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ABSTRACT
In this research,production ofethanol from wastc potatoes fellllentation was studicd

using Saθθ力αr″りざθS Cθ rθッJs'αθ.Potato Flour was prcparcd from potato tubcrs aftcr

cooking and drying at 85° C. Homogenous slunッ of potato flour was prcparcd in

watcr at solid Hquid ratio l:10。 Liquefaction of potato flour slurry with α
―amylase at

80°C for 40 min foHowcd by sacchariflcation with glucoamylasc at 65° C for 2 hr

.Fellllentation of hydrolysate with Sacc力 aroηεθs Cθ″θν′SJαθ at 35° C forl再 vo days

resulcd in produc■ on of33 g/1 cthanol.

The parameters studicd were;temperature,timc of fel1llentation and pH.It was

found that Sacchariflcation proccss is affected by enzyme Arnylo 300 ooncentration

and concentration of 1000μ 1/100ml gives efflcient effect of the processo The best

temperaturc for fcllllentation proccss WaS fOund to be about 35° C.AIso it was

noticcd that ethanol production was increased as tiine of fementation incrcascd but

a■er 48 hr further increase in fe11llcntation tilne did not havc appreciable cffect.

Al- Mustansiriyah J. Sci. Vol.23,No8,2012

Finally, the optimal value of pH for fermentation process to was about 5 to 6.

INTRODUCTION
Bioethanol as an alternative source of energy has received special

attention world over due to depletion of fossil fuels. From the l8'n

century to the beginning of this century, major discoveries about the

biology and chemistry of fermentation and distillation made it possible

to produce cheaper ethanol from variety of organic materials [], 2].

To produce ethanol from biomass two key processes are followed,

first the starch or hemicelluloses and cellulose portions of the biomass

are broken down into simple sugars through a process called

saccharification. Second, the sugars are fermented to produce ethanol.

13,4)- 
The sugary substrates available are comparatively expensive than

molasses but can be easily used for ethanol production with some

（、′
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modification in the process [5]. On the other hand cellulosic materials
are cheaper and available in plenty but their conversion to ethanol
involves many steps and is expensive. The starchy substrates are
promising due to their economic viability and availability. Starchy crops
like com, barley, wheat, rice and tuber crops viz. potato, sweet potatoes
are being exploited for the production of bioethanol world wide since it
is rich in starch, which makes it a cheap substrate for ethanol production
[6]. The problems associated with its processing will also be less than in
other grains. It is also semi-perishable food which can be stored for
considerable period without spoilage. Good quality alcohol can be
produced from potato which can be used for fuel [ ]. The purpose of
this research was to explore the parameters and operating conditions
that give the best conversion ofpotato starch into ethanol.

MATERAILS AND METHODS
Material and methods
Potato preparation: Waste of potato was brought from chips factory
and restaurants. I kg waste Potatoes were cooked with two liters water
in a pressure cooker at 85 oC for one hour then it mashed and dried
ovemight in oven at7loc and dried to a fine powder (0.3mm).
Preparation of potato slurry: Slurries were prepared from potato
powder mixed with water at ratio (l:20 w/w). The slurry was treated
with amylase enzyme (obtained by Himedia) (1000p1/l00ml) at 80 "C
for 40 min under shaking conditions.
Analyses of waste potatoes: waste of potatoes contained 77%o
moisture, 18.2o/o starch,2.4 o/o proteins and 0.6Yo total sugars while the
respective hydrolysate of potato was 13.2, 70, 10.8, 1.5 and 4.5o/o,
(Table 1).

able -l : Composition of waste potato and
Component Composition (%)

Waste potato Potato hydrolysate
Moisture 77 132
Starch 182 70
Proteins 24 108
Total sugar 06 ξ

′

Others 18 45

Saccharification of slurra: Saccharification of slurry was carried out at
65oC for 2 hr using Amylo-300 enzyme (obtained by Himedia) of
concentration (1000 plll00ml). The reaction was monitored by the yield
oftotal reducing sugars estimated by dinitrosalicyclic acid method [7].
Effect of enzyme concentration: The liquefied potato flour was
saccharified with different concentrations of Enzyme Amylo-300 (600,
800, 1000 plll0Oml) at 65'C[8]. The reaction was monitored by the

■
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yield of total reducing sugars which estimated by dinitrosalicyclic acid

method.
Yeast culture: A fast fermentation strain of Saccharmyses cerevisiae

was maintained on yeast extract peptone dextrose agat medium

containing in grams per l00ml ( potato starch l0; peptone 0.1; malt

extract 0.1 ; yeast extract 0.2; magnesium chloride 6 H20 0.1; calcium

carbonate 0.2 ; ammonium phosphate 0.2; and ferrous sulfate .7HzO

0.001). Yeast cells were grown in inoculums medium at 35oC for 20 hr

under shaking condition (100 rpm) and centrifuged at 8000 rpm for 20

min [8]. For testing the effect of pH on fermentation few drop of lN
HCI or lN NaOH was added to this medium to obtain the desired initial
pH.
Fermentation of potato's hydrolysate: The hydrolysate of potato was

inoculated with Saccharmyses cerevisiae of 0.8% concentration (ilv) at

35oC. Ammonium sulphate of 0.2Yo concentration (w/v) was added as

source of nitrogen. Flasks were incubated at 35oC under stationary

condition for 96hr and ethanol content was measured at an interval of
24 h by gas liquid chromatography (GC 8200) using capillary column

and flame ionization detector.

RESULTS AND DISCUSSION
Fig.(l) shows that as enzyme concentration increased the total reducing

sugar was also increased and concentration of 1000 pl/l00ml gave

efficient effect in saccharification This behavior is caused by the higher
growth rate of microorganisms at high values of inoculums
concentrations which lead to higher rate of organic matters degradation

in the process. This finding is in agreement with that found by Nagoda

r [e].

0 30 60 90 120 150 180 210 240 270

Time, min

Fig.(l) Effect of Amylo concentration on saccharification hydrolysate at 65 C.
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Effect of temperature:
Fermentation of 30% slurry of potato hydrolysate was carried out at

different temperatures (25, 30, 35, 40 oC) under stationary conditions
up to 48 hr. Fig.(2) shows that fermentation at 35oC gives maximum
content of ethanol of 329/1. This is due to the effect of temperature on
the activity of the microorganisms. It is well known that temperature
above 40"C affects the membrane composition of microorganisms, e.g.

the phospholipids fatty acid composition changes with temperature and
hence affect the enrymatic system of the microorganisms [0]. This
leads in turn to decreasing the rate of fermentation process.

30 35

Tcmperairre, C

ミ
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Fig.-Z: Effect of temperature on ethanolproduction (Enzyme Conc.
:l000pl/l00ml, Time of fermentation = 48 hr, pH:5.5.)

Effect of Time fermentation:
Fermentation of potato hydrolysate was carried out at 35 "C for

different time intervals using enzyme concentration (l000pl/l00ml) of
Amylo-300 containing amyloglucosidase. Fig.(3) shows that ethanol
production was increased as time of fermentation increased from 24 to
48 hr so it reach to 32glliter at 48hr ;however further increase in
fermentation time did not have appreciable effect. This result is in
agreement with that mentioned by Wang F I l] and Onerfl2].

24 48 72 e6 120

Timc, hr

Fig.-3: Effect of fermentation time on ethanol production (Enzyme Conc.
=l 000p1/l 00m1, Temp =35oC, pH :5.5)
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Effect of pH
Figure (4) shows that the production of ethanol is increased with
increasing pH from 3 to 6. The optimal production of ethanol was 32gll
which occurs at pH 6.After that the production began decreased with
increasing pH and reach to 22 /l at pH 8 .this behaviors can be
interpreted by the effect ofpH on the activity ofo amylo enzyme. Since
the activity of this enryme is severely effected by the value of pH
specially after value ofpH:6 (8).

4

7

Fig.-4: Effect of pH on ethanol production(Enzyme Conc.= I 000p1/l 00m1,

Temp.=35oC, time of fermentation=48 hr.)

Conclusion
1- Saccharification process is affected by enzyme Amylo 300

concentration and concentration of 1000p1/l00ml gives effrcient
effect on the process.

2- The best temperature for fermentation of potato starch to produce
ethanol tasing Saccharmyses cerevisiae is about 35oC.

3- Ethanol production was increased as time of fermentation increased
from 24 to 48 hr; however further increase in fermentation time did
not have appreciable effect.

4- The optimal value ofpH for fermentation process to produce ethanol
production was about 6.
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ABSTRACT
Two sites wcrc studied to detelllline En宙 ronmcntal Sitc Asscssment(ESA)PhaseS

in Edmonton,Canadao ln the flrst sitc a portion about 6 acres(25000 squarc meters)

werc used as acreage and tO store materials coHectcd from demonshed buildings.

Serious sourccs of environmental concem werc found in this site.Based on flnding

in ESA Phascl,this study recommcndcd conducting a comprehensive soil and water

testing as ESA Phasc 2.The second site was onc acrc(4000 square meters)

originaHy used as house and car― repair shop.In ESA Phascl,thc only visible sign of

potential cnvironmcntal concem was the prescncc of fcw spots of oil stains rcsulted

frOFn thC Car‐ repair shop activity.ESA Phase 2 was conducted to investigate impact

of this activity on the soil propcrtics. Six borcholes for a depth of 7.5 feet were

pcrfolllled and 24 soil samples wcrc chcnlicaHy tcstcdo Thc rcsults indicated that thc

clay‐ silty soil sccms prcdorninant in this site.The chenlical analysis showed that aH

hydrocarbon and mctal conccntrations were within thc standard lcvcls cxcept boron

is 2.4 mg/kg.Accordingly,thcrc is no c宙 dcncc of potcntial envlonmental concem

in this site.

INTRODUCTION
The environment is an interaction between an the living organisms and

surrounding atinosphere including earth,water, air and all biotic and

abiotic factors. The mankind is the most advance creation among an

living organisms that need protection frorrl impact of adverse

en宙ronmental conditionso ln order to secure safe and healthy
environment,the developed nations started to set regulations for this

purposeo Such regulations were of great considerations to protect all

‐
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populations and communities from negative impacts of harmful
conditions on their survival, growth and development. The immediate
environmental regulations were set to protect living populations in this
globe. Land development is one of the important elements for survival
of mankind. A safe shelter was a goal for human being to survive
peacefully under easy and difficult circumstance. Pollution was one of
the challenging problems encountered land development. In developed
nations, this problem stimulates govemmental regulatory agencies to
enforce environmental bylaws to maintain healthy environment [;2].
In Canada, environmental site assessment becomes one of the
requirements to comply with the environmental bylaws before starting
any land development project. Land development includes residential,
commercial and industrial buildings. Hence, this research was

undertaken to focus on two case studies showing how to apply
environmental regulations on two sites of potentiil environmintal '
concem.

MATERIALS AND METHODS
Sites Description:
Two sites are included in this study according to the following
description:
Site l: The major part ofthis site is agricultural and undeveloped land

80 acres in size. There is acreage 3 acres in size embedded in this land.

This acreage and additional 2 acres in the agricultural land were used as

a residential and business property after 1980 when there was no

environmental regulation in Alberta, Canada.

Site 2: This site is 1 acre (4046.86 square meter) in size and it was I
developed as residential and auto repair shop. Currently it is a flat land

after demolishing the house and mechanical shop in 2008.
ESA Phase I Investigation:
Phase 1 ESA was carried out in accordance with the Canadian Standard
Association (CSA), Standard Practices described under 2768-01 for the
Phase I Environmental Site Assessment. The scope of this phase

included site's visit to make description for the land and neighbouring
properties and taking photographs, interviewing land owners to know
the history ofthe land.
ESA Phase 2 Protocol: In addition to results from above ESA Phase 1

investigation, Phase 2 included:
I . Preparing a site plan showing locations of boreholes where soil
samplings are required.
2. A total of 6 boreholes (BH-1, BH-2, BH-3, BH-4, BH-5 and BH-6)
were drilled in the subject site to a maximum depth of 7.5 feet. The
boreholes 2,3, 4 and 5 were set and drilled on the same line near the
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west side covering the former removed buildings. The goals of this step

are,.

A.Visual observation of soil tYpe, colour, moisture content and

associated impurities such as ashes, plant roots remain and odour of
each depth 2.5,5 and 7.5 feet.

B.From each location immediately after each borehole drilling, soil

profiles at depths 2.5, 5 and 7.5 feet were observed for comparison and

description. This included two steps:

- Screening of Volatile Organic Compound (VOC) in soil samples:

Each soil sample was collected in new "Zip Lock" bags for VOC

screening. These bags were left for 30 minutes under a sunny condition

to warm up prior soil vapour screening, using a hydrocarbon detector

called RKI Eagle (RKl Instruments Inc.) connected to a plastic tube.

The tube inserted into the sealed bag then the detector turned on to start

reading.
- one soil sample with the highest voc concentration (ppm) was

selected from each borehole for hydrocarbon laboratory analyses. Six

soil samples were selected for laboratory analysis of BTEX and

hydrocarbon fractions Fl to F4. These soil samples were packed with
Zero headspace, in "new" pre-cleaned glass jars, complete with Teflon-
liners.
- Separate 6 soil samples, stored in"Zip Lock" bags, were submitted for
laboratory soil chemical analysis.

site,svisitsoo,H:,Yl.Jifil?Jll3*t,',l,firo.Ihrand(property)
in Phase 1 ESA, the following observations are recorded:

Site (prope4v) 1: In 2009, two visits were made to this site one during

winter and the other one in spring after snow melting. The land (80

acres in size) has flat topography with no rolling but a small hill of top

soil was found near the northern border of this site. There are two lower

spots where water accumulated during spring after snow melting. There

is a water pond near the northern western edge of this site. The soil is
loamy clay type and has no gravels which make this land suitable for
cropping. In the major in the major part of this site there are no

buildings except in the acreage area (3 acres). In this area there is a
residential house, business office, warehouse and three shades. In this

acreage there are 3 trucks loaded with materials of potential concern

collected from dismantled buildings. Similar materials are found also in
the backyard of the acreage area. Based on interview with the current

land owner, there was a business activity since 1987 specialised in
demolishing old buildings. This site was used to dispose and collect
dismantled materials which are of environmental concerns (Figure 1).
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These materials included railway ties heated with creosote, hospital and
laboratory equipments, insulation materials, paining containers, propane
cylinders, air changer has asbestos and dusty filters, mercury
thermometers, fluorescent light bulbs with bases containing PCB, metal
cables, containers may contain oil or oil products, wood doors with lead
paint, asbestos from old tiles and gaskets, battery with lead poles,
compressor covers with leaking oil, cylindrical transformer, banel full
with Toluene, containers for asbestos sealers and radar equipments may
be contaminated with radio active materials. Presence of hydrocarbon
signs on the ground associated with vegetative stressed spots was
observed (Figure 1). The aerial photos showed location of the acreage
and no modification in the topography ofthe subject site (Figure 2).
Site (prope4v) 2: In 2010, two site's visits were made for observation
and identiffing any potential source of contamination. The land is
generally flat with clay loamy soil type mixed with a lot of gravels. It
has a slope from north to east with a water flow toward the northeast
side. There are no ponds, pits, top soil or surface modification in the
subject site. There is no water well in the subject site since water supply
and garbage collection are provided by the local municipality.
Deciduous trees are found along the eastem border of the subject site.
During the first site visit (Early spring) plantation was at the
germination stage which assisted in observing soil surface.
During Phase I investigation, the current land owner stated that this site
was used a residence house and car shop repair. In 2008, the buildings
were demolished and all concrete foundations were removed. There are
no landfills and waste disposals or dumpsters. There is no indication of
presence of above and/or underground petroleum storage tank. In the
first and second site visits in early spring, few oil stains were found on
the ground near the northem border of this land (Figure 2). These stains
were uneasily observed during second (Middle of the summer) the third
visits (Late summer) before starting the drilling process for soil testing.
Based on the first site's visit when the stains were discovered, phase 2
ESA was recommended to study impact of these stains on soil.
Aerial Photographs Evaluation: Aerial photographs were obtained
from the "Air Photo Distribution, Alberta Sustainable Resource
Development" in Edmonton, Alberta, Canada. The photographs
representing years 2010, 2008, 2001, 1997, 1992, 1987, 1988, 1981,
1977, 1972, 1967, 1962, 1950 and 1920 were selected in this
assessment. They were reviewed to identi$ any historical change and
development in the subject property.
For site l, during the period between 1920- 2010, the land was found
predominantly agricultural undeveloped land. In aerial photo of 1988,
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acreage with two buildings was identified on the ground as culrently

existing house and office building attached to warehouse (figure 3)'

For site 2, after 1950 the aerial photos showed a building in the site

which seems it was a house. In 1987, the aerial photo showed other

building which seems representing the auto shop repairs' In aerial

photos of 2008, these buildings were demolished and land remained flat

since that time (Figure 4).
Historical Environmental Records:
Reports from various regulatory environmental agencies showed that

there was no potential invironmental concem in both sites' These

agencies included Land Title Registry, Environmental laws Centre'

Confidential Environmental Records Offrce, Environmental Public

Health, City Asset Management & Public Work'. City Solid Waste

Munug.-"nt, City Fire Department, Petroleum Tank Management and

Energy Resource Conservation Board.

ESA Phase 2:
Site 1: Based on findings in ESA Phase l, this site is strongly

recommended to be subiected to ESA Phase 2' There is a high

ptssibility to perform E-SA Phase 3 which includes cleaning and

remediation ofthe land in this subject site'

Site 2: It was subjected to ESA Phase 2 investigation' After making 6

boreholes in the ireviously buildings area, the drilling was conducted

on each borehole at a depth of7.5 feet.

Thefollowingobservationswererecordedduringthedrilling
operations:
Remains of vegetative system were intensive in the subject property'

Gravels were predominant in the soil surface'

Itseemsthattherewasnoforeignsoilusedinthefillingsafterbuildings
demolition.
The clay-silty soil seems predominant and in stiff form in the subject

site.
It was noticeable the presence of salt, coal and rust as indication of iron'

Roots and/or rootlets were found in the subsurface soil samples'

There is no unusual odour in the collected samples after vapour

formation in each Plastic bag.

During the drilling, ground water was not encountered'

No hy-drocarbon oOort was identified during sample collection'

Soil Testing:
1. On-Site Testing:
As described in ihe site work, soil profiles description and vapour

measurement are summarized in the Table (1)'
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0 Descri and Volatile VOC
Borehole
Number

Depth
fFtヽ

SurFace★ ● Soil Description VOC■■■

PPM
BH-1-1 6" gravel nd24" clay stifrsilty dark grav ciav ND
BH‐ 1‐2■ Stiffsilty dark clay brown clay ND
BH‐ 1‐3 As above uith rust stain ND
BH‐ 2‐ 1 8" top soil (native soil) Stiffsilty dark gray clay with black srreak and rust ND

BH‐ 2‐ 2 5. Medium Slrsilty bЮwn clay with salt
BH‐ 2‐ 3■ Sofl silq brown clay with salt 5
BH‐ 3‐ 1 Top soi1 30" Moist organic top soil with rootlets
BH‐ 3‐2★ Medhm SIrJhfbrom d町 輌血sali
BH‐ 3‐3 Medium Stiffsilty brovm slash gray clay with salt

and rust
BH‐ 4‐ 1■ Moist top soil with some dark gray clay
BH‐ 4‐ 2 5.0 stiffsiltyinterue@

and rust stain
BH‐4‐3

主猟R農
BII‐ 5‐ 1■ 12″ top son and 18'`top soil

with ciay 主R:R腑歳d“ bЮtt md gray dり宙山salt
BII‐ 5‐2 Stiffsiltybrowncffi

some coal
BII-5‐ 3 Stiffsiltyuroffi

some coal
BH‐ 6‐ 1■ 1 2" top soil 1り 、ith rooも
BII‐ 6‐ 2 Stiff siIty interbeded brot n@

and rootlets and some coal
BH‐ 6‐ 3

ND*

Environmental Site Assessment of Two Potentially Contaminated Sites in Alberta Canada
Abdul-Hameed

Table 1:Field Results of Soil

ND= Not Detected

ヽ

ミ

*Samples sent for Laboratory testing in addition to surface samples from BH-l-0, BH-5-0 and BH-6-0.** Soil surface samples collected from the top 2.5 feet*** VOC' Volatile Organic Compound measured in part per million

2.Laboratory Testing:
The soil was tested based on soil type, minerals, hydrocarbons and other
soil-contents. The results in the fo[owing Table ( 2) extracted from data
analysis prepared by Kaizen Laboratory per charge services. These results
showed that all the hydrocarbon and metal analysis are within the
required standard except boron is slightly higher e.a mgkg) than the
standard level (2 mglkg). This increase is due to the intensive vegetative
system and abundance of gravels in the soil.

ミ
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Size ofsoil grai depth

Environmental evaluation of a specific site is useful approach to

determine land suitability for development. It assists in proposing

practical solutions in case of site contamination I2l. Two sites of
potential environmental concern were selected in this study. The results

were based on conducting Environmental Site Assessment (ESA) Phase

l. According to the Canadian environmental regulations, this assessment

is one of the major requirements before starting any residential or

commercial or industrial buildings. It is essential to determine if a land in

specific site and/or the project is not of environmental concern for the

public health.
in this study, Site 1 was selected in agricultural zoning (area) where is a

possibility for rezoning to residential, recreational and commercial

tuilding projects. The acreage part of the land about 3 acres in size in

this site was used for more than two decades as professional business.

This business specialised demolishing old buildings and used this

acreage as dumping site for dismantled materials and equipments. Most

of theie materials are of serious environmental concern such as hydraulic

＾
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Table…2:Su of Soil Testing Analysis expressed in
Metals BH‐ 1‐0 BH‐2

7.5

BH‐ 3‐ 5 BH‐ 4‐ 2.5 BH‐ 5‐ 0 BH‐ 6‐ 0 Allowable Max.
Values

Antimony 0.4

Arsenic
Barium 247 212 252

Bc野 11lum 0.4 0.6 8

Boron 0.4 2

Cadmium
Chromium 56.6 22.8

Chromium(lV) 0.05 く0.05 <0.05

Cobalt 300

Copper 29.5

Lead 1

Mercury 0.017 0.028 0.015

Molybdenum 2.6

Nickcl 20.9

Selenium く0.5

Silvcr く4 く4 <4 く4 く4 く4

Thallium <1 く1 <1 く1 く1 く1 l

Tin

Uranium <1 2

Valtadium 32.2 282

Zinc 360

Hydrocarbon BH‐ 1‐ 5 BH‐ 2‐

7.5

BH‐ 3‐ 5 BH‐ 4‐ 2.5 BH‐ 5‐ 2.5 BH‐6‐2.5

Benzene く0.01 く0.01 く0.01 <0.01 く0.01 く0.01 .046

Toluene く0.01 <0.01 く0.01 く0.01 <0.01 く0.01

Ethyl benzene く0.01 <0.01 く0.01 く001 <0.01 <0.01

XYlenes (m+o+P) く0.02 <0.02 く0.02 く0.02 <0.02 <0.02

Fl(C6‐ 10) く5 く5 <5 <5 く5 <5

F2(C10‐C16) く10 <10 <10 <10 <10 く10

F3(C16‐C34) く10 <10 く10 く10 く10 く10

F4(C34‐C50) く10 <10 く10 <10 く10 <10

Grain(%)*

slzeく0.075mm

95.5 97.2 92.3 Finc Grained

n from boreholes and depth based on maximum reading of VOC
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oil and hydrocarbon products, creosote, asbestos, and some heavy
metals. They are toxic materials which can cause serious problem to ttre
public health. In this site, the other sign of environmental concern was
the water quality in the dugout (pond) in the north western comer of the
subject site. The water was slightly greasy and greenish indicating that
water runoff after snow melting was ending in this dugout. Therefore,
water testing can provide information on the level of contaminations in
this pond- water testing has been applied for quality purposes including
sewage disposals Il ].
The historical records review and reports from governmental and
regulatory agencies such as Land Title Registry, Aerial photos from
Archive offi ce, Environmental laws centre, confi dentiar Environmental
Records Office, Environmental public Health, City Asset Management &
Public Work, City Solid Waste Management, City Fire Delpartment,
Petroleum Tank Management and Energy Resource conservation Boari
did not reveal evidence of any potentiar environmentar concem in both
sites.
The facts on the ground after site visit and the information provided by
the owner of site r were inconsistence with the reports coilected from
govemmental and regulatory agencies for site l. However, surface and
deep sampling from soil and water applying comprehensive analysis can
resolve any environmental concem in the sudect iit". fli, site required a
major work plan using ESA phase 2 by driiring a number of boreholes
and monitoring wells within and around the subjict site. If soil and water
testing showed site's contamination, it is highlyiecommended to conduct
ESA Phase 3. This includes application of remediation technologies such
as soil excavation and putting new soil although this is expensivJ-.ttoJ
Pit other technologies can be applied. In agricultural lands,
bioremediation is safe, economical and practical iechnology for a
contaminated site but it is a long term remediation proidure to
decontaminate this land [3].
In case of site 2, although there were few oil stains observed on the
ground surface, soil testing ESA phase 2 showed no evidence of site
contamination. Hydrocarbon products and derivatives and Metar
concentrations in the soil sampres were found less than the acceptable
standard. Boron was the only element was slightry high due to iravelpresence and intensity of vegetation which is noi toxic and normal-under
these condition. The volatile organic compound (VOC) was also
1eas11ed in soil samples on site and it was under standard ioxic figure.
The voc has been determined under forest conditions [4]. Natural voc
emissions and their roles in oxidant balance and particie formation was
also determined in plants [5] . Type of soil and formation of local

^
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aquifers in Alberta have been studies which is commonly clay loamy soil

t6lt7l.
As a conclusion studying ESA phases is an essential step to determine

any impact of pollutant on environment. This is in agreement with other

reports dealing with environmental impact assessment [8].

Figure-l: Site

´、
リ

I full with materials of environmental concern
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Figure-2: Aerial Photos of Site l showing the acreage (reft) with black border and
the major land is agricultural (right)
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Figure-3: Site 2 showing oil spots on the right side compared to no stains in the left
side
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EnviЮ nmental Site Assessment ofTwo Potentially Contaminated Sites in A:be颯 Canada

`
Abdul‐Hameed

Figure-4: Aerial Photos of Site 2 showing the land with black border after (right)
and before (left) demolition
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ABSTRACT
MOSUL city,like many other cities in IRAQ,is currently expericncing serious

problcms at aH stages ofsoHd‐ waste management,that is the conectiOn,sorting,

transportation,and disposal ofgarbageo Presently,Mosul city(1.4 millions

inhabitants and 3.0%growth rate)pЮ duccs over 360000 tons of wastc a ycar or

1000 tons pcr day.

The abovc estirnates was obtaincd through  sond waste survey comprising

selccted families.These families ware thought to reprcsent thc city in telllls of

cultural, reHgious, cconornical and social aspectso Sond waste sampling  was

pcrforlned from February until end ofJuly 2009,1680 samples were coHccted.

Thc resuLs rcveded that the chy gencrated O.60 kg/capla/day and thatthe usuJ

composition was dominated by organic and food constituents.It appearcd that social

&econonlical aspects as weH as the current instability and insecurity conditions of

the country had a considcrable impacts on both gencration and composition of soHd

waste.

The averagc studicd physical and chenlical propcrties were cstirnatcd and

tabulated.Their values were(65‐480),(90812),and(50.2%)for dens■ y,total

energy,and moisture content respectively.

INTRODUCTION
Solid waste,especially Municipal Solid Waste[MSW],iS a growing
problem in urban areas ofthe wholc IRAQ and MOSul city in particular.

This problenl is aggravated due to the absence of proper solid waste

management systems in the country. The absence of econonlic
resources and flscal incentives to promote environmentally sound

development rnay add to this inconveniences.
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Solid waste can be defined as any unwanted material that is not
discharged to the atmosphere or via pipe, and cannot flow directly into
streams or rise immediately into the air (Qusus, 1988). Solid wastes are
all arising from human and animal activities that are normally solid and
that are discarded as useless or unwanted.
Solid wastes are simply 'material of wrong place', which can be
segregated, transformed, recycled and reused with great financial and
environmental benefits (Iqbal and Ahsan, 2003). Solid wastes include
all solid materials that the processor no longer considers of any
suffrcient value to retain (WHO, 1977 and Tchobanoglous et. al., 1993).
There are eight major classifications of solid waste generators i.e.
residential, industrial, commercial, institutional, construction and
demolition, municipal services, process, and agricultural. The words
"garbage", "trash", "refuse", "rubbish" etc. are used to refer to some
forms of them.
The generation of solid waste has become an increasing environmental
and public health problem everlrwhere in the world, but particularly in
developing countries. This is due to rapid population growth that has
generated vast amounts of solid and liquid wastes that pollute the
environment and destroy resources.
The issue of solid waste has long suffered from neglect and ignorance.
The Local Govemment of Mosul has currently prioritized solid waste
management as a pressing issue and recognizes the value and
importance of integrating environment and development objectives in
the decision making process( Al-rawi,20l0).
Nineveh govemorate has a population exceeding 3 million people with
3.0 % annual growth rate. Mosul city , the capital of Nineveh has a
population of more than 1.4 million people . Substantial amounts of
solid waste are likely to be generated (360,000 tons per year or 1000
tons per day) ( Al-rawi,2007).
This paper aims at revealing the extent of the problenl knowing
composition and generation of solid waste, as well as determination of
some important characteristics of the produced wastes. The focus in this
study will be on domestic/ residential solid wastes as it represents the
people daily problem as well as it has an intimate relation to human
health and well being.

MATERIALS AND METHODS
Six areas(sectors) in each side of Mosul city were selected for the
pulposes of this study. These areas were thought to possess major
aspects and features of whole Mosul areas. Different people of
different social, cultural levels, religions....etc. could be met in the
selected areas.. Arbitrary selection of houses was made . Again these
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houses were single, multifamily, with and without kids and infants,
old aged, young.. etc.
A questionnaire form ( Table 1) was distributed among families to aid

in gathering information -as much as possible - concerning serviced
quarters. Besides, the obtained information could help in conducting
necessary calculations related to purposes of this study.

Large size plastic bags were provided to the randomly selected houses

and apartments. Residents were asked to deposit generated solid waste

into them over a period of 24 hours. The bags were collected back,

transferred,and then sorted. A total of (1630) solid waste samples from

selected quarters were collected in each side of the city. A greater

coverage though was desirable but it could not be achieved due to

insecurity conditions, time and financial constraints. Photographs (1-4)

show the process of collection, sorting and handling with solid wastes.

The waste samples were sorted into 11 primary categories The

composition of each sample was then determined. The study was

performed for the period February until end of July 2009. This period

was thought to represent seasons of the year.

The method chosen for waste characterization in this study was that

used by Bernache- Perez et. al., (2001). This method involved the direct

sampling of solid waste from specific sources, a labour-intensive

manual process of sorting, classiffing and weighing all items in each

sampling unit and a detailed recording of the data.
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Each of the waste samples from the source of generation was emptied
on a polyhene sheet (l meter square) laid on the bare floor for sorting,
weighed and sorted into categories. The total wet weight of each waste
category was determined and expressed in gram .

Photo-l : Sampling Containers, Balances
and plastic bags

Photo. -2: Sample Collection

Photo.-3: Samples sorting Photo. -4: Samples sorting

●
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The solid waste characteristics specified in this study were:
l. Densities : usually expressed in kg/mr . it is estimated through

dividing the weight of solid waste that fill a container by the volume
of that container.
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2. Moisture content (i.e., the percentage of the weight of the water in the

waste). This can be determined by drying a known weight of waste and

measuring the weight change. This weight loss is then expressed as a

percentage.
3. Calorific value. This is the amount of heat energy that can be

produced if all of the combustible components of the waste are burned.

A waste sample is usually bumed at a high enough temperature to

combust both the biodegradable and non-biodegradable organic

materials such as vegetable matter, plastic, wood, paper, and rubber.

This information is essential when considering waste combustion

technologies to determine whether or not the waste will "self-support"
combustion, or require fuel such as oil or gas to make it burn.

4. Physical composition: - Information on physical composition was

also necessary in evaluating processing and recovery options.

5 .Waste generation per person. measuring the amount of waste each

person produces each day usually expressed as kilograms of
waste per person per day.

RESULTS AND DISCUSSION
The quantity and composition of municipal solid wastes vary greatly for
different places and time of the year. Numerous factors are influencing

the listed characteristics of municipal solid wastes' Some of these

factors are degree of urbanization and industrialization' social customs,

per capita income and other factors like geology, geography, climate

etc. What complicates the problem is the presence of only very few

statistics available on the waste generation and characteristics of Mosul

city.
Waste Generation Rates
Typical Waste generation of the studied areas is illustrated in (Table

2). Generally, the greater the economic prosperity and the higher

percentage of urban population, the greater the amount of solid waste

produced.
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arbitrari selected samples of ttre studied areas
Sample No. Area I Arca 2 Area 3 Area 4 Area 5 Area 6
1 417 382 342 460 410 608
う
４ 460 375 425 255 285 211
3 188 250 230 358 482 530
4 269 312 340 240 320 290
5 210 295 215 230 205 216
6 212 254 322 225 250 216
7 100 216 184 460 315 385
8 417 475 365 410 345 294
9 345 428 210 310 213 370
10 425 37s 28s 256 145 195

400 368 455 510 240 240
12 290 165 235
13 200 0 280
14 320 341 380

Solid Waste Composition and Characteristics of Mosul City/lRAe
Al- Rawi and Al-Tayyar

Table -2:Generation rate of solid waste in Mosul city (gm/person. day)

The results yield a minimum and maximum values as 0.100 and 0.60g
kgl person. day. The average value is estimated to amounts to (0.33
kg/person.day).
In order to approximately estimate the wHoLE generation rate , a
knowledge of other solid waste types i.e. industrial and commercial ...
are needed. During the period of this study, most of industrial factories
and firms were not operating. Generated solid waste of those facilities
that were partially working will not give a reliabre data.
It is thought from Iraqi and regional as well international experience
that domestic solid waste constitutes 50% or more of the total
generated waste. This is valid for deveroping countries where heavy
industries or special wastes were rarely found. This is supported by
(Table 3) (Hickm an,l999).

Table -3: Mean of solid wastes t
Solid waste type ?ercentage o/o out of total
Municipal/domestic 50
Commercial 25
Industrial 12.5
Institutional t2.5

ヘ

fsoli

As previously stated, the inadequate information on quantification and
characterization of waste; health, social, economics and environmental
impact of municipal solid waste management are a common
occurrences in Mosul. For example yousuf (l9gg) estimated the
domestic/residential generation rate to be (0.4g kg/person. day).
It had been estimated that in t997 Iraq produ..a (zas kglcipita) as a
total municipal waste per year ( LrNEp, 2oo3) which is 

-equivalent 
to
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(0.78 kglcapita.duy). Al-Wattar (2006) on the other hand had estimated

the Domestic waste generation as (0.30 kg/person. duy.Al-wattar study

bear some reliability as it covered a wide atea (20 quarters) and had

been conducted carefully to achieve the intended goal of that study.

Besides, this result highly agrees with the findings of the current study.

Similarly LINOPS estimated the total generation rate of Mosul city to

approach (0.70 kg/person each day) (UNOPS,2007).

According to the last estimate of generation rate provided by the

authors of th. present study, that of Al-Wattar , and above table facts,

a total value generation rate of (0.66) kg/person. day seems very

reasonable for the citY of Mosul.
Municipality authorities suggest a value of (1.5 kg/person. duy)

(municipatity,ZOOll as an average. It is thought however that the latter

figure of the municipality is overestimated.

Collectively, the estimated of domestic solid waste generation rate were

as listed in lraute 4). It clearly demonstrated generation rates of the

conditions of Iraq through recent three decades of sanction, wars, and

conflicts.
Waste generation rates are closely related to economic prosperity '

Duringlqso.Iraqi markets were full of cheap goods. Iraqi communities

acted the throwaway society. Various items of food and other

consumable goods were often seen to be discharged into sewers. This

suggested the relatively rise in the solid waste generation rate in this

decade.
The 2nd Gulf war as well as the sanction that followed began to produce

their fruits on Iraq financial resources. Iraq's GDP adjusted for

inflation fell greatly through l99l-1998.

&authorsTablc‐ 4: rate estimations bY various

Domestic Solid
waste (according to)

Total solid waste

generation (kg/Person.

dav)

Domestic solid waste

generation (kg/Person. daY)

Yousif (1988) 0.96 0.48

UNEP(1997) 0.78 0.39

Al―Wattar(2006) 0.60 0.30

UNOPS(2007) 0.70 0.35

Al‐Rawi(2007) 0.60 0.32

This justifies the reduced generation rate. Besides, in the period 2001-

2OO7 Iraqis began to re[ulate their living and avoid any kind of
extravagan.. oi luxury in their food and daily consumption patterns'

Add toJhis, a relative increase in Iraqis income occurred after 2007 .

This may make current solid waste generation rates to rise' Primary

estimations concerning this issues support this fact'

一
一
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Figures(1&2)demonStrates urban MSW generation rates in theミ 、
sides Of MOsul,as a wcighted average ofthe waste data available frOm

various studied quarters.On the other hand,(Fig.3)1lustrates the

average generation rates oFsome Arabic cities fOr comparison.

Mosul District

Figure -l:Urban MSW generation rates in the left side of Mosul

2,りゆan Msw g,19“ 191,tCS■ thC l side of Mosul
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Figure -3: Average Arabic citics
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In brief , the quantities of solid waste discarded each day vary through

the week according to whether it was the week end, shopping days or
holidays. They also varied through the season depending on the

availability offresh fruit and vegetables.

Residents of large towns also seem to throw away more than the people

in small towns. In short, the general rule is that as one goes from a

small poor traditional, illiterate community to a large, rich, modern, and

literate one, the refuse weight becomes more, the food preparation

waste becomes less, the paper and packaging fraction increases (Qusus

1988; Srivastrava et. al., 2005, Idris et. a1.,2004).

Solid Waste Composition
The composition of the waste, in general, differs from country to
another based on the economic level ofcountries as well as other factors

such as geographical location, energy resources, climate, living
standards and cultural habits.
Table (5) lists a typical results and their descriptive statistics. The

composition of municipal solid wastes is the term that describes the

distribution of each component of the solid wastes by its percent weight
of the total. Information is required for the selection of suitable

treatment and disposal methods. As noted in the table ,there was a clear

variations in the solid waste composition. The precise composition of
MSW depends upon locality, season ofthe year, standard ofliving, and

land use (Iqbal and Ahsan, 2003; Srivastrava et' al., 2005). Good
measures of the waste stream composition are hard to obtain, in part

because the opening of bags to determine the wastes percent is an

onerous task. Also, people are reluctant to have their garbage sorted'

Additionally, seasonal trends relating to yard wastes, spring cleanup,

ashes, and the like, as well as the need to collect data over a large

number of households to ensure a representative sample, complicate the

problem of determining refuse composition (Mcbean et. al., 1995).

Table (6) lists the composition of solid waste generated in some Arabic
countries(Asafari and Al-mishan, 200 1 ).
Similar to generation rates, the income and economic growth have

impacts on the composition of wastes. areas with high-income earners

consume more packaged products, which result in a higher percentage

of inorganic materials - metals, plastics, glass, and textile' Waste

characteristics vary according to season, income level, population,

social behavior, climate, and industrial production, the size of markets

for waste materials and the extent of urbanization, effectiveness of
recycling, and work reduction.
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2 4.87 0 8.4 0 4.7 0.06 0 0 0 0 0

66 0 19.3 1.7 2.6 0 0 0 0

4 77.2 4.6 4.6 0 0 0 0

78.2 77 0 7.15 0 0 0 3.13 0 2.4 0

6 87.7 4.4 L7 6.1 0 0 0 0 0 0 0 0

7 69.3 6.25 3.75 6.2 2.7 0 0 2.5 0

76 6.8 7.8 1 0 2.5 0 0 2 2 0.2

9 67 5。9 2 1 0 1 16 2.5 4 2.15

10 72 16.4 0.7 1.76 0 1.6 0.3 0 1 2.47 1.54 0

87.5 0.3 0 0.3 3.7 1.25 2.5 0 0 0 0

58.5 4.4 2 0 0 0 0 0 0 0

0 1.6 6.7 0 2.5 14 0 0 0 0 0

14 80 0 2 0 2.5 0 0 5 0 0

68 12 り
‘ 0.8 0 0 16.5 0 0 0.8 0 0

16 89.5 2.2 6 0 0 0.85 0.85 0 0.65 0 0

74.6 1.6 0 4.8 2.2 0 0 0 0

76 6.7 2.85 1 4.8 0 0 0 0 0 0

19 86 4.2 0 つ
‘ 1 0 1 0 0 0.35

20 う
４
”
十 4.2 0 2.3 0.4 9.6 0 8.4 18.4

21 66 4.4 7.2 4.2 0 2 4 0 5 2.2 0

22 86 0.35 0 6.6 0 0.35 0 0 0 0

23 20 4.7 2.2 1 44.4 3.65 3.6 20 0 0 0 0

24 79.4 0.6 1.4 2.9 0 L4 0 12.6 0 0 L4 0

Solid Waste Composition and Characteristics Of Mosul City/1RAQ

A卜 Rawiand Al‐ Tayyar

Table‐ 5:Typical Connposition COmponent Percentages ofMOsul city

Gcnerated Solid

The majority of substances composing municipal solid waste include
paper, vegetable matter, plastics metals, textile, rubber and glass. It can
be seen that great majority of the total solid waste generated in Mosul is
organic. The high level of reuse of recyclable waste reflects the extent
of poverty in the developing countries. Fig.(a) explains the range of
solid waste components (min. and max percentage ) and the averagi .
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Soils, Ash, Miscellaneous
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Garden waste
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Fig (5) shows the distribution of composition of generated solid waste

";;g studied areas. Fig.(6) illustrates the composition comparison

between the two banks of Mosul city'

Because solid waste is generated from many different sources' lt

naturally contains an almoit infinite variety of materials' These in turn

range in size from specks of dust to discarded automobiles' The major

constituents of domestic and commercial wastes are fermentable

organic matters; glass, wood, metals and plastic with relative proportion

depending upon'many local factors. Solid waste composition and

quantities also vary ovlr the year with changes in diet, packaging, etc'

and

Table -6:Solid waste composition percentage for selected

Components/ city Amman Bahrain Tunisia Riyadh Kuwait Cairo

Oreanic/food 54.4 59.07 68 34 50 67

Paper 14 t2.8 10 31 20.6 18

Plastic 13.2 7.44 2 12.6 3.4

Metals 2.4 2.05 4 16 2.6 2.2

Glass 2.8 3.29 2 3.3 2.5

Wood 10 4.8

Textilcs 4.7 6.92 2 2 4.8 0.5

Miscellaneous 6.0 1.41 2 2 1.2 6.4

i1
u Hieh (%)

n Min (%)

It
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As long as the MSW is to be disposed of by landfill, there is liule need

to analyze the waste much further than to establish the tons of waste

generated and perhaps consider the problems of special (hazardous)

materials. If, however, the intent is to collect gas from a landfill and put

it to some beneficial use, the amount of organic material is important.

When recycling is planned, or if materials or energy recovery by

combustion is the objective, it becomes necessary to have a better

picture of the solid waste. Some of the physical and chemical properties

of interest are: moisture content, composition, heat value, density, and

biodegradabilitY .

Table(7) shows these properties of interest to planners, designers and

decision makers. The density of solid waste in Mosul ranged from 250

kg/m3 to 370 kg/m3 which are higher than solid waste densities found in

cities of develoPed countries.
! The density of waste changes at different stages between generation

and final disposal. The waste density figures of most interest to a waste

manager are the density wastes in a storage container, the density in

collection vehicles (since this determines how many vehicles are

required to collect waste in a local area), and finally, the density of
waste in a landfill as indication of the amount of space that is used up

and from which the lifetime of a landfill can be estimated).

Table-7:Solid waste es

Component
Weight
Kg

Volume
(r') 褐潟

Typical

cnergy

content

(kJ/kg)*

Total
energy

(kr)

Typical
moisture
content

o/o*

Dry
wcight

kg/100kg

B

Food
waste

68.173 0。227 300 5800 395403.4 70 20.451

Paper 9.602 0.12 80 16300 156512.6 6 9.025

Glass 2.610 0.013 195 140 365。4 2 2.557

Plastic 6.290 0。097 65 32800 206312.0 2 6.164

Metal 0.880 0.007 130 700 616.0 3 0.853

Tin cans 2.270 0.025 90 3

Textiles 6.590 0。 101 65 17500 115325.0 10 5。 93

Wood 0.470 0.002 240 18600 8742.0 20 0。375

Rubber 1.00 0.006 160 17500 17500.0 2 0.98

Trimmings 1.130 0.011 100 6500 7345.0 60 0。452

Misc. 0.59 0.001 480

Total 99.62=A 0.612 908121.4 49。53=B

The knowledge of density is important for the design of all elements of
the solid waste management systems like storage, transport and disposal

.For example for a known volume of the solid waste its density gives

the idea about the requirement of the truck in tonnage. Every truck or

じヽ
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similar vehicle has a permitted load capacity say l2 tons or so which it
can carry according to law. In developed countries as their waste is light
so compaction reduces the cartage charges substantially. The density
varies significantly from source to the disposal site becauie ofhandling,
change in moisture content, densification due to vibration of moue,n.nl,
disturbance by animals and birds (scavengers) etc
(ii) Moisture content: Moisture content of the solid waste is expressed

as the weight of moisture per unit weight of wet material. Moisture
content varies generally from 20 to 45o/o as with the climatic conditions
and level of studied quarters The increase of moisture content increases
the weight and thus the cost of transportation and thus the storage
section should take care of it. Moisture content also determinls
feasibility of using solid waste for heat recovery.
The proportion of biodegradable material in t'he total waste is a good
measure of the amount of bio-degradation possible and henceJ the
potential leachate or gas production that the waste is likely to produce
once put into a landfill. The simprest way to estimate this is todry the
waste at a temperature high enough to bum off the organic 

"ornpon.ntof the waste after having removed non-biodegradabre 6rganic materials
such as plastic and rubber.
(iii) calorific value: calorific value is the amount of heat generated
from combustion of a unit weight of a substance, expressed as kilo
calorie per kilogram.

CONCLUSIONS and RECOMMENDATIONS
The current study comes out with the following findings:

1. It appears that solid waste management issues in Mosul city have
minor concems. This is reflected on the huge amount of daily iolid
waste generated and type of composition components.
2. Conditions of wars, conflicts as well as ,un.iion and economic
incomes have greatly influence this situation.
3. Daily generation rate of solid waste amounted to 0.66 kg/person.
4. Domination of organic and food composition in the generated solid
waste.

5. A- considerable portion ofgenerated solid waste could be recycred,
reused and recovered for beneficial uses.
6. The. average studied physical and chemical properties were estimated
and tabulated. Their values were (65-4g0), t SbAiZ ), and ( 50.2%) for
!.Tity, total energy, and moisture conteni respeciively
7. The study highly stressed on adopting integrated solid waste
management coupled with efficient guides and laws.
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ABSTRACT
Terrestrial and aquatic biomes desertification have been recognized in different

areas in Iraq by number of indicators such as removal plant cover , dominance of
undesirable plants species, overgrazing , destroy the date palms ,soil salinization '
water and wind erosion, pollution, sand-dune formation and sand movement, a dust

storm, marshes drying and war residues contamination. Visible

evidences(Photographs ) have been collected from deferent areas to show the

desertifi cation status.
Number of criteria have been suggested by the author to use for estimating the

degree of land and water desertification on the basis of plant cover or

phytoplankton, erosion , salinization or waterlogging , pollution and legislation .

INTRODUCTION
There are many international environmental agreements concerning

atmosphere , freshwater resources , hazardous substances , marine

environment -global conventions , marine environment -regional
conventions , marine living resources , nature conservation and

terrestrial living resources and nuclear safety (1,2).

Terrestrial biomes desertification began in Hollene era and continue at

the the highest pace today .However , the term desertification has been

used by Aubrwille in 1949 when, a perceptive and well-informed

botanisi and ecologist, in a book published in that time (3) . Historical

evidence shows that serious and extensive land deterioration occurring

several centuries ago in the arid regions had three epicenters: the

Mediterranean Sea, The Mesopotamian Valley, and the lassie plateau of
China (4,5). There were other places where destructive changes in soil

and plant cover had occurred but they were small in extent or are not

well known Desertification affects the livelihoods of millions of people

(6,7), as it occurs on all continents (except Antarctica).

Desertification of the arid lands of the world has been proceeding

sometimes rapidly, sometimes slowly for more than a thousand years. It
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has caused untold misery among those most directly affected, yet
environmental destruction continues.
United Nations conference on Desertification (g) , held in Nairobi in
1977 hx reported that in dryland of Africa, severe drought and famine
in the 1970s, {.INCOD, and the National plans of Action igreed by each
participant dryland country at that meeting, still viewed leople'as the
main agents of desertification.
According to Dregne, (8,9) desertification is a land degradation process
involving a continuum of change , from slight -to very severe
degradation of plant and soil resources under the impact of'man and
doesnt have climate limitation .It is measured by reducing productivity
of desirable plants .

The United Nations Conference on Environment and Development (10),
defined desertification as "land degradation in arid, semi-arid *i a.y
sub-humid areas resulting from various factors, including crimatic
variations and human activities"_
Desertification is the impoverishment of terrestrial ecosystems under
the impact of man. It is the process of deterioration in these ecosystems
that can be measured by reduced productivity of desirable ilants,undesirable alterations in the biomass and the diversity of the micro ani
macro fauna and flora, accelerated soil deterioration, and increased
hazards for human occupancy (l l).
The author define desertification as rand ecosystems degradation of
natural resources by activities of man in associatiln with removal of soil
plant cover water erosion , wind erosion , salinzation ,wafter and wind
erosion water , air and soil pollution and arso the contamination by war
residues as surface scars , radio active materiars , mines and great iaters
( 12) and the deterioration of the micro, meso and macroclimatic
conditions over large areas (12,13,14,15).
The term 'desertification' refers to irreversible decrine in the .biorogicar
potential' of the land. The 'biologicar potential' in tum dependi on
numerous interacting factors and is diflicult to define.
Desertification in Iraq requires strong legislation to stop its severe
impact because poor legislation is a major Jause of desertification.

MATERIALS AND METHODS
criteria suggested by the author to use for estimating the degree of
land and water desertification on the basis of plant coler or
Phytoplankton, erosion , salinization or waterlogging , pollution and
legislation .

Desertification process could be manifest in many ways as indicators,
these indicators could be used to assess the status of desertification. the
following may be considered as indicators of desertification (7):
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I -Dominance of unpalatable plants species

Vol. 23, No 8, 2012

Permanent loss of
indigenous plant species .

2 -Overgrazing of range plants Reduction of pasturelands Vegetation

covers decreasing
3 - Destroy the date palms on Shat Al- Arab banks during the war

between Iran and Iraq from 1980 - 1987

4 - The date palm forest (the largest in the world ) on Shat Al- Arab

banks In 1970 s
5 - Marshes area 1985 and marshes area2000

6 - Saline crust
7 - Surface crust formation
8 - Water erosion
9 - Wind erosion
10 - Sand-dune formation and sand movement

11- A dust storms is captured sweeping across central Iraq on 14

September 2008
l2 - Pollution
. Air , water pollution and soil contamination'
r Cloud on city atmosphere.
r Liquid *uit. pouring from pipe into flowing river'

l3 - Violence and war
. War residues Contamination as surface.

scars , radio active materials , mines and great

craters.
. conflict and violence group.

Iraq ranks high among ihe iountries most severely contaminated by

landmines and Explosive Remnants of War (ERW)'

The National Mini Action Authority (NMAA) estimates there are 8'000

square kilometer of contaminated land '
Dataandphotographshavebeencollectedtoshowthoseindicators'

RESULTS AND DISCUSSION
Table (1) Shows the criteria suggested by th,e author to use for

.rtir*,iri the degree of land and water desertification on the basis of
plant cov"er or Pniltoplankton, erosion , salinization or waterlogging '
pollution and legislation .

Table (2) Shotis the common tenestrial and aquatic desertification

iral.xott< visible evidences) for severe and very severe deserti -

ir.xil" in Iraq (the indicators from 1 - 15 )' Desertification of land

."oryt,... efiects both plants and animal production and produces

economicandenvironmentalimpacts.TheUnitedNationsConference
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on desertification ranks desertification hazard on the basis of a drop in
agricultural productivity: None - less than l0% ,moderate - l0% to 25
%o, high- 25Yoto 50Yo and, very high - more than 50% . Therefore , the
land which effected by one or more of the causes shown in table I
conceder as severely effected by desertification (a drop in agricultural
productivity- more than 50% ).
Aquatic biome ecosystems degradation by activities of man in
association with deferent type of pollution , over exploitation , over
fishing and warming due to climate change and pollution that cause
removing phytoplankton and zooplanktons and decreasing aquatic
animals particularly fish in Tigris , Euphrate revier, Shatt Al_Arab and
marshes. Also aquatic biome ecosystems degradation cause economic
and environmental impacts due to the deterioration of aquatic biome
ecosystems productivity . The author call this phenomenon as aquatic
biome desertification as shown in photograph No. l  . The causis of
terrestrial desertification is effect aquatic biome directly or indirectly
( see photographs No .1 to 5 ).

Table -l:The criteria suggested by the author to use for estimating the degree of
land and water deserfificatinn /7 o t n\water 9、 1

degree Plant cover or
Phytoplankton croslon

Salinization or
waterloggins pollution Legislation

slight
Excellent
to good
vegetation

None to slight Crop yield
Reduce less than lO %

slight excellent

moderate Fair condition

Moderate sheet
erosion shallow
gullies, dust ,
dunes are
common

Crop yield
Reduce fiom l0- 50 %

moderate good

scvcrc
ｎＯ

Ｐ。。ｒ

Ｃ。ｎｄ

Severe
erosion gullies ,
dust storm ,
dunes are
common

Crop yield
Reduce more than 5070

Severe poor

Very severe
Land essentially
Denuded of
vegetation

Severe
Gullies
,sanddunes
with dust storm

Heavy salt crust nearly
impermeable soil Very severe Very poor

Exceptlonally
or
Catastrophic

In any level In any level ln any level
Exc.ptional ly
or
Catastophic

None
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Table-2:Shows the common desertification indicators in Iraq (the indicators or the

visible evidences for severe and very severe desertification) .Source (l I , l3 and the

author photographs collection).
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No. The indicators Visible evidences

1
Dominance of unpalatable plants

species. Such as Stipa capensi s ,

pegaman harmala and Reseda

spp. plants
Permanent loss of indigenous
plant species .

2 Overgrazing of range plants

Reduction of pasturelands

Vegetation covers decreasing

3 Destroy the date palms
on Shat Al- Arab banks

during the war between Iran and

Iraq from 1980 - 1987

4 The date palm forest(the largest

in the world)on

Shat Al‐ Arab banks

ln 19701,s

5 Marshes extent 1985 and

marshes extent 2000 旺
卜

Ｌ
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6 The date palm forest lining the

Shatt al-Arab estuary in Iraq is

the largest in the world. In 1975

the date palm belt - shown dark
red
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Hassony and Nadia

The date palm forest was
thriving but by 2002, the pallid
colour indicates dead vegetation.

Surface crust formation

40

7

」
′
．

8 Saline crust
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10 Water erosion

11 Wind erosion
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12 Sand-dune formation and sand

movement

13 A dust storm is caPtured

sweeping across central Iraq on

l4 September 2008
・
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Pollution
Air, water pollution and soil
contamination
Cloud on in city atmosphere
Liquid waste pouring from pipe
into flowing river.
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15
Violence and war

War residues Contamination as

surface

scars , radio active materials ,
mines and great

craters

Group conflict and violence

Iraq ranks high among the

countries most severely
contaminated by landmines
and explosive remnants of war
(ERw),
The National Mine Action
Authority estimates there are

8,000 square kilometer of
contaminated land .

15 - I Contamination as surface

l5-4 Army area
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INTRODUCTION
Biofilms are forrns of microbial communities consisting of closely
aggregated microbial cells surrounded by extracellular polymerit
matrix. They may be formed by a population of single microbial ipecies
or in most cases of different species of bacteria,fungi,algae and protozoa
beside nonliving debries. Biofilms are a widely pieferred way of
microbial existence as they provide protection io-the cells against
physical forces , chemical attacks, and provide higher chanc-es of
survival in a low-nutrient environment. They are formid on submerged
surfaces and interfaces with beneficial or harmful consequences( I ; 2).
Biofilms affect industrial processes, biotechnology , water and waste
water treatment, environmental ecology and health(3; 4 ; 5 ; 6 ). Most
studies were conducted on bacteriar biofilms because of their serious
human infections and ecorogical practices. According to (7), the biofilm
represents the commonest mode of living for microorganisms in nature.
About 80 %o of all bacteria in nature found in biofilm aggregations and
more than 65 % of human microbial infections involve biofilm
formation. Many studies concemed with bacterial biofilm structure(g ;3) , use of microsensors that detect potential difference , concentration
of gase.s or ions and optical properties(9 ; l0; ll), composition of
exhacellular matrix( 12) , biofilms in biofuer ceils of ihewaneila
9neldensis bacteria (13) and bioremediation(la ; l5), However, interest
in fungal biofilms was initiated especially after emergence of fungal
infections that became real problems aue to uiontm formation in
infected tissues,introduced indwerings or cathaters inside the body or in
the environment(16; 17; l8; l9). Biofilm is formed wherever fungi are
found in liquid environment. It is formed in liquids inside the boiy by
pathogens such as Cryptococcus neoformani , Candida albicins',
AlnerSllks fumigatus , Fusarium species , pneumocystis species ,coccidioides immitis e/c, or outside the body such as tanks or pipes oi
water treatment plants , water reservoirs , on submerged rn.t"iiut, Uy
Acremonium , Alternaria , Aureobasidium pullulans 

-, 
Brettanomyces

bnaellensis , Penicillium__spp. , Rhodotorula spp. etc.( 20 ; 2l).
Structure of the fungar biofilm was shown to be diirerent r.om tnat or
the pellet growth in case of the industrial fungus Aspergillrc niger. This
may be of value in fungal biotechnology(2r). Re;ent research found
that a single fungus like Candida albians'can form two types ofUi9_n! one composed of vegetative cells while the other of sexual
cells(23).
The objective of this study was to detect presence and microbial
composition of the biofirms at different stages in water treatment prant
to be considered in monitoring microbiological safety procedures.
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MATERIALS AND METHODS
Water Treatment Plant
Almost all experiments were done in Al-sadr Water Project (ASWP)

Northeast of Baghdad,Iraq. Th-e plant is feeded by raw water from

Aljaish canal. It supply 4000 m3 / h (650 000 m', / day) potable water

which cover many municipal sectors that represents about 5l % of
potable water production in Baghdad.

Culture Media or Solution
Sabouraud Dextrose Agar (SDA) or Nutrient Agar (NA) or saline

solution (O.g %NaCl) are sterilized by autoclave (l2l'C, 15 min.).

Biofilms From ASWP
Preexisting biofilms
Microbial components of the biofilm on the surface of floculation tank

or tap water pipes at ASWP were studied as follows :

l. Sciapings (b.s cm2) were taken from the surface layer of the

flocculation tank or the lining layer of the tap water pipes in ASWP

with the aid of sterile scalpel (20). Each was washed by sterile

distilled water to remove planktonic cells then transferred to 20 ml

sterile saline solution in screw cap bottle.

2.The bottle was agitated thoroughly and 1 ml of the suspension was

distributed or.. ih. surface of SDA plate for fungi or pour plate

method was applied with NA for bacteria. The plates were incubated

at 25 - 28 oC for 7 days in case of fungi and at 35-37 oC for 24 h in

case of bacteria.
3. Colony forming units for each fungus or bacteria were recorded and

distinct fungal or bacterial colonies were isolated on SDA or NA

respectively for identification.
Newly formed biofilms
t. Steiillized glass slides (4) being hydrophilic and coverslips (10) as

hydrophobic transparent materials were kept inside a perforate{(5

plr., on both bottom and cover) plastic petri dishes and closed' The

plut.t were dipped in the chlorine treatment tank and potable water

ieservoir of ei-tmam Ali Hospital ,Al-Sadr City ,Baghdad (Capacity

20ooo l).
2. Periodi cally, at 30 days intervals, slide or coverslip were taken,

brought to ihe laboratory and examined for biofilm formation.

3. The slide or the covertlip u.. washed gently by a current of sterile

distilled water to remove planktonic microorganisms and examined

under the microscope for biofilm.
4. Coverslips were transferred to the surface of SDA or NA plates ,

incubated as described above and microorganisms were counted ,

isolated and identified.
All experiments were done with at least three replicates per treatment.
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Identification of Fungi
Filamentous fungi were identified according to morphological features
with the aid of referencesQa ;25). Yeasts were identied by RFLP
analysis of the 5.8s rRNA gene and the two ribosomal internal
transcribed spacers according to the method described by (26). Briefly,
fresh culture (48 h) of yeasts on SDA were obtained from stock
cultures. Cells were directly collected from the colony using yellow tip
and suspended in 100 pl PCR reaction mix containing 0.5 trM primer
ITSI (5'TCCGTAGGTGAACCTGCGG 3') , 0.5 pM primer ITS4 (5'
TCCTCCGCTTATTGATATGC 3'). One unit of DNA polymerase

Master Mix (Promega USA) was added to each tube. PCR conditions
were as follows : initial denaturation at 95 "C for 5 min. ; 35 cycles of
denaturation at 94 "c for I min., annealing at 55.5 "c for 2 min. and
extension at 72 oC for l0 min. The PCR products were separated on I .4
Yo agarose gels with I x TAE buffer. After electrophoresis, gels were
stained with ethidium bromide , visualized under uv light and
photographed. Sizes were estimated by comparison against a DNA
length standard (1000 bp ladder, Promega usA). yeasts showing the
same DNA sizes were further seperated using cultural and
morphological characteristics(2 7).
Microscopic Examination
Samples of the preexisting or newly formed biofilms were washed
gently with sterile distilled water to remove planktonic cells.
Examination was done under the light microscope in order to have an
idea about its cellular structure.

Re su rts s howed,H, 
t,f 

I [*H"o ii: Y:,iJ ?f o o.., r at io n tank
composed mainly of yeasts and coliform bacteria. In addition, the
biofilm included filamentous fungi.. Biofilm that lining the potable
water pipe composed mainly of yeasts and filamentous fungi (Table l).

Table-1:Culturable found in biorlmlcroorgantsms lms
Fungi Flocculation Tank Potable Water Pipe

Cfi/cmz
Acremonium so, 53.20 00.00

Alternaria so, 26.40 00.00
Aspergillus flavus 20.00 06.40
A. niser 60.00 20.00
Candida albicans uncountable 00.00
C. parapsilosis uncountable uncountable
Penicillium sp. 66.40 40.00

Rhizopus sp. 13.20 00.00
Rhodotoru la muc i I asenosa 173.20 26.40
Total Coliform bacteria uncountable 00.00

Total uncountable uncountable
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It was found that the biofilm in the potable water pipe in Springfield ,

USA, composed of about 30 species of yeasts , filamentous fungi and

bacteria. The yeasts and filamentous fungi included Acremonium sp. ,

Alternaria sp.., Aspergillus Jlavus , Candida parapsilosis , Penicillium

spp. and nniaotoiula muciloginosa. The colony forming units were in

the range of 4 - 25.2 I cm2 for filamentous fungi and 0 - 8 I cm'. for

yeasts(i0). It was reported that human or plant pathogenic fungi beside

tth..r are found in the biofilm of the potable water distribution pipes

despite the presence of residual chlorine. In addition it was found that

the coliform bacteria were associated with fungi in the biofilm of
reservoir tank (28).

Table‐ 2.Culturablc found in new formed biofilms.Uu m

Fungi Chlorine treatment tank Hospital reservoir

Cfu/cm

Acremonium sP, 00.00 13.20

Alternaria sp. 00.00 13.20

Aspergillus flavus 00.00 30.00

A. niger 00.00 50.00

Candida parapsilosis 20.00 66.66

Penicillium sp. 00.00 40.00

Rhizopus sp. 00.00 40.00

Rhodotorula mucilagenosa uncountable uncountable

Total Coliforln bacteria uncountable uncountable

Total uncountable uncountable

The newly formed biofilm in chlorine treatment tank composed mainly

of yeast and coliform bacteria with absence filamentous fungi' The

biofilms in water of the hospital reservoir composed mainly of the yeast

, coliform bacteria and filamentous fungi (Table 2). These results could

be explained on the basis of difference in chlorine concentration being

highei in the chlorine treatment tank , difference in chlorine tolerance ,

tuibulent resistance since water in the chlorine treatment tank is highly

agitated and additional inoculum that reaches water in hospital reservoir

from biofilms in distribution pipes. (20) found that filamentous fungi

dominated the biofilm in poiable water pipes were Aspergillu's and

penicillium species while yeasts were Aureobasidium pullulans,

Candida ,pp., tryptococcus spp., and Rhodotorula spp' (29) showed

that zygomycetoui fungi including Rhizopus oryza are able to form

biofilmi. (3b) found thai the yeasts Kluyveromyces mqrxianus, Candida

lrrusei, Zygosaccharomyces sp. and Rhodotorula muciloginosa rapidly

forming 
- -uiofit- in apple juice on special chip surface.

Microscopic examination of biofilms from preexisting biofilms showed

presence of complex structure that involve hyphae , Spores,yeasts and
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algal and nonliving constituents. That of the newly formed biofilm was
dominated by unicellular constituents including fungal spores and
yeasts. This is partly in line with the observation of (20) about
dominance of single celled structures in the biofilm of potable water
pipes. It could be concluded that fungi and bacteria are able to build
biofilm in different stages of water treatment. The biofilm may work as

a source of microbial cells in the potable water reaching houses through
distribution pipes. This issue has to be considered regarding hygienic
consequences of drinking water microbiology. More detailed studies are
needed regarding factors that aid in biofilm formation and the measures
necessary for its inhibition or control under local environmental
conditions.
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ppm. However , only Aspergillas species and Aurobasidium pullulans showed
medium rate of germination at 14.84 ppm and low germination rate at 37.10 ppm
but they were failed to germinate at 74.20 ppm. These results demonstrate the high
tolerance of fungi to chlorine and possibly to other biocides.

INTRODUCTION
Studies showed that fungi could withstand different treatments in water
treatment plants. However , these treatments drasticly reduce colony
forming units of these fungi. While (l) specified coagulation being the
effective stage, (2) considred filtration as the most effective stage in
reducing fungal inoculum. Other wokers pointed out unsufficiency of
chlorine treatment in respect to fungi(3;4). It was concluded that yeast
and more obviously filamenous fungi are less effected by biocides as
compared to non-spore forming bacteria(5 ; 6).
Normally, establishment the fungicidal activity of a product is carried
out by In Vitro test against spore germination of a limited number of
fungi like Absidia corymbifera, Cladosporium cladosporioides,
Penicillium venucosum , Candida albicans and Aspergillus niger
strains(7,8; 9 ; 6 ). It involves exposure of fungal spore suspension to
the biocide for a limited time and moniter its effect on spore
germination percentage. (6) modified the procedure by adding
neutralizing compound at the end ofexposure time.
This work aimed at uncovering tolerance of chlorine by isolated fungi
that passed chlorine treatment using a different procedure. Our
procedure involves : first , open time or coninouus contact with the
biocide, second , testing effect on hyphal growth in addition to the
effect on spore germination.

MATERIALS AND METHODS
Water Treatment Plant
Almost all experiments were done in Al-sadr Water Project (ASWP)
Northeast of Baghdad,Iraq. The plant is feeded by raw water from
Military Canal. It supply 4000 m3 / h 16S0 000 m3 / day) potable water
which cover many municipal sectors that represents about 5 I % of
potable water production in Baghdad.

Chlorine Tolerance
Fungi
Fungi that were isolated from chlorine treatment tank of Al-sadr water
Project (ASWP) in previous work(l0) were used in this study for
tolerance to chlorine. These fungi are Ahernaria sp., Aspergillus flavus ,
A. fumigatus , A. niger , Aurobasidium pulullans , Candida
parapsilosis , Chaetomium sp. , Cladosporium sp. , Fusarium sp. ,
Penicillium sp. , Rhizopus sp. and Rhodotorula mucilagenosa.
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Chlorine Source
Bleach 14 o/o (Panreac Didactic ,Espana-Barcelona ) was used as a
chlorine source. According to (l l) a bleach of I o/o containing 0.053

sodium hypochlorite , therefore our bleach containing 0.742 sodium

hypochlorite. Dilutions with distilled water were made to prepare the

different concentrations used.

Culture Media
Water Agar (2 %) (WA) , Sabouraud Dextrose Agar (SDA) or
Sabouraud Broth (Glucose 40 gm , Peptone l0 gm / 1000 ml Distilled
water) (SB). Culture media were sterilized by autoclave (l2l oC , 15

min.) , lml of chlorine solution was added to each cooled (about 45 'C)
culture medium that is upon dilution in the respective volume gives the

desired concentration.
Estimation of Chlorine Tolerance
Chlorine tolerance by fungi was estimated using three tests : inhibition
of spore germination, radial growth and dry weight.

Spore Germination
1. Spore suspension was prepared by adding l0 ml sterile distilled
water to 7 day old colony of the fungus , detach of growth by loop ,
transferred to sterile conical flask for further thorough agitation then
pass through 4 layers of cheesecloth. The concentration of spores was

calculated using haemocytometer and brought to 20000 spore / ml by
dilution.
2. One ml of spore suspension was distributed over the surface of
WA plate without chlorine (control) or with certain chlorine
concentration. The plates were incubated at 25 - 28 "C. After 24 h of
incubation, spore germination was scored , by direct microscopic

examination, as 0 : no germinatiotr, * : low germinatior, ** :
intermediate germination or *** : high germination. Results were

further confirmed by counting number of colonies formed after 3 - 5

days of incubation.

Growth on Solid Medium (Radial Growth)
l. Growth discs (5 mm diameter) were cut from the edge of 7 day

old colony of the fungus by sterilized cork borer. A single disc was

transferred to the center of a plate of SDA that is without chlorine
(control) or contain certain chlorine concentration.The disc was laid
down inversely where the mycelium facing the medium. The plates

were incubated at25 -28"C for 7 days.
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2. The seventh day , radial growth was determined by recording the
mean of two perpendicular radii of the colony. The percentage of
growth inhibition was determined according to the following formula :

Inhibition of growth %: (Do-Dl D0) X 100
D0 : colony diameter in the control (no chlorine)
D : colony diameter in the chlorine containing treatment

Growth on Liquid Medium (Dry Weight)
1. In 250 ml conical flasks , 100 ml of SB was added ,
autoclaved,cooled and suplemeted by chlorine in a certain concentration
or without chlorine as a control.
2. Each flask was inoculated with a mycelia disc of the fungus and
incubated as described above.
3. After 7 days of incubation, the growth of the fungus was
collected on preweighed bacterial filter , kept in the oven at 100 "C for 2
h , transferred to dessicator and the dry weight was recorded
(abstracting the weight of the filter paper).
The percentage of growth inhibition was determined according to the
formula :

Inhibition of growth %: (Wo- W / Wo) X 100
Where,
Wo : dry weight in the control (no chlorine)
W : dry weight in the chlorine containing treatment

In all experiments three replicates per treatment were used.
Results were statistically analysed using Chi sequere values.

RESULTS AND DISCUSSION
As stated above, we used a different approach for testing effect ofthe
biocide (Chlorine from sodium hypochlorite) on fungi by extending
time of exposure (Open time) to the biocide and testing its effect on
growth in addition to its effect on spore germination. This variation is
justified by the fact that fungal spores or generally free cells
(unicellular organisms including bacteria or yeasts) are more valnurable
to the action of biocides like hydrogen peroxide (12) than multicellular
structures like hyphae due to the presence of extracellular proteins or
lytic and reducing enzymes in the later. In addition, the chlorine
treatment of water is actually extended for opened time up to
consumption.
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Table-l :Inhibition of fun
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lorite)

** 1p<0.01)

Expectidly, chlorine affected radial growth of all fungi tested but fungal
tolerance to the biocide differed according to species. Rhizopus sp. wtls

the most sensitive (148.40 ppm) while Aspergillus spp. , Aurobasidium
pulullans and Penicillium sp. were the most tolerant (up to 222.60
ppm) (Table 1). Measured by dry weight, the growth of all treated fungi
showed increased tolerance to chlorine. The most tolerant fungi were

Aspergillus spp. and Aurobasidium pulullons (up to 296.80 ppm)

followed by Penicillium sp. , Rhizopus sp. and Alternoria sp. while the
yeasts were the least tolerant (148.40 ppm) (Table 2). Unexpectedly,
these results show overall high tolerance to chlorine as compared to the

published data that use different approaches(6 ; 9). The yeast was

shown to tolerates chlorine at 4 ppm for 30 minutes(l3 ; A). Presene of
nutrients may explain the elevated concentration obtained by us which
may due to activation of drug resistance mechanism. Drug resistance

mechanism though it is not well studied in case of biocides, it may

depends on cell wall thickness,porosity and composition in addition to
the presence of drug efflux pumps(5 ; l5).

Table-2: Inhibition of fungal growth (dry weight) by chlorine (Sodium

hypochlorite)
Fungi Chlorine Conc. ppm

7420 14840

Inhibition of ero、■hO/.

Alternaria sp. 10000

Aspergillus llavus 0277 8787

A. fumisatus
A. niser 36,57 8959

Aurobasidium pullulans 0644 8157

Chaetomium so. 4748 10000 10000

craぁψorJ“ 4730 10000

Fusarium sp 10000 10000

Penicillium sp. 6572 7957 10000

Rhizoous so. 7433 10000 10000 10000

Candida parapsilosis 10000 10000

Rhodo to rula muc i lage no s a 9660 10000 10000

Cryplococcus curvatus 10000 10000 10000

Chi Seouer value (Xz) 10643+Ⅲ 12 094Ⅲ Ⅲ 10R33*+
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Chlorine is a powerful oxidizing agent that destroy the cell physiology
through the oxidation burst(s). (16) discuss the mechanism of resistance
to oxidative stress by fungal pathogens which involves enzymatic and
non-enzymatic defence reactions. Melanin, trehalose and mannitol may
play important role.
Being single celled the yeasts are much more susceptible to the action
of oxidizing biocides(12). According to (15) , sodium or calcium
hypochlorite and gasous chlorine hydorlysed to give Hypochlorous
acid,HOCl :

NaOCI+H2O-HOCI+NaOH
Then HOCI dissociates in water to give hydrogen and hypochlorite ions
ocr
HOCI .* Ff + OCI-
Hypochlorous acid is the more powerful oxidizing agent as compared
to hypochlrite ions. This may explain in part the difference in fungal
tolerance on the solid medium as compared to the liquid phase on the
basis that in the later case more hypochlorous acid is dissociated so the
oxidative action is reduced. In addition, reduced oxygen level in the
liquid state minimizes the action of oxidative stress that is oxygen
dependent(l7).

Table‐ 3 ination on water agar containin hlorine
Fungi Chlorine conc. DDm

00 0.74 7.42 14.84 37.10 74.20
Alternaria so. # # # 十

Aspergillus flavus # # .# # +

И.ル″故α′郎 # .H # # +

A. niser # -H # # +

Aurobas idium pul lul ans # # # H +

Chaetomium sp. -H + 十

Cladosporium sD. # ++ # +

Fusarium sp. .H + +

Penicillium sp. # H+ # +

Rhizopus so. # H +

十十十=high,十十=medium,+=low,‐ =no germination

Spores of all fungi tested showed medium to high germination rate at
chlorine concentration of 014 ppm and majourity of them showed the
similar response at 7.42 ppm. However , only Aspergillus species and
Aurobasidium pullulares showed medium rate of germination at 14.84
ppm and low germination rate at 37.10 ppm but they failed to germinate
at 74.20 ppm (Table 3). Although examples are rare, (6) showed that
spores of Aspergillus fumigales were inhibited by 140 ppm chlorine
for 15 minutes exposure. According to (18) a level of 100 ppm of free
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chlorine is currently recommended for control of postharvest pathogenic

fungal spores.
Being isolated cells ,the reduced tolerance of fungal spores to chlorine
as compared to hyphae may be explained in part according to (12)

hypothesis. In addition, absence of nutrients (as compared to SDA) is
another factor explaining the reduced tolerance of spores.

From the obtained results it could be concluded that both the (more)
direct methods (9 ; 6) and the method used here are beneficial for
estimation of the biocide effect. The first measures the effect of the

biocide on spore germination for a limited time in the absence of
organic materials while the second detects its action on spores and

hyphae in abscence or presence of nutrients respectively, but for open

time as it may be the case in the natural environments and biofilms.
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_,r4 qr.l* l+= st'-t3 60.15 m2g-l ! Jrii eiFl* io1*.sll'iar tS-*Jl ,Jl .',tJt i+.J*JlLtJl

1.92 nm+

ABSTRACT
Rice husks (RH) are the hard protecting coverings of grains of rice. The main

function of rice husk is protecting rice duringthe growing season. These (RH) pose

as a waste in large quantities by plants producing rice. In Iraq have not given any

attention to this material, on the contrary, burn to get ride of it leading to a

significant pollution. It has been observed through the literature that rice husk ash

(RHA) usually containing around 95% silica. It is used by the steel industry and

concrete manufacturing, as an excellent insulator and as a catalyst support and

heterogeneous catalyst for several catalytic reactions. Sodium silicate from rice husk

ash (RHA) was prepared and transformed to functionalized silica with 3-
(chloropropyl)triethoxysilane (CPTES) via a simple sol-gel technique in a one-pot

synthesis to yield chloro group immobilized on the silica gel surface in precursor

compounds RHACCI. [Cu(p-PDA)zClz@zO)z] was immobilized on the RHACI via
nucleophilic substitution reaction to yield heterogeneous catalysts. According to

analysis of CHNS and FT-IR spectra can be conclude that the [Pd(DTO)2]Clz, and

[Cu(p-PDA)zClz(HzO)z] has successful incorporation on RHACCI X-ray
diffraction technique was used to determine the amorphous formula of RHAC-
Cu(p-PDA)2, while the atomic force microscope (AFM) technique was used to

confirm its nanostructure of compounds. The surface area measurements indicated

that RHAC-Cu(p-PDA)2had a specific surface area of 60.15 m2g-rand a nalrow
average pore diameter of 1.92 nm.
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INTRODUCTION
Rice husk (RH) is an agricultural waste material abundantly

available in rice-producing countries. They are the natural sheaths that
form on rice grains during their growth ( 1). Removed during the
refining of rice, this husk is sold as cheaper material than its value.
World rice production in 2007 was approximately 645 million tons, of
which more than l0% is husk. Asian farmers produce rice about 90% of
total production of 100,000 tons or more, with two countries, China and
India, growing more than half the total crop (1,2). When disposed of,
rice husk occupies large areas, where it can self-bum, spreading the
ashes and causing damages to the environment. Nowadays, the rice
producing countries are challenged by the problem of rice husk, and
have been trying to use it in an economical manner (3). Rice husk are

known to have a relatively high content of Inorganic compounds
representing approximately, 95% (wt) of silica and the remaining 5%
(wt) consists of K2O, CaO, MgO, MnO, Al2O3, P2O5, Fe2O3, NazO and
TiO, (4,5). The silica extracted from rice husk has many advantageous
in its properties, such as high chemical and thermal stability, high
specific surface area, high porosity, good accessibility, and
functionalization of organic groups can be robustly anchored to the
surface (6).
The immobilization of organic catalysts on a solid support (i.e.: silica) is
a common way to heterogenation the organic catalysts which make the
catalysts easier to separate from a reaction mixfure. There are many
ways of immobilizing a homogeneous catalyst on an insoluble support;
these include polymer encapsulation, covalent tethering to a polymer
backbone, and covalently tethering to an inorganic framework such as

silica to form an organic/inorganic hybrid material. The latter case is
advantageous because of the low cost and thermal stability of silicate
materials and the wide variety of low-cost organosilanes available for
covalent surface modification (7). The studies of coordination
compounds of p-phenylenediamine (p-PDA) in solid state are rare,
possibly because this ligand can only coordinate one nitrogen atom to
metal atom by means of a weak linkage .However, Falthouse and
Hendrickson (8) have synthesized a series of binuclear copper (lI)
complexes of the form [Cuz(tren)dp-PDA)](Y)4, where tren is 2,2 ,2 -
triamino-triethylamine and Y- is variously NO3-,CIO4' or PF5-.
Recent study by Hello (9) had described the simple and fast technique
to immobilize the halide system onto silica extracted from rice husk
ash. This method described the functionalization of sodium silicate
from RHA with 3-(chloropropyl)triethoxysilane (CPTES) to produced
silica with CH2-CI end group in 75 min via a simple one?ot
synthesis at room temperature and pressure. The product was labeled
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as RHACCI, which was characteri zed by solid state 2esi and "C
MASNMR and FT-IR.
Ahmed et al. (10) have prepared four binuclear dichloro-bridged
copper(Il) complexes via Schiff base(L) derived from p-

phenylenediamine and acetylacetone, these complexes characterized by

various techniques. The study confirmed the formation of [Cuz(p-
Cl)r.(L)l complexes. Each copper showed square planner geometry with
ONCICI coordination. Recently Adam et al. have been reported the

synthesis of heterogeneous catalysts by nucleophilic substitution of the

chlorine atom of the C-{l end group with different organic molecules.

These catalysts were successfully used for esterification of different
alcohols with acetic acid, for alkylation of phenol and for utilization of
glycerol (l l-13).

The objective of the current study is to incorporate the

diclorodiaquabis(p-phenylenediamine)copper(Il) molecules onto silica
as RHACCI to produce a hybrid of a silica-Cu(P-PDA)2 architecture

that can be used for beneficial catalytic properties.

MATERIALS AND METHODS
Chemicals
Sodium hydroxide (Fluka, 99%), nitric acid (BDH, 65%0), CPTES
(Sigma-Aldrich, 95%), p-phenylenediamine (Fluka, >99oh), Coppric
chlorid di-hydrate (BDH, 98yo), toluene (Fluka, 99%), triethylamine
(R&M Chemical, 99%), and dichloromethane (DCM) (BDH, 99%),

were each used without further purification. The rice husk (RH) was

collected from a rice mill in from the region of Al-Abbasya region,

Kufa, Najaf, Iraq. [Cu(p-PDA)2C12(H2O)2] complex was synthesized

according to a reported method (14).

Characterization
The RHAC-Cu(p-PDA), was characterized by elemental analysis using
(EuroEA Elemental Analyzer). Powder X-ray diffraction of the complex

was collected from (XRD-6000, Shimadzu), nitrogen adsorption

porosimetry (ASAP 20 Automatic Chemisorption Analyzer) at Ministry
of oil, Petroleum R&D center, Iraq, the samples were out gassed for
about 12 h at 105 "C under vacuum at l0-3 mm Hg in the degassing port

of the adsorption analyzer, the specific surface area of the prepared

complex were calculated using the BET model. Infrared spectra were

obtained by KBr disc over the wave number range of 4000-400 cm-r

using (FTIR-8400S Shimadzu). The three dimensional (AFM) images

for the prepared complex was obtained using CSPM-AA3000.
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Synthesis
Sources of silica

The rice husk ash (RHA) was chosen as the source of amorphous
silica as it was available in abundance. The silica was extracted from
rice husk according to a reported method ( I l,l 5).

Preparation of silica<opper complex RHAC-Cu(p-pDA)2
RHA silica was functionalized with cpTES according to the method
reported elsewhere (16). The resulting solid, RHACCI, was used as the
support to immobilize the [Cu(P-PDA)2C12(H2O)2] onto rhe silica
surface. The synthesis of silica-copper complex was carried out by
adding 0.5 g (1.29 r10-3 mol) of [Cu(P-PDA)2C12(H2O)2] to 0.5 g of
RHACCI in dry toluene (30 mL) and Et3N (0.35 mL, 2.29 mmol. The
reaction mixture was refluxed at 110 "C in an oil bath for 40 h. The
solid phase was filtered and washed with ethanol, then with
dichloromethane, and finally with distilled water. The solid sample was
then dried at 100 oc for 24h. Finally, it was ground to produce a fine
powder. 0.98 g of the sample was collected and labeled as RHAC-cu(p-
PDA)2.

RESULTS AND DISCUSSION
The reaction sequence and the possible structures for the prepared
compound RHAC-Gu(p-PDA)2 is shown in scheme r. The structure of
the newly prepared compound was proposed in the light of the previous
information about the RHACCI (16) and supported by the results
obtained through the following studies:

Elemental analysis
The elemental analysis data obtained of RHA, RHACCI and RHAC-

Cu(p-PDA)2 were summarized in Table l. It is clear that the percentage
of carbon and hydrogen in RHAC-Cu(p-PDA)2 were higher than that of
both RHACCI and RHA as expected. The results also showed the
presence of significant nitrogen as 7.908% in RHAC-Cu(p-pDA)2,
while neither RHA nor RHACCI contain any of this element. These
results confirm the immobilization of RHAC-cu(p-pDA)z onto
RHACCI.

Table-l:The results of elemental analysis for RHA, RHACCI and RHAC-cu(p-
PDA

Sample Elementalanalysis (%)
C H N

RHA 1.6 0.84

RHACCl 9。98 L61

RHAC-Cu(p-PDA)2 23.566 2.43 7.908

心
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Scheme I
The reaction scheme for the immobilization of [Cu(p-PDA)rCl2(H2O)2] onto RHACCI

to form RHAC-Cu(p-PDA)2.

The determination of percentage loading of [Cu(p-PDA)2C12(H2O)21
The grafting amount of [Cu(p-PDA)2C12(H2O)2] onto RHACCI was

calculated according to the equation used by Rahman, et al. (17) . It was

found to be 50.5 %. While the surface coverage by [Cu(p-
PDA)2C12(H2O)2lwas found to be 43.9 pmol m-2.

The nitrogen adsorption analysis
The specific surface area of RHAC-Cu(p-PDA), (Table .2) was found to

be 60.15 m2 g-'. The decrease in the surface area of RHAC-Cu(p-PDA)2
upon the specific surface area of RHACCI (16) could be due to
immobilization of a large molecule on the silica surface causing the

surface to be over crowded with the ligand network and thus blocking
the pore. This can be confirmed by the considerable decrease of the pore

diameter and the average pore volume (Table 2), which were less than

that of RHACCI.

U
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DET analysis for RHACCland RHAC‐ Cu(p‐PDA)
Sample Specific surface

area (m2 g-l) 総締[:T)
Average pore
diameter (nm)

RHACCla 633 070 607
RHAC―Cu(p‐PDA)2 60!5 0029 192

a= Ref.(16)

Powder X-ray diffraction (XRD)
X-ray diffraction pattem of RHAC-Cu(p-eDA)2 is shown in Fig. l. The X-
ray diffraction pattem exhibit amorphous characteristic of RHAC-Cu(p-
PDA>. This can be confirmed from the appearance ofthe very broad
band at 20 angle of ca.22".

一ヽ

Tablc-2 Thc results of

Fig.-l: The amorphous nature of RHAC-Cu(p-PDA)2 showed by X-
ray diffraction

Fourier transformed infrared spectroscopic analysis (FT-IR)
FT-IR absorption spectrum observed is shown in Fig. 2. In the

1000-4000cm-'.region, the compound showed many broad absorption at
3300-3600 cm-r and a mediumiharp band at l62i cm't, due to surface
hydroxyls and coordination water (18-20).while the band at 1084 cm-r
corresponds to the stretching vibrations of Si-O-Si bond (16), another
two bands were also appeared in this region at3144 and 3103 cm-l may
assigned to the uNH2 and oNlI, respectively (19). The FT-IR spectrum
of [Cu(p-PDA)2C12(HrO)2] was free from the band at 3lO3 cm'r. The
appearance of this band in the spectrum of the newly prepared
compound is a good indication for the formation of the new (HN-C)
bond between RHACCI and [Cu(p-PDA)2C12(H2O)2]. Moreover, the
band at 453 cm-r may belongs to the uCu-N vibrations (21).
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Atomic force microscopy(AFM)
The dense packing of the RHAC-Cu(p-PDA)2 complex nanoparticles
was illustrated by atomic force microscopy (AFM). In Fig. 3, AFM
image of the complex showed silica nanoparticles were packed tightly
three dimensionally.
From the two images (Fig. 3. and Fig. 4),it is clear that the RHAC-
Cu(p-PDA)2 has an average particle size of 52.38 nm as shown by the
granularity normal distribution chart. This indicating the existence of
highly nanoporous material.

Fig. -3: Three-dimensional AFM images for RHAC-Cu (p-PDA)2.
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Fig。 -2:Thc FT―IR spectrum ofRHAC‐ Cu(p‐PDA)2
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Fig. -4: Granularity norrnal distribution chart of RFIAC-Cu(p-pDA)2

Conclusion
In this work, rice husk ash (RHA) which is an agriculture waste

was used to prepare silica immobilized with [Cu(p-pDA)2C12(H2O)2]
complex. copper complex was successfully incorporated onto the
RHACCI via nucleophilic substitution reaction to form RHAC-cu(p-
PDA)2. The physical properties of prepared material were investigated
by means of several spectroscopic techniques. A comparison of the FT-
IR spectra of [Cu(p-PDA)2C12(HzO)] complex and RHAC-Cu(p-pDA),
revealed presence of NH stretching frequency at 3013 cm-l in the
former complex. The specific surface area measurements confirmed the
immobilization of a large molecule of the [Cu(p-pDA)2C12(H2O)2] on
the silica surface leading to a considerable decrease in the pore diameter
and average pore volume.The powder x-ray diffraction and the atomic
force microscopy techniques prove the amorphous highly nanoporous
characteristics of the prepared compound.
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ABSTRACT
A new simple method was developed for the removal of cadmium ions from

wastewater by using natural and modified dried leaves of (ceratophyllum

demersum) . This plant is an Iraqi spices grew on the shores of Iraqi rivers. Optimal

conditions were obtained (pH was 6, weight of adsorbent wasl.5g, particle size was

300pm, temperature was30oc, contact time was 60 minute and concentration of
cadmium ions was l0 mg/L).These parameters were applied on spiked samples (50

gm./L) and proved to be efficient(95o/o removal for natural and 98o/o for sodium

hydroxide treated modified ).A batch sorption isotherm showed that Temkin model

was dominant for natural ceratophyllum demersum but Langmuir model for
modified was the dominant. The thermodynamic parameters were given and showed

that AHo was endothermic-positive value, AGo was found (a spontaneous process-

negative value) and AS" was found positive value- increase of disorder of the

process. FTIR was used to identifu the activity of adsorption process by knowing of
active sites on the surface ofadsorbent.

INTRODUCTION
Cadmium is one of toxic heavy metal that discharges from industrial
activity, considered as pollution metal ion, which can cause serious

damage to the kidneys and liver [1]. Cadmium ion has been found as a

human carcinogenl2l. The maximum permissible limits for cadmium in
drinking water were 3 -l}StglL (WHO) [3]. Cadmium is released to the

environment by different activities, such as electroplating, pigments,

plastic, battery and zinc refining industries 14,61. In order to remove

cadmium from polluted wastewater different physical and chemical

methods were used l7l. Those methods included; precipitation [8],
cementation [9], membrane separation technique [10], ion exchange

technique [11], solvent extraction technique [12] and adsorption [13].
Conventional methods have been found with limited application due to

poor efficiency, sensitive operating, conditions and high cost of their
disposal. Adsorption was also found powerful technique for removal of
cadmium [4]. New adsorbents were found successful for removal

cadmium and were improved performance of application U5l.
Agricultural wastes have been extensively used for wastewater effluent

116,17l, The mechanism of adsorption was attributed to functional

groups present in biomass molecules such aS: carbonyl, phenol, amino,

carboxyl groups, alcohols, amido, ester and other groups [18]. These

groups may bind with heavy metals to form complexes [19]. Many
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adsorbents were reported as bioasorbents which were obtained from
agricultural materials; These materials such as: saw dust [20], barks
121,221, stems [23,24], shells [25], peels 126,27), husk [28,29], bran
[30,31] and leaves [32,33]. Despite the large number ofbioadsorbents,
there are still other herbs that have not been investigated such as Iraqi
natural Ceratophyllum Demersum (NCD) and modifred Ceratophyllum
Demersum (MCD). This paper is an attempt for study of parameters to
develop and new method for removal of Cd (II) from wastewater.

MATERIALS AI{D METHODS
Chemical and instrumentation;
Chemicals:
Stock solution; stock solution of cadmium (1000 mgll-) was prepared

by dissolving (2.74 gm.) of analr (99.9%) (Cd (NO3)2.4H2O) (Obtained
from Fluka) in l liter of distill-deionized water. The resulting solution
was diluted to 100 mg/l and standardized against 0.lN EDTA to obtain
the exact concentration of cadmium ion. Other chemicals are 0. I M
HCI and NaOH, both solutions were standardized before use. All
measurements were triplicate. Blank values were considered and
subtracted from all measurements. .

Natural CeratophyllumDemersum (NCD) (dried leaves): the NCD
plants were collected from Al-Kufa River, Najaf, Iraq on October 201l.
Then washed with tap water, Then the product was dried at 80 Co for36
h and broken into many pieces into different particle size (300,500 and
700 pm) using clean mortar and pestle. Finally the dried plants stored
in clean plastic envelope.
Modified Ceratophyllum Demersum leaves (MCD): add 300 mL of
NaOH (0.1 M) to 30g of natural ceratophyllum demersum. The mixture
was heated to 120 C" for 30 min and stirred occasionally. Cool, then
separate the plant powder by filtration, and then washed with distilled
water until the washing was free of color and the final pH of effluent
was 7. The residue was dried at 50Co, ovemight to avoid thermal
deactivation ofthe adsorbent surface [34].
Instrumentations:
All the following instruments were calibrated by using standard
solutions or reference material to obtain the satisfaction:
1- Atomic absorption spectrophotometer used was Shimadzu A,4,-6200.
2- FT-IR spectrophotometer - Shimadzu 6000.
3-pH meter was Research pH meter Radiometer, Cobenhagen,
Denmark.
4-Shaker was BS-l I digital, JEIO TECH, Korea.

Procedures:
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1- Preparation of natural ceratophyllum demersuml weigh 50gm of
(NCD) and place in small beaker and washed with deionized water and

then crushed into many pieces using mortar and pestle ( particle sizes

were 300, 500, and 700um).
2- Preparation of modified ceratophyllum demersum ;weigh 30 gm

of (NCD) plant and place in small beaker. Heat to 120 co ,and
thoroughly add 300 ml of NaOH (0.1M), then the final solution was

placed in shaker water bath for 30 min. Cool and filter , then washed

with distill-deionized water, dry ovemight at 50Co. The material was

finally ready for use.

3-Prepartion of spiked wastewater; Prepare series of diluted cadmium

solutions ( l0-50mg/L) from stock solution .all measurements of
cadmium before and after adsorption were measured by atomic

absorption spectrophotometer (shemadzu AA 6200).

4-Batch adsorption proceduresl to measure the adsorption of
cadmium ion on (Ceratophyllum demersum) different weights of
adsorbents were used at different concentration of metal ion (10-50

mg/L). All parameters were kept constant at optimum values. Measure

concentration of cadmium ion before and after adsorption by flame

atomic absorption.

RESULTS AND DISCUSSION
Characterization of adsorbents
In order to evaluate the adsorption properties of ceratophyllum
demersum. FTIR was used to obtain spectra as shown in (Fig 1)' This

figure gave vibration absoqption bands which were identified; 3472 cm'l

for (-OH) group,2926 cm-' for alkyl group (-CHz-).The bands at 1660

and 1095 cm-' *ere considered indicator of the presence of (c:c) and

(c-o-c) respectively [35].
Optimization of adsorption process; In order to obtain maximum

removal of cadmium ions from waste water conditions have to be found

, these are ,contact time ,pH , weight of adsorbent , concentration of
cadmium , particle size and temperature. The following are procedures

for these studies:

1- Effect of contact time; The following parameters are fixed as

follows (pH at 6, cadmium concentration at SlmglL, weight of natural

and modified plant at I gm at 50ml of metal ion solution and

temperature at 30oc). The only variable in this optimization was contact

time. Use different times (30, 60, 90, and 120 min) carry out batch

adsorption ofeach solution and results are given in Fig. 2' It is shown

that optimal time is 120 min for both, but (MCD) is slightly higher than
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(NCD) in removal of cadmium ions; and these results are similar to
efficiency ofplant used before 136,371.

2- Effect of pH; in order to optimize the pH, all the parameters were
fixed (amount of both adsorbents were lgm, concentration of cadmium
was 50mg/L., time of adsorption was lhour,).But pH was varied from 2
P 8(qH was adjusted by using buffer solution). Results are given in fig
3. pH was optimum at 6 for both (NCD) and (MCD) . et acidic pH thJ
adsorbent surface will be converted to carboxylate and phenolate which
give active site on the surface of adsorbent, at alkaline medium,
hydrogen ions removed by hydroxide ion, and therefore adsorption
decrease [38] .

3-Effect of weight of adsorbent; to observe the highest amounts of
adsorbent that give optimum adsorption at fixed concentration of
cadmium, temperature and time of adsorption. Variable amounts of
(NCD) and (MCD) (1,2,3,4, and 5gm) at 50 ml of metal ion solution
were added independently to the reaction mixture and carry out batch
adsorption, finally cadmium was measured before and after adsorption.

fesylt1 are given in fig.4. Optimum adsorbent was found t.SgmlSOmt
for (NCD) and lgm/50m1 for (MCD).

4- Effect of concentration of cadmium ions; using optimum adsorbent
amount, pH, temperature, time of adsorption and all these parameter
were fixed to measure the efficiency of cadmium removal from
wastewater. Different concentration (10,20,30,40,and 50 mg/L) were
prepared and the adsolption process was carried out and risults are
Blvgn in fig, 5. Optimum concentration was l0mg/L for (NCD), while
10-20 m/L for (MCD). At initial concentration the ratio of metal to
adsorbent was reached maximum at l0mg/L and concentration of metal
ions above the normal value did not increase because all sites on the
surface were occupied [39].

5- Effect of particle size; particle size was considered important factor
because it is related to surface area of adsorbent, therefoie it has been
studied. Fixing pH,time of adsorption, temperature, weight of adsorbent,
and initial concentration, but varying particle size (300_750 pm) , then
complete adsorption batch process and measure cadmium ion
concentration before and after adsorption . Results are given in fig 6.
Optimum particle size was found 300 for both (NCDj and @Cb).
Increase of surface area accompanied with decrease particle iize uut
increase particle size more than 300prm will not added more active sites,
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because a metal ion will be saturated and adsorption will be decrease

due to desorption of cadmium [40].

6- Effect of temperature; the efficiency of adsorption of cadmium was

affected by change of temperature, therefore the effect of temperature
from 20 to 50'C was obtained by fixing of all parameters except
temperature ,and batch adsorption process was completed , .results

were given in fig 7. Optimum removal efficiency was 95%o for natural
and 98Yo for modified at 50oc. Heating the dried plant above 50oC

resulted penetrating cadmium ion to the surface and produce swelling

[41].

Adsorption models
Adsorption process is considered important for removal of

cadmium ions, therefore batch adsorption process was carried out to
study distribution of metal ion between the liquid phase and the solid
adsorbent. The adsorption equilibrium can be expressed by one model
or many other models following isotherm pattern [42].Three different
common models of isotherm were studied (Langmuir, Freundlich and

Temkin isotherms). R2 values and slope both measured and found to be

related to Temkin isotherm model for NCD and Langmuir model for
MCD. Fig.8 and fig.9 gave linear plot, which suggested that adsorption
was Temkin isotherm for natural and Langmuir isotherm for MCD
respectivef [a3].

Thermodynamic Studies:
Adsorption process was found useful to
parameters such as change in free energy
entropy ASo. Using the following equations;

calculate thermodynamic
AGo, enthalpy AHo and

K=(Qc×W)/(Ce× V) (l)
△G°=‐ RTln K (2)

(3)
△G°=△H° ‐T△ S°

As K is the equilibrium constant, Q. is adsorption efficiency (mg/g), C.
is final concentration of metal ions (mgll), W is weight of adsorbent
(g), V is the volume of solution (litter), T is the absolute temperature
(K") and R is the gas constantl44,45l.
Van't Hoff equation was used to estimate the values of AHo and ASo

from the intercept, and slope of the plot which was ln K vs. l/T (fig.
l0).Table (1) showed the thermodynamic parameters values for the
adsorption processes. From this table, adsorption process was found
endothermic (AH' was positive), reaction was spontaneous (AGo was

negative), and solid solution interface was random because ASo was
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increased. The ch,ange in adsorption enthalpy was measured and found -
20 to 40 KJ.mol-', compared to chemisorption which was -400 and -g0
KJ.mol-r [46]. valu.r of AHo physisorpiion was found the dominant
mechanism.
Application

From experimental results, it was clear that cadmium ions can be
removed from industrial waste using NCD and MCD at optimum
conditions. Three samples were taken from three different Iraqi
factories: Babylon batteries factory, Kufa cement factory and Babylon
tiers factory. From results, it was found that NCD and MCD gave high
efficiency (100%) for the removal of Cd ions at optimum conditions.
Results were given as in table 2. Therefore this method was
recommended for industrial application.
Conclusions:
NCD and MCD were found successful for removal of cadmium ions
from waste water (95.3% for NCD and 98.8% for MCD). And this
percentage considered higher than other adsorbents, therefore this
method is recommended as efficient method for treatment of waste
water polluted with cadmium in spiked and real sample. The Temkin
adsorption isotherm model was better used to represent the experimental
data on NCD and Langmuir model for MCD. MCD was found slightly
higher than natural.

Table -l : the thermodynamic parameters for adsorption process with NCD and
MCD as adsorbents

Table '2: practical applications of removal of cadmium ions from Iraqi factories
wastewater by using of natural and artificial Iraqi Ceratophyllum Demersum as

adsorbents.

Adsorbent Temperature
Ko

△H°

KJ.mole‐
I

△G°

KJomole‐
:

△S°

KJ.mole‐
l.K~1

Natural
ceratophyl lumdemersum

303 19.496 ‐7684.296 25.425

Modified
ceratophyl Iumdemersum

＾
υ 31.177 ‐7695.481 25.50

Factory Optimum conditions Conc.

before

treatlnent

(mgL)

Conc. after
treatrnent
(mdl)

R%
pH Contact

time
(min.)

Temperature
(c')

Weight of
adsorbent

(em)
ｍ・略ｍBabylon batteries 6 60 30 300 0.041 0.0 100

Kufa cement 6 60 30 300 0.112 0.0 100
Babylon tiers 6 60 30 300 0.040 0.0 100
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Fig.-l: FTIR for Ceratophyllum Demersum
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Fig.-2: effect of time on adsorption process at pH=2.3, temperature:30 co,initial
concentration:5 0 m g/L and adsorbent wei ght= I gm
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一 NCD

+MCD

fig.-3: effect of pH on adsorption process at time=60 min,temperature=30co, initial
conc.:5Omg/L and adsorbent weighel gm.
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Fig.-7: effect of temperature on process at pH=2.3, timed0min,initial
conc.:50mg/L and adsorbent
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ABSTRACT
Removal of dissolved hydrocarbon BTEX froFn dilute aqucous solution on

deferent modiflcd packing matcrials such as silica9 alurnina, cenulosc, activated

carbon&sand and red sand are investigated.  This rcsearch was perfol11led using

glass columns(30cmx5cm ID)were SCICCted for laboratory test and wcrc packed

with silica,alunlina,cenulosc,red sand,sand and activated carbon which modifled

with 100/00。 l N HCI at flow rate 5m1/min until the pH aflluent in and out is thc

same o The BTEX solution(5ppm in Distill watcr)was intrOduced into thcse

columns at flow rate lm1/min oinfluent and effluent of BTEX samples werc

measured by C〕 C.ヽ4odifled red sand proved to bc cfflcient for rcmoving dissolved

hydrocarbon content up to 98%。 The adsorption bcha宙 our Of BTEX from aqueous

solution onto modiflcd rcd sand with chloride at pH 4wcrc studied.Thc shape of

the adsorption isothelllls indicated an VI‐ type isothcrln according to thc langmuir

classiflcation.The experimental adsorption data showed good correlation with thc

langlnuir models.Thc rcsults indicate that the adsorption properties of BTX dcpcnd

on thc acidity ofrnodifled surfacc and the number ofmcthyl groups.

INTRODUTION
Water which used in oil and gas wens contains various pollutants and

may have high quantities of dissolved organic molecules such as

benzene,toluene,ethylbenzen and xylene's(BTEX).One Of problelns

faced by the petroleunl industry is the speciflcation of the water for

reittectiOn in the petroleum wells or natural gas,which should have

atotal oil and grease maximum of 5ppmo Larger quantities of oil cause

the pores obstruction ofthe rock,reducing,or annuning,the production

ofthe wen.The occurrence of oily wastewater is very frequent and it

can provide from diverse sources,such;oil reflneries,food processing
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and chemical plants. Relatively great volumes are used by the industry
of oil refining(l). Basically, four types of eflluent produced in a
refinery; contaminated surface waters, refrigeration water, process
waters and sanitary effluent. The oil refineries normally use primary
and secondary treatment of this effluent.The primary treatment consist
in the separation of oil, water and solids in two stages; these effluent
are treated primary using traditional oil- water separation system
(OWS) to minimize the oil level and allow the oil to be recovered .The
equipment that is usually used for this type of treatment is the
American Petroleum Institute (ApI) oil-water separator(2) .The second
stage uses chemical or physical methods to promote the separation of
emulsified oils in the effluent.The physical methods can include the use
a series of decantation tanks, or the use of induced air flotation unit.
Some refineries use an additional stage to the effluent treatment .This
stage is called 'POLISHING',, and has as objective to reach the limits
of discharge foreseen by environmental agencies. The polishing stage
involves the use of activated carbon, sand, among otheis mater]al ,io
filter any remaining impurities, such as biomass, sediments ,traces of
metallic impurities or other inorganic or organic Different packing
materials, such as,silica,alumina and other technologies compositesl
T ow cost, simple technologies are desirable so that small producers or
isolated production areas can use the process easily Surfactant Modified
Zeolite (SMZ) used for removing organic from produced water (3). The
presence of the surfactant molecules imparts hydrophobic properties to
the zeolite surface and allows the zeorite to sorb brganic compounds
such as BTEX. Orimulsion is an oil-water emulsion, into which a
nonionic surfactant has been used in order to stabilize the emulsion.
The importance of Orimulsion becomes necessary to have a better
understanding of its physicar properties and chemical composition of
petroleum hydrocarbons and surfactant in orimulsion dispersions(4).
Successful Application of Macro porous polymer Extraction (MppE)
technology to remove hydrocarbons from the produced water of a
natural gas plant. Elf petrol land together with Acosta Noble
investigated the use of Macro porous polymer fiIed with an extraction
liquid for hydrocarbons removal(5). this research different packin!
materials, such as, silica, alumina, cellulose, activated carbon, sand ani
red sand were treated with l0zo 0.lN HCl. The results indicate that the
modified red sand proved to be effective at removing BTEX from
produced water in a simple and cheap process that is cost. Adsorptive_
type isotherm of BTEX on modified red sand with chloride ion was
studied (7). The experimentar adsorption data showed good correlation
with the langmuir models. The resurts indicate thai the adsorption
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properties of BTEX depend on the acidity of modified surface and the
number of methyl qropus.

MATERIALS AND METHODS
Material
BTX test sample benzene , toluene and xylenes were from Merck

company.Packing material, silica, aluminium oxide and cellulose
DSFO (fluka company), sand with activated carbon and red sand with(
1.0-0.8)mm, 10% of .lN HCI (BDH company) aqueous solution

Equipment
1- four a glass columns (30cm Lx 2.5 ID) ,pump, valves with three
ways join and stopper.
2-GC-2014 Shimadzu Gas chromatography with 5m (L) 3mm (ID) 151.

SE 30 on chromosorb with FID detector

Influent BTEX preparation
BTEX Solution prepared with concentration (5) ppm of each of the
three compounds benzene, toluene, and xylene's dissolved in distils
water. Column effluent BTEX were collected each 10 min and
immediately analyzed using GC.

Preparation(A, B,C,D) columns
Study was performed using a four glass columns(30cm Lx5 cm ID)

were selected here for the laboratory tests and dry packed with different
packing materials (1.0-0.8) mm particle size as follow;
A-column is packed with 50gm silica/lOgm alumina / 40gm cellulose.
B-Column is packed with 100gm of cellulose .

C-Column is packed with 100gm the sand and activated carbon.
D-Column is packed with l00gm of the red sand.

All above columns were treated with 10% of 0.lN HCI. By flowing
the HCI solution through the columns at flow rate 3-5 ml/ min until the
pH in and out of column is the same.Now the column is in equilibrium
between modified surface and mobile phase.Each column was then
evaluated using BTEX sample (5ppm).

Analysis
Aqueous BTEX concentration from the laboratory columns were

measured using Shimadzu, Model 2014 gas chromatograph (GC) with a

5m (L) 3mm (ID) 151. SE 30 on chromosorb or bwAw and flam
ionization detector(FlD) with N2/Air as carrier gas.TheGC was
calibrated during each run with the BTEX standards of varying
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concentration(2,3,4,5,6,8,10,1 2.)mg over the liner rang-xylene and m-
xylene were not resolved by this method and were treated as a single
compound.

Procedure of adsorption
Eight well cleaned dried, reaction bottle (250) is taken and is labelled.
About 2 gm of modified red sand with l0% 0.IHCI are accurately
weighed and transferred carefully into each of the bottles. By means of
burette 25 ml of each 2,3, 4,5.6.8, 10, l2.ppm Of BTEX solution are
added in each bottles. To monitor vaporization loses and adsorption to
the glass of bottles, blank samples containing 25 ml of the BTEX
solution were, also, prepared. Vaporization losses of BTEX were
minimized by sealing the boffles with aluminium foil before applying
the caps and by inverting the sealed bottles on the reciprocating shaker.
These bottles well shaked thoroughly nearly 8-12 an hour by means of
mechanical shaker and they are set a side in a through containing water
to reach equilibrium. The supematant liquid of each of the bottles are
filtered through a small dry filter paper and the filtrate is collected in
properly labelled conical flasks .samples of these flasks are taken to
analyses

Laboratory Column .S etup
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RESULTS AND DISCUSSION

Fig.-l : percent of BTEX% unsorbed laboratory columns and time elution (min) for
A, B, C, D columns
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-ir

Fig. -2: show unsorted BTEX solution before and after treatment modified columns
(A, B) using GC.

90

‥

―
れ
社
Ｌ

一
　
　
　
　
一
　
　
　
　
．



Al- Mustansiriyah J. Sci. Vol.23,No8,2012

3    ゛

=  
二
・
 1嘉
・
|118■ |=1 

‐
:11 
‐

Fig. -3: show the unsorbed BTEX solution after treatment modified columns (C, D)

by using GC.
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BTEX         344    4.77       o.97
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Fig.-4:Sorption isotherms of modified red sand for benzene(b),toluene(b),
(c)xylene, BTEX(d) .mg/gm(amount sorbed) versus Ce(equilibrium concentration)

Treatment withl0%of lN HCI here is carried by getting a load of
chloride modified surface of the packing materials. The removal of
BTEX be more significant in the column D(modified red sand) than

others as shown in figurel. there is relation between the quantity of
unsorbed BTEX o/o and elution time, the concentration jumped to the
lowest and remain stable at equilibrium state after 10 minute while the
columns A,B,C became discharge at the same time. A and B columns

were the lest efficient and the BTEX were at a level higher than the

others. Figures(2,3) show the BTEX solution before and after treatment

with (D,C,B,A).The adsorption 0f BTEX from aqueous solution on the

modified red sand were studied. Figures(4)show the experimental
isotherms of benzene, toluene and xylene's are drawn in the co-
ordinates mg/gm (amount sorbed) versus Ce (equilibrium cocentration);
illustrate the effect of modified surface with chloride ions on sorption
phenomenon. Region of graph explains formation of monolayer the

intermediate flat region in the isotherm colresponds to monolayer
formation.the adsorption properties of BTEX may be depend on
various factors; solubility, acidity, interactions(especially
intermolecular)and steric effect(7).In order to determine the isotherm
characteristics for the studied experimental systems the simple linear
form of L-isotherm was used. One can state that quite a good
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correlation is observed for isotherm. The L- parameters are presented in
Table l. Strong correlations is present for benzene (Rr= .96g) L_
parameter and for toluene (R:0.95), whereas for xylenes this
correlation (R =0.91).These differences may be explained by the
number and position of methyl groups .Larger number of methyl gioups
of an adsorbate lead to lower adsorption on modifiea surface (towir
R'?).The results indicate that the removal of dissolved hydrocarbons
may be occurred by various mechanism. The effect of structural
modified surface is taken into account by its efrect on the adsorption
energies of a solute-adsorbent.

CONCLUSIONS
The use of modified sorid packing materiars with l0% lN HCI were efficient to
remove dissolved hydrocarbons from produced water the modified red sand is more
effective for BTEX removing than others. The adsorption data of BTX from
aqueous solutions on modified red sand are discussed in terms of the theory of
physical adsorption. The adsorption equilibrium constant are correlated with ilnic
strength ofthe surface, number and the position ofadsorbate methyl groups in BTX
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ABSTRACT

1,2-Cyclohexyldiaminetetraacetic acid (CDTA) as a suitable complexing

compound for toxic metal ions was insefted into the polymer backbone as a
condensation reaction with benzidine. The prepared polyamide was characterized by

UV.Vis, FTIR and lg.NMR spectroscopes. Thermal analyses such as TGA, DTA
were measured. The swelling 7o was calculated in water at room temperature. The

prepared metal complexes polymer were synthesized and also characterized.

Intrinsic viscosities were measured using Ostwald viscometer at 3OoC.

INTRODUCTION
Polyaminocarboxylic acid (PACA) chelators such as ethylen

diamine tetraaceticacid (EDTA) and diethylenetriaminepentaaceic acid

(DTPA), are used for the removal of some metals and radionuclide's

that have been incorporated into the body for example, EDTA is used

for chelation of lead [] and Zn-and Ca-salts of DTPA have been used

for the chelation of humans exposed to americium and plutonium [2],
and curium t3l. (PACA) chelators, such as (EDTA) and (DTPA),

require intravenous or subcutaneous administration due to their poor

bioavailability can be improved by the addition of differing lengths of
alkyl side chains [4].

Some chelators are based on triethylenetriaminohexaaceticacid
(TTHA) are rendered partially lipophilic by addition of linear alkyl

chains t5-101. EDTA as a suitable and common complexing compound

was inserted into the polymer backbone with poly addition reactions

separately between hexamethylenediamine or poly (ethyleneylycol)[I I -

l3l.
Aminocarboxylic acid molecules, such as ethylene (EDTA),

(DTPA) and their derivatives are widely described in literatures [14-16],
and their commplexing abilities are more particularly used in medicine

and analytical chemistry [4, 17]. Lead (Pb) presence in soil depending

upon the reactant pH, redox potential and other factors surface, it can be

remains in the soil with retention time of many centuries, soil- metal

●
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interactions by sorption, precipitation and complexation processes, and
differences between plant species in metal uptake efficiency, transport,
and susceptibility make a general prediction of soil metal bio
availability and risk of plant metal toxicity difficult Ilg].

Therefore, it was important to improve the chelation effect of many
chelating agents such as CDTA by preparing derivative, which was its
polymer with Benzidine in this paper and studying the ability of this
polymer to make a stable complexes.

MATERIALS AND METHODS
CDTA and benzidine were purchased from Merck and used without

any further purification, dimethylformamide and 1,4-dioxane distilled
before use. The FTIR spectra were recorded on fourier transform
shimadzu 7R-40E spectrometer in the range of 4000-400cm-r using
KBr disks, UV-vis. spectra were recorded by shimadzu uv-256f.w
spectrophotometer, 'H-Ntv{R spectra were carried out on a Brucker AC
500 spectrometer using DMSo as solvent.

Jlermolysis of polymer and its metal complexes were performed with
TGA Curves. Ostwald viscometer was used to measure viscosities using
DMF as solvent and at 30oC.

Preparation of potyamide (general procedure)
CDTA and benzidine in equivalent mole ratio were introduced in
single-neck round -bottom flask containing used solvents
(lmlDMF:l0ml l,4-dioxane) and equipped with a condenser, with
continuous stirring were refluxed about lhr., the solvent was evaporated
and a orange residue was obtained, washed with diethyl ether, dried
under vacuum until a constant weight was obtained.

燿

（ヽ

Tablc‐ 1:lists thc

Preparation of metal complex polymer
0.0lmole of metal nitrate (numbers of mor:weightlmetar n;6,"flvlorecular
weightlr.turnirrate)) so_lution was adjusted to suitable pH ;;ld by adding
some drops of KoH or HCI aqueous solution, then the polymerlpl) was
added, the metal complex polymer can be prepared at didrent pris and
purified by ether. Table (2) lists the physical properties of complex
polymers.

ablc‐ 1:lists 0 thc re( ide Pl
Color Conversion 7o plndl/e Solubilitv S.Pノ °C

Glassy orange 89 0.41
DMF H20 -1,4

dioxane >300
+
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RESULTS AND DISCUSSION
In this research the new amide polymer was prepared from
condensation of benzidine with CDTA as chelate polymer containing

aromatic rings through back bone of main chain of the polymer , the

following equation is illustrated the formation of the polymer .

Hrt-Rt-l{H,
●

‐

ヽ c一 〇H

ヽ
Rl R2

υ 一k)D‖一

The mechanism of the reaction was suggested as below:

)ベン

´
一

Table‐2:Hsts the cal Of

No.
Polymers

metal
Color Yield°/0 pr,dl/g

UV‐Vis

λmax
′
′ Pl― Ni Turquoise 70% 0。41 200.400,750

2. Pl― Cr Green 60% 0.45 200、 512、613

3. Pl‐ Pb White 56% 0。43 190,243,572

イ. Pl―Co Faint violet 75% 0.46 200,390,655

5. Pl―Fe Dark green 80% 0。45 190.250.375.600

― 申 L＼

The CDTA acts as a chelate through polymer chain, bearing such

groups (carboxyl, amine) making stable complexes with many metal

97



Polycondensation of I ,2-cyclohexyldiaminetetraacetic Acid with Benzidine and lts chelators with
Toxic Metal lons

Firyal and Haider

ions. Table (2) lists the physical properties of polymer complexes,
which could used as binding atoms such as toxic metals to form stable
complexes with a toxic metal, also it could used as a drug polymer to
extract poison metal ions from body, and for water treatment, and soil
treatment.
FT-IR spectra Fig. (l) shows peaks at3224 cm-r assigned to -NH- and
at 3421-2725cm-' broad band assigned to characteristic absorption of
O-H carboxylic acid for CDTA and the absorption appeared at
1670cm-'assigned to C:O stretching of amide, l69lcm-rassigned to
C:O stretching of carboxylic acid, peak at 2937-2g66cm-r assigned to
cyclic C-H stretching of CDTA, peak at 3034cm-l was attributed to C_
H stretching of aromatic ring and at 1176 cm-r assigned to C-N.
'H-NMR spectra Fig.(2) shows signals as illustrated in the structure of
the prepared polymer
For cyclic hexane signals appeared at 6CH- 2.gppm(q), 6CH2_ 1.9,
1.6ppm(m), 6CH2-CO at 3.5, 3.8ppm(s), 6CH:CH aromatic ring at 7.2_
8.3ppm(m), 6 CO-NH amide at 8.8ppm(s),6COOH at 10.4ppm(s).

0

―N(}く}N―一` C_
N

ノ H
/一
C一NCκ>N…

N/\_J\
,/ \ LQ:-onit ()\

o \__/ u

Fig. (3) Showed TGA and DTA of prepared polymer p1 (Benzidine
with CDTA) which indicate the high thermal risiitance, and showed
three steps of weight loss-temperature, the first is ranged at 320 "C with
27.233 % weight loss, and the second at 450 .C with 2g.500% weight
loss, and the third at 673.'r"c 4r.273% weight loss. This high thenial
resistance indicated the high interaction Letween amide hydrogen
bonding and the high morecular 

-weight 
of the polymer .ontuiring

aromatic rings through back bone of its structure.
Table (2) above shows the change in color of metal_polymer complexes
due to electron transition in Ll-v-Vis 1..* which aie risted, -d th.i,

…N∞へヽ

98

is described below:



Al- Mustansiriyah J. Sci. Vol. 23, No 8, 2012

Intrinsic viscosity was measured by capillary viscometer type ostwald

viscometer at 30oC using DMF as a solvent. The intrinsic viscosity of
the material, measured in deciliters per gram (dl/g) is dependent upon

its polymer chains. The longer the polymer chain the more

entanglement between chains and therefore the higher the viscosity'

Swelling % was determined in water according to the following

relationship
S yo=(M1-Mo)/Mo

Where Ms is the mass of the dried polymer, M1 is the mass of swollen

polymer in time tlaay.

the swellingYo data was listed in table (3) and illustrated in Fig.4.

Table¨3:Swen ofthe

Swelling% Time/day

1.2 l

1.7 2

2 3

2.2 4

The low swelling o/o indicated the high stability of polymer in water.

CONCLUSION
The CDTA-Benzidine condensed polymer could form stable

complexes with some metal ions, for removing the toxic metal ions of
water, to remove the toxic environmental pollution.

In this search, the use of CDTA as chelating agent with Benzidine to

make condensed polymer, the produced polymer acts as chelating

polymer and act ui o s.qrestrant of poison metal ions from soil and

*ui.r. The presence of Benzidine gave the polymer high thermal

stability at 573.7"C withgToh weight loss.

Finaliy, we recommended that the future work could be extended

inorganic studies for prepared polymer P1 and their polymer complexes

could be used them in many applications.

Pol
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Fig.‐ 1:FT‐IR spectrum for prcpared polymcr

九 __/

Fig.-2 'H.NMR spectrum for prepared polymer
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Fig.-3 TGA and DTA chart for prepared polymer

Swe‖ ing°/。

Fig. -4: swelling % of prepared polymer
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revealed low pollution during I I months at three sampling sites.

INTRODUCTION
Pollution of water by organic and inorganic chemicals is one of the

serious environment concems. The organic load is mainly due to the

processes like food, washing of floors, clothes animals. The main

components of waste water are pЮteins,carbohydrates,detergents,

lignin,henlic acid and many other dissolved organic compounds.The

organic contents of water are traditionany measured using lumped

parameters such as BOD,COD and TODo Thesi温
鷲
ameters as such do

not show any chemicalidentity of organic mattel  .

The  irnportance  of technological  advancement  and  industrial

development has to be continued to serve the ever‐ increasing demand of

躍 III]f:棚 111電:鳥 :FBFentSh°
uld not be at the cost of

lt is wen‐ known that clean water is absolutely essential for several

purposes for healthy l市ing“
)。 The river in Mahaweel is sutteCted to

multiple uses for community water supply,irrigation,industrial water

supply and disposal of sewage.It is an only natural resource for

sustaining an folllls of life in Mahaweel,but increasing ofponution and

・　
）
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ABSTRACT

The prcsent study airned mainly at analyzing water qua‖ ty of Mahaweel River

water using 150 samples from thrce sampling sites.The analyzing of water quality

was arranged according to parameters,temp.,pH,elcctrical conductivity,dissolvcd

oxygen(DO μg/ml),bi010gical oxygen demand(BOD μg/ml)and chemical oxygen

demand(COD μg/ml),all these pararneters wcre compared with the AmeHcan
National En宙ronmental Purity Standards(ANEPS)for industrial efnuents.Large

vaHations were found in all water qually from thc threc.Thc average value of(DO)

was betwccn 16。 10‐ 25。30 μg/mi),thC avcragc of(BOD)was betWeen 12.10-25。 60

μg/mり,thC avcrage of(COD)bctweCn 21.50‐ 77。90 μg/mり frOm thrce sampling

sites.The pH average ofall sampling was(7.20-7.75)。

In spitc of the variations which wcre found in aH water quality,the study results

●

103
●



The Physical, Chemical and Biological Characterization ofMahaweel River 
Hadi

urban activities in Mahaweel are placing tremendous pressures and
demands on this natural resource. The chemistry of the River's waters is
dictated by supplying various elements from both natural and another
pyogenic source. The average temperature recorded in Mahaweel is
between (40-49)'C in summer(5).
Various studies have developed BOD sensors based on the dissolved
oxygen (DO) consumption by immobilized microorganisms such as
yeast Hikuma et. al., , Karube et. al., , first reported on a BOD sensor
and Kadziaukien, and Senatia" , using a DO electrode. The BOD to be
determined from the intensity difference measured using a photodiode.
More recently, a fluorescent technique was developed for the rapid
determination of the BOD, which is analyzed by reading the fluoresclnt
intensities of microbial communities growing in wastewater excited by
UV at 340nm(u-'). Th" BOD5 dete;inatioln done after five Aays of
sample incubation, under a 20oC temperature has great use in the
determining of the watercourses pollution degrees.
The pollutant loads study the dimension and evaluation of the treatment
systems efficiency (7).

The kinetic of the reaction of the remaining organic matter (remaining
BOD) in a liquid, processes according to the first order reaction, which
after the equation integration results in the equation I (6).

L : Lo e-kr 
t ...............(t)

L : remaining BOD at any time t (pglml)
Lo : remaining BOD when Fo (!rglml)
t : time (day)
k : deoxygenation coefficient (day-l)
The knowledge of the deoxygenating velocity provided by organic
wastewater is fundamental for the oxygen content prediction at any
point along a watercourse and its self-depuraion capacity

MATERIALS AND METHODS
a. Sampling sites :
The used samples was collected from three sampling sites were selected
from Mahaweel River (Fig. 1).
The First sampling site is located near Hilla River.
The Second sample site is located near Mahaweel center, this site was
chosen to estimate the extent of pollution contributed by most of the
industrial units and human seftlements. A nd the Third sampling site is
located 20Km from Mahaweel city.
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Mahaweel

Fig -l: Mahaweel River

b. Procedures:
Water samples were collected for ll months (Feb, to Dec,2009), 150

water samples were collected from each sampling site, each sample

repeated 3 times. Water samples were placed in labeled polyethylene

containers, transported to the lab at the same day of collecting and

stored at appropriate temperature before starting measurement.

Temperature, EC, pH, DO and discharge were measured in the field
BOD.

c. Analytical Measurements :

Discharges at the three sites were measured by the float method. This

method considers width and depth of the water and time taken by an

object to float per unit distance. For all other parameters, most of the

standard analytical procedures (American Public Health Association

1989) were adopted AP11qtzl.

For BOD (5days) reduction in DO was measured over five days and

measured BOD2,, BOD, and uBOD. All types of BOD was calculated

from discharge data and corresponding values of these parameters for

the three sampling sites.

RESULTS AND DISCUSSION
Water samples at the three sites were collected at the same day and with

an interval of 4-5hrs. Parameters for each sampling occasion were tested

under similar lab. conditions. Therefore, the data obtained for the three

sites was comparable and discussed together. Fig. (2) shows the water

temperature varied between sampling sites and for different sampling

dates at each sample site. The average temperatures for 1l months at the

three sampling sites were different and ranged between (14-25)"C, table

ヽ
●

ヽ
Ｖ

105
ヽ
一



The Physical, chemical and Biorogical characterization of Mahaweer River 
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(l), the lower vales were observed in winter, whereas the highest one
were in summer, Fig. (2).
Measurement of pH :
overall, water pH is alkaline (7.2-7.9) with little variation between
sampling sites fig. (3). For the three ss, greater values of pH were
noticed between July and September, which may be attributed ti highest
water temperature during this period,table (2).

Table‐ 1:Measurement° C Of water pH in Mahaweel R市 er watcr at three dirercnt

`
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Feb. Mar. Apr. May Jun Jul

Months

Aug Sep

Fig. -2: Temperature oC of Mahaweel River water from three sampling sites

Table‐2:Thc water pH of Mahaweel River at I I months

7.8

7.7

7.6

目
7.5

047.4

7.3

7.2

7.1

12345678

Months

Fig. -3: The average water pH at the three sampling sites in Mahaweel River

The Average of Electric Conductivity (EC) :

The average of EC for I I months (measurement of this parameter stored

a month later than other parameters).
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The Physical, chemical and Biological characterization of Mahaweel River 
Hadi

Fig. (a) and table (3) show the average EC for I I months, the highest
values were observed in April and March because the high turbidity in
River's water and in the summer 76-8e months due to the levels of
temperature, which about (45-50fC.

Table -3: Fortnightly measurement of electrical conductivity (pVcm) of the River's
water at three sites

一
Point-1

-Point‐2

-Point-3

1    2 3   4   5   6   7   8   9   1o  ll  12

Months

Fig.-4:Electrical Conducti宙 ty(ぃ/cm)ofMahawcel R市er water at thrcc sarnpli
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The variation in EC (Fig.-4) depicted that for the large part of the study
period I lmonths, lower values were found at site L ror the other two
sites (2 and 3), sharp decrease at all sampling sites was noticed in
January and November 2009.
DO, COD and BOD :
Dissolved oxygen, biological oxygen demand and chemical oxygen
demand are inter-related and often used as indicators ro, o.gilic
materials and other chemical contamination in other water. Durin! the
one year monitoring period (l lmonths) higher values of loth
parameters (BoD and coD) were observed during July to September
(Figs. 5 and 6). Although, average values of I I inonths at the three
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Conductivity μ陰/cm
Months 1 2 4 6 9 10
Site‐ 1

0.39 0.62 1.80 1.61 1.41 1.20 1.42 1.22 0.62 0.22

Site‐2
0.48 0,79 1.71 1.79 1.42 1.12 ‘

υ 1.47 1.22 0.58 0.35

Site‐3
0.69 0.90 1.37 1.60 0.91 0.61
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sampling sites were show in tables (4, 5 and 6) lower than National
Environmental Quality Standards (NEQS), limits for municipal and

liquid industrial effluents, which were revised and enacted in (1999).

The dilution due to different sources occurs all along its length. The

desirable DO of water ranges from (4-6) ppm support aquatic life for
example fish. However, in case of Mahaweel River's Water it was found
that the higher values 6ppm.
As mentioned above, approximately 12 industrial units are situated
along Mahaweel River. So the results of this study showed that it is a
good source of plant nutrients especially nitrogen and phosphorus in
addition to a good source of drinking water too.

Fig. -4: Electrical Conductivity ps/cm of Mahaweel River's Water at three sampling

sites

‐
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Table -4: Electrical Conductivity (ps/cm) at 1l months of the three sampling sites
Conductivity Es/cm
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Table -4: Dissolved oxygen (Do), Biorogical oxygen Demand (BoD) and
Chemical Oxygen Demand (COD) of Mahaweel Riveis water at three different
sam sites measured over I I months period on basis
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

】日

ｍヽ
ｉ
Ｏ
∩

．●
】で
‘

う
４

う
４ 22.1 22.40 10.00 12.80 14.30 13.70 15.20 15.20 15.50

Ｘ
“
で
Ｚ
27 26.40 26.00 24.40 12.20 22.80 16.30 19,70 17.80 18.40 27.50

ｏ
∞
“
』
ｏ
＞
く

25.00 24.20 24.10 23.80 22.10 17.80 16.30 15.70 16.50 16.80 22.50

一日
ヽ
ュ
い
∩
Ｏ
ｍ

Ｃ

）̈
‘
11.90 12.30 12.90 14.80 19.20 21.00 21.80 20.20 19.60 17.00 16.50

．×
”
で
だ
12.30 12.70 13.90 16.40 21.20 22.60 22.40 21.60 20.00 17.40 16.90

ｏ
“
“
』ｏ
＞
く

12.10 12.50 13.40 15.60 20.20 21.80 22.10 20.90 19.80 17.20 :6.70

一日

∞ヽ
ュ
∩
０
０

．〓
一マ
Ｚ
20.20 21.20 25.50 27.10 35.60 60.20 61.60 60.50 50.30 42.60 29.20

．Ｘ
”
で
Ｚ
21.80 25.20 31.70 33.10 41.80 70.60 75.60 7L90 54.50 54.80 31.70

ｏ
∞
“
』ｏ
＞
く

21.50 23.20 28.60 30.10 38.70 65.40 68.60 66.70 52.40 48.70 30.50

LDlc‐5:DO,BOD and COD vales atthe difFerent sam from si e_'

ｍ
ｔｅｒ

Ｐ

Jan Feb Mar Apr May Jun Aug Sep Oct Nov

】日

“ヽ
ｉ
Ｏ
∩

．〓
■
２
22.30 23.30 20.60 20.30 18.20 16.10 14.10 15.30 16.60 18.60 21.50

Ｘ
●
ヌ 30.10 27.60 26.20 24.70 22.00 20.30 18.10 19.90 22.20 22.60 29.10
υ
“
●
』ｏ
＞
く

26.20 25.40 23.40 22.50 20.10 18.20 16.10 17.60 19.40 20.60 25.30

【日
ヽ
■
∩
Ｏ
ｍ

。●
一
で
だ
12.20 13.50 13.70 16.90 20.30 22.10 21.30 21.20 20.20 16.50 15.80

Ｘ
“

で
ど
16.90 15,90 17.50 18.70 24.50 25.90 27.30 25.00 23.80 22.30 22.80

ｏ
“
●
』
ｏ
＞
く

14.30 14.70 15.60 17.80 22.40 24.00 24.30 23.10 22.00 19.40 19.60

日̈

“ヽ
〓
∩
０
０

〓
で̈
′
21.60 22.30 28.40 31.50 38,90 65.30 74.60 75,00 57.90 48.10 33.60

Ｘ
に
で
′
28.00 28.70 35.40 41.70 46。90 74.90 81.20 81.20 62.90 52.70 36.40

〕“
ｏ
』ｏ
＞
く

24.80 26.50 31.90 36.60 42.90 70.10 77.90 78.10 60.40 50.40 35.00

110



ヽ
●

Al- Mustansiriyah J. Sci. Vol.23,No8,2012

Fig. -5: Measurement of Oxygen Dissolve (DO pglml) of Mahaweel River's Water

from three sampling sites
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Fig. -6: Measurement of Biological Oxygen Demand (BOD pglml) of Mahaweel
River's Water from three sampling sites

Fig. -7: Measurement of Chemical Oxygen Demand (COD pglm l) of Mahaweel
River's Water from three sampling sites

８０

７５

７０

６５

６０

５５

５０

４５

４０

３５

３０

２５

２０

一日
ヽ
ュ
〔
Ｏ
り

1   2   3   4   5   6   7   8   9  10  11  12

つ

４

=111[|



＾
、
一

Al- Mustansiriyah J. Sci. Vol.23,No8,2012

Table -7: Biological Oxygen Demand (BOD5, BODzo, BODro, UBOD) values of
sites
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ABSTRACT

In this paper, an algorithm has been proposed for removing replacement noise
from digital images. This method includes three steps. In the first step, an adaptive
median filter (AMF) has been applied, then the noise pixels are distinguished from
the signal pixels, finally the filtered image is calculated form interpolating values
for the neighborhoods. The proposed algorithm shows significantly better image
quality than a simple median filter (SMF) and AMF. Different gray-scale images
with different high density noise have been tested by using the many filters and

found to produce better Ir{SE, PSNR and IEF values.

1. Introduction
Impulse noise is caused by malfunctioning pixels in camera sensors,

faulty memory locations in hardware, or transmission in a noisy channel

[1]. There are two models of impulsive noise, namely, replacement (salt
and pepper) noise and random valued impulse noise. Salt and pepper
noise is sometimes called fixed valued impulse noise producing two
gray level values 0 and 255. Since, linear filtering techniques are not
effective in removing impulse noise, non -linear filtering techniques are

greatly used in the restoration process. The best-known and most widely
used non-linear digital filters, based on order statistics are median
filters. Median filters are known for their capability to remove impulse
noise without damaging the edges. Median filters are knowr for their
capability to remove impulse noise as well as preserve the edges. The
main drawback of a simple median filter (SMF) l2l, At high noise
densities, SMFs often exhibit blurring for large window sizes and
insufficient noise suppression for small window sizes. However, most
of the median filters operate uniformly across the image and thus tend
to modiff both noise and noise-free pixels. Consequently, the effective
removal of impulse often leads to images with blurred and distorted
features. Adaptive Median is a "decision-based" or "switching" filter
that first identifies possible noisy pixels and then replaces them using
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the median filter or its variants, while leaving all other pixels
unchanged. This filter is a good at detecting noise even at a high noise
level. The adaptive structure of this filter ensures that mosi of the
impulse noises are detected even at a high noise level provided that the
window size is large enough. The performance of AMF is good at lower
noise density levels, due to the fact that there are only fewer comrpted
pixels that are replaced by the median values [3 4], At higher noise
densities' the number of replacements of corrupted pixel increases
considerably; increasing window size will provide better noise removal
performance; however, the corrupted pixel values and replaced median
pixel values are less correlated. As a consequ.n.", ihe edges are
smeared significantly. In this paper a new algorithm has been pioposed
for removing salt and pepper noise in the high noise density levels.
Proposed algorithm was developed AMF by replacing noisy poiition by
the interpolation value. The convoluted kernel that imply on the
neighborhood value was using to find a new filtering value.
2. Replacement impulsive noise

In the replacement impulsive noise, it is usually assumed that the
salt noise is the maximum gray level (255) and the pepper noise is the
minimum gray level (0), thus each pixel in an image has probability p/2
,(0<p<1) to be corrupted into either a white dotlsalt) or a blact< dot
(pepper) where[5]:

1255 withprobabi.tity p/z
1_ J 0 wi.thprobabitity p/z (1)

\X withprobability L_p
Where 1 is the noisy-free image, X is the noisy image.

3. Median Filter
It is a based order statistics filter [6]. Simple Median Filter (SMF)

used to reduce a noise in the image by replacing the value ortne pixei
by the median of gray levels in the neighboihood of that pixel or
window. lf the l(ij) and Ie (ij) bethe input and output respectively
, then the median filter is :

Ie(i, j) - median {t(i - r, j - c)} e)
lhere r x c represent the size of the window. The advantage oi a

median filter is that it is an excellent choice for the remwal of
especially salt and pepper noise with low density revel whereas the
drawback of SMF is unacceptable in the case ofsignar dependent noise.
4. Adaptive Median Filter

The Adaptive Median Filter is designed to overcome the problems
regarded with the standard median filter. The Adaptive Median Firter
performs spatial processing to determine which pixels in an image have
been affected by impulse noise [5]. It is classifies pixels as n"oise by
comparing each pixel in the image to its surrounding neighbor pixels.
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The size of the neighborhood is adjustable, as well as the threshold for
the comparison. A pixel that is different from a majority of its
neighbors, as well as being not structurally aligned with those pixels to
which it is similar, is labeled as impulse noise. These noise pixels are
then replaced by the median pixel value of the pixels in the
neighborhood that have passed the noise labeling test. Thus, the
Adaptive Median Filter solves the dual purpose of removing the
impulse noise from the image and reducing distortion in the image,
moreover it can be handle the filtering operation of an image comrpted
with impulse noise of probability greater than 0.2[6]. This filter also
smoothens out other types of noise, thus, giving a much better output
image than the standard median filter. The algorithm of AMF is [7]:

l.Input I(ij) is the gray image
i:1 to image width
j:l to image high
2.Level A: Al : Imed - Imin

42:Imed-Imax
ifAl > 0 AND A2 < 0,go to level B

else increase the window size
if window size < Smax, repeat level A
else output I(ij)
3.Level B: Bl - I(ij) - Imin
82: I(ij) - Imax
if Bl > 0 AND 82 < 0, output I(ij)
else output Imed
4. Repeat Steps I to 3 until all the pixels in the entire image are

processed.

Where the AMF changes size of Sxy (the size of the neighborhood)
during operation and ,

lmin = minimum gray level value in Sxy
lmax = maximum gray level value in Sxy
lmed = median of gray levels in Sxy
lxy = gray level at coordinates (i, j)
Smax = maximum allowed size of Sxy

5. Proposed algorithm
At high density levels, the AMF and MF were not sufficiently

enhance the noisy regions due to the large data that could be lost. These
data can bejust about restored by depending on interpolation. Thus, we
suggested new method using to removing salt and pepper noise from
digital image at high density levels this method is implied on
interpolated value. This value is calculated from direct distant
interpolation and given by:

ヽ
●

一
●

●

117



Rcplacement Nolse with High Density Removed Dependng On Adaplve Median FJter

H“m,Halla and Firas

and

L=号ぜ讐≠

dCi=に 一ε
l

(3)

(4)
Where 1c is the interpolated value that is calculated from

neighborhoods values, n is the size of neighborhoods and dci is the
Euclidean distance. For the kemel 3x3 the value ofn:9 and the central
value always equal zero because it is replaced by interpolation value,
figure (l) is illustrated this Kemel.

Figure‐ 1:Window w“ h size(3× 3)using tO Calculadng intcrpolatcd valuc.

Thc propOscd algorithm(PA)had been developed ANIF by using thc

steps:
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6。 RESULTS AND DISCUSSION
Results arc presented to inustrate the perf0111lance of the PA.Images

arc corrupted by unif01111ly distributed salt and pcpper noisc at different

densitics(06,07,0.8 and 09)fOr eValuating the pcrf0111lancc of the

algorithm TOw images arc selected.They are Lena and BOat[8]with

size 512× 512.A quantitative comparison is perfolllled be■ ween several
niters and the propOscd algOrithnl in tcl11ls Of Peak Signal―

tO‐Noise
Ratio(PSblR),Mean Square Error(MSE)and lmage Enhancement
Factor(IEF)The rcsults show imprOved perfOll==ance Of the proposed

algorithm in tclllls Of thesc measures.All the fliters are implemented in

NIIATLAB R2008.The mctrics lbr comparison are denned as fol10ws

[9]:
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Where /;r.is the original image, Ieil is the restored imageand /n;; is
the corrupted image. For qualitative analysis, performances of the filters
are tested at different levels of noise densities, and the results are shown
in Figures (2 for Lena and 3for Boat), the first column represents

original images, and the second column represents noisy images at

different densities (0.6,0.7,0.8 and 0.9). Subsequent columns represent
the restored images obtained by the various filters such as SMF, which
uses 9x9, 9x9,ll x 1 I andl5x l5 window size for low, medium and high
noise densities respectively, and AMF which uses l l x I l, l1x I I ,l3x 13

and l5xl5 window size .whereas PA which uses 3x3 according to
convoluted kernel. Tables 1-8 Show the performance results of the
various filters, on the gray-scale images parrot.bmp and house.bmp, at
different noise densities. The results of PA indicate better MSE, PSNR
and IEF values compared to SMF, AMF for various values of noise

density. The results in these tables can be brief in the figure 4 which
shows the comparison for the different filters, noise densities various
MSE, PSNR, and IEF.
7. Conclusion

In this paper, a algorithm (PA) is suggested which gives better
performance in comparison with SMF, AMF and other existing noise
removal algorithms in terms of MSE, PSNR, and IEF. The performance

of the algorithm has been tested at different noise densities on gray-
scale images .The PA with small window having weighted interpolation
provides good filtering in the homogeneous and edge regions

comparison with AMF at high density noise levels.
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(a h (c. (d (e

Figure-2: Restoration results of different filters on gray-Lena images. Columns
show (a) Original Images, (b) Noisy Images with noise density (0.6, 0.7, 0.8and
0.9), (c), (d) and (e) filtered noisy images using MF, AMF and PA.
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Figure-3: Restoration results of different filters on gray-Boat images. Columns show
(a) Original Images, (b) Noisy Images with noise density (0.6,0.7,0.8 and 0.9), (c),
(d) and (e) filtered noisy images using MF, AMF and PA.

Tabel-l: MSE, PSNR, and IEF for various filters for Lena image at noise density 0.6.

Al- Mustansiriyah J. Sci.

quantitative
Paftlmeters

Lena.bmp @%
Nolsy image sMF(9x9) AMF (11x11) PA

MSE 7163.131 98.809 31.578 16.402

PSNR (dB) 9579 28.182 33.136 35981

0 72392 221.757 430.14

Tabel-2: MSE, PSNR, and IEF for various filters for Lena image at noise density 0.7

一
〕
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at

quantitative
Param€ters

Lcna.bmp 70%
Nolsy image SMF19*9〕 AMF (11x111 PA

MSE 9015.352 113.558 45_969 23_977

(PSNR (dB)) 8.58 27578 31.506 34332

0 79.068 191.908 369.978
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Tabel-3: MSE, PSN\ and IEF for various filters for Lena image at noise density 0.g.

Quamitatlve
Parametets

Lenr.b.np AO%
Noisy image sMF(11x11) AMF (13x13)

MSE
1080269 138725 68489 35531

(PsNR (dB)) 7795 26709 29774 32624

0 77366 154292 298594

Tabel -4: MSE, PSNR, and IEF for various filters for Lena image al noise density 0.9.
Quantitetive
Parameters

l-.€na.b.np 9096
Noisy irnage sMF (15x1s) AMF (1Sx1sl

ИヽSE 1260902 289692 103192 54613

(PsNR (d8)) 7123 23511 27994 30757

0 43257 19496 226055

Tabel-5: MSE, PSNR, and IEF for various filters for Boat image at noise density 0.6
Quantitative
Parameteas

Boat.bmp 60%
Noisy image sMF(9x9) AMF (11r111

MSE 7394957 292522 86237 49219

PSNR (dB) 9441 23469 28773 31209

0 25376 82527 146158

Tabel-7: MSE, PSNR, and IEF for various filters for Boat image at noise density 0.g
Cluantltative Eoat.bhp A006

sMF(11111) AMF(■ 3X■3)
MSE 1108023 343883 173247 96323

(PSNR (dB)) 7685 22766 25744 28293

O 31936 61657 11387

Tabel-6: MSE, PSNR, and IEF for various filters for Boat

PSNR, and IEF for various filters for Boat
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(c) (f)

Figure-4: In the first column a, b and c presented Noise density versus MSE,
PSNR and IEF respectively for Lena images. And In the second column d, e
and f presented Noise density versus MSE, PSNR and IEF respectively for
Boat imases.
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ABSTRACT
In this study, concentrations of radon were measured for fifty four samples of soil
from AL-Ansar historical district in the southern of al-najf The radon concentrations

in soil samples measured by using alpha-emitters registration that emits from radon

("'Rn)in (CR-39) track detector.
The concentrations values were calculated by a comparison with standard samples.

The results shows that the radon concentrations in first section varies from(56.2-758
B q/m3),second section (66.7 -660 B q/mJ), th ird section (75 8.6- I 06. 6 B q/m3) we notice

from the results radon concentration is above the normal value which around (200-

8008q/m3) we noticed a bear different diseases such us a blood cancer and breast

cancer in the women and we must treaded this soil.

INTRODUCTION
Radon ("'Rn)is a radioactive gas with a half-life 3.823d that is an

element of the periodic table and falls within the noble group elements

(Helium, Neon and Xenon, etc.). It is difficult to detect radon because

it's a colourless and odorless gas. Its Atomic number is (86), boiling
point (-61.8 oC), freezing poinl GTI.O 

oC) and density (9.73 Kg.--'),
and it is produced by the decay of the natural radioactive uranium

series, which starts with uranium ("'U) [l].
Uranium is a very widely distributed element in the earth's crust, is

presented naturally everywhere in soil, sand and rock in various
concentration from one plac to an other. Radon can be considered to be

one of the most dangerous radioactive elements in the environment [2].
Its character as a noble gas allows it to spread through the atmosphere.

The greatest fraction of natural radiation exposure in humans result
from inhalation indoor and work places of the decay products of
radon.[3]
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Radon gas can diffirse or be transported to some distance through
fissures in the rock structure and find its way into the soil and
surounding material. Therefore, radon measurement is the most
promising method for detecting uranium deposits.
A Can technique wlich used in this study based on the registration of
alpha tracks from 222Rn on alpha sensitive track detector that was
developed for uranium or radon exploration. The detector is exposed to
the soil gas to know length of time. The 222Rn alpha tracks are registered
on the detector. The alpha track density gives a measure of 222Rn

concentration in the soil. As it is a very simple technique, it can be
implemented easily for field studies, since they do not require electronic
system [4].

MATERIALS AND METHODS
l- Collection of soil samples

Samples of soil were taken from locations of study for fifty four
samples of soil from AL-Ansar historical district in the southem of al-
najf city which contain three sections ,at the first section 120 which
consider the biggest section which have ninety six lane, then section
122 also have seventy fife lane, and finally section 124 which have
eighty lane, both sections 122&124 towards the airport street which
have around fifty to seventy house except section 120 which have
around hundred house towards Abu sacker street,the samples divided to
the sections section 120 take twenty samples distributed to the lanes and
the sections 122&124 take seventeen samples distributed to the lanes
, the samples taken from depth (10-15 cm). Then the samples were
dried, cleaned and milled by using special sieve (350 pm in
diameter)[5].
2- Irradiation ofthe detectors.
Each sample of soil was taken with the weight (l0g) and placed in

plastic can. The dimensions of the can minimize the effect of thoron
gas. Pieces of (CR-39) track detectors (lx I cm area)
were fixed under the cover of plastic can, which contain the soil
samples. The exposure time was (21 days), as shown in Fig. (l)[6,7].
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Figure -l: Radon gas (222Rn) estimation by using (CR-39) detector for soil sample.

3- Chemical etching and microscopic scanning
After the exposure time, the detectors were etched in a 6,25 N aqueous solution of
NaOH maintained at 60 'C in a water bath for 6hrs, which was the normal
employed etching time[8][9]. The detectors were then taken out from the etching,
rinsed with distilled water and dried in air. The track density was recorded using an
optical microscope with (400x.
The density of the tracks (p) in the detectors was calculated according to the
following relation:

N(p)=t
A

Where;
p: Trackdensity( track /mm2)
N: Average of totaltracks.
A: Areaof field view.(mm2)

4- Radon concentration
Radon gas 1222Rn1 concentration in the soil samples was measured by making a
comparison between track densities registered on the detectors of the sample and
that of the standard geological sample, from the relation:

,* =r,P, P,
Where
Cs, Cx: radon exposure (Bq/m3) for standard and sample respectively.
ps, pxr track density (Trtack/mm2; for standard and sample rlspectively.

And C* - C, Pr-

P,
Figure (2) Shows this relation, when (slope = ps/ Cs) =0.02
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Figure '2:The relation between track density and radon concentration for standard
geological soil samples.

RESULTS AND DISCUSSION

Table (l) shows the radon concentration in soil samples for three sections, The
radon level in each location was abnormal and varies from (56.2.-75g.Bq/m3) for
first section, (66.7.-660.Bq/m3) for second section, (75g.6.-i06.6Bq/m3) ro. itira
section concentration in, As a conclusion of the study Radon concentration in this
district is relatively higher than the normal level,
Figure (3) shows the concentration of radon in the study areas where there was a
marked difference between the soil samples due to difference in the composition of
the area and its beside industrial district and the international airport and its may be
to be exposed to damage from continuous military operations from the last wars.
In conclusion, we found that the radon levels in soil of this district are high with
the internationally acceptable values (800 Bq/m3) tl0l.
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Fig-3: show the map of AL-Ansar historical district

Fig -4- show the tracks of alpha particle in the detector CR-39
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(A)

(B)
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(c)
Fig -5:(A,B,C): show the compration between the maximum value and minimum
value ofRadon concentration for the three sections which have different lane
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Fig-6: show the relation between the average concentration and the sections
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ABSTRACT

‐
              Stopping power and calculated yields for induced protons to producc Copper from

Zhcヽ otopcs(箭ク ,f:幼34, ∫:幼36, ∬Z437,∬ Z438 and ∬Zr40)h thC Cncrgy

range frorn thrcshold cncrgy up to 141。3 MeV proton cncrgies have been calculatcd

exccpt for」 Z438(′,2′)χC″38 reaC●on where thc pЮ ton energy reach 430 McV.

Encrgy range starting fronl threshold energy for cach reaction havc bccn analyzed

statisticaHy and the adopted cross sections wcre reproduced in flnc steps ofincident

proton energy in O.01 MeV intervals with the corrcsponding errors.The stopping

powcr according to Zeigler foI:llula was used in order to obtain the cross scctiOnS

and calculated yicld for each reaction based on the complete spectnIIn of cross

sections.

1. INTRODUCTION
This study concerns with the nuclear reactions used in the

production of Copper from induced protons on Zinc target element
which are important in medical applications. The calculated yields for
induced proton onZinc to produce Copper by bombardment of medium
elements have been intensively studied with high energy resolution up
to energies accessible with conventional electrostatic accelerators. In
addition to the intrinsic value of calculated yields for induced proton on
Zinc to produce Copper cross section in the investigation of nuclear
spectroscopy and reaction mechanisms, such data are essential for the
polarization of calculated yields for induced proton on Zinc to produce
Copper [1]. The cross sections evaluation for calculated yields for
induced proton on Zinc to produce Copper. Zinc target elements are

calculated according to the available International Atomic Energy
Agency (IAEA) libraries and other experimental published data. The
stopping power depends on the type and energy of the incident particle
and on the properties of the materials it passes. In passing through
matter, fast charged particles ionize the atoms or molecules which they

ワ
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encounter. The yield for a target having any thickness can be defined as
the ratio of the number of nuclei formed in the nuclear reaction to the
number of particles incident on the target. Thick target yield is defined
for a fixed macroscopic energy loss, Ein-Eouu in a thick target. Integral
yield is defined for a finite energy loss down to the threshold of the
reaction, E;,-E6. The recommended cross sections discussed in the
present work, the target stopping powers of Ziegler [2,3] and SRIM
program (2003) [4] were used to evaluation the calculated yields for a
target of significant thickness. The cross sections of calculated yields
for induced proton on Zinc to produce Copper published by different
authors [5-18] in the energy range (3.36 - 430) MeV. Adopted values
have been calculated, the cross sections were reproduced in fine steps of
incident proton energJ in 0.01 MeV intervals with the corresponding
errors. In this study the stopping power have been calculated using
SRIM program and Ziegler formulae [2,3] corpuscle to three regions
based on the velocity ofthe incident proton (V). The calculated adopted
cross sections for these reactions have been evaluated and a systematic
behavior ofcalculated yields with proton energy and target numbers (Z)
have been observed throughout the studied isotopes.
2. Theoretical part
a. Stopping Power
Incident protons with certain energy will lose all their energies in a
definite distance in a medium before it stopped completely. The
mechanism for the stopping power of ions penetrating condensed matter
depends on the charge and velocity of the incident corpuscle and the
nature of the matter, for that reason one can be compilation the energy
loss of the charge corpuscle to three regions (high, intermediate and low
energy). The behavior of ions in each region can be explained as the
following [9]:
i. The high energy region
The high energy region occurs when the velocity of the incident
corpuscle (V) is (V>2V11) where (21) is the atomic number of ion and
(Vs) represents the Bohr velocity (V6= l.tSxlQ6 m/s) and this is about
the velocity of the conduction electrons in solid. Ions with velocity
below (V6) have adiabatic collisions with target electrons and hence
small stopping power. The stopping power increases with decreasing
ion-velocity [20].
The electronic stopping power (S") is to prevail with Bethe (1933)
equation applies in this region [21]:

-# = NS" =*:7:q *,,1^(rF)-^fi - p,)- B,) . (1)

Where N: is the atomic density of the medium [N=N" (p/A)].

●
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Nu. is the Avogadro's number (Nu:6.022" l023mole-l).
p: is the density of matter.

A: is the mass number.
e,m: are the charge and mass of the electron respectively.

ZvZz, are the atomic numbers of ion and target respectively.

B: is the ratio between incident corpuscle velocity and the

velocity of light P =L .
c

I: is the mean ionization and excitation potential.

K: is the coulomb constant K = | : 8.99x l0\m2c-2.
4mo

ii. The Intermediate Energy Region
The intermediate energy region occurs when the velocity (V) of the
incident corpuscle is in the range (2YsZPV>-YoZt'''); it includes the
maximum stopping power. In this region the effect of effective charge is
clear and that is because of loss its energy which is mean decrease of
corpuscle velocity and charge 21 decreased too, and that because of loss
or acquire electrons and there will be elastic collision with the nuclei of
atoms occur. Thus equation (l) was modified, and its express electronic
stopping power as Bethe-Bloch (1933) l2ll.
―#=パ`=7彪2Z … (2)

Where L is the stopping atomic number and depends on the velocity of
incident corpuscle and the medium of the target.
L:Lo+ ZrLr + Zt2 Lz
Where L6= ln(2mv' I I) - C/22
ClZ2 is the shell correction.
ZtLr is the Barkas effect correction from the polarization.
Zr'L, is Bloch-correction to transform from quantum to classical form.

iii. The Low energy region
It occurs when the incident corpuscle velocity (V) (V<V oZr''t) the cross
section for electronic stopping on the Thomas-Fermi potential as a
function of velocity is given by 122,231:

… (3)

。̈(4)

Se=8πθ2α。
争

    (;:)

Where zη3〓 z/3+zダ 3

and aO represents the lBohr radius,      αO=券 =5。 29× 10~日 Й  .… (7)

In the scope of this work, the electronic stopping powers were

prograrrllned and using the empirical fbllllulae given by Ziegler as flows

[2]:

… (5)

… (6)

‐
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l- Energy range (l-10)xl0-3 MeV

-!='t,tv' .'. (8)&

2- Energy range (10-999)x l0'3 MeV

(-*)" =( #):_.(-x):",, (e)

(-+) = A,Eon, ...(lo)\ dx ),"-

?#),,r,=(+)'[,.(+).,,,] (,,)
3- Energy range (1000-100.000)x16'3 14"y

( #)=@l^(#)-o-*.,*r,",y] (12) r
Where E : is the proton enerry in (MeV).

A;: are the coeffrcients given by Ziegler [2,241.
B: is the ratio between incident corpuscle velocity and the

b. Calculated Yield
The Yield of calculated detected per incident particle, y, for an ideal,
thin, and uniform target and monoenergetic particles beam of incident
energy E6 is given by [25].

r =("t\(o,)e(o,) ...(13)
Where n: is the number of target atoms per unit volume.

t: is the target thickness. .
o: is the reaction cross section.
e: is the proton-detection efiiciency.

For target which is not infinitesimally thin, the beam loses energy as it
passes through the target, and the Yield is then given by [26,27,1.

y ='ino(eh_@)fae ... (r4)!". -4\rtdx"
In which (E1,,:E6-AE)
Where E6.: is the reaction threshold energy.
AE : is the energy loss ofthe beam in the target.
/ : is the number of target atoms in each target molecule.

-*Al , is the stopping power of the medium as a function of the

beam energy.
If the target is sufficiently thick, and there exist one atom per each
molecule (i.e.,f = l) and taking the efliciencyc(E)=1, then the
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resulting calculated yield is called the thick-target yield which is given
by [28]:
--,- \ 'i ,o(oldtYlk'l: I \ /' \"b 'l !.. -(ao1a*)

Since stopping power :!(-+).
r\ dx )

3. DataReduction and Analysis
Method Used to Obtain the Adopted

following:

… (15)

Cross Sections is as the

.̈(16)

′
じ

a. The sets of experimental cross sections data were collected for
different authors and with different energy intervals. The cross sections
with their corresponding errors for each value are re-arranged according
to the energy interval 0.01 MeV for available different energy range for
each author.
b. The normalization for the statistical distribution of cross sections
effors to the corresponding cross section values for each author has been
done.
c. The interpolation for the nearest data for each energy interval as a
function of cross sections and their corresponding errors have been done
using Matlab program version (7.0).
d. The interpolated values were calculated to obtain the adopted cross
section which is based on the weighted average calculation according to
the following expressions [29]:

一
〕

$o,
,oL (to,)'

vtt,.o. - n 1

arr
? 1to;'

Where the standard deviation error is:

S.D. = … (17)

Where o;: is the cross section value.
A o;. is the corresponding error for each cross section value.

4. RESULTS AND DISCUSSION
Table -1: presents the international atomic energy Agency (IAEA)

libraries (EXFOR) used in the present work for available measuring
data collected for calculated yields for induced proton on Zinc to
produce Copper. The available data in the literature, taken from EXFOR

り
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library, conceming the measurement of the calculated yields for induced
proton on Zinc to produce Copper cross sections for the target Zinc
mentioned in table-lwere evaluated in the present work in order to
calculate the adopted cross sections using adopt.m program, which is
written in the present work using Matlab-7.O program. The adopted
evaluated cross sections are calculated (using adopt.m program) and
plotted as a function of incident proton energJ starting from threshold
energy for each reaction. The results for each calculated yields for
induced proton on Zinc to produce Copper are discussed as follows:
l- Kz4p,i!3c4, Reaction
The cross sections data published by Szelecsenyi F.et al.(2005) [5], for
this reaction have been plotted, interpolated, and recalculated in steps of
0.01 MeV from threshold energy 30.26 up to 66.93 MeV of incident
proton energJ in order to obtain the adopted cross sections of this
reaction.

Table-l: International library used for available measuring data collection for
induced proton on Zinc reactions.On

Target
Elemeot

Reaction Target
Element

Reaction

Library Product Library Product

7幼

EXFOR
(′,■)卵C″ 31 露Z23, EXFOR

(′,α)男 C″ 35

EXFOR
(′,χ )列 C″ 32

∬Z″38

EXFOR
(′,2′ )男C崎 8

EXFOR
(′,χ)∬Cr35

EXFOR
(2α )おC崎6

∬Z″34

EXFOR
(′,α )身C″ 32

EXFOR
(′,″ +α)∬Cr35

EXFOR
(P,″ +α)卵C″ 31

EXFOR
(P,X)∬C崎 2

財Z436

EXFOR
(′,χ)舅C″ 32 ∬Zr40 EXFOR (′,α)男C●38

EXFOR
(′ ,r)努 C″35

The results of adopted cross sections and the experimental results for
the authors mentioned above are shown in figure (1).

2- Tiz4p,iilcu, Reaction
The cross sections data published by Barrandon J.N. et al. (1975) [6],
Hermanne A.et al.(I999) [7].and Szelecsenyi F.et al.(2005) [5]. This
reaction have been plotted, interpolated, and recalculated in steps of

●
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0.01 MeV frorn threshold energy 7.45 up to 99.06 MeV ofthe incident

proton energy in order to obtain the adopted cross sections of this

reaction. The results of adopted cross sections and the experiinental

results forthe authors mentioned above are shown in igure(2)。

3… 笥ル(′,χ)努Cν35 Reaction

The cross sections data published by Tarkanyi F.et al.(2005)[8]

and Bonardi M.L.et al.(2005)[9]fOr this reaction have been plo慣 ed,

interpolated, and recalculated in steps of O.01 MeV from threshold

energy 25.6 up to 141.3 MeV ofthe incident proton energy in order to

obtain the adopted cross sections ofthis reaction.The results of adopted

cross sections and the experiinental results for the authors mentioned

above are shown in igure(3)。

4… 1幼34(P,α )舅 C“32 Reaction
The cross sections data published by LevkovskJ VoN。 (1991)
[10],fOr this reaction have been plo■ ed,interpolated,and recalculated in

steps of O.01 MeV fronl threshold energy 7.7 up to 29。 5 MeV ofthe
incident proton energy in order to obtain the adopted cross sections of

this reaction.The results of adopted cross sections and the experirnental

results for the authors mentioned above are shown in igure(4)。

5‐ lz434(′ ,′ +α)卵C〃31 Reaction

The cross sections data published by LevkovskJ VoN。 (1991)[10],
for this reaction have been plotted, interpolated, and recalculated in

steps of O.01 MeV frorn threshold energy 20.3 up to 29。 5 MeV ofthe
incident proton energy in order to obtain the adopted cross sections of

this reaction.The results of adopted cross sections and the experiinental

results forthe authors mentioned above are shown in igure(5)。

6‐ ■z436(′,χ)卵 C“32 Reaction
The cross sections data pubHshed by Szelecsenyi F.et al.(2005)[5],for

this reaction have been plotted,interpolated,and recalculated in steps of

O.01 MeV fronl threshold energy 31.7 up to 99.5 MeV ofthe incident

proton energy in order to obtain the adopted cross sections of this

reaction. The results of adopted cross sections and the experiinental

results for the authors rnentioned above are shown in flgure(6)。

7‐ ■z436(′ ,r)努 C″35 Reaction

The cross sections data published by Szelecsenyi F.et al.(2005)[5],

for this reaction have been plotted, interpolated, and recalculated in

steps of O。 01 MeV frona thresh01d energy 34.7 up to 99.5 MeV ofthe

incident proton energy in order to obtain the adopted cross sections of

this reaction.The results of adOpted cross sections and the experiinental

results for the authors mentioned above are shown in flgure(7)。

8… 罫z437(′ ,α)努 C“35 Reaction

"
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The cross scCtiOns data published by LevkovskJ v.N(1991)[10],

for this reactiOn have been plotted, interpolated, and recalculated in

steps of O.01 MeV from thrcshold energy 9.5 up to 29.5 MeV ofthe

incident protOn energy in order t0 0btain the adopted cross sections of

this reaction The results ofadoptcd cross sections and the experilnental

results for thc authOrs mentioned abovc are shOwn in flgure(8)

9~■ Zら 8(′,2′)雰C″38 Reaction
Thc cross sections data published by MOrrisOn D.L and CarcttO A.A.

(1962)[11],Morrison D.L.and Caretto Jr A.A。 (1964)[12],Mcgee
T。(1970)[13],LevkovskJ V N。 (1991)[10], Stoll T.ct al.(2002)
[14],and SZelccsenyi F.(2009)[15]for thiS reactiOn have been p10tted,
intcrpolatcd, and recalculated in steps of o.ol MeV from threshold

encrgy 19.2 up to 430 MeV ofthe incident proton energy in Order tO

obtain the adoptcd cross sections ofthis reaction The results OfadOpted

cross sections and the cxperimental resuits fOr thc authOrs mentioned

above are shown in flgure(9).

10¨ ∬Z7138(′,α )おC″,6 Reaction
Thc cross sec● ons dtta puЫおhed by Estt M.T et J(1981)[16],fOr
this rcaction have been p10tted,interpolated,and recalculated in steps Of

O.01 MeV fronl threshold energy 3.36 up to 5 MeV ofthe incident

proton energy in order to Obtain the adOpted cross sections Of this

reaction The results Of adOpted cross sections and the experimental

results for the authors mentioned above are shown in flgures(10).

11‐ 錯Z2238(′,″ +α )努C″,5 Reaction
The crOss sections data published by Levkovskj v.N.(1991)

[10],and Hilgers K.et al(2003)[17]for thiS reactiOn have been p10tted,
interp01ated, and recalculated in steps Of o ol MeV frOm thresh01d

energy 8.5 up to 44 6 MeV of the incident proton energy in Order to

obtain thc adopted cross sections ofthis reaction.The results Ofadopted

cross sections and the experiinental results for the authors mentiOned

above are shown in flgure(11).

12‐ 錯zη38(′,X)∬ C″32 Reaction

The crOss scCtiOns data published by Szelecsenyi F.et al(2005)[5],

for this reaction have been plotted, interpolated, and rccalculatcd in

stcps of 0 01 MeV from threshOld energy 55.03 up to 99.26MeV ofthc

incidcnt protOn cnergy in order to obtain the adOpted cross sections Of

this reaction.The results ofadOpted cross scctionS and thc experirncntal

results fOr the authOrs mentioncd above are shOwn in flgurc(12).

13‐ ″z7140(′,α )″C238 Reaction

Thc crOss sections data publishcd by LevkovskJ v.N。
(1991)

[10],and Kastlciner S.et al.(1999)[18]for thお reac10n have been
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plotted, interpolated, and recalculated in steps of 0.01 MeV from
threshold energy 7.7 up to 35.1 MeV of the incident proton energy in
order to obtain the adopted cross sections of this reaction. The results of
adopted cross sections and the experimental results for the authors
mentioned above are shown in figure (13).

When the widths of unstable states are small compared with their
separation, the states are distinct and observable. And if the states are
overlap and strongly mixed, these states do not have distinctly
observable wave functions. Because of the instability of the compound
nucleus, results in an uncertainty in the energy of these states. The
energy uncertainty is given by the width of the resonance and lifetime
of the state. Therefore, the resonance will have the character of the
energy distribution of any decaying state of width, lifetime, and a
maximum total cross section.
In analyzing for induced proton on Zinc to produce Copper in sections
we note that the discrete nuclear states that are populated in ordinary
decays have discrete separations, widths, and lifetimes. Thus if we were
to calculate the cross sections at a given incident proton energy of a
nuclear state, it is very unlikely that the overlap of the energy
distributions of fwo different states could cause confusion as to the
stationary state resulting from the decay.

The stopping power of medium target elements for proton-particles
has been calculated in the present work using two methods:
l-We adopt SRIM (2003) [4], as an experimental results where SRIM is
a software build by Ziegler .

2- We used Ziegler empirical formulae and Ziegler coefficients
mentioned in table (2), as a theoretical calculation results.

For these calculations, the (stop.m) program has been written in
Matlab-7.O for this

purpose.

‐
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Evaluation ofthe calculated yields for induced protons on Zinc to produce Copper

Coefficients for

Iman and Hamza ●

For etrergies l-10 KeV/emu usc coemcients A-1.
For cnergies 10-999 KeV/rmu use coellicictrts A-2 io A-S.
For etrergies rbovc 1000 Kcv/rmu us€ cocfticicrts A-6toA-12.

The calculated yields for induced proton on Zinc to produce Copper are
very_ important quantity as well as the cross seciions in anatyzing
problems of diagnosis, physical therapy, and medical treatmentsl
Therefore, the calculated yield for Zinc target (T;Zn,:;z\1,:tznro,lZnu,
!!z,r,,llZn*) were calculated in the present work using equation (16).

The main aim of this study is to increase a calcurated yields for
induced proton on Zinc to.produce Copper by increasing the energy of
proton beams which can interact with different targets. The stop;ing
power and calculated yields for induced proton on Zinc to proAu.I
copper for Zinc target isotopes maintained above have been ottained.
The results have been shown in figure (14) respectivery for each target
element.
In all figures, the calculated yierds of most induced proton on Zinc to
produce Copper seem to depend strongly on the structure of the
individual nucleus, the incident proton enligy, and stopping power of
the target element.
Generally, the behavior ofthe stopping power decreases with increasing
the calculated yields which agrees with Ret. [2,2a,251.It is clear frori
the calculated results shown in these figures that for the carculated yierd
values for 20-100% abundance target element !!2n., andffzn3,follow the
hend in the asymmetry parameter of proton excess (N_Z)/A so that by
increasing this parameter the maximum calculated ylelds will be
increase as shown in table (3). This increment may be attributed to the
fact that by increasing the number of neutrons the outer sheils are
populated by an excess calculated which increases the occurrence
probability for induced proton on Zinc to produce Copper.

^
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Table-3: The maximum calculated yield and the asymmetry parameter for the 20-
100% abundance elements

For even― even elements with Z― N the asymmetry parameters are zero;

ioco the elements are symmetric(Z― A/2,N― A/2)。 The binding energy,

the Q‐ Values,and the calculated yields differ by much larger amounts

among the rnediunl elements than within any group.

Hence,for even‐ Z and even‐A target elementslZ434 and ∫:Z崎8 fOr
induced proton on Zinc to produce Copper the maxiFnum Calculated

yield were found to be a function ofthe target neutron number oヾ )and
the asymmetry parameter(N‐ Z)/A,where the ma対mum calculated yield

increase with increasing oヾ )and increasing asymmetry parameter.

5“ Conclusions
l¨ The characteristic feature ofcross sections is the appearance ofrnany

sharp resonanceso Each resonance in the induced proton on Zinc to

produce Copper is higher by the same amount (cloSe tO threshold

energy)。

2‐ The yield production by proton incident to produce Copper fronl Zinc

isotopes with target element which have large cross sections for yield

production, and they could have influence on  safety design and

operation of these facilities.Hence,accelerators using protons are used

in such flelds as physics,biology,proton therapy and inedicines.

3‐ Because the widths of nuclear states are either small compared with

their separation or overlapped. Therefore, we conclude that it is

reasonable to speak of discrete quasibound stationary states because

their separation is far greater than their width,and we also concluded

that such nuclear states do not contribute to the density offlnal states

because there is only one nuclear state that can be reached in a given

decay process.

4‐ In case ofincident proton induced data fbr the production of Copper

,a comparison of an experiinental and theoretical results showed that
cross section theory was successful in reproducing most experirnental

data.The reconllnended excitation functions and calculated integral

yields help to optinlize the energy range for each nuclear reaction for

the production of Copper seem to be the rnost useful,it is widely used

both in diagnostic(positrOn emission tomography(PET))imaging and

therapy oftumors[30].

‐
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Reactions
Maximum neutron yield

(atom*1.0E-9) (N‐Z)/A

lZ434(′ ,″十α)身 Cγ32 1175。 500 0.0625

∬Z″38(′ ,2′)舅 C“38 35850。 100 0.l176
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Figure 5: The adopted cross section ofthe ltzn'n

target element (present work) compared with
EXFOR Library.
Data l:Ref. No.u0l; DataZ; (PW).

Vol.23,No8,2012

Figure 6:Thc adopted cross section ofthe

f∫
Z′36target elcment(present work)compared

with EXFOR Library.

Data l:Rel No.[5];Data 2:(PW).
ヽ
〕

´
〕

Figure 7: The adopted cross section of the 3f,2"u

target element (present work) compared with
EXFOR Library.
Data 1:Ref. No.[5]; Data 2: (PW).

Figure 8: The adopted cross section of the

ilZnrr lurr"t element (present work) compared

with EXFOR Library.
Data l:Ref. No.[l0]; Data 2:(PW).
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Figure 9:The adopted cross scctiOn Ofthe∬ Z438

target elcmcnt(present work)compared with

EXFOR Library.

Data l:Rel No。 [11];Data 2:Rcf No。 [12];Data
3:Rel No.[13]; Data 2:(PW)。 D Data 4:Rel
No.[10];Data 5:Rel No.[14];Data 6:Rer

No.[15];Data 7:(PW)。

Figure I l: The adopted cross section of the !|Zn*
target element (present work) compared with
EXFOR Library. Data l:Ref. No.[0j;Data2:
Ref. No. l17 ); Data 3: (PW).

Figure l0: The adopted cross section of the
6t-
tozntt 131ge1 element (present work) compared
with EXFOR Library.
Data l:Ref. No.[6]; Data2: (PW).

Figure 12: The adopted cross section of the
6t-
to z ntt 

121gs1 element (present work) compared
with EXFOR Library.
Data l:Ref. No.[ 5]; Data2: (PW).
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Figure 13:The adopted cross section ofthe∬
Zη40targct clement(present work)compared with

EXFOR Library.Data l:Re■ No.[10];Data 2:Re■ No.[18];Data 3:(PW).

Figure-14: Left side; the comparison between the calculated stopping power in the present work (pw)
and SRIM (2003) of incident proton inZn. Right side; the calculated yield as calculated in the present

work compared with experimental results based on the adopted cross section of incident proton in Zn
reaction.
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Figure-14 : To be continued(2/4).
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Figure-14: To be continued (4/4).
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ABSTRACT
Expressions of stopping paramcters(1.e.StOpping number,energy loss cross section)

and shen corrcction of swit proton in atomic target(Al)have bCCn cvaluatcd.This

target charactcrizcd as a gas models as halllloniC OScillatoro At flrst,the of stopping

number of this model for heavy prdectile at low and high veloctties are introduced.

Then the calculation of sheH correction and cnergy loss cross section of swift proton

penetrating aluminum arc achieved.The obtaincd rcsults werc rigorous,and discussed

with previous experilncntal and theoretical rcsults.Alunlinunl is chosen becausc of it

frequcnt use in expcrirnents and manufacturing the satenites and aircrafts, so thc

knowledge of stopping powcr gives indication to how to avoid the cnvironmental

pollution of space protons.

An equatiOns of theoretical follllulas for intcresting physical quantities arc

prograrnrned in a program ESP―Proofor written in Fortran… 90 for the numcrical

calculations using a sonware compaq Visual Fortran 6.6。

INTRODUCTION
There are many modeis calculate the stopping number of an ion‐ target

interaction.The present study characterized for harmonic oscillator model

using generalized oscillator strength the so denoted HO‐ GOS.This model

is consider development to wen known models such as free electron gas

with energy loss function denoted FEG―LEF[1],and kinetic theory with

intemal motion denoted KT‐ IM[2],so it iS relevant issue in the theoretical

present study in order to make a meaninghi comparison for a new results

which relates swift proton as prdectile.

じ
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This model specifically deats with a tarset which is .:XlH:it]":*
characterized by harmonically bounded electrons within the range 

-of
resonance frequencies. However, present study aims to evaluati the
expression for stopping parameters of a swift proton in HO-GOS for
aluminum as well as calculation its electronic cross section for specified
range of energies.

Theory
In fact, Bohr's pioneering as. well as much subsequent work on stopping
power relied on the classicar harmonic oscillator l:1. rren sigmund 1+]evaluated the stooping power for an isohopic osciliator as a iarget (i.e.
replacement of an atom by an ensemble of harmonic oscillatorsj using
quantum Bethe theory.

Stopping Number
The stopping number of medium for swift point charge penetrating
through harmonic-oscillator atom at non-relativistic- verocity i;
conventionally described by Bethe theory is given by [5]:

0

ι″。

=:〕Σ]でァ三1夏戸∫αζ ζ
ν-2θ―ξ

(1)

withf = Q/hg, and EnlE.o =vha4,whereQ isenerrytransfer,aro
is resonance frequency of electron and , _ t,2,2,.., The limits of
integration determined according to masses as follows:

(ν +aξ/ml)2
≦ζ/ε

(2)

with e = hao/2mv2.,where e is the energy variable, m is mass of
electron and u is the velocity of projectilel In this study the mass of
projectile is greater than the mass of electron tnr )) tn (i.e. for heavy
projectile; typically a proton).
It is known that the excitation spectrum has poisson form in suitabre
variables [6], and it turns out that the stopping number can be expressed in
terms 

.of_ 
series or integrals are simple enough to allow stuay oi tfteir

analytical structure as well as dem-onshatioi of accurate varues. one
comes close to an analytic expression in the case mt )) rrt, and in all
cases, the range of validity of expansions valid at tow anO trigtr
respectively can be determined. Thus the Eq. (2) becomes,
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{>v'e,
andhence Eq.(l)

1
Lrf。 (C)=百

Vo1 23,No8,2012

(3)

by integration variable t , yieldswith replace {

ι
ν-2 θ
―ι

(4)

where t:v2 e .

Shell Correction Effect
Bethe evaluated the stopping number L within the first Bom
approximation in both a non-relativistic [2] and a relativistic [7] version.

Although the shell correction has a relativistic aspect, therefore, relativity
will be ignored here. Within this limitation, the stopping number Ls6rn m8!
be written in the form,

LBo,n=; >,[ffr,"tol (s)

where the fns(p) are generalized oscillator strengths, the limits of the Q-
integral are specified by (har)z < 2muz Q , and ano is a transition

frequency in the target atom from its ground state to state n. The famous

Bethe formula approximates the stopping number by,

l2mv21
LB"'h" = '[i] 

(6)

where the logarithmic mean excitation energy 1 is uniquely defined over

dipole oscillator strengths.

Eq. (6) is an asymptotic formula valid at high speed. It breaks down at low

speed and becomes unphysical for Zmvz ( /, whereas the exact

expression Eq. (5) cannot give a negative stopping number if the target

atom is in its ground state. Hence, at low velocities, explicit evaluation is

required either ofEq. (5) or ofthe difference,

ZL = Ls67n - Laethe Q)

Numerous estimates of this quantity may be found in the literatures,

starting from ref. [8]. An extensive review may be found in ref. [9].
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Stopping cross section

Generally, the energy loss cross section can be written as,

4nZlea
.r(u) - ZzL (8)mv2

ハ

where 21 and 22 are the atomic numbers of projectile and target
respectively, m is mass of electron, u is velocity of projectile,and L is t-he
stopping number.

Calculations :Results and Discussion
Swift Heavy Projectile Spectrum of HO-GOS Model

we wish to know a behavior of the stopping number for an projectile
through different velocities (low and high i.e. 0.1 > l/e > fbOr5 ) Oy
using the differentiation of Eq.(4) respect with to e. To obtain such this
function which represents the spectrum of excitations ,we can use the
numerical integration as in Appendix A, hence we arrived to,

∞　　　　昨

Σ
１

一
２
〓
己
一産
ε
一 e-u"'

We note that at low projectile velocity, i.e., e >)
y = 1 contributes to Eq.(9); hence,

dL7
-de 2 "

(e)

l,only the leading term

(10)

To obtain an expansion of the stopping number of projectile at high
velocity in power of e from Eq. (4) must be assume that 1110(6) has ;
asymptotic form which is derived as in Appendix B. Then oni'ian wrrte

.1 _ 25, 350Lxsle) = ln- - 3e - Tr, - -i- ., - ... (11)

So that at high velocities e << 1 ,by differentiation ofEq.(ll), one have
been obtain

dL
- rE - 1 * 3e* 25e2 +350e3 +...
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The expansion of Eq.(9) has been solved numerically in subroutine called
EdLE in the ESP-Pro.for program. The obtained numerical results are
plotted in Fig.(1).

0.1

ε

Fig.-l: Swift heavy projectile spectrum of HO-GOS model

Fig.(1) shows the (- e dL/de) function for a heavy projectile having high
velocity penetrating a harmonic oscillator target. It evident that the
function has maximum value 1.3 when lf e - B. Also this function stills
slightly changed and have a value nearly one at high velocity over the
range of e (e:0.01 up to 0.001). Mathematically, the unitary comes from
the first term because the remainder terms vanish for small . Physically,
the unitary comes from adding the two contributions, the function receives
a contribution approximately equal to 0.5 from v - 7 in addition to
another contribution from a range of y values of order l/e it is also
approximately equal to 0.5 . This a manifestation of the well known of the
equipartition rule between the dipole resonance (v - 1) and close
Coulomb encounters (vhuo = zmvz) .

Stopping Number at low velocities
To determine the LnoG) for heavy projectile at low velocity (i.e. e >>

1),this means the more contribution comes from the term of y = 1 to
Eq.(4), hence first term is

L″ο(ε)

一
〕

‐

Here the exponential integral evaluated
gamma function [10] which given by,

s (-1)n
Er(e ) --y-tne- L#r"

N=1

(13)

by a special case of incomplete

(14)
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where 7 is Eular constant.

This equation is solved numerically in subroutine called Expint in the
ESP-Pro.for program. Equation (13) may be brought into the form

ILroG)=iEr(r) (15)

To show the terms of y = 2,3,4,,.., ,we rewrite the Eq.(4) as follows:

1100@L,o(e)=i,u,r,)* ;I,5 ul,o,,u-, 
,-, (16)

The integration in the second term of Eq.(16) can be evaluated using
another type of incomplete gamma function [10] as, -

@ v-2fsrt(

J 
at {-2 e-, =(v-z)t e-t /-yr (16a)

vz e k=0

Substituting Eq. (16a) into Eq. (16) yields,

LnoG)=i 
[,,n,* im,'f*] Gz)

In the following we have been evaluate the stopping number of an .
isotropic harmonic oscillators target for heavy projectile applying Eq.(17)
which was solved numerically in subroutine called LHOL in the ESP-
Pro.for program. For obvious result that at low velocity only the range of
(1/e :0.1-0.9) has beenplotted in Fig. (2).

01   03   05   07   09
1′ε

Fig.-2: Stopping number of HO-GOS at low velocities
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Fig.(2) shows the stopping number for HO-GOS target at low velocity
within range e : 0.1 - 0.9 . It is important to notice that the curve
bends at value 0.5 of energy variable within proportionality of v , andL:
0.0246. Thus the difference is 0.081 comparing with FEG-ELF results

I l] ,this indicates that the difference comes from contributions of the
terms of y : 2,3, ...... So that this means as a first indication for the HO-
GOS model to consider it a standard model to the atomic and molecular
stopping. The stopping number was more close to the Bethe formula
comparing with other models.

Stopping Number at high velocities
The expansion of the stopping number of heavy projectile in power of e
from Eq. ( ) is expressed in Eq.(l l) as fellows

L 25 - 350
LroG) = lnz - 3e -Tr'- E 63 -...

The energy variable 1/e represented by the range of values which
equivalent to the low and high velocities (1/e = 0.1 - 1000) by applying
Eq.(4). The results are plotted in Fig. (3a) whereas at high velocity we
have taken only (L/e - 10- 1000) in Eq.(l1), so they obtained results
plotted in Fig. (3b).

Fig.(3) (a) shows the stopping number at low and high velocities of HO-
GOS.II is evident the curve rapidly changing at low velocities while
slightly at high velocities. This refer to effect of energy variable seem
unaffected whenever the velocity highly increased.
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Fig.-3: : Stopping number of HO-GOS at high velocities
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(b) indicates the present model is more accurate because it has value of
stopping number is 1.877 at L/e - 10 , so difference is 0.347 which is
greater than the value of KT-IM model [2]. Consequently , this slight
difference indicates to that present model is more accurate because it treats
all electrons free and harmonically bounded. Thus the shell correction will
be seem more pronounced.
We wish to demonstrate the all diflerences and to compare among of the
present model with other models, which presented for calculating the
stopping number. Following Fig.(4) is adopted to this consideration.

0

5

J4

3

2

1

10 ,, 
,ra ro*

(a) (b)

Fig.-4: Stopping numbers of FEG-ELF Il l] , KT-IM I l2] and HGGOS models (a) at
low velocities(b) at high velocities (logarithmic scale)

Fig.(a) (a) shows the stopping numbers of three models at low velocities,
and indicates that stopping number of HO was greater than other two
models within range of 1/e values from 0.4 up to 0.9 . It is interesting to
note that the present model added enhancement for calculating the
stopping cross section.(b) shows the behavior of stopping number at high
velocity was inversely behavior respect with to low velocity where 1/e
:10-100,after all lines of stopping numbers of the three models became
identical. Thus these tow figures give the introductory for comparison
between the present work and those models which have been studied.

Comparison with Others Models at(L/e = 1 - 10)
We wish to compare the stopping number of heavy projectile in another
point of view ,i.e. with other names and with intermediate velocities . In
point of fact , first, Bethe derived his expression contains only logarithm
term ,then free electron gas used by Lindhard ,the present model with Bom
approximation suggested by Sigmund. Thus we have attempted to show
comparative results at l/e = I - 10 in Fig. (5)
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‐Lindhard gas

藝盤繭薔Bethe Log
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'lle

Fig. -5:Stopping numbers for Born approximation compared with Lindhard and Bethe

calculations

Fig.(5) shows the stopping Numbers of heavy projectile for Born

approximation compared with Lindhard and Bethe Calculations at velocity

started from 2mv2 x, hao .Conclusively, the substantial deviation

between the Born approximation(HO) and Lindhard gas(FEG) occurs up

to \f e -B .In certain this deviation as it seem enclosed in the region

l<L/e <B comes from the difference in the velocity spectra of these

physical systems ,particularly for HO is 1't)zz )no= 3hao/Zm whereas

for FEG is 1v22 )rtc= 3vrz /5 . From matching with the results of
Ref.[l1,13] arise the condition xz = 0.12 as appropriate density(I) for

free electron gas.

The difference as we mentioned it in Eq.(7) is called shell corection
which considered important correction and may denoted -C/2, . The

mathematical formulas represented up till now have been derived with first
Bom approximation, so we can estimate this correction by using

Eqs.(15 and 1l) for low and high velocities as in the following
forms:
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(18a)

(18b)

where a term :η
:represents the]Bcthe log.

If we want to compare these results with other rnodels such as a FEC}at

rest and internal motion oftarget electron.For comparison the Eqs。 (18a,b)

are programmedo The obtained results are plo■ ed in Fig。(6)which
inustrates also those●Ⅳo curves to show differences of this purpose.
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Fig.-6: Shell corrections for heavy projectile

Fig.(6) shows the shell correction of harmonic oscillator for heavy
projectile comparing with free electron gas and kinetic theory at higir
velocity. Evidentaly the deviation is vary ,where seem the good agreemelnt
when l/e12 and 1/e>L0 while disagreement ove; the Lnge of
2<1/e <8. The greatest difference was at7fe=4 (i.e. Ziv2=
4fralo) which is equal to 0.3. These results nearly agree with results of
Ref.[4] . It notice that also the Ho-GoS and KT-IMlre nearly identical
but there is a slight difference. However, since the peak of Hb-curve is
less than other,so this result is important for the present model because it
is gives more accurate value for shell correction ihen this model considers
a useful tool for calculating the stopping power.

Calculation of Electronic Cross Section
Using the first Bom approximation with HO model, we can obtain
expressions calculate the stopping cross sections:

,″ダ(フ)= 2π
Zfθ 4 El(ε

)

And,

SI′
た
(ν)= 写 Jれヱ里1ヱi_36-誓ε2_1壼聖ε3

ハ

(19a)

(19b)

we have been used aluminum target to show the effect of Z2_structure and
mean excitation energy within 

-range 
of energy variable (e _ 0.1 _ 1O0O).

According to the theoretical formulas in the context of this section we
have made extensive calculation of energy loss cross section using a
harmonic oscillator model , the results of these carculation .ornpurJd *ith
FEG-ELF and KT-IM models of stopping. In fact the numerical resurts
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have been presented for solid target(Al)。 ThiS target has the elemental

parameters as illustrated in Table(1).

Table -l:Parameters of aluminum element deduced from[4]

■||||‐||| ハ10mic 
‐■|‐
^lphall

Ell●on■■INⅢ‐bor PⅢⅢ9ter
lllll■|||‐

‐
・■■
‐z,        α  ‐

Al         13        1.507

VlanlIIliZatiOI
PlteⅢ1111 energy
‐ ■
|||● I II‐

123.67 cv

So that we have apply the Eqs.(l9a,b) ,after we have been obtained the
numerical results for energy loss cross sections which plotted versus
proton energy as shown in Fig.(7).

Fig.-7: Stopping cross section of swift proton in Al

Fig.(7) shows the energy loss cross sections for proton in aluminum
target according to a harmonic oscillator comparing compared with
FEG--ELF and KT-IM modals. It is appears from this figure, at small

velocities the curves are divergence. The main reason refers to behavior
of stopping number for every model as discussed before. Another reason

for this behavior, is the energy loss cross section strongly depending on

mean excitation energy of shells which dominate. Thus the harmonic
oscillator was divergent from FEG-'ELF whereas KT-IM curve lie
between them . The value of cross section means the accuracy in
calculation of stopping number of this model and gives better result for
shell correction. However for large velocities (i.e. large energy) the

curyes seem close together because the cross section became independent
of the mean excitation energy , particularly respect with to terms of shell

correction in theoretical formula. In other words the two terms of shell

correction seem subtracted out. These results in good agreement with
experimental results found in Ref.[l5,16].

８

６

４

２

０

８

６

４

２

０

（Ｅ
一“
Ｎヽ
Ｅ
●
”
ｏ
ｎ
ｄ
ど
ｏ
二

∽

２
Ｊ
Ｖ

４
．Ｍｅ

0.3

ワ

163

Pin A:  ~FEG‐
ELF

一
KT‐:M

攣 HO‐GOS

ヽ
●

●



Electronic Stopping Param€ters of Swift Proton in Al Using Harmonic Oscillaror Model: Environmental
Pollution ofspace Protons 

Kharid and Ahmed

Application field
One of the several ways to describe the net effect of charged particles
interaction is the rate of energy loss along the particle's path(stopping
power). Radiation in space is generated by particles emitted from a variety
of sources both within and beyond our solar system, one of them protons

[17]. These protons in motion possess enorrnous enerry and can
completely pass through an object in space. protons continually bombard
exposed surfaces. Some have so much energy that they pass completely
through an object in space. Thus the aims and objectives of show this
section include an overview of effects of space protons on our life and
how to avoid it. Indeed, calculation of stopping power of material
particularly that dealing with environmental pollution is necessary in order
as to assist designers and manufacturers in selection of materials for better
design and proper implementation to achieve maximum system effrciency.
For example we wish to display abstract the study have been introduced by
N. Jibiri et al. [8] in 2010, they show in Fig.(8) the proton flux is
different from day to another during a month and from month to another
during a year.

ハ
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一
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____proton lluス IP 30,June

Fig.-8: Proton flux (P 30) against days ofthe month (April, May, June)[18]

They have been concluded, aluminum alloy provided more shielding and
hence protection to the spacecrafts, ailplane and satellites against proton
than pure aluminum in addition to the that proton flux peaked between
l0th andl3th ofJune 2010. This exposes the space system to high dose
rate .

Conclusion
A different behavior is obtained in the case ofheavy projectile at high and
low velocities because of the determine the separated region between low
and high velocities is inaccurate for abstracting the enerry variable
parameter from mean ionization potential . This region is vary according
to the accuracy of mean ionization potential as well as the atomic number.
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(ν -1)!

Rearranging the Eq.( A3) gives

To derive an expansion
asymptotic of form

θ
_ν 2ε

(ν
26)ν-1

θ
_ν 2ε

(ν -1)!

Appendix (B)
Derivative Eq.(f l)
in power of must be assume

Vol.23,No8,2012

〔A3)

(A4)

After these features introduced through calculation of cross section of
proton in aluminum.
The stopping cross section of proton,in the energy range of 0.3 to 5 Mev,
have been calculated using harmonic oscillator model applied on
aluminum. The present study adds enhancement for the stopping cross
section and a discussion of the shell correction comparing with Bethe
formula . The results indicate to that present model is more accurate
because it treats all electrons free and harmonically bounded. As a first
indication for the HO-GOS model to consider it a standard model to the
atomic and molecular stopping and a useful tool for calculating the
stopping power. We emphasize here the importance of using aluminum in
shielding because it has high ability for stopping the protons.

Appendices
l Appendix (A)

Derivative Eq.(9)
Since the the stopping number of harmonic oscillator given by Eq.(l) as

6Al)

Therefore, for ions heavier than an electron m, )) m yields,

{ >u'r, (A2)

The differentiation Eq.( 41) respect to the 6, one can get
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s-r
Lro = aln E +b + LCn en+ Rn(e) (81)

n=l
For small € ( i.e. for high velocity ) the coefficients a, b and Cn are
represent,

a=1 ,b=0 cn=-*ti*, (82)
Where t is the Striling number which can be calculated using the
recuffence formula as

*qli=@+leeo+r+ef, (83)
Substituting the Eq.(B3) into Eq.(B2) and the resulted equation into
Eq.(Bl) yields

1 25" 350Lro(e)=ln- -3e-ir'--i- .'-... (84)
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ABSTRACT
In the prcsent work, wc have measured thc radon gas concentrations in
environmental samples(water,SOil)ofa Selected governorates in lraq using alpha―

emitters registrations which are emitted follll radon gas in(CR-39)nuclear track

detector.

The flrst part is dealt with the detellllination of radon gas concentration in soil

:悧 il話甜 増 s:i幡 鷲me‖ Ъ罵 霧 思 。胤 l庁
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T静 ゞ常 le鷺
lowcst avcrage radon gas concentration was found in Karbala govemorate(78.84

Bq/ m3)。   The SecOnd part is focused on thc dctcrlnination of radon gas

concentration in samplcs of water from stream channel in this arcas,thc results of

measuremcnts indicatc thatthe higher avcragc radon gas concentration in water was

found in Basrah govemorate(0。 479 Bq/L),while the lowest avcragc radon gas

conccntration was found in Wast govemorate(0。 255 Bq/L)。 The present rcsults

were within the a1lowed limits of the lntemational Commission of Radiation

Proにcdon(CRP)agenCy.

NTRODUCTION

聯 ∫ 胤 i撒 鯖 騰 礁 糊 盤 .ヤ盤 i
gas(220Rn),whiCh iS a radon isotope,is a decay product in the thorium

(232Th)series.The half‐ life of thoron is(56s)whiCh iS much shorter

than that of radon. Because of such a short half― life of thoron, its

emanation from building materials,as well as,its inflltration from the

ground and f鳳 rther rnigration is restricted to a few centimeters only

oWhen radon is inhaled into the lungs it decays by means of alpha‐
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Since radon is a gas, it may cscape intO the air from the material in

which it is f0111led,and since uranium and radium occur widely in sOil,

rocks and watcr9 radon gas is ubiquitOus‐ Outdoors as wcll as indoors,
the airthat we inhale contains radOn The radOn gas has bcen recOgnized

alf:I:曽 ti°n hazard causing excess lung cancer arnong underground

The aim Ofthe present wOrk is tO detelllline the radon gas conccntration

in soil and water samplcs in selected govemOratcs in lraq(Baghdad,

Kerkuk,Sulaymaniya,Musl,Dhuk,Anba■ Karbalち Dyala,Wast,Babl,
Kadsiya,Thykar,Mお an,Nttat Muthalma,Salahaddin,Erbit Basrah)
using alpha‐ emitters registralons emittcd f0111l radon gas in(CR‐ 39)
nuclear track detectOr

MATERIALS AND PIETHODS
Thc detellllinatiOn Ofthc cOncentrations Ofalpha particles enlittcd from

radon gas in sOil and watcr samples werc pcrf011lled using the nuclcar

tF「

;detcctor(CR‐

39)of thickness(250 μm)and area Of about(lXl

欄躍署ぷ蝿tl群罰
慰絣 蹴乱脳棚

∬1出e珊t蓬1盤憲器t芝
輝鶴 rT驚訛 蠍

灘if獣}紺趙警
e∬棚淵灘欄
: shown in Fig.(1)and Fig.(2)

respcctively.

lm躍鵠路蝠
i腫f榊昇駆鷲蠣h),and the tracks dendty were reα

with magniflcation(400x).

概 im』鵬ぶ宣Oh・
e Sampにs was dculat“∝∞dhg o

ハ

… … (1)

The radon gas concentration in the soil and water samples wereobtained by the comparison between track densities registeied on the
detectors of the sample and that of the standard soil anlwater samples
which are shown in Fig.(3) and Fig. (a) respectively, using the relaiion

Cx = px. (Cs / ps) ........ (2)
Where:

Area of field view
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Cy: alpha particles concentration in the unknown sample.

Cs: alpha particles concentration in the standard sample.
px: track density of the unknown sample (track/mm').
ps: track density of the standard .umpie (track/mm2).

RESULTS AND DISCUSSION
Tables (1, 2) presents radon gas concentration for soil and water
samples in different sites of Iraq governorates which includes (Baghdad,

Kerkuk, Sulaymaniya , Musl, Dhuk, Anbar, Karbala, Dyala, Wast,

Babl, Kadsiya, Thykar, Misan, Najaf, Muthanna, Saddinlaha, Erbil,
Basrah) see Fig. (5).
The highest average radon gix concentration in soil samples was found
in Basiah governorate (167.28 Bq/m3), while the lowest average radon

gas concentration was found in Karbala governorate (78.84 Bq/m').
The present results show that the radon gas concentration in soil is
below the allowed limit from (International Commission of Radiation
Protection) (ICRP) agency (200 Bqlm3; tol.

The highest average radon gix concentration in water samples was

found in Basrah governorate (0.479 Bq/L), while the lowest average

radon gas concentration was found in Wast govemorate (0.255 Bq/ L).
The present results show that the radon gas concentration in water

samples is below the allowed limit from (International Commission of
Radiation Protection) (ICRP) agency which is (0.5994 Bq/ L) t71. It
might be mentioned that, thoron gas is an alpha emitter which is also

present in soil and water environments, however, the average diffusion
distance of thoron gas is very small compared to that of radon t8l, which
means that the present results might also contained a small amount of
thoron, and therefore might be considered roughly as an upper limit
results which are still within the allowed limit of (ICRP) agency. It
should be remembered that the half -lives of radon and thoron are (3.82

d) and (56 s) respectively. However, the present result might be more

refined using, for example, a filter to separate radon gas from thoron gas
t8t.

Conclusions
From the present work, it can be seen that the higher average radon

gas concentration was found in soil Samples in Basrah governorate

which was (167.28 Bq/m3), while the higher average radon gas

concentration in water was found in Basrah governorate which was

(0.479 Bq/ L), The present results were with in the allowed limits of the

International Commission of Radiation Protection (ICRP) agency.
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Table - l : The radon gas concentration for soil in a‖

No.of
sample

govemorates

study
Samples

1
つ 4 Mean

1

Baghdad Radon Concentration (Bq/mr 1692 14615 12307 69.2 1266
Track density (Track .mm-'] 19 16 9

2

Erbil Radon Concentration (Bo/mr 15384 13076 92.3 7692 !1345
Track density (Track .mm-z 't'7 10 1475

3

lahaddi1lSa Radon Concentration ( Bq/mr 1923 1846! 100 61 53 13461
Track densio (Track.mm-'] l3 8 17.5

4 Kcrkuk Radon Concentration (Bq/mr 15384 :2307 8461 8461 111 53
Track density (Track .mm-2 16

5 Sulaymaniya Radon Concentration (Bo/mr 17692 13846 10769 5384 11922
Track density (Track .mm 7 15.5

6 lヽ4usl Radon Concenlration ( Bq/mr 20769 18461 !3846 13076 16538
Track densio (Track .mm-'? 2{ 't'7 21.5

7 Dhuk Radon Concentralion (Bq/mr 13846 12307 7692 69.2 10191
Track density (Track .mm-u 16 10 9 1325

8 Anbar Radon Concentration (Bo/mr 14615 100 61 53 5384 9038
Track density (Track .mm 8 7 1175

9 Karbala Radon Concentration (Bq/mr 13076 8461 61 53 3846
Track density (Track .mm-'z 8 ヽ 1025

Dyala Radon Concentration 1Bq/ml 16153 12307 923 6153 1096
Track density (Track .mm-: 8 1425

Wast Radon Concentration (Bq/m 15384 13076 7692 14038
Track density (Track .mm-2 20 1825

Babl Radon Concentration ( Bo/ml 13846 13846 923 6153 10768
Track density Track .mm-2 8

Kadsiya Radon Concentration (Bo/mr 18461 161 53 11538 6923 13268
Track density (Track .mm-2 24 9 1725

14 Thykar Radon Concentration (Bq/mr 22307 16923 13076 8461 15191
Track density (Track .mm-'? t7 1975

Misan Radon Concentration (Bo/ml 14615 l1538 92.3 4615 9999
Track density (Track .mm-'] 19 12

Najaf Radon Concentration (Bq/ml 13846 12307 12307 6923 11345
Track density (Track .mm-2 16 9 1475

t7 Muthanna Radon Concentration (Bq/ml 16923 13076 11538 8461 !2499
Track density (Track .mm-f, ll 1625

Basrah Radon Concentration (Bo/ml 2153 16923 !5384 13076 16728
Track density (Track .mm-z 2175
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Table-2:The radon concentration for water n all

No. of
sample

governorates
study

Samples

1 3 Mean

1

Baghdad Radon Concentration (Bq/L) 0465 0.35 0228 0394

Track densitv (Track .mm-' 46 30 5175

Erbil Radon Concentration (Bq/L 048 0389 0312 0167

Track densitv (Track .mm-' 41 4425

lahaddinSa Radon Concentration (Bq/L) 0587 0.45 0305 0.16 0375

Track densiry (Track .mm-' 59 40 4925

4 Kerkuk Radon Concentration (Bq/L) つ
‘ 0373 0236 0221 035

Track density (Track .mm- 49 29 46

5 Sulaymaniya Radon Concentration (Bq/L 0594 0312 0228 0175 0327

Track densi8 (Track .mm-' 41

6 Musl Radon Concentration (Bq/L) 0533 0465 0335 0305 0409

Track density (Track .mm ' 70 44 40 5375

7 Dhuk Radon Concentration (Bq/L 0419 0312 0251 0.16

Track density(TraCk mm~Z 41 37.5

8 Anbar Radon Concentration (Bq/L) 0511 0389 0274 0221 0348

Track densiw (Track .mm-' ´
０ 4575

9 Karbala Radon Concentration (Bq/L 0465 0297 0289 0205 00314

Track density (Track .mm- 39 4125

Dyala Radon Concentration (Bq/L) 0541 0472 0335 0152 0375

Track density (Track .mm- う
Ｚ 44 20 4925

Wast Radon Concentration (Bq/L) 0389 0244 う
‘ 0.16 0255

Track density (Track .mm-' 33.5

Babl Radon Concentration (Bq/L 0518 0312 0244 0228 0325

Track densiw (Track .mm-' 68 41 4275

Kadsiya Radon Concentration (Bq/L) 045 0312 0152 0361

Track density (Track .mm-' 41 4',1.5

14 Thykar Radon Concentration (Bq/L) 0389 0.32 0228 0137 0268

Track densiry (Track .mm-' 42 3525

Misan Radon Concentration (Bq/L) 0.61 0503 0312 0!98 0405

Track density (Track .mm- 80 ´
０ 41 26 5325

Naj af Radon Concentration (Bq/L) 0503 0366 0167 0318

Track density (Track .mm- 48 22 4175

Muthanna Radon Concentration (Bq/L) 0366 0305 0221 0137 0257

Track densi8 (Track .mm-' 40 3375

Basrah Radon Concentration (Bq/L) 0617 0533 0472 0297 0479

Track density (Track .mm-' 70 39 ´
０

●
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Fig.-l: A schematic diagram ofthe sealed-cup technique in soil sample.
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Fig.-2: A schematic diagram ofthe sealed-cup technique in water sample.
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i,aXtt
a-,-*Jl CttiJJ 4+JFll &l.Jll"t+x-l i $_r (u,p) _r (p,u) cJlcliil ++l.SJl 4Jtll d#tl i ril
MeV tl ii,Jl aitJ. dr l+l iit-Lll crl+r. 6 Zn (A=64, 68,70) l*JiJl "-i,ll iSJ-Jl ,-ilu)t!
q+ &.t.tj| U.t+Jl d.iJJ'Lll ij*ir i ,',r- .tijt e-6ll" dr MeV 200 Jll ,-l_f-.,+ll 

'os:,]. U X.al
.4+JJ* a1;y +ti" kl Cl ci).c.liil i1;.,;''ll Cll.i"ll

ABSTRACT
Reciprocity method has been applied and Empirical formulae have been obtained
for calculating cross sections for (p,o) and (u,p) reactions on Zn(A=64, 68, 70) thick
targets medium elements in the energy range from threshold up to 36.67 MeV
proton energy and to 200 MeV alpha energy. The reciprocity method has been

applied with good estimation of the cross sections for the reactions that have

experimental cross sections.

INTRODUCTION
The incident and product nuclear particles to be considered in the
present work are protons and alpha that can cause nuclear reactions.
Protons are one of the basic components of the nuclei of atoms (alpha
being the other). They have about the same mass as alpha, but they have

a positive charge of one unit. As a result, they interact strongly with the
electrons in normal matter, and they have shorter ranges than alpha of
similar energy []. They can penetrate through material easily. As was

the case of gamma rays, this makes them both useful and dangerous.

Alpha can induce nuclear reactions readily, and they are products of
many reactions [2].
The (p,o) reactions induced by bombardment of medium elements have

been intensively studied with high energy resolution up to energies

accessible with conventional electrostatic accelerators. In addition to the
intrinsic value of (p,cr) cross section in the investigation of nuclear
spectroscopy and reaction mechanisms, such data are essential for the
polarization of (p,o) reactions as alpha sources [3,4).
For (o,p) reactions; as a beam of alpha travels through bulk matter, the
intensity will decrease as alpha are removed from the beam by nuclear
reactions. For fast alpha, many reactions such as (cr,p), (o,o), are
possible l2). Absorption reactions include those where the alpha
becomes part of the nucleus, and another type of particle is emitted. The
absorption reactions most important to nuclear well logging are (cr,p)

reaction; where alpha absorption is followed by the emission of a

gamma ray or proton, respectively [a].The interaction of alpha with

・　
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ロ
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Reciprocity method in (p,o) and (o,p) cross sections reactions for Zn (A=64,6E,7D),Hff,jftT;

matter is not only of experimental or theoretical interest but has
important practical applications, particularly in the operation of reactors

ttl.
There are many detailed theories of nuclear reaction. In Bohr Theory
(1936) [5], it was assumed that a nuclear projectile incident on a nucleus
would interact strongly with all the nucleons in the nucleus and quickly
share its energy with them to form a nucleus in a highly excited state.
The compound nucleus so created would decay in a manner
independent of its mode of formation, and depends only on the
properties of the compound nucleus itself such as its energy and
angular momentum. In Fembach et al. theory ( 1949) [6]; it was
proposed that an incident nucleon would interact with the nucleus and
that the probability of absorption into the compound nucleus would be
relatively small. These different aspects of a nuclear reaction can be
unified into a single theory (Weisskopf), (1957) [7]; Feshbach,(1958)

[8]. According to Weisskopf, any nuclear reaction proceeds through a
series of stages. When the incident particle reaches the edge of the
nuclear potential, the first interaction will be a partial reflection of the
wave function, called shape elastic scattering. We recall that any
potential discontinuity has a finite reflection coeffrcient for an incident
wave which is independent of the direction of the travel of the wave.
The part of the wave function which enters the nucleus undergoes
absorption. Feshbach proposes that the first step in the absorption
process consists of a two-body collision. If the struck nucleon leaves, a
direct reaction occurs. Presumably this process becomes more probable
at higher energies because, then, at least one nucleon would have a good
chance of receiving enough energy to leave the nucleus. If the struck
nucleon does not leave the nucleus, more complicated interactions can
set in. The cross sections of (p,o) and (o,p) reactions published by
different authors [9,12) for Zn (A=64, 68, 70) target elements were
plotted, interpolated and recalculated. Adopted values have been
calculated, the cross sections were reproduced in fine steps of incident
proton energy in 0.01 MeV intervals with conesponding errors.
Theoretical Basics
If the cross sections of the reaction X(a,b)Y are measured as a function
of Eo (Eo: kinetic energy of incident proton), the cross sections of the
inverse reaction Y(b,a)X can be calculated as a function of E, (Eo=
kinetic energy of incident alpha). This is called the Reciprocity method
which states that [3]:o(o.b) o(r,a\ffi= r@-;;'" "'(r)
Where o(a,b) and o(b,a) represent cross sections of X(ab)Y and
Y(b,a)X reactions respectively, g(a,b) and g(b,a) represent a statistical
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factors of X(a,b)Y and Y(b,a)X reactions respectively, fi,,is the de-

Broglie wave length divided by 2n for incident particle a and fi,ris that

for product particle b, which is regarded as incident particle in the

reverse reaction.
a. Cross Section of Compound Nucleus
The cross section of compound nucleus is given by l2l:
π     

「

2

σ=戸gO―
ER)2+「 2/4

Where the wave number k=UIy= plh=mvlh=2mElh ... (3)

l, is the de-Broglie wave length divided by 2n of incident particle.

h is the Plank constant divided by 2n.

p is the momentum of incident particle.

mandv are the mass and velocity of incident particle.

E is the kinetic energy of incident particle.

E,, is single isolated resonance energy.

The statistical g-factors is given by [2]:
2I +lo 

(2^s, + t)(zs, + t) "' (4)

The total angular momentum of the resonance (compound nucleus) is

given by:

鳥 =Sα +Sガ +イα

Where Sa iS the spin ofthe incident particle.

sχ is the spin ofthe target。

… (5)

/, is the orbital angular momentum of incident particle.

The total width of the state is the sum of the partial widths [14,15]:

●

(2)

… (6)

… (7)

… (8)

… (9)

… (10)

じ r=Ir
or f =hlt
Where r is the lifetime of any decay state.

At resonance E = Eo equation (2) becomes:

4n
o =pB
Therefore, equation (8) becomes

o(p,a)=* sb,")
K;

and o(a, p) --* r@, p\
k;

Which gives the compound nucleus cross section for (p,u) and (o,p)

respectively.
Hence, using the definition of k, equation (9) and (10) states that:

‐
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λ
;σ(ρ,α )

g(′,α )

尉∝Cち 午 =午
And  たα
  締 =:≧:庁

三笙

E=S.E.′ 十
歳

E′

E=S鳥 +4+ν
α
几

With

… (11)

… (12)

… (13)

Substituted equation ( l2) and (13) in equation (l l) we get:
″
;ツ;σ (′,α)=″:《σ(α ,′ )

… (14)s@,tt) c(d, p)
In terms of Eo and E , equation (14) becomes:
2m rE no(p,a) _2m,E,o(a, p)

… (15)c@,d) s@,p)
Thus, equation (15) can be rewritten as follows:

σ囲 =鰊 に D … (16)

Where zrand m.are the proton and alpha masses with their kinetic
energies 8,, and E" respectively.

It is clear from this equation that the cross sections of reverse reaction
are related by variable parameters which can be calculated if the nuclear
characteristics ofthe reactions are known.

b. Derivation the Proton and Alpha Energy
The reactions X(p,o)Y and Y(a,p)X can be represented with the
compound nucleus (C.N.) at energy E. It is clear that there are some
important and useful relations between the kinetic energies of proton
and alpha. The separation energies ofproton (S.E.r) and nert on (S.E.";
can be calculated using the following relations t 13,16]:

… (17)

… (18)

… (19)

… (20)

and combining them with subtractiOn

S.Et, =lMx + Mp - Mc N)*g3t.5
5.E., =[My + M" - Mc Nl*g31.5
Equating equation (17) and (18)
ofequation (19) and (20) we get:

Sち十
歳
ら親 計

歳
鳥

,s.Ep -.S.8, =fM * + M, - M, - M,ftc/f1.5
It is clear that the Q-value of the reaction X(p,o)y is given by:

… (21)

.̈(22)
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2し ,α)=レイχ+νP一νy―να]*931.5
0r2(ρ ,α)=S.E.′ ―S.E.α

2し ,α)=ν
γ+να Eα
~豚
χ+ν′

E′

Therefore;

E″ =」
レ「γ+1イα
(2し
,α)+ラフィ半:17ァ E′ )

Since 2し ,α)=―νχ+ν′
E′力″し,α)

Then

ケゲ [れけれ 州
午藝 ・山 L九祠
For the reverse reaction  p+X←  αttY the

t糧鷲
i樹
瑠Lνχ_ν』・9315

0r2し ,′)=S.E.α―S.E.′

2(α ,′)=ラフイ(島ラ丁E′―ノИytt Mα  E″
Therefore,

E′ =」

Иχ+』〆′
[2(α
,′ )十覇ンデ

`tレ

「E″ ]
Since 2(α,′)=―

れ
五携rし ,′)

Vol。 23,No8,2012

… (23)

。̈(24)

。.。 (25)

… (26)

…。(27)

…。(28)

…。(29)

Q‐Value Of the reaction

_。 (30)

。̈(31)

…。(32)

… (33)

… (34)

・
一

ワ

Then

6-=M**Mol u, , - '', n,r,(o,rl ...(35)"n- Mr Lur*Mo"o Mr+Mo J

u,=W#*w,-E*,(o'p)1 "'(36)

Data Reduction and Analysis
a. Method Used to Obtain the Adopted Cross Sections

l. The sets of experimental cross sections data were collected for
different authors and with different energy intervals. The cross sections

with their corresponding errors for each value are re-affanged according

to the energy interval 0.01 MeV for available different energy range for
each author.

暉
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2. The normalization for the statistical distribution of cross sections
errors to the corresponding cross section values for each author has been
done.
3. The interpolation for the nearest data for each energy interval as a
function ofcross sections and their corresponding errors has been done.
4. The interpolated values were calculated to obtain the adopted
cross section which is based on the weighted average calculation
according to the following expressions [17].

(- o',

-,L 1d,o.)'u,," - --;-------;-
t'
A (to,\'

Where the standard deviation error is:

...(37)

.s.D.
l

… (38)

Where o; : is the cross section value.
A o1 : is the corresponding error for each cross section value.

b. Adopt.m program
The adopt.m program, which is written in the present work using

Matlab program version 7.0, to calculated the adopted cross section by
programming equation (37).
c. Reverse.m program
The reverse.m program, which is written in the present work using
Matlab version 7.0, to calculate Eo and Eo by programming equation
(29) and (36) respectively. Also this program is used to calculated
o(p,o) and o(o,p) by programming equation (16).
4, Results and Discussion
The experimental results in the intemational Atomic Energy Agency
(IAEA) libraries (EXFOR, ENDF-B-VI, and ENDF-B-VII) leave little
doubt that the hypothesis of compound nucleus formation gives an
excellent account of many diverse types of nuclear reactions. Table ( I )
present the available data collected for Zn (Ad4,68,70) target
elements, from (IAEA), conceming the measurements of (p,o) and (o,p)
reactions and their products. The features of nuclear reactions induced
by particles (protons or alpha) starting from threshold energy has been
proceeded.
The compound nuclear processes arise because the former are two-stage
processes in which the momentum is conveyed in first instance to the
compound nucleus. The compound nucleus mechanism still accounts
for a large part of the observable yield for many reactions. For (p,o) and
(o,p) reactions in Zn isotopes of mass number (Ad4,68,70), the
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interaction cross Sections are usually considerable less for the

compound nucleus process. This is the reason for our interest in the

present work for the considered reactions to be studied.

Table-l: International libraries used for available measuring data collection for (p,o)

and (cr,p) reactions for Zn (A=64,68, 70) target elements.

a. Adopted Cross Sections of (p,u) and (c,p) Reactions
The (o,p) cross sections data for the target elements llZnro , fiZr* and

l\zno, , are not available in the EXFOR library concerning the

measurement of (cr,p) reactions. The (p,o) cross sections data for the

target elements llZnro , ltZn* and llznoo are available in the EXFOR

library concerning the measurement of (p,o) reactions, have been taken

and plotted as shown in figures (1,2 and 3). These plots were analyzed

using the Matlab-7.0 for selected energies given by different authors.

In order to calculate the cross sections of (p,cr)) reactions for the

maintained target elements, we adopt the cross sections for EXFOR
library using the adopt.m program. It is important to note that the

energy range of the reaction, taken from different authors, must be

identical. For this reason, the determination of the energy range have

been done in the present work by interpolated and recalculated the

energy in steps of interval of 0.01 MeV starting from the threshold

energy, ending with energy given for the incident alpha particle, in
addition to the statistical treatments for cross section elrors distribution
have been made in order to obtain the adopted cross sections of a given

reaction, which is based on the statistical variation treatment as a
weighted average calculation according to equation (37).

b. Adopted Cross Sections of (p,u) Reactions and the

Reciprocity method
The available data in the literature, taken from EXFOR library,
concerning the measurement of the (p,cr) reaction cross sections for the

target elements mentioned above were evaluated in the present work in
order to calculate the adopted cross sections using adopt.m program,

and then recalculated by using the reciprocity theory, using revers.m

‐

一
ワ

Target
Element

Library Product

(p,0 (c,p) (p,0 (o,p)

∬Zη34
EXFOR
ENDF‐ B¨VI
ENDF‐ B‐VH

ENDF‐ B‐VI
ENDF‐ B‐VII ∬032 :子

Gら 6

∬幼38
EXFOR
ENDF‐ B‐VI

ENDF‐ B‐VH

ENDF‐ B‐VI

ENDF‐ B‐VH ∬働36 」IGα40

∬ル40
EXFOR
ENDF‐ B‐VI
ENDF‐ B‐VH

ENDF‐ B‐VI

ENDF‐ B‐VH ∬働38 ::Gα42
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Reciprocity mctllod in(P,α )and(α,p)CrOSS ScctionS rcacaOns for Zn(A‐ 64,68,70)target elcment

iman and WJeed

progranl to get the rcverse reaction cross sections.Thc results for each

lp,α)rcaction arc discusscd as f0110ws:

1・  雛気.し ,α朔032 Reaction
The sets Of measured data fOr the cross sccJonS of∬ z434し ,α )∬032
rcaction repOrtcd by Cohcn et al.(1:54)[9]Lil:lilti首

;ξllll:|)111
havc bccn p10ttcd, interpolated an(

starting from thresh。 ld cnergy 7.l MeV upto 29.5 MeV The measurcd
data and the calculated adOpted cross scctionS results are drOwn as a

functiOn ofincident proton encrgy as shOwn in flgurcs(l and 4).

One peaks appcar(One statcs);their calculatcd rcsults are shOwn in

table‐2.

The results Of the adOpted cross sections Of this reaction have bcen

rccalculttcd by using the reciprocity mcthOd,cspecially the revcrsc.m

program to obtdn the reverse reac10n卵 o32し
'′濡Z431 CrOSs sec■ ons at

thresh01d energy 7.449 MeV in steps Ofo.01 MeV upto 30.95 MeV and

then p10■ed tO cOmpared with the∬ z434し ,α鴻032 reaC● on crOss
sections as shOwn in flgure(4λ  the rcsults are in a good agrecmentコ he

“

o rcactions have the same behaviOr, but there is a difference in the

range of cЮ ss scc● on,whたhヽ caused by the dfFeκncc h threshO‖
encrgy and the spin fOr targct∬ zη34 and the product Лc″ 32・2  ∬z438し

'α )お
の36 Reac●on

Thc crOss sec● ons data puЫ ishcd by Esat et.J(1981)[11]fOr this
reactiOn have becn plotted, interpolated, and recalculated in steps Of

O.01 MeV froni thresh01d energy 3.36 up to 5 MeV of the incident
proton energy in Ordcr t0 0btain the adOpted cross sections Of this

rcactiOn. The measured data and the calculated adOpted cross sectiOns

results are drOwn as a hnctiOn Of incident protOn energy as shOwn in

flgures(2 and 5).

Sevcn pcaks appear(seven statcs);their calculatcd results are shOwn in

table‐2.

The results of the adOpted cross sections calculation fOr this reactiOn

have bcen recalculated by using the reciprOcity methOd tO Obtain the

reveβe rcac●On∬036し
'′濡
Z438CrOSS seclons at thresh01d 3.515 MeV

ni躍1:llftyttiClfliliJlき
,illlrl£

乳 濯l奮ま∬ |:;
ions havc the same behaviOr, but

there is a difference in the rangc Of cross section and energy,which is

caused by the difference in threshOld energy and the spin of target

∬Zl・38 and the pЮ duct∬o36・
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The reproduced ofthe comparison of both reactions are showll in flgure

(5)。

3. ∬ル40し 'α )χ038 Reaction
The cross sections data published by Levkovskii(1991)[10], and

Kastleiner et al。 (1999)[12].for thiS reaction have been plo■ed,

interpolated, and recalculated in steps of O.01 MeV from threshold

energy 7.70 up to 36.67 MeV ofthe incident proton energy in order to

obtain the adopted cross sections of this reactiono The measured data

and the calculated adopted cross sections results are drown as a function

ofincident proton energy as shown in flgures(3 and 6).

One peak appear(one state);their calculated results are shown in table‐

2.The results of the adopted cross sections calculation for this reaction

have been recalculated by using the reciprocity method to obtain the

reverse reaction∬ 働 36し
'′
)lZ438CrOSS sections ttthreshold 10.8 MeV in

steps of O.01 MeV up to 39。 43 MeV, and then are plotted to be

compared with the reaction∬038し
'′)1%40CrOSs sections;igure(6)

shows the results that the two reactions have the same behavior,but

there is a difference in the range of cross section and energy,which is

caused by the difference in threshold energy and the spin of target

∬Zη40 and the product∬ C夕 38・

In analyzing the (p,cr) reactions we note the following:
A- The discrete nuclear states that are populated in ordinary decays

have discrete separations, widths, and lifetimes. Thus if we were to
calculate the cross sections at a given incident proton or alpha energy of
a nuclear state, it is very unlikely that the overlap of the energy

●

ワ

The reproduced o the comparison of both reactions are shown in

Table(4¨3):The Calculated width(r),life time(■ =h/rD,and decay probability(1/7)fOr(p,a)reactions for

Ni(58.`0.61)

Reaction
ｔｅ

ｂｅ

ｔａ

ｍ

ミ
）

ｕＮ

maxll■ um
cross section

(mb)
(at energy
(LIIeV))

Half maximum
cross

section(mb)
ＷＨＭＦ嘲

Ｆ

　

′く

Life time

τ=hノ
「
x10‐

22(s)

Decay

(‖留::署ぅ

64Zn(p,alpha)61Cu 84.973(15.3) 42.487 9。19 0.7162 1.3962

682n(p,alpha)6lCu

0。872(3.88) 0.436

2nd 0.966(4) 0。 483 94.031 0.0106

3rd 1.076(4.06) 0。538 0.07 94.031 0.0106

1。32(4。 1) 0.660 0.09 73.135 0.0136

0。953(4.72)

6th 0.989(4.8)

1。 11(4.92) 0.555

70Zn(p,alpha)6lCu 14.813(14.8) 9.87 0.6669
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distributions of two different states could cause confusion as to the
stationary state resulting from the decay.
When the widths of unstable states are small compared with their
separation, the states are distinct and observable. And if the states are
overlap and strongly mixed, these states do not have distinctly
observable wave functions, as shown in figure (3).
Because of the instability of the compound nucleus results in an
uncertainty in the energy ofthese states. The energy uncertainty is given
by the width of the resonance and lifetime of the state as calculated in
the present work for each state. Therefore, the resonance will have the
character of the energy distribution of any decaying state of width r,
lifetime r, and a maximum total cross section.
B- The (p,o) reactions and their reverse (o,p) reactions show

resonances ,corresponds to the same excited level of the compound
nucleus formation. It is clear to see that each resonance in the (a,p)
reaction is higher by the same amount (close to threshold 

"n.rgy; 
it un

the corresponding resonance in the (p,o) reaction, as shown ii'hgur.
(3); but it is not appreciable in figure (4).

Figure -l: The adopted cross section of the !!Znro(p,a),6.rCu, reaction
(present work) compared with EXFOR Library.
Data l:[9] Cohen B.L.et al.(1954) . Data 2:[10] Levkovskij V.N..(1991).
Data 3:Present Work(PW)

- 

datai

- 

data,z

- 

data3
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Figure -2:The adopted cross section ofthe ffZnrr(p,a)fiCuru reaction

Figure‐ 3:Thc adopted cross scction ofthe rZη 40(′ 'α)∬
C″38 reaCtion

(prCSCnt wOrk)compared with EXFOR Library.
Data l:[10]LevkovskJ VoN.(1991)・ Data 2:[12]Kastleiner S.ct al。 (1999)。
Data 3:Prcsent Work(PW)。

70Zn(P,alpha)67Cu
EXFOR

adopted walrres

datal
data2
data3
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Reciprocity method in (p,o) and (o,p) cross sections reactions for Zn (Ad4, 68, 70) target element
Iman and Waleed

Figure -4:The adopted cross section of j;Zrrr4 (1t,a)!)Currreaction as a function
oproton energy with threshold of 7.10 Mev compared with the cross section of
ilCu.(a, p)fiZrrn reaction as a function ofalpha energy with rhreshold of 7.449

Mev using reciprocity method.

Figure -5:The adopted cross section of r6;Znrs Qt,a)!]Curureaction as a function of
prolon energy with threshold of 3.36 Mev compared with the cross section of
llCuru@,p)!lZn* reaction as afunction of alpha energy with threshold of 3.515

Mev using reciprocity method.
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Fture-6汀 he adopted cЮ ss sCC● On of∬ル40し 'α )∬038"aC10n as a hncdon of

∬038し
'′
鴻Z440reaCJon as ainc■ on ofdpha energy wtth threshoH of10。 809

4ヽev using reciprocity method.

Evaluated Cross Sections of(P,O and(α,p)Reactions
The evaluated cross sections of(p,α)and(α,p)reactions for the target
elements(1幼 34' ∬幼38 and∬み40)Were available in the big
intemational library ENDF‐ B‐VIand ENDF‐B‐VII respectively.
1.Evaluated Cross Sections of(p,O Reactions and the Reciprocity

Theory
The evaluated ENDF library cross sections data of the following(p,α )
reactions have been plotted, as a function of incident proton energy。

Using reciprocity theory by using reverse.rrl program in order to obtain

the cross sections of reversc(α ,p)reactions and then plotted,as a
function of incident alpha energy.The results plotted in flgures(7,8 and

9)ShOW that both reactions have the same behavior but the difference is

in the cross section range,energy range,threshold energy and the spin

ofthe target and the product,

a° ∬み34し 'α )卵の32 Reaction
Figure(7)showS the evaluated ENDF‐ B―Ⅵ ,ⅥI library cross section of

静L4し
'α
鴻働 32 reaC● on wれh threshoH energy l.00E‐ H MeV of

incident proton up to 200 MeVo Figure(7)also ShOWS the calculated

reverse reac● on卵032し
'ρ)∬
幼34 CrOSS sec■ ons with threshdd energy

l.0491 MeV ofincident alpha up to 209.83 MeV。

b・ ∬み38し 'α)∬036 Reaction
Figure(8)showS the evaluated ENDF― B‐VI,VH library cross section of

詐%8し
'α
)∬036 reaC●on with thКshoH energy l.00E‐ H MeV of

incident proton up to 200 MeV.Figure(8)showS the calculated reverse

‐
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Rcciprocity mcthod in(p,α )and(α,p)CrOsS Sec“ ons reaclons fOr zn(A“4,68,70)target clcment

inlan and VValeed

reactbn∬036し
'′剛Z438 CrOSS sec●ons with threshom energy l.0461

MeV ofincidcnt alpha up to 209.33 MeV.

C・ ∬Z440し
'α )∬
038 Reaction

Figure(9)shOWS the evaluated ENDF‐ B‐ VI,ヽ■I library cross section of

詐%。し,α朔038 КaC●On with threshdd energy l.ooE‐ H Mcv Of
incident proton up to 200 MeV.Figure(9)shOWs the calculated reverse

reacHonχo38し,′潔Z440 CrOSs scc●ons wlh threshdd energy l.0447
MeV ofincidcnt alpha up t0 208.95 MeV.

2.Evaluated Cross Sections of(α ,p)Reactions and the ReciprOcity
method
The cvaluatcd intcmational libraries crOss scCtions data of(α

,p)
reactions have becn plottcd in the prcsent work as a inctiOn ofincident

alpha energy for Ni(A=58,60,61)target elements as shown in flgures

(10,1l and 12)respeCt市 ely,using Matiab‐ 7.O program The reciprocity
theory has applied for each(α ,p)reaCtiOn and scparately for indi宙 dual
intcmational libraries, by using rcversc.m prograln The details are as

the following:

a・ ∬Z434し
'ρ労IGα36 Reaction

For∬み34し'ρttCa36 reaCtion,the evaluatcd cross sections data were
available in E■ lDF‐B‐ ■ヽ,VI,and EblDF‐ B‐VI,VI libraries These data
have been plotted at threshold energy 4.2376 MeV,and recalculated by

using the reciprocity mcthOd to Obtain the reverse reactiOn

:;Ca36し
'αttZ434CrOSS seclons tt threshott energy O.1699 MeV,and

then p10tted as a inctiOn Ofincident protOn energy,tO cOmpare wiJh thc

∬Z434し ,′労:Ca36 reaCtion.The results Of this study shOw that both

reactions have the salne behavior.The reproduced cross sections fOr this

reaction and the results ofreverse reactions shOwn in flgure(10)

b° ∬Z438し ,′ソIGα40 Reaction
The cvaluated cross scctiOnS data of∬ z438し

'パICa40 reaCtion measured
and dechκ d by ENDF‐B‐Ⅵ ,Ⅵ,and ENDF‐ B‐Ⅵ ,ⅥI IbraHes,These
data have been plottcd at threshold cnergy 5.0098 MeV, and
recalculated by using the reciprocity methOd t0 0btain the reverse

reac●on]G亀。し,α )∬Z438 CrOSS sec● on ttthrcshOH energy 0 3967 MeV,
and then plottcd as a inction of incident prOtOn energy,tO cOmpared

with the∬ z438し,′χlGa40 reaCtion The results Of this study show that
both reactions havc the same behavior. The reproduced cross sections

from each library are shown in flgure(11).

C・ ∬Z440し,′rca42 Reaction
The evaluated cross sections data of∬ z440し

'′ )::G魚 2 reaCtion measured
and dcclared by ENDF‐ B― Лヽ,ヽ■,and ENDF‐ B‐ Лヽ,ヽ■I librattes.nese

ヘ
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data have been plotted at threshold energy 5.00008 MeV, and

recalculated by using the reciprocity method to obtain the reverse

reaction l'rcaor(1t,a)lSznoo cross sections at threshold energy 0.2013

MeV, and then plotted the cross section as a function of incident
proton energy, to compared with the lfznoo(a,p)l',Goo, reaction. The

results of this study show that both reactions have the same behavior.
The reproduced cross sections from each library are shown in figure
(t2).

Fture(7)Thc cЮSS Sec● on of∬Z434し
'α】
032 rCaC■ on wtth threshoH of O.00

Mcv compared w"h thc cross sec● on of卵032し
'′
)∬Z434 reaC● on w■h thrcshoH

l.0491 Mev as calculated by the prescnt work using rcciprocity lncthod for

∬幼 34し
'α
)男の 32 aS」 Ven by ENDF‐ B¨VI,ENDF― B‐VH Hbrary.

Ftture(8):The CЮ SS SCC●On of∬ み 38し
'α
)∬036"aC● On wlh thresho‖ of O.00

Mcv compared w■ h the cross sec● on of∬ 036し
'′
)∬幼38 κaC● On wtth threshoH

l.0461 Mev as calculated by the prescnt work using reciprocity rnethod for

∬Z438し
'α
)∬C"36 aS given by EN DF― B‐VI,ENDF― B¨VH library.

"
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Iman and Waleed

Figure -9: The cross section of ;3zrq0 (1t,a)flCurrreaction with threshold of 0.00
Mev compaК d wihthe cЮss secuon Of∬ o38し

'′溜
Zz40 reaCJon wlh thにshOH

1.0447 Mev as calculated by the present work using reciprocity method for
]!Zn,o$,a)flCulsas given by ENDF-B-VI,ENDF-B-VII tibrary.

FLu“‐10:The cЮss scdbn of∬み
“
し,′)ICa36 reaClon wlhぬ∝shOH Of4.2376 Mev

Compared wih thc cЮ ss seclon Of:子 Gα36(ρ
'α
)lZ2も

“
reac6on wih threshold o 1699 Mev

as cJcultted by the pκ sent wOょ ushg κcゎrocLy mcthOd br∬み〕.(α ,ρ)rca36 aS」Ven by
ENDF‐ B―VI.ENDF‐ B‐VH librarv.

Figure‐ H:Thc cЮ ss SeC10n of∬ Z438し
'plilCa40reaCJon with thresh。 ld Of5.CX198

Mev Compared w■h the cross seclon Of]Ca40し
,α )∬ZЪ8 rCaCtion wih threshOld

O.3967 Mcv as calculated by thc prescnt wOrk using reciprocity methOd fOr

雲z″、。イレ.′ )Flσ′̀ ^as g市 cn bv ENDF‐ B‐VI.ENDF― B‐ VH librarv.
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Figure -12: The cross section of llZnuo(a, p)llGon reaction with threshold of

5.00008 Mev Compared with the cross section of llGao.(p,a)lfznr,,reaction with

threshold 0.2013 Mev as calculated by the present work using reciprocity method

for llZnr,,(a, p\llGoo, as given by ENDF-B-VI,ENDF-B-VII library.

Conclusions
Because the widths of nuclear states are either small compared with
their separation or overlapped. We therefore, conclude that it is

reasonable to speak of discrete quasibound stationary states because

their separation is far greater than their width, and we also conclude that
such nuclear states do not contribute to the density of final states

because there is only one nuclear state that can be reached in a given
decay process.
The alpha production by proton incident reactions, (p,u) reactions, with
medium nuclei have large cross sections for alpha production and they
could have influence on safety design and operation of these facilities.
Hence, accelerators using protons are used in such fields as physics,
biology, proton therapy and medicines.
The reciprocity method is a good theory for the calculation of reverse

reactions to estimate the cross sections for the reactions that have no
atomic mass for their products or to calculate the cross sections of the
reactions that have no experimental data.
It is able to estimate a mathematical empirical formulae for (p,o) and
(a,p) reactions. Which could be used to predict the values of
uncalculated cross sections.
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ABSTRACT
This study aims to apply the Watcr Quality lndcx(WQI)tO evaluate thc surface and

groundwater samples in thc Tattero Basin arcao The study area Hcs in the north‐ east

part of lraq within Sulaymania City.Surface and groundwater parametcrs,violation

社 :‰Л ,lcdlttitFiL濯 害 l'記:考 謂 那:,1』‰ tS躙
)諜
11°L

cJculate the(WQI)fOr surface and groundwater sampLs.Then,thc Wdghts(Wり

werc assigncd to thcse parametcrs based on thcir Analytical Hierarchy Process

(AHP)(influencing)in the human health signiflcanctly The(WQI)reSults shows
unsuitable of surfacc and groundwater samplcs for drinking purposcs. AIso, the

results show how much ponution in study area that caused by the wastcwater of

different uscs.The(WQI)GIS maps for groundwater samples of TattcrO aquifcr,

shows the general poHution situation ofwhole aquifcr in the study arca and not only

in sample locations。

INTRODUCTION
Water in an its types is very important for human's lifeo Surface and

ground water are most popular resources for human act市 ities(drinking,

domestic uses, industrial, and irrigation),alSO, With increasing and

development of these activities caused contanlination of these water

resources more and more.Therefore,a demand for quality evaluation of

water resources is very important to ensure safe useo Water Quality

lndex(WQI)iS an appropriate method for this goal.It's considered as a

recent way that rnost recent studies walk with its lines.

THE STUDY AREA
Figure(1)shOWS the location of the samples of surface and ground

water within study area.The area(TatterO r市 er basin)hes within

Sulaymania city in the north… east region of lraq. The river passes

through TanJero vaney within an agriculture area.The area also consists

of population and industrials activities,So these activities results waste

●
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water in the river basin. The sewage of wastewater was disgorging
through or into the Tanjero basin which includes the river and its
tributaries, basin groundwater, and spring. That caused pollution in the
water environment.

AIM OF STT'DY
The study aims to evaluate the quality of surface and groundwater in

study area for drinking purposes as compared with [l] standards. The
water evaluation well be perform using Water Quality Index (WeI).

Figure-l: The location of Surface and Groundwater samples within rtudfareu-

GEOLOGIC SETTING
The study area covered by many formations which from oldest to

youngest are: [2 &3);
1. Balambo Formation (lower Cretaceous) with 762 m thickness and
composed of different types of limestone.
2. Kometan Formation (Turonian) composed of limestone, pyrite, chert.
3. Shiranish Formation (upper Campanian-Mastrichtian) with 227 m
thickness and composed of marl, limestone.
4. Tanj iro Formation (Mastrichian) and composed of silty marl, shale,
sandstone, and conglomerate.
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5. Sinjar Formation (Paleocene-lower Eocene) with 176 m thickness
and composed of limestone, dolomite limestone and chert.
6. Recent Quaternary deposit represented by Tanjiro river flood plain
deposit and river terraces deposit.

GEMORPHOLOGY AND TECTONIC
The area consists of two geomorphologic unites; structural

denudation hills and fluvial plains. This unites generally covered by
gravel, sand and mud sediments of Quaternary period [4]. The drainage
pattern mostly dendritic to sub-parallel and valley are dip-valley, except
Tanjiro valley which is a stike valley and Qiliasan which is an oblique
valley.

The study area lies in the Nubi-Arabian Tectonic Platform
Phanerozoic unit of middle-east and belongs to the Unstable Shelf, and
there are many folds in the area trend NW_SE [5].

HYDROGEOLOGIC SITUATION
Tangero River is passing through Tangero valley and extending to reach
Darbandikhan Lake crossing many urban and agricultural regions with.
Darbandikhan Lake water discharge to Diyala River, which represent a

great tributary of Tigris River [6].
The Aquifer system of study area included first the Kometon Formation
Aquifer which represents a fractured, karstic semi-confined aquifer in
the area [7]. Also, Tangero Formation Aquifer which represent semi-
confined aquifer, and finally the Quaternary deposit aquifer which
represents unconfined aquifer [8].

DATA COLLECTION AND ANALYSES
The research samples data and its analyses were taken from ministry of
water resources. Six surface water samples SWl, ..., SW6 were taken
from Tangero River and its tributes at the same time. Also, five
groundwater samples GWI,..., GW5 were taken from Tangero Aquifer
and GW6 was taken also from Quaternary aquifer. The groundwater
data was taken in fwo seasons (wet and dry 2010).
Data analyses procedure concluded for parameters of TDS, and major
ions Ca, Mg, Na, Cl, HCO3, SO+, and NO3. Also the trace elements of
Cd, Pb, Ni, Fe, Cu, and Znwere analysed.

rNDEX OF WATER QUALTTY (WQr)
The best evaluation of water quality for drinking purposes in study area

was done by using the (WQI) which is proposed by [9] and modified by

[0]. The procedure consists of following steps:

●
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1. Transformation of raw chemical data into rating values (y) as
regards to standards
In order to relate data to global norms, each value of a parameter, pij
(field data value of pararneter i in cell j), is related to is desired
standard value Pid ([1] drinking water standards considered in present
study). Each relative value, Xij, can be estimated as:
xij:PU/Pid ...(l)
To express Xij as a corresponding index rating value, related to
groundwater quality, Yi has been assigned to each Xij value as follows:
o For good water quality, with Xij equal to 0.1, the corresponding
index rating value would be around l;
r For acceptable water quality, with Xij equal to I (the raw value of the
parameter Pi equal to its standard desired value), the corresponding
index rating value would be 5; and
o For unacceptable groundwater quality, with Xij equal to or higher
than 3.5 (the initial value of the parameter pi equal to or higher than3.5
times its standard desired value), the corresponding index value would
be 10.

Operational hydrological experience indicates that yl:l for Xl=0.1;
Y2:5 for XZ:l; and Y3:10 for X3:3.5 (usually values of yi lies
between I and l0). For any parameter i in any cell j, an adjusted
parabolic function of rates YU = f (Xij) can be determined for each cell
from 2nd order polynomial as in Equation (6.2):
Yi=-0'712Xi'+5.229Xi+9.434 ...(Z)

From this equation the corresponding rating Yi can be estimated for
any value of Xi. After this transformation of the field data the index
formula (WQI) involves only Y values, representing input data for the
next step in the development of the indexation formula.

2. The (WQI) Formula
The proposed IAWQ formula to numerically assess any groundwater
quality situation can be stated as a summation of weights multiplied by
respective ratings of various parameters i for each cellT as follows:f, ruwQ=91r1\(wrirri)l ... f:lL,=t I

Where: C:a constant, used to ensure desired range of numbers (in this
case, Gl0); i n:number of chemical parameters involved (r:1, . . . ,
r). This value is incorporated in the denominator to average the data;
IYri:the relative value of lli/Wmax, where Wi is a weight for any given
parameter and ll'mm is the maximum possible weight. Such a weight is
a numerical value given to a parameter to characterize its relative
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anticipated pollutant impact; lower numerical values define lower
pollution potential, whilst higher values define heightened pollution
potential. A Wi value would be larger if a given parameter were toxic or
hazardous to ground water quality. Each parameter Pi, receives a

relative weighting (Wi); Yrinhe value of YilYmax; where, I'i is the
rating as related to Xi [obtained from Equation (2)], and Ymax is the
maximum possible rating for any parameter (Ymox:tD).

After viewed the analyses results for surface and groundwater, the
parameters shows violated of the [1] drinking water standard, only
chosen to enter to (WQI) equation. Therefore, the parameters (Ca2*, K*,
Ni, Pb, Cd, and Zn) are chosen to calculate the (WQI) for surface water
samples. Also, the parameters (Ca2*, NO3', Ni, Pb, Cd, and Zn) are

chosen to calculate the (WQI) for groundwater samples. Then, the
Weights (Wi) were assigned according to [10] procedure to these
parameters based on their Analytical Hierarchy Process (AHP)
(influencing) in the human health significance and not in a subjective
manner (as attempted in the original work of [9]. Table (l) exhibit these

Weights.

Table-1:Thc eters W
Group Wdttts

Group I (Ni, Pb, Cd) 5

Group 2 (Zn\ 2.21

Group 3 (Ca'-, K-, NO3-) 0.38

The group (1) gives maximum weight (5) than other because of the
great influence of its parameters on human health more than group (2)
which gives moderate weight (2.21) which is in turn more than group
(3) which gives a less weight (0.38). The extracted weights entered

together with other parameters of (WQI) equation, to calculate the Index
of water quality.

RESULTS AND DISCUSSION
Tables (2) and (3) exhibit the (WQI) for surface and groundwater
consecutively. It can be noted that the (WQI) values of groundwater
samples for wet season less than (WQI) values for dry season because

of the evaporation and no recharge which characterize the dry season.

The (WQI) results were compared with Index classes exhibited in Table
(4) tr0l.
The comparison shows that all surface and groundwater samples lie
within class of very polluted water and not suitable for drinking
purposes according to (WQI) standard. Therefore, the water need to
special treatment operation before any human use.

●
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Table (3) represent the (wQI) just for groundwater sample node
location. so, it will need to separate the (wel) to cover the whole study
area. This method uses the GIS techniques based on interpolates
principle which was used by [10]. But in this case, it must apply to
samples of the same aquifer as a condition to successes the method.
Therefore, Tangero aquifer samples of GWI,...., Gw5 are only used in
this situation.
Figure (2 and 3) shows the (wQI) maps of groundwater in study area
for wet and dry sernons. The (wQI) GIS maps used Arc view GIS
software show the general situation of groundwater quality in study area
not just at samples location, but in all other area location. Thus, they
help us to view how much is the pollution in whole study area. Also,
they play as a guide to find which area has less pollution ind area with
high pollution

Table‐2:The

Table‐ 3:

Table -4:The water classes base on the f Index

WQI) for surface water
Sample X Y (WQl)

swl 352800 452510 5。 790
sw2 352755 452655 5。 791
sw3 353090 452050 5。 791
SW4 352940 452210 5,786
sw5 353220 452140 5.763
SW6 353425 452200 5。778

The WQI) for groundwater
Sample X Y (WQI)(Wet) gQI)(Dry)
GWr 352720 452430 5。 799 5.830
GW2 352840 452428 5.834 5.872
GW3 353100 452215 5.829 5.833
GW4 3531 10 452520 5.823 5。836
GW5 353160 452525 5.784 5。773
GW6 353255 452240 5。8H 5.847

on 0 values.
Yi Index Value (WQI) Groundwater Class
1 0.417 (0-0.4t7\ Very Good
2.5 1.043 (0.417-1.043) Good
5 2.086(1.043‐ 2.086) Perlnissiblc

7.5 3.069 (2.086-3.069) Po‖ utcd
10 :>4.172 (3.0694.172\ Very Polluted
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a813‐ 5.323
5823‐ 5.832

Figure-2: (WQD map of groundwater in study area for wet season

WQl口 GW.DRY
Ｎ
Ａ

o G.W Samplos
WQ:.G.W.Dry
Eコ ユ785… 5.794
は M5.794‐ 5.804

‐ 5.804‐ 5.813

‐ 5.813‐ 5.823

‐ 5.823¨ 5.832

Figure-3:(WQI) map of groundwater in study area for dry season
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ABSTRACT
Many of the potential rain-bearing clouds in tropical and semi-tropical countries are

convective in nature and their tops often not exceeding the height of the freezing

level. Some aspects of cumulus clouds are successfully captured by a thermal or
plume model. These build on the intuition that a cloud, thought of as a bubble, will
move up faster if the initial buoyancy is larger, and if the initial bubble size is

larger. The aim of this work is to use the thermal plume theory to construct a simple

one-dimensional cloud model. Results showed that if many small clouds are

thermally generated in succession, they will tend to merge with each other after a

while, which then works to effectively increase the size, buoyancy, and rate of
ascent of the composite thermal.

INTRODUCTION
Some aspects of cumulus clouds are successfully captured by a thermal
or plume model. These build on the intuition that a cloud, thought of as

a bubble, will move up faster if the initial buoyancy is larger, and if the

initial bubble size is larger [].
Thermals are convection Systems that range in diameter from a meter or
less near the ground to a thousand meters or more at several thousand

meters above the ground. Thunderstonns are giant thermal systems and

often have more than one convection cell. Thermals are considered to

occur in two basic types; vortex rings and plumes [2].
On a typical day under the influence of a high pressure system the

morning begins with a clear sky, the ground feels cool to the touch, and

there is no wind. The noctumal inversion is in place with cooler, denser

air at the surface. Air temperature increases with altitude up to the top

of the inversion layer (altitudes of 100 to 300 m are common), then

temperature decreases with altitude [3]. As the sun begins to heat the

ground, and the ground begins to heat layer of the air immediately
above, the inversion starts to become unstable. Around mid morning,
Thermal Puffs (i.e. small parcels) of warm, moist, air begin lifting off
from the ground. The parcels of warm air are quickly undercut by
inflowing cooler air, become detached, and begin rising. Rising puffs
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cool by expansion, but continue upward as long as they are still warmer
than the surrounding air. As long as the inversion remains intact, puffs
of warm air cannot rise very far before encountering a layer of air of
similar temperature and coming to a halt. As heating intensifies, some
of the warmer puffs are able to push past the top layer and into the
cooler air above. Once clear of the inversion, the puffs are able to rise
much higher before encountering a layer of air of similar temperature.
Small, wispy, clouds form when the rising parcels of air are finally
cooled to their dew points. Clouds formed by rising puffs lack flat
bottoms and arc shortlived[2][4].

Fritsch  and  Chappell [5] intrOduced
entraining/detraining plume modcl to improve

cumulus parameterization. Chen and Sun [6] have developed a one-
dimensional prognostic cloud model for possible use in a Cumulus
Parameterization Scheme. Rio and Hourdin [7] has proposed a thermal
plume model with a classical diffi.rsive approach, originally developed
to represent turbulent transport in the dry convective boundary layer.
The aim of this research is to develop a simple one-dimensional thermal
cloud model.

Theory
Figure I shows an idealized thermal, based primarily on laboratory
studies of convection, although having a resemblance to atmospheric
thermals which appear as profuberances or "turrets" on cumulus clouds.
Such thermals are observed to be shape-preserving. That is, they have a
form which maintains geometrical similarity during much of their
development. A theory based on dimensional analysis has been
formulated to explain some of their gross features. It is argued that the
vertical velocity of a bubble depends on its size and the buoyancy
according to the particular combination [8,9]

u - c(gBr)r/2 (1)
where u is the upward velocity of the cap, B is the average value ofthe
buoyancy factor across the bubble, r is the radius ofthe cap, and c is a
dimensionless constant to be determined experimentally or
theoretically. Because of similarity the height of the cap above ground
may be expressed as z = nr and the volume of the thermal as V =
mr3, with n and, m dimensionless constants to be determined. It is
assumed that the total buoyancy (product of V times B) is conserved.
Therefore, at any time,

Ｃ

ａ

ｔｈ

one-dimensional
Fritsch-Chappell

(2)7B=略島
where 7。 and Bo denote the initial volume and buoyancy.

with these assumptions,Eq.(1)may be written

a=m(θザら)1/2/z (3)
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Upon integration this result reduces to [ ]:
22 =\cn,f B/m t (4)

Where F = gVoBo . Laboratory results confirm Eq. (4), with m = 3,

n=4,andc=L,2.
Since c, n, and m are constant, equation (4) my be rewritten as:

22=oJp t
where a - Zcn/lfr..
In the atmosphere, cumulus clouds are more complicated than the

elementray bubbles, producible in the laboratory, which this theory is

designed to explain. The individual spherical turrets in cumulus clouds

are strongly suggestive of bubbles, and to a limited extent their behavior
is consistent with the elementary theory. Their velocity, however, is

initimately connected with the stability of the air and the size and state

of development of the cloud as a whole, and cannot be predicted for all
occasions with the set of dimensionless parameters discussed above.

Fig. 2 shows an idealized plume . Its shape is conical, and the profiles
of velocity and buoyancy across the plume are indicated. Since

buoyancy and temperature are related through the factor B, the

buoyancy profile is essentially the same as a temperature profile.
Because of conical shape, the radius is expressible as [8]

r=dz
whereaisaconstant.

$rll$r,{.Ol Cdo,
radus &f turvotule /

', ,'---f##l,,rdJ,.,,,\,
Figure -l: Structure of a convective bubble [5].

RESULTS AND DISCUSSION
The theoretical aspects discussed in the previous section were used to
compute the height and size of thermal plume as it rises upward and

how it varies with time. Five plumes were considered to be released

separately and subsequently in 60 seconds interval. It is assumed that
each plume has the same initial buoyancy and size. Figures (1) shows

the height of the plumes as a function of time. It is seen that each plume
rises exponentially with time with faster rate at the beginning and then
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the increase becomes gradual. This is because the plume is expanding
and becoming larger as it rises upwards. It is also seen that the five
plumes tend to merge with each other as time passes. This may
illustrate how convection in the aftemoon can develop into clouds.
Figure 2 illustrates the radius of the plumes as function of time. It seen
that radius of the plume increases exponentially as time passes and it is
rapid at the start and then tend to slower as time passes. Figure (3)
shows the height of the first plume as a function of time for different
values of buoyancy factor ranging from 0.1 to 1.0. As expected, the
increase of the buoyancy makes the plume rises faster and the effect
becomes greater as the bouncy term becomes larger. Figure (4)
illustrates the results for increasing the term a in equation (5). It is seen
that increasing a would result of increasing the height of the plum and
this effects becomes larger as time passes.

Conclusions
In this work a simple one-dimensional plume cloud model was
constructed on the basis of thermal plume theory. Results showed the
height and radius of the plume increases as time passes and if several
plumes are released separately in one-minute time intervals and each of
them has the same initial buoyancy and size then then tend to mix as
time passes. The model also illustrates that increasing the buoyancy
term would result in increasing the rate of a scent of the plume.
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ABSTRACT
In this research the phenomenon of eclipse has bccn studicd at Baghdad and its

effects on some of the  meteorological  parameters  as   a  Response to

the phenomenon.The totaHy eclipse on ll August 1999 at Baghdad has takcn, in

addition to thc analysis of Atlnospheric gravity waves which arisc as a rcsult ofthe

echpse at  the  bottonl  ofthe  atlnosphere,and  via  by  coHisions with air

molecules with chargcd particles its trace in the lonosphcre caHcd   “Thc
Traveling lonospheric  Disturbances" (TIDs),  at    a    Japancsc town
``Okina、 va"during thc solar eclipse on 22 July 2009 1onosphcric data havc bccn

taken and studied.A decline in the value of solar radiation during the pcriod of thc

phenomenon,as wen as signiflcantly dccrcasc in surface Temperature up to 5° C
and showcd a rcsponsc tirncto the phenomenon a■cr(30)ininutcs,Therc wcrc

Noticed that no dircct rcsponse to changes in air pressure during solar eclipse,while

relativc humidity Was decreasedo Wind speed increases to a high value directly

during eclipse reached a valuc up to 10.2m/s,Rcsults of lonosphcric laycrs critical

frequcncies for｀ `Okina、 va'' havc shown a wavc― like structures with a phase shi貴

which it may be as a rcsult ofthe presence ofgravity waves accompanying the

phenomcnon during solar ccHpscothe Vcrtical componcnt of TIDs spccd was about

12m/so A dccrcasc in thc ionospheric layers virtual heights has bccn rccordcd.

INTRODUCTION
The Sun considered a star consisted of several gases inflamed,

exposed to several phenornena affecting the Earth's atinosphere rnost

pronlinent of these,solar ecHpse.The ecHpse phenomenon is important

in nature and they are two types,solar eclipse and lunar eclipse[1].

They are attracted phenomenon since ancient tirnes to record the tiining

●

●

207



Eflect ofSolar Eclipse Phenomenon on Atmospheric Parameterr 
owni and Israa

phenomenon and expecting to occur at certain times, because of the
need to adjust the calendars lunar and solar as well as study its
relationship with agriculture, health, and the astronomers provide many
studies of the eclipse, including a study of solar energy and the hole
corona, as well as the study ofthe solar magnetic field and the response
of Earth's atmosphere to sudden cut of solar radiation. Environmental
studies have focused primarily on the behavior of meteorological
factors, and the behavior ofthe magnetic ground field [2].

Solar eclipse Phenomenon occur when moon lie between the Earth
and the Sun which will prevent the radiation of the Sun from the Earth,
and aims moon shadow on the ground, this phenomenon happen when
moon being on phase (new moon) at the beginning of the lunar's month,
the ground will consists of two zones, and maximum will introduced
about 269 k., dark area in full which called (umbra) in form ofa cone
shadow where the moon can be seen blocking the Sun, The other zone
is the semi-lit called (penumbra) semi-shade [3]. These two regions with
apparent diameter of the moon determine the type of eclipse of the Sun
these types of eclipse may be total solar eclipse, partial solar eclipse,
annular solar eclipse and hybrid solar eclipse [3].

That the phenomenon of solar eclipse do not occur every calendar
year; This is because of the moon orbit around Earth tends an angle of5
degree from the orbit around the Sun and because of this tendency, the
moon even if it new, do not create the phenomenon as most of the solar
eclipse occurred when the moon cut a small part of the sun [4]. During
the occurrence of the solar eclipse phenomenon the atmosphere
responds strongly to the intemrption of solar heating and ionization
radiation in the heights (thermosphere) temperature cause a decrease in
pressure under effects of total solar eclipse, beside the respond of
neutral wind to this event. The cooling thermal transfer of gases toward
the bottom leads to change in speed wind component ofneutral particles
in thermosphere which cause a significant impact on the resulting
electronic density distributions. Fluctuations in temperature and
changes in the electronic density moves wave away from the overall
path of total eclipse [5]. The cooling process taking place within the
area of belt total eclipse will be a source of continuous waves and
shifting in the case of considering air as influenced by gravity, and be of
equal values of the layers of horizontal and such a system in dynamic
fluids when increasing speed thermal source the speed of transmission
of waves will consist arches wave lengths (Bow Wave) around the
source region [6].

The gravitational waves that form in the neutral air a response to the
event resulting a disorder in the electron density in the ionosphere due
to collision of air molecules with the plasma in ionosphere via the
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process of the transfer energy from molecules of air into the ionosphere
region composed forms of quasi-wave (Wave like Forms) are

called Traveling Ionospheric Disturbances (TIDs) which is about the
birth of the disorder due to the presence of gravity waves in the lower
neutral atmosphere [7,8].

Methodology and dataset
In this research, data of weather factors (solar radiation, temperature,

atmospheric pressure, wind speed and relative humidity) have been

taken from the meteorological and seismic monitoring of Iraq, for an

event of total solar eclipse on l1 August 1999. Also the use

of ionosond data (virtual height and critical frequencies) for
each layers of the ionosphere (E, Es, F1, and F2) is provided by
the website of the Japanese city of Okinawa on the day of an eclipse
of the Sun (22 July,2009).

Table l-: Information of solar eclipse phenomenon in Baghdad town for period

Japan

RESULTS AND DISCUSSION
Solar radiation for the day of phenomenon at Baghdad on totally

eclipse on 1l August 1999 which shown in figure (1). An analysis of
the data of solar radiation during the day of solar eclipse which was

entirely in some areas of the world (included Mosul state on north of
Iraq) and almost entirely was at Baghdad hit rate of 93%. At the start of
the phenomenon of solar eclipse at UT l0:28 for the observer decline in
the value of solar radiation from the highest value of 785.9 W / m2 to

frOm(1999… 2011)[91.

Date

Types of
Eclipse in

world

Percentage of
Eclipse %

Start of

Eclipse(UT)

Top of

EcHpsc

(UT)

End of

Eclipse(UT)

1lAugust1999 Total
（
ン 10:28 1:42 13:06

30ctober2005 Annular う
乙 09:03 0:18 11:32

29March2006 Total
‘
υ 09:57 1:12 12:24

l August2008 Total 10 10:11 0:59 11:44

15Janeuarv2010 Annular 9 05:26 06:27 07:36

4Janeuarv2011 Partial 42 07:31 09:04 10:34

UT: Universal Time.

Table-2:Information of solar eclipse phenomenon in Okinawa town for period from
91.

Location
Okinawa

Latitude

26.3N
Longitude

127.8E

Percentage of
Eclipse %

Start of

Eclipse

rJsT、

Top of

Eclipse

rJsT、

End of

Eclipse

rJsT)

1l Jun 2002 06:41 07:32 08:28

14 0ctober 2004 0 11:07 11:29

22 July 2009 91 09:37 10:56 12:17

JST: Time.
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about 34 W \ m2 at the top of the eclipse, at 12:00 UT and after it began
to increase its value when the moon disk of the Sun disk reaching its
value to300.l W lm2 at 13:00 UT, which represents the end of the
eclipse, and then the decreasing continues naturally in the afternoon.

Figure (2) represents the hourly change of air temperature for the
day (11 August 1999). Solar radiation heated the Earth,s surface during
the day and then increasing the temperature of the air touching thi
ground, Surface air temperature dropping after the start time of the
phenomenon by (30) minutes ( this is the time response to the
phenomenon ) and then continued to decline ended till time (13:07 UT)
with a value of (42) 'C, and after that when the phenomenon directly
finished temperature increased to reached (44) 'C in time (14:00 UTj,
Figure (3) shown the distribution of hourly air pressure for the
city Baghdad on the day of the eclipse in during event it was difficult to
determine the effect of solar eclipse on the atmospheric pressure
because of the large integrating time of the values of pressure.
Figure (4) shows the hourly changes of relative humidity of the
phenomenon of solar eclipse that occurred in the city of Baghdad. It is
noted from the figure that the value of relative humidity in the process
of decline before the start time of the phenomenon to the end of the
phenomenon, then increase the value of RH from the value of 10.2%o to
10j%.
Figure (5) represents daily change ofwind speed at Baghdad. as shown
from the figure there is increasing of wind speed at time (0g:00 UT)
from the value 5 m / s until it reached the highest value after the
phenomenon with time lag response of 20 minutes to reach the value of
(10.2) m / s.

At Okinawa the percentage of solar eclipse on 22 July 2009 was 9l%o
ionospheric critical frequency increases by the eclipse of the Sun as
observed from figure (6). the disappearance ofregions (E and Fl and
F2) at a time phenomenon, but it is notices a decreasing in their values
before the start time of the phenomenon and follows after wards foE
value 2.5MHz and foFl was 4 MHz due to increase before the end of
the phenomenon to the value 6 MHz and foF2 from 6.5 MHz which
decrees to zero but the critical frequency of the Es region decreased
during the time of the top the of phenomenon from the value 14 to g.5
MHz after the end of the phenomenon. Traveling ionospheric
disturbances (TIDs) which form show difference in phase with height
for the critical frequencies due to a gravity waves formation during ihe
solar eclipse.

From ionosond record vertical height for each layer (E, Es, F, F2)
with time of eclipse phenomenon have been analyzed for the city of
Okinawa during (22 July 2009) in which h,F2 found at the end of the
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eclipse and reached a value of (365) kilometers. Only h'Es shown a

continuous value of 100 km but as shown in figure (7) no another
vertical heights for the ionospheric regions have appeared. The vertical
(TIDs) velocity is calculated from the phase difference with height and

found to be equal l2m/s.
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CONCLUSIONS
During the top of the eclipse at Baghdad town, the value of solar

radiation was reduced to about 75o/o of its value. Temperature taken

about 30 min to respond to the eclipse and decreases about 5 'C, while

surface pressure does not show any response. Relative humidity shows a

decrease in its value during eclipse while wind speed is increased

significantly. During solar eclipse TIDs have been noticed at some

Japanese stations like "Okinawa" at the ionosphere due to gravity waves

occurrence in the neutral air downward, where critical frequencies

shown a decreasing for the most of regions and decreasing in its virfual
heights. The vertical speed of TIDs was found about l2m/s.
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ODC:OrnithineDeCarboxylase,ADH:ArginineDiHydrolase,LDC:Lysine Decarboxylase ,URE:
UREase, LARL:L-ARabitol(Acidification), GAT:GAlacturonaTe(Acidification), 5KG:5

KetoGluconate (Acidification),LIP:LIPase,RP:Phenol Red(Acidification), pGLU:pGLUcosidase

,MAN:MANnitol(Acidification),MAL:MALtose(Acidification),ADO:ADOnitol (Acidification),

PLE:PalationseE(Acidification),pGUR:pGlucUronidase,MNT:MaloNaTe,lND:lNDole(Production),p
NAG::N-Acetyl-p-Glucosaminidase,pGAL:pGALactosidase,GLU:GLUsose(Acidification)
SAC:SACcharose,LARA:LARAbinose(Acidification),DARL:D-ARabitoL(Acidification),
oGLU:oGLUcosidase,aGAL:aGALactosidase,TRE:TREhalose(Acidification),RHA:RHAmnose(Aci
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1 ODC + 17 SAC +

2 ADH 18 LARA
3 LDC 19 DARL
4 URE 20 αGLU
5 LARL 21 αGAL
6 GAT 22 TRE +

7 5KG 23 RHA
8 LIP + 24 INO
9 RP + 25 ADO
10 βGLU + 26 PLE
MAN 27 βGUR

12 MAL + 28 CEL
13 IND + 29 SOR
14 βNAG 30 αMAL +

15 6GAL + 31 MNT +

16 GLU + 32 AspA
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ABSTRACT
Thc prcsent of Ps`ab″ ο′″s ά rag′″οsα  in botled d‖nking watcr regardod as

indicator to found thc safety ofbottle watcr for human using.Thc bottles watcr wcre

spreadcd in Baghdad supcr markcts with difFcrcnt capacity especia■ y of"venty

li■ers. This study was detectcd P,α ′rogI″οsa in nine loca! companies which

produced thcse typcs of watcr Whilc the biological indicator bacteria appeared in

most ofthc bottles water that produccd by others companies.Some chemical tcstes

wcre mcasured such as watcr tempcrature,pH,EC,TDS,Total residual chiorine.
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753 330
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ABSTRACT
This research was conducted to study the quality of water in Diyala and Tigris

rivers southem Baghdad and it's effect on the presence ofaquatic fungi, and the use

of these fungi as bio-indicators of water pollution. Five stations, three on Diyala

and two on Tigris rivers southem Baghdad, were chosen, three stations on the

Diyala river , the first before Al - Rustumia station, the second near the

confluences of Al - Rustumia station and the third station was near the point

that Diyala river meeting Tigris river, the last two stations , one of them

located on Tigris river before it meet's Diyala river and the other after their

meeting to limit the ecological effects of Diyala river on Tigris river .

Fourteen species were isolated belong to six genera belong to Oomycetes :

Achlya klebsiana , A . amricana, A. prolifroides , Achlya sp., Saprolegnia feru
, S. anisospora, S . diclina , Saprolegnia sp.,

Dictyuchus sterile, D. carpophorus, D. polysporus, Pythium ultimum, Pythiopsis

cymosa, Leptomitus lacteus. Tlrc results showed that higher number of iso'lates

46 was in station 5 in the Tigris river while the lower number of isolates

16 was in station 3 near the confluences of AL - Rustumia. . Electrical

conductivity and salinity were 985 - 4920 pVcm , 0.61 - 3'08 g \ I in

sequence . Chemical Oxygen Demand and Biological Oxygen Demand 3'2 -
18.2 mg \ | , 2.2-7.3 mg \ I in sequence, Diyala river was higher as compared

with Tigris river, the turbidity valves was l4 . 4 - 42 NTU and it was higher

in Diyala river than in Tigris river so that hardness range was 210 - 1617

mg \ I The Cations consider Calcium and Magnesium recorded increase in

Diyala river than Tigris river because of effect of Diyala river on ecological

situation of Tigris river 65 -862.11 mg\ l, 13.76-545.4 mg \ I . Also, results

revealed that Saprolegnia was the most frequent in the period of studying

and Pythiopsis was showed the lower frequency. The result pointed out the

species:
D - carpophorus
water pollution.

S. anisospora, S.ferax , S. diclina, A. prolifriodes
and Leplomilus lacleus- can consider as bio- indictors of
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ABSTRACT
Ecosystems are functional units of permanent life on earth. They compose of biotic
and abiotic materials. They are in a continuous active prosp€ct of sustainability,
characterized by the continuous production of organic malerials. Ecosystems were
found since thousands of years. Inspite of their differences they share two major
characters:-They depend on infinite non polluted source of energy, the sun.

Secondly they have efficient ability to recycle the nutrients, during many different
chemical and biological activities. So the wastes did not accumulated in the
ecosystems and the major elements of primary productivity retum back to the plant.
The diversity of biomes were due to the differences of their environmenlal factors.
The Aquatic Biome is the largest one . it comprises of Marine Biome 97.5% of
water and Freshwater Biome 2.5o/o ( including I .7% glaciers and ice in the poles,

and 077Yo of freshwaters in rivers , lakes and ,marshes). So the new conflict in the
world is about controlling this vital source of freshwater, because of the rapid
increase of human population, high demand on freshwater and the decrease of
freshwater quantity together with the increasing water pollution, climate changes
and global warming. Water resources of Iraq were decreased sharply. In Tigris
River it was decreased from 96.58 in 1969 to 18.6 milliard-ml/year in 1999. In
Euphrates River it drops from 63.3 I in 1969 to 9.56 milliard mr/year 200 I . This was
due to the establishment of many dams and reservoirs in Turkey. The big project
(South east Anatole project (KAB)) in Turkey is to build 22 dams and 19
hydroelectrically stations on both Tigris and Euphrates Rivers. Some of them were
completed, others are on the way. These projecs have affected seriously the
agricultural system on both sides of Tigris and Euphrates as well as the Marshes of
south Iraq. The threaten went on to the biodiversity of these marshes, where there
are many species(, 46 fish species, 42 bird species, 7l plant species and many
species of Amphibians and Reptilians, and even mammals including the water
bufflow.) Marshes also represent a very important migration ground, for many birds
and fishes (feeding, reproduction and crossing). It's also represent a supporting store
for fisheries, breeding, hatching incubation and raring. Marshes support biological
life system of the Arabian Gulf. Marshes represent also a unique civilian history.
Now the capacity ofartificial dams reservoirs and lakes was more lhan the real size
of waters in the two rivers. The sensitive problems for remediation of marshes are:-
Marshes deterioration, shortage of drinking water, lack of sanitation systems. Four
challenges are facing remediation of marshes south lraq:- The drying ofi The
absence of water resource treaty between Turkey, Sy'ia and lraq, Deterioration of
water quality, and the iterance of salty Gulf water to the Shat Al-Arab water way.
We are in argent need to put a new water strategy use system. Taking in account
rehabilitation of marshes , new technology for agricultural irrigation system and
using all possible ways to put pressure on Turkey , Syria and Iran to sign tr€atment
of dividing waters under the international law of common intemational Rivers on
Tigris and Euphrates .
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ABSTRACT
An experiment was conducted in botanical garden of the Department of

biology, College of Education Ibn At-Haitham, University of Baghdad during the

growtli'summJr season of 2010. The experiment aimed to study the effect of
irought stress and aspirin spraying and interaction between them in some of the

charicteristics of physiological, water relation, flowering growth and. yield

characteristics of Yigna radiata L. The treatments of drought strcss were irrigation

every seven day, irrigation every 14 days and irrigation every 2l days while

conJentration oiaspirin are 0,35, 70 ppm. The results showed that eflect of drought

stress irrigation divirgence from every seven days to inigation every 2l days led to

significani decrease 1n the averages of most studied clraracteristics at which

direased the average of proline content increased significantly by 7l '28o/o' the

average of the relative waier content decreased by 28.98%;o, the water saturation

deficii was increased by 145.37o/o, the number of days to flowering decreased by

7.3o/o, the number of inhorescences by 68,06%, the yield component averages that

the number of pods decrease d by 56.560/o, yield seeds g/m' decreased by 82'47%'

while the wriniled seeds ratio increased by 96.14%. Protein seeds percentage

increased by 37.84% and the harvest index by 6l'16%' Aspirin spraying showed,a

significant increase in most of average of studied. characteristics especially

cJrcentration 70 ppm the proline content increased by 44.49o/o, rclative water

content increased Ay rc.OZU", while the average of saturation water deficit decreased

by 19.85%, the average rate of days to flowering by l0'07yq the number of
inflore.cence increased by 15.82o/o, the average of number of pods by 249V/o and

the yield ofseeds g/m2 by nS 3Oolo, decreased the winkled seeds ratio by 19.670/o and

increased the prot;n percentage 16.l9Vo and average ofharvest index 2T '22Yo'

The interaction for both factors results showed that spraying of aspirin

counteracted the adverse effect of drought stress for all physiological characteristics

and yield component ofplant, particularly in the case of interaction of concentration

of 70 ppm. 
i,.€lill

L-t+ (i#! O1l) ".+.JJl 
{$ ,;!Jl rrL r.J &r.u}l 1''lt+l-15j1 \rr 1+E iJij c,,'''-r+l

.r....; ; a.+ ,-ti,sfr3 a;-!! ,-i'!rr -iu+ll i{+l riE Ll} ':'r.j 2010 s4Jl -4 '+
"u6*i 

I>.i,- ctrs s,Vigna radiata eij-ll c,rC dlFJ J-l-llr 1+Jl sl 'llj."jll cni-
,; ZO .:S .O ,* +iyl jJslri t l rrr 2l Js g-.r 'r.,] 14 Js c,r}rUt t'+- 

'ts rl-r n1---------------;1't1

2l dsr.,JJl fLll i,-,- cls 9-.r.x +-!l irlF 'Er l'rl !iuJ. I Jt++l +Jl etiill ''- ' rl
,y"X.ig +-i"-J, "t 

ll .e1i-,,riii:r o7o71.2g 'a"4tLi;- alLrl dls' tuL..,; fl ..5:l p-!

".r- .J.)*. "r"$f 
,/s':i.Jg z t. t, j9jil] rlYl .r- rl.)jl,% I 45.28 L-! cif' j- +-'''ll

,yo56.56 i ",, ,-,uJilr .:.E q!* Fjiji si u:r,s., i.l-t-:t ut .yo68.21i''-i,, iiril ':',lJCl
,;i"Si.1i'r"a\j,-i!-i -rl rlJl i.,*^j iltrJt 1oh26.82 sil-ill ir-j '%82.47 Jr'lill J"A

.V"61.16 a.2.+.:L-Jl qJ!.r rJ*.5 !2e37.83 i.t-.if LJj- JrAJI si iEIJJ+ll iF'Jir-' .,r:irjl

ヽ

67



　ヽ
，

‐

饉叩 |。県トツ´リロ |(′ヽ騨 α″ ″α″ L.)び口 1凸LJ“ LJ´ ´ (■日 L Ⅲ
ylJJ`)む

,・
y、
」 J郷

り■ヽ」Jも

`…´0脚
|レ外 70メ共

…

3島♂ IⅢ壺aPゝ JI脚J
`%19.85年■け

」|卜 J二`しぃ出11ス■1%10.70げ」|●口|ご=■´`%44.49ヽ■島島メl
リリコ IJLヒ J%24.90年 ■ もメ リ|● |リメ |。工 J島 J。」 `%lo.07年 ■ メ メ

」
rヽり
1。工 JL

3当j`%19.67年■ 6ご囁ヨl υJコ14Ⅲ J▲一け」出|`%7.67♂ -11‐3%49。3■Ⅲ2./´
さい |ぃ ぶ olふ |」|メL Ll`%27.72■Ⅲ J― ‖ヽdJo J二 J́%16.19 υJコlJJ,■ 出

絆 ♂
■1コ |さい 1井

“

ヽ 」 1毎日 |メⅥ ぃ ■ル 螂 ♂ |`Jと PYし ■1コ |

.oメ」lい oゝ 70メメ|工 いロツJ LJυ」l`L.^‖

なご::1..L!|

社回 6“口 |ヽ■」|めぃ 1へ J二 |(Mung bean)η g″α″″α″ 山い 彎
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Ⅲ
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(0.05)LSD
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(ppm)et2l tB cS_t ea 14 tF sg-s aり 7さ ζリ
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メ」‐

υ押 りl

■国 |」Чぃ| 醸タ ツl」がメ
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40.78 32.40 16.62 岬 |。い l出
0。954轟 lJ寺キl
O.954=oォリl」がメ
1.653=d二 l」 l

(0.05)LSD
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47.ll 50.00 44.00 47.33 35

44.56 48.33 40.67 44.67 70

50.55 43.56 47.11 」Lコlキl`1ヽ一
0.94押 lJ+キ l
O。94=… りl」がメ
1.628峯 1●」1

(0.05)LSD
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3.01 1.35 2.75 4.94 (Control)0

3.85 1.85 3.70 6.01 35

4.63 2.52 4.39 6.99 70

1.91 3.61 5.98 ■国 |。い |」L
0.187=dLJI。 キヽ|
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0.325=d二 1」 l

(0.05)LSD
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5051 14.06 42.38 95.100 (COntrol)0
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ABSTRACT
This study was conducted to invcStigate thc ab‖ ity of using difFercnt levcls of

、vおtcwater for imgation and thcir cfFccts on COrn grow、 th and some of soil chemical

瀾 聯 i甜:h朧 、ま 電:認nfT瞥
iVly S° il pH h extract soil pastc,ne

n and plant which include(Fe,Mn,Zn,

Cu,F,Cd).Thrcc levcls ofwastcwatcr werc uscd(0,50,100)%duHng口 o stagcs,

three lcvels of wastcwater(WithOut soil fcrtilizalon)werC used in the irst stage,

which werc 320Kg N/ha.+872 Kg P/ha. was addcd to the son as fertilizer in thc

control(0%)trcatmcnt and 160Kg N/ha+43 6 Kg p/ha wcre added to 50 and 100%
lcvels in the second Stage Com seeds wcre planted in 12kg  plastic Pots with

Complctcly Randomized BIock Design in three rcplicatcs

Thc resuLs rcfers to a high Ыgnincant hcreases h plant hdght,fresh and dray wclght

for an treaments in comparison With control trcatmcnt . The low added level of

wastewatcr 500/o+half of fcrtilizcr recommcndation gave a signiflcant increases of

艦 乳
'ぽ 1織 嵐 謄

哺 怒 貰 ∫ 1鮮 椰 亜 嶺
pl

control treatmcnt , The high add lcVel

clectHcal conducti宙 ty comparcd Wih thc!ow levcl of thc wastewatcr.The rcsuh

showed a signiflCant increasc in micro nutricnts cOntent(WhiCh include Fc,Mn,Zn

,Cu,F,Cd)in SOii and plant for an treatment COmpared wlh control treatment,thiS
incrcased was continues with the incrcasc ofadditional icvcl of wastewater.Howcver

an thc micrO nutricnt wcre within the standard levcls and not rcachcd the toxic limits

in sol and plant Whcreas the valucs of pH wcre close to the neutral●
r all

treatments.
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0.11 26 60.3 58.54 1.67 0.301 2.5 27.96 114.8 86.4 W2
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0.280 2.7 32.74 135.4 91.8 WOttF

0.10 21 60.0 57.44
0.240 2.6 34.90 148.8 94.9 Wl+0.5F

0.12 27 16.0 64.1 62.0 1.71 0.320
2.9 32.00 130.2 89.6 W2+0.5F

0.013 1.59 0.30 2.51 2.27
0.18 0.050 0.102 1.886 15.30 4。 16 LSDO.05

0.019 2.26 0.43 3.57 3.23
0.25 0.071 0.263 3.347 21.98 6.67 LSDO.01

'-as.$+i--ti:*tl .9 ;Jl ,pt-.!l DTPA Ⅲ り|■1コlルロ l

山ゝJ.コ |

Cd F Zn Cu Mn Fe
F勢」こメl

)甲1

1‐

メ .´

リト ゛ |

夕甲1
ト
メ ,■

-ur;+r+
er+,-rl

''.is..iL

-cll+r-P
srJI

'-js.iL
硼̈
´

¨ メ|

Ⅲメ l

〃
…

0.07 1.25 4.29 0.251 24 3.6 0.120 6.4 11.10 13.50 7.60 WO

0.130 1.47 4.61 0.278 0.154 8.6 20.00 7.48 7.17 Wl

0。 188 1.54 4.72 0.305 44 6.9 0.178 0.3 18.12 25.11 7.40 11.12 W2

0.100 1.47 4.63 0.271 0.147 2.6 18.30 22.79 7.57 WO+F
0.130 1.50 4.67 0.299 6.3 0.153 1.7 17.62 23.52 7.46 7.31 Wl+0.5F

0.187 1.57 4.8 0.32 46 7.1 0.175 3.4 20.10 28.01 7.39 W2+0.5F

0.034 0.04 0.0 0.01 2.2 0.3 0.023 2.64 4.170 0.25 ハ
ン LSDO.05

0.057 0.061 0.04 0.026 3.24 0.51 0.033 .89 4.17 6.281 0.38 3.85 LSDO.01

96



2012 .8 !"ll .23 Jill ～
却 1・」二し

“

♪1^JI

ご 御 コ
1枷」|°い IJ^‐11小 (FAO)3ヽ ^1』 か しり ,事 り 襲 ■

.(2000).ンローリ国―́ ゝめ劇゛Ⅲ I■圏 l.ヴリ

許 卿 コ
IⅢ ,憚 ldJミ 』 ご 甲 |ン ロ 1砕 メ ..一

二 |`夕去 .2

.(1995).J■ ■J→ ― tl」り1ヽK― 丼 L麹Jり ■メ
1も Lプ ロ 1出L´

3 Abou‐ Sceda,M.;El‐ Alla,H.I.;Shchate,A.A.Wastc Water trcamCnt

for irrigation purposeS 2. Scqucntial cxtraCtiOn of heavy mctals in
Mansoura‐ Univcrsity‐  Jouma1 0firrigatcd solls ancr onc year.

Agriculturc Sciences(Egypt).22(3)..P.961‐ 973.(1997)

4.Hamdy,A ScWage Wtter fOr mg江 lon.Sustainabに usc of non

cOnventional watcr rcsOurccs in thc MCditcrranean rcgion. P.559-595.

(1999)・

5. EI‐ Mardi,MO.,Salalna,S.B.,COnsdaCiOn,E.;Al‐
Shabibi,M.S.EfFcct

of treated scWagc Watcr On vcgctativc and reproductive grow」
1 0f date

palm.COnlmunication in S01l scicncc and plant analysis(USA).V.26

(11/2) P. 1895‐ 1904.(1995)

oL"“」16り」|こLIり ,3許 J■ ヴリ`い JL」 ‐ IJ出
`・

分 が多 `、卜
」 |・6

.(1987).J■ 枷■tbり|“―メ■■な,ユ
|・り‐ ■メ1占メ6い |,

メ ロ|`jL許 4■・り|ジJ‐ 。い麹‐|じ出 のメリげ,が'`砕
」1・7

.468‐457“ J■ でコ|ご|メ|゛」」劇lメリ・岬
lり ■メ|ご

`´
」|

。
(2001)

与 出 りlψJ中 」申 が
t`tJ♂ い

げ
洒 ψ」J`嵐

L`^_¨ Jψ。

'が '`υ
い 」 | ・8

亀J→
`仁ル
出 J■ 亀‐ JJL」||メ|メリ■メ 10´しふ oム■ ´

LJヒ ‐1:ψりlご

.(2011).」メリ1■

■メltbり |ひ =メ1,メ
|~‖ え出“

°り|●ル‐・ J■メ・Jメl半 `♂輝 1・9

い |れヽ`独」´
|プしムJコ1出コIJ口|メ メ゙1メメ1・●コ

lい1メも,

。(1993).“メ 1

■しり|´1り●ゝ
～
」JI。い|が こ`・ 16■,|`り ,■ ノ4 FψlJ~が‐a.`、口

1半 .10

-ご口|ご|メlψ→」出|メメ|― ム■日|。J脚 ‐ りd典 ♂“り,メ
j―

.(2001). 563-553υ・ `め
|メ|い1■ ―` 」ヽメgl亀J」 l

占,L,こJギ山´ 許 ヴリ`コ
|°い コ‐ |り螂 ・ ●

'メ
リ `Jtヴ・

'ハ
が

'`押

lH

.(2002).144-136υ・ 2ゝ“
』7ヽコ|.“|メl tiリメ1・‐・い」じ自 ■゙メl

.ψりIЧ 亀́」」|。り |が・`
lJ 6JJ.(FAO)ら ヽヽ1』 ″ゝ 1● 1リリlリ ス■ 1`コ出 .12

.(1992).― ―ちメロ|― ´。`16Jげ響Nl■≦」|

`ψ」
。いちJ。 ■`メ|ココ|ヴリ´゛コ

1占‐口 |。い J“L・Jが♪ル|.13

(2000).■メIJメ |ムJ→―,1リリ
1型■メ1ム ^Ll』 58‐ 51“

■メltbり|ひ 尋コlunょ リスココ
|」コ1出Ⅵ^‐11.JJ串l半 寧́ 1・ 14

.(1992).■メ IJメ 1ム“
ヽ ``国

」|´ |プし ｀国 1脚 IJ口 |メ ■ メ
|メメ |

ヽ

97



●

′αrαS′″εtt J Иψ θrgi〃雰ノαんは■井
出 ■ユ」 1」 :^‖ υ響 ゲ

1庶t^り ~い 日≦LJ6,厖 騨
山嚇 りゝ1こLl」。鴫与もИψθrgi〃郎

りやら」●|_メ‐

´ 国 |`井 ひ LメLJ ψ」|♂ 亀週 |。い |が tヽij●リメ IJ ψ。,J去 `凛」 |.15
■338‐ 1331“ J■ 極 We脚 14■ 出口|げ出 |メメ |ごLJ.■メ|´ ■ |」 |

。(2009)

16.Lindsay,WoL。 ,and WoA.Norvell.Devlopmcnt of DTPA soil test for
Zinc , iron , manganese and copper o Soil Scio Seco Amero Proco J。

42:421‐ 428。 (1978).
17。 Aglza,A.H。 ,El‐Hineldy,M.Loand lbrahimoM.Eo The dctttmination of

different iactions ofphosphorus in plants and soils.Agrico Cairo]Bull.

FAO。 121.(1980)。

18.Page,  A.L.  Methods  of  Soil  Analysis  oPart2.Cherrlical  and

Microbiological properties.AIner.Soc.Agron.Madison.Wis o consin.

(1982) .

ひ 山り |り Ⅲメ|`卜 ♂ ヴυヽ劇|●ロミ̂亀LIメLのメ iJゲ,ぃ ,`砕 」 |。 19
亀)」 |・メ』 ♂□1型 |し戸メ |ごヒJ.ご口1占メ 1凸y^1、し

`JL」
|_ル・ t」 |

。(2009)。 187L´ ~亀メ 14-L-1,11,L‖ J
ol井」|もりJメ ひ LリメLリ ヴリL。しJ。り |が、ミ・ Jのメ IJヴΔガ 、́

"`凛
ヨ |。20

。(2003).96‐88げ3 20ユ」18ヾ Jヽ.へ |́メ11・し」|`L^.■J」 |し い́ し■"中リ
半 ― `― ゝJうノ J区 `bリ ヴうダ 戸`夕 `凛」 しり叩 1平 ,」 `ヴェ国 |。21
■メlι |́メ

…
ひ LメLJ与1り」|´|メ狛ヴJLコ |。ぃが`ミ・ J` th日‖

…17“ ■ 口 |。」脚 等 |メ111^L]ユ _ヽ nd□ |ヴ劃 |メメ |ごLJ甲K.Ⅲ 甲 |

.(2002).32

22.Schauer,PoS。 ,W.Ro Wright and jo PelehatoSludge― bome heavy metal

availability and uptake by vcgetablc crops under icld cOndition j.

Environ o Qual。 ,9:69-73.USA.(1980)。

許 LメLJム KヴJコ|」 Jミ ^がくtいい分 去́ `凛」しご卜 が `ム |。23
d□ |‖ 』ヽ.ぬ」しヽ メ||_興■|メ |ム L^‖ .山国し、メ|ひ■|コ|夕国|`井

。(2006).3。」 |―

Ⅲメ |“ |メ 渉 じヴリ甲 1山
田ミム亀LIメ ヒ .ゲ夢 ヽ戸

"`凛

」 |〕い ♂ `二
|.24

.(2006).(26‐ 21)d□ |。」|‐37■ヽ̂1.■ |メ |』にしり|ス k^1.■いメ|

与 り げ |夕 も」 ヴリ|♂ 神 L411亀劇 |。ぃ IJ｀ttJ.●JJJゲ メ 、J"`静 」 |。25
。20H。 154¨ 143“・ カメ 極 い

lk^。
ジー』 |ス墨臨 J占_興|ぃ 亀JI許 拠 1ヽ ‖

（
）

● 98



2012`8コ 1`23 1`ヽ ‐1 ,ヽ=“コ11」二Ⅲ́

a.cE.o, kol ''ri 'l-l iLr.lt -l:$-l cj+-:tt ,-i*.,, d.r!.iL.. d)." c'JJJll g'a)'':-l
q;.:u- JjJs Ji i*+r3$l tuJl*il1 drlr 'lsHll :lJ'-, sliEr^llr gyL'-ll

d$i.jJE .!ii r el+i r- J'e
f.i1t :-,.t- -cl4l r+>ll 18 -.1r3. I l-l

2ft2t5t28 i- ltt Jt, eiJL - 201r4l8 &.+ll di3 &rl,

ABSTRACT
Research has included extraction of oil from palm and wheat residues for use in

the manufacture ofdetergents (solid and semisolid soap) and Synthesis Soap to ensure

the reduction of pollution and recycling instead ofdisposal oftraditional burning. on

the other hand synthesis a number of carbohydrate ester compounds by Trans

esterification reaction of oils extracted with a number of sugars available to get a

new class ofdetergents (non ionic) and emulsions which have ability to biodegradabte

by bacteria to fatt! acidi and sugar , Also this work includes studying some physical

pioperties for preparing compounds as foam test , surface tension to know that is

used capability as Detergents and Emulsions , cosmetics, pharmaceutical applications

b".uur" ,hi, compoundi not irritant the skin and eye' The prepared compounds

iaentified by speciroscopic technique (FT-IR), The reaction flow detected by thin

layer chromatography technique (T.L.C). This-- studyjng show the prcpared

"ornpornd. 
havJ bioiogical a"iivity to use as antibacterial agents to find out 

-the
porriUitity of using suclh material purification. Has also-been studying the physical

propertiei of oils d-erived from the results indicates potential for use in cooking fuel or

biodiesel' 
e,alirr
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ABSTRACT
The study was included collection of soil samples from five locations located along

on" ,ia" of the Euphrates River ,to study the chemical characteristics. heavy metals

*Li" r,uOy include Lead ,Copper, Nickel, Iron 'Chromium, Cadmium Zinc as well as

,ff. electrical conductivity, total dissolved soilds ,concentration of calcium'

L-uin".irr, bicarbonate, chloride, nitrate ,sulfate, phosphate and elements of sodium'

fotL.ir-. The results showed the response of conductivity and concentration of
sodium and chloride whereas variation other Properties' Cd <Cr< Pb< Cu < Ni < Zn

<FeWhereasCd<Cr<Pb<Ni<Cu<Zn<Fe.Thestatisticalanalysisshowedat
(p<0.05) significant differences among conc. of all elements in all stations at 201 I

ind 2Ol'Z ylars . At Z0l2,range of Cu exceed the critical limit whercas range of Ni

and Zn exieed the global standard limit The study recommended to conduct and to

agriculture with water ofthe river in this zones .
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Jゝu」 | 5ごメ 4ご´ 3ご´ 2ご´ 1戸´ LJ,」:な」 l

7.37 7.35 7.23 7.41 7.21 7.68 PH

9.566 14.55 7.08 11.68 6.79 7.73 Is.crrl…りl

612 898 477 830 386 468.2 ca― mg/1

419.6 550 326 535 296 391 Mg"mノ l

1430 1992 1967 1250 875 1066 S04=mg/1

6.248 10.6 10.4 3.6 2.6 4.04 P04~mg/1

338.6 390 320 380 286 317 Nダ mノ 1

9.04 H。 5 15.5 6.8 6 5.4 K+mg/1

1660.4 2374 876 1974 1728 1350.8 CL‐ myl

1.364 1.75 2.02 0。99 0.96 OM%
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2012」 2011 J〕な 出|メ lJが ヽ」―」1甲メ 出し芦 」 |ご |´」 塾 劃|)at」 1出ゝ… :4‐ JJ、

Element years
Conc.(uds) lor element in stations

Mean
*Std.Deviation1 2 3 4 5

Pb 2011 5.3 7.5 32.1 12.4 8 13.06± lo.14

Pb 2012 13.4 8.3 34.1 120 22.1 39。 62± 42.61

Fe 2011 1450 3645 3450 2720 2945 2842± 798.81

Fc 2012 1750 3040 4395 2955 3685 3165± 9o7.75

Zn 2011 20.1 54.8 45。6 43.2 31.5 39± 12.64

Zn 2012 15.4 17 285 300 93.5 142.18± 130.48

Cu 2011 10.3 H.8 26.5 12.9 10.9 14。48± 6.29

Cu 2012 9.5 11.8 285 43.5 30 75。 96± lo8.99

Cr う
ん 7.5 9 7.4 5.9 6。2 7.21 ±1.17

Cr 2012 4.5 22.2 9.4 12.5 11.94± 6.04

Ni つ
４ 40.3 44.3 29.5 30 31.2 35。 07± 6.37

Ni 2012 50 74 57.5 50 82.5 62.80± 13.94

Cd 2011 0.14 0.15 0.19 0.35 0.2 0.24± o.15

Cd 2012 0.1 0.15 0.3 0。5 0。25 0.26± o.14
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Element
Standard

soil
[g rl

Critical

limit μg g‐
1

Po‖uted soil

μg ri

Pb 50 150 600

Fe

Zn 70 300

Cu 20 20

Cr 100 250 800

Ni 50 100 500

Cd l 5 20

J」
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1.Alina Kabata― Pendias,Arlln B.MukheJee,2007.Trace Elements from

Soilto Human.2nd ed,Chapman and Han,London,p585。
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London,p730。
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ABSTRACT
The present study was conduct to evaluation of quality of water which used in
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potassium(28‐ 29)°C  (7,9‐ 8,9) (1243‐ 1420)Dsヽm(20‐65)NTU(116‐689)(324‐

487)(14‐78)(34‐56)(456-654)(45-187)(35‐ 54)(76-123)(45‐ 78) 口ngヽ 1・   The  results

showed signiflcant difFerences among the properties which studied at stations and

observed elcvation in some properties compared with acceptablc lirnit to industrial

water . The study was recommended to continuous observance for these water,
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ABSTRACT
That good lighting inside the classroom  have a very important for vision of

writting lesson on thc board,one ofthc conditions that FnuSt be taken into account for

the delivcry of scientiflc material and to maintain the safety of students frorn the

psychological respect to accept the lesson in a comfoltable environment for hiin.This

research has been written of four texts by using the colors(red,green,bluc and black)

on the board in the classroom oflow Hght(wtthOut the use ofelectHc lightin9。 Where

adopted the only lighting ofthe sun that is fa‖ ,om the window and photottphed the

texts by the digital calnera of the type(SOny― Digital Camera)for difFerent distances

from the board. As been study the distribution of light intensity on the lcvel of

classroom 401(in the cOllege of scicncc,al mustansinyah university)When natural

light only.We examine the quality of the image that represents visibility colored text

on the whiteboard and each color used and thc difFerent distances from the board.The

results are showed that the use of black color in the writing gives the best vision for

text written on the whiteboard at the weak light in the r∞ m and this was obvious but

demonstrable pЮ cess of the camera and computcr simulation,And also showcd that

the level ofthe distribution of naturaHighting within the classr∞ m401 be wcak and

decreasing largely as we move away from windows,as the distance 5。 5m is givcs the

bad vision ofcompaHson with the● vo distances iatest.
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ABSTRACT
The water is the most irnportant chenlical composition on the earth;it is ncⅣ e oflife

to Hve for an biotic organisms. According to its distinguishcd properties that

candidate it to play a convenient solvent for rnost inaterials and suitable mediunl for

biotic organisms to grow in,water contains harmful and unha‖ ‖ful innpurities on the

humanls healtho which must be carefully dealing with it and eliminatc them by

scientiflc methods。

R4easuring the turbidity are an essential incthod to test watcr qualityo Many direrent

technlqucs including different light sources wcre used to measurc the turbidity.I)ue to

the advantages of laser light that are direc■ onal■y,monochЮ maticky,coherent and

brightness,the turbidity of water has been studied in this research through laser spot

irnage including;  intensity,shape,center and the siinilarity of the spot shape,aner

passing through the turbid water.Thc results of this work pointed toward a decrease

in the intcnsity of the transmitted light is occurred whcnever the concentration of

solution is incrcased in distillcd watero With an increase in intensity ofthe green band

because ofits highest contribution in the iHunlinance process.
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ABSTRACT
lhis research work is conccmed With the study ofthe efFcct ofthe solar and magnctic

activitics,the stratospheric ozone,thc meteorologicai factors,such as thc amount of

rain fall and visibility,on the ultraviolct radiation rcaching the earth surface at va」 ous

wavelengths(305,310,324&380 nanometeぅ 。

The aim of thc rcscarch is to ind the relation between thc solar aclv■ y(representcd

by thc sunspot numbcr Ri,Rn),magnetic ac6vly(rcprcscnted by thc geomagnctic
index Kp)and thC ultraviolct radiation in addition to flnd thc rclationship bcmeen the

total ozonc column, amount of rainfall and the visib‖ ity, and thc ul● aviolet

radiation(atthe samc wavelcngths)dunng thC locai noon in Baghdad during the year

2011

1t is found that therc is an invcrsc rclation be●vccn the sunspot numbet Ri,and the

ulra宙olct radiation(atthe four wavelengths)and an invcrsc rcla」 on betwccn the

sunspot numbcr,Rn,and the uLravioLt radiadon(UVA)and a hncar rclation bew∝ n

sunspot numbcr,Rn,and ultraviolct radiation at thc wavelength of380 nanomctcr.It

is also found that thcrc is a lincar rclation bc● vcen the gcomagnctic index,KP,and the

ulraviolet radiation(atthC four wavclengths).

AIso found is an inversc rclation bctwcen the total ozone column and the amount of

rainfall and the ultraviolet radiation(atthC four wavclcngths)A wcak rclation is

found bc●veen thc ultraviolct radiation(at waVelength of 305 nanomctcr)and

visibility.

Also it is found that there is a stЮ ng correlation bc●veen thc ultra宙 olet radiation(at

the wavdengh Of380 nanomcteつ and運
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Relationship between UVA, UVB and sunspot
number for Baghdad city and for the year 2011
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Relationship between Erythemal UV daily
dose and precipitation(rain) for Baghdad
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ABSTRACT
StudythelevelofnoisepoHutionintheurbanatmosphereofthecityofBaghdad
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