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ABSTRACT

Background: khat is a plant which is cultivated in Yemen and the horn
of Africa. The small leaves are chewed by people for their stimulating
effects. The mental and physical stimulating effects of khat chewing
are due to the sympathemimetic substances in khat. The most
important is cathinone.

Smoking is also an increasing health problem in Yemen. The aims of
this study, therefore, are to determine the prevalence of khat chewing
and smoking habit among Yemeni women in Aden governorate and to
find the association between khat chewing and smoking.
Methodology: A cross-sectional study was conducted which involved
250 women from different sectors of society in Aden governorate.
Results: The study showed that the life time prevalence of smoking
was 80% while both life time smokers and chewers was 100%. Thirty
three percent (33% ) of the life time chewers and 32.7% of the life
time smokers have duration of khat chewing and smoking from 10 to
19 years. 15.9% of the ever khat chewers and 19.6% of the ever
cigarette smokers have had duration from 30 to 39 years. Also, the
study shows that the habit of khat chewing is a very important risk
factor in increasing the addiction of smoking with a frequency of
96.9% of smoking during khat chewing, compared to 3.3% of khat
chewing without smoking.

Conclusion: The study demonstrated high prevalence of smoking and
khat chewing among women in Aden governorate. Also, the study
demonstrated the high prevalence of cigarette smoking among
chewers.
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INTRODUCTION

Tobacco and khat are two of the many habits/drugs to which people can become addicted
[1]. Chewing khat, a psychotropic plant, is a deeply rooted addictive habit in Yemeni
society. Khat has been cultivated for use as a stimulant for centuries in Yemen, other parts
of the Arabian Peninsula as well as the Horn of Africa [2, 3]. The khat chewing habit is
particularly widespread in Yemen [4,5]. Although the habit was traditionally practiced by
men, it is now prevalent among women and all socio-economic groups. It has been
estimated that about 80% of Yemeni men and 60% of women chew Kkhat [2]. It is
especially common in social gatherings and ceremonies such as wedding celebrations and
death mourning. Many Yemeni men and women also spend most of their afternoons
chewing khat, owing to the pleasant stimulant action it provides. It is believed that khat
offers a sense of euphoria, cheerfulness [4,5], relief from fatigue , increased energy levels,
ability to communicate easily, capacity to associate ideas and to improve self confidence
[4,5,6]. On the other hand, khat is addictive, and has many negative health consequences
[7]. It contains several chemical elements, the most important of which is cathinone, a
stimulant of the central nervous system and is believed to have the same effect as
amphetamine. Khat chewing leads, therefore, to anxiety, mood disturbances, depression,
and insomnia [4,5].The nicotine in cigarette smoke is known to have an addictive effect.
Compulsive use, psycho-active effects, and drug-reinforced behaviour are the primary
criteria for defining drug addiction [ 8, 9,10]. Cigarette smoking causes lung cancer, athero-
sclerotic cardiovascular diseases, intrauterine growth retardation, spontaneous abortion,
antepartum haemorrhage, female infertility, peptic ulcer disease, chronic obstructive lung
disease, sexual dysfunction in men, and many other diseases. Passive smokers can also
acquire diseases associated with cigarette smoking [10, 11, 12, 13, 14, 15,16]. Habits of
khat chewing and smoking are major contributors to gross dental staining [17,18].

There are no available precise figures on the prevalence of khat usage and smoking
among Yemeni women in Aden governorate. This study is thus timely to determine the
prevalence of khat chewing and smoking habit among women in Aden governorate and to
find the association between khat chewing and smoking.

METHODOLOGY

A Cross-sectional study was conducted in Aden governorate from 2002 to 2004, which is
the economic and commercial capital of Yemen, and the most important sea outlet for
Yemen to the Arabian Sea and the Indian Ocean.

Aden governorate consists of eight districts and occupies an area of 6980 km?, with an
estimated population of 590,000 inhabitants.

This cross sectional study involved 250 women from different parts of Aden (societies,
institutes and colleges).

Twenty five women from each organization or institutions (Pharmacy, Economic and
Education collages in Aden University, Yemen Women union association in Aden,
Development charity association in Aden, Child care association in Aden, Aden University
staff members, Ministry of Public Health office staff members in Aden, and 25 house wives
in Aden community) were randomly selected using a convenience method.

A structured self-administered questionnaire was employed for data collection. The
variables included were socio-demographic characteristics, use of khat/cigarettes,
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motivating factors that initiate people to use khat/ smoking, reasons why people use
khat/smoking, health hazards of khat chewing/smoking, and attitude towards khat use.
Ethical clearance and permission were obtained from the Research Committee of Thamar
University, and before starting the data collection, oral permission was also obtained from
the individual target women, by explaining the purpose of the study and promising them
that the information collected would be kept anonymous; and participation was totally
voluntary.

The operational definitions used:-
I. Khat chewing:

(a) Non-user: Person, who has never used khat in any form, (b) Lifetime prevalence of
chewing: the proportion of the study population who had ever chewed khat in their lifetime,
(c) Ever chewer: An individual is considered an ever chewer even if she had chewed only
once in her lifetime.

I1. Smoking

Non-smoker: Person, who has never used cigarette in any form, (b) Lifetime prevalence
of smoking: the proportion of the study population who had ever smoked in their lifetime,
(c) Ever smoker: An individual is considered an ever smoker even if she had smoked only
once in her lifetime.

Frequency tables were used for data presentation and the association between khat
chewing and smoking was considered statistically significant at p <0.05 by using chi-
squared test. Data was analyzed using SPSS version 11.5.

RESULTS

Two hundred and fifty women were included in this study and the overall response rate was
214 (85.6%).0ne hundred and twelve (52.3%) were married, 68 (31.8%) were single,
12(5.6%) were divorced and 22 (10.3%) were widows (figure 1).
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Figure (1): marital status of studied women



Smoking and Khat Chewing Among Yemeni Women in Aden Governorate A. A. K. Thabe, et al

Figure 2 shows the age distribution among women included in this study. About 38.3% of
the women were in the age group 20-30, the minimum age was 20 years and the maximum
72.
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Figure (2): Age distribution among women included in this study.

The life time prevalence of smoking was 80%, while both life time smokers and chewers
100%, table 1.

Table (1): Prevalence of khat chewing and cigarette smoking among women in Aden
governorate (gov.)

khat chewing /Smoking status NO(total n=214) Percent*
Neither chewer nor smoker 0 0%

Life time khat chewer 214 100%
Life time smoker 172 80%
Both life time chewer and smoker 172 80 %
Life time chewer or smoker 214 100%

*the percentages do not add up to 100% because one category can be included in the other

Seventy one (33.2%) of the lifetime chewers and 70 (32.7%) of the lifetime smokers
have a duration of khat chewing and smoking from 10 to 19 years .Thirty four (15.9%) of
the ever khat chewers and 28(19.6%) of the cigarette smokers have had duration from 30 to
39 years (Table 2).
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Table (2): Duration of khat chewing /smoking among women in Aden gov.

Time in years Ever khat chewers Cigarette ever smokers
(total n=214; (No (%)) (total n=214; (No (%))
Less than 1 year (1<) 2 (0.9%) 1(0.5%)
1-9 71(33.1%) 70(32.7%)
10-19 70(32.7%) 40(18.7%)
20-29 37(17.3%) 33(15.4%)
30-39 34(15.9%) 28(13.1%)
Non chewers/smokers 0 42(19.6%)

The main reason given for chewing khat or smoking was for relaxation and pleasure
(72.5%), to keep alert while working were the main reason for starting chewing or
smoking,( 20,6%). Table 3 shows the reasons for starting khat chewing or smoking.

Table (3): Reasons given by women in Aden for chewing khat and cigarette smoking

Reason Khat chewing or cigarette smoking (n=214)
No (%)
Relieve stress 15(7%)
To keep alert while working | 44(20.6%)
For relaxation and pleasure 155 (72.4%)

On the contrary, many women believe that khat chewing and cigarette smoking have
health risks. Sleeplessness (35.5%) was the main risk factor for the khat chewing, while the
addiction mentioned as the main health problem of chewing khat or cigarette smoking
(30.8%). Table 4 show the main health risks associated with khat chewing and cigarette
smoking as perceived by the study group.

Table (4): Health risks of khat chewing/smoking mentioned by women in Aden gov.

Health risk NO (%*)
Addiction 66(30.8 %%)
Health risks 51(23.8%)
Increase susceptibility to many diseases 10(4.7%)
Gastrointestinal disorders 31(14.5%)
Sleeplessness 76(35.5%)
Anxiety 22(10.3%)
Family problems 37(17.3%)
Didn’t mention any health risks 103(48.2%)

NB: *1. The percentages are calculated from the total number of women
who reported that khat chewing/cigarette smoking has health risk n=214

2. The percentages do not add up to 100% because one responder can give more than one
answer
The risk of smoking increased with chewing khat (X = 186.9, P 0.0005), table 5.
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Table (5): Shows the association between khat chewing and smoking.

Khat chewing
/smoking status

Khat chewing with
smoking

Khat chewing without
smoking

Chi-square test | Df (degree of

Frequency (X?) freedom )

p-value

207(96.7%)

186.916 1 0.0005
7(3.3%)

DISCUSSION

This study revealed that 100% of the lifetime prevalence rate is for khat chewing and 80%
for smoking among women in Aden governorate. Both life time prevalence rates in this
study group are higher compared to previous studies done in Ethiopia and Aden by
Kebede [1] ,Alkhader Laswer and Hashem [3] respectively .The possible explanation for
this difference could be that the previous studies were done among college students.

The duration of taking khat or smoking ranges from 1 to 39 years among our study
group. From this finding, possible explanation includes Yemeni social view; with
increasing age there is an increasing social acceptance of khat chewing . In agreement with
this statement is that the main reasons mentioned for started chewing khat / smoking were
relaxation and pleasure (72.5%). To keep alert while working (20.6%) is the second reason
mentioned by our study group. This is an important indication to direct interventions
towards decreasing the prevalence of these habits.

Many women believe that khat chewing and smoking have health risks. Sleeplessness
(35.5%) was the main risk factor for khat chewing, while addiction was mentioned as the
main health problem of khat chewing and cigarette smoking. On the other hand, 48.2%
didn’t mention any health problems; this indicates that there is a need for health education
and promotion about khat chewing and cigarette smoking.

About 20% of the study group were non-smokers, and these are good examples for
smokers, in that stopping these habits is possible.

In this study 96.7% declare that they smoke during khat session .This finding indicates
positive association between smoking and chewing khat (X? = 186.916, df=1, p=0.0005).

One limitation of this study is that 100% response was not obtained; of course this is
one of the limitations of self-administered questionnaires. The other limitation could be that
all women might not give genuine answer to the questions they were asked. This might
underestimate the prevalence of cigarette smoking.

CONCLUSIONS

In general the prevalence of khat chewing and cigarette smoking among women in Aden
governorate were high. Most of women knew the commonest health risks associated with
khat chewing and cigarette smoking, while some of them didn’t mention any health
problems.

The association between smoking and khat chewing is statistically significant
(X?=186.916, df=1, p=0.0005).
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RECOMMENDATIONS

Based on the finding of this study the following recommendations are made:

1. Colleges, institutes and women associations should educate their staff members on the
health problems associated with khat chewing and cigarette smoking.

2. The mass media should also give emphasis to the problems of khat and cigarette
smoking.
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ABSTRACT

The aim of this study is to evaluate the quality and the degree of
contamination of local fresh Yemeni rabbit meats collected from Taiz
markets in the Republic of Yemen, the changes of samples examined
during storage at zero time and every day. The results illustrate an
increase in microbial contamination and a decrease in physical and
chemical characteristics, until signs of spoilage appeared after four
days of storage . On other hand, the population of Aerobic, Anaerobic,
Spore-formers bacteria, Yeast and Moulds, Enterobacteriaceae, Coli
form groups, Salmonella spp , Staphylococcus spp, Streptococcus
spp, Clostridium spp, Bacillus spp, Enterococcus spp and Proteolysis
bacteria increased by the following percentages: 66.10%, 47.92%,
40.10%, 29.43%, 46.50%, 27.69%, 35.00%, 38.48%, 43.77%,
25.77%, 28.42%, 43.61% and 48.76%, respectively. The nutrition
chemical characteristics i.e. [Moisture, Protein and Fat content]
decreased as shown in these percentages: 0.81%, 0.35% and 0.65%,
respectively. And the Carbohydrate content increased by 21.33%. The
chemical indicators of spoilage i.e. [Total volatile nitrogen, Tri methyl
amine, Ammonia nitrogen, Thiobarabituric acid, Total Energy and
Water holding capacity] increased as shown in these percentages:
174.40%, 163.09%, 155.05%, 50.00%, 1.71% and 12.24%,
respectively. The pH value and Bound water decreased by 1.315% and
3.126%, respectively, compared with the control samples. In addition,
isolation and classification Eight species of Bacillus species, which
were identified in previous samples were isolated and classified. They
were Bacillus subtilus, B. pumilu, B. cireulans, B. megaterium, B.
lentus, B. sphaerieus, B. macerans, B. cereus, shown in these
percentages: 10.52%, 15.78%, 05.26%, 15.78%, 5.30%, 21.05%,
10.52% and 15.78%, respectively.

Key words : Microbial ,Physical, Chemical, Storage, Rabbit, Meat.
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INTRODUCTION

From the earliest civilization, all societies have had two means for ensuring adequate
supplies of safe and nutritious food to meet the needs of their people ( Kaferstein and Moy
1999) . The quality of rabbit meat is the reflection of microbiological, physical and
chemical characteristics before and during storage (Abd El-Latife, 1998 ). Protein plays an
important role in the life of man and nation. Meat of cows, rabbit and fish is an important
source of protein in human nutrition. Meat from fresh chicken, fish and rabbit is the most
common source of high protein food (Gamal El-Deen, 2007). In Yemen most of people
suffer from lack of meat, hence the local consumption decreased daily (day by day). Some
villages in the Republic of Yemen have no electricity and they sell meat in the open air in
retail stores. So the meat loses a great deal of its nutritious value. Storage of food (specially
fresh food like meats) at high temperature also has been reported to cause a loss of
nutritional value ( Youssef, et al., 2007). The chemical composition of the food and the
metabolic activities of the organisms growing in the food determine the compounds which
can be used as indicators ( Sayed, 2002 ), because of the extreme tendency of some
products to perish; and occasionally decomposed foods get into market channels. Therefore,
the objective of our present investigation is to evaluate quality parameters of high nutrition
and anther chemical composition in Yemeni rabbit meats, and to determine different total
bacterial counts of tested samples. The aims of this study can be stated as follows:-
1-To find out the degree of bacterial contamination, evaluate the effect of storage at room-
temperature on the different microbiological, physical and chemical quality of local fresh
rabbit meats.
2- To find out the chemical nutritional characteristics of the samples under investigation.
3- To isolate and identify Bacillus species of all tested samples as a selection of rabbit
meats contamination.

MATERIALS AND METHODS

1- Preparation and storage of samples:

Local fresh rabbit meats samples were collected and purchased from different local retail
stores in Taiz city ( Republic of Yemen ). After the whole rabbit meat flesh was obtained
the skin surface slime, dirt, head, legs, viscera and skeleton were immediately removed.
Any residual blood was also removed. After that the meat was sent to the laboratory in Ice-
box and was cut into small retail severance meat ( each severance meat contain 50 grams ).
It was immediately stored at room-temperature (28 °C). The bacteriological, physical and
chemical changes of retail severance meat carried out at zero time ( as control samples )
were examined, within 2 hours and day by day ( every day ) and during storage at room-
temperature for four days, until signs of spoilage appeared by the border line of rabbit
meats. Acceptability for total microbial count was found to be ( > 10" ) cell/g and
appearance of putrid smell was as reported by Microbiological Criteria for Arabia and
Egyptian Standard Food ( EI-Shamery, 2001 and Gamal El-Deen, 2007) .

2-Chemical and physical analysis:
Moisture content (M.O), Total nitrogen (P.R), Crude Fat, and Ash content were determined
according to the method described by A.O.A.C, (2002). The total carbohydrate (C.B) was
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calculated by the differences according to (Egan et al., 1981). The total volatile bases
nitrogen (T.V.N), Tri-methyl amine nitrogen (T.M.A), and Ammonia nitrogen (A.N) were
determined according to the method mentioned by A.M.C, (1979) (Mg per/ 100gm sample
on dry weight basis). Thiobarbituric-acid (T.B.A) was determined as indicated according to
the method of (Siu and Draper, 1978) mg monoaldehyde per 100 gram sample on weight
basis. The pH value was measured using the method described by Krilova and
Liskovskain, (1961). Energy value was calculated using the equation given by Winton and
Winton, (1958). Water holding capacity (W.H.C), and Water bound (B.W) were measured
by following the filter press method of (Gram and Hamm, 1957) as described by Soloviev,
(1966).

3-Microbiological examination :

Twenty five grams of random samples of the rabbit meats were blended with 225 ml of
0.1% peptone water in a sterile blender jar for 1-2 minutes and decimal dilutions prepared
for testing. Numbers of viable organisms were determined by the plate count method. One
ml of each dilution was inoculated with appropriate media for the particular group of
organisms to be tested as Colony forming unit per gram (c.f.u/g). The total aerobic
bacterial count (A.B) was determined according to (A.P.H.A, 1992) using Plate count agar
medium incubated at 37 °C for 3-5 days;Anaerobic bacterial count (A.N.B) was determined
according to ( A.P.H.A, 1992) using cooked meat agar medium with Anaerobic Jars (Gas
pak system by B. BL cockysville marland 21030 USA). Yeasts and Moulds (Y.M) were
counted on Malt extract agar medium (Oxoid, 1985) incubated at 25-30 °C for 3-5 days as
described by Pitt and Hocking, 1985. Spore-former bacteria count (S.P.O) were determined
according to method described by Chalmers, 1955. The suitable dilution was subjected to
80 °C at 20 m for 48-72 hrs. Proteolysis bacteria count (P.R.O) inoculation were made
TGY to which 10 % ( 10 ml / 100 ml medium ) of Sterile skim med milk has been added
just before pouring plates were incubated for 2-3 days at 30 °C (A.P.H.A, 1992) . Total
Streptococcus spp bacterial count (S.T.R) was determined by using Dried brain heart
infusion agar and MaCconky agar media (Oxoid, 1985) the inoculum was spread on the
surface of plate, after incubation at 37°C for 24-48 hrs as mentioned by  Mossel and
Tamminge, 1980. Enterobacteriaceae count (E.N.T) was determined on Violet red blue
dextrose agar medium after incubation at 37 °C for 20-24 hrs as described by Robert et al.,
1995. Bacillus spp count (B.A.C) was counted by using Mannitol egg yolk-poly myxin
(MYP) agar and incubation for 16- 24 hrs at 37 °C as described by Roberts et al ., 1995.
Salmonella spp count (S.A.L) was carried out using the most probable number technique
(M.P.N) according to (1SO, 1982) . After enrichment at 37 °C for 24 hrs in Selenite broth,
the cultures were streaked on Brilliant green agar and incubated at 37 °C for 24 hrs; then
colonies were biochemicaly examined in Triple Sugar Iron agar (TSI) and Lysine de
carbonate broth. Staphylococcus spp count (S.T.P) was enumerated on Baird—parker
medium using surface plating technique as recommended by I.A.E.A, 1990, and incubated
at 37 °C for 24 hr. Enterococci spp count (E.N.S) was enumerated on Konamycin aesulin
azide agar medium (Mossel and Tamminge, 1980). Positive colonies were confirmed by
microscopic examination for the presence of short chain streptococci. Coli-form group
count (C.O.L) was counted used the (M.P.N) method as reported by I.A.E.A, 1990 by
inoculating MacConkey agar medium incubated at 44 °C for 24-48 hrs. Clostridum spp
count (C.L.O) was counted using the Cooked meat agar medium incubated at 37 °C for 24
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hrs, in anaerobic system using gas generation kit as mentioned by Craven et al., 1979 and
Oxoid, 1985 .

4-1solation and identification of Bacillus species :

Isolation and identification of Bacillus species were determined from the total count plates
(APT) agar (A.P.H.A, 1992) colonies in opposite sectors were picked and transferred to
agar slants of the same medium. After purification, bacterial grouping according to
morphological characteristics and Gram stain was carried out. Gram- positive bacterai
groups were identified to generic and species level with the aid of [Bergey’s Manual for
Systematic Bacteriology, 1986; Kotzekidou, 1996 and Bergey’s Manual of Determinative
Bacteriology, 1999]. The method of identification adopted for this purpose Genus Bacillus
with standard tests and classification schemes described by Smith et al.,, 1952 in
conjunction with [Holt et al., 1986] and examination were carried out according to [Holt et
al ., 1986].

RESULTS AND DISCUSSION

A- Chemical and physical analysis of local fresh rabbit meat during storage at room
temperature
Table (1) below shows the effect of storage at room-temperature on Moisture (M.O),
Protein (P.R), Fat, Ash, Total carbohydrates contents (C.B) and chemical indicator for
spoilage i.e. pH value, Total volatile bases nitrogen (T.V.N),Tri methyl amine (T.M.A),
Ammonia nitrogen (A.N), Thiobarbituric acid (T.B.A), Total calories [Energy-value (E.N)]
and Water-holding-capacity capacity (W.H.C). It determination as abound water (B.W) of
local fresh rabbit meat for four days of storage at this stage of storage the control samples
were completely rejected by the border line of rabbit meat acceptability for total microbial
count in (table, 2) was found to be [ >10" ] cell /g and appearance of putrid smell as
reported by microbiological and chemical criteria for Arabia and Egyptian Standard Food
and by Shady, 1999 ; Abd-El-Daim, 2004 and Youssef, et al.,2007. From the data in table
(1) it can be noticed that the moisture (M.O), Protein (P.R), Fat, Ash, Carbohydrate (C.B)
contents, Total calories [Energy value (E.N)], pH value, Water holding capacity (W.H.C),
Bound water (B.W), Total volatile nitrogen (T.V.N),Tri methyl amine (T.M.A), Ammonia
nitrogen (A.N) and Thiobarbituric acid value (T.B.A) on control samples at 0.0 time of
storage have these percentages: 72.00%, 71.251%, 22.857%, 3.928%, 1.964%,
142.284%, 6.08 pH value, 1.96%, 92.379%, 62.399%, 7.412%, 24.932% and 0.014%
mg per/ 100g respectively. These results were in agreement with the chemical criteria for
Arabia and Egyptian Standard Food and within the range of values of fresh rabbit meat as
reported by EI-Mongy et al ., 2001 and Gamal EI-Deen, 2007. Regarding the room
temperature storage of the Moisture (M.O), Protein (P.R), Fat contents, Bound-water (B.W)
and pH value changes slightly decreased with an increase in the storage time on the first
day of storage; 72.00%, 71.250%, 22.857%, 92.377% and 6.08 pH value of rabbit
meat respectively and slightly decreased through storage to reached at the end of storage to
71.41%, 70.999%, 22.70%, 89.491% and 6.0 pH value after four days of storage for
rabbit meat samples respectively. These results were in agreement with the findings of
[Bader, 2004]. In other words, the decrease can be shown in these percentages 0.81% for
the Moisture, 0.352% for the Protein, 0.65% for the Fat, 3.126% for the Bound water and
1.315% for the pH value of the above mentioned sample compared with the control sample
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respectively. This decrease in moisture content of the above sample may be due to
evaporation of water during storage. This is in line with Affi and El-Nashaby, 2001 ;
Sayed, 2002 and EI-Shamery, 2007. The decrease of protein content in the same samples
may be due to the loss of nitrogen as volatile bases and nitrogenous substances. Moreover,
the decrease of protein might be attributed to decomposition of meat by higher load of
micro-organisms which formed volatile nitrogenous substances and soluble substances by
the effect of Proteins that scalped from the tissues during storage [Min et al., 1998 ; El-
Shamery, 2001 and Nam and Ahn, 2003]. Also, the decrease in Fat content of the above
samples may be due to oxidation and hydrolysis by activity of microorganism, leading to
the conversion of part of lipids into aldehydes, ketenes and other non fatty substances.
[Anon, 2000; Jenniber et al., 2002 and Lee et al., 2004]. Meanwhile, the decrease in Bound
water (B.W) of the above samples was attributed to protein denaturalization [El-Shourbagy
et al ., 2003 and Youssef et al., 2007]. Moreover, the decrease of pH value in the above
meats could be due to the formation of lactic acid and break down of glycogen. [Gray et
al., 1996 ; Bassiouny et al., 2002 and Aycicek et al., 2004]. In addition, it is clear from
table (1) that the Total calorie [Energy value (E.N)], Carbohydrate (C.B), Water holding
capacity (W.H.C), Total volatile nitrogen (T.V.N),Tri methyl amine (T.M.A), Ammonia
nitrogen content (A.N) and Thiobarbituric-acid value (T.B.A) changes increased during
storage at room temperature with the increase of storage time. The changes in the beginning
[ on the first day of storage ] were 142.29%, 1.965%, 1.96%, 62.50%, 7.50%, 25.0% and
0.014% mg/100g samples of rabbit meat respectively, and increased through storage to
reach at the end of storage to 144.727%, 2.384%, 2.20%, 171.20 %, 19.500%, 63.600%
and 0.021% mg/100g samples after four days of storage for rabbit meat respectively. Such
results were in agreement with Yilmaz et al., 2002 and EI-Shamery, 2007 . In other
words, the increase can be shown in these percentages : 1.71% for Total calories [Energy
value(E.N)], 21.33% for Carbohydrate content, 12.24% for Water holding capacity,
174.40% for Total volatile nitrogen, 163.09% for Tri-methyl amine, 155.05% for Ammonia
nitrogen content and 50.00% for Thiobarbituric acid of the previous samples, compared
with the control samples. This increase of Energy may be due to an increase in
Carbohydrate content and evaporation of water from the meat. ( Xiong, 1997; El-Feky,
2002 and Redmond et al., 2004). Also that increase in Carbohydrate during storage at
room temperature may be due to the natural feeding which resulted to an increase of
glycogen in muscle;s or it may be due to evaporation of water from the outer surface of
meat. These results agree with (Zayas, 1997 ; Ali, 2004 and Gamal El-Deen, 2007).
Moreover, the results of the increase in the Total volatile nitrogen (T.V.N) as an index of
the degree putrefaction, decomposition and the degree of proteolysis break down as well as
protein autolysis hand autolysis and breakable decomposition resulted in the high level of
Total volatile nitrogen (T.V.N) These results were in line with EIl-Shamery, 2001 and
Aycicek et al., 2004. Meanwhile, increasing of Tri methyl amine (T.M.A) in the above
samples could be due to the breakdown of amino acids, phospholipids as lecithin and
(T.M.A). These results agree with Affi and EI-Nashaby, 2001 and EI-Shamery, 2007 .
The increase in Ammonia nitrogen (A.N) may be due to break down of proteins through
proteolysis and decomposition by higher rate of microorganism as reported by Shady,
1999 ; EI-Shamery, 2001; Lee etal., 2004 and Gamal El-Deen, 2007.
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Table (1): Effect of storage at room-temperature on chemical composition and physical
properties of local fresh rabbit meats

W.H.
M.0 FAT|ASH| C.B 0 c or| TV.N| TMA|, o |T.B.A
Compound % PR%| % | 9% | % E.N% | pH cm? B.W% % % A.N% %
%
£ |5S|WW|DW DWDWDW| WW | § |[WW|WW | WW | WW | WW WW
[3+7 = o
175} o) =

72.00(71.251|22.85(3.928(1.964|142.284 | 6.08 | 1.96 (92.379(62.399 | 7.412 [24.932|0.014

Control
o
o

1 |72.00|71.250(22.85(3.928|1.965|142.290| 6.08 | 1.96 |92.377 {62.500 | 7.5000 (25.000( 0.014

=
(5]
E 2 |71.85(71.100/22.73{3.907(2.263|142.905| 6.05 | 2.01 (90.285 |87.033 |12.433 |34.813| 0.016
% 3 [71.61{71.000(22.71]3.909|2.381(143.948| 6.06 | 2.12 {89.794|123.22|17.259 [54.313| 0.019
04
4 |71.41(70.999(22.70(3.917(2.384(144.727| 6.00 | 2.20 |89.491(171.20 {19.500 (63.600| 0.021

W.wW = Wet Weight basis % W.H.C = Water holding capacity ( cm?)

D.w = Dry Weight basis% B.W = Bound water %

M.O = Moisture Content % T.V.N = Total volatile nitrogen content mg/100g

P.R = Protein conten % T.MA = Trim ethyl amine content mg/100g

CB = Carbohydrate content % AN = Ammonia nitrogen content mg/100g

E.N = Energy value % cal /1009 T.B.A = Thiobarbituric acid value mg/100g

B- Microbiological quality of local fresh rabbit meat during storage at room
temperature
The quality of fresh rabbit meat largely depends on its microbial contamination during
sliding, hanging, handling, marketing and on storage temperature as reported (Affi and El-
Nashaby, 2001 and Gamal El-Deen, 2007). The results in table (2) showed the effect of
storage at room temperature on total differential counts of aerobic (A.B), Anaerobic
(A.N.B), Spore formers bacteria (S.P.O),Yeast and Moulds (Y.M), Enterobacteriaceace
(E.N.T), Coli form groups (C.O.L), Salmonella spp (S.A.L), Staphylococcus spp (S.T.P),
Streptococcus spp (S.T.R), Clostridium spp (C.L.O), Bacillus spp (B.A.C), Enterococcus
spp (E.N.S) and Proteolytic bacteria (P.R.O) as (colony forming unit per gram c.f.u/g) of
fresh rabbit meat. The data in table [2] show that the initial organism counts of control
samples [at zero time of storage] were 1.1x10% 4.4x10%, 2.5x10', 1.3x10%, 1.4x10%, 3.0,
2.5, 1.3x10', 2.8x10%, 5.3, 1.1x10%, 3.4 and 1.2x10" c.f.u/g for rabbit meat samples of
above microbes respectively. This value is within the range of values of fresh rabbit meat
as reported by Microbiological Criteria for Arabia and Egyptian Standard Food and by Lee
et al., 2004 and EI-Shamery, 2007. The same data in [table 2] also indicate that the
differential microbial counts increased gradually during storage with the increase of
storage time on the first day of storage: 1.3x10% 1.1x10° 4.5x10%, 3.5x10", 2.9x10%, 3.5,
2.6, 1.8x10', 5.4x10% 6.1, 2.2x10%, 5.7 and 2.5x10' c.fu/g and reached to 9.5x10’,
1.2x10°, 9.9x10°, 9.9x10%, 1.0x10°, 4.5, 4.0, 2.7x10°, 2.2x10°, 9.4, 7.1x10%, 8.9 and
1.1x10° c.fu/g after four days of storage on rabbit meat samples of above microbes
respectively. However, the samples were rejected after four days of storage and at this
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stage, all the other counts of microbial examination were closed. This rejection of samples
depended upon the total aerobic bacteria counts reached [ >10 ] cells /g and appearance of
putrid smell also by the border line of fresh rabbit meat. This is acceptable as reported by
Microbiological Criteria for Arabia and Egyptian Standard Food and by Gillespie et al.,
2000; Jackson et al., 2001; Eleftheriadou et al., 2002; Ali, 2004 and El-Shamery, 2007. In
other words, the increase can be shown in these percentages: 66.10%, 47.92%, 40.10%,
29.43%, 46.50%, 27.69%, 35.00%, 38.48%, 43.77%, 25.77%, 28.42%, 43.61% and 48.76%
of Aerobic (A.B), Anaerobic (A.N.B), Spore formers bacteria (S.P.0O),Yeast and Moulds
(Y.M), Enterobacteriaceae (E.N.T),Coli fom-groups bacteria (C.O.L), Salmonella spp
(S.A.L), Staphylococcus spp (S.T.P), Streptococcus spp (S.T.R), Clostridium spp (C.L.O),
Bacillus spp (B.A.C), Enterococcus  spp (E.N.S) and Proteolytic bacteria (P.R.O)
respectively. This increase in the total bacterial counts during storage at room temperature
was expected as the fresh rabbit meat is considered to be the most perishable food that is
highly susceptible to microbial invasion and to direct and indirect effects of higher
temperature of storage on microorganism, (Davis et al., 1996 ; Bennett, 2001 ; Fang et al.,
2003 ; Aycicek et al., 2004 ; Lee et al., 2004 and Gamal El-Deen, 2007). In addition, from
table (2) the Total aerobic bacterial counts (A.B) were higher than anther bacterial counts
on control samples. Also the Salmonella spp (S.A.L), Coli form groups (C.O.L),
Clostridium  spp (C.L.O) and Enterococcus spp (E.N.S) counts were lower levels of
counts compared with other counts on the control samples or all the anther samples during
storage extended. The Total aerobic bacterial counts (A.B) and the Proteolytic bacteria
counts (P.R.O) counts were higher than anther bacterial counts during storage compared
with other counts on all the samples, these results agree with[Satin, 2002; Gamal EI-Deen,
2007 and EI-Shamery, 2007].

C-lsolation and identification of Bacillus species from local fresh rabbit meat.

Table (3), indicated that nineteen bacterial isolates which are divided into Eight groups; all
of these groups are subjected to extensive toxicity studies and classified into different eight
species. These groups are: Group one was Bacillus subtilus , two species (10.526%) of
total isolated. Group two was Bacillus pumilus their number of isolate were three species
by percentage (15.789%). Group three was Bacillus cireulans by percentage (5.263%) of
total isolated. Group four was three species of Bacillus megaterium by (15.789%).
Group five obtained one species of Bacillus lentus, (5.263%) of totale isolated. Group six
was four species of Bacillus phaerieus , by percentage (21.052%) of total isolated. Group
seven was two species of Bacillus macerans obtained by percentage (10.526%) of total
isolated. Group eight was three species of Bacillus cereus and isolated by (15.789%) of
total isolated.
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Table (2): Effect of storage at room- temperature on microbiological properties of local
fresh rabbit meats
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g 5181838 5% 313 3 5
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8| 2 S %3 3 3 41| 32 = 7.2 3 8.8 3
E (V] n ~ © o o (2] (32) [ee]
o
2
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€ 21212 8 |2 3|2 3 S
3 K X & 3 X |42] 39 & £ 8.8 3 8.9 S
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3/8|1%| 38 |% 51% 3 g
4 u>§ X c>§ X X |45 40 ,>\< & 9.4 3 8.9 5
(2] — (2] (2] — [9V] N ~ —
AB = Aerobic Bacteria SAL = Salmonella spp Bacteria
A.N.B = Anaerobic Bacteria ST.P = Staphylococcus spp Bacteria
S.P.O = Spore former Bacteria STR = Streptococcus spp Bacteria
Y.M = Yeast and Moulds C.LO = Clostridium spp Bacteria
EN.T = Enterobacteriaceace Bacteria B.A.C = Bacillus spp Bacteria
co.L = Coli form group Bacteria E.N.S = Enterococcus spp Bacteria
P.R.O = Proteolytic Bacteria

18



TUJNAS, 2010 A(3) 11-23

Table (3): Numbers of groups , groups of identification, numbers of isolates, percent
distribution, physiological and biochemical characteristics of the Bacillus species
isolated from rabbit meat samples.

physiological and biochemical characteristics
=]
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Total .No of Bacillusspp | 19 | 100%
(+) = Presente (-) = Absent (B.)= Bacillus
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ABSTRACT

Hindgut of Solitary has been into its three regions: ileum, colon, and
rectum, and each region was studied morphologically, histologically
and functionally. lleal structure has been investigated throughout its
length from pyloric valve ( the border between the midgut and the
hindgut) to its end ,which marks the border between the ileum and the
colon. The 6 layers apical wall of circular muscles were fully
described with the longitudinal muscles. The 12 inner ileal epithelial
folds consist of columnar cells with microvilli, which suggest that the
ileum is involved with nutrition absorption. The 12 ileal folds are
close to the inner wall of the proximal circular muscles, but in another
locust are projecting inward the lumen centre. But in both structures
the subintimal space is clear. The 12 ileal folds become reduced to the
smallest in size and less in count. Their reduction continues to the
lowest size till they become traces at the end of the ileum. The colon
structure shows that the diameter becomes small and the tissue
between the layer circular muscles and the 4 thick folds of the colon.
The area between the circulat muscles and the inner columnar cells is
full of thick longitudinal muscles. The rectal structure shows the 6
large rectal papillae and small rectal pads which grow to replace the
rectal papillae. Rectal papillae are involved with mineral and water re-
absorption. At the middle rectal area structure shows 6 areas occupied
by rectal pads and 6 reduced between rectal areas, which have
columnar epithelial cells. Their function is to facilitate the faeces
evacuation by their contraction and expanding as they do as
articulation. Rectal pads show different type of cells such principal
cells, basic cells and junctional cells. Also intrapapillar lumen,
tracheae, and also the circular and longitudinal muscles are very clear .

INTRODUCTION

The digestive system of insects is divided into foregut, midgut, and hindgut,
which extended from the bucal cavity to the anal opening. The foregut is also
divided into its four sub-regins, the Pharynx, Oesophagus, Crop and
proventriculus, each of which is usually differentiated into two sub-regions
(e.g. antenirar pharyrx and antenirar pharyrx anterior oesophagus and
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posterior oesophasas, antenirar crop and posterior crop, anterior proventriculus and
posterior proventriculus,) and that was according to their different histological structure.
The foregut and the hindgut are lined with ectodermal cuticle, whereas the midget is of
endodermal origin. The hindgut is generally divided into the pyloric valve, ileum, colon,
and rectum (Caetano F.H. (11984, 1988).; Cane, J.F. (1987 ).; Chapman,R.F. (1998). Cruz-
Landim, C.(1985 ,1996 ); Martins, G. F. Neves, C.A., Campos, L.A.O. Serrao, J.E. (2006);
Melo, M.L.S., Vidal, B.C.(1978),; Snodgrass, R.E. (1956) the pyloric valve and malpighian
tubules mark the border between the midgut and the hindgut. The malpighian tubules
usually arise from this exact circle. Dispite that the Solitary locusta is amongst the insect
that have symbionts in their hindgut, in which the ileum is expanded to accommodate them,
such as Solitary locust, which ileum approximately /s (one nineth of the whole gut) , and
the microorganisms of different bacteria had been found 32384091 per one hindgut of
schistocerca gregaria (Hunt, J. and Charnley, A. K. 1982). In present studies the ileum is
nearly one ninth of the whole gut. In bees the ileum is a long tube shows no clear
anatomical specialization at anywhere throughout its length Santose et al, (2006) . In
termites and scarabas beetles the ileal cuticle lining chambers is formed into elongated
denticles serving as attachment to the microosganisms. The same finding is present in the
cockroaches and crickets ileal cuticle. In Solitary locusta the ileum consist of 4 - 5 layers
of circular musclese in some cases six layers are present. Also, the ileal twelve folds cosist
of one layer of columnar or cuboidal cells in their shape. The epithelium is distinct sub-
epithelial space, which is large at the base of the ileal epithelial folds, they are forming
connective tissue and may be that is because of the ileum is involved in water and salts
absorption and regulations, when salts and water intered into the ileum from malpighian
tubules Figs. C and D and in some sections the arrangement of ileal folds vary from one to
another, but in general they consist of the same structure. The Colon is becoming narrower
in diameter than the ileum and the folds are reduced to less than half that arise in the ileum
i.e. there are 4 large and a long folding projecting inward the lumen center and the
connective tissue occupied a wide area. The colon is the posterior part of the ileum, so if it
appears different in its histological structure then it can be called colon, but if it resembles
the ileum in histological structure, then the inner epithelial folds count less than six i.e.
there are four thicker folds due to the connective tissue which occupied large areas and
these folds are full of longitudional muscles. The space between these folds reduces to
nearly a half of the ileal area. The epithetium still has the same cuboidal or columnar cells.
The columnar cells are less (140) in comparison to that existent in the epithelin of the ileum
(648), that is 13.5 times. Longitudinal muscles count in great numbers and are large in
comparison to longitudinal muscles present in ileum.

MATERIALS AND METHODS

Males and females Solitary locust were collected from the garden of the Sana'a University
which is full of green grasses and Pelargonium (the habitat in which the Solitary locusts
exist) and from different areas of Sana'a province. Animals were placed in special cages
for 48 hrs with the same food and animals for the experiment. Locusts were killed by
breaking the cervical membrane at the back of the Pronotum, which severs the ventral never
cord. The whole guts (Foregut, midgut, and hindgut) were removed and fixed in Harry
Houdine fluid saturated HgCl,, absolute alcohol 2: v/ v for 24 hrs. Sections were made at
5um on a rotary microtom (Swift optical instruments, Trowbridge) and transferred to glass

26



TUJNAS, 2010 A(3) 25-38

slides. For histological investigation, prepared tissues were dehydrated in series of ethanol,
embedded in parafin wax. (MP 56 C) by the propan—2—o0l1/toluene method of Humanson
(1972). Sections on the slides were stained with gram Twort procedure Ollett with DPX
mountaint (B.D.H. chemicals). Pyloric valve and malpighian tubules determine the border
between the midgut and hindgut. The hindguts consist of the ileum, colon and the rectum.
Each has its own histological structures.

RESULTS

Hindgut is in general differentiated into pyloric valve, ileum, colon, and rectum. The ileum
of an insect is corresponded to the tube running back from the midgut to the colon. The
ileal inner wall throughout its length is lined by cuticular intima. Epithelium consists of
twelve folds, which project to the lumen center. Structure in the present study was similar
to those species which had been found by (Phillips 1, 11, and 111 ), and Santose et al (2006),
with variation in epithelial cells shape location of nuclei, and in thickness of cuticle lining.
Transverse sections show that there are 3 —6 layers of circular muscles each consists of
several fibers.

The twelve epithelium folds consist of one layer of columnar cells. The epithelium
districts sub-epithelial spaces, which is wide at the back of some epithetial folds, it is may
be because the ileum is involved in water absorption and salts regulation, when water and
salts inter the ileum from malpighian tubules or may be to form an area to allow the
entrance of tracheae  figs. A, B, C, & D. The ileal epithelial cells have cuboidal to
columnar shape and are lined with apical plasma membrance throughout its inner folds.
Nuclei of the ileal epithelial cells are located at the basal side of the cell.

Both pictures A and B are taken through the border of the midgut of Solitary locust at the pyloric valve. Note the
remain secretory cells of the midgut epithelium SC at the top of the above picture. Observe the7 ileal epithelial
folds with the microvilli micr ,which are heavily red stained micr 1; note also the count of ileal folds at the above
picture are 7folds and at the below picture are 9 folds.Circular muscles CM; longitudinal muscles LM;
malpigighian tubules MT; A& B 40 x
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The above pictures D & E are the third and fourth sections taken in the ileum as a series, which show that the
sections were taken completely at the whole ileum.Note the 12 ileal epithelial folds with microvilli. Observe the
circular muscles CM; longitudinal muscles LM; malpighian tubules MT; and subintimal space. The below picture
is a sectin taken further townward the colon.Note that nearly half of the ileal folds are becoming reuced in size
RF.Observe the subintimal space SIS is also reduced to the smallest area. The section is taken through the ileal at
the area,which show the small reduced folds, which will continue reducing in size up to yhe luist size(see below )
SfigsFand on. D=x 400 ; E=x40

The above picture F and G taken at the middle area of the ileum, show that the ileal folds reduced to the smallest
in size and less in count. Note the circular muscles CM;longitudinal muscles LM; and the subintimal space.The
below picture taken further downward to the colon area.Observe that the lumen becomes wider with thin circular
muscles. Both pictures F & G 40 x

The above sections H and | are taken at the area before the end of the colon region.Note the reduced epithelial
folds in size and count ,circular muscles CM; longitudinal muscles LM; and the wide lumen.The below picture the
ileal folds are only traces that was compensated by the wide size of the lumen. Both G &l 40 x
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Figs. A - 1 : a series of sections taken through different parts of the ileal epithelium.
Note the reduction of the ileal folds as they become less in count and smaller in size
untilthe folds traces seen very small. Notice the microvilli , columnar cells of the 12 ileal
folds, circular muscles, longitudinal muscles. Note section A, which just is the end of the
midgut and the beginning of the of the ileal epithelium, and section E, has small ileal folds.
Section F, which has less folds: note also the section G has been taken at the end of the
ileum; note the traces of the ileal folds. Sections H & | magnified folds show the columnar
epithelial cells .Sections B, C, D, E & F have very clear microvilli. Figs. No. A,B,C,D

Scheme A shows the anterior part of the ileum and the arrows show the exact areas, at
which the sections were taken. And scheme B shows the posterior part of the ileum and the
arrows show the exact area, at which sections were taken.

Scheme A
’x\’-,

foregut e midgut hindgut
a long diagram of the digestive systemof Solitary locust
Note the gut divisions: foregut fg — pharynx ph—
oesophagus eso T crop cr — anterior caecae ac
posterior pc — midgut md malpighian tubules mt =
ileum il colon co rectum rec

SchemeB

foregut " midgut | hindgut
a long diagram of the digestive systemof Solitary locust
Note the gut divisions: foregut fg — pharynx ph o
ocesophagus eso = crop cr _ anterior caecae ac
posterior pc = midgut md-malpighian tubules mt —
ileum il= colon co = rectum rec

29



Histology of the hindgut of solitary locusta (Orthoptera: Acrididae ) Y. M. Abboud

Rectum: Epithelial columnar cells vary in structure as seen, in which the space of the
lumen appears to occupy the whole area except that papillar folds are running toward the
center of the rectal lumen. They extend nearly to the whole area of the rectum. Fig.3 B
shows the presence of six circular muscles, which is in agreement with the investigations on
other locust. The cells are columnar in shape. The epithelium between the rectal pads is
reduced and heavily darkened as was reported by Phillips | but, in the present study the
interconnecting epithelial cells strap is stained as the whole rectum, but not as the areas in
which the junction cells are. The whole epitheliual pads and in between structure are
completely lined with cuticluar intima, the cuticular intima is attached to the pads, but at the
tips of rectal pads they become loosen which is called subintimal space. Peeling the
culcular lining off the rectal pads had been reported by Marshal& Hode (1939), Phillips I,
I, 1l at small six rectal pads, which stay closely to the outer layer and if sectioning
continue the large branches of six rectal pads were darkly stained.

Scheme C of the alimentary tract with detailed of 2 sections pointing at the exact areas
that were taken: the detailed drawing shows the components of the digestive system in the
Solitary locusta : Note the pharynx ph ; oesophagus oes ; crop cr ; gastric caecae ca ;
proventriculus pr ; midgut mg ; peritrophic membrain pm ; malpighian tubules mt ; ileum il
; colon ¢ ; and rectum rec.

Scheme
! foregut midgut hindgut 1
capr  pmmt

|

pethel 1al Cell
L L ;
V=5 x
i
oy 2 =N X
VS o Lol SN
ik = L )
h o . 287 "»“; .
o _-J‘.FL:.: \" B >
e LG =
H

system of Solitary locusta Note the
gut divisions:fore mid, and hindguts.
the hindgut,conserned in this study

is consist of the ileum.colon and
rectum
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Figure (A): TS taken throught the rectal pads of adult Solitary Locusta. This sectin shows all
detailed structure : principal cells BC; junctional cells JC; principal cellsPC;
junctional cells JC, with elongated nuclei N and cuticular round nuclei N;
intrapapillar lumen PL and lumen; cuticulat lining and folded rectal epithelium
EP; circular muscles CM; longitudinal muscles LM, x 400 x

Figure (E): Rectal pads show the intrapapillar lumen PL; Observe the all cells types: principal
cells PC; basic cells BC; junctional cells JC; circular muscles CM; and longitudinal
muscles LM; tracheae Tr; and folded rectal epithelium EP; round nuclei N; and
the lumen. 400 x
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Figure (B): TS taken through one of the rectal pads shows detailed structure of all type of cells,

basic cells BC, junctional cells JC principal cells PC. Note the intrapapillar lumen
PL, the lumen L, round nuclei RN and tracheae TR. 400 x

)
Figure (C): One of the rectal pads with very unusual elongated structure but despite that the
three type of cells still have obvious structures.Note the type cells: principal cells
PC; basic cells BC; junctional cells JC; and nuclei N. 400 x
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~ cuboidal epithelial cells
ofthe reduced area . T

ey X

)

LR

théfolded p Gale \go
- .. betweenthe
rectal pads rectglﬁp)dg o,

D

the six folded rectal

Figure (D): TS taken through the area between the neighbouring two rectal pads shows details

of the cuboidal epithelial cells of reduced area joining

pads.These six reduced areas function as articular valves ,strap-like, facilate the
feces evacuation by their contraction and expanding the rectal size. Note the

intrapaoillar lumen PL; and the lumen L. 250 x

cuboidal epithelialcells
between the rectal pads
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- .

S SN

Figure (H): The whole transverse section shows all six rectal Pads .Intrapapillar lumen PL,
columnar or cuboidal cells. Note the principal cells PC; basic cells BC; junctional
cells JC; connective tissue CT; longitudinal muscles LM; circular muscles CM;

cuboidal epitheal cells. The above drawing resembles the same explained in
section. 40 x

TS, taken through the rectal papillae, shows the six rectal papillae and between them appear six small rectal pads.
128 x

34



TUJNAS, 2010 A(3) 25-38

DISCUSSION
The lleum:

The presence of six layers of circular muscles in Solitary locust investigated have varied
from that in some species such Apoidea, which has only one layer of curcular muscles
Santose et al (2006) and in some species of Lepidoptera which has two layers of circular
muscles (External circular, and inner longitudinal muscles) Levy, S.M. et al (2004). The
hindgut lumen is lined throughout its length) by a cutcular lining (Figs. ileum, rectum). The
cuticular lining of the epithelium has not the same thickness throughout its length, it varies
from a place to another, as seen in the figures. Cells vary in shape and nuclei. Parts of the
section are large, oval and round, and the cells are located basally and midially as seen in
the transverse sections, between the rectal pads. The epithelium is considerably reduced and
highly pigmented as it was investigated by Phillips 1964. The cuticular lining lines the
inner wall of the hindgut and not only the areas between the rectal pads. This chitinous
intima is attached to the epithelium, but at the tips of rectal pads seems to be peeled off
making a space, which called subintima space. That may be due to rectal pads function,
which is in fact re-absorption of water from the food residue and returning it into the insect
body, or it may be due to the fecal scratch during its passage and may be due to the
elasticity of cuticle and its plasticity. And that is why the cuticular lining seems to be
thrown away from the tips of rectal pads. Another interpretation might be that it has
different factors acting together or individually to rolling the feces prior to be thrown away.
The tracheae filling the epithelial regions between the rectal pads and circular muscles
nuclei are heavily stained. The function of the hindgut of an insect is to re-absorb the water
and salts of the primary urine carried by the malpighian tubules into the ileal lumen in from
NaCl. KCI. Chapman, R.F. (1998). The process happens mainly in the rectum, but it starts
in the ileum which is active in water and ions absorption and regulates the balance of acid-
base and Nitrogen excretion. Also, the crude urine carried by the malpighian tubules from
the hemolymph to the ileum to be transported to the rectum, to be undergo, there to
reabsorption the water and salts, which are then returned to the body of insects, Bradley. J.
(1985). The same finding was reported by Irvine, et al  (1988), in bees, cockroaches,
crickets, Locusts, that have microflora in their hindguts, the ileum of these insects becomes
larger to accommodate the microflora symbionts, flora. Solitary locusts are amongst insects
that have symbiotic bacterial flora in their hindgut, the ileum becomes large to
accommodate these bacteria. Cuticle intima lining these chamber place in which floral
bacteria live .

Fig. H: Transverse section taken through the whole rectal papillae of the solitary locusts
show that the rectal pads consist of different epithelial cell types: epithelial cells, basic
cells, and juncitional cells and the area between the rectal pads were reduced to a very
narrow strap of simple rectal cuboidal epithelial cells up to 1/30 of the actual size of the
rectal periphery, which act as an articular junction joining the rectal pads. Epithelia between
the rectal pads allow the rectum to evacuate feces by the contracting and expanding the
inner rectal area (comparing higher animals this movement is called peristaltic
movement).The loose cuticle over the rectal pads was broken under the stress movement of
the whole rectum. The reduced areas between the rectal pads are compared with cuboidal
epithelial cells figs.1 & 2 above the inner wall of the rectal pads and the area between the
rectal pads are lined with culticular lining. The (interconnecting) areas between the rectal
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pads are stained light brighter than the other areas of the whole rectum and that was
contrary to the observation of Phillips (1964). The lining cuticle between the rectal pads is
firmly attached to the epithelium, but over the rectal pads this chitinus intima has been
detached and the rectal pads areas underneath are brightly stained than any other parts of
the rectum.
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ABSTRACT

The stability assessment of sedimentary rock slopes of the area
surround Garin Majjed archeological village which lay on cuesta
shape hill in Wadi Dawa'an - East of Yemen was carried out. All
important factors affecting slope stability in the area such as
differential weathering, rainfall and runoff, sewage, discontinuities
trends and inclinations, slope face orientation, and mechanical
properties of rocks and joints filling materials were evaluated. Direct
shear test of joints filling materials showed that the friction angle (@)
values range between 11° and 31° and cohesion (C) Values between
0.00 and 0.5 MPa. The compressive strength (co) values of the
nodular limestone rocks is 66 MPa and for shaley marly sandstone it is
12 MPa. It was found that rock fall is the main mode of failure in the
area, while secondary toppling and/ or plane sliding are probable to
occur. Some remedial measures are proposed to protect the slopes like
erect well seal drainage path, supporting the toe of the dip slope and
the overhanging parts, as well as grouting of joints by convenient
filling material.

Keywords: Slope Stability, Garin Majjed, Archeological Village,

Cuesta shape, Yemen.

1. INTRODUCTION

The study area is located at Wadi Leimen, the western tributary of Wadi
Dawa'an which is 600 km to the south — east of Sana’a city; capital of Yemen
(Fig.1). Wadi Leimen is U-shape Wadi to mountainous area with hot dry
climate. The annual average temperature ranges between 9°- 42°c and the
annual precipitation ranges between 50-150 mm/year (Al-kharasane, 2005)
with a considerable vegetative cover.

This research aims to evaluate the slope stability of the area surrounding
Garin Majjed archeological village which is one of the most important tourist
villages (Photo.1) in Wadi Dawa'an (Ben Slman, 2007 and General Tourism
Authority, 1999).
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Figure (1): Yemen map showing the location of study area.

Photo (1): Side view of Garin Majjed archeological village. Photo direction south-east

The important factors affecting slope stability in the study area were evaluated. These
include differential weathering and erosion, rainfall and runoff, sewage, discontinuities
trends and inclinations, slope face orientation, engineering characteristics of rocks and their
discontinuities as well as determining the type and direction of failures.

The engineering characteristics of the rock mass and discontinuities were described
according to the geological society engineering group working party (Anon, 1972). The
relationship between slopes faces and beds attitude are classified according to Al-Saadi’s
slope classification (AL-Saadi, 1981). The inclination of slope (or dip of strata) is indicated
by two numbers, the one to the left (three digits) represents the direction and the one to the
right (two digits) represents the dip angle. The symbol (OH) is used for overhanging slopes.
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Stereographic projection was carried out to show the relationship between slope faces and
discontinuities using Rock Pack Il computer program.

The laboratory tests include performing a compressive strength test for 6 samples of
nodular limestone and shaley marly sandstone as well as shear box test for 5 samples of
discontinuities filling materials to estimate the two shear strength parameters; friction angle
(®) values and cohesion ( C ) values. The tests are carried out in the laboratory of the
ministry of public works & highway in Sana‘a.

2. GEOLOGY OF THE STUDY AREA

The study area is located to the east of the Arabian shield as a part of the Arabian shelf
(Beydoun et al., 1998). It is affected by faults and joints which associated with the opening
of the Gulf of Aden since Oligo- Miocene. The dominant trends of these geological
structures are NW-SE and NE-SW (Fig. 2).

4871530 48"190'E

15°140"N

u'iﬂo"‘E :
Legend

Active alluvium sand and gravels
B2 Jeza Formation: light grey shales and marly limestones
Umm er Radhuma Formation: nodular dolemitic limestones

Mukalla Formation: Marfy sandsone.

fault

O Garin Majjed archeological village |

Figure (2): Geological map of study area (Modified after Robertson Group, 1990)

The Garin Majjed archeological village stands above cuesta shape hill with a dip (back)
slope of 295°/30°, scarp- overhanging slope (090°/OH) and Southern side slope of

180°/80°-OH° (photo2 & Fig. 3). The average dip of contact between two rock units of the
cuesta is 270°/26°. The upper part of the cuesta shape belongs to the Umm er Radhuma
Formation (Upper Paleocene) which consists mainly of yellow and grey nodular limestone
with some marl while the basal part belongs to Mukalla Formation (Cretaceous) which
consists mainly of sandstone with some shale, silt and marl. Jeza formation (Early Eocene)
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outcrops to the east, south and west of study area. This formation belongs to Hadramawt
Group and consists of a series of yellow and pink papery shales with beds of marl and
limestone (Beydoun et al., 1998).

3- ROCK MASS DESCRIPTION AND SLOPE STABILITY ANALYSIS

The Cuesta shape rock mass outcrop in Garin Majjed archeological village area consists of
two rock units as mentioned before ( Figure 2 ). In the upper part, a 12 m thick layer is
exposed. It is grey, fine grained, very thickly bedded, moderately to very widely spaced
joints, slightly weathered, nodular LIMESTONE, strong with uniaxial compressive strength
(oc) of 66 MPa. The 5 m thick layer in the lower part of slopes is light yellowish brown,
fine to medium grained, very thinly bedded, closely spaced joints, moderately to highly
weathered, shaley marly SANDSTONE moderately weak with compressive strength (oc) of
12 MPa.

The limestone layers are cut by two main cracks, one in the attitude of 285°/62° and the
other with attitude of 005°/86°. Stereographic projection of these two main cracks is shown
on Figure 4D. The horizontal sandstone layers are cut by three sets of joints, S1, S2 and S3.
The average dip of S1 joints is 265°/87° and the joints spacing are of >3 m. The persistence
is about 2 m on the bedding planes and slope surfaces. The joints are almost close. The
average dip of S2 joints is 205°/90° and the spacing ranges between 0.25-0.60 m while the
persistence ranges between 0.20-0.40 m on the bedding planes and they are almost close.
The average dip of S3 joints is 113°/90° and the spacing ranges between 0.20-0.40 m, their
persistence ranges between 0.20-0.70 m on the bedding planes and they are almost close.
Stereographic projections of S1, S2 and S3 are shown on Figures 4 A and C.

. Southern slope” »,
: A

Photo (2): Side view of cuesta shape showing different slopes around the village. Photo
direction to the north.
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Figure (3): Satellite image showing the areal distribution of slopes in study area, (Google earth).

The areal distribution of slopes in the study area is shown in Figure 3. It can be divided
into four main slopes. These are:

(i) Dip (back) slope

The slope is close to the main road as shown on Photo 2. It is 45 m high and 60 m long
parallel to its trend. The slope inclination is 295°/30° with average dip of 270°/26° and it is
daylighting at right part. According to Al-Saadi’s slope classification this slope is parallel
slope with 15° divergence angle and left emergent concordance (Fig. 4A & B),

(ii) Scarp slope
This slope is 15 m high and 20 m long parallel to its trend. The slope inclination is
088°/OH° with average dip of 270°/26° (fig. 4D). According to Al-Saadi’s slope
classification, it is a parallel slope with 02° divergence angle, right emergent and
disconcordance.
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Contact
surface

A. Dip (back) slope

Col I
surface

C. Southern side slope with probable wedge sliding.  D. Scarp slope with probable Rockfall

Figure (4): Stereographic projections showing the relationship between slopes (thick great
circles), ()contact surface, (A) cracks, (A) joints S1, S2 & S3, and area of
potential sliding for friction angle of 31° & 11°.

(iii) Southern side slope

The slope is 45 m high and 60 m long parallel to its trend. The slope inclination is
180°/80°-OH°®) and the average dip of contact between the two rock units of the cuesta
shape is 270°/26° (Fig. 4C). According to Al-Saadi’s slope classification, it is orthogonal
slope with 90° divergence angle.

(iv) Northern side slope

The slope is 45 m high and 60 m long parallel to its trend. The slope inclination is 360°/23°
with average dip of 270°/26°. According to Al-Saadi’s slope classification, it is orthogonal
slope with (90°) divergence angle (AL-Saadi, 1981).
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4- RESULTS AND DISCUSSIONS

The laboratory tests include performing of compressive strength as well as shear box tests.
The average compressive strength of fresh to slightly weather nodular limestone (o) iS 66
MPa which indicate strong rock. This value decrease rapidly by weathering resulting from
seasonal rainfall and runoff as well as from local sewage. For fresh to slightly weather
shaley marly sandstone, the average compressive strength is 12 MPa. This value indicates
moderately weak strength rock. Evaluation of the two shear strength parameters namely
friction angle (®) and cohesion (C) for unconsolidated filling materials of discontinuities
indicate ® = 31° and C = 0.22 MPa under 16 % moisture content and ® = 11° and C =
0.013 MPa. under moisture content of 29%. This mean that the friction angle of
unconsolidated materials with more moisture content is smaller than sliding plane (contact
surface) inclination which has dip of 26°

The discontinuities dissected the upper back slope as well as the exfoliation weathering
of limestone help rainfall and sewage to penetrate inside the rock mass and reach the
jointed marly sandstone. This resulting in disturb slope stability of the area. The scarp slope
and southern side slope are strongly affected by this action; therefore, rockfall failure is
dominant. Stereographic projection indicates wedge sliding along southern side slope but
due to moderately wide spaceof joints, the rockfall occurs instead of wedge sliding for
small rock fragments.

The northern side slop is rather stable. Although the dip (back) slope is stable at present,
it may reach a critical state of secondary toppling (Hoek, E. & Bray, J.W., 1981) or plane
sliding in the future if toe cutting by rabid differential weathering resulting from surface
sewage and seasonal rainfall and runoff continue.

Because this village is one of the most important tourist villages in Wadi Dawa'an, and
due to its heritage value, it is necessary to take some construction measures to treat the
instability problem of the dip (back) slope, southern side slope and scarp slope. The
following treatment may achieve:

1- Removing the unstable blocks which are liable to fall in the scarp slope.

2-  Erecting well seal drainage conduit.

3- Supporting the toe of the dip (back) slope and the overhanging part of the southern
side slope by retaining wall.

4- Grouting of discontinuities by convenient filling material like cement in order to
increase the cohesion of the different parts of the rock mass and to prevent water
infiltration to the lower part of the slope.

5- CONCLUSIONS

1-  Weathering is the dominant cause of failure in the study area and most of
discontinuities help to separate the rock blocks out of the slope.

2-  The northern side slop is rather stable.

3- Rockfall is the main mode of failure that occurs in scarp and southern side slopes.

4-  Sliding and/ or toppling are the probable mode of failure in dip (back) slope.

5-  The treatment must be applied with well aspect.
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ABSTRACT

A new series of heterocyclic derivatives from 3,5-naphtho-1-
selenocyclohexane have been prepared (Cy, Hig SeX; X=CL Br, I) and
CioHig SeRX; R=CH3; X=1)

The new compounds were characterized by elemental analysis, IR,
H!NMR and molar conductance. Conductivity measurements of these
compounds in DMSO solution indicated that they behave as week
electrolytes

INTRODUCTION

The preparation, characterization and solution properties of heterocyclic
tellurium and selenium had been described previously [1-9].
3,5-naphtho—1-tellurocyclohexane was studied firstly by Anderson et. al. [10]
who studied the cyclic inversion that occurs in oxygen, sulphur, tellurium and
selenium cyclic compounds.

Singh et. al. [11] have prepared 3,5- naphtho—1-tellurocyclohexane and 3, 5-
naphtho—1-selenocyclohexane from 1,8-bis (bromo methyl) naphthalene.
Radhy [12] prepared charge transfer complexes from quinines. In the present
work a new heterocyclic selenium compounds based on 3,5- naphtho-1-
selenocycolhexane have been prepared and characterized by physical
properties and spectroscopic methods.

EXPERIMENTAL

A) Physical measurements

All physical measurements were achieved in the University of Basrah. Infra-
red spectra were recorded as KBr pellets in a range of 4000-400 cm™ on a
Pye-Uniecam SP300s infrared spectrophotometer. Elemental analysis were
preformed using EA-1108 Carlo-Erba elemental analyzer. H' NMR spectra
were recorded in CDCIl; or DMSO-d6 solution containing TMS as
internal standard using Joel EX-90 instrument 100MHz. Melting points were
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determined by Gallenkamp apparatus and were uncorrected. Conductivity measurements
were done with a WTW conductivity meter LBR using a standard conductivity cell with a
constant of 0.8 cm™

B) Synthesis

1, 8- bis(bromo methyl)naphthalene C,H1,Br, (1)

A mixture of (2 g, 50 mmol) of 1,8-dimethylnaphthalene and (6.4 gm, 25mmol) N-
bromosuccinimide (NBS) with (0.25g ,dmmol) from benzoyl chloride in 40 ml CCl, was
heated to reflux for 5 hrs. A small quantity of pale yellow crystal was deposited from this
reaction on cooling. The precipitate was washed with a small amount of water and
recrystallized from benzene (m.p. 165°C).

3,5- naphtha-1-selenocyclohexane Cy,H,Se (11) [11]

To a well-stirred suspension of selenium (0.12 g) (1.59 mmol) in water, sodium
borohydride (0.12 gm, 1.59 mmol) was added in water (25ml) at room temperature .The
selenium was consumed with in 10 min. 1,8-bis (bromomethyl) naphthalene (0.59mmol) in
toluene (25ml) was there added through a dropping funnel. After addition of a phase—
transfer catalyst, tetrabutylammoniumhydrogensulphate (0.1 g) the temperature was raised
to 60 °C and kept at 60°C for 8 hrs. The organic layer was separated, washed with 5%
aqueous sodium carbonate, then evaporated in vacuo to give an orange product.
Recrystallization from petroleum ether (40-60°C) yielded orange crystals mp. 82°C (lit.
[9]). 83.5-84.5°C.

1, 1-Dibromo- 3,5-naphtha-1-selenocyclohexane C;,H,Se Br; (111).

A solution of 3,5-naphtha-1-selenocyclohexane (3 mmol) in dry ether was treated dropwise
with a solution of bromine (3 mmol) in ether. A white precipitate was formed immediately.
The solution was evaporated and the residue was recrystallized from methanol to give white
crystals (m.p. 202-204°C)

1,1-Dichloro-3,5-naphtha-1-selenocyclohexane (1V).

In ether was added slowly to a stirred solution of (3 mmol) of 3,5-naphtho-1-
selenocyclohexane in the same solvent at room temperature. A white precipitate was
formed immediately. The precipitate was washed with water and recrystallized from
ethanol to give a white crystal (m.p. 200—201°C)

1,1-diodo-3,5-naphtholselenocyclohexane Ci,Hq0Sel; (V).

A solution of 3,5-naphto-1-selenocyclohexane (1 mmol) in dry ether (10 ml) was treated
drop wise with a solution of iodine (0.39 g,1.5 mmol) in ether. A white precipitate was
formed. The solution was evaporated and the residue was recrystallized from ethanol to
give white crystals (m.p. 188-200 °C).

lodo-1-methyl-3,5-naphho-1-selenocyclohexane Cy3Hy3Sel (V1).

(3 mmol) of freshly distilled iodomethane was introduced with cyclic selenide (3 mmol).
Recrystallization from ethanol/water (3/1) gave white crystals of m.p. 170-1732°C.

RESULT AND DISCUSSION

This paper deals with the synthesis of 3,5-naphtho-1-selenocyclo hexane (11) which was
then converted to dihalo derivatives through the reaction with halogen in 70% vyield. Its
treatment with methyl iodide gave compound Cy,H;,SeCH3l (V1).

The synthesized compounds and their synthesis modes are shown in Scheme (1).
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O CHs _oNms CH,Br Nase CHy1 / _CH,
S —>
O C H Benzoyl Chlorlde CHzBr € SC\I

x2 =Cl, Br, T

[Scheme-1]

All compounds are soluble in DMSO, their physical properties and elemental analysis are
listed in Table (1).

The infrared spectra (KBr disk) of all compounds show a week to moderate band near
585-600 cm™ which characteristic of the C-Se stretching [7].

Two strong absorption bands: the first was at 770- 780 cm™ owing to bending stretching
of C-H; and the second was at 1620-1590 cm™ owing to aromatic stretching C=C Table(2).

In addition to these absorption bands, there is a number of characterization absorption
such Se-Br, Se-Cl and Se-I stretching at 620, 610 and 605 cm™ , respectively.

Table (1): Analytical and physical properties for compounds (I1- VI).

No. Chemical formula Colour M.P. °C Yield % Anaé Found (ca;_ll.) %
Il | CiHioSe Orange 82 70 (21:823(1)) ?4.33?2)
Il Cy,H10SeBr, White 202 —204 75 (ggég) égé)
IV | CyH1eSeCl, White 200-201 70 (gﬂ) éé?)
V | CyHyeSel, White 188 — 200 70 éggg) égg)
VI CyoH10SeCH; | White 170-173 75 (212(2)) (gig)

'H NMR spectra of compounds (11-V1) were measured in CDCl; and DMSO-ds.
Compounds Cy,H;0SeX, in CDCI; solvent gave two types of bands the first, singlet signal
related to methylene protons (2,6) and the second multiple signal at 7-8.2 ppm for aromatic
protons. Table (2),

'H NMR of Cy,H;,SeCHI (V1) shows a quartet signal for methylene proton (2,6) at 5.23
ppm which are not equivalent as compared with C;,H;,Se and Ci,H10SeX, compounds.
This result is in agreement with C;,HqTeRX [13] and C,H;,SeRX [14].
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Table (2): IR and *HNMR for (11-VI) compounds.
No. | Se-Ccem? | C=Ccm? | C-Hpencm™ 3 (ppm) Solvent
4.30s (Hag) DMSO-dg
1 585 1580 780 7.70-8.00 (Huormri) 215
4.60s (Hye)
i 585 1590 775 ! CcDClI
7-20_8-10m(Har0matic) °
4.80's (Hye)
v 590 1580 770 ! CcDClI
7-20_8-20m(Har0matic) °
450{S,H (2,6)}
\ 590 1620 770 CDCI
7.20-8.00m (Haromatic) s
1.20 {S, CH3}
VI 600 1608 780 523{M,H(2,6)} DMSO-dsg
7.20-8.20m (Haromatic)
I.; 45 I T r T T
[
< anf - . l
5 T
) 35 T
\\__‘\\ .
a0k - complex V' 4
"&' T . _:.-\-““--____h
T
25 R‘\R\_ﬂ T complex vl I ]
T carr :lexdy/ \
20+ S~ .
‘-b_\_\-“ﬁ .
complex ! N
15 T
‘__‘_\_‘s__‘_‘——.
10 ; g : : :
0.5 1 5 2 25 3
¢ (juare root(C) 105 mol/L
Figure (1): Molar conductivity versus square root of concentration.

The molar conductivity for these compounds in DMSO as solvent with concentration
between 1010 molar were measured. The plots of molar conductance (ohm™ cm™ mole)
against square root of concentration for compounds showed a typical behavior of week
electrolyte in DMSO solvent (Fig.1) and this result is in agreement with previous studies

[12-15].
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ABSTRACT

Twenty five soil samples were collected from various parts of
uncultivated areas in Iraq including Rabe'a, Mosul, Hatra, Beygee,
Balad, Radhwnaia, Abu Graib, Wasit, Anbar and Basrah. These
samples were examined by XRD to determine the mineral
constituents. Clay fractions were separated for clay mineralogy.

The results showed that the clay minerals represent about 40% of the
mineral constituents of the samples, dominated by montmorillonite,
illite, palygorskite and chlorite having various proportions. The non-
clay minerals are represented by calcite and dolomite which present as
detrital grains and representing about 32% of the mineral constituents.
Quartz comes with about 22% and feldspars with about 5%. The
water-soluble salts in the soil samples varied according to the
sampling location and represented about 0.3% on average, increasing
from north to south.

The study showed the relation of the soil mineralogy with source
rocks, and the most of the lIragi soils are the results of erosion,
weathering and transported by rivers. The authigenic minerals are
locally precipitated from near-surface saline ground waters.

INTRODUCTION

Quaternary sediments cover most of Iraq and represent most of its soils. It
includes recent flood plain sediments (Holocene) of Tigris and Euphrates and
their tributaries, in addition to sediments transported by wind mainly sand
dunes which spread over the north and north — western parts of the
sedimentary plain (Yacoub,1983). Most of these deposits consist of clays
and mud with sand, together with chemical deposits of carbonates and
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evaporates formed as a result of evaporation. These recent alluvial deposits are different

from the ancient alluvial deposits of Pliestocene age. The latter consists of alluvial terraces
and widespread over the north and northwestern parts of the sedimentary plane forming
relative highs and showing gradation from pebbles to sands, clays and mud (Domas, 1983).

In this study, the term soil is not used in its strict scientific meaning, which is, a
weathering product. Instead, it is used as a cohesion less friable product, a weathering
product in situ or a transported material by different erosional agents or a mix of both,
which represent, most Iragi soils form in situ. These soils are different in their constituents
and stages of development from one area to another depending on conditions of weathering,
transportation and deposition as well as the sort of diagenesis soils undergo.

Consequently, the mineralogical study of Iragi soils gained importance and concern of
several researchers. Al-Rawi, et. al., 1969, studied the mineralogy of Iraqgi soils in northern
and central parts of Irag. They emphasized the mineralogical nature of soils and minerals of
flood sediments and river terraces in addition to the mineral variability with soil depth.
They found that montmrillonite is dominate in addition to other minerals in different
proportions. Al-Rawi, 1977 studied recent sediments of Diwania region which were
transported by Euphrates and its tributaries. He found that these sediments are sand, clay,
mud and the grains of the latter are dominant. Banat and Al-Rawi, 1986; and Abdullah,
1982 studied the mineralogy of flood sediments of Diwania and Al- Hammar marshland as
well as the clays along Euphrates is outlines. Al— Hassani, 1984, studied the
mineralogical and chemical aspects of sabkha and shura soils in some regions of Iraq and
found them alike.

Al-Ani, 1986 studied the geochemistry and sedimentology of sabkha in central and
southern Irag. He showed that montmorillonite is the major constituent of plain deposits
and that these clays are detrital in origin transported by rivers and wind. He considered the
igneous and metamorphic rocks in the upstream are the main source for these deposits in
addition to some other sedimentary formations within the country.

A new outlook to the mineralogical nature of the Iragi soils is adopted in this paper. It
emphasises the influence of salinity, climate and source rocks on the type of minerals found
in soils. The work is conducted on 25 samples selected from different areas of Iraq from
north to south covered the provinces of Mosul, Salah — Al Din, Baghdad, Wasit, Al —
Anbar , and Basrah ( Fig.1).

MATERIALS AND METHODOLOGY

Twenty five non-cultivated agricultural soil samples were collected from different areas of
Iraq (Table-1). After removing the upper layer, these samples were taken out by a shovel or
auger from a depth of 30cm from the cleaned earth surface, and from areas cut by small
wadis. Each sample was divided into two parts for grain size and mineral composition
analysis.

Size gradation

100 grams of soil are taken after drying in an oven of 60C for a period of 24 hours. The
sample is then washed in a 63 micron size sieve. The coarser part is dried in an oven of 60
C. The dried coarser part is placed into a sieve of 2 mm. The weights of sand (size 0.063 —
2.0 mm) and of pebbles (more than 2 mm) are determined. The rest of the sample (less than
63 microns) is left to settle for 24 hours and then dried.
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Table (1): The distribution of sample localities and serial numbers.

City area Serial No.
Mosul Mosul 4
Rabea 1-2-3
Hatra 5
Salah Al-Deen Bayjee 6
Balad 7
Anbar Kilo-160 8
Rutba 9
Akashat 10
Baghdad Abu Gharib 13- 14-15-16 -17
Radhwania 18 -19-20- 21 -22
Wasit Wasit 11-12
Basrah Basrah 23 -24-25

To determine the clays proportions forty grams of Kalcon were taken and dissolved in a
100 milliliter with continuous stirring for half an hour. The sample now is left for another
24 hours, which is then put into a graduated cylinder (holds 1000 ml) and distilled water is
added up to 1000 ml with continuous stirring. A hydrometer is put inside the cylinder.
Readings are taken from a quarter of a minute to 24 hours. Then some arithmetic is
executed to determine the proportions of mud and clays in the samples (Tamar—Agha and
Mahdi, 1992).

Analysis of minerals
Samples were analyzed by X-ray diffraction to determine their mineral contents. Samples
are grinded by agate mill and slides are made for testing.

Particles of clays were separated according to Jackson, 1958 and Al-Janabi et al,
1992and then determined and examined by X-ray diffraction. Clay minerals are determined
and calculated sub- quantitatively as in Al-Janabi et al., 1992.

RESULTS AND DISCUSSION

Size gradation

Size analysis was performed on samples (Table-2) for the purpose of their classification
depending on textural properties according to (Wentworth1922). Results show that 68 % of
the samples is clayey mud soils (silty clay). Silt ranged from 29 — 48.4 % (table-2) while
the clayey part showed a range of 17 — 50.5 % which reflects a transporting agent of low
energy in the depositional plain region. 24 % of samples fall within the sandy soil type with
a sand range of 26 — 48.2%. Clayey soils comprised 8 % of the studied samples.

Rabea is characterized by silty clayey soils with a sand percent not more than 5%.
Southward of Mosul and Hatra sand percent increases and clay percent decreases, with silt
percent remains almost constant (table-3). Some pebbles also appear but no more than
1.5%. The soils of Bayjee are characterized by a higher sand percent reach to 48%, and are
classified as sandy clay loam. The reason for this is the presence of sand dunes in the region
which influences the type of soil in these regions. Sands decrease in the southern direction
in soils fringing Tigris river where clays and silt increase in Baghdad. The soil is classified
as silty clay where it constitutes around 7.6% while silt content is 45.5 % (table-4) and clay
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contents 46.4 %, such as the soil samples of Wasit and Basrah which are classified as silty
clay. In Wasit, sands reach to 2.5 % and clays to 50.5 % which is the highest value in
studied samples.
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Table (2): Sieve analysis and classification of soil samples.

Serial samples % % % % U;I'eg(et;reof Classification
No. *Gravel | Sand | Silt | Clay Aari ; After Al-Taei,1968
griculture
1 Rabea-1 - 5 42 53 Clay Silty Mollie Calciorthids (CM)
2 Rabe a-2 - 4 43 53 Clay Silty Mollie Calciorthids (CM)
3 Rabe a-3 - 6 47 47 Clay Silty Mollie Calciorthids (CM
4 Mosul - 16 48 36 Silty Clay Torrifluvents (TF)
5 Hatra 3 36 34 27 Sandy Silty Clay Calciorthids and Lithic
6 Bayjee - 48 23 29 Sandy Silty Clay Calciorthids (CI)
7 Balad - 4 53 43 Silty Clay Torrifluvents (TF)
8 AL-Kilo-160 3 50 24 23 Sandy Silty Clay Calciorthids (CL3)
. Lithic Paleargids and Lithic
9 Rutba 9 65 13 13 Sandy Silty Clay Calciorthids (PL)
- Paleargids and Lithic

10 Akashat 5 30 50 15 Silty Sand paleargids (PL)
11 | Wasit - 1 - 2 | 4| 57 Clay Silty Sa'O”h".jrer‘;;;'f(g‘l‘)’ems and
12 Wasit -2 - 3 53 44 Silty Clay Torrifluvent(TF)
13 | Abu Garib-1 - 7 52 41 Silty Clay Torrifluvent(TF)
14 | Abu Garib-2 - 3 46 51 Clay Silty Torrifluvent(TF)
15 | Abu Garib-3 - 5 50 45 Silty Clay Torrifluvent(TF)
16 | Abu Garib-4 - 5 46 49 Clay Silty Torrifluvent(TF)
17 | Abu Garib-5 - 4 48 48 Clay Silty Torrifluvent(TF)
18 | Radhwania-1 - 13 38 49 Clay Torrifluvent(TF)
19 | Radhwania-2 - 5 49 46 Silty Clay Torrifluvent(TF)
20 | Radhwania-3 - 13 46 41 Silty Clay Torrifluvent(TF)
21 | Radhwania-4 - 15 37 48 Clay Torrifluvent(TF)
22 | Radhwania-5 - 6 43 51 Clay Silty Torrifluvent(TF)
23 Basrah-1 - 2 50 48 Silty Clay Salorthids(SI)
24 Basrah -2 - 1 54 45 Silty Clay Salorthids(SI)
25 Basrah-3 - 13 41 41 Silty Clay Salorthids(S1)

Gravel: >2.0mm Sand : 2.0 — 0.063 mm Silt : 0.063- 0.002 mm Clay:<0.002 mm

Table (3): The soil mean grain size according to geographical distribution.

Results also have shown a pebble highest content of 5.7 % in samples of Al-Anbar, in
addition to the presence of high content of sands which reaches around 17%, classified as
sand clay loam (Table-3). This is because of in situ origin of these soils and are influenced
by wadi deposits that occurred by seasonal flash floods which carry clastics of different

Area Gravel % Sand %  |[Silt % Clay %
Rabea e 5 44 51
Mosul + Hatra 1.5 26 41 31.5
Bayjee+Balad | - 26 38 36
Anbar(Kilo-160+ Rutba + Akashat) 5.7 48.3 29 17
Wasit 2.5 47 50.5
Baghdad(Abu-Gharib +Radhwania) | = ------ 7.5 45.5 46.9
Basrah | - 5.3 484 46.3

sizes of pebbles and sands.
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Mineralogy of soil samples

In the light of X-RD investigation (Fig.2) it is possible to quantitatively estimate minerals
present in the studied samples (Table-4 and Fig.2). Results show clays are predominant
among soil minerals under study. Clays are present in about 40% with a range of 55 — 20 %
(Table-5 and Fig.3A). Montmorillonite dominates in most samples (Fig.2) except Rabea
and Mosul where mica (illite) or palygorskite comes first and montmorllonite remains the
principal mineral in the samples of these regions. Also, palygorskite and montmorillonite
dominate in the samples of Al-Anbar. Chlorite is the second in the samples next to
montmorillonite inAl- Anbar and most samples of Basrah region. Illite is second in the
samples of Abu-Gharib.

Kaolinite is the least distributed clay mineral in the studied samples except with
individual samples in Basrah and Radhwania (Table-4). The main source of these minerals
is the transported sediments by rivers and tributaries during flood seasons which carry
along weathering products of different types of igneous and metamorphic rocks exposed
within Tigris and Euphrates headwaters, in addition to sedimentary rocks which enrich Iraqi
soils with extra clastics rich in clays derived from Injana and Mugdadia Formations. Also,
few percentages of these minerals are a product of in situ weathering particularly in the
soils of Al-Anbar. For weathering, chemical and mechanical, is a primary role in
delineating the produced clay minerals (Degens, 1965),(sadiq,1985). For climate and
topography, as well, have a long influence on the type of clay minerals produced. All of
these lead us to believe that quite adverse mixture of these minerals is present in Iraqgi soils.

Montmorillonite is the primary mineral in all samples which develops as a result of
weathering of basic igneous and metamorphic rocks rich in iron, magnesium and calcium.
These rocks are typical in Iraqi rivers headwaters, where they are eroded and transported by
rivers to where their sediments accumulate. Here, it is noteworthy to mention that the three
minerals (mica, illite, montmorillonite) do represent a chain of successive weathering
stages. Micas frequently are a product of igneous and metamorphic rocks; they alter to illite
by weathering, where part of potassium is replaced by hydrogen and form montmorillonite
during successive stages of weathering by replacing potassium within the crystalline lattice
with other ions such as calcium, which causes its increase in water. This reflects content of
montmorillonite in most Iragi soils. Climate has also a noticeable role in the formation of
these minerals which are formed in arid and semiarid climate. In addition, this large
proportion of montmorillonite is due to diagenesis which initiated weathering of chlorite as
a result of sodium concentration particularly in samples of central and southern Iraq, which
possibly was the major cause of chlorite decrease in these regions. The increasing of the
concentration of mica (illite) in soil of Rabea and Mosul, north of Iraqg, caused by nearness
to regions of source rocks in northern and northeastern Irag, igneous and metamorphic
rocks rich in mica and may also be due to rock weathering of marl for example.

It is also noticed that palygorskite existence in the studied samples, considered in situ
clay mineral, represent the major mineral in samples of western desert. But what explains
its presence in most samples is the transportation and deposition of clastics derived from
ancient formations, transported by rivers and wind. Kukal and Saadallah, 1978, Al —
Khattab, 1972, and Buringh, 1960, have pointed out that dust storms, taken place in
southern and western Iraq most of the year, which transport large quantities of sediments
for long distances reaching up to hundreds of kilometers. Beside that is the possible
diagenesis such as the transformation of montmorillonite to palygorskite as a result of
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uptaking magnesium from soils (Weaver and Pollard, 1975). Climate of arid and semiarid
dominant in the country is required for the formation of such minerals (Agrawi, 1993).

Table (4): Mineral percentages and clay minerals in studied samples.

Serial Carbonates |Quartz| Clays | Feldspar .
No . Samples % % % % Clay minerals
1 Rabea-1 275 220 | 475 3.0 |Mica, Palygorskite, Montmorillonite, Chlorite
2 Rabea-2 28.0 0.27 | 45.0 | ------- Palygorskite, Montmorillonite, Kaolinite, Mica
3 Rabea-3 2715 200 | 52.2 | ------- Mica, Palygorskite, Montmorillonite, Kaolinite
4 Mosul 435 120 | 445 | oo Mica, F_’alygorsklte, Montmorillonite, Chlorite,
Kaolinite
5 Hatra 24.5 25.0 | 455 5.0 |Palygorskite, Montmorillonite, Kaolinite
6 Bayjee 30.0 18.0 | 47.0 5.0 |[Montmorillonite, Chlorite, Mica, Kaolinite
7 Balad 35.0 240 | 360 | ------- Palygorrskite, Mica, Montmorillonite, Chlorite
. Palygorskite, Montmorillonite, Chlorite
8 AL-Kilo-160 35.0 300 | 35.0 | - )
,Kaolinite
9 Rutba 26.0 33.0 | 410 | ---—---- Montmorillonite, Palygorskite,
10 Akashat 42.0 18.0 | 40.0 | ------- Montmorillonite, Chlorite, Mica, Kaolinite
. Montmorillonite, Chlorite, Mica, Palygorskite,
11 Wasit — 1 30.0 26.0 | 440 | ------ Kaolinite
12 Wasit —2 32.0 25.0 | 39.0 4.0 |Montmorillonite, Mica, Palygorskite, Kaolinite
13 | Abu Gharib-1 26.5 210 | 435 90 Montmorl_llonlte, Mixed Plated, Mica,
Palygorskite,
14 | Abu Gharib-2 26.0 30.0 | 36.0 8.0  |Montmorillonite, Mica, Palygorskite, Kaolinite
15 | Abu Gharib-3 305 180 | 435 8.0 Mont_m_orlllonlte, Chlorite, Palygorskite,
Kaolinite
- Montmorillonite, Mixed Plated, Mica,
16 | Abu Gharib-4 27.0 18.0 | 37.0 18.0 Palygorskite
17 | Abu Gharib-5 26.0 20.0 | 41.0 13.0 |Montmorillonite, Mica, Palygorskite, Kaolinite
18 | Radhwania-1 27.0 180 | 470 8.0 Mont_m_onllomte, Chlorite, Mica, Palygorskite,
Kaolinite
19 Radhwania-2 29.0 26.0 | 385 6.0 Montmorillonite, Chlorite, Palygorskite,
20 Radhwania-3 26.0 19.0 | 445 10.0 [Montmorillonite, Kaolinite, Palygorskite, Mica,
21 | Radhwania-4 250 15.0 | 400 20.0 |Palygorskite, Montmorillonite, Kaolinite
22 Radhwania-5 28.0 250 | 32,0 15.0 Montmorillonite, Chlorite, Mica, Kaolinite
23 Basrah-1 48.0 20.0 | 30.0 2.0  [Montmorillonite, Chlorite, Kaolinite
24 Basrah -2 45.0 20.0 | 35.0 | Trace [Montmorillonite, Chlorite, Kaolinite
25 Basrah-3 55.0 250 | 20.0 | Trace |Kaolinite, Montmorillonite

On the other hand, Kaolinite is the least present mineral in the studied samples. This
reflects a weak chemical weathering upon the source rocks (Wollast, 1967, in Banat, 1980),
because formation of kaolinite requires a humid equatorial climate, contrary to the existed
semiarid climate. Moreover, the presence of salt and alkali concentration in some Iraqi soils
within the depositional plain offers the wrong environment for the formation of kaolinite
(Grim, et al., 1960). Also, its presence indicates strong heavy rainfall and efficient water
drainage and high soil permeability. Therefore, the presence of a little proportion of
kaolinite supports a detrital source carried by rivers from sediments occurring within the
northern parts of the depositional plain.
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Figure (2): X-Ray diffractograms for clays separated from some soil samples.

Table (5): Results of mineral percentages and clay grain size individual studied geographic of
encountered minerals in areas and their means and ranges.

Area Number of | Carbonates | Quartz | Feldspar| Clays XRD Clay§ grain

samples % % % % size
Rabea 3 27.7 23.0 1.0 48.2 51
Mosul(Mosul — Hatra) 2 34.0 18.5 2.5 45.0 32
Salah Al-Deen(Bayjee—Balad) 2 325 21.0 2.5 41.5 36
Anbar (Kelo160 +Rutba +Akashat 3 34.3 270 | ----- 38.7 17
Baghdad ( Abu- Gharib + Radhwania) 10 27.2 21.0 115 40.3 47
Wasit 2 31.0 35.5 2.0 41.5 51
Basrah 3 49.3 21.7 0.7 28.3 47
Percentage ranges 24.5-55.0 | 12-33 | 20-0 20-47.5 17-51
Mean percentages 32.0 22.2 5.4 40.2

Carbonate minerals (calcite and dolomite) come next in abundance where their average
in the studied samples is 33% with a range of 24.5 — 55.0 % (table-4). Samples of Basrah
are characterized by the higher concentration of carbonate minerals where they reach an
average of 49%, while samples of Rabea and Baghdad are characterized by the least percent
(~ 27% ). In general, and as shown in fig. 3-B, there is an inverse relationship between
carbonate mineral content and clay mineral content in the studied samples. These minerals
are present as rock fragments transported by rivers and wind from nearby rocks particularly
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Euphrates and Dammam formations widespread in southwestern Irag. This reflects the
large proportion of carbonate minerals in the Basra samples, in addition to the possibility of
their deposition from groundwater of low water table caused by evaporation. As of quartz,
it represents the third mineral achieving an average of 22% and a range of 13 -23%.

The western desert samples are characterized by the highest quartz content accounting
for 27 % (table-5), while it occurs with lowest concentration in Mosul samples of 18.5 %
(fig . 3-C).

Results show little concentration of feldspar in the studied samples and none in most
samples of Rabea, Mosul, Bayjee and Anbar, while feldspar is present in all Baghdad
samples with an average of 5% and a range of 0 — 20%, and show highest concentration
(table 5 and Fig. 3-D).

Quartz is present in the studied samples as grains transported by water and wind with
high percent in the Anbar. The little occurrence of feldspar is due to absence of source rock
or its little occurrence which is present in acidic igneous rocks such as granite. This little
proportion of feldspar in Wasit and Baghdad samples is due to the effect of some
formations such as Injana and Dibdiba which contain relatively high percentage, of clastics
transported by rivers.

It is inevitable to indicate presence of different concentrations of evaporate minerals
especially in the samples of central and southern lIraq (Fig. 2-E). The origin of these
minerals is due to evaporation of irrigation water and near surface groundwater in areas of
poor drainage and to type of groundwater (Al-Hazaa,et al., 2009).

CONCLUSIONS

The study shows that the studied soil samples consist of clay minerals (montmorillonit,
illite, palygorskite and chlorite with little kaolinite) and carbonate minerals, in addition to
quartz and feldspar. Clay minerals represent about 40% with their concentrations decrease
in the samples of Anbar and increase in the samples of Baghdad and southern Baghdad
soils. Carbonate minerals form about 33% with an increase in soils of Basrah. Quartz
makes around 22% with a relative increase in the samples of western desert. Feldspar form
around 5% of the soil mineral constituents. It increases in the samples of Baghdad. The
study shows that the mineral constituents in most samples are transported detritus from
eroded regions in the upper Euphrates, Tigris and their tributaries except samples of
western desert which represent in situ soils.

As of the evaporate constituent, it has a secondary origin developed within the soil
through evaporation from ground water and irrigation waters.
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Figure (3): Mineral percentages of Iraqi soil samples according to geographical distribution
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ABSTRACT

This paper considers the inverse linear goal programming problem of
multi-objective function in case the change in coefficient of the
objective function.

Let S denote the set of feasible solutions points of linear goal
programming problem of a multi-objective function, and let
d*’, abe the positive and negative deviation variables of the
maximum and minimum goals respectively, p*, n—be a
specified cost vector, ° be given feasible solution vector, and

d*’,a~" be given tow vectors denoted the feasible positive
deviation and the feasible negative deviation points of the max or
min goals, respectively.

The inverse linear goal programming problem of multi-objective
function is as follows:
Consider the change of the cost vectors p+ 1~ as less as
possible such that the vectors feasible solution ..c 4+° 4-° becomes an
optimal solution of LGP of multi-objective function under the new
cost vectors z+, 3= and |13+ — |+ |4 — w| ||;, is minimal, where

|| || is some selected L z~horm.
.

In this paper, we consider the inverse version ILGP of LGMP. under
the L, -norm where the objective is to

minimize ¥, _,[A7 — wT| d7 + [ A7

AT — w™| d”, with / denoting
the index set of variables X';. We show that the inverse version of the

considered under £, -norm reduces to solving a problem for the same

kind; that is, an inverse multi-objective assignment problem reduces to
an assignment problem.

1. INTRODUCTION

An inverse linear goal programming problem of multi-objective function is
defined as follows:
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Let S denote the set of feasible solutions points of linear goal programming problem
LGP of a multi-objective function, and let:

W™ : be given the positive weight vector of the positive deviation variables,
W™ : be given the negative weight vector of the negative deviation variables,
d™ :is the positive deviation variable of the maximum goals,

d ™ : is the negative deviation variable of the minimum goals,

x % : be given feasible solution vector of LGP of multi-objective function,

.:1’_01 a'_c: are given two vectors denoting the feasible positive deviation and the
feasible negative deviation points of the max or min goals respectively.

The vectors feasible solution x° | d*o, d’ may or may not be vectors optimal
solutions of LGP of multi-objective function with respect cost vectors W™, w ™

The inverse linear goal programming problem ILGP of a multi-objective function is as
follows.

Consider the change of the cost vectors w ™, w ™ as less as possible such that the

vectors feasible solution x©° | da+’ , d~° becomes an optimal solution of LGP of multi-
objective  function. Under the new cost  vectors AT, AT and
[12= = w1+ 1 A= = w1 is minimal, where |, | is some selected L .-norm.

Inverse linear programming problem is a relatively new emerged one. In 1996, Zhang
and Liu presented the earlier trial on this problem in the case of changing coefficient of the
objective function [11, 12].

Ravindara K. Ahuja and James B. Orlin in 2001 described inverse optimization in the
following manner [1, 2]:

Let S denote the set of feasible solutions of an optimization problem P, let C be a
specified cost vector; and be a given feasible solution; that is, P = min{CX - Xe S}.
The inverse optimization problem is perturb the cost vector c to d so that x? is an optimal
element of P with respect to the cost vector d , and ||d —C||p is minimal, where

|||| denotes some selected L _-norm .
p !

Ahuja and Orlin considered inverse optimization problems under L-norm, where the

objective is to minimizez_ ij‘dj —Cj‘ and under the weighted L_- norm, the
je

objective is min max {W,- ‘d,— —Cj‘ tjeld } Here, W; are specified weights [2].

Ahuja and Orlin (1998a) also provided various references in the area of inverse
optimization. Compile several applications, and developed algorithms to solve general
inverse problem [2].

Abuja and Orlin (1998b) specialized their inverse optimization algorithms to inverse
network flow problem [1].

68



TUJNAS, 2010 A (3) 67-76

Saif (2006) provided the inverse multi-objective linear programming problem within
two cases [9]:
(i) Change in the sum of coefficient decision variables.
(if) Change in at least one the right-hand side constraint.
Saif also presented a comparative study of the inverse optimization problems.
In this paper, we present the derivation of the inverse goal linear programming problem of
multi-objective function, and its solution under the L,-norm. Also, we present algorithms

for solving the inverse versions to study assignment problem.

2. FORMULATING THE INVERSE LINEAR GOAL PROGRAMMING
PROBLEM OF MULTI-OBJECTIVE FUNCTION

We consider the inverse version of the following linear goal programming problem of the
multi-objective function.
First: given a multi-objective linear pro ramming problem as follow [3, 4]:

(MOLP)

minz, =1, (X, , x5 .., X,),

minz,=f, (x,, X, ... X,),
- 1

minz, =f, (X, , X, ... X,) .
such that

9, (X, x5 ,x,)2 b, (j=1,2..,m)

X; Xy X, 20,
where:
X = (Xl 1 Xy ey X ) the n-vector of decision variables,
Z; (/' =12.., k)the vector of an objectives according to priority,
f,(x) (/=7 2..., k) the objective function associated with priority,
g, ()_( ) (j =71,2,.., m) the left hand side of the objective function,
b, (j =7,2 ..., m) the right hand side of the constraint,

Second: the linear goal programming problem of the above problem is [5, 6]:
(LGMOP)
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k
min Z=Y(w,'d," +w, d,) (23)
i=1
such that
" @)
deyx +d —d”=b,  (i=12..k), (2b)
=1
Ya,x b, (i=1.2,...m) (2c)
1=1
x,, d°, d~ >0, (2d)
where:

3

f.(x)= > cyx, (7 =1,2,..., k) the left-hand side of the linear objective function;
/=1

3

9,(x)=>a,x, (j=1,2.., m) theleft-hand side of the linear structural constraint;
/=1

¢y, a, (I=12..,k j=12..,m;=12..n) constants,

b - : the goals set by the decision maker for the objective ( i=1,2,.., k),

b - : the right-hand side bound on the structural constraint (j =1,2.., m),

w, ,w, ( i=12.., k) given positive and negative weights vectors of the positive
and negative deviation variables respectively,

d,+ ,d; (/=7,2,_,_, k) tow vectors positive and negative deviation variables of the

max or min goals, respectively.
Third: the dual of (LGMOP) is the following [4, 8]:
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k k+m
max V=b,y,+ > by,
i=1 Jj=k+1
such that 3)
k k+m
dYeyyi+ Ya,y, <0,
i=1 J=k+1
Vv, <w,” (i=12..,k),
-y <w, (i=12..k)
V; s unrestricted in sign,

where:
vy, i=12.,k ; j=k+1,k+2..,k+m)are the dual variables with the

constraint (2b), (2c) respectively.

Fourth: let x© given feasible solution vectors,
at®, d=° given two vectors denote the feasible positive deviation and feasible
negative deviation points of the max or min goals, respectively, of

problem (2),
and let B denote the index set of binding constraints (2b), (2c) with respect to X © where:
k k
B= {/ ed:exP+d°—d=b, (i=12..,k), Y a,x =b, } Q)
i=1 i=1

We only care about binding constraints and the dual decision variables y for binding

constraints.
Fifth: using condition (4) in problem (3), we can formulate the inverse goal linear

programming problem of multi-objective function under the L ;-norm according to the set

of binding constraint B as follows.
(I LGMOP)

min Z,, = inw,* +/|,*‘ +|w,” +/1,.’H= > (6,* +9,’) (ba)
= 1=
such that
D+ Dauy, - (6?,+ + 6’,’): 0, (5b) (5)
/B j=k+1eB
v, -6, =w; (ieB), (5¢)
-y, -6 =w; (ieB), (4d)
y, : unrestricted insign (ieB), (5e)
y;20 NjeB [ 6/,6, 20 (ieB) 7

3. THE SOLUTION OF INVERSE LINEAR GOAL PROGRAMMING
PROBLEM OF MULTI-OBJECTIVE FUNCTION UNDER L1 -NORM
Let us solve the inverse linear goal programming problem of multi-objective in problem (5)

by following steps:
Step (1): we use the equation (4) to find the equivalent formulation for the problem (5):
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k ' ’
min Z}, = Z(W,*d,* +w, d; )
i=1
such that
Zci/y/" +d; _df =b, g,

ieB

r
.Y, 2 b,

ieB
4 4 ’ !
di.di . yi.y; wiwy
where:
b,_g thevalue b, according to B,

>0,

b, thevalue b; according to B,
We note that the inactive constraints are cancelled.

Step (2): we find the dual problem of the problem in equation (6):

k+m

’
m//7 |//m/ zb/eBX + zb/eBX

J=k+1

such that

dexi+ D ax; <0,

/eB Jj=k+1eB
X! <w; (i=12...k )
-x <w) (i=12..k)

w/,w; 20 ,x;>20 , x; . unrestricted insign

Step (3): we find (W,*)y , (W.‘)y

/

( W/.*)y =w; —{Zc,,x,’ +Za/.,x} —X;:|’

leb Jjeb

(w,Y —w | Se,xiv Sa,x x|

Jjeb

N. M. A. Saif, et al

(6)

U]

(8)

©)

Step (4): find the solution of the inverse goal linear programming of multi-objective

(optimal value for weight A* , A~ ) as follow:
W/+ _‘(W;)y ( /+)y
W )y <0

4
w/ , (W*)

S

+ + +V
AT =qw; +‘(W,)
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w;=|w; Y ;i) >0
A ={w; + ‘(W[ )y (W,T )y <0 (1)
w; , (W,T )y =0

4. APPLICATION OF INVERSE LINEAR GOAL PROGRAMMING

PROBLEM OF A MULTI-OBJECTIVE FUNCTION IN AN
ASSIGNMENT PROBLEM

The previous results for I.L.G.P of multi-objective can be used to study the inverse
version of the assignment problem.

The assignment problem is the following multi-objective linear programming
Problem [7, 8]:

minZ, =% c;x; ( =12..,k)
=1 =1
s.t
, (12)
S x, =1 0 =12..n)
=1
Zx,/.:7 ¢ =12..n)
i=1
c; 20 (¢ =12..n ; i=12..n)
X, >0 ( =12..n ; i=12..n)
Where:

« - 1 if employee i isassigned totask j,
710  otherwise

C,; - is denoting to coefficient decision matrix form rank j

The goal programming of last assignment problem in problem (12) is shown as follows [4]:

min Z =3 w, d, +w, d,) ¢ =12..n)
i=1
st (13)
Zc,ﬁ,x,, +d;,"-d,; =b, ( =12..n ;/=12..,k)
/=1
Sx, =1 G =12..1)
i=1
Sx, =1 ( =12..,n)
=

x, d,;, d =0

v v

The dual problem of problem in (13) as follow [7, 8]:
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max V = Zb//y/'/ +zy// +Zy/'/'
= =

i=1

s.t (14)

zc/;‘y//'+zy/]'+zy//' SO (/ :7’2""’ k)
i=1 Jj=1 i=1

Vi<w,” ¢ =12.., k).
-y, <w,” i =12..k)
Y,  -unrestricted in sign

The inverse assignment problem it means change in (WU,*,W,./’) such that the feasible
assignment becomes an optimal assignment.
Assume that the feasible solution X ° either 1 or 0, by use problem (5), with respect to

X © then the inverse assignment problem as linear goal multi-objective programming
problem under L 4-Norm as follow:

min U, - Z;HW/ — |+ |wy — 4[] Z; 6;+6;,| ¢ =12..n)
/= =
s.t
n n n (15)
Zf"cf;y/f_'_.z,y/j_'_z;‘yﬁ _(6/;"'_6//7'):0 ¢ =12..n)
/=] /: /=
V=6, =w; VNied .
_yl,/_feil*.:wﬁ+ Nied'.
Vi runrestricted insign (i =1,2,...,n)
y,20 , 6;; 6,20 ( =12..n)

Where:

J =t p:x;=1}

J =4 j):Xx?=0}

Using the result in equations (10), (11) gives us the following optimal cost vectors
/1;* \ ).a* for the inverse assignment problem:

+ +
A W Wy _[ D Cp¥y+ Za/.,y,/.—y,/}
= ‘

, =7
L J)ed” &, j)ed”
o , otherwise
PR L D Gyt DAYty =7
/2 (0, j)ed” if)ed”
0 , otherwise
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ABSTRACT

The gate which controls the flow through the dam tunnel is termed as
lift gate. Such gates are subjected to the hydrostatic and
hydrodynamics forces, since the flow passes over and beneath the gate
and produces pressures at the top and bottom of the gate surfaces. The
differences between these two pressure forces are termed as downpull
force. The evaluation of this force is very important due to its effects
on closure of the gate, its positive and / or negative values.

The estimation of downpull force requires the determination of top
and bottom pressure coefficients for wide range of discharges, gate
openings, velocity, and pressure distribution in many locations .For
the present research these measurements have prepared for different
types of gate lip shapes along with laboratory hydraulic tunnel model
which have been used. Various flow conditions and gate openings
have been examined .The results concluded from the measurements
and analysis tend to confirm the effects of the gate lip shapes on the
values of downpull force, which in case of its negative value will
prevent the gate to close and make some failures and damages.

INTRODUCTION

Lift gates are among the common types of gates used for regulating the flow
of water through the large conduits and outlets. One type of such gates is the
tunnel gates which operate through a shaft located at a distance from the inlet
of the tunnel and exposed to two main forces. The first one results from the
flow passing over the gate top surface while the second one produced from
flow issuing beneath the bottom gate surface.

The difference between these two forces induces an unbalanced force
which may be in the downward direction, called a hydraulic downpull force,
or in the upward direction termed negative downpull or uplift force. Since
the magnitude of the downpull force affects the design of the gate —hoisting
equipment, about which hydraulic engineers and designers greatly predict.

The evaluation of hydraulic downpull forces for various relevant
parameters has been studied by many researchers .Cox et al [1] have
developed a dimensionless relationship among many hydraulic variables for
estimating the stability of the gate .Naudascher et al [2] have conducted
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experiments on a hydraulic air model to formulate the effects of many parameters on high
head leaf gates . The formulation can be expressed as follows:

Fy = (K, —K).B.d.pV,? /2., D
Ky = (Hy =Y ) V2 120) i, (2)
K, =/ B.d)”[(Hi ~Y ) I(V;2129)1dB.dX oo, (3)
Where:

Fd: downpull force,

B: gate width,

d: gate thickness,

p: water mass density,

Vj: velocity at the vena contracta beneath the gate,

Ht: piezometric head on gate on gate top surface,

Hi: piezometric head at a point on gate bottom surface ,and
Ys: piezometric head in the contracted jet.

The downpull force can also be expressed as follows [3]:

e = OO (4)
Or

Fy 1050AV,* = F, /0.5pAV > —F, /0.50AV ......cccoouvrvurecen (5)
Where:

Ft, Fb: forces on the top and bottom gate respectively ,and
A : appropriate cross sectional area of the gate.
The downpull force can also be expressed in terms of upstream head as shown below][8]:

N B (6)

Where:
v :weight density of water, and
H: operating head, m .
Sagar et al [5] have reported that the numerous geometrical features of the gate
influencing the downpull force can be formulated as follows :

Fd = f(H,Y/Y,,e/d,0,b,/b,,d"/d,d/Y,,r/d)..corecenc..... @)

Where:
H :operating head,
Y/Yo :opening ratio,
(e/d,0) : gate bottom geometry,
b1/b2 :gap width ratio,
d’/d  :thickness ratio of the skin plate to the top assembly,
d/Yo :gate thickness ratio ,and
r/d :curvature radius on upstream bottom portion of the gate.
The relation between the maximum downpull force and the operating head has been
formulated by Poondi research station [4] as follows:

T A T @)
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Uppal and paul [7] indicate that for gate with bottom concave curvature , the
maximum downpull can be expressed as follows :

FA = 0.0418H™05,.......oooooveeoeeeeeeereeeeseeseseeesssessseesesseesesenen )

In this research the downpull force has been evaluated by using the data obtained from
experiments conducted on systematic hydraulic model with many types of gate lip shapes
[6] ,and compared the results with those obtained from previous works.

RESULTS AND DISCUSSION

The experiments were achieved by the run of hydraulic model included all measurements
required for evaluating the downpull force , especially the top and bottom piezometric head
distribution which was necessary for determination the top and bottom pressure coefficients
(Kt and Kb) .

Fig.(1) shows the different types of gate shapes used in the current research . Figures (2
to 5) show the variation of (Kt , Kb) and downpull force coefficient (Kd) for various gate
shapes and openings.

It can be seen from Figure (2) that the (Kt) and (Kb) are both high and caused the
downpull force coefficient (Kd) to be negative in values for gate openings
(Y/Y0=0.6,0.7,0.8 and 0.9) , this may be because the gate shape is with the lip extension
.Figure (3) indicates that for gate with curvature upstream bottom (r/d=1),the (Kt) and (Kb)
differ much in values and tend the values of (Kd) to be positive for all gate openings except
(Y/Y0=0.8 and Y/Y0=0.9) .Figure (4) shows that for gate lip shape inclined with 6=35° the
values of (Kd) are positive for all gate openings. Figure (5) indicates that for gate lip shape
inclined with 6=45° ,the values of (Kd) are positive for the gate openings
(Y/Y0=0.2,Y/Y0=0.4,and Y/Y0=0.6 ),then seem to be negative for the remaining gate
openings ratios.

CONCLUSIONS

The comparisons between the gate lip shapes considered in the present research indicate
that the use of gate lip shape with 6=35° has kept the (Kd) values as minimum and reduced
the effects of negative downpull.

d d d d
42 deg.
45 deg. 35 deg. }\
2 g e {d=0.6 \..
rid=1.0
Shape No.1 Shape No.2 Shape No.3 Shape No.4

Figure (1): Lip gate shapes adopted in the analysis
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Abstract

In the limitation of gathering actual data of the total amount of solar radiation in the
presence of clouds from the climatological stations in Yemen, other indirect methods were used to
calculate them. A systematic method suggested by two researchers in the literature, viz., Liberlyand
T. G., and Sarukinoi, L. I. were applied to give the possibility of calculating the solar radiation by
using the actual cloud quantity “ns” available at the stations. This requires only the monthly data of
the percentage of the cloud quantity that can be taken from the network stations (coordinates) without
referring to the actual values of the cloud quantity of the specified climatological stations "n1".
The results show that the percentage degree of deviation from the total quantity of solar radiation
“QRns” when the clouds accumulate "ns" that were calculated using the method introduced by
Liberlyand and Sarukinoi from the actual quantity of solar radiation “Qf” taken directly from the
climatological stations for Aden, Riyan, Perim Island, Kamaran Island and Sana'a was

\AA\=15.3%’ \AR\:11.3%’ A =11% Ac|=8.3% . |As[=145% respectively.

These percentages are within the allowable ranges for the theoretical calculations in the
thermal energy. Consequently, the results give evidence of the possibility for using the total quantity
of solar radiation calculated from the cloud accumulation variable “ns" with the use of the theoretical
total solar radiation “QRn1” in any station in Yemen instead of “Qf” if its value cannot be obtained
or due to the limitation of getting the value of the actual cloud accumulation “nl” in the
climatological stations.

Key words: Thermal calculations; Solar radiation; Clouds; Yemen.
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