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ABSTRACT
Rι〃dθ″θ″αs′″Fidα isOlates were obtained at 12(60%)isOlates out of 20

polluted soil sannples from different locations in AL… Dora strainer.The isOlate
that gave higher reductiOn activity was chosen to purify chromate reductase

enzyme through fOur stages of puriflcation including(Uitracentrifugation,

anllnonium sulfate precipitatiOn, 10n exchange chromatography by DI]AE‐

sepharose Cl… 6B and gel flitration chromatography by sephadex G¨ 75)with 77.2-
fold puriflcation and 45.80/。  recovery. The purifled chromate reductase was
characterized:the molecular weight was abOut 49000 daltOns.The temperature

and PH Optilma for chromate reductase were 80。 C and 5, respectively. The
reductase activittr remained virtually unaltered upto 30 1nin of exposure to 50。

C;
even exposure to 80。 C did not immediately inactivate the enzymeo Cationic
metal Cd2+hadinhibitOryeffectonredugI:lfilll蹴

9FllilllFti[llti子
litwhile the other metals such as Ni2+,Mg'

activity. Therefore,this research leads tO increase beneflt in using chromate

reductase as an illlportant strategy fOr biOremediatiOn and detoxiflcation of

chromate as environmental



Purirication and characterizatiotr of ltrtrace,ular chroma te Redtrctase from pseudomonaspalida Isolated from Soil

INTRODUcTIoN
Sahira and Nihaya

The pseudomorras genus includes different species such asPseudomonas putida which is predominate in soils uoO ,n"t..ff,ij. iiis showcd optimar growth between 25-30oc and easity isorated fromsoil.and water by enrichment culture in mineial media with variouscarbon sources (3). psudomonas putida is also capable of growth onseveral a-romatic hydrocarbons, aliphatic hyOrocarbons] rft.y.f"hydrocarbons, ethers, alcohols and ketones aiU OegraOing them assources of carbon and energy(3r4).

_ Pseudomonos putida is free_living saprophytic organism in soiland water where it 
-plays an important iof. i, O-".o*po.iti*,biodegradation and the carbon ana nitrogen cycles, since it caneffectively colonise the roots of many ptants-and d.g""a.. u ,".i.tyof toxic aromatic compounds by p.odu.tion oirnuny enzymes such aschromate reductase. Consequentty, it is important organism inbiorem ediation(5,6, 7,g). p, 

" 
oi o mo i i, p utia a"is' r arety pathogenic forhumans, it has been found associated with 

"rpy..u, urinary tractinfections, septicemia and various otf,". .fi.lo.s. Although theirvirulence may be row, pseudomonas putidotriourd be considered aspotentially pathogenic (l).
Hexavalent chromium 

!C..yIl, chromate) is produced as a by-product of many industrial presses, in.irOlrg featte._tanning,chrome-plating, stainless steel welding,'pt;; production, nuclearweapons generation, inorganic ch-emical froduciion 
"na 

p.t"ol"ulnrefinerles(9,r0,rr,r2). It ii. one of the most prominent grandwatercontaminants and it is the second most abundant f,Iu"y ,.tuicontaminant, ranging in concentration between 0.00g to li3pM i;groundwater and 9g nM 
lo 76 mM in soil; sincl soil water is storedin small capillary spaces, the last_mention.O-.oi..rt""tions are veryhigh (9,r0).

Cfiromium Cr(VI) has been shown to have toxic, mutagenic,carcinogenic and allergenic effects in t rrnun" urO ari.uf.ff f ,f3,ili.Severar factors contribute to its toxicity. n"*ur. of its structuralsimilarity to Sor2-, it is readiry taken"up uf-uod, bacteriar andeukaryotic cells through the sulfate t.un.f,o.t'ryrtem(9). Inside thecell, it is reduced nonenrymatically, as ,o.ll 
". 

iy various enzymes.Its partial reduction. bv the cellular-on"_"f..t"on reducers, generatesCr(V) and reactive oxveen-species (ROS); the letter may be a majorfactor in causing celluja'r OamageliS;. if,.rrnri.'tCrOo,*) is solubleand thus spreads rapidly ttrro3g! 
iOuati. .yrt".. as anionic species.Several bacteria such as Bicillui, ootirotiiirr, Escherichia andPseudomonos possess chromate reductase activity that can convert
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chromate to Cr(II!, which is much less toxic, Iess soluble, and less
mobile in groundwater and found as cation species or as insoluble
precipitate(Cr(OII)3)(1 6, 1 0)

Microbial bioreduction of Cr(VI) to Cr(II! by using the chromate
reductase is a promising strategy for bioremediation of chromate
and detoxification of it, a prevalent anthropogenic poltutant(17,1g).
For this reason, the aim of this research was to purify chromaie
reductase from Pseudomonas putido and to characterize itris enzyme
by detection the molecurar weight for it and the optimum conditions
for its activity.

MATERIALS AND METHODS
Samples collection :

Twenty polluted soil sampres were obtained from different locations
in Al- Dora strainer. Top soil, less than 15 cm deep, was collected by
spatula into clean sterile plastic bags and stored at 46c prior to use. The
soil samples were air-dried (20"c) and passed through a sieve (mesh size,
2mm).Ten gram of sieved soil was suspended in 20 ml of basic salt
medium(BSMx11,l9).

Isolation and characterization of psudomona putida :

- 
One loopfull of suspension soil samples was plated on blood agar and

MacConkeys agar, then incubated at 30oC forlg-24 h. For isolation of
Pseudomonas, cells were grown on pseudomonas isolation agar. Severar
biochemical tests were done to differentiate pseudomonas putida from
the other species. These include the following tests: inability to ferment
lactose, a positive oxidase reaction, its fruity oder,its inability to grow at4 and 42C, its inability to hydrolyze gelatin and producion of
fluorescent pigment (1,8,20). Besides apt ZOB identification to
differentiate Pseudomona putida from the other types.

Chromate reductase assays:
Chromate reductase activity was determined by measuring the

chromate concentration in a reaction mixture by the phenyl cariazide

Tgth"4 as desecribed previously (10,21). For enzyme assays 10mM
Tris-HCl(pH: 7.0) buffer containing lmM NADHJmM KzirOa, and
2ml of the enzyme were incubated at 30oC for lh. Then, l0 pl of O.lM
H2SOa and 15pL of 0.5%(vol/vol) 1,5-diphenyl carbazide were added to
the tube, and the residual Cr(VI) content was determined at 540nm (l 5a6)
by using a calibration curve relating chromate concentration 1O-ZO pMj to
A5as.One unit of chromate reductase activity was defined as the amount of
enryme that converts lnmol of Cr(VI) /min at30oC. For whole cells
experiments, chromate reduction rates were measured by inoculation of
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9 
1T] lf overnight celr cultures in Luria-Bertar, ,,,"oi,ili'"Jlliilii;

lmM chromate and incubated with shaking at 30.c for rg-24h. The cellswere-carefully removed after centrifugattn and the residual 
"h.;;;;was determined as above.

Protien assay:
Estimation of protein concentration was carried out by the method (22)by_ spectrophotometric assay at 600 nm in each stage of chromatereductase purifi cation.

Chromate reductase purifi cation :

.Pseudomona putida chromate reductase was purified by amodification of the method (l2,lg). Cells harvested after 24 h. ofincubation on Luria-Bertani medium'by centrifugation lro,oooxg ror :-omin at 4oC) were washed with 50 mu rris_rict urff.rtpn:iioi.rj
suspended in rwo volumes of cold buffer. The .oni.uiiy di;p;;
suspension 

-was 
centrifuged at 10000xg for 30 min to remove unbroken

cells,. 
^ 
resulting in crude extract. it is c*a" extract was furthercentrifuged (90000xg for g0 min at 4'c) to .".or" membrane-associated

material, generating the soruble extract. To soluble extract chromatereductase activity was assayed.
The purification was entaired three further steps: ammonium surfatefractionation, anion-exchange chromatograpr,y- -i g.r fi ltration. For thefirst-mentioned step, solid ammonium .:rfpi,"L *^ added to the extractat various concentrations and the mixture was stirred for 2 h. andcenlrifuged at l0000xg for 30 min at 4oC. The f.u"tion, with the higi;;activity were dialyzed against Tris_HCf buffei anO applied to anion_exchange 

^chromatography .col.um1(2,5_lg;) containing DEAE_sepharose.Cl-6B , equilibrated with buffer oflt. .urn. composition. Agradiual elution was then run ranging from 0.4M Nacl-Tris-HCl bufferto..lM' The fractions (5mr) containi-ng the highest chromate reductase
1.J,_rity were poored, diaryzed againsi o.ozsrii iris-acetic acid buffer(pH:8) ur9 u:d in gel fi.itration-rt"p. C"f nlt*tion ** carried out insephadex G- 75 column e.5-50 cmj wtictr had ieen equilibrated andwashed with 20mM Tris_HCl buffer and ,fr" .fu,io, done by the samebuffer' The fractions (5ml) were .ott..tJ-uJ"rsayea for chromatereductase activity.

Characterization of chromate reductase:
l- Evaluation of the molecular weight.

The molecular weioht-lvas evJuated by gel filtration according tothe principles described iy(23). Gelnftrution'*?"'.u.,l.a or, in sephadex
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G-75 column. This column was equilibrated in 2omM Tris- HCI buffer.
The void volume (vo) was determined by using blue dextran. Elution
volumes (ve) of proteins of Known moleculai mass (Bovine serum
albumin 166 kDal, egg albumine[45 kDa], pepsin[i4 Du], and
trypsin[23kDa] dissolved in 20mM Tris-HCl uurrerf were measurea ano
used as reference standards in chromate reductase native molecular mass
determination. The relationship between (ve/vo) and log molecular
weight for standard proteins was plotted to obtain the standard curve. The
molecular weight for chromate reductase was evaluated from incidence
(Ve/Vo) value for reductase on the standard curve.

2-Effect of pH on chromate reductase activity:
chromate reductase activity was assayed at different pH values

ranging from 4 to 9 by using the chromate (K2croa) as substrate. The
buffers used were the following: For pHs 4 and 5, 50mM citric acid-
NaoH, for pHs 6 and 7, 50mM phosphate buffer, and for pHs g and 9,
50mM Tris-HCl buffer and chromate reductase activity *u, -.urured at
500c.

3- Effect of temperature on chromate reductase activity:
Chromate reductase activity were assayed in reaction mixtures of the

chromate (K2croa) containing 50mM citric acid-NaoH buffer (pH:5) at
a range of temperatures from 5 to g00c, to determine the tptimum
activity.

4- Effect of incubation time on chromate reductase activity:
Chromate reductase activity of the enzyme was assayea at incubation

times ranging from 2 to 30 min, and the assay was conducted at 50oc and
80'C using 50mM citric acid- NaOH buffer (pH-5).

5- Effect of some cationic metals on chromate reductase activity:
The purified enzyme was diluted with different cationic metals as

chlorides or sulfates (Cu2*, Nir*, Mgr*, C**, Zn *, Mn2* and Cd2*) in the
following concentrations: (lmM, 5mM,lOmM and 20mM). After I hour
of incubation with constant shaking at 50oC, chromate reductase activity
was measured.

RESULTS AND DISSCUSION

Isolation and characterization of psz domonos putida
The results revealed that 12 (60%) of pseudomonas putida were

obtained out of 20 soil samples. Saprophytic species of pseudomonc$
such as Pseudomonas putida can be directly isolated by streaking source
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Purification of chromate reductase:
The method and purification parameters of chromate reductase

from Pseudomonas putida are summarized in (Table-l). The procedure
described yielded a 77.2-fold purification and 45.8o/o recovery of the
enryme. The soluble extract had a 2-fold higher chromate reductase
specific activily than the crude extract, thus we can suggest that some
crude extract r:omponents inhibited the enzyme. That the crude extract
contains activity-modiffing compounds was also found by(25) for
Pseudomonas ambigua.

Table-1: Purification of Pseudomonos putida chromate reductase

Solid ammonium sulfate at 65%o saturation to the soluble extract lead

to rise in the enzyme activity. The highest reductase activity was found at

55-70% ammonium sulfate saturation(18). The precipitate was dialyzed
against Tris-HCl buffer and loaded on DEAE- sepharose Cl-6B column.

From this column, the reductase eluted as a sharp peak when the eluent

was Tris-HCl buflibr without NaCl (figure-2), indicating that enzyme did
not bind to the column. We were able to achieve a I 1.9-fold purification
of the enzyme at the DEAE-sepharose step. Fractions containing the

highest reductase activity (fractions 27 to 30) were pooled, concentrated,

applied to sephadex G-75 column. Chromate reductase eluted as a single

peak of activity located in the third protein peak (figure-3) with 20mM
Tris-HCl buffer. Fractions containing high specific activity were pooled

and used for further studies. ChrR, a soluble quinine reductase of
Pseudomonas putida was purified by affinity chromatography and found

that the reductase has identified multiple peaks of chromate- reducing

activity in cellular extracts(17).

rification
step

3ize

ml)

lrotien
conc.
ms/ml)

Unit of

enzyme
rD

Specific
activity
(U/ms)

Total

activity

PurifECatiOn

factor

(fold〕

Total
.ecovery

(%)
Crude
extract

50 15 9.1 0.5 455 1 100

loluble
extract

40 10。 77 H.0 1.02 440 2.04 96。7

SO` 16 6.3 15.3 2.4 244.8 4.8 53.8

DEAE‐
ephadex
Cl-6B

12 3.2 19。 1 5.96 229.2 11.9 50.3

ephadex
G-75

9 0。6 23.2 38.6 208.8 77.2 45.8

7
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mass for Pseudomonos putida was 20 kDa . The chromate reductase gave
a monomer molecular mass on SDS-PAGE of 20 kDa and a molecular
mass for the native protein on gel filtration of 50 kDa. Therefore, it is not
known whether the enzyme is a dimer or a trimer (18). Proteins can
exhibit nonproportionate movement upon SDS-PAGE and gel filtration
for several reasons. One possibility is that both reductases possess
intrasubunit disulfide cross-linkages that, by producing altered
conformation, influence protein movement in gels differently (26).

Figure -4:The standard curve of determination of molecuular weight for
chromate reductase by gel filtration on Sephadex G-75

Effect of pH on chromate reductase activity :

The optimum pH for chromate reductase activity was 5. The pH
activity curve (figure-5) showed that the enzyme reached about 91 and

89% of its maximum activity at pHs 6,and 7, respectively, but in pH
values (4,8 and 9) the chromate reductase activity decreased to 34,19 and

7 
o/o,respectively. Flavoproteins-ChrR(from P s eudomonas puti da) and Yie

F (from E.coli) were displayed > 40% of maximal activity across a broad
range of pH (4.0 to 9.5)(9), while (18) showed that the optimum pH for
chromate reductase was 5. Increasing or decreasing the pH changes the

ionic state of ionizing side chains in a protein, distrups ion pairs, breaks

hydrogen bond, and consequently denatures the protein (27).
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Effect-of temperature on chromate reductase activity:
chromate reductase has a high optimar temp.rature (g0"c) for chromatereduction (figure- 6), and about 7g and 52i/o of its'maximu. u.tiuityoccurred at 70 and 60"C, respectively. Chromate reductase lost most of itsactivity at very low or high temperatures. pseudomonas putida chromatereductase efficiency is optimal at go"c (2l),while (9,r0) reported thatPseudomonas putida chromate reductase i*'u t igrr'optimatir.p.ru*..(70"c) for chromate reduction, but exibits signifrcant activity across abroad temperature range (30-g0"c). The ract ttiat the optimal activity forthe enzyme occurs at a high temperature does not o.iruJt'ffi ii, p"i*rirrusefulness in chromate remediation. It is not unusual for even essentialenzymes to exhibit maximum activity in vitro under conditions differentfrom.the optimal growth conditions oiu, orguri*, possibly their maximalactivity in vivo more crosely matches tie o.guriir., 

"ptir*i gro*r,conditions(18).
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Figure -6:Effect of temperature on chromate reductase activity
Effect of incubation time on chromate reductase activity:

During incubation of the enryme for different periods at various
temperatures, the results showed that little loss of activity was seen upon a
30 min exposure to 50"C, but appreciable inactivation occuffed at gQ.C
(figure-7). Since after 30 min, the remaining activity 90 and 2o%o at 50 and
80oc, respectively, therefore, the enzyme is optimally active at g0oc, but
the optimal reaction temperature of the pseudomonos putida enzyme is
50"c.

Figure -7:Effect of incubation time on chromate reductase activity

Effect of some cationic metals on chromate reductase activity :
Pseudomonas putida chromate reductase was treated with many

bivalent cationic metals. 20mM Ni'*, Mgz*, C** and Mn2* had no
significant effect on chromate reductase activity. The other metals(20mM
znz* ,cu2* and cd'*) inhibited chromate reductase activity to 62,5 and
0ol0, respectively (figure- 8) . (18) found that CdSo+ produced significant
inhibition at lmM and above, suggesting that the Soa2- was inhibitory,
also found that CuSO4 w&S no more inhibitory than CdSOa and concluded
that chromate reductase erzyme is inhibited by sulfate. In another study
done by(9) indicated that the incubation of the EDTA-treated enzymes
with up to 20mM F.'*, Ni2* and Mn2* had no effect on chromate
reductase activity, suggesting that this phenomenon is under further
investigation.
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Purification and characterization of Intracellular chromate Reductase from pseudomonasputida Isolated from Soil
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*Cu+2 -+-Nt+2 *Cr+2
-rrrh+2 *Zn+Z +mg+2
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.t5 .t0

Cation concentration(m M)

Figure -8:Effect of cationic metals on chroma activity
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ABSTRACT
This investigation has been conducted to study some bacteria and chemical

content of Stagnant water, ground water and streams water (army channel
water) in February ,2006. The samples have been taken from Jamelia town east

of Baghdad city (three replicates of each sampling area).
The means rainfall, air temperature , water temperature and

evapotranspiration were also measured .

The result of the biological analysis such as aerobic bacteria , Coldorm & Fecal
coliform , Fecal Streptococci and Pseudomonas aeruginosa have high numbers
The above microbes numbers indicate significant difference among sampling
areas.

The chemical analysis result such as Calcium , Magnesium , carbonate&
bicarbonate , chlorides , Electrical Conductivity (E.C.) , PH & turbidity in
stagnant water chlorides and E.C. have high value in stagnant water . However,
PH values have a range from 7.5 -7.9 .

The mean values of rainfall , air temperature, water temperature and

evapotranspiration in February ,2006 ( sampting time ) were25.2( mm ) , 13.4 (
b; , fS.S1b ) and 39.6 ( mm ) respectively.

In general, the results indicate that surface water in the nearby streams and

rivers could be contaminated by the pathological microbes in the time of this
study each year. So, quick solution is required to halt the dangers on the health
of freshwater ecosystems and the human communities that rely on them for
water supply.
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Microbiological methods , Serological tests and API 20-E system.
(Analyze sample for fecal coliform on mFC agar by membrane filtration
method . Pick isolated colonies from mFC plates with a sterile toothpick.
Streak for isolation onto MacConkey agar plate. Patch onto a ChromAgar
ECC plate. Incubate MacConkey and ChromAgar plates at 37"C for 24
hours).

2 Chemical analysis : The chemical analysis such as calcium ,

magnesium,carbonate&-bicarbonate,chlorides,Electrical
Conductivity( E.C.) , pH & turbidity have been done according to the
procedure used by Golterman etal. (10).

3-Mean rainfall, air temperature , water temperafure and

evapotranspiration in February were combined by the author using the

information from IMO( 11).

4- Statistical analyses :Analysis of quantitative data was done using t-test
and ANOVA ( analysis of variance).Acceptable level of significance was

considered to be below 0.05.

RESULTS AND DISCUSSION
Figure(l) Shows the mean numbers aerobic bacteria , Colifurm &

Fecal colifurm , Fecal streptococci and Pseudomonas aeruginosa ( No

./ 100 ml x 103 ) in stagnant water, ground water and army channel water

of the investigated area . As it can be seen , that the mean numbers of
aerobic bacteria , Colifurm & Fecal coliform , Fecal Streptococci and

Pseudomonas aeruginosa were 70.5 ,11.5,3.3 and 9.6 respectively in

stagnant water but 5.3 ,7.7 ,3.4 , and 8.5 respectively in ground water

.However , it was 36.0 ,17.0 , 5.6 , and 10.4 respectively ( No ./ 100 ml

x 103 ) in army channel water .

The mean difference among the numbers of aerobic bacteria ,

Coliform & Fecal colifurm was highly significant at 0.01 level and the

difference was significant at 0.05 level in case of Fecal Streptococci .Bttt
it was not significant with Pseudomonas aeruginosa for stagnant water,

ground water and army channel water of the investigated area

respectively ( figure I ) . Knowing the source of fecal contamination of
surface water is necessary to determine the degree of risk associated with
human health and to develop effective control and resource management

strategies( 12 -13).
The mean concentration of calcium , magnesiuffi , carbonate&

bicarbonate , chlorides , Electrical Conductivity (E.C.) , pH & turbidity
contain in stagnant water, ground water and army channel water of the
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investigated area are shown in table( I ) .These results have been taken inFebruary ,2006.
The mean values of rainfall., air temperature, water temperature andevapotranspiration in this..month 
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1ie1 ""fr. i, ff;;o water . However ,Chlorides and EC have 
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value in stagnant water . pH values have arange from 7.5 - 7.9 .

From the above results , it can be concluded that the surface water instreams and rivers could be contaminated uy tle fa*rotogical microbessuch .as Colifurm & \ca! colifurm ,'fr"oi- ,trrptococci andPseudomonas aeruginosa in this tirne of tf,. y.".. ifri, phenomenon maycause many health hazards to the population in the areu .
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Table -1: calcium I Magnesium I carbonate&-bicarbonate I chlorides e E.c. , pH &
turbidity in stagnant water, ground water and army channel water of the
investigated area.

*The mean difference is significant at the 0.05 level .
**The mean difference is significant at the 0.01 level.
NS The mean difference is not significant.
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ABSTRACT

Background : Thise study was - carried out to determine the prevalence of
intestinal parasites among children between [6-13Y] in Baquba city , to
determine the frequency of single & multiple infections and to show the
distribution of intestinal parasites in rural and urban areas .

Methods : The stool specimens were collected from 1481 school children aged 6-
13 years and examined for intestinal parasites by more than one method to
determine parasites among primary school children .

Results : Intestinal parasites were found in 710 children (47.94"/o). The rate of
infection in rural area (67.047o) was higher than in urban area (39.957o) . Males
(49.22" ) had higher rate of infection than female (44,62%) . The intestinal
parasites were Giardia lamblia (29.43%) Enterobius vermicularias (16,90/")

Entamoeba histolytica (14.22"/") , Entamoeba coli (14.08%) , Ascaris lumbricoides
(10%) , Hymenolepis nono (9,43%) ., Strongtloides stercoralis (3.09%) 

'
Trichomonas hominis (0.54o/o) , Toenia Spp (0.70"/o) , Ancylostomn duodenale
(0.56%) , Chilomastix mesnili (0.28%) ,Iodamoeba butschili , Endolimax nana &
Fasciola hepatica (0.140/" for each) . Multiple infections were detected in 82

samples (ll.4o/"), distributed in rural (49) & urban (33) .

Conclusion : The prevalence of intestinal parasites is higher among children (1-

13Yr.) age . Males had higher rate of infection than females . The rate of
infection in rural area was higher than urban area and the combined infections
were more common in rural area.
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Faecal samples were collected from 1481 child. Aged 6-13 years they
were (795) males and (686) females . A significance test of differences
between rural and urban infection (t-test) was carried out . The level of
significance was set at P<0.05 .

RESUTS AND DISCUSSION

The total prevalence of intestinal parasites in Baquba city (outside and

inside Baquba) was (47.94%) (710 infected child.) . Fourteen intestinal

parasite species were detected G. limblia were the most frequently -
isolated species in the two regions (Table l) .

Table -1 : The isolation of parasites from stool samples from school children in

The prevalence of infection among children in rural areas was higher

than those in urban (inside Baquba) and it was also higher in males than

females . The school children in rural areas infected with more types of
parasites than those in urban areas . The prevalence of multiple infections

was higher in rural then that in urban areas (Table 2)'

uba

Parasites Outside
Baquba

Inside Baquba Total

No % No % No %

- Giardia lamblia t4l 31.12 68 26.45 209 29.43

- Enterobius vermicularis 72 15.89 48 18.67 120 16.90

‐E“″″0′bα 力お″″
`た

α 64 14。 12 37 14.39 101 14.22

- Enlamoeba coli 59 13.02 41 15.95 100 14.08

‐∠scαris J″″bricοides 47 10.37 24 9.33 71 10.0

- Hymenolepis nanu 41 9.05 26 10.4 67 9.43

- Stronsv loides stercoralis 19 4.19 3 1.16 22 3.09

- Trichomonas hominis 4 0.88 2 0.78 6 0.84

- Toenia spp. 3 0.66 2 0.78 5 0.70

- Ancv lo sto ma d uode nals 3 0.66 1 0.39 4 0.56

- Chilomastix mesnili 2 0。44 0 0 2 0.28

- Iodamoeba butschili 1 0.22 0 0 0.14

- Endolimax nana I 0.22 0 0 I 0.14

―乃 scjο′α λcρα
`icα

1 0.22 0 0 I 0.14

Total 453 100 257 100 710 100
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Table‐2 :The distribution Of rnultiple parasites recovered

Najah

from school chitdren

The present study observed a higher prevalence of intestinal parasitesin rural areas than in urban areas . The families inside Baquba weremostly of middre and upper middle 
"t^r.r, *iii.'rtor. families outsideBaquba were poor and *.r. rower crasses with iow socioeconomic reveland poor hygienic condirions . The high prev"il;; of intestinal parasitesln any population is related to parasitic contamination of the soil andwater sources in addition to deficient ,uri;;; and sociocurturalconditions (13).

The prevarence rate of intestinar parasites in our study @7.9a%) ishigh comparison to other studies reporred (37.2% and 40.45%) (r4_rs) ,and lower comparison to Ibrahimetar. (16)'founJ,rru, the overalr rate ofintestinal parasites among school children were (SO%) .The highest rate of inlection with c_. t,iiii-," E. urr*icurqris and E.historytica (29.43% , t6.goo/; *.'ru.zz% nrpJ"tlvery; reflects a poorhealth care and bad sanitation i-ong schoor children (13 , 16) . rneprevalence rate of G. rambrio in ou*I}lt eg.$; ;row comparision toother studies reporred (64% , aiei)""y 
i8il;.riJ.tiu.ty ) (16 ,17, l8) .The high prevarence of E. urriirrr*r.s in this'r*oy speciary in rurarareas , indicates that auto - infection_is very .o.Lo, in these areas due toIow standard of living as a[ n,.,,u.r, or rrr. arilies share the samebedroom E. vermicuraris was the ,..onJ il, common parasite

n Baquba citv.
Types of parasites Outside

Baquba
Inside Baquba Total

No % No % No %
―Clicrdia tt En農 グの赫 6 12.24 10 30.3 16 19.51- vturutu -r E. nlstolytlca 9 18。36 5 15。 15 14 17.07- v.urutu 1I,. coll
- Giardia + Stronfi,toides
- Fnloruthit,o t rr--))l-

6 12.24 6 18.18 12 14。 63
６

一
２

一
３

12.24 2 6.06 8 9.75

- E nt e r o b i us +-Eji s n bi c a
4.08 3 9.09 5 6.09
6.12 2 6.06 5 6.09

3 6.12
E^ hictnhilinn -L D- 2 6.06 5 6.09

ll- E. histolytica + Asca"i, 

-
ll- z. nisotyttco +8. iiii-
l- E. cotj + rricn. noini-
t- ancytltstomo * E. histol.vtica
t- ancynstoma * Giardia
- Giordia+E .hisntytii+E. ii-
- Giordio + EnteiobiiTE. iii-
- Ascaris + E. coti+Eid-
- Taenio+E. coti+-ii;i h;;ii-

rotat-

3 6.12 I 3.03 4 4.87
2 4.08 0 0 2 2.43I 2.04 0 0 t.2t０

一
１

一
１

0 I 3.03 I t.2t
2.04 0 0 I t.2t
2.04 0 0 1.21２

一
２

4.08 I 3.03 3 3.6s
4.08 0 0 2 2.43.

t.2t
１

一
１

2.04 0 0
2.04 0 0 1 1.2149 100 33 r00 82 100
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(16.90%), this finding is in agreement with that reported a prevalence of
(12.3%) in three regions of Sivas , Turkey (19) .

The high prevalence of A. lambricoides in rural areas may be attributed
to nature of the sandy yards of rural region and the viability of eggs for
long period in the external environment (20) . Also the prevalence of
Strongtloides stercorolis (4.91%) in rural areas may be explained by that
those children tend to walk bare foot inside farms during planting
vegetables with their families .

The incidence of multiple infections were common in rural areas with
low income , poor hygienic status than which was of higher income &
better hygienic status .
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ABSTRACT

A restriction enz,yme has been purified from 7-day Aspergillus niger culture
by a procedure included the recovery of the enzyme by ammonium sulphate,
DEAE-cellulose and Sephadex G-100. The purification procedures were
complicated with the presence of carbohydrates and polyphenolic pigments. The
enzyme has been tested against lambda DNA and comparison with other
standard restriction enzymes. The enzyme has been stable with 419-fold
purification with the recovery of 407o.

INTRODUCTION
Restriction enzyme systems are aim to destroy foreign DNA without

destroying their own bacterial or fungal DNA [1]. These systems consist

of two enrymatic activities; a modification methyltransferase that
recognized a specific DNA sequence, its recognition site, and methylates
particular bases in that sequence, one in each strand; and a restriction
endonuclease that recognize the same sequence as the methyltransferase

and, if the site not methylated, proceeds to cleave the DNA foreign DNA
entering the cell. [2]. Sequences of bases are short (usually 4-6 bases

long). The sequence of bases in genetic material is not randomly
distributed as genes are related and sequences conserved this specific site

recognition lowers the number of cutting sites on a genome considerably.
On a bacterium with a small chromosome, there are may only be one or

two such cutting sites [3].
The key feature of restriction endonucleases is not their ability to

cleave DNA at their recognition sequences, but rather their ability to
avoid cleaving DNA at any other sequence. The ability of these enzymes
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promoted extensive screening of bacteria and fungi by biochemical assaysand by genome analyzes [4]. - ---'c

The wide range of different restriction enrymes and therefore differentcutting sites enabres the researcher to ,nuriputut" DNA in il ;il;i;yet specific way. Two separate attempts io purified restrictionendonucleses were done from Lacteria fsi fij. ffr" present attempt aim isto purifu a restriction endonuclease t ii'lrprrgittus niger, a modelgenetic organism and an important producer of lndustriai .r4r;;;;order to produce a line of prod-uction fiom ttrls lmportant enzyme.

MATERIALS AND METHODS

Steps ofPurification

Aspergillus' nigerhas been maintained on agar petridishes which werestored ar 4oC. A growing colony_was cut of aplrolim""fy-i.rnr'ir"rn',f,"
medium are ground in liquid m"diu, to Ureaf< Ieii walls. Then, cultivatedas previously mentioned.[Z] at 30oC fo. ,"u"n duy, i, 

" O iit.i iifriJmedium (500m1 lots to I liter-flasks) containlng LZ" glucose, 2yo peptone,0.87o sodium nitrate, lo/o_KHzpoo, tito ,"fgSO" 0.5% MnCl2, 0.1%
9uf9,,, 0.01% FeSOa, 0.1 ZnSOa, o.ir+,2 N"rE,O." in distilled water withshaking. The press-dried 

1v1e-tia (40 e/i ;;il;) were suspended in0.10M Tris-HCI buffer, pH 8-0 arO .i*ea in eiuuf weigtt with glassbeads (20 mesh) and homogenized in an ice-coioilu.ning blender for l5min. The homogenate centrifuged at 3000 ;;i;. i0 min at 4oC and thesupematant has been us-ed as the ,,crude -extract,,. 
Solid ammoniumsulphate was added to form o-zsN ii si-a&7" .atu.ation fractionsrespectivery' The use of batch-wise Shepadex c-so *i t both fractions3:l(v/v) Ied to the absomtion of most p"iypi.""fi. pigments and a gooddeal of satts. After ..ni.in,guti* ut;6iil';';;. 15 min, both weredialyzed against r x 5 liter ofithe above urrrur ri. i+ h, and measured forDNase activity.

35-80% saturation fraction was found to have a high DNase activity, soit has been purified further by layered 
"ri" "-r.s 

; il.,n DEAE_cellulose,pH 8.0, The column was washed *ith ;; ;"i;n votume, then theenzyme is eluted with l20ml of 0_0.6M NaCf in ifre aUove buffer. A flowrate of 40ml.h-r was used and,2 ml fru.tiorr_uolurn" were collected.

Two-third of each DEAE_cellulose active fractions were pooledtogether and layered on r.5 x zs.n, i.piudlx c_roo to furtherpurification and desalt. A flow rate oi 2;ril.il-;-;* used and 3 mlfractions-volume were collected.

０
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All operations were carried out at 4oC. DNase activity, protein and

carbohydrate concentrations were determined for all fractions.

DNase activity determined by measuring the amount of acid-soluble
nucleotide liberated from DNA The incubation mixture contained 0.2m9
of native DNA, 20um MgSO4, 35um of Tris-HCl buffer, pH 8.1 and
about I unit of enzyme in a total volume of lml. The incubation period is
th at 37"C.0.01% bovine serum albumin solution to aid in precipitating
the DNA before lmin of stopping the reaction with 4 ml 0.5M perchloric
acid. The mixture was kept at 4C for 10 min then centrifuged at 4000 x g
for l0 min. The supernatant was removed and read at260nm.
One unit of the eflzyme can catalyzes the release of lumole of acid
soluble nucleotide from native DNA in the presence of Mg in lhr at37oC
under the above conditions.

In case of DNA-agarose gel electrophoresis, a unit activity is defined
as the ability of one volume of restriction enzyme to completely cut lug
of lambda DNA at 37"C for thr under standard conditions [8].

Protein contents were determined by the methods of Lowry et al [9]
using Bovine serum albumin as a standard.

Carbohydrates contents were determined by the method of Dubois et al

[0] (1956) using glucose as a standard.

Agarose gel electrophoresis was used according to the method described

by Maniatis et al (1982) [11]

Acrylamide gel electrophoresis was used according to the method

described by Blackshear (1984) U2)
Lambda DNA 32300 KD, size 48502bp, concentration 250mg.ml-r

Standard restriction enzymes (EcoRI and AatII) were obtained from
Sigma Chemical Company. Aat II from Acetobacter aceti (activity 500-

5000 units.ml-r) and EcoRI from Escherichia coli (activity 10000

units.ml-1).

RESULTS AND DISCUSSION

Aspergillus niger were grown in a nitrogen limited media for seven

days and 169 dry weight/lO0ml media was obtained. The purification
procedures of enzyme in general and restriction enryme in particular have

been complicated by the presence of carbohydrates excreted from the

fungal cells during submerged growth [-[3, 14]. In order to prevent

excessive production of carbohydrates, the walls of the fungal cells were

breakdown in liquid nitrogen before culturing (see Methods).
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able -1. Purilication ofthe

Step

Total

Volume

(ml)

Act市 iけ

(unitS/ml)

Total

Acti宙

"(unitS)

ｅｉｎ
叫

四
剛

Total

protein

rmg、

Speci■ c

Act市 i″

runit/mgヽ

Purification %

Crude

Extract
600 0。908 545 0。 103 61.8 8.81 1 100

35-800/.

(NH4)2S04
Fraction

30 1`.50 495 0。09 2.7 183.3 20.8 90.82

DEAE‐

Cellulose

16 29。987 479.8 0.015 0。25 1919.2 217.8 88.04

Sephadex

G‐ 100

9 24.60 221.4 0.0066 0.06 3690 418.8 40.6
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In view of their very low concentration of protein, the pooled

DEAE-cellulose fractions and the peak fractions from Sephadex G-100
were treated with trichloroacetic acid and the precipitated proteins were

redissolved and loaded onto SDS-polyacrylamide gels (Fig. 3). The

pooled DEAE-cellulose gives 2-3 clear bands in the region of 30000 and

a very heavy band (or several bands close together) in 15000 region. All
the three fractions from Sephadex G-100 showed similar profile, but the

band (or bands) in 15000 region in fraction 27 showed a great similarity
with DEAE-cellulose pooled fraction. These results are conflicted with
the fact that only one single broad peak of activity appeared (Fig.2). This

suggest two explanations: the first was that the activity has been

associated with a minor polypeptide which was too faint to be detected by

stain, and the second explanation was that the peak of activity was made

up of two or more overlapping peaks (see discussion).

Pooled fractions of DEAE-cellulose and the three main fractions from
Sephadex G-100 were treated with lambda DNA. Fig. 4 showed that

lambda DNA has been completely cut to smaller sized, which means that

the purified enzyme is an endonuclease and a restriction enzyme [5].
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Sephadex― G- 100
27    28    29

Fig…3: SDS‐ polyacrylamide Electrophoresis Of 30‐ 80% Saturated(NIIの2S04
frac“on,Sephadex G‐ 100 fractions(27,26 and 29)with Standards.
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Synthesis and characterization of Acryronitrile-
Methylmethacrylate copolymers: Determination of their

Reactivity Ratios

Tariq S.Najim , Abdul Hussien K. Sharba and Nadia A. Butti
Chemistry Dept. College of Science, Mustansiriah Univ., Baghdad,Iraq.

i,oyiJt

3-.,-,,;*f' l3+ (MMA) ,',itu.Er dtr3.I,(AN) diJiru+JslJ i+.-ilrl+rrilr 0*# rJqi+.d'4-J. EUI OLJ+ri rj.rqrJt+ &^f,iltt qrrSi_,,,*r pl.{r ul+ I Ol_rgr_U+tlpll; ZS-;C L.**#l1.a: of + r-.r.!.+^nli,ij.rr,, -+.1- *t;:,Gr,a: l3ytil,llr ,o*:iJErflrij*i+ i+#"iit i-JJrriI # -. F d r1{l irVe.fr i;.-t:.Vr ,'-i.* L; 4_6F*r,
;cUrl fur..tt e,, ijr,.tr I ff_T) ,*t# .C:rs J if.nl o.JJ J ir,Cr qfiirr 6rUr

ABSTRACT
_ Reactivify ratios for Acryronitrire (AN),methyrmethacryrate (MMA) svstemhave been determined by radicar coporymerization at Tsdi iil;;;i.;i;;r.
GHD with benzoyl peroxide (BPo) as initiator. The reactivity ratios weredetermined by two methods, the firsi method depends upon the absorbance ofanalytical band and the molecular weight of monorme. , ,oiril" the second methoddepends upon the absorbance of the analytical bands and their molarabsorpativity (as the second method). The vaiues of the reactivity ratio arecalculated by the rinear methods of Fineman-Ross (F-R) ano xerln-i"tiao, rrcrland they are shown in the following table.

0。 1158 1.0121
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INTRODUCTION

The combination of durability and versatility, have made acrylic fibers
a prime candidates for numerous and diverse applications(l) Acrylic
fibers are always made with acrylonitrile and at least one or two
comonomers. Methylmethacrylate is one of the most commonly used
"natural" comonomer. The acrylic fibers are used in the civil and
engineering field for applications like composite materials, a substitute
for asbestos, and ion exchange fibers. Copolymerization allows for the
synthesis of acrylic fibers that are often substantially different from either
of the homopolymers.

The determination of monomer reactivity in copolymerization is
entirely useful parameters to determine the composition of the
copolymers. The instantaneous copolymerization equation can be defined
for F1 (equation 1):-

F, = ...( I )

Where 11, \ are the reactivity ratios for the comonomers I and 2
respectively, F, f are the mole fraction of monomers in the copolymer and
feed respectively. A perfectly random copolymerization is achieved when
11 and e arta both equal to one. An alternating copolymerization is defined
as r1:r2=Q. An azeotropic copolymerization is the one that produce
compositions with the same ratios of comonomers that were in the feed as

that which was in the copolymer at, and only at, a narrow composition
range.(2,3)
The aim of the present work is to evaluate the reactivity ratios of
comonomers using two methods, both of them depend on the absorption
and absorptivity of certain group in the monomers.
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Materials:
Acrylonitrile AN(Aldrich) and methyl Methacrylate MMA(Adrich) were washed with (r0% NaoH) to rei.nove inhibitors and thenwashed with distilled water to remove any traces of NaOH 

"rJ;;;I.-tdistilled under reduced pressxre. BpO (Aldrichy ** pUni"a--ij,
dissolving in sma, amouniof chlo.oro.- roiro*"J by precipitation by n-hexane.
Synthesis

. . fo. copolymerization th9 (AN) and (MMA) in various proportion
but with the total weight moaintained at 49 and the initiato. BpO'#; k;;;at concentration of (3xr0-a mol/L) were dissorved in25mr of THF. Thecontent of the flask was 

.degassed with argon for at least 2 minutes.Polymerization was carried out at 750c ro, ip..ioJ of 30 minutes. Eachcopolymer was precipitated by ethanol, waslea repeatedry with ethanoland dried. For the determination of reactivity'ratios, the p"l)_;;
c.onversions were always 

,less. 
than 5Zo. Homopolymers of (AN) and(MMA) were also prepared to be used for the detirmination of the molarabsorptivity of the CN and CO g.oup, ...pectiu"ty. Variousconcentrations of the homopolymers were lrepared and their absorbances

:.":"^:::.'j:1 t:l5 u tiquidceil with path length of lcm. rhe rR spactraor copolymers were recorded by (pye unicam Sp3_100 IR) as films onKBr window, Fig. (1).
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Transmittance ohT

Fig -1: IR spectra for poly (AN-co-MMA), PAN and PMMA
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RESULTS AND DISCUSSION
Measurements:

The molar fractions of (AN) and (MMA) in pory (AN-co-MMA)were determined by two methods:

a) The first method:-
This method depends on the IR absorb ance of cN and cogroups for(AN) and (MMA)..respectivery, besides the m#curar weights of (AN)and (MMA) according to the foilowing.qrutioirl+l ,-

島= (̈2)

Aro / M , t Ar, / M ,

where A is the absorbance of crl and, co groups , F1 &nd F2 are themoler fractions of (AN) and (MMA) in the c;;;i.r. respectivery, Mrand M2 are the morecular weights 
"r raNl'# @MA) monomersrespectively.

b) The second method
This method depends on the absorbance of the IR recordedanalytical absorption band of CN and co grorp, for (AN) and (MMA)respectively, besides the morer absorptivities oi the cN and co groupsaccording to the following equation (5)

Ft /Fz: (AcN / Aco) (e6o7 r.* ) .@)
where F1 and F2 are the morer rractions of (AN) and (MMA) in thecopolymer respectivery, while sse and rsNr .re the morar absorptivity ofcN and co groups . The ecN anite w€r€ found to be r.7543and 3.5ggL.cm-'.mol-l respictivery. er". flr. monomer feed ratio and the resurtantcoporymer composition, the reactiviry ratios gi (ANl and (MMA) wereevaluated bv Fineman - Ross and Kerln:-itiaorlirution, that are:-

-f (F -t)/F = f 'rr -{ - rz .......( 5 ) Fineman - Ross

n = (rt + 12 /a)( _ 
? .. ...( 6) 

Kelen-ttioos
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where :

f (F -lllF 12n_ r\. 'r', - t-/F7'rr+o C=Ti-t ;;;- d=WtF)^,

and r=f, ,-F,J.
Jz F2

fromequation 5 aplotof f (F-1)/F against f2 /F gives straightline,the
slope : rr , while the intercept: rz. From equation 6 a plot of 11 against (
gives straight line of
slope : tr * r I a while the intercept : - 12 I a

the results are presented in table I :-

MMA

The table 2 shows the parameters calculated from the application of
Fineman- Ross and Kelen - TiidOs equations to poly (AN - co - MMA).
Linear plots of these parameters appear in Figures 2 -5 .

Table -l :IR analysis data for determining the composition of pory (AN - co-
red from various initial monomer mixture

Copoly-mer

! Vfote Fraction of

I Monomers in Feed
Er
I f,forlI J f2 for IVIMAI ANIrl

[_ぶ
lT砕・

Mole Fraction of Monomers in

Copolymer

- ''T
I

F1 for AN I F2 for MMA
I

I

で雨
~=丁

==b5
Bl 0.8498 0.1501 0.602 ＾

υ 0.5837 0.4162

B2 0。7587 0。2412
0.292 0.54 0.505 0.4949

B3 0.65359 0.3464 0.114 う
Ｚ

Ａ
υ 0.4624 0.5375

B4 0.5309 0.469 0.39 1.29 0.3632 0.6367

B5 0.3861 0.61389 0.15 0.7 0.2879 0.71209

B6 0.2123 0.7876 0.088 0.79 0.1736 0.8263
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The following figures show the Plots of Fineman - Ross and Kelen - Tiidos
equations

f(F-1)/F

2

1.5

1

0.5

0

-0.5

-1

-1.5

y= 0.1158x- 1.0121

R2 = 0.9868

Fig‐2:A plol of(F¨ Iり(lSt method)fOr the copolymer

f(F-1)/r'

■

0.1

0.05

0

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

-0.35

Y = 0.4982x-0.373.
R2 = 0.9872

Fig¨3:A plo1 0f(K‐T)(lSt method)fOr the copolymer

2.5

2

1.5

1

0.5

0

-0.5

-1

-1.5

y = 0.136x- 0.8847

R2 = 0.9878

Fig‐4:A plol of(F‐ Iり(2nd method)fOr the copolymer
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0.2

0.1

0

-0.1

-0.2

-0.3

-0.4

y = 0.5136x- 0.3636
R2 = 0.985

Fig‐5:A plo1 0f(K‐ T)(2nd methOd)fOr the cOpolymer

The following table shows the values of 11 and 12 where rr and 12 arethereactivity ratios for AN, MMA respectively , -

Table -3 : reactivity ratio 11 and rz for poly (AN-co-MMA)

From the values of 11 and 12 it seems that MMA is more reactive than
AN, where, the macroradical prefers to add (MMA) more than (AN).

Copolymerization behavior
we can predict the copolymer type ( alternate, random or block ) from

the product (r1r2). The values of this product are summ arizedin table (4 )

(F-R) equation

0。 1158 1.0121
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Table -4: the values of (r1r2) for poly(AN-co-MMA)

According to these values, the nature of the copolymer sequence of
poly(AN-co-MMA) system is tending to alternate since the product rg2
is closer to zero .

The plot of copolymer composition (F1)vs.initial monomer
composition (fi) (fig6), shows that the system is closer to alternating
behavior than random behavior .

Fl

fi
Figure -6: the composition and poly (AN-co-MMA)

From the values of rap &nd ryya one can deduce that (MMA) is more

reactive than (AN) to go into the copolymer, this behavior can be

explained on the basis of ru-electron availability and the radical stability.

In the case of (AN) the electron-withdrowing nitryl group reduces the

electron density around the double bond, thus making it less available for

attack by free radical. For the monomer (MMA), though the inductive

ri r2

(F-R) equation (K-T) equafion
■
■ 2nd 2ntl

0.1172 0。 1203 0.131 0.1409

47



Al- Mustansiriya J. Sci
Vol.19,No2,2008

effect(_I)of the carbOnyl is Operat市 e sO reducing the react市 ity,the

hypercOttugttbn Of the methyl grOup(6)and the pК
scnce Of a pair Of

electrOns On the mcthOxy Oxygen atom may havc compensated fOr the

polarizatiOn ofthe carbOnyl group,hcncc rendering the dOublc bOnd more

avallabb fOr the free radcal attack。
(5,7)

The Q and e fOr cAN)and(レ 3仏)were dete.11lincd by the Alfrey‐

Price.The values OfeAN=1・ 23(8),QAN=0・48(8)and eMMA=0・ 4(8),

QMMA=0・ 78(8)from those values,rl and r2 Were Calculated which is

equal tO rl=0.22,r2=1・ 16 both values arc very c10se to the values fOund

by the present measurement.

酬 躙 蹴躙 肥 綿ivtT撫打 T胎聾
other systems.
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ABSTRACT

Sialic acid and its fractiOns as well as the total protein were measured ill
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‖どで

蹴Ⅷt器錨譜¶:盤品:

浜∬ れ漱熱11晨[#‖llliド
IIW:躙器尉l‖龍

INTRODUCTIoN
Tumour markers,are naturally Occurring Or modifled mOlecules

thtt can bc measured h serum,plttm■ 。r other bOdy nuids and their
concentration becomes changed in the presence Ofcancer(1).

“師帖露躍棚」t認鰍“dbお 釧c¨軋s⇒ おa

靭L鱗雌稀轟器蹴輩b薯よ現蹴L籠聯
ycoproteins and ccllular mcmbranes

An elcvatiOn in thc scrum tOtal sialic acid(TsA)concentratiOn has

becn Obscrvcd in a number Of cancer types(5).In some studies,the tOtal
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sialic acid content has been observed to increase in highly metastatic cells
compared with nonmetastatic cells (6,7).

. Increased sialylation helps malignant cells to disguise their
immunogenic sites, to increase the negative charge of the outer cell
membrane so that the binding and killing by lymphocytes and
macrophages can be impaired, and to hide the receptor sites for IgM
antibodies, which kill cells by a complement-mediated ieaction (4).

An elevation in serum TSA has been reported in the chronic
lymphocytic leukemia (8) and lymphomas (5,9). Elevated TSA/total
protein values have been reported in the majority (63% - goo/o) of acute
myeloblastic leukemia, chronic myelocytic leukemia and acute
lymphoblastic leukemia patients (10). An elevation of serum Lipid
associated sialic acid (LASA) has been found in various malignancies
including leukemias and lymphomas (10, I l).

The mechanism of the elevation of total sialic acid in serum in
malignancy is very complex and can lead to variable total SA results in
different types of cancers and patient populations.

In the present investigation the clinical usefulness oftotal , bound,
free and lipid -associated sialic acid in lymphatic tissues as a biomarkers,
in patients with malignant versus benign lymphomas, was evaluated.

MATERIALS AND METHODS
This study consisted ofpatients treated for malignant and benign

lymphoma. The benign (n=20) and malignant (n:15) lymphoma patients
underwent lymph node biopsy and the diagnosis was validated
histologically from the lymph node specimen. This study was approved
by local ethical committee and an informed consent was obtained from
each subject.

The patients underwent an operative biopsy under general
anesthesia and lymph nodes tissue were obtained. Tissue specimens were
weighed, then washed with saline and stored immediately ut -15.C. prio.
to each experiment, the frozen tissues were homogenized, at 4"C in
phosphate buffer saline (1: 3 w/v, pH7.$. The homogenates were filtered
through a nylon mesh and centrifuged at 30009 for lO minutes, The
supematant was used for determination of total protein and sialic acid.

Determination of total protein

ξ
′
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7.4)

wぉ detcllllined pcr tissue weight(g;umin and then the tOtal protcin(mg)

Determination of total sialic acid(TSA)
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and the mixturc is heated at 10o° cゃr One minute,and te■ _butyl dcOh01
(95%)was flnally addcd The absOrbance(o.D。

)was measured at 630nln
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On

DeterminatiOn ofbOund sialic acidoSA)

The salnc proccdure was used as abOve exccptthc OxidatiOn step is

carried on at 37° C notat o° c.

Determination Offree sialic acid csA)

The difference be●″cen the levels ofTsA(i.e.the Oxidation

il:i:::)、∫iI:ケind13SA (i.e the Oxidation process at 37°
C)represents

Determination Of lipid associated sialic acid(LASA)

It was determined accOrding tO Dnistrian et al 1982.Fitt microliters Of

supematant hOmogenate was diluted with 150 
μl distilled water9 then the

mixture was extracted、 vith c01d ch10rOf01111:methanol s。 lutiOn fOr 30
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Statistical analysis

The results are presented as mean + SD and percent (%). The data
were analyzed by Students "t" test (two paired, two tailed) takingp < 0.05
as the lowest limit of significance.

RESULTS AND DISCUSSION

Significant (p < 0.001) increment in protein in malignant tissues as

compared with benign is observed in this study (Table I, Fig. 1). It
amounted about 46.5oh more. Although the protein as a biomarker is not
sensitive one, but the clinical importance is relied to the subtypes of
protein which are not identified in this study. (14) reported the significant
high level of protein in malignant lymphoma and they also explored the
proteins that expressed by Reed-Sternberg cells of Hodgkin lymphoma.

The levels of TSA, BSA and FSA were significantly (p < 0.001)
higher in malignant tissue as compared with benign (Table 1, Fig.2).

In human total serum sialic acid is increased by 16% in patients

with lymphoma compared with healthy subjects (15). In this work the

tissue TSA is increased more than that figure reported in serum, also the
TSA level is compared with patients with benign disease rather than

healthy individuals.

In experimental model utilizing Dalton's lymphoma cells, the The

sialic acid level of tumor cells increased with tumor progression (16).

Therefore the results reported in this work highlights an important
observation that our patients were with progressed malignant lymphoma.

Despite of this significant increment, the ratio of BSA/TSA in
malignant tissue (0.35) and benign tissue (0.360) are approximately
equal. This indicates that the binding of sialic acid to the cell surface is
not related to transition ofbenign disease to malignant i.e. it is unlikely to
serve it as a diagnostic bio marker in this concem. This assumption is in
agreement with others who suggested to use the changes in TSA as a
marker for response to drug therapy in management of malignancies (17)

and did not differentiate between malignant and non malignant conditions
(18).

The ratio of TSA/total protein in malignant tissue (0.208) is
significantly (p < 0.001) higher than that of benign tissue (0.1l4l.This
finding is in agreement with Patel study (10) who found significant high
serum TSA: total protein ratio in human leukemias.

53



Al- Mustansiriya J. Sci
Vol. 19, No 2,2008

Table -l: Tissue sialic acid incontent ●●●
" tumors.

Subject Mean +SD Range P value

Tissue proteins(mg/g tissuo

Benign tissues

Malignant tissues

7.053■ o。9o5

10.330.Ll.ooo

6.00o_8.550

8.640_11.9oo

く0.0005

TSA (pglmg proteins)

Benign tissues

Malignant tissues

.805・LO.240

2.150■ o,750

0.270_1.180

0.810‐ 3.980

く0.0005

|:滋
翼 lil°

teins)

Malignant tissues

0.285■ 0.173

0.780■  o.610

0.178‐ 0.825

0.250‐ 1.940

く0.0005

|]]i」
lillil°

teinS)

Malignant tissues

0.550■ o.250

1.420■ o.740

0.300‐ o.970

0.430_2.520

く0.0005

**Ratrge ithe highest value to lowest yalue ofsialic acid
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ABSTRACT
The synthesis of l,1｀  bis ― (orthOarlllinophenylthio )―  methan from reaction
orthoanlinophenyl― thiol with methylene dichloride.The new ligand characterized

by IR,NMR and mass spectrum.The complexes with some metal ions(R任 11〓 CO,
Ni,Cd,Zn,Hg,Pb)haVe been prepared and characterized too.The structural
diagnosis were established by i.r,Uv― Visible spectruIIB,conductivities,atonlic

absorption , fOrmation constant(Kf)and magnetic susceptibility.It was
concluded from the analysis that the complexes gave the formula C13 H14
N2S2ⅣIX and these are mainly six coordinated types.

INTRODUCTION
Our current interest in heterocyclic oxadiazol,triazol derivates and their

complexes have been reported(1 7).OrthOaminophenyl thiobenzyl and

complexes have been reported(8).The present work investigates the

reaction of ligand l,1｀ bis‐ (OrthOaminophenyl thio)methane with some
various inetal ions.the ligand was considered one of derivatives compound

ofortho aminophenyl thiol.

EXPERIMENTAL
a… Chenlicals;All reagents used were Analar or chenlicany pure grade.by

companies British Drug Houses(BDH),Merk and Fluka.

b… Instruments;

一Melting points were dete.11lined by Gallen‐ Kamp apparatus.

―Atomic absorption for(MII=CO,Ni,Cu and Zn)Were carried out using

PYE‐LINKAM
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°
‖ξ::rin the range(4000_400 cnl‐ 1)using

Shimadzu‐ FT IR 8000 serics.

長:讐
The mass spectrum was recorded using MicrO mass zQ."waters"in
methan01 s01utiOn

:us踏:ilt,淵 il瀧讐:Ittre  recordcd  by  Balance  magnetic

PREPARATIoN
/1 thio)methane(L)

i鞭ililiitti警
|:3:醤1:

CO■IPLEXES
Synthesis Ofthe inetal● Omplexes

An ethan01ic s01utiOn ofrnetal salts One m01c was added tO One mole

ofthe ligand.The nlixture was stirred 30■
lin.the prOduct was flitred and

vヽashed with distilled water and dried.The physical data ofthe ligand and

complexes are given in Table l .

淵櫨穏寵,総
獅t襴腑 I溜路。山。袖h"henyl

The  ligand was  considered  Ottd:;tl:lχ

『:II:i:剛:用e:l
orthoanlinOphcnyi thi01.It was obtain

:11器譜:Thenyl・
id and dthJy excess One moた of methytne
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The rH-nmr spectrum of the new ligand in DMSO ( d6 ) at ambient
temperature exhibit two bands at 7.3 -7.4 ppm and 2.1 ppm due to the
phenyl and methylene protons respectively. Band at 7.9 ppm may be due
toaniline (7 -9).

The mass spectrum of the ligand shows a molecular ion peak al rnl 262 as

well as other informative fragments ions. The major fragments ions of the
ligand are summarized in the follow (8, 9).

138(100%)124(100%)

The infrared of the ligand and complexes

The infrared spectrum of the new ligand in the solid state does not
contain the ,' ( S - H ) and which is present in starting material
orthoaminophenyl thiol at 2500-2600 cm-r region.This indicate the
displacement of SH hydrogen orthoaminophenyl thiol by means of -
CH2-. Furtherrnore new bands at 2931 and2869 cm't due to /asym and

Ｓ
＼

77

556%

61
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SylllT:S'Characteriza● On oF SOme Metal COmplexes with l■ ｀
bi"(orthOnmhOphenylthiO>

Shayman,HOda,alld Faleh

御c£
√星1艦∬∬Tl構嚇還i電鐵1300,1242,1145,856 cm‐ l and 6

in all cOmplcxes as dOublcts indica

in thc c00rdinatiOn to the metal wI

of bands in thc regiOn 520 and 447

respcctively(7,10_13).

The lead cOmplex shOwed new band at 720 cnl・ l duc tO c00rdinate

」糧ぶ鰍j淵踊盤肥1設臨努I““W晩“
劇H8山e

The uv_visible spectra Ofthe ligand and cOmplexes
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“
h

,e can be assigned tO charge transfer
(7,15,16).

General appearance Of these bands and their assigned were inustrated in

Table(2).
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Kf for the complexes obtained from the experimental curves.The resultes
recorded in ( table 2 ) show the order of stability as pb2* > Co2* > Zn2* >
cd2* >Hg2* > Ni2* > cu2* .

The structure of these complexes may thus be represented as follow ;

＼ 〉 〔〔〔〔i〕
〕〕)cH2

X/
品＼

Al- Mustansiriya J. Sci Vol。 19,No2,2008

M=Co,Ni,Hg,Zn,Cd,X=Cl

=pb,X=N03

=Cu,X2=S04
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ABSTRACT
The adsorbents bauxite and light kaolin were used for the sorption of textile

dye named astrazon green ⅣI fronl aqueous solutions.The effect oftemperature,

initial dye concentration and equilibriunl til■ o of sorption of dye were studied,

the equilibrium adsorption isotherms have been investigated by the Freundlich

穏 ま:酬 :犠
「
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」鱒 』:ξ肝 ご 略 )1

The apparent thermodynanlic Parameters were calculated and the obtained
values show the adsorption process of dye solutions on bauxite surface is

exotherIIlic in nature.But on kaolin is endothernlic in nature,and the small

mean energy values for the adsorption of astrazon green M on bauxite and

kaolin shows the type of n ls in nature.

INTRODUCTION

The purification of waste water contaminated by hazardous pollutants

of inorganic and organic materials is among the serious problems of
conservation , especially when such materials are toxic the dyes

contaminating .the elimination of such pollutants from aqueous solutions

is an important problem not only from a technical but also from an

economic point of view (l). The removal of textile dyes from waste water

is still u 1nu.jor environmental concern because the synthetic dyes used are

difficult to remove by the conventional wastewater treatment systems



Decolorizatior ofAstrazotr Greetr M from Aqueous Solution by Bauxite aDd *ro,ro ,",""ia:r,_

based 
. 

on_ coagulation, oxidation, photo degradation, aerobic andanaerobic biodegradation and tio sorption .ougirrution and floccurationusing polyelectroll'tes 'Lime,,arum.or r"..our .uir p.oduce huge amountsof toxic sludge that posses handling 
"ri J6"r;l problems associatedwith chemical cost (2). However tnJr" p-."ir..are costly and cannoteffectively be used to treat the wide range of dye waste waterAdsorption processes have been irr"stigut.d ;;ai efficient and effectivemethod to remove dves 

- 
from *"rtJ*"i. ii" ,or, widely usedadsorbent for dye removal from textile w;;;; activated carbon (3),silica (4), alumina (5), cellulose fOl "f,i,i, lrO chitosan (7),chitosanmicrospheres (8), metal hydroxide ('s l.'i; irl *o.r. is intended todetermine the efficiencv ofihe."moual 

"ir*iif.'i"r" namely (astrazon )from water solutions ,i.rrg i"r,.i,. ;ililii.;i,s as an adsorbents .

f:rjil,jt;,f :lf ;;1 rtetic moders ni, 
- 
ii" 

".i*i,"ntur n,aing.,i,

MATERIALS AND METHODS
Material and methods:

Adsorbent:-bauxite clav used an adsorbent was obtained from Rumadi

;le;ffi]the 
west orIraq , and light k""il f.;;;;y and Maker LrD ,

The two clays dried in an oven at 105C" for 24hrand then screened themesh chosen to be <63pm and stored i, .1"*d1;;;s for further tests
Adsorbate. the dye, astrazon green M supplied by Sigma Chemicalcompany, St Louis, Mo. USA .was used ur'uaro.iut" the strucfure isgiven below .

1^\-./O-N (cH3)2

v'El(cHr)zc-t

Structure of astazon green M
The concentration of asr.azon green M dye in solution was carried outfrom the analytical curve obtaine"d fr;;;i"t;, ,;#a(standard curve)

ll ::1r,, uv/vis ,Beijing pu.rin:;r,I io6;;;,fi;.
spechophotometer, with i,max:OZOnm;* rfrovil'ln ig.1f ;

70
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Fig-1: spectrum of maximum wavelength of astrazon green m in aqueous solution.

Equilibrium of time:

Set of (9) Stoppard bottles by the same concentration of astrzongreen
M (50)ppm were mixed with (1 g) of both clays separately . The solutions
were placed in a thermo stated shaker bath at 25oC, then the adsorption
amount of dye was determined by UV/Vis spectrophotometer at wave
length 620 nm at interval time .

Adsorption isotherm:

A stock solution of astrazon green M with a concentration of
(l000ppm) was prepared, dilutes it for adsorption experiment as per

experimental conditions .Measured quantity of adsorbent (1g) with a

particle size <63 pm were paced to the Stoppard bottles to which a
measured 50 ml of dye solution with the concentration of (10- 80 ) ppm
was added .The samples were poured in a thermo stated shaker bath (25*
1C') for 45oC min. in order to investigate the equilibrium of the

adsorption process The samples were centrifuged and the residual

concentration of dye solution was determined using uv /vis
spectrophotometer. All measurements were performed at the wave length
(620nm)

Similar procedure were performed at temperature (35,45,55,65)Co,

The amount of astrazon green M uptake by the surface of bauxite and

kaolin was obtained as followed:-

Qe :(C.-Ce)Vro1./m

Where (C" mg/L) and (CemglL) are the initial and find concentration of
dye respectively and m (g) is the mass of adsorbent. V,o1 ml volume of
solution which is taked to the adsorption process .

2_0

1_5

０。

ｍ

■
９
ｎ

71

1_0

:へ :

|ヽ 11 |ヽ ||
ヽ

、

、 |:｀

V:ゝ



DecolorizatiOn ofAstrazon Creenヽ 4 frOm Aquoous sOlutiOn by Bauxite and K201ill Materials

Karlm

RESULTS AND DISCssloN
AdsOrbents cOmpositiOn

蒲儀轟壺Ъ蠍棚T椒
1ヽ203(66.07%)the high cOntent Of
e credibility as a g00d adsOrbent and

旗器:liⅧ
=器

fi盤肥犠|:器嚢T轟紀患蹴
∞nt.

Table -l: Ty raphic analysis of bauxi

Oxide ohBauxite °/OKaoline

A1203 66.07 17.51

SiO, 15。29 68.1

Fe2(Э 3 2.40 1.34

Na20 0.70 0.78

K20 0.19 0.35

Ti02 3.62 0.02

CaO 0.61 1.57

MgO 0.69 1.38

te and kaolin■
.

*x-ray diffractogram was obtained using a ph,ips powder Difractometer, moderpw 1730 CuKa radiation (40kv,20 mA).

Time of equitibrium:

The curves in figure (3) show thaffie_adsorption process was up takenby bauxite and kaorin with the first 2-r5 minuies indicating high affinitybetween sorbents and dye. After rgrd the adsorption process is srowerpossibly due to the intra particre diffusion. Fi;;ily;e saturation value isreached the results suggest that the equilibriu. .outJ ue reached in a bout30-60 min.

72
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Fig -2: equilibrium time of adsorption astra,zone Green M on Bauxite & Kaoline

Adsorption isotherms :

Two types of isotherms have been investigated in this studyone is
namely freundlich and the second is langmuir isotherms:-

Qe: Kr Cel/'

CelQe:l/ab +lla Ce

.( I ).(Freundlich isotherm)

.(2) . (L angmu ir i s otherm)

Where Ce is the equilibrium concentration of dye in solution (mg/L),Qe
is the amount of dye sorbed per unit of sorbent (mglg),(a) is a constant
related to the area occupied by a monolayer of sorbate reflecting the
sorption capacity(mg/g). (b) is a direct measure for the intensity of the
sorption process ( L/mg), K1 represents the quantity of dye sorbed in
(mglg ) adsorbent for a unit equilibrium concentration of the compound
under test and (l/n ) is a measure for the sorption intensity Langmuir and
freundlich isotherms were used to describe the equilibrium nature of
green dye adsorption by bauxite and kaolin and are represented by eq.
(l),(2).in order to decide which type of isotherms fits beffer the sorption
experimental data which is shown in table (2),(3), we plotted the
quantities logQe vs.logCe for the frendlich isotherm and CelQe vs. Ce
for Langmiur isotherm .

The frendluich isotherm is most appropriate for sorption of astrazone on
bauxite as shown in Figs (3 ), ( 4),(5 ), ( 6 ),and (7 ) .
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The freundlich isotherm is most appropriate for sorption of astrazone on Kaoline
as shown in figures(8),(9),(10),(l l), and(12).
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while the langmiur isotherm is most appropriate for adsorption of
astrazone green M on Bauxite As shown inFigs (13) ,(14) ,(ts) (to )and(17)
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The langmiur isotherm is most appropriate for adsorption of astrazone green M on
Kaoline as shown in Figs (18 ) ,(19 ),(20) ,(21)
, and(22)
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3-4 Effect of temperature:-
thermodynamic parameters like enthalpy change (AH, KJ/mole ), free energy change(AG ,KJ/ mole) and entropy change 1as, rll,"'ore)are u, irp"nurt rore in predictingthe adsorption behavior fle \23 ),4+') rho*, the adsorption lroye ( astrazone greenM on bauxite and right kaorin respectivery at oitrerenii"rp..u,r." (25,35,45,55and
65 oC)
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I"bf -4: Thermodynamic quantity of Adsorption of dye on Bauxite and
It.aottne

Type Clay AH (KJ/mole) △G(KJ/mole) △S(KJ/molc)
Bauxite -23.268 1.997 -0.0847

Kaoline 16。782 8.383 0.0281
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The values of AH are determined from the slop of plotting LnXm against l/T as seen
in figs. (2s )and (26 ).
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In case of bauxite when the temperature of dye solution is increased the
adsorption capacity is decrease indicating that the process is exothermic in nature , but
in the case of light kaolin the adsorption capacity is increased with an increase in
temperature this finding indicates that adsorption process is endothermic (10).

The positive entropy characterize an increased disorder of the system , due to loss of
the water which surrounding the dye molecules at the Bauxite and light kaolin it can
be suggested that the driving force for sorption process is an entropy effect, this
suggestion agree with a previous studies (ll ,12)
The positive values of AG confirm that the dye sorption on Bauxite and kaolin is non-
spontaneous process, the calculated mean energy values of adsorption of the textile
dye on Bauxite and kaolin are very small and this implies that the type adsorption is
physical ( I )
The study of Bauxite and kaolin as natural clay adsorbent to remove astrazon green M
from aqueous solution has been investigated . The results demonstrate by Freundlich
and Langmuir isotherm the experimental data were fitted to the Freundlich isotherm .

the apparent thermodynamic parameters were calculated and the obtained values
show the adsorption process of dye solutions on Bauxit surface is exothermic in
nature . But on kaolin surface the process is endothermic in nature , and the small
mean energy for the adsorption of dye on Bauxite and Kaolin show the type of
adsorption is physical in nature .
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ABSTRACT
In this paper, some theorems concerning the stabilizability of a class of

nonlinear dynamical control system have been developed and proved. The
Lyapunov function that ensure the stabilizability based on some controller
design has also been found.

A computational algorithm based on the theoretical results are presented
and discussed as well as some simulation illustrations including non-linear
dynamic control system.

INTRODUCTION
The great progress in control science has changed its basic concept

of analysis synthesis of control systems. This progress has depend largely
on mathematical study of control systems. Modern control theory which
is based on state space concept is extremely useful not only for designing
a specific control system, but also improving the principle on which the
system operates.

The problem of analyzingthe stability and stabilizability of matrix
families arises in many application of systems and control theory . The
matrix family that has attached considerable amount of research over the
last two decades is the one arising in the area of linear -nonlinear state
space systems with structured real parameters varying .

In a recent paper [1], the authors have considered a class of linear
dynamical system

文(t)=A(t)x(t) ; A(t)∈ lAl,A2} ..(l)
Where ,A.1 e R2*2 , i -1,2 are constant Hurwitz stable matrices .

In the work of l2l, the authors considered the linear state space
description
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. .. Co5gquently Il, [2], assuming these (vertex) matrices (as well as
the "nominal" matrix) are Hurwitz stable.

The theme of our work is to develop the work of tll, t2l, to control
system include a large class of system uncertainty *f,.it".it" .y.t;i;linear or non linear dynamical conhol system o, ti. ,,ut l"", are stable ornot .

.. 
The work of this paper, focuses on the following class of uncertainnonJinear control system

(t \ . r*(t)=l Iq;A; fx(t)+Iq;Biui(t)+i4f*l .(3)\t=0 / i=0 i=i
where

x(t) is n-state vector
u(t) is m-control signars which belongs to a crass of piecewise

continuous function

f;(x): Rn -+ Rn to be continuous vector valued function
A1 eRn'n, B; e Rnxm,i=0,1,...,r

The feedback control action will be assumed
u(t) = -Kx(t) , where K is (m x n) matrix -A .at.A the state
gain matrix.

Due to above assumptions, the following definitions and theorems
are necessary.

lemma (l)l3l
Feedback control refers 

_to an operation, that in the presence ofdisturbances, tends to reduce the iiff"r"r.", iltween the output ofsystem and some reference input if any and do not depend .*pfi.itfy
on time "1", but instead depend only on the state.

LyapunOv Function apprOach fOr stabl麟biliw a Class OFnonlinear dynamical cOntrOi system

文(t)=A(q)x(t),
Radbi alld shatha

。(2)
such that

r
A(q)=A. + IqiAi

i=l
where x(t) e R' is the state vector , q e R' is a vector of uncertain
parameter varying in the prescribed compact set e and A. is the
"nominal" Hurwitz state matrix and A, , i = 1,2,...,r are constants
mahices, where q;L<qi <giU
bound with respectively.

, i-1,2,...,r and L,U are lower,upper

to have
feedback
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Theorem (1)[41

The system is described by x = Ax + Bu
where

Ais nxn constantmatrix
B is nxl constantmatrix

Is completely state controllability if and only if the vectors
B,AB,A2B,...,An-'Bare linearly independent, or the nxn matrix

[e,An,A'B,...,An-'B] is of rank n.
consider the following problem that will be needed later in the

main nonlinear problem .

Derlnition(1)(PoSitiVe Deflnition Function)[5]

A scalar functiOn V(x)is Said tO be positive deinite in a region Ω

(WhiCh includes the origin of the state space)if V(X)>O fOr ali non¨

zero states x in the region Ω and V(0)=0。

Remark(1)151
A scalar hnction V(X)iS Said tO be negat市 e deflnite if… V(x)is

positive deflnite.

Theorem(2)「 61

1f an eigenvalues Of the system 文=Ax, where A∈ Rn×
n is a

constant inatrix have negative real parts then the solution ofthis system is

asymptotically stable(exponentially stable)。

lemma(2)151

Let A be a symmetric matr破 and let λmin(A)and λmax(A)be the
smallest and largest eigen value ofA,respect市 ely,then

λmin(A】lx12≦ xTAx≦λmax(Attx12,∀ x∈ Rn

where H12=立 卜iF,、 ぉthe卜■e component ofx.
i-1

Remark(2)「 41

Consider the system 文=Ax+Bu where u=― Kx if(A,B)is
controllable matr破 then文 =(A― BK)x is stabilizable and the matr破

(A― BK)is stable,or that the eigenvalues of(A― BK)have negat市e

part.
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Remark ( 3) l5l Radhi aud Shatha

Consider the system li = Ax + Bu where u = _Kx if (A,B) is
controllabre matrix and stable matrix then the Riccats equation has uniquepositive definite solution p.

consider the foaowing linear probrem formuration I that w,r
be needed later on in the main nonJinear system.

Problem Formulation I
Consider the following system

(r \ r
;t(t)=l lq;ai lxlty+ lq;B;u;(t) .. (4)\i=o ) i=o

where x(0) = x. € Rn , x(t) is n-state vector and u(t) is control
A; e Rn'n , Bi e Rn'm; i = 0,1,...,r are constant matrices for arbihary
selection of constants q;, i = 0,1,...,r
where q e R'is a vector of ..r,, uncertain parameter

lemma (3)

- Consider the dynamic control system described by ( problem
formulation I ) satisfied the following conditions (Ai,Bi) ; i='0,1,..
are controllable matrices and
q.=1 , q, >0; i = 1,2,...,r are arbitrary where

u, = -K,x , K, e R'"' ,x e R,

the linear state feedback control is desired and the matrices(Ai -BiKiXA, - B.,K,)=(A, -BlKlXAi - BiK,) ;V i* 1,i,j=0,1,.-.,i
then the system (4) is exponentially stabilizable.

Proof :-
Consider system (4)
(r \ .

:t(t) =l Iq;ai lxlt; + lqiBlui(t) ... ( s )\i=o ) i=o
Letu, =-K,x ,K,eR^,n; i =0,1,...,r , xeR
andq.=l ,9i >0;i-1,2,...,r (6)
then using (5) and (6), we have the following

r
)t(t) = (A" + Iq,A,)x(t)+8"u. +q,B,u, +...+q.B.u,]

i=l
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”
　
　
オ

Ｔｈ

　

ｂｙ

x (t) = x o€(A"-8"K.)t ."rJArBrK)t .....el,(Ar-BrK)t
on using the controllability conditions on (Ai,Bi) ; i = 0,1,...,r thus we
have (A, - B,k,) ;i = 0,1,...,r is stable ( see Remark ( 2) [a] )

ll*(t)lh = ll,"il, ll.,o.-B.K.',11, ll.o,(A,-8,K,',11, ll.r,1o,-r,*,),11,
where ll.ll, ir Eucledian norm and ll.ll, ir suitable matrix norn

since (Ai - BiKi) is stable matrix ; i = 0,1,...,r
thus there exist positive numbers, cr1 , pi , i = 0,1,...,r suchthat

ll*(t)llr = ll*.ll,po€-o.t * p1e-crt ..... pr.-o,t

ll*(t)ll, = ll*.11, (p"Irr ...lrr)e-(*" +cLr +"'+cLr)t

llr(t)ll, < pe-ot where a =ll*.11,.ta"...p,)

and cr = (cr" * cr,1 *...+ or) ;Vt ) 0
since p and o.-are positive numbers

then the uncertain linear system ( a ) is exponentially stabilized using
the feedback control act u, = -KiX ; i - 0,1,2,.. .,r
and this complete the proof. 

r
The following theorem is also important to ensure the stabilizability
of the linear system (4) using Lyapunov function approach which is
very important in the main theorem ( non-linear dynamic control
system ).
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Radhi and shatha
THEOREM(3)

If (A。 ,IB。 )]11:1ll:ぎ liTl輩 IIllilC°

ntr01 system described by(4)

,r are cOntrollable matrices
q。 =1,qi>o;i=o,1,.¨ ,r are arbitrary

set the contr01 ν′(′)=_」鴫χ,κ′∈R″
X″

the linear state feedback cOntrol is desired to have the rnatrices

(Ai― Biki)(Aj― Bjkj)=(Aj― Bjkj)(Ai― Biki);∀ i≠ j,i=0,1,.…
,r

,j=0,1,¨ 。,r
and let

[.-l'[
l{a" -n.r.)+Iq,(Ai -BiKi) | r*4 to. -8"K")*iq,(Ai _BiKi)-l=_aL i=t -i L' fr " ' -' -t'-t' )
has a unique positive definite solution for arbitrary positive definite
matrix Q, assuming the Lyapunov function V(x) = xrpx.
Then the dynamic system ( 4 ) globaly asymptotically stabilizable by
using V(x) = x'Px.

Proof :-
consider the Lyapunove positive definite scalar function
V(x) = xTPx

thus

v(x) = $("r")
V(x) = xrPx + xtpx by using the dynamic system (4), we get

v(D=ffiq,4'lo.>hqo l'ro.'{*-^}-r.,i---] using theL\i+ ) i{- l
assumption ofmain theorem (2.2)and let ui = _kix ; i =0,1,...,r
we have that

=XTO[は 一乳K)+ξq(A―島KilTP+IIヘ ー乳K)+』hi偽 ―島KI]卜③

Since(Ai,Bi)are cOntrollable matrices and hence stable matrices then the

程 ξI塩 謬 讐 第

au面que pOsHve dein■esd面 On P
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[へ "堪
蝋颯 qT時

{Q"堪 蝋颯
司

―Q

thus V=― xTQX ,Q iS pOSitive deflnite solution

and then V<o , ∀x,t

since V=xTPx>0,(P=PT>0)and▼ <0

and of V=xTPx→ O as llxl→ 0

we have thatthe system(4)is g10bally asymptoticall stable(sec[6])

and this complete the prool

■

THEOREMI(4)

a,″ s′αθF ttι
“
0″‐Jれια″″″α″た″

`ο“
Jra′ syls″″

文(t)=(:lqiAi)x(t)+,lqiBiui(t)+,:fi(X)          。(3)
satisfled the fonowing condition

f‐ (Al,Bi);i=0,1,..。 ,r″ι
`θ

″″OJrab″

“
α″たω α″″

q。 =1 , qi>0 ; i=1,2,...,r are arbitrary

2‐  "′ =―K,χ ,I(,∈ R″
X″

,χ ∈R″ the linear state feedback control

3¨ (Ai― BiKl)(Aj― BjKj)=(Aj― BjKj)体i― BiKi);∀ i≠ j,i,j=0,1,¨ 。,r

4‐ 1(x):Rn→ Rn to be continuous vector valued hnction;i=0,1,… ,r

md satisied condHon卜 Kxll≦ヽ国 WhereNi>Omd ttNi≦
:lザ器

then the system(3)is asymptotically stable in the large using the

Lyapunove function Ⅵ⊃=xTPX Where P is the positive deinite

solution ofthe fbllowing algebraic Riccati equation

for some arbitrary positive definite matrix Q.
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ProOf:_

Let V(x)=xTPx , v(o)=0 , V(x)>o
and set u(t)=― Kx(t)

′ (χ)=チ
 (χ

『 P‐)

`

irJ≒ +χ rJヶ

Radhi and shatha

but

v(x) = {[fo" - B"K" ) + . . . + 9, (A. - BrK, )]r *r + f1 
r1x; 

+ fzr(,,) + . . . + r.r(r) h+*rrfl1ao -BoKo) +...+ 9.(A. -B.K.)h +f1(x)+ f2(x) +...+ f.("))

= *' {ke. - B"K" ) +. . .+ q. (t - B,II )f p * dfA.. _ B.K. ) +. . .+ q, (4 _ B,K, r},
*[4,' 1*; * q'(^) *. * arfdp** r'{q f*l + i (x) +. . .+ 

4 (DJ

By main theorem ( 3 ), we have

v(x) = -r tq* * [4,'1x; + fr 
tl*) 

+. . . + f,'(x)Jrx + x 
r4r, 

r*l + f, (x) +. . .+ f. (x)J

lllflT(X)十
十̈ 卑

T(x'卜x+xTPG(x)+¨・+1(X)ll―K刻
劃 1到 h(x)+¨・+キ (X洲

lfl(X)+f2(X)+…・+1(x】
|≦ lfl(x】|+lf2(X】 |十

・̈+14(X】
|

≦Nllxl+N21XI+… +NrlXI On using condition (4)
≦(Nl+N2+¨・+Nr)IXI

⇒ ▼(X)≦ ―xTQX+2(NI+N2+・ ・・+Nr)IX1211Pll

by lemma(2)we have

莉 _K―■mi剖ポ砲可剛f
⇒V(X)≦ ―λmh(Qttxl ０
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and this completes the proof . I

Based on the result of theorem ( 3 ) - ( 4 ), the following
computational algorithm for design a linear state feedback controller
have been developed.

Computational Algorithm
Step 1. Consider the main problem ( 3 ) - ( 4) .

Step 2. Check the controllable condition of
(A.,B. ),(Ar,B, ),...,(A,,B,).

Step 3. Check the nonlinear condition if any .

llf, 
(")ll < N,ll"ll where N, > o

[*"'l
Step4. Set a ---K,x(t); i=0,1,...,r suchthat ,=-l : 

l.
Lr,rl

Step 5. Find K.,K,,...,K. by usingthe following formula

h, -B,K,l= -p, ; i = 0,1,...,r, pn"nis arbitrary diagonal matrix.

Step 6. Find the positive definite solution P of the following algebraic
equation.

Irlt[rl
I (e. -B.K")+Iq,(A, -B,K,) | e+el (A" -8.K.)+Iq,(A, -B,K,) l=-QLEILi=rj

for a given positive definite matrix Q .

Step 7. Set the Lyapunov function V(x) = x'Px , where P is the solution

found in step 6.

Step 8. Using the result of main theorem 1, thus V(x) = xtPx is
sufficient to stabilized the non-linear system of step I

I

Illustration (1)

Consider the linear state space description
(z \ z

x(t) = I Iq,A, lx(t) + lq,B,u,(t)
\i=o ) i=o
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文(t)=(A。 +qlAl+q2A2)X(t)+(Bou。 +qlBIul+q2B2u2)
where q。 =1,ql,q2>0;For n=2g市 es the matrices    (8)

4=『 珂嘉=陪 珂,4=『 珂
ム=□ ,・ =□ ,鳥 =固

iili;〕

11奨;,il彗:』ν邸11富::ζ 3Ftl場二la寛場霧ctively(See theOrem
i‐ ranklB。 :AoB。 ]=rank[子  I:]=2

=) the vectOrs B。 ,AcBo are independent and the rank Of the matrix

[B。 :AoBol iS two,then(A。
,B。 )iS controllable.

卜rttL喘卜弓 珂→
=) the vectOrs Bl,AlBl are independent and the rank Of the matrix

[Bl:AIBl]iS two,then(Al,Bl)iS Controllable.

lil‐  ranklB2:A21)2]=r嶽

 [: I:]=2
=) the vectOrs B2,A2B2 are lndependent and the rank Of the matrix

[B2:A2B2]iS tWo,then(A2,B2)iS COntr01lable。

Now,set ui(t)=― Kix(t),KicR扶2;i=0,1,2 and Take ql=1,q2=2

such that

'(′

)=(И。十Иl+2И 2)χ←)+(―κ。几―κIBI_2スちB2)χ (r)

this i島i[:=(И
°~ILκ。)χ(′)+(.だ1-lLκlン (′)+4/2~β 2κ2)χ (′)

'0=kИ
。一aκ。)十 (/:一 島κl)+2(/2~島スち)Lx2χ (′ )

Now,when′ =o we have

レ。―ムκ。]=―μo such that

where Br,rKo, = (B K )z,z倒
「

一一　　　　　　　　　　　　　一　　　　　　^
（【̈̈
】〕）
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-1-2たll=-1

1-2カ12=0
⇒  ―ル11=0

-2-た12=~:
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:⇒ れ =[0

when i = 1 , we have [A, - n,t,]= -p, such that

01

０
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3 (Ai - Biki ) ; i = 0,1,2 are diagonal matrices

Now, find the positive definite solution t = 
[;;l 

O;r'r)

following algebraic equation

[J -'+1',.{.' +)=* ,o=[; I

⇒ lAi Biki)

we havc,文 (t)

,1,2 are stable matrices

ら

チIX(t)

ｉ
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Ｏ
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Setthe LyapunOv ttmctiOn v(x)=xTPx,where

=[寺 XlJIX2][1:]

=書 X『 +ぅ
)X3

V(X)=0.0625x『 +o.o37037x22

= v(x)positive defined function and have the system (g) is stabilized by
using Lyapunov function V(x) and feedback gain K.

I

Illustration Q)
In illustration (r) 

rye appry the proceeding main theorem ( 3 ) andwe find Linear Dynamicar conirLr Sysiem ( 4 ) i-, giouuilv asymptotica[y
stabilizable
Now, we illustrate the proceeding main theorem ( 4 ), we consider thenon-linear dynamical control systern

fz I 2
x(t; =l Ie'(Ai -BiK,) l*1t;+Fq(x) (e)Li=o J 7t '

where 4:R'->Rn ; i=1,2
A,eR2 , B,e R2,n=2; i=0,1,2 , x(t)eR2
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byushgthecOndition 11(X洲≦Nillxl

we have

h釧 =llXISh狗 +X2COSX21+llxlsh和 +X21

≦llXISh狗 |十 卜 2COSX21+hSh狗 |+卜 21

≦ lXll卜 h和 |+卜 21膝OSX21+lXll卜h和 |+卜 21

≦2(hl+卜 2D
⇒ Nl=2

1ち (X洲 =llXlSinxlcOsx2+0・ 5x2)+|・ 5x2Sin Xl cOsx2+Xl洲

≦IXlSinxlcOsx2+0・ 5x21+11・5x2SinXl cosx2+Xll

―
KIXll卜 n穐

1牌OSX21+0。 5卜 21十 二
到
x21卜h穐

|卜OSX21+卜
11

≦卜11+0。到卜21+1・到X21+卜 11

≦21ヽ
|十卜2D

⇒ N2=2

flnally, we can discussed the cOndition  DENi<:111:::;  aS the

fonowing

since the rnatrix P=[0・
):25  0.03;037]been fOund by solution

l‐

18 _lチ
ITP+PI‐

18 _lチ
|=―

Q,Q=[| |]

we have λmax(p)=0.0625 and λmin(Q)=1
slnce Nl_2,N2~2

⇒卜=4,婦浄瑞高=上 =8
)625) 0.125

‐詭∞面m書、<器 iS Satisttd
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.'. the system ( 9 ) is asymptotically stable in the
Lyapunove function V(x) = 1rp*

Radhi and Shatha

large using the

CONCLUSION
The linear state feedback control can be used to stabilize a large
class of nonlinear dynamic system.
Based on the previous results of our work, the Lyapunov
function that stabilize a class of a nonlinear dynamica-l system
can be obtained easily from the result of nominul lin.u, dynamic
system and under some assumption both Lyapunov function oflinear and nonlinear dynamic system are' obtained to be
identical.

The desired location ofeigenvalues play an up important crtirionfor the qualitative behavior of designed' nonlinear control
system.
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ABSTRACT

In this paper we introduce some concepts of M -continuous

multifunctions and we obtain some characterizations and some properties of

multifunctions. we define the concepts (weakly)*, strong and (almost)*

M - continuous multifunctions and we siuay the relationships among them and

under any conditions they qlglggivatent'

INTRODUCTION
The concept of minimal structure space was introduced in 1996 by

H.Maki in his work "on gener alized semi -open and preopen sets"'

In 1968 Velicko introduied the concept of d-open set.This concept has

since been studied intensively by many authors and they found that the

collection of all d-open sets-in a topological space (X,f) forms a

topology f, on x which is weaker than f ,in (2004) caldas M., Jafari S'

and Kovar M.M. [1] introduced some properties of l-open sets and in

(2007)AL-Asadi B.J. [2]introduced the concept of &n* -open set

in this paper we introduce some form of m-continuous multifunctions

PRELIMINARIES
Let(x,o)be a topological space and A a subset ofx. The closure and the

interior of A are denote dby cl(A) andint(l), respectively'

Definitions.2.0: A subset I is said to be

(1) Regular closed (resP'

cl(int(A))= ,4 (resp. int(cl(A)) = A)[3)'

(2)a-open[3] (resp. semi-open[4],

preopen[7]) if
A c cl(int(A)),A cint(ct(A)),A c cl(int(c/('4)) [3]'

regular oPen) if

preopen[5],B-oPen[6], semi-

95
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(3)A cOmplemcnt Of α_。pcn(reSp.semi‐Open,preopen,β _Open,semi‐
preopcn)is said tO bc α_cIOscd(resp semi‐

c10sed,prc c10sed,β _C10Sed,

④糧猛蹄tF:Hα _。pen cres,se面‐Opct p“
"etβ

―
"e⇒

seも hχis denoted by α(χ )(resp.SO(χ ),PO(χ ),β (χ ))[3]
(5)A subsetИ  Of a tOp010gical space(χ

,7)iS called θ_。pen iffИ=inち (4=uσ :`(υ)⊆4びcり [8]
DettnitiOn。 2.1[9]A               

″er set P(χ)。f a nOne‐empサ 対χおctta      lL富
現l駆I獣農」

φC″χ andx c″χ.

COmplement Of an ″χ_。pen set is said tO be ″χ_closed set. we denote
by(χ,″χ)the″ ‐sttcturcspace.
Derlnition。 2.2〔 9].Let(χ ,″χ)be an″ _structure space,fOr a subset 

Иofx,the″
χ_closure Of 

И and the″χ_interiOr OfИ
 are deflned asf0110ws:

(1)″χ‐。′(И)=∩lF:И ⊆F,χ 、Fc“χ}

ぶ惚〃%ytti【i鑑孔ヶχd“ad,alsO″
χ ïnt(И )is nOtnecessarily″

χ_。pen
Lemma。2.3191.Let(χ

,″χ)be an″ _structure space,fOr a subset∠

器メ批桜:芳甥切」Цの範d“χ■《χし4)=χ ″ヽχ
_。ノ(/)

服え街
蛾

ち濫 鰯
i蹄

蠍 肥 百
"χ

―int(И )⊆ И
(5)″χ_ご

(″χ_ご
(И ))=″χ_″

(И)and

Lemlllll:昨lil:11留〕];IIli:|:y]習ace and И a subset Ofχ.Then χc″χ_c./(/)il                   
″r containing χ.Dennition。 2.519].An″ _structure″

χ On a non_empty set χ is said t。have the propeゥ
 (β )if the uniOn of any family Of subsets belonging

t°

“"Ini:llliち

|:ξ、l an ″_structure 
″χ on a non‐ empty setx , the

)n/c′″χ .

n Fis″
χ

_σloseグ
.

,″χ)bC an″ _structu“ sI雷

:iぬ
F"e守「,the f0110、 ving prOperties
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(l) A e mx iff nty -int(A) = a.
(2) Ais m*-closed iff mx-ct(A)=A.
(3) *x -int(A)e mx ,andmy -cl(A) is m* -closed.

Anx -OPEN
Definition.3.l [2]. Let (x,mx)be an m-structure space, for a subset ,,{

of x ,the am*-interior of e is defined by ;

0m*-int(A):U{U iffix -cl(U)c. A,(J em*}. A is called hrn*-open iff
&txx -int(A): A , and the complement of ,4 is called lrn* -closed.
A point xof Xis said to be a 7m*-cluster of a subset Aif
m* -cl(U)l,q*Q for every mx-open set containing x.the set of all emx-
cluster points of ,q, is said to be &n*- closure of .4 and denoted by
0mx -cl(A).
Remark.3.2.I2l If an m -structure space mxon a non-empty subset X
satisfy (B),thenwe have every 7m*-openis mr-open.
Remark.3.3.[2] Let (X,mx)be an m-structure space .For subsets r and
B of x . the following hold:
(l) 0r, * - cl(X \ l) = X \ An x - int(A) and &n * - int(X \ l) = X \ &n x - cl(A) .

(2) e** -int(A) C ffix -int(A) c. Aand A c m* - cl(A) c 0m* - cl(A) .

(3) If Ac. B , then emx -cl(A)c.emx -cl(B)and
em x - int(A) c 9nr * - int(B) .

@) A is tur* -closed iff ernx - cl(A) = 1.
Remark .3.4.121 Let (X,mx)be an m-structure space and A ,Bare
subsets of x , then :

(l) e,rr* - cl(AU A; = en x - cl(A)tJ Atx x - cl(B) .

(2) 0rrr* - cl(Afl A; c 0mx - cl(A)ROnx - cl(B) .

(3) er,* -int(AUal = 0mx -int(A)Utu* -int(B).
(4)0rr* -int(Afl r) q emx -int(A)l)tu* - int(B) .

Note 3.5[2]:(1) The collection of all em*-open is denoted by &r,*.
(2) An m -structure mx on a non-empty set x is said to have property

0) it the intersection of any finite number of subsets belonging tomy
belongs tomy.
(3) If X is a non-empty set and m* is an m-structure satisfies y ,then
the following theorem gives a topologyt*., (consist of the collection of
all fun*-open sets) induced by mx.

Theorem .3.6.121Let (X ,m y ) be an zr -structure space satisfies y , then :

(l) X,0 arefim*-open.
(2)the intersection of finite On*-opensets is 0m*-open.
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(3)Thc union Ofany family Of θ″χ_Opcn is θ
"/_Open.

SOⅣIE FORⅣ1 0F″ _coNTINUOus ⅣIuLTIFUNCTIoNS

We recall thc deflnitiOn OfmultifunctiOn A nlultittnctiOn F:χ
→ y from

a topo10gical space(χ ,7)intO a topological space(y,σ )iS a pointtO set
correspOndence and is assumed that F(″

)≠ φ fOr allx c χ。
Derlnition。 4.1.[10]:Lct F:(χ ,7)→ (y,σ)be a multifunctiOn from a
topological space(χ

,τ)intO a topo10gical space(y,σ ).The upper and
lowerinversc Ofa setβ  Ofthe space yarc denOted by F+(3)andF~(β

),
respectively are deflned as

F+(3)={χ cχ :F(χ)⊆ β},F(3)={Xcχ :F(χ)∩ β≠φ).Let P(り be the
collectiOn Ofan non empty subsets Of y,we denote

/+=(β CP(y):β ⊆/)and/― ={BcP(γ):β ∩/≠ φ)

Derlnition。 4。2.[10]A multifunctiOn F:(χ
,″χ)→ (y,σ)where χ is nOn

empty set with an″ _structure″
χ into a tOpo10gical space(y,σ )iS Said

to be weakly(bricny″ ‐
)″

_continuous(″ _continuous)On χ ifffor
eachχ  c χ and fOreach Open sets/1,/2° fy st.F(χ )c/1+∩ /2~there e対 sts
υc″χ cOntaining χ s.t.F(″ )c(οノ(/1))+∩ (ご(/2))(reS.F(″ )∈ /1+∩ /2~)fOr
allク cυ .

Derlnition.4.3:A subsetИ  Ofa tOp010gical space(χ ,7)iS Said to be

(1)α ‐regular[1ll iffor cach a c/and each Opcn set 
υ cOntaining

athere exists an open setc Of χs.t.α c G⊆ ε′(G)⊆ υ
,

(2)α _almost regular[121iffOr each a c/and each regular Open set

びcontaining athere exists an open setc Of χs.t.acG⊆ 。′(G)⊆ υ
,

11乱』謡℃熙器tltts漁、sttrfl進電:盤T∬√∫lザ:

L識譜ふ肥毒)辮多ざ刹縫f:翌置鷲ぉ露:範。p∞
set GOfχ s.tИ ⊆G⊆ σノ(C)⊆ υ
Lemma.4.5:[10]:IfИ is anα ‐almost regular α_paracOmpact sct Ofa
topological space(χ ,7)and υ is a regular Open Of/,thcn there e対

sts an
open set G Of χ s.t.И ⊆G⊆ σ′(c)⊆ υ.

Lemma。 4.6[10]:IfИ  is anα ‐almost regular set Ofa top010gical space
(χ,7)and υ iS a regular Open sets t.び ∩/≠ φ,then there exists an open
set G Of χs.1.И ∩G≠ φο′(G)⊆ υ.

Derlnition.4.7.A multifunctiOn F:(χ
,″χ)→ (y,σ)where χ is nOn

empty set with an″ _structure ″χ intO a topo10gical space(y,σ )iS Said
tO be(WCakly)*(bricfly″ '_)m‐ Continuous(strOng(briefly s)‐ ″
continuous)。n χ ifffor eachχ  c χ and fOr each Open sets/1,/2 0fy
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s.t.F(x) eV,* frVr- there exist U emxcontaining x S.t.

F(u) e (cl(V,)). l(cl(Vr))-
(res. F(z) e Vr* fiV, ) for all u e m* - cl(U) .

Theorem.4.8: For a multifunction F:(X,m*) -+ (Y,o) the following are
equivalent
(l) r'is w- -m continuous.
(2) F.(G)nF-(Gr)c&n* -int(F*(ct(G,))n F-@t(Gr))) for every open sets
Gt,G2of Y
(3) er, * - cl(F- (int(K, ) U F* (int(K, ))) c F-(K, )U f. 1Xr; for every closed
sets Kr,.K2 of f

' (4) tu* -cl(F-(int(cl(8,)))Ur'.(int(cl(Br))))e F-(ct(B,))Ur. @l(Br))for
every subsets Bt,82 of r.

' (5) r.(int(B,))flr-(int(Br))s0m*-int(F*(ct(B,))r|F-(cl(Br))) forevery
subsets Bt,B2 of f .

(6) e,r, * - cl(F- (G,)U F. (Gr)) c. F- (cl(c, )) U F* (ct(Gr)) for every open sets
Gt,G2

ofr
Proof (1)-+(2) Let G,,Grbe any open sets of Is.t. x e F*(G,) fif-gr1
then F'(x) e G,* 0 Gr- and hence there is U e mx,x eU s.t.

F(u) e (cl(V,)). fi(cl(Vr))-
for all u e mx - cl(U),then u e F* (cl(G,))R(cl(Gr;) for all
u e mx - cl(U),that is m* - cl(U) c F. (cl(Vr))l F- (ctC, )) hence
x e 0rn, -int(F. (cl(G, )) n F- @l(Gr))
(2) -+ (3) Let Kt, K2 be any closed sets in I,then f \ K, y \ K2are open
sets in l,then X \ (.ir'- (1(r ) U r'. 1r, ;; = (X \ r'- (K, )) n (X \ F* (K r)) :
F.(Y \K,)n F-g \Kr)) c.0m* -int(F*(cl(r\Kr) fiF-1ag \(r)):
emx - int(X \ r'- (int(r(, )) t^lX t tr'. (int(K, ))):
ern x - in(X \ (.Ic'- (int(K, )) U F.1int1f, )))):
X \(&,xx - cl(F- (int(K,)) U F.(int(K,))),then^ lmr-ct(F-(int(K,))UF'.(int(Kr)))c F-(K,)Uf.g<r1.

. (3) + (4)Let B,,Brbe any subsets of f ,then cl(8,),cl(Br)are closed sets

of rby (3) we obtain
em x - ct(F- (int(ct(8,)))l) F* (int(ct (4 )) c F- (ct(B,)) U r. @l(8,))
(a) -+ (5) Let B,,Brbe any subsets of r
F-(in(Br) n r.(int(B,)) = (X \ F*(r \ int(4))) n (x \ F- (Y \ int(8,))):
X \ (F. (Y \ int(B, )) U r- g \ int(B, ))) : X \ (F* (c/(r \ B, )) U F- (ct(y \ 4 ))) c
X \ 0m x - cl (F * (int(cl (Y \8, )) U F - (int(cl (Y \ B, ))) 

:
X \ 0?t x - cl(X \ F'- (c/(int(8, ))) U (X \ F. (cl(int(8, )))
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X \ qrn r - cl (X \ (r- (c/(in(4 ))) 0 r. (c/(int(8, ))))) :
&n* -int(F- (cl(int(Br)) fl (r.(c/(int(,B, ))),then
r - (int(B, )) fl r- (int(4 )) c on * - int(F, (c I (8,)) i F - (c I (B )))
(a) -+ (6) Let G,,Grbe any open sets of r,then
&n* - cl(F- (G,)U F- (G,)) c On, - ct(F- (int(ct(G, ))) U r. (int(ct(G, ))) c
F- (cl(G,))l) F- (ct(G,)) .

(5) + (2) This is obvious.
(2) + (1)Let G,,Grbeanyopensetsof ys.t. F(x)eG,- flGr-,then
x € F.(c,)n r'- (G) sen* -int(r.(c/(c,))fl r-(c/(c,)))),then
lU e m * x e U and m * - cl(U) c F- (cl(G,))f) F- cl(G)),therefore

BASSAM

F(u) c (cl(G,)). lt (cl(Gr))- V u e m r - cl(u) hence F is w. _m continuous
(6) -+ (2) Let Gpc2be any open sets of f ,then
F. (G)n F- (G,) c r'. (int(c/(C, ))) 0 r- 1int1c4C, ;;;
= X \ r'- (r \ int(c/(c, )) fi X \ (r. (r \ int(c/(G, ))
= X \ F' (cl(Y \ c/(c, )) n x \ r'.( cl(y \ cl(G,))
: X\(F-(cl(Y\ct(G))U r. Gt(y \c(G,))
c X \ 0n * - cl(F - (y \ cl(G, )) U r. {r t cl1C, ;;;:
en, -int(F. (cl(G,))fi F- (cl(G)))
Theorem.4.9: For a multifunction F : (X,m *) _+ (y ,o) the following are
equivalent
(1) r' is w'-m continuous.
Q)enr - cl(F- (int(ct,(8,)))tJ F.(int(cf (8,)))) c F- (ctu@))l) F. (ct,(,,))for
every subsets 4,B2of y .

(3) Ar* - cl(F- (int(cl(8,)))L) F. (int1ct6,)))) c F- (ct,(B,))U F. (clo@)) for
every subsets Bt,B2of y.
(4) en * - ct (F - (int(ct(G, ))) U r. (in(c(c,)))) c F - (ct (G,)) U r. (c/(c, )) for
every open sets Gr , G, of y .

(5) er* - cl(F- (int(cl(V,)))U F. 1int1c4rr)))) c F- (ct(tt,))l) F- (ct(r/,)) for
every preopen sets l/t,V2of y.
(6) ar, - cl (F - (int(K,))U r. (int(iK, ))) c F - (K,) l) F. (K r) for every regular
closed sets Kp K2of y .

Proof: (1)-+(2)Let 8,,8, any subsets of f ,then clr(8,),clu(Br)are closed
sets in l,therefore by theorem(4.g )we have
qtn* - cl(F- (int(cl0@)))tJ F. (int(ct"(8,)))) c F- (ctr(B,))l) F- (cl"(8,)) .
(2) + (3) This is obvious since c/(B) cctr(B)forevery subset 

^B ofr.
(3) -+ (a) This is obvious since c/(G)=c/r(G)forevery open set G ofy.
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(4)■〉(5)Let 4,/2be any preopen sets ofy,then乙 ⊆int(θ′(イ ))(J〓 1,2)

we have θ′(7),⊆ θ′(int(C′(イ )))(J=1,2)。 Now set c=int(θ′(イ ))G′ iS Open

inyand θ′(c)〓
`′

(ろ )(′ =1,2)therefOre by(4)

磁χ―θ′(F~(int(θ′(乙 )))UF+(int(θ′(/2))))⊆ F~(θ′(/1))∪ F+(θ′(/2))・

(5)→ (6)Let κl,κ2be regular c10sed sets ofy,then int(K,)(′ =1,2)is

preopen set and by(5)伽 χ_θ′(F~(int(κ l))∪ F+lnt(κ 2)))

=働aχ ―θ′(F~(int(C′(int(Kl)))∪ F+(int(C′(int(K2))))

⊆F~(σ′(int(Kl)))∪ F+(ダ (int(κ2)))=F~(κ l)∪ F+(κ
2)°

(6)一>(1)Let Gl,G2be any open sets Of y,then θ′(Gl),C′(G2)are regular
closed sets of y therefore

の2χ ―θ′(F~(Gl)∪ F+(G2)⊆ 伽χ~θ′(F~(int((σ′(Gl)))∪ F+(int(θ′(G2)))

⊆F~(θ′(Gl))∪ F+(C′(G2))by theorem(4.8)F isプ ‐m cOntinuous

Theorem。4.10:For a multifunctiOn F:(χ ,“χ)→ (y,σ )the following are
equivalent

(1)F isプ ‐m cOntinuous.

(2)伽χ
_θ′(F~(int(θ′(Gl)))∪ F+(int(θ′(G2))))⊆ F~(θ′(Gl))∪ F+(θ′(G2))f°r

every Gl,G2∈ β(y)。

(3)の2χ ―θ′(F~(int(θ′(Gl)))∪ F+(int(θ′(G2))))⊆ F~(θ′(Gl))UF+(θ′(G2))f°r

every Gl,G2C Sθ (y)。

Proo■ (1)‐→(2)Let Gl,G2∈ β(7),then(為 ⊆ε′(int(θ′(G,)))and

C′ (G′ )=θ′(int(θ ′(G′ )))(′ =1,2),sinCe θ′(Gl)and θ′(G2)are regular closed sets

by theorem(4。9)
のフχ―θ′(F~(int(C′(Gl)))∪ F+(int(θ′(G2))))⊆ F~(θ′(Gl))∪ F+(ε′(G2))°

(2)→ (3)this iS ObVious since sθ (y)⊆ β(y)

(3)→ (1)Forany G∈ PO(y),θ′(G)iS regular closed and θ′(G)∈ Sθ(y),then

伽χ―θ′(F~(int(θ′(Gl)))∪ F+(int(θ′(G2))))⊆ F~(θ′(Gl))∪ F+(α (G2))and by
theorem(4。 9)F iSデ ‐m continuous.

Remark。 4。 118 Every ψ
*‐

″―c6ntinuous multifunction is w‐ ″―

continuous butthe converse in generalis nottruc and every

S― ″―COntinuous is“ ―cOntinuous but the converse in general is not true.

To see that by the fbllowing example.

Example。 4。12:Let F:χ → γbe a multifunction deflned on″ …stnlcture

spacc(χ,“χ)into a tOpological space(y,σ )Sot.

χ〓
(1,2,3},“χ={χ ,ψ ,{1},(2},{1,3}},

y={α
,ら ,C},σ =diScrete topology and F(1)={α },F(2)={b},F(3)=y.then

F isソ …″ c̈Ontinuous inultifunctiOn but not″
*¨

“
‐continuous and

″―continuous but not s― ″―continuous.
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Definition.4.l3:[f 0l A multifunction F : (X,m*) _> (y,o) where X is
non empty set with an m - strucfure m* into a topological space (f,d)is
said to be almost (briefly a -) z - continuous on XiffforeachreX and
for each open sets v.,,V, of I s.t. F(.r) e 11. 0 Z, there exists
U e m* containing .r s.t. F(u) e(int(cl(v,))). f^l(int(c/(I/,)))-for all ueU.
Definition.4.l4: A multifunction F: (X,n*) _+ (I, o),where _yis non
empty set with an n - structure m* into a topological space (I,o) is said
to be (almost)* (briefly a'-)m -continuous on xiff for eachxe x and for
each open sels Vt,V2 of I s.t.
F(x) eVr- lYr- there exists U € z, containing x s.t.
F (u) e (int(c I (V)\. 11 (int(c t (V,));- for al I u e m * _ c I (I) ) .

Remark.4.15 : Every a'- m - continuous multifunction is a_rz _

continuous but the converse in general is not true . To show that F in
example (4.12) satisfies that.
Theorem.4.16:,lf F : X -+ y is w. _ m _ continuous and f1x; is open of
f for each x e X, then F is a. -m -continuous
Proof: Let xe xand, Gt,Grbe open sets of ys.t. F(x)eG,.0Gr-,since F,
is w' - m - continuous, then there exist U e z* containing x s.t.
F(u1 e(cl(G,)). O(cl(G,))- forall a emr _ct(u)andsince F(u)is open in
Y then F(u) e (int(cl(It,)))- 0 (in(c/(4 )))-,hence F is a. _m _continuous.
Theorem.4.17: A multifunction F:(X,mr) _+ (r,o) is a._m -rcontinuous
iff ,r'.(G, ) n r- (Gr) is &n x - open for every regular open sets Gt,Gzofy .

Proof: Let G,,Grbe regular open sets ofland xe F-(G,)0f.-(Gr),then
there exists U e m * s.t. F(u) e (int(c/(G, ))). f^) (int(c/(G, )))- for all
u e mr - cl(U)that is F(z) e (c,)- n (c,)- for all z e m* _ cl(()),hence
m * - c I (U) c ^F 

. (c, ) [l F- (G, ), then x e Ot * _ int(F * 
(Gr ) n r' - (c, ).

Conversely :Let G,,Grbe any open sets of Is.t. F(x)eG,- l-lGr-,then
int(cl(G,)),int(cl(Gr))arc regular open sets of Iand
F(x) e (int(c/(G, ))). fl (int(c/(G, )))- that is
.r e.F-(in(c/(G, ))) 0 r-1int1c4C,)))then there exist U e z,r contains .r s.t.
F (u) e (int(cl(G,))). | (int(c/(c, )))- for every u e m, _ cl ((J),thus F is a. _m
--continuous.
Theorem.4.l8:lf F:(X,m*) + (f,o)is rl,._rn _ continuous and F(x)is an
a-almost regular, a - paracompact set of Ifor each xeX,then F is s,-
m -continuous.
Proof: Let V,,Vrberegular open sets of f and xe Ft(lt,)lF-(/r),thus
F(x) cV,and F@)fiV, +landsince F(.x) is a_almost regular,
d - paracompact by lemma(4.5) there is an open set lt,of y
s.t.F(x) ct(, ccl(tl/,)cV,andby lemma(4.6)there is an open set W2of
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I s.t. F(x) lltr, + Q and cl(Wr) CV,since F' is w' - m - continuous there is
(J e m, containing , s.t. F(u) e cl(Wr) cV, and F(u)Ocl(Wr) + Q for every
u e mx -cl(U)therefore we have x e(J e mx -cl(F* (V)nF- (Vr))hence

xeOn* -int(F*(Vr){)F-lfry,then F*(Vr)fiF-1ttr1 is 0m* - open and by
theorem(4.17) F is a'-z -continuous.
Remark.4.l9: every s-m --continuous multifunction is o'-m -
continuous and every o'-m -continuous multifunction is w'-m -
continuous but in general the converse is not true. To show that see the
following examples.
Examples.4.20z
( 1)Let y = {1,2,3},m * = {X ,0, {U, {3}, {2,3} } and

Y = {a,b, c}, o = {Y,0,{a\,{a,b\\ s.t.

F(l) = {a\,F(2) = {a,b}and f'1:; = {c},then F is a' -m -continuous and w'-
z --continuous but not s -m -<ontinuous.
(2) Let X = {1,2,3}, m x = {X, 0, {l\, {21, {2,3} } and

Y = {o,b, c}, o = {Y, 0, {o}, {b}, {a,b\ \
F(l) = {a,c},F(2) = {a} and F'(3) = {c},then F is and w' -m -tontinuous but

not a'-z-continuous.
Theorem. 4.21: For a multifunction F : (x ,m ) + (Y,o) s.t. F(x) is an a -
regular, d -paracompact set of Ifor each x e X,then the following are

equivalent:
(1) r is s-m -continuous.
(2) F is o" -m-continuous.
(3) F' is w.-rz-continuous.
Proof: (1)-+(2) +(3) by definition.
(3)+(1) Letx e X and v,Vrbe any open sets of rs.t.

x e F* (v,)l r- 1vr\ , then F(x) e vi lYr- and since F(x) is a - regular,

d -paracompact by lemmas (4.4), (4.6) there exist W,W, € d s.t.

F(x) c W scl(Wr) gV,F(x)lW, + $and ct(l{r) E Zrsince F is w' -m -
continuous there exist
(l e m * x e IJ s.t. F(rz) e (cl(Wr)). O(cl(Wr))- Y u e m r - cl(U), then

F(u) eV: lI/2- Yu e m* - cl(U),this show that F is s - rz -rcontinuous.

Theorem.4.22: F:(X,m*) + (Y,o)is a closed valued multifunction and

(Y,o)is a To(7,*normal)-space then the following are equivalent:

(l) r is s-z --continuous.
(2) F is a.- m-continuous.
(3) F. is w*-re -rcontinuous

Proof: (1)-+(2) +(3) by definition.
(3)+(1) Letx e x and G,Grbe any open sets ofrs.t.
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F(x) e G,* 0Gr-since r(x)is closed set ofrby the normality of rthere is
D e o s.t. f'(x) c. D c. cl(D) c G, and since To ) Trand f1x; OG, */ there is
Eeo
s.t.Efl F(x)+Q and cl(E)cGrandsince F is w.-z -continuous
, F(x) e D* f) E-
there is ue mx'xeus't' F(u)e(cl(D)). fi(cr(E))- yuem* -cr(u)therefore
we obtain F(u) eG,* 0 Gr- vu € nx -cl(u),then F is s-z -continuous.The following diagram exprains the relation among the forms of m _continuous

S‐ ″ ―CO

l

z--continuous + a-m --continuous -+ rs-n -continuous
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ABSTRACT
The paper presents algorithms with the aid of Matlab language forsolving Hammerstien vorterra integrat equatioi or ti" ,l.ooa kind (HVTESK) ofconvolution type numericary usinirinea., qr;;d;;l cubic sprine functions.The results of proposed ,,"ihoa ai. 

"".p"i"a *ftir-til" "*u", 
sotution and goodresurts are obtained. Two different ilrrst"ative 

"xampi". """ 
gir"n for conc.iatedthe accuracy of the results of the proposed rnilil. iinally, the results arearranged in tabulated form and by graphing are.t orniog fo" 
"""ry 

example.

INTRODUCTION
Many of researchers and-scientists published books and researchesthat devoted entirerv to integral equation'methods and their applicationstt]. Tl. integral Lquation arisei in *lA" uu.i"ty of mathematical,sc,ienti,ic and engineering problems; we know itui',,U.yrot, equation,,takes the form:

Vol.19,No2,2008

… (1)

… (2)

ら(χ )

/(χ)=g(χ)+ 
∫
λ(χ,′,/(′ ))α′    α≦χ≦ら

when the kemel々
(χ,r,/(′))in eq.(1)takes the f01111:

た(χ,′,/(r))=た (χ ,′)υ(/(′))
0(jr)

ie.    /(χ)=g(χ)I 
∫
ル(χ,′)し

「
(/(ノ ))α′

0

where ldx,t), u (f (t)) and f (t) are real valued functions on subset of R2,R and R respectivety and /(r)-denot", ,h" ;;ir;i;; or eq.1z;, then eq.(2)called Hammerstien intesralequation 
"f 

th" ;;;;; tira *f,l.t is specialcase of 'Urysohn equatioi'Jli.
In this paper we will deal with Hammerstien_Volterra integralequation of the second kind (HVIESK) *hi.h A;;;e form :

106



The Numerical solution of HammerstieD- volterra Integral Equations using spline Functions
Omar, Atheer, and Ahmed

/(χ)=g(χ)+∫力(χ ,′)υ (/(′ ))グ′.

0

...(3)

The name integral equation was introduced by Bois-Reymond in
1888. However, the linear integral equation which is of Volterra type,
was introduced by Volterra in 1884 [1,2].

Many problems which are formulated directly in terms of
HVIESK, such as:

. Smoke filtration in a cigarette.
e Box with input-output terminals.

There are many problems can be described as initial value
differential equation but sometimes, some difficulties have been
consecrated when we want to find their solutions. Therefore, it will be

convenient to reduce those problems to HVIESK.
In general, Analytic solutions of the integral equations is not

easily obtained by the classical methods [2,3], so we need some

numerical methods as spline method.
The spline functions, which are continuous piecewise polynomial

are one ofthe most practical functions for solving eq.(3) [2].
In this work we consider three types of spline functions (linear,

quadratic and cubic) are used to solve HVIESK.
The required integrals in this method are calculated using

trapezoidal rule as well as Newton Raphson method has been used to
solve the resulting equation.

2. Spline Function:
The spline function is a function that consists of polynomial pieces

joined together with certain smoothness conditions [2,4].
Spline functions have proved very useful tool with data fitting

problem and curve fitting and in solving integral and differential
equations [5,6].

Different types of spline functions: linear, quadratic and cubic, are

considered in the following subsections.

2.1 Linear Spline Function L(x):
A simple example for the spline functions is a spline of degree one,

whose pieces are linear polynomials joined together to achieve continuity.
The linear spline function L(x) consists of (n) functions which is a

linear polynomial on each subinterval ft,,t,*r):
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where L,(x) =l y a g, (i:0,1,...,n-l) [7].

By using the point-slope form of a line, we obtain
L,(*) = y, t M ,(x _ t,) ... (5)

where 74 _ !,*r_ l,
t,*r - t, ... (6)

is the slope of the line. substituting eq.(6) in eq.(5) to obtain

L,(x)- (/'*' -x) (x-t,) 
-.- n-Y,+-;Lla ...(7)

where h=t,*r-t,

The quadratic spinr tn.tioi'e(x) consists of (n_r) piecewisequadratic polynomials over each subintr*"f f+r_;;.". ,

I Q'fO x efto,t,f

o(x\ =) Q,{*) x eft,,trl

I : : "'(8)
lQ,-,(x) x eft,_,,t,'!

where Q,(x)=A,x2 +B,x+c, ...(9)
Q(x) is piecewise quadratic which is continuously differentiable onthe intervalf t,,t,*,|and e(1r,; =H ,t<i< n
Let Z, = Q'Q,)
The formula for e, on ft,,t,*,,1is derived by using Taylor series on(x) and cut the series on the third term and puttin E -f @) = e,@) and xo = 1in Taylor series then we have :

2(χ)=ノ:+Zi(χ -4)十
響   (χ

_4)2

χ∈ IrO,1]

χ∈
[′1,r2]

!

χ∈[ち_1,ち ]

Vol.19,No2,2008

..。 (4)
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_2(4+1)一 C(4)21= 4.1_4

_C(′′.)一α(4)2F- 4+1_4

So eq。(10)can be written as:

…
。

(11)
0(χ)〓

新      (χ

-4)2+zi(χ -4)十 夕:

with conditions:

・  2(4)=ス・

● 0(4)=る。

・  0(4")=ζ..

The necessary and sufflcient cOnditions in eq。 (11)are:
。̈(12)0(4+l)=ッ′+l,J=1,2,… ,″ -1

Lct χ=′′J ineq。 (10)We get

…。(13)(み (4+1)=7       (4+1-′ ′)―卜ZKち +1--4)+ッ′

Putting eq。 (12)in eq。 (13)we get

礼
― (精 )  =崎

with zl arbitrary.

Since

O≦ ′≦″‐1.        …。(15)ろN(岩
) then 

ζ+lπ
`ら

  ,

Eq。(15)can be used to obtain the vector[Zl,Z2'・・・
'Z″

]T Starting with an

arbitrary value for ζ.

2,C″blic Splinι FuncJ:ο″Sω′
The function s(x)iS the mOst common piecewise polynomial

appro対matiOn which consists ofn cubic polynomial pieces:

|(χ)         χ∈
[′0,rl]

(χ)        χ∈
[′1,′2]                        .¨

 (16)

_1(χ)      χ∈[ち _1,ち ]

n… l denote the cubic polynonlials that will be used overwhere sノ ,i=0,1,… .,

cach subinterval[′ ′,ち+1]and

S′ (χ)=q,ノ +ら
,′
(χ -4)+ら

,′
(χ -4)2+%,J(χ -4)3   .… (17)

with
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Cl,′ =sJ(4)=sf

`2,f=Sl(4)=sl
θ3,J=((Sf+1-sf)/カ ーsf)/カーε4,jカ
ε4,f=(Sf+sた 1-2((s′ +1-sf)/力 ))/力

2

SutteCt to:

Sノ
(′ノ)=sf ′=0,1,...,″

Sf+1(′ J+1)=SI(′f+1)

Sた
1(′′+1)=S子 (4+1)

Sll(ち+1)=sKち+1)′ =0,1,… ,″
_1.

S,S′ ,s″ are an continuous functions in[4,ち
].

Substituting eq。 (18)in eq。 (17)and let ic,1)=■ +l We have

ら(χ)=s,+sf(χ ―′F)+(((S′+1-sf)/カ ーsf)/カ ーε
4,F力)(χ ―′′)2+

((Sl+Sた 1-2((s′+1-sf)/力 ))/力
2)(χ _′ノ)3

(19)

where

Vol.19,No 2,2008

… (18)

Recall eq.(7) linear spline *itt giu, tt . formula with Jr,, r,*, 1

ム(χ)=4(χ)光 +4(χ)必+1

И′(χ)=∵

and

B,(x) =l- A,(x) = +, where h= t,*, _t, .

Put f(t) =L,(t,), i=1,2,...,n
By substituting eq.(20) into eq.(3) we obtain:

r-l x j*l

f, = g, *Z IoA,,t)u(Aj(t)yi + B,(t)t,*)dt, r =1,2,... ...(21)j=o xi

where f" = f (x,) and g, = g(x,) ; r1,2,....

…。(20)
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The integrals in eq.(21) are replaced by trapezoidal rule if the resulting
equation is linear , otherwise Newton-Raphson method is used to find the
solution of HVIESK.

The following (HVIE-LSF) algorithm stmmarizesthe steps for finding
the numerical solution for the HVIESK in eq.(3) using linear spline
function.

HVIE-LSF Alsorithm:

. Step 1: Set ,=+ where (n + l) is the number of the points

(xo,xr,...,xn) and ro = 0 is the initial state in the given interval.

' Step 2: Define the functions in eq.(3).

Step 3: Put f, = g(*r).

Step 4: Compute x = xo+ih where i:1,2...,n.

Step 5: Put r:1, i: r-1, m:0.

A (v\-(x,-x,)
Step 6: Compute: "m\'-i, h )

B,(x,) =l- A,(x,)

Step 7: If i: r then stop and go to (step 8).

Else i:i+l
go to (step 6) .

Step 8: Use the trapezoidal rule to find the integrals:

f = s *i'ioA,,D(J(AiQ)t i + B,(tbt,.,)dt
j=o xi

Step 9: If the output equation in (step 8) is nonlinear use Newton-

. Raphson method to find f,, otherwise go to (step 10).
Step 10: Set r: r*1.

Step 11: If r: nf I then stop.
Else

Put m:mll
go to (step 6).

3.2 Bv Usine Ouadratic Soline (OSt Function
We shall denote a quadratic spline with the knots to 1t, <t2 <...1t,

by Q, and then in interval7t,,t,*,1, we have :
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Q,(x)= A,(x)e,+8,(x)e,.+C,(x)ei ...(22)

4@)=t_( _ht,),

where B'(x) =l- 4@)

C,(x)=@-t')Q'u-x)
h

h=t,*r-t,.
For the continuity of e, we require that

ei"=g ,i=0,1,2,...
Suppose now that e;,e:,,.,e:_r ffe known, put eq.(22) in eq.(3) we :

obtain:

!o@,,t)u(A,_t(t)e,, *B ,_tl)e, + c ,(t)ei_)dt
r_l

... (23)

He1ce, the equation (23) can be solved by iteration. From eq.(23) and
eq.(15) we can calculate a: and so procled to the calculation of e:_,.The integrals in eq.(23) are replaced by trapezoidal rule when the result
equation is linear otherwise ,we use ttiwton-naphson method to find the
numerical solution.

The following. (Hr/IE-gsF) argorithm summarizes the steps forfinding the numerical sorution for tt. rrurSK in eq.(3) using quadratic
spline function.

HVIE-OSF Alsorithm:

sten 1: set r=T where (n + l) is the number of the points !

(x0,x,,...,x,) and ro = 0 is the initial state in the given interval.
Step 2: Define the functions in eq.(3).

Step 3: Put Qo = g(r0) , Qn' = 0.001 and e) = e)_, d =1,2,...,n.
Step 4: Compute x = xo+ih where i:1,2,...,n.
Step 5: Put rl.
Step 6: Use eq.(22) to compute A,(x), B,(x) and C,(x).

Ｊ

刊
ｇ％＋０為＋０Иυχ

「
Ｌ
ｒ
Ｊ
う

時
膵

＋
　
　
　
み

ｇ〓ん
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Step 7: Use the trapezoidal rule to find the integrals:

f r"'.) I
e, = s,.l I [o@,,t)u(Aj(t)e, + B,(t)eiu +c,(t)e1)dt l+l^;, l

xf

tk 
(x,, t)U (A, -, (t) Q, -, + B, -, (t) Q, + C, (t) Q', -,) dt

r-l
Step 8: If the output equation from the (step 7) is nonlinear use

Newton-Raphson method to frndQ,, otherwise go to (step 9).

Step 9: Set r : r*1.
Step 10: If r: n*l then stop.

Else
Go to (steP 6).

3.3 Bv Usine Cubic Soline (CSt Function
ESK) will be found using cubic spline

function. A cubic spline S(t) with its knots toltr<t2<"'<tn in [t,,/,*r)
can be obtained as follows:

From eq.(19) one can get:

s,(x) = si * sl(x - r,) + (((s,+r - si) I h - si) I h -
((tl +sl*,-2((r,*, -s,) lh))lh))(x-t,)' +

((tl +sl*r -2((s,*, -s,) lh))ll")(*-t,)'

Aafter some maniPulation we obtain
(. ^.*-L\, +2(-t,),'lr, * (11* -.',r, -2(-t,)r)r,., *s,(x)=[,-r(, )-+z\ h-)-)s, \. h \ h ) 

)ri+ri

(x - t,1P; " Ysi + (x - t,.)(+)' ri.,

(24)

From eq.Qa)the cubic spline functions s;(x) in the intervallt,,t,*r\ is [4,6]:

s,(x) - A,(x)s,+ B,(x)s,*, + C,(x)s', + D,(x)s',*, "' (25)

where
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A,(x) =t-z(-Ji:,2 +2(+ )3

B,(x) = t - A, (x) = \!11, - 2(+ ),

C ,(x) = (x - t,'11L:r- a ,rz

D,(x) = (x -t,*,11!1,12
where   ブ=0,1,2,¨ ,″

havei Suppose■
,■+1,耳 and可+l are knOwn by putting eq.(25)in eq.(3)we

工=g′ +1層

I″
(χ′,′)υ(2`ノ (′)Sノ +η′(′)Sノ+1+9′ α)15;+Z2′ α),;+1)arl+

″l(χ
″,r)び(И′」α)↓」+B″」←)ら +Cr(r)尋ョ+2c)s′ )″

二おS01Ved by ierttiOn.No“
th前

Andthecell111』 [['II:冨ょ:itこ1111:ll

尋～
ら+1~ら

1

SO弓J～ 21-弓. ヵ″プ=1,2,“
"″

_l where tt is arbitrary.

″=1,2,…

詐硼 ∬1乳糧1官鷺:認
The followine HylE_CsF)^algorithm summarizes the steps for

fr ff:ffiU:eiicar sorution'r"; ?i; ;;di""'il .o.rrl using cubic

″″LCSFИ なOrtth″′
SteD l:  Set ヵ=4-為  where(″ +1)is the number Of the pOints

″

(x。 ,ぅ ,¨
"ろ )and xO=O is thc initial state in thc givcn interval

SteD 2: DeAne the mnctionsin eq.(3).

SteD 3: Put:

Vol.19,No2,2008
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,

So = g(xo), So = 0.001, Si = 2Si and S',*, =25;-Sl,_,, tn =1,2,...,n-1.

Step 4: Compute x = xo*ih where i:1,2... n.

Step 5: Put r: l.
Sten 6: Use eq.(25) to compute A,(x), B,(x) ,C,(x) and D,(x) .

Step 7: Use the trapezoidal rule to find the integrals:

f '-z'i.1 Is, = B, .l I tk(x,,t)u(AlQ)s j + ^Br(/)sr.r +c,(t)s,, + D,(t)s,,.11at1*
lj=o xj l

xr

l*1*,, tyu 1A, _, (t) s,_r+.8,_, (r)s, + c, (r)sj_, + D, (t) s :) dt
r-l

step 8: If the output equation from the (step 7) is nonlinear use
Newton-Raphson method to findS,, otherwise go to (step 9).

Step 9: Set r : r*1.
Step 10: If r: n*l then stop.

Else
Go to (step 6).

4. Numerical Examples:
The previous methods in section (3) are illustrated in the following

examples:-

Example (11 :
Consider the following HVIESK:

f(*)=sin x+ [@-/)sin( f(t))dt 0 < x<l
0

which has the exact solution: ,f (*) = x .

Table (1) shows the comparison between the exact and the
numerical solution by using spline functions: linear, quadratic and cubic
via applying (HVIE-LSF, HI/IE-QSF and HI/IE-CSF) algorithms
respectively depends on the least square error (L.S.E.) which is defined as

(L.SoE=Σ (aασ′Sο′″′わ″―助″θたα′sοルカ″)2),
′=1

χ=χ′=′乃,n=lo and′=0,1,2,..。 ,10・

when   h=0。 1,

H5
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Table -l: The solution of

χ

Exact
solution

Splne functions

とrirpear

HVIE― LSF
A19o画thm

Quadratic
HVIE-QSF
Algorithm

Cubic
″龍 ―CSF
Иttrlirm″

0 0 0.00oo 0.000o 0.0000
0.1 0。 1 0.0998 0.0998 0.0998
0.2 0.2 0.1997 0。 1997 0。 1997
0.3 0.3 0.2995 0.2995 0。2995
0.4 0。4 0.3993 0.3993 0。3993
0.5 0.5 0。4992 0.4992 0.4991
0.6 0。6 0.5990 0.5990 0.5990
0.7 0.7 0.6988 0.6988 0.6988
0。 8 0.8 0。 7986 0。7986 0.7986
0。9 0。9 0.8984 0.8984 0.8984

l l 0。 9982 0.9982 0.9982
LoS.E. 0.000ol17 0.000ol17 0.0000112

Figure -r: iilustrate the sorution of the HVIESK which was given in exampre(l) by using spline functions: linear, quadratic uno *Ui. (ihr-ur, HVIE-eSF andHVIE-CSF algorithms) with the exact solution.

。‐。‐Exact sOlutiOn

・ ‐・ ‐Linear spline

O‐ 0… Quadratic spline
+‐・「_Cubic spline

Fig"l: The comparison between the exact and numericar sorution of
spline functiOns:linear,qundratic and cubic For HvIESK in Ex。

(1).
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The numerical solutions by using spline functions: linear, quadratic
and cubic (HVIE-LSF, HVIE-?1F and HI/IE-csF algorithms) are good
when taking h enough small. Different values of h and the correspon;ing
L.s.E. coming from our choices are listed in table (2) where 0 < x < l .

Table‐2:The L.S.E.of when h=0.05.0.01and O.001

The Spline Functions

カ ″

L.S.E.

Linear Spline Quadratic Spline eubic Spline

0.05 20 0.0000013 0.0000013 0.0000012

0.01 100 0.000000012 0.000000012 0.000000011

0.001 1000 0.00000000013 0.0000000002 0.0000000001

The previous results in table (l) and table (2) refer to the cubic
spline function gives more accurate than the others since the least square
elror in cubic function is smaller than the least square error in both of
Linear and quadratic spline functions.

Example (21 t
Consider the following HVIESK :

/(χ)=θ
~χ

+ _fa) 
)dt 0≦ χ≦1

Which has the exact solution: f (x) = ln(x + e) .

Table (3) shows the comparison between the exact and the
numerical solution by using spline functions: linear, quadratic and cubic
via applying (HI/IE-LSF, HVIE-QSF and HI/IE-CSF) algorithms
respectively depends on the least square error (L.S.E.) when h:0.1,
x = xi = ih , n:10 and i:0, 1,2r...,10.

θ＋
ヽ
１
ノ

／／
１
ヽ

一χ一
θ

χ

ｒ

ｌ

Ｊ

０
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Figure -2: shows the solution of the HVIESK which was given in
glample (2) by using spline functions: linear, quadratic and, cubic"(itln_
LSF, HVIE-Z9F and HVIE-G,SF algorithms) wiih ttre exact solution.

Fig。_2:[rhe connparison between the exact and numerical solution ofspline

functiOns:linear,quadratic and cubic fOr HVIESK in Ex。
(2).

Table -3: The solution of

χ

Exact
solution

Spline functions

とrinear

HVIE‐ LSF
A19o百thm

Quadratic
HVIE-QSF
Algorithm

Cubic
〃′E―CSF
ИJgarlirm″

0 1 1 1 1

0。 1 1.0361 1.0363 1.0363 1.0363
0.2 1.0710 1.0713 1.0713 1.0712
0.3 1.10547 1.1051 1.1051 l。 1051
0.4 1.1373 1.1379 1.1378 1.1378
0.5 1.1688 1.1696 1.1695 1.1694
0。6 1.1994 1.2003 1.2003 1.2001
0。 7 1.2291 1.2301 1。2301 1.2299
0.8 1。2580 1.2591 1.2590 1.2589
0.9 1。2860 1.2872 1.2870 1.2870

1 1.3133 1.3146 1.3142 1.3134
LにS.E. 0.0000o74 0.0000o57 0。000oo48

. -. - Exact solution
*-*- Linear spline
x-x- Quadratic spline
+-+- Cubic spline

118

ミ

　

　

　

一

:[]

/
:    ,

●
　

　

　

　

一
　

　

　

　

¨

／
　
　
　
　
　
　
　
　
　
　
，

a1 02 o3 o4 o5 o6 o7 o8 o9 1

”
　
　
‐２
　
　
“　‐‐川



The Numerical Solution of Hammerstien- Volterra Integrat Equations Using 
ia,l,;;:ffi,1rffi.a

The numerical solutions by using spline functions: linear, quadratic
and cubic (HI/IE-LSF, HVIE-QSF and HVIE-GsF algorithms) are good
when taking h small. Different values of h and the corresponding r.s.B.
coming from our choices are listed in table (4) where 0 < x < I .

Table-4:The L.S.E. of Ex.(2)
when h=0.05 and O.001

The Spline Functions

カ ″

L.S.E.

Linear Spline Quodratic Spline eubic Spline

0.05 20 0.00000082 0.00000051 0.00000037

0.01 100 0.0000000072 0.0000000035 0.0000000014

0.001 1000 0.000000000042 0.000000000022 0.00000000001

In table (3) and table (4) the results of cubic spline function gives
more accurate than the others functions since the least square error in
cubic function is smaller than the least square eror in both of Linear and
quadratic spline functions.

CONCLUSIONS
Spline functions: linear, quadratic and cubic have been presented

for solving HVIESK numerically. The results show a marked
improvement in the least square erors (L.S.E.) and the following points
are included:

l. Spline functions give better accuracy to solution of
HVIESK.

2. The good approximation results depend on the size of h, if h
is decreased then the number of points increases and the
L.S.E. approaches zero.

3. Two different figures are given to show the activity of this
kind of the proposed method.

4. In terms of the results, cubic spline function gives more
accurate than Linear and Quadratic spline functions, see
tables (l), (2), (3) and (a).
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ABSTRACT

Typhoid fever diseasc was in investigated among adults paticnts in Baghdad

in relation to some variablc which included both Sex and the age(1-80)yearS

old during 2000, including(234)sample Patients ,out of which (127)female
infcction rated(54.3(‰)and(107)malc infec● on rated(45.70/0).

Three hospitals AL‐Kadimeai,AL― Yarmok and Al― Kadissia were chosen to

conect samples. The highcst rate of infection 、'as at AL―  Kadimeai hospital
which rated(36.8°/0)and highest rate ofinfectiOn、 vas in the(13‐ 40)ycarS OldS
which rated(35,90/0)female and(27.3° /。)male.
Comparison rcsults of this investigation with ten years agO  results during

(1990‐1999),  including (2620) sample  paticnts,  the  highest  rate was

during(1994)which rated (11.4° /。)and Al― Yarmok hospital was including

(931)sample paticnts which highest rate infcctlon with,phoid fever was
(35.5(1/0).
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出し亀品M´ル名θ″
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∫α″ッα alfalfa'・ ‖ヽ

lJ..-jgll i l \rJc 
***r Oa !.r Jq+r** , (,Jl!l r.r J+*

L..-j:-"-r isLrlr / tJ'lt 4Js 6']. !l 
fJ,te ii*

iiJstr ;!rr / fJ,Llt ils /;'l- tt 
aJle t.j**

*rr i-h /.j.Jl 4$ /tg.ll rJb F!*a*

2007/l l/28 ,.-jrrJJ+ 
a--u - 2007 /9tS 

j.-itI#li6 
CJJE

ABSTRACT
Thirteen fields of allzlfa Medicago sativo were selected from certain

region in Babylon governorate, the standard insect net u as used to collect 185
samples.

The result classified about 47 species, 18 genus under 6 families of the
super family Apoidea. These families n ere Megachilidae, Halictidae,
Anthophoridae, Andernidae, Ctenoplectridae, Apidae. The families ofApoidae
that have been collected were compared according to the number of species,
number of species, number of genera and densi$ of individual of each
taxonomic group. It was found that the families Halictidae and Megachidae
were the highest in the number of species, genera and density of individual
compared with other families represented 11.6"h,27.6Yo oI total number of
species.

The female numbers of species was more than males in all family. The
ten alfalfa pollinators species were selected according to their densities,
consistence and easily recognized, these rvere include Nomra sp,2 (N. mortoni),
Nomia mlonderi, Huliclus ligatus, lasiogolossum pilosus, Nomioides vareigotu,
Homuliclus sp., Megachile rolundata, Megochilie sp2. (M.lalinnmus), Megachile
sp.4 (M.lexana) and Apis mellifera.

The ten selected pollinators were compared according to the average
pollen load, the percentage of alfalfa pollen grain in the pollen load, body
rveight, length of proboscis, visit duration /s, I isit frequency /m.

It was found that six species pollinators rvithin the ten selected species of
Apoidea were significantly more active in most of the efficiency factors, these
were Nomia sp.2, N.melanderi, Meguchile routundota, M.sp2., M.sp4, and Apis
me lliJbra,.

The females species of M.sp2, M.sp4, and Nomia melanderi loaded (34.3,
31.5,32.6) pollen grain respectively. The selected pollinators varied in number
of pollen grain in various months, The highest pollen load of females
M.rotundalo was 52.0, 50.8) pollen grain in July and August respectively. The
results illustrated that signilicant variation in bod;- weight of selected species.
The selected species groped into big, medium and small group betu'een body
weight and pollen load of pollinators).

The result also showed that the flowers of Alfalfa crop were visited by
two grouped of bee which were long tong used bees with the percentage (497o),
and short-tong used bees with percentage of (5loZ) oftotal number ofspecies.

The highest average proboscis length rvas reached to 4.34mm for
A.mellifero, while the lowest average was reached to (t,55mm) for Nomia sp.2.
Thc results appeared that the selected pollinators rvere significantly differences
in the visit duration to the flowers. The lowest at,erage of visiting duration of

ll
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the pollinators was reached to 2.22 second for M,rotundata followed by Nomia
melunderi was reached 3. S.

It was found that the visiting duration of pollinators was correlated

negatively with visit frequency per unit. The species N. rotunde has highest

visiting frequency reached to 22.2 visit/m, while the lowest visiting frequency
was reached to 11 visit /m by Nomia 5p.2.
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ABSTRACT
l-These is collected from the patients (88) stream urine samples (15-50years)
from laboratory ofpopular medicine clinic.
2- Blood agar bass and Macconkey's and pseudomonas agar rvere used for
cultivation of urine samples . The isolated colonies *.ere identified according to
their colonial morphologyand biochemical reactions.
3- Aqeous extract of Thymbro spicata had an inhibitory effect on the process of
aeruginpsa of the tissue culture.
4- Aqueous extract of Thymbra spicata had an inhibltory effect on the process
of p. aeruginosa adherence to urinary epithelial cells as in tissue culture
experiment.
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The other types of honey showed a little diffcrent activiけ amOng thcm.Thc
usage of 45CO was better than 56CO for effecting on MIC,alucs by diffllse and
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best activity tO inhibit Pscudomonas aeruginosa by the samc method.
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ABSTRACT

The microbial quality of drinking water which distrusted from Al-
Fatah Al-Mubeen plante was studied each month over ten months period
started from January to October I 2002. This station was established in2000
in Baghdad in order to supplied Babyl section in Jadriyia region with
drinking water . This study included determination of bioindicator bacteria
of water pollution (Coliform , fecal coliform , Streptococcus , fecal
streptococcus , Total plate count as well as fungi count ) , Also some
physical and chemical variables were determinate like ( temperature ,

turbidity ,electric conductivity, salinity , pH , dissolved oxygen , oxygen
saturation percentage and biological oxygen demand ). The results showed
that the number of all the studied bacteria was very high at the begain of the
study until May , after that numbers start to decline gradually to be less

than the limited values for Iraqi standard for drinking water by using
chains alum instead of local alum while the number of aquatic fungi still
with limited values of Iraqi standard .The aim of this study is evolution the
effeciency of this plante to purify the distributed drinking rvater from it by
evalution the microbial quality of the rvater , and according to results , it
can be conclude that this planet one of the successful project for this
purpose.
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ABSTRACT
This study included (130) newly parturated fresian cows about (3-6) years

of age . It was concerning on treatment with estradiol benzoate hormone and
oxytetracyclin antibiotic(Z0"h) together by intra musculer(im) injection and as

Iocally treatment intrauterine(iu) of infected cows which had reproductive
problems like dystocia,retainted placenta with it,s complications (different
kinds of meterits)during puerpurium period which extented (20-30) days after
birth. The cows were divided Into two groups. l't group included cows at
normal birth (non infected and without problems) (74) cows with (65.5n/u\.2''t
group included the infected cows (56) with (43.5%). dose of estradiol h. was (5-
l0)mg. dose of oxytetracyclin was (4)gm / cow. By im. Injection during (20)
days after birth. given (20)ml of diluted solution of mixed above drugs in
(1000)ml of distill water in (iu.) by catheter and the( iu.). treatmeant was
continue during (20-90) days after birth due to respond of infected cows for the
local treatment, Through the reactal palpation. The clinical uterine involution
degree taken occurrence (30) days after birth in two groups of cows was
(100"1,) so the l't estrus during(20,35-45 and 60-90) days after birth so uterine
discharges examined(bloody or pus) for two groups as evidance of above
treatments effect.(the clinical involution uterine dgree depend upon examind
by uterine horn diameter, uterine size , uterine distance from pelvic brim and
uterine extented which examined rectallyand comporative with the uterine
before parturition respectively. We found from this study the continue
examination for the cows which were at normal birth and infected cows by
treated program as reproductive management program and healthy nutrition
for all animals gave agood results for maintenance of animal fertility and
decrease the reproductive problems ratio and retained placenta and to be

ready for pregnant, birth and yield. period of I't estrus of normal birth corvs

and it was (27"h) at I't (20) rJays, (20"h) at (35-15) days and (52'Y,) at (60-90)
days rvhile the infected cows was (zero7o,, 18.5" and 85'2,) respectively. Two
cows were slaughtered due to traumatic reticulo pericarditis (T.R.P.) and 2nd

case infected with acute septic metritis (S.M.)and not responeded for
treatment.
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ABSTRACT
Thc rcsearchers faccd many difflculties in artinciai ncural networks,

particularly in choOsing the suitablc dcsign for ccrtain problcm,design means

decidcd the nulllbers of the hidden layers,morc o、 cr the conncction among the
nct ce‖ s. The rcscarchers almost use guessing or cxperimcntal and mistaken

operatiOns,by a■ thesc ways they cOuld not guarantcc the most suitable dcsign

with suitable specd, as an outcomc. Because of these prOblcms, spccia‖ y the
Back Propagation (Bp), the gcnctica■y algOrithm comcs tO soivc ali thcsc
problcms, regarding design and training cOncerning thc artiflcial neural

nen10rk. A‖  the previous researchcs 、vllich 、.crc 、orkcd in designing and
training the neural ncr",Ork and spccia‖ y thc Back Propagation using Steady
State gcnctic algorithm (SSGA)、vhiCh depends On sol、 'ing the binarv and triple

replaccment, and this research prove that cxperimenta‖). the  steady state
genctic algorithm   、vith subpopulation to dcsign and train the Back
Propagation,10 get the best rcsults from ne● vork dcsign.Thus we have been
used ●Ⅳo techniques from the subpopulation and、 hich、 as the prcsclection

and crowding techniques,They、 vcre made a compares bc● l.een thcnl lo get thc

best one and with the solving of thc binarv replaccment and this prove the

superiori● Ofthe subpOpulation thrOugh this mcthOd.
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