU
and eTh relative to its hosting granites. The average
values of eU and eTh contents are 37.2 and 94.4
ppm respectively which reflect the uraniferous
nature of the pegmatite. The high eU and eTh can
be attributed to presence of accessory minerals of
radiogenic nature such as meta-autunite and zircon.
While the pegmatite of Gabal El-Dob is of normal
radioactivity where it has 4.2 and 7.2 ppm as
averages of eU and eTh respectively.

The quartz veins of Gabal Abu Kharifare moderately
radioactive rocks due to the presence of pyrochlore
and uranopolycrase minerals where eU average is
22.3 ppmand eTh average is 2.33 ppm. The analyses
show that the studied pegmatite is uraniferous
since the high eU and eTh can be attributed to U
and Th-mineralization and presence of minerals
of radiogenic nature such as uranophane, beta-
uranophane, thorianite, uranopolycrase, monazite
and zircon. These minerals are also well suited for
U-series disequilibrium dating.

The pegmatite of Gabal El-Urfis enriched in eU and
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eTh relative to their hosting granites. The average
values of eU and eTh contents are 37.2 and 94.4
ppm respectively, reflect also the uraniferous nature
of the pegmatite, since the high eU and eTh can
be attributed to presence of accessory minerals of
radiogenic nature such as meta-autunite and zircon.
While the pegmatite of Gabal El-Dob is of normal
radioactivity where average of eU is 4.20 ppm and
the average of eTh is 7.20 ppm.

The quartz veins of Gabal Abu Kharif are
moderately radioactive rocks due to the presence of
uranopolycrase minerals where the average of eU is
22.3 ppm and the average of eTh is 2.33 ppm.

6. CONCLUSIONS

The rock types of Gabal El-Dob area are arranged as
follows starting with the oldest: 1) Metavolcanics,
2) Older granites, 3) Dokhan volcanics, 4) Younger
gabbro, 5) Younger granites and 6) Post granitic dykes,
pegmatites and quartz veins.

The younger granitic rocks are subdivided according to
their field relations and petrographical characteristics
into monzogranites, syenogranites and alkali feldspar
granites. The monzogranites is slightly radioactive due
to the presence of allanite and titanite minerals. The
syenogranites can generally be described as of higher
radioactivity rocks due to the presence of zircon mineral
while alkali feldspar granites are slightly radioactive
due to presence of radioactive zircon mineral.
Radioactive pegmatites are commonly encountered
in the studied area and are found as large to smaller
bodies. They are of zoned and unzoned types. The
zoned pegmatites of Wadi Abu Zawal are formed of an
outer zone of blocky feldspars with subordinate biotite
clusters that envelop an inner core of massive quartz
which exists as disconnected pods. The pegmatite
rocks present at three localities at Wadi Abu Zawal,
Gabal El-Urf and Gabal El-Dob. The pegmatite of
Wadi Abu Zawal is high in eU (av. 1017 ppm) and eTh
(av. 432.40 ppm) that can be attributed to U and Th
mineralization and presence of minerals of radiogenic
nature such as uranophane, beta-uranophane, thorianite,
uranopolycrase, monazite, bastnaesite and zircon.
The pegmatite of Gabal El-Urf is enriched in eU (av.
37.20 ppm) and eTh (av. 94.40 ppm) relative to their
hosting granites due to presence of accessory minerals
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Table (3): Radioelement distribution of the younger granites and pegmatites, Gabal EI-Dob area.

Radioelements Mon.zo Sye{m fg(ljl;;gr Zt?vil El-Urf El-Dol‘) Qu::lrtz
granites granites granites | pegmatite pegmatite | pegmatite veins
eU Rang 1-9 4-29 1-4 96-3102 18-80 2-8 14-25
(ppm) Avg 5 11.80 3 1017.2 37-20 4.20 22.30
eTh Rang 8-16 11-34 4-12 43-854 62-164 4-12 1-3
(ppm) Avg 11.50 20.40 8 432 94.40 7.20 2.33
K Rang | 2.15-4.09 | 2.83-4.11 | 3.6-4.42 | 3.95-4.64 8-9.25 3.73-6.62 0.72-2
(%) Avg | 334 3.40 3.88 4.32 8.58 5.46 1.23
Rang | 0.07-14 1.17-3.25 1.75-4 0.24-0.85 | 2.05-5.33 1.13-3.50 0.09-0.12
crhet Avg 3.57 2.25 2.88 0.49 2.92 1.99 0.09

The eU-eTh-K ternary diagram shows that most of
the granitic rocks (Figure 8) and pegmatitic rocks
(Figure 9) of Gabal El-Dob area lies around eTh/

eU=3 where particular enrichment occur in eTh
relative to eU (more than three times). The pegmatitic
rocks of Wadi Abu Zawal and quartz veins of Gabal
Abu Kharif lies below eTh/eU=3 due to increasing of

¢Th

m Alkali feldspar granite
» Syenogranite
o Monzogranite

K cU
Figure 8: eTh-K-eU diagram of the studied younger granites

* pegmatite of W. Abu Zawal eTh

+ pegmatite of G. El Urf
+ pegmatite of G. El Dob
© Quartz veins

Figure 9: eTh-K-eU diagram of the studied pegmatites.
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some uranopolycrase mineral are present as inclusions
in apatite minerals (Table 2 No.11).

Fluorite (CaF,) occurs in different geological
environments. It is recorded in the younger
granites of Gabal Abu Kharif and Gabal El-
Dob. It has a close geochemical association
with U, Th and REE’s. Fluorite crystals
are colourless and have irregular form.
It acquires a deep violet coloration at the
contact with radioactive minerals. X-ray
diffraction analysis (Figure 7b) and The EDX
semi-quantitative analyses (Table 2 No.12)
confirmed the presence of fluorite.

4.2.4. Sulphides Minerals

Pyrite (FeS,) is the main sulphide mineral
in the study area. The occurrence of such
sulphide minerals induce reducing conditions
favorable for the precipitation of radioactive
mineralization. Pyrite occurs as anhedral
crystals with pale brass-yellow with metallic
luster. It is recorded in the radioactive
pegmatites of Wadi Abu Zawal. X-ray
diffraction detected the pattern of pyrite
mineral (Figure 7c). EDX semi-quantitative
analysis shows some uranopolycrase
inclusions in pyrite mineral (Table 2 No.13).

4.2.5. Oxides And Silicates Minerals

Zircon (ZrSiO,) is characterized by bi-
pyramidal prismatic crystals from granites of
Gabal Abu Kharif and the pegmatite of Wadi
Abu Zawal (Figure 5k). The X-ray diffraction
analysis detected the presence of zircon
(Figure 7k). EDX semi-quantitative analysis
of zircon shows inclusions of thorianite
mineral (Table 2 No.14).

Hematite (Fe,O,) have dark brown colour
and present in anhedral forms (Figure 51).
X-ray diffraction analysis detected the
presence of hematite mineral associated with
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goethite mineral (Figure 7¢). The EDX semi-
quantitative analysis of hematite mineral
shows hematite has inclusions of xenotime
mineral (Table 2 No.l5).

Rutile (TiO,) is a common accessory mineral
in igneous rocks. The majority of rutile of
Wadi Abu Zawal area is euhedral to subhedral
prismatic, tabular and elongated grains with
brownish colour (Figure 5m). The X-ray
diffraction analysis detected the presence
of rutile mineral (Figure 7f). EDX semi-
quantitative analysis data are listed in Table
(2 No.16).

Titanite (CaTiSiO,) is characterized by its
prismatic shape with yellowish brown colour
(Figure 5n). This mineral is present in the
granites of Gabal El-Dob and pegmatite of
Wadi Abu Zawal. XRD data (Figure 7g) and
the EDX semi-quantitative analyses show
some inclusions of thorianite mineral in
titanite (Table 2 No.17).

Garnet is represented by spessartine mineral
(Mn,AlLSi,0,,). Crystals of spessartine are of
deep honey colours, transparent to translucent
with vitreous luster. It was confirmed by
X-ray diffraction (Figure 7h) and EDX semi-
quantitative analysis (Table 2 No.18).

5. RADIOACTIVITY

The radiometric evaluation of U concentration
by y-ray spectrometry is usually carried
out using one or more of the intermediate
decay products in the U decay series. The
most important of these y-emitters are *°Ra
in the 23*U series and ?*’Ra in the ?**U series
and **%Ra in the *?Th series. Radiometric
measurements of the gamma ray emitted
from radium in U and Th is expressed as eU
(U equivalent) and eTh (Th equivalent). The
purpose is to determine the contents of eU
and eTh to display to what extent the mineral
composition affects the radioactivity of the
various rocks (Table 3).
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Apatite [Ca, (PO,), (OH, F, Cl)] is a common phosphate
accessory mineral recorded in the pegmatites of Wadi
Abu Zawal. The mineral occurs either as rounded to
subrounded crystals (Figure 5i) or as elongated crystals

(Figure 5j), of white to yellow colour with vitreous to
greasy luster. Fluoro-apatite mineral was identified
by X-ray diffraction (Figure 7a). The EDX semi-
quantitative analysis and ESEM image revealed that
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Figure 7: X-ray diffraction patterns of:

(a) Fluoro-apatite, (b) Fluorite, (c) Pyrite, (d) Zircon, (e) Hematite associated with goethite,

(f) Rutile, (g) Titanite and (h) Spessartine.
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Meta-autunite [Ca (UO,),(PO,),.,-6H,0)] is formed
as a result of autunite dehydration. It is present as
soft and yellow small crystallites (Figure 5b) with
vitreous to pearly luster. It is recorded for the first
time in the pegmatite of Wadi Abu Zawal and
identified by X-ray diffraction analyses (Figure 6b)
and the EDX semi-quantitative analysis data (Table
2 No.2).

4.2.2. Thorium Mineral

Thorianite (ThO,) is one of the most common
thorium oxide mineral in the pegmatite of Wadi
Abu Zawal. Thorianite is a hard heavy mineral
with orange colour (Figure 5c). The identification
of thorianite was carried out by using both of XRD
(Figure 6¢) and EDX semi-quantitative analyses
(Table 2 No.3).

4.2.3. U, Th and REE Bearing Minerals

Monazite [(Ce, La, Th, Nd, Y) PO,] is a rare earth
phosphate mineral present in Wadi Abu Zawal. It
exhibits yellow colours with vitreous or resinous
luster. According to EDX semi-quantitative analyses
(Table 2 No.4), monazite can be classified into two
types, the first one of Th-poor monazite, the second
one is Th rich monazite. Th-poor monazite might
be used to fingerprint its potential sources which
comprise allanite and titanite as well as leaching or
replacement of fluorapatite (Pan and Breaks, 1997).
Monazite mineral is confirmed by XRD analysis
(Figure 6d) and EDX semi-quantitative analyses
(Table 2 No.4).

Cheralite [(Th, Ca, Ce) (PO,, SiO,)] is regarded
as Ca-rich monazite-Ce mineral found in the
pegmatites of Gabal EI-Urf. It is iso-structural with
monazite. It occurs as anhedral crystals with brown
colours (Figure 5d). The XRD analysis (Figure
6e) and EDX semi-quantitative data confirm the
presence of cheralite mineral (Table 2 No.5).
Allanite [(Ce, Ca, Y,) (Al, Fe), (Si0,),.OH] is one of
the epidote groups which can incorporate significant
amounts of LREE. It occurs as an accessory mineral
found in Gabal El-Dob granites and the pegmatite
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of Wadi Abu Zawal. Allanite is present as yellowish
brown grains (Figure 5e). It was confirmed by EDX
analysis technique (Table 2 No.6).

Bastnaesite [(Ce, La, Nd) (CO,) F] is an uncommon
REE-bearing carbonate mineral formed by the
replacement crystals after allanite (Long, Van
Gosen, Foley & Cordier, 2010). Its yttrium content
is generally very low at about 0.05 % (Hedrick,
1985). In addition to being found in carbonatites,
bastnaesite is known as an accessory mineral in some
alkaline igneous rocks and in some hydrothermal
deposits (Hedrick, 2004). It is found in Wadi Abu
Zawal as transparent to translucent mineral present
in composite grains with rutile and spessartine in
black colour and confirmed by X-ray diffraction
analysis (Figure 6f). EDX analysis shows that
bastnaesite contains 35.20% of Ce,O, and 29.61 of
Nd,O, (Table 2 No.7).

Uranopolycrase [(U“*’ Y) (Ti, Nb), O] is a very rare
radioactive mineral that belongs to the polycrase
group of minerals including euxenite-polycrase
and yttrocrasite. It is a metamict mineral recorded
in the pegmatites of Wadi Abu Zawal and Gabal
Abu Kharif. Radioactive uranopolycrase occurs as
black colored anhedral crystals with adamantine
luster and grayish brown streak (Figure 5f). X-ray
diffraction and EDX (Table 2 No.8) confirmed
the presence of uranopolycrase mineral in these
pegmatites (Figure 6g).

Fergusonite [(Y, Er) (Nb, Ta, Ti) O,] occurs as an
accessory mineral in the granitic rocks of Gabal El-
Urf, and is often combined with one or more Y, Th,
Nb, Ta, Ti oxide accessory mineral (Lumpkin,1998).
It occurs as subhedral grains with brown (Figure
5g) or black colours (Figure 5g). The EDX semi-
quantitative analysis of fergusonite is shown in
Table (2 No.9).

Pyrochlore [(Na  Sm ) (Ti, Sb) O.] is recorded
for the first time in the wolframite bearing quartz
veins of Gabal Abu Kharif and is mainly composed
of Sb and Sm. Pyrochlore mineral is associated with
the metasomatic end stages of magmatic intrusions.
Pyrochlore crystals are of a reddish brown colour
(Figure 5h) and resinous luster. It is identified by
X-ray diffraction analyses (Figure 6h) and EDX
semi-quantitative analysis (Table 2 No.10).
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Figure 6: X-ray diffraction patterns of:
(a) Uranophane, (b) Meta-autunite, (c) Thorianite, (d) Monazite, (¢) Cheralite,

(f) bastnaesite associated with spessartine and rutile, (g) Uranopolycrase and (h) Pyrochlore.
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4.2.1. Uranium Minerals of Wadi Abu Zawal. The crystals exhibit

poorly developed faces and do not afford good
Uranophane [Ca (UO,),(SiO,),(OH),, 5H,O] morphological measurements. It is also identified
is present as massive radiating aggregates of by X-ray diffraction analyses (Figure 6a) and the
canary yellow colour (Figure 5a) as well as EDX semi-quantitative analysis data (Table 2
dense microcrystalline masses in the pegmatite No.l).

Figure S: Binocular microscope photomicrographs showing:
(a) Uranophane, (b) Meta-autunite, (c) Thorianite, (d) Cheralite, (e) Allanite, (f) Uranopolycrase,
(g) black fergusonite, (h) Pyrochlore, (i) Rounded fluoro-apatite, (j) Elongated fluoro-apatite, (k) Zircon,
(1) Hematite, (m) Rutile and (n) Titanite.
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In Gabal EI-Urf, two types of unzoned
pegmatite are present; perthitic pegmatite and
albitic pegmatite. The perthitic pegmatites
are composed of alkali feldspar and quartz
(granitic composition). The alkali feldspar is
present as megacrysts of string perthite (Figure
4e) and quartz present as megacrysts enclosing
finer crystals of perthite. Also albitic pegmatite
is composed of albite and quartz. The albite
present as megacrysts enclosing skeletal quartz

exhibiting graphic texture (Figure 4f).

4.2. Mineralogical Investigations

Five main groups of the accessory heavy minerals
are actually identified as uranium, thorium, U-Th and
REE bearing minerals, sulphides as well as oxides
and silicate mineral groups. The distribution of these
minerals in the investigated granitic and associating
pegmatites are summarized in Table (1).

Table (1) Distribution of accessory heavy minerals in the investigated granitic and associating pegmatites.

Rock Monzo Syeno Alkali Abu El-Urf Quartz
Minerals granites granites feldsPar Zawa! Pegmatite Veins
granites | Pegmatite

Uranophane - - - A+t - .
Meta-autunite - - - +++ - -
Thorianite - - - ot ; )
Monazite - ++ - ++ - .
cheralite - - - - ot ;
Allanite + - - et . ;
Bastnaesite - - - et . i}
Uranopolycrase - - - -+ - +
Fergusonite - ++ - - - -
Pyrochlore - - - - ; Tt
Apatite - - - + ; )
Fluorite - - +++ _ _ _
Pyrite + - - 4t B -
Zircon + +++ +++ - +++ -
Rutile - - - - - -
Titanite -+ - - - - -
Hematite +++ - - - - -
Spessartine +++ - - - - -

(-) Absent (+) Present in few (++) Abundant (+++) Very abundant
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4.1.2. Pegmatites

As mentioned before, there are two types of
pegmatite; the first is the zoned pegmatite and the
second is an unzoned pegmatite type.

The zoned pegmatites of Wadi Abu Zawal display
three zones. The first zone is pegmatitic quartz
composed of megacrysts of quartz, followed by

the middle zone pegmatitic plagioclase composed
of megacrysts of plagioclase associating with
megacryst of perthite (Figure 4a). The outer zone
is formed of mica. The accessory minerals are
apatite, rutile and pyrite and enclose traces of
radioactive minerals such as uranophane (Figure
4b), beta-uranophane (Figure 4c), thorianite and
uranopolycrase (Figure 4d).

Figure 4: Crossed Nicol photomicrographs in the studied pegmatites showing:
a): Pegmatitic crystals of plagioclase with perthite in pegmatite of Wadi Abu Zawal.

b): Uranophane mineral associating albite in pegmatite of Wadi Abu Zawal.

c): Fractures in plagioclase megacryst filled with beta-uranophane in pegmatite of Wadi Abu Zawal.

d): Coarse crystals of thorianite (Th) with contact iron oxides in pegmatite of Wadi Abu Zawal.
e): Pegmatitic crystal of string perthite in pegmatite of Gabal El-Urf.
f): Pegmatitic crystals of albite with skeletal quartz exhibiting graphic texture in pegmatite of Gabal El-Urf.
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Figure 3: Crossed Nicol photomicrographs in the studied younger granites showing:
a): Zoned crystal of allanite mantled by epidote in monzogranite.
b): Fractured crystal of xenotime (Xe) associating titanite (Ti) and quartz in monzogranite.
c): Subhedral crystal of perthite mantled by plagioclase in syenogranite.
d): Partially metamict zircon included in quartz in syenogranite.
e): Subhedral crystal of orthoclase perthite in alkali feldspar granite.
f): Riebeckite associating arfvedsonite and quartz in alkali feldspar granite.

The syenogranite is mainly composed of quartz, alkali
feldspar and plagioclase. Alkali feldspars are present as
perthite mantled by plagioclase (Figure 3c). Plagioclase
occur as euhedral blade-like crystals of albite and
oligoclase (An,, ,) exhibiting their characteristic albitic
twining. Quartz occurs as anhedral to subhedral crystals
filling the interstitial spaces between the other constituents
and associating the feldspars. Zircon is the sole accessory
mineral present as well-formed zoned crystal included in
quartz (Figure 3d).

The alkali-feldspar granite is essentially composed of
alkali feldspars and quartz with rare crystals of plagioclase
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and alkaline amphibole represented by riebeckite and
arfvedsonite. Alkali feldspar is the sole constituting feldspar
present as anhedral crystals of string perthite and as subhedral
crystals of orthoclase perthite (Figure 3e). Perthite is also
present as patchy perthite. Quartz is present as anhedral
crystals associating the main constituents or as skeletal
crystals enclosed in the perthite crystal, it also participates
the alkali feldspars forming the well-known graphic texture.
The alkalinity of the rocks is indicated by the presence of
riebeckite and arfvedsonite (Figure 3f). Accessory minerals
are only zircon which is present as well formed zoned crystals
associating perthite crystals and it is faintly metamict.
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with about 200 m in length and about 200 m in
width. It is zoned and composed of rosy feldspar
with mica in the outer zone and cored by quartz.
No anomalous radioactive measurements are
recorded in this pegmatite.

Quartz veins occur as small veins or lenses but
mostly as veinlets and fracture fillings. They cut
all the exposed rocks in the study area. Two sets
of wolframite-bearing quartz veins are found
directed NE-SW and E-W directions at Gabal
Abu Kharif (Figure 2f).

Acidic dykes are relatively of greats extensions
and cut both the older and younger granites.
They are mostly trending in two main directions
NNE-SSW and NW-SE and dipping WSW or
NE.

Basic dykes are mainly injected in the older
granitoids, Dokhan volcanics and younger
granites. They are mostly trending in NW-SE
direction with vertical or steep dips to the NE.

3. SAMPLING AND METHODOLOGY

Thirty eight representative samples of younger
granites, pegmatites and quartz veins from
Gabal EI-Dob area were subjected to radiometric
analysesincluding: monzogranites (tensamples),
syenogranites (five samples), alkali-feldspar
granites (five samples), pegmatite of Wadi Abu
Zawal (five samples), pegmatite of Gabal El-
Urf (five samples), pegmatite of Gabal El-Dob
(five samples) and quartz veins (three samples).
The samples were subjected to petrographical,
mineralogical studies and radiometrical
analyses. The mineralogical investigation was
carried out using a stereomicroscope for the
obtained heavy mineral fractions.

Physical concentrates of heavy liquids using
bromoform (sp.gr. 2.81 gm/cm?®) was used
to concentrate the heavy minerals. The
interesting heavy minerals were picked under
binocular microscope to obtain pure mineral
samples for X-ray diffraction (XRD) as well as
environmental scanning electron microscope
(ESEM) investigation. The XRD technique
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was used to identify the unknown minerals
using PHILIPS diffractometer model PW
3710/31. The ESEM model (PHILIPS XL 30)
fitted with energy dispersive X-ray (EDX) unit
was used. The EDX analysis is considered as
semi-quantitative analysis. For the radiometric
study, plastic containers, cylindrical in shape,
were filled with about 300-400 gm of the
crushed sample, and then sealed well and left
undisturbed for at least 4 weeks for radon
accumulation establishing equilibrium within
the radon decay series before counting with
gamma ray spectrometer for the determination
of eU, eTh and K, (Matolin, 1991). All of the
previously mentioned analyses were carried
out in the Laboratories of the Nuclear Materials
Authority of Egypt (NMA).

4. PETROGRAPHIC AND
MINERALOGIC CHARACTERISTICS

4.1.Petrographical Characteristics
4.1.1. Younger Granites

As mentioned before, the younger granites are
categorized as monzogranite, syenogranite and
alkali feldspar granites.

The monzogranite is essentially composed
of quartz, alkali feldspars and plagioclase
associated together with biotite and muscovite
minerals. Zircon, titanite, allanite, apatite and
opaque minerals are accessory minerals. The
secondary minerals are chlorite, sericite and
epidote. Alkali feldspars occur as euhedral to
subhedral tabular crystals of orthoclase and
orthoclase perthite exhibiting carlsbad twining.
Plagioclase exists as subhedral crystals of
oligoclase (An,, ,); exhibiting albitic and
pericline twining. Quartz is present as anhedral
individual crystals and as polycrystalline fine
crystals. Biotite, muscovite and chlorite are
characterized by wide scope of accessory
minerals represented by allanite mantled by
epidote (Figure 3a), zircon, xenotime associated
with titanite (Figure 3b) and apatite in addition
to the opaque minerals.
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The Dokhan volcanics of intermediate to
felsic members are represented by porphyritic
andesite, dacite, rhyodacite and trachyte. They
occur as elongated masses trending nearly E-W
at Gabal Fatirah and capping the metavolcanics
and older granites. These rocks are intruded
by the younger granites of Gabal Abu Kharif.
Dokhan volcanics at Wadi Fatirah El-Beidah
are strongly fractured and occasionally affected
by macro and minor faults.

The younger gabbroic rocks at Wadi Abu Zawal
are of low to moderate relief and occurs as small
rounded or elongated bodies. They are of blocky
appearance and characterized by black to gray
color showing rhythmic layering. They intrude
the older granites and the younger granites of
Gabal El-Urf with sharp intrusive contact.

The younger granites are mainly represented
by three mountains; Gabal EI-Urf, Gabal El-
Dob and Gabal Abu Kharif. They form oval to
elongate plutons extending in the N-S and NNE-
SSW directions and bounded by major faults of
the same direction. Based on field relationships
and petrographic studies, these younger
granites can be easily differentiated into three
main phases: monzogranites, syenogranites and
alkali feldspar granites.

Monzogranite represents the first phase and
occurs as elongated body forming a NNE-
SSW trending mass with rugged summit and
some parallel serrated peaks at Wadi Fatirah
El-Beidah, Wadi Abu Zawal and the outer area
of Gabal El-Dob, Gabal El-Urf and Gabal Abu
Kharif. The monzogranite is characterized by
bouldery appearance (Figure 2b) and spherical
exfoliation and presence of taffoni structure.

The second phase is represented by syenogranite
and is exposed at Gabal El-Urf as an elongated
mass. It is characterized by well-developed
joint pattern either vertical or horizontal. It
is highly sheared and dissected by numerous
faults (Figure 2c).

Alkali feldspar granites outcrop as the last
phase and occur as high topographic elliptical
to semi-rounded masses at Gabal Abu Kharif
(Figure 2d) and Gabal El-Dob. Gabal Abu
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Kharif alkali feldspar granites intrude the older
granitoids and the monzogranite. The rocks are
invaded by veins of various composition. Some
quartz veins are occasionally mineralized with
wolframite.

Gabal El-Dob younger granites occurs as a
small lenticular mass (0.8x0.6 km?) trending
NNE-SSW. It is of zonal composition ranging
from monzogranite in the outer rim to alkali
feldspar granite at the core. Gabal El-Dob
includes an old gold mine as well as wolframite
mine. Joints and exfoliated weathering surfaces
are well developed

The post granitic dykes and veins represent the
last igneous activity in the study area. Swarms
of acidic and basic dykes are invading all pre
existing rocks. They are differentiated into
pegmatites, quartz veins, acidic and basic dykes.
Pegmatitic rocks occur as rounded, elongated,
lenticular and irregular shaped bodies varying
in size from few meters to hundreds of meters.
They are of zoned and unzoned types. The
zoned pegmatites are formed of an outer zone
of blocky feldspars with subordinate biotite
clusters that envelop an inner core of massive
quartz. The pegmatitic rocks are encountered at
three localities; Wadi Abu Zawal, Gabal E1-Urf
and Gabal El-Dob.

Abu Zawal pegmatite body is intruded in the
older granitoids. It is an elongated dyke-like
body. It is of zoned type showing milky quartz
and feldspars at the inner core and white mica
in the outer rim. It contains black radioactive
minerals as disseminations and fracture fillings
(Figure 2e). The pegmatite of Wadi Abu Zawal
shows anomalous radioactive measurements
among the other pegmatite bodies recorded in
the studied area.

The pegmatites of Gabal El-Urf are unzoned
pegmatite present as dykes cut the host
granodiorite. The dykes are segmented by
faults. They are composed of rosy feldspars and
quartz with subordinate mica.

The pegmatite body at the east of Gabal EI-Dob
cut the host monzogranites and is considered
the largest pegmatite body in the study area
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El-Sherif (2015a) studied the mineralogical and radioactive
characteristics of the pegmatitic rocks at Gabal EI-Urf area
and concluded that the studied pegmatites are affected by
magmatic and hydrothermal processes that enriched with rare
metals mineralization accompanied by event of an intensive
tectonic structure.

Finally, Draz, El-Alfi & Esmail (2017) studied the mineralogy
of the stream sediments and hard rocks of Gabal EI-Dob area
and classified heavy the mineral assemblages found into two
main groups; the opaque iron minerals (magnetite, hematite,
goethite and pyrite) and non-opaque minerals (garnet, rutile,
zircon, sphene, fluorite, chalcocite, atacamite, biotite, Cu
minerals, Mn minerals and green silicates).

The present paper aims to study the mineralogy that affect
the radioactivity of both the younger granitic and pegmatitic
rocks of Gabal El-Dob area.

2. GEOLOGICAL SETTING

Detailed field mapping of the basement rocks and

Figure 2: Photographs showing:

structural observations, as well as, the petrographical
studies revealed that, the chronological sequence of the
rock types of Gabal El-Dob area (Figure 1) is arranged
tectono-stratigraphically beginning with oldest as
follows: 1) Metavolcanics, 2) Older granites, 3) Dokhan
volcanics, 4) Younger gabbro, 5) Younger granites and
6) Post granitic dykes, pegmatites and quartz veins.
The metavolcanics are the oldest rock types. They
occur at the south western part of Gabal Abu Kharif
as low hills and dissected by mafic and felsic dykes of
different attitudes. They are represented by metabasalt,
meta-andesite, and metapyroclastics.

The older granites cover about 40% of the study area.
They are medium-, to coarse-grained with gray color
and show gneissic texture. They are fractured, jointed
and possesses foliation along their margin. They are
characterized by the bouldery appearance, cavernous
weathering, exfoliation and monumental shapes (Figure
2a). The older granites are represented by quartz diorite
and granodiorite.

L

a): Older granitoids showing exfoliation and cavernous weathering of Gabal El-Dob area (looking N).

b): Bouldery weathering in the younger granites at Gabal EI-Dob (looking N).

¢): Highly sheared younger granites dissected by numerous faults, Gabal El-Urf (looking NE).
d): Intrusive sharp contact between the older (O Gr) and the younger granites (Y Gr) of Gabal Abu Kharif area (looking N).
e): Black radioactive minerals disseminated in fractures, Wadi Abu Zawal pegmatite.

f): Wolframite-bearing quartz veins (Qz) intrude in Gabal Abu Kharif granite (looking N).
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1. INTRODUCTION

Gabal EI-Dob area is located at the Northern Eastern

Desert between Latitudes 26° 40’ and 26° 50° N and
Longitudes 33° 20’ and 33° 30’ E covering an area
of about 265 Km? (Figure 1).
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Figure 1 : Geologic map of Gabal El-Dob area, North Eastern Desert, Egypt

Abu El-Leil, Tolba & Shahin (2015) recorded some
occurrence of mineralizations such as gold, wolframite,
cassiterite and banded iron formation (BIF). They stated
that the gold mineralization is encountered in quartz veins
occurring in the granodiorite of Abu Zawal gold mine.
The wolframite and cassiterite belong to quartz veins
origin associated within the post granitic magmatism of
Gabal Abu Kharif old mine.

The area was studied by many researches since it was
discovered by El-Taher (1978). Several geologic,
mineralogic and radiometric studies were carried out in
order to explore the uranium mineralizations.

Habib (1982) detected numerous bright signatures in
Gabal El-Missikat, Gabal El-Erediya and Gabal El-Urf
which reflect numerous hydrothermal alteration halos
around mineralized quartz veins.

Bishady, Attawiya, Attia & El-Nahas (1999) stated that
the radioactive and heavy minerals encountered in Abu
Zawal pegmatites are thorite, columbite, monazite and

84

xenotime in association with allanite.

El-Mansi and Dardier (2005) studied the geology and
radioactivity of Gabal El-Urf-Gabal Abu Shihat area.
They recorded dissemination of metallic black and
waxy yellow minerals (samarskite, axinite, fergusonite,
betafite and uranophane) in the unzoned pegmatite
pockets dominate along the southwestern corner of
Gabal Abu Shihat alkali-feldspar granites.

Asran, El-Mansi, Ibrahim & Abdel Ghani (2013)
recorded two anomalies at the north and south of
Gabal El-Urf area and recorded radioactive minerals
as uranophane, thorianite, columbite, euxenite, betafite
and non-radioactive minerals as allanite, fluorite, zircon,
rutile, hematite and magnetite.

Khaleal (2014) studied the geochemistry and
spectrometry of Gabal El-Dob alkali granite and
associated pegmatites and concluded that El-Dob
granites have relatively high uranium and thorium
contents.
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Abstract: Gabal El-Dob area is located at the Northern Eastern Desert of Egypt. The late pan-African El-Dob pluton is one of the well
exposed granitic batholith at the Northern part of Eastern Desert of Egypt. It comprises starting from oldest: metavolcanics, older granites,
Dokhan volcanics, younger gabbro and younger granites. All rock types of Gabal EI-Dob area are cross-cut by various pegmatites, quartz
veins, acidic and basic dykes. The younger granites can be differentiated into three main phases: monzogranites, syenogranites and alkali
feldspar granites. They form oval to elongate plutons extending in the N-S and NNE-SSW directions.

Pegmatitic rocks are exposed at Wadi Abu Zawal, Gabal El-Urf and Gabal El-Dob nearby or enclosed in the granitic rocks and present
as dykes or vein like bodies.

X-ray diffraction analysis (XRD) as well as Environmental Scanning Electron Microscope (ESEM) was used in the mineralogical studies
of the various rocks of Gabal El-Dob area which clarified that the common heavy minerals can be classified into: 1) uranium minerals, 2)
thorium minerals 3) U, Th and REE bearing minerals 4) sulphides minerals and 5) oxides and silicate minerals.

Wadi Abu Zawal pegmatites are considered as the most radioactive and uranium mineralized rocks due to presence of uranophane, meta-
autunite, thorianite, monazite, cheralite, allanite, bastnaesite and uranopolycrase.

Keywords: Gabal El-Dob, Wadi Abu Zawal, Gabal El-Urf, Pegmatites, Mineralogy, Radioactivity.
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