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Preface

This book includes the papers presented during the 2nd International Conference on
Advanced Science and Engineering 2019 (ICOASE2019) which was held in
Duhok, Kurdistan Region, Iraq, in April 2019. This conference was jointly orga-
nized by two universities: University of Zakho and Duhok Polytechnic University.
The theme of the book mainly focuses on the Natural and Environmental Sciences,
and Earth Science and Geoscience as they are part of the ICOASE2019 tracks. It
aimed to give a more concrete expression to the science and engineering applica-
tions with a new multilateral scientific forum that emphasizes the vulnerability and
proactive remediation from an earth and environmental point of view.

The presented topics in both tracks of the ICOASE2019 were organized as:

• Natural and Environmental Sciences

– Plant and Animal Ecology
– Ecology and Pollution
– Biodiversity
– Soil Science and Geochemistry
– Environmental Health and Waste Management
– Environmental Biotechnology
– Molecular Biology
– Microbiology
– Histology and Embryology
– Biochemistry
– Animal Physiology
– Genetics
– Entomology; Mycology and Parasitology
– Pathogenic Bacteria and Immunology
– Organic and Inorganic Chemistry
– Analytical Chemistry

v



– Physical Chemistry
– Industrial Chemistry
– Quantum Chemistry

• Earth Science and Geoscience

– Geology; Hydrology; and Geomorphology
– Atmospheric Science
– Human Geography
– Photogrammetry
– GIS and Remote Sensing Application
– Forestry
– Geodesy
– Land Administration
– Airborne and Terrestrial Laser Scanning
– Hydrography
– Cadastral Surveys
– Spatial Data Infrastructure
– Cartography
– GNSS Application

More materials and information of the conference are available in https://
icoase2019.uoz.edu.krd.

All submitted papers went through a rigorous (double-blind) peer review process
commensurate with their tracks. In all, 39 research papers were submitted; each was
reviewed by at least three reviewers, and only 12 were accepted (with 30.76% as
acceptance rate). The process included full paper submission through a conference
management system, the so-called EDAS. This system includes built-in software
for similarity checking (iThenticate). The accepted similarity ratio is 25%. Next, the
papers were assigned to reviewers through EDAS as they sent their review, com-
ments, and recommendations through the system as well. The final decision was
made by track chairs and editors after receiving revisions. Hence, a set of
high-quality contributions to the recent researches in earth and environmental sci-
ences were accepted.

We would like to thank everyone who contributed to this effort including paper
authors, session presenters, reviewers, track chairs, program committee members,
volunteers, and sponsors. Without their support, the event would not have been
successful.

Zakho, Iraq Yaseen T. Mustafa
Babil, Iraq Sattar Sadkhan
Duhok, Iraq Subhi Zebari
Zakho, Iraq Karwan Jacksi
April 2019
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Application of Computational Fluid
Dynamics in the Simulation of Carbon
Monoxide Distribution, a Case Study:
Sayad Underground Tunnel in Tehran

Hazhir Karimi, Borhan Riazi and Mokhtar Mohhammadi

Abstract Vehicular emissions can easily contaminate the air quality of the traffic
tunnel especially during traffic congestion or low vehicle speeds, which would pose
serious health hazards to passengers and drivers. In this study, Carbon Monoxide
(CO) concentration was simulated using a computational fluid dynamic inside the
Sayad Tunnel in Tehran. Three-dimensional simulation using CFX is carried out to
investigate the effect of tunnel geometry, vehicles’ speed, the ventilation systems,
and the fuel type on the CO concentration. For the making accurate simulation, the
geometry of the tunnel was divided into grids and transmitted to the Ansys CFX. The
result showed that the maximum concentration of CO for the top and bottom floors
were 47.13 and 42.47 ppm respectively. Compared with the standards, these levels
are not higher than the 8-h standard limit (109 ppm) for human health. In conclusion,
using a three-dimensional CFD model for CO simulation is a suitable method to
show and analyze the concentration in particular in the closed spaces.

Keywords CO · Numerical Simulation · CFD · Tehran
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1 Introduction

The simulation of the pollutant concentrations inside the closed spaces is an efficient
way to explore the pollutant distributions through these spaces and assess the effects
of vehicle speed, the locations of the fans, and the flow rate of the fresh air from
fans. Simulating the concentration of the pollutants gives the better perspective to
the place of the ventilation systems which could help the replacing contaminated
indoor air with fresh air from outside, and it plays an essential role in the drivers’
health and the efficiency of the operational expenses of construction costs [1].

Computational Fluid Dynamics (CFD) is one of the most proficient numerical
methods that provide a qualitative and quantitative prediction of fluid flows using
mathematical and numerical methods [2]. CFD gives an insight into flow patterns
that are difficult, expensive or impossible to study using experimental techniques
[3]. The advantages of the high resolution visualization, simulation for all desired
quantities at a time, and application for actual flow domain have led to widespread
use of CFD to study and predict various environmental phenomenon such as smokes,
plumes, and [2, 4–7].

However, previous studies have focused on the smoke and heat distribution during
the fire in which vehicles are stopped, and the effects of induced turbulence caused
by vehicle motions has not been considered. Few studies have been caring out by
recognizing vehicles movement at a slow speed, which may have a significant effect
on pollutant distribution. For instance, Ashrafi et al. [3] used a computational fluid
dynamics to the numerical simulation of airflow and carbon monoxide concentration
inside the Resalat Tunnel in Tehran. Likewise, Dong et al. [8] investigated the CO2

level in three traffic conditions (severe traffic congestion, traffic flow, and low vehicle
speeds) inwhich fan conditionswere considered tomodel the influence ofmechanical
winds on pollutant dispersion, and comparison with vehicular piston effect was also
performed.

This study aims at the 3-D simulation of CO distribution in Sayad Tunnel of
Tehran. The simulation of CO concentration was carried out using CFD based on the
geometry of the tunnel, the consumed fuel, the type of the vehicle, and ventilation
systems. The interaction between vehicular piston effect, ventilation and the volume
of the input and output rates were also considered.

2 Methods

2.1 Tunnel Geometry

Sayad tunnel is the largest roadway tunnel in Iran with 10-km length. The geometry
and overall layout of the tunnel is shown in Fig. 1. The tunnel is on two floors, one to
go and the other to return the vehicles. Each floor has three lines of movement and
a path for the emergency situations. The maximum depth of the tunnel is 32 m and
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Fig. 1 The geometry of the tunnel

it has a 3.5 m height and a maximum slope of 5%. Each floor of the tunnel has 40
fans that are placed in 10 sections.

2.2 Vehicle Simulation

A vehicle with an average length and the medium volume of pollutants emission
was considered for this study. Figure 2 shows the defined sample vehicle with a
4.8-m length. This vehicle is averaged in dimensions, velocity, and emissions. Two
movement lines and one emergency line was considered with 10-m distances.
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Fig. 2 Schematic presentation of a sample vehicle

Table 1 Characteristics of
fans in different sections of
the tunnel

Type Location Flow rate
(m3/s)

P (Pa) Number

Blower Upper floor 220.3 30.98 9

Suction Lower floor 123.2 43.34 9

2.3 Ventilation System

The ventilation system of the tunnel consists of the blower and suction fans and
jet fans. The volume of required air for the tunnel ventilation is estimated at
1983.04 m3/s. Characteristics of jet fans are determined also based on the volume of
the air and the pressure to transferring air between two jet-fan stations. The general
system characteristic is shown in Table 1. According to the proposed model, nine
fans with equal distance of 1000 m from each other are placed along the tunnel.

The momentum generated by the jet fan is also defined as Eq. 1:

Vm = Vd−Vo & Thrust = Q · Vm · ρ (1)

whereQ is the passing volumetric flow rate through the jet fan, Vm is the pivot speed
of the passing fluid that the jet fan can generate, ρ is the density of the fluid; Vo is the
free flow speed around the jet fan and Vo is the velocity of the passing fluid through
the fan. It is clear that if Vd = Vo, then the fan thrust it will be zero and practically
the jet fan cannot create more speed.

2.4 Software Settings

For ease of grinding, the tunnel geometry is divided into several parts, and then
network grids were imported into CFX. The input air from the entrance portal of the
tunnel (in the presence of a piston effect in the movement of the cars) and the air
supplied from the fans is the same as that of the urban environment air. To increase
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Fig. 3 Profiles of CO concentration in different sections inside the tunnel

the accuracy of simulating carbon monoxide concentration values over one year, a
monthly average for air quality in these inputs is considered.

3 Results and Discussion

Simulation of CO pollutant was performed using CFDmethod and in CFX software.
In the mode of cars motion, the tunnel is investigated according to its design condi-
tions for two rows of cars at an average speed of 60 km/h. Figures 3 and 4 illustrate
the average distribution of carbon monoxide inside the tunnel and the concentration
contour of tunnel output respectively. In this case, the ventilation systems and piston
effect were also considered. According to the graphs, the concentration of CO rose
gradually during the tunnel and the CO2 concentration reached about 47 ppm at the
output, which was also under a hazardous level for the environment.

Figure 5 illustrates the standard level of CO in different exposure time. According
to the figure the concentration of 50 ppm for 3 h is not at the hazardous level, and
given that the speed of the vehicles is considered 60 km/h and the tunnel length of
10 km, the total duration of the time that the vehicles run through the tunnel will be
10 min. Thus there will be no concern for the health of people, and the ventilation
system will respond to the dilution of the air. It is necessary to note that the best
concentration condition of 35 ppm for 8 h of inhalation is considered and breathing
carbon monoxide 9 ppm for a long time is mentioned permissible.

Use of the CFD model as a 3D model in the contaminants emission simulation
showed that this model could be able to simulate the pollutant contamination inside
the tunnels. In similar studies byAshrafi et al. [3] andDong et al. [8], they investigated
the CO2 level in traffic tunnel using CFD. They resulted that CFD is a powerful tool
for simulating CO concentration in the tunnel. They also found that the vehicular
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Fig. 4 Concentration of the contour in the tunnel

Fig. 5 Standard level of CO

piston effect could efficiently remove vehicular emissions when vehicles travel is at
higher speed. The result of this study agrees with those conducting by Ashrafi et al.
[3] and Dong et al. [8].
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4 Conclusion

In this study, CO concentration in Sayad Tunnel was simulated using CFD that is a
3D numerical method. Simulation of CO contaminant showed that this model is a
power model to simulate CO distribution. The result indicated that piston effect and
ventilation system helped the elimination of emissions adequately under a vehicle
speed.Distribution ofCOconcentrations depends on several factors, including tunnel
geometry, vehicle movement, fan locations, and fresh air flow of the fans. In the
lots of studies, the movement of vehicles has not been considered and the actual
concentration of CO has not been achieved. However, we simulated the turbulent
boundary conditions and the actual CO concentration considering the speed and
movement of vehicles.

One of the important points in simulation andmodelling is validation and accuracy
assessment. This study was conducted at the time of designing. Therefore, it is not
possible to getting air contamination samples during the use of the tunnel to compare
the level of the CO with the simulated results of this study. It is strongly suggested
that in the future studies, researches will compare the results with the level of the
pollutants by sampling in different sections and profiles of the tunnel.

Acknowledgements The authors would like to thank Tehran Municipality for their financial sup-
port.
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Dendroclimatological Analysis of Pinus
brutia Ten. Grown in Swaratoka,
Kurdistan Region—Iraq

Tariq K. Salih, Muzahim Saeed Younis and Salih T. Wali

Abstract It is well known that there is a strong relationship between the amount
of precipitation and radial growth of the trees, but it is not known up to which
extent they depends on each other. On the other hand, the data about the amount
of precipitation is available from 1976 in Duhok governorate in general. One of the
problems studied here is to estimate the quantity of the precipitation using the width
of annual ring for the periods prior to 1976, in order to see the trend of rain and
snow fall in the region. The data used in this study came from 387 sample pairs of
precipitation and diameter growth. These data were undergone data processing for
the purpose of developing of regression equations between the width of diameter
growth as dependent variable and the amount of yearly precipitation as independent
variables in regression equations. Accordingly, thirteen regression equations were
developed; two of them were simple regression equations, one polynomial, and the
rest of equations were nonlinear. These equations were undergone several measures
of precision for the purpose of selecting the most appropriate one which fits our data
set. Ultimately the non-linear regression equation: Dg = 0.293781 + 0.0000371 ×
p1.40698 was selected, with an adjusted R2 of 76.22, standard error of estimate of
0.1283 and DW of 1.88 The selected equation can be used to estimate the amount
of radial growth of a tree in the region by substituting the amount of precipitation in
the equation.

Keywords Annual ring · Dendrochronology · Precipitation · Increment borer ·
Diameter growth
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1 Introduction

Pinus brutia Ten is the native coniferous tree species grown in Kurdistan of Iraq. It
covers up to 50,000 ha [1], which is considered as a 10% of the overall forest area in
the region. The rest of the area is covered by broadleaves, particularly the oak trees
species [2–4].

The annual rings are more conspicuous in the cross sectional area and, also on
the extracted core from brutia pine as compared with the other naturally grown trees
in the region [5]. Furthermore, the process of cores extraction from pine trees via
increment borer is much easier than extraction from oak trees. For such reasons this
species was used for such dendro-climatological study.

The relationship between climate and tree-ring width is a part of so-called Den-
drochronology.

The main reason behind using the diameter growth in this chronological study
is the variation of growth rate in different seasons within one year. Growth is the
increase of the size of tree under a period of time [6–8]. The growth takes place in
different parts of a tree at the same time. It can be expressed in different parameters,
and therefore there is diameter growth, height growth, and volumegrowth [8].Growth
is the product of an interaction of several abiotic and biotic factors, over a tree and
forest, through the time. Diameter growth is the difference between the diameters of
a tree under two successive years [9].

In measuring the width of annual rings, one may face some problems, the diffi-
culties in distinguishing the true boundaries of annual rings and mistakes which may
arise in counting the annual rings [10].

Leonardo da Vinci [11] realized the relation between climate and width of tree
rings. He is considered, as the father of dendrochronology [12]. However, the begin-
ning of broad scientific knowledge of wood formation, tree rings and climate, can
be dated to the middle of the nineteenth century, when Theodor Hartig and others
postulated their theory of tree-ring formation as a consequence of low temperature
in winter [13]. The nature can be considered as a book of many pages and each page
tells us a fascinating story [14].

The climatic variation in a location can be read on the annual rings of a tree from
the same location, because the width of these rings has a high relationship with the
climatic conditions [15]. This characteristic can be used to study the previous climate
variation, in order to see the trend of some aspects of climate in the past [16, 17].

This study is partially dealing with the possibility of anticipating the past precip-
itation of the region using the annual growth of the trees. The relationship between
the width of annual rings and the precipitation has been studied intensively by many
researchers such as [18–20].

Although the chronological investigations have been conducted throughout the
world since the beginning of the last century, in our country this attempt can be
considered as the pioneer one at least for the mountainous region of Kurdistan. The
tree rings can be used as a record containing year by year something of the climate
history in the annual rings.
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It seems that the growth is directly correlated with precipitation and inversely
correlated with the temperature [21]. If the temperature increases, tree growth may
decrease, depending on whether the heat increase is accompanied by an adequate
amount of precipitation. Tree growth is lowest when there are conditions of high
temperatures and low precipitation, while it is greater when temperature is lower and
moisture is higher [22].

The tree-ring width have been used in different purpose, such as reconstruction of
records of past climatic changes [16, 23, 24]. The characteristics of the dated rings
can be used to reconstruct past variations in drought [25, 26]. Mäkinen and Vanninen
[27] found that there were no effect of temperature onwood production, but a marked
correlation between the precipitation and variation in ring width.

The recording of climatic data in Duhok governorate was started in 1976, which
means that such data is not available before that date. Therefore, this study aimed
at investigating of the following: (1) to see up to which extent the annual growth of
the tree is accompanied with the precipitation. (2) To investigate the possibility of
predicting the past precipitation of the study region at any year by measuring the
tree-ring width at that year.

This paper seeks to address the following questions:

1. To determine the relationship between the radial growth and the precipitation.
2. To regress the annual ring width with the annual precipitation.
3. To regress the annual precipitation with annual radial growth to be used for

estimating the annual precipitation for the studied area in the past time.
4. To estimate the effect of precipitation on the size of radial growth of brutia pine

trees.
5. The knowledge gained from this study will help with the reconstruction of past

precipitation using tree-ring records of extremely long-lived pine trees.

2 Materials and Methods

2.1 Site and Location Information

The data used in this study came froma sample of pine trees collected fromSwaratoka
region. Swaratoka is mountainous area which lies at about 1250 m above sea level.
The mean annual precipitation is 800 mm. The data of precipitation were obtained
from the directory of meteorology office in Duhok. The latitude and longitude for
the region are 370.545 and 4313.691 respectively.

The subjectively selected sample was consisted of 12 open grown, undamaged,
well formed, healthy, and vigor trees. This sample of trees were cored using an
increment borer at a height of 1.3 m above the ground level, because there is a
significant correlation between the radial growth and the precipitation at such height
[28].
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2.2 Laboratory Work and Core Preparations

The lab and office work included smoothing of the extracted increment core for the
sake of getting a better appearance of clean annual rings. Furthermore a handheld
sandpaper was used for getting a readable surface of such cores.

These increment cores were fastened on a woody basement plate for photograph-
ing. The images were taken with a high resolution Camera (Nikon digital Camera
D3100). These imageswere transferred to the computer, to be scannedwith computer
scanned equipment called, CDendro and Co-Recorder, which is specially designed
for image analysis and measuring of annual rings. Using this system, the width of
each annual ring along each diameter-based radius is obtained. Accordingly 387
observation of diameter, age and diameter growth were obtained. These data were
undergone both mathematical and statistical analysis. For such purposes, the Excel,
Stratigraphic plus 4 and SAS were used for data processing, developing equation,
and testing the performance of the developed equations to select the most appro-
priate one for estimation of diameter growth corresponding to different amount of
precipitation.

From each selected tree, in the sample, between 20 and 40 observations were
taken.

The reason of taking few numbers of trees in a sample is:

1. If the same tree is used in taking the required measurements, this ensures keeping
(all factors affecting the growth) as constant except precipitation, which was the
studied explanatory variable.

2. The tree, which is living in a location has the same site factors, and has the same
density, because our selected trees was from open area, which means that they
were free from inter and intra-competition.

3. It was not easy to find many trees having the same aspect, same altitude.

2.3 Procedure of Achieving the Diameter and Diameter
Growth

1. Transferring the image of cores to the computer.
2. Using the CDendro and Co-Recorder, the borders of annual rings were deter-

mined and accordingly the number of rings was accounted to be used for deter-
mination of the age of the tree.

3. Starting from the pith of the diameter of the first ring was considered as the first
diameter and the twice of the distance between the first ring and second ring was
taken as the diameter growth for the first ring.

4. The next diameter was the first one plus the diameter growth of the first ring, i.e.
D2 = D1+ Dg1, and the double of distance between the second and third ring
was taken as Dg2 and so on (see Fig. 1).
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Fig. 1 Shows diameter and diameter growth calibration using co-recorder package

Table 1 Shows a summary
of the data used in this study

Variable Mean SD Min. Max.

Diameter 18.184 10.61 0.200 44.80

Precipitation 779 297.03 200.7 1402

Diameter growth 0.7464 0.2626 0.24 1.35

5. The year belonging to each diameter growth was calculated, using simple arith-
metic, for example if the total numbers of annual rings at DBH is 30 rings and
the cores were taken in 2017, this means that the first ring belongs to (2017 −
30) = 1987.

6. After the determination of the year at which each annual ring was formed, the
precipitation was obtained from the directory of meteorology office in Duhok,
belonging to the same region.

7. In such cases, the required data became ready for analysis and development of
regression equations (Table 1).

3 Results and Discussion

3.1 Development of Equations

At the beginning a scatter plot were done for our data to see the trend of relationship,
in order to determine the type of models to be tested (see Fig. 2).

The plotted points show some types of non-linear relationships, which in turn
declare some outlier within data. This fact was verified when the first regression
equation was developed.

By excluding the outliers from the original data, the R′2 increased from 0.55
to 0.75. Table 2 shows the developed equation after excluding the 19 abnormal
observations from the total of 387. Using the available computer package; namely
Stratigraphic plus 4, SAS and Excel and different forms of linear and nonlinear
regression equations were adopted and tested to see how well they fit our data.
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Fig. 2 Shows that the trend
of relationship between
diameter growth and the
amount of annual
precipitation

Table 2 Shows the developed regression equations along with some measures of precision

No. Equations R2 SEE

1 Dg = 0.146496 + 7.66968E−4 * P 75.65 0.1299

2 ln Dg = −4.94356 + 0.69769 ln D 69.14 0.2122

3 Dg = 0.252163 + 4.497E−4 * P + 2.06585E−7 * P2 76.11 0.1285

4 Dg = 0.00355152 ∗ P ∗ e0.804555 74.62 0.1325

5 Dg = 0.293781 + 3.71E−5 * P1.40698 76.22 0.1283

6 Dg = 5.545
(
1 − 0.978858 ∗ e(−0.000159428P)

) 75.12 0.1312

7
Dg = 1.58549 ∗ e

( −540.4
P

)
65.81 0.1538

8 Dg = 4.72837 ∗ (1 − 0.331808 − (0.00050595 ∗ P))7.37035 76.14 0.1285

9 Dg = 1456.61 ∗ (1 − 0.784949e(−0.0740491 ∗ ln P)11.5793 ) 73.65 0.1350

10 Dg = 0.0069951 ∗ (
1 + e(3.82133+0.00102032 ∗ P)

) 75.22 0.1309

11 Dg = 3.53654 ∗ e
(−e(0.988845−0.00068458 ∗ P)

)
76.23 0.1282

12 Dg = 62.012 ∗ P(−1.07061) + 0.000877 ∗ P 76.35 0.1279

13 Dg = 1.94732
(1+6.64125∗e(−0.00177669 ∗ P))

76.44 0.1277

where
Dg = diameter growth (mm)
P = precipitation (mm)

3.2 Measures of Precision and Biased

The following measures of precision were used for comparing the precision of the
developed regression equations:

1. Adjusted coefficient of determination (R′2)

This measure is calculated according to the following:

R′2 =
(

1 −
regression ss

k
T otal ss
n−1

)

(1)
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2. Standard error of estimate (SEE), which can be calculated using the following
formula:

SEE =
√

Residual ss

n − k − 1
(2)

3. Ohtomo’s unbiased test:

ŷ = b + my (3)

This actually is a simple regression equation between the estimated values of
dependent variable from the selected equation and the actual values of the dependent
variable where:

k = number of independent variables in the equation
n = the number of observation
b = y-intercept of Ohtomo’s model
m = regression coefficient for Ohtomo’s model.

3.3 Selection Procedure

Table 1 shows that the dependent variable of the developed equations appeared in
two different forms; in the second one, it appeared in logarithmic form, while in all
others equations in original form. Therefore the performance of the second one can’t
be tested with the rest of equations [29]. The logarithmic function was remained as
a candidate to be compared with other equations, using other measures of precision
such as [29, 30]. Meanwhile, also that the adjusted R′2 ranged from 65.81 to 76.44
and their standard error of estimate ranged from 0.1277 to 0.1538.

It is well known that the precision of an equation is directly proportional with it’s
R′2 and indirectly proportional with SEE, therefore, No. 7 of Table 2 was dropped
from the list of competing functions because of having lowest R2 and highest SEE.

Out of the twelve regression equations, one is simple linear equation with an R′2
of 75.65 and SEE of 0.1299, and a polynomial with R′2 of 76.11 and of an SEE of
0.1285.

The rest of models are non-linear equations. Their R′2 lies between 73.65 and
76.44, and their SEE lie between 0.1277 and 0.1350. These twelve equations were
undergone another test called Ohtomo’s unbiased test for testing of precision of the
equations. This test was originally developed for testing the accuracy of tree volume
equations, but it can be used in other circumstances with some modifications. The
starting point of this test is relating the estimated values of the dependent variable
will be regressed on its actual values in a simple linear regression equation, and as
follow:
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Table 3 Shows the Ohtomo’s test for the remaining candidates

No. Equation models R2 SEE M b b + (1 − m)

1 Dg1 = b + mDg 75.65 0.113 0.7565 0.1817 0.4252

2 Dg2 = b + mDg 74.14 0.1036 0.6661 0.2326 0.5666

3 Dg3 = b + mDg 74.78 0.1182 0.7731 0.1669 0.3938

4 Dg4 = b + mDg 76.35 0.1121 0.7646 0.1763 0.4117

5 Dg5 = b + mDg 75.18 0.1314 0.8682 0.0852 0.2170

8 Dg7 = b + mDg 76.03 0.1619 1.095 0.126 0.2214

9 Dg8 = b + mDg 74.00 0.1200 0.7687 0.1695 0.4008

10 Dg9 = b + mDg 75.39 0.1113 0.7395 0.1955 0.456

11 Dg10 = b + mDg 76.36 0.1121 0.7647 0.1738 0.4091

12 Dg11 = b + mDg 76.48 0.1110 0.7599 0.1795 0.4196

13 Dg12 = b + mDg 76.57 0.1157 0.7705 0.1708 0.4004

Y = b + mY (4)

The most accurate equation is the one, which has estimated values of: Ŷ almost
equal to the corresponding actual values, (Y ). This situation meets when b = 0 and
m = 1 (Table 3).

As it can be seen that the R′2 and SEE ranged between 74–76.57 and
0.1036–0.1314 respectively, which means that their efficiency in estimating the
dependent variable is very close to each other. In the view of Ohtomo’s test, the
values of y-intercept ranged from −0.1264 to 0.2326 and the regression coefficient
ranged between 0.6661 and 1.095. Taking both (b and m) criteria into considera-
tion, the following index was proposed to see the relative efficiency of the competed
equations in meeting the Ohtomo’s criteria:

Proposed Index = b + (1−m).

The first term shows the absolute deviation of n from zero, and the second one
calculates the absolute deviation of m from one. The proposed index calculates the
sumof the deviation of both (b) and (m) fromzero and one respectively. The candidate
equation, which has the lowest value of the index, will be considered as the best one.
Accordingly, the fifth equationwas finally selected for predicting the diameter growth
corresponding to the known value of precipitation, because of being the best one as
compared with the others. It is worth to mention that the selected equation has no
autocorrelation because, of having a value of 1.88 of Durbin Watson.

One of the most important property of the selected equation is the independency
of the residuals.

∑
(y− ŷ)2 with the values of the independent variable. In other word

there should be no trend for the plotted point of residuals with X-values, which is pre-
cipitation in this study (see Fig. 3). The residualsmust be normally and independently
distributed, with (a mean of zero and variance of 1).
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Fig. 3 Shows that the
residuals are scattered, are
homogenous throughout the
range of our dataset

Residuals ∼ N I D
(
0, σ 2

)
(5)

This means that the selected equation has the same accuracy in estimation for the
whole range of data.

The selected equation was finally solved for relating of the precipitation with
annual radial growth, as follow:

P =
(
Dg − 0.293781

0.0000371

)0.710741

(6)

The last equation can be used for predicting the precipitation corresponding to
the known width of annual ring growth.

4 Conclusions and Recommendations

At the beginning both oak trees and pine trees were tested for such study, but the
appearance of annual rings on the extracted cores from the pine trees was much more
conspicuous as compared with the cores extracted from the oak trees. Moreover, the
process of getting cores via increment borer in pine trees was much easier than oak
trees, therefore it is recommended to use pine trees for such studies in the future.

The total sum of squares of deviations of the original values of the diameter
growth from the mean

∑
(Y − ȳ)2 depends on many factors and not only the yearly

precipitation. The precipitation explained almost 75% of the total variation, which
is considered as very high. This high value of the adjusted R′2 is due to two mean
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reasons: the first one is the method of taking the samples, as mention before. With
such method, we tried to minimize the other factors that have a considerable effect
on the diameter growth. The second one is the excluding of the 19 outliers from our
dataset.
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Risk Assessment of Dangerous Natural
Processes and Phenomena in Mining
Operations

Elena Kulikova

Abstract One of the main factors that characterize the conditions of mining oper-
ations in the mines of the North of Russia is a sharp increase in the disturbance of
ores and rocks in the exposed areas of minefields with increasing depth of develop-
ment. The presence of permafrost, salt layers, aggressive and pressure groundwater,
strongly fractured and prone to swelling rocks, significant tectonic disturbance of
rock mass can lead to deformation of the lining. All this is associated with the emer-
gence and development of geological and, above all, geodynamic risks. The main
indicators of geological risk assessment, allowing to conduct a reasonable compara-
tive analysis of possible emergencies andmeasures to prevent them, are differentiated
and integrated characteristics of the specific economic and individual risk of loss for
1 year. Full values of such risks are used as additional indicators. The results of
the geological risk assessment are the basis for determining the need, composition,
sequence of implementation and socio-economic efficiency of measures to prevent
natural emergencies caused by the development of geological hazards, as part of the
project documentation. The paper is aimed on the investigation of geodynamic dan-
ger zone around ultra-deep shaft; the level of risk of its structural failure; the main
parameters, control of which should be required in the construction of deep mine
shafts in the permafrost and tectonic instability; monitoring of emergency situations
during the whole period of the shaft existence.
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1 Introduction

Mining activities are constantly accompaniedby additional specific risk, the existence
of which is associated with the fact that mining is always carried out not only in
conditions of incomplete knowledge about the subsoil, but also with the continuous
movement of mine workings in their space.

The basis of all projects and plans for the development of mining operations are
not the actual data on the subsoil, but only geological models of it, which objec-
tively have one or another level of error, and unstable at various points. During the
use of geological information, errors are transformed into errors of technological,
investment and other solutions. The background level of geological errors leads to a
decrease in the expected technical and economic indicators of construction.

Therefore, risk assessment is an essential element of pre-investment analysis in
mining.

The study deals with the construction of an ultra-deep shaft (over−2000 m) at the
mine in Norilsk. The area (Fig. 1) is characterized by natural landscapes, formed as
result of complex geological and climatic processes, adjacent to the territory, which
has a high degree of industrial development and production and processing of large
Cu-Ni deposits. This neighborhood determines the degree of change in primary
natural complexes as result of the impact on the environment of various adverse
factors accompanying industrial production.

The climate of the region is severe, sharply continental, subarctic. The average
annual temperature is −9.8 °C. In the coldest period (January–February), the tem-
perature drops to −50 °C and below, in the hottest (second half of July)—reaches
+30.5 °C and above. The humidity is relatively low: the annual rainfall is less than

Fig. 1 The area of mining operation
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400–500 mm. The summer is intermittent short. Snow cover lasts from late Septem-
ber to mid-June. Winter is frosty, with frequent and long purges (up to 200 days a
year).

The rock mass is composed of dolomites, dolomite marls, anhydrites. There are
low-power horizons of sandstone lenses. There is a violation of ores and rocks in
the exposed areas of minefields with increasing depth of development. In the thick-
ness crossed by the shaft there are permafrost, salt layers, aggressive and pressure
groundwater, strongly fractured and prone to swelling of the rock. There is also a
significant tectonic disturbance of the rock mass. At depths of 141.1–147 m and
148.1–149.8 m there are zones of rock weakening. At a depth of 945–2000 m there
is a hydrogeological unstable zone.

The main goal is to define the level of geodynamic risk in zones of disturbance,
to forecast the probability of water breakthrough of water into the shaft and to pro-
pose algorithm of monitoring of risk development during operational an exploitation
works.

2 Groups of Mining Risks

In the described conditions,mining risk can be divided into the followingmain groups
[1–9]:

• geological risk, determined by the accuracy of estimates of construction condi-
tions;

• legal risk, due to problems associated with the implementation of existing legal
requirements and the possibility of eliminating existing violations of existing
license agreements;

• investment risk, related to the correct assessment of the necessary investment costs
for construction;

• operational risk, due to the possibility of achieving and maintaining the required
economic parameters (cost, volume of construction) in the construction of mining
facilities.

Estimates of the importance of individual components of mining risk made for this
study are presented in Table 1.

All decisions about the development of the site to accommodate shafts and other
workings have to be accepted from the point of view not to exceed the limits of
harmful impact on the natural environment. It is difficult to establish these limits,
since the thresholds for the impact of many construction and natural factors are prac-
tically unknown. Therefore, environmental risk calculations in this case can only be
probabilistic and carried out separately for human health and the environment. The
state environmental expertise, when approving the feasibility study of construction
projects, placement of facilities, etc., verifies the provision of acceptable environ-
mental risk and its guarantee in them.
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Table 1 Estimates of the importance of individual components of mining risk

Type of risk Rank reflecting the degree of importance of
the risk component, %

Geological risk 100.0

Material prices 33.3

Operating costs 33.3

Location 23.8

Capital expenditure 22.2

Management 20.6

Registration of rights 20.6

The tax regime 15.9

Geological features 11.1

The technology 6.3

Construction stage 4.8

The prospect of increasing the volume of
construction works

3.2

2.1 Environmental Risk

Environmental risk at this facility should be assessed at all stages of the shaft existence
and can be manifested in the form of intensive gas-dust emission of substances,
excess noise and vibration impact on the territory of the mining branch, as well as
unacceptable soil sediment, shaft flooding, development of deformation processes,
etc. [10].

When assessing environmental risk in this case, the following factors have to be
taken into account:

• Geological—the state of the geological environment, i.e. the thickness of soils used
for underground construction (composition and properties of soils, groundwater
and their regime, dangerous geological processes, etc.);

• Technological—the composition of works carried out in the construction of the
shaft (dewatering, soil consolidation, etc.), their impact on the environment;

• Constructive—physical–mechanical and other properties of buildingmaterials and
structures (strength, deformability, corrosion resistance, etc.).

2.2 Geological Risk

Geological risk assessment is performed on the basis of engineering surveymaterials.
At the same time, in each case it is necessary to consider and evaluate at least two
forecast scenarios for the development of natural emergencies with themost probable
and maximum possible losses (risks).
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As the main final indicators of the geological risk assessment, which allows pass-
ing to the reasonable comparative analysis of possible emergencies and actions for
their prevention, one can use the differentiated and integrated characteristics of spe-
cific economic and individual risk of losses for 1 year, and as additional indicators—-
full values of such risks. The results of the geological risk assessment are the basis for
determining the need, composition, sequence of implementation and socio-economic
efficiency of measures to prevent natural emergencies caused by the development of
geological hazards, as part of the project documentation [5].

The process of assessing the level of geological risk in our investigation begins
with the identification of geological hazards. The purpose of identification is to
establish the following parameters: characteristics, indicators, conditions, factors
and patterns of development of all existing manifestations of geological hazards
in the estimated area. Including the definition of their distribution, the scope of
the geological environment, genesis, age, stage, intensity, frequency of activation
and duration of exposure, confined to certain rock complexes, disturbed geological
structures, geomorphological elements and construction sites.

Identification begins with the definition of the lithospheric space of qualitative
and quantitative characteristics, typing and mapping of existing manifestations of
geological hazards, together with natural and manmade conditions and acting factors
(effects) of their formation and development.

As result of identification, the following data are obtained to predict the develop-
ment of geological hazards:

• areas of development, intensity and repeatability of hazardous geological and
engineering-geological processes of certain types in different parts of the estimated
area;

• critical characteristics of the geological environment, natural and man-made
impacts, in which the formation and activation of hazardous processes, changing
their nature, mechanism and intensity in the transition from one stage of develop-
ment to another;

• areas of development, features of occurrence and physical and mechanical prop-
erties of soil massifs, which are the necessary environment for the development of
certain types of geological hazards, including those that did not occur within the
estimated territory.

In our investigation the following quantitative characteristics of geological hazards
are used as the main recorded and predicted intensity indicators:

• areas, amplitudes and speeds of raising and lowering the earth’s surface—for the
processes of frost heaving, swelling and shrinkage of soils;

• the rate of groundwater level rising and its decline during drainage and pump-
ing—for the process of flooding areas;

• areal rates of annual destruction of the developed territories with different out-
comes (removal from land use, local and areal deformations of the earth’s surface
of a certain amplitude, etc.)—for all types of geological hazards differentiated by
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genesis, mechanism, scale of coverage of lithospheric space and (or) other features
characterizing their destructive power.

The forecast of development of geological hazards, performed to assess the risks of
losses caused by them in various areas and relevant emergencies, is performed by
using complex probabilistic-deterministic methods in the following sequence:

• development of verbal models of formation and transformation of geological haz-
ards in certain parts of the assessed area, differing in natural and man-made condi-
tions, existing and possible negative processes, under different scenarios of exter-
nal natural and man-made impacts with the determination of the probability of
their implementation for a given time;

• selection of mathematical deterministic or probabilistic-statistical models (calcu-
lationmethods) for different stages of development of geological hazards thatmost
adequately reflect their characteristics, and the production of a step-by-step deter-
ministic forecast of events for different scenarios of possible impacts, taking into
account the features of the structure and critical characteristics of the geological
environment;

• estimation of probability of realization of forecasts of geological dangers on deter-
ministic models (methods) at various combinations of external influences and
physical and mechanical properties of soil massifs unstable to these dangers with
determination of final results of probabilistic-deterministic forecasting of geolog-
ical dangers.

Prediction of some little-known geological hazards on pre-project preparation is
carried out on the basis of analysis of their manifestations in similar natural and
man-made environments using the methods of probabilistic-statistical and expert
assessments based on the worst (pessimistic) and the most likely scenario of negative
events.

2.3 Risk Calculation

The total differentiated risk of economic losses as result of flooding is recommended
to be established, taking into account time of negative impact of this danger on the
estimated object by the formula:

Re(S) = P(S)Ve(S)De, (1)

where P(S) = Ts/Tc—the probability of implementation of the process of flooding
during the life of the shaft; Ts—the duration of flooding of the facility (years);
Tc—service life of the facility (years); Ve(S)—economic vulnerability of the object
to the flooding process, determined by analogy (year−1); De—the cost of the object
to defeat the process ($).
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The full differentiated risk from slow subsidence and uplift of the earth’s surface
associated with compaction, swelling, heaving and shrinkage of the surrounding
soils is determined by the formula:

Re(H) = P(H)Ve(H)DcTc, (2)

where P(H)—the probability of deformation of a certain amplitude at the end of
the service life of an underground object; Ve(H)—economic vulnerability of the
estimated object for this deformation, determined by analogy; Dc—the cost of the
object to defeat the process ($); Tc—service life of the facility (years).

In assessing the risk of these hazards, it is recommended to use, respectively, the
average rate of development of the process and the average amplitude of deforma-
tions, the probability of which for the service life of the object is taken to be equal
to one.

The differentiated social risk from one-time geological hazards Rs(H) is deter-
mined in the form of individual and complete values of possible losses of the popu-
lation with lethal outcome by the following formulas:

Ri (H) = P ∗ Vs(H), (3)

Rs(H) = Ri (H)Dp, (4)

where Ri(H)—individual risk to die from the danger H, numerically equal to the
probability of such event for one person from a group of people within the estimated
object (person/person per year); P *—recurrence riskH (cases/year); Vs(H)—social
vulnerability of the population to danger H; Rs(H)—full social risk of dying from
the danger H, equal to the number of deaths from this danger during the year (per-
sons/year); Dp—the total population within the estimated object (people).

The geological risk of economic and social losses during the construction of shafts
in the mines of Norilsk is generally associated with possible one-time losses as a
result of negative and positive deformations of the rock mass due to the sinking
technology.

One of the main factors that characterize the conditions of mining operations in
themines the north of Russia is a sharp increase in the disturbance of ores and rocks in
the exposed areas ofminefields with the rise in the depth of development (Fig. 2). The
presence of permafrost, salt layers, aggressive and pressure groundwater, strongly
fractured and prone to swelling rocks, significant tectonic disturbance of rock mass
can lead to deformation of the lining. Associated with these features, the process
of displacement of rocks is complicated by the influence of mining and the strong
influence of treatment works carried out within the circumferential safety pillar.
During the period of shaft sinking can occur a fall of highly fractured rock in the
sites, assigned to a temporary lining, especially in areas with large tectonic faults. In
areas of tectonic seams, corrosion of the lining and its destruction may occur [11].



28 E. Kulikova

Fig. 2 Geological map. 1—dolomites, marls; 2—sandstones, siltstones, mudstones; 3—gabbro-
dolerites; 4—dolerites; 5—contact-modified rocks; 6, 7, 8—ores; 9—tectonic disturbances

Themain natural andmanmade factors contributing to the destruction of the lining
are:

• seismic impact of blasts bore-holes in the bottom of the freshly poured concrete;
• weakening of rocks under the action of water penetrating into the rock through
the lining by natural and technological cracks, swelling of rocks in contact with
water;

• reducing the strength of the rock mass;
• reduced grip on cracks and sliding of individual blocks on inclined planes;
• change in mechanical properties of the rock as a result of the explosion;
• geological irregularities in thickness of sedimentary rocks, where rocks again
changed;

• corrosion of concrete under the influence of aggressive impurities in the water
flowing down the shaft, etc.;

• the proximity of the powerful geological disturbances. There is a huge pressure in
the fault zone, which breaks the lining. Oil and gas occurrences are also associated
with faults;

• mutual adverse influence of shaft and borehole excavations.

Therefore, it is necessary to assess the geodynamic risk. Such an assessment should be
based on the results of the analysis of the geodynamic zoningmap,whichwould allow
to identify the percentage of accidents on the shaft when they cross the boundaries
of geodynamically dangerous zones. The geodynamic risk Rg is determined by the
following formulas:

R = Pd · Pv · C, (5)

where Pd—the probability of occurrence of displacement in this place of the surface
and at this time, non-linearly depends on the magnitude of the deformation and is
determined on the basis of the method “Hephaestus”; Pv—the probability of vulner-



Risk Assessment of Dangerous Natural Processes … 29

Table 2 Geodynamic risk Disturbance zone Depth, m Pg

I 141.1
147

0.71
0.94

II 148.1
149.8

0.94
0.81

ability of the object due to the impact of the processes of displacement, non-linearly
depends on the magnitude of the deformation; C—maximum amount of damage.

Rg = PgUg
(
$/Year

)
, (6)

where Pg—the probability of occurrence of an adverse geodynamic event;
Ug—damage from the occurrence of this event.

The probability of an adverse geodynamic event can be estimated by the formula:

Pg =
N∑

i=1

(
hg

Hi + hg
+ 2L

π
(
Hi + 2hg

)

)

(7)

where N—number of boundary systems of geodynamic dangerous zones on the
computational model; hg—the width of the boundary of the geodynamic dangerous
zone of the i-th system; Hi—the distance between the parallel-oriented boundaries
of geodynamic danger zones of the i-th system; L—the length of the shaft or parts
of it.

Any anthropogenic impact on such areas without taking into account the state and
properties of the geological environment can lead to the activation of these processes
and a sharp increase in geological risk at all stages of the existence of the shaft.

Based on the available data, we can determine the probability of an adverse geody-
namic event in two areas of the shaft under construction, where tectonic disturbance
zones are clearly expressed.

According to the geological section, it is possible to allocate two most weakened
zones. Then, assuming that the boundaries of the attenuation zones in width at least
extend over the entire diameter of the shaft, in accordance with the formula (7), we
have the probability of an adverse geodynamic event (Table 2).

Therefore, the probability of an adverse event for the first zone of tectonic dis-
turbances is in the range of 0.71–0.94, for the second—0.60 to 0.81. In connection
with such a high probability of occurrence of a geodynamically dangerous event,
it is necessary to conduct research on the development of a reinforced structure of
the support, as well as to determine the material and method of conducting plugging
works on the disturbed areas.
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An important indicator is the “price of risk” in the construction of the shaft, which
from a mathematical point of view is the following ratio:

Sj =
T∑

t = tkc

Mt (1 + E)−t

+ P

[

(1 − pd)
∑�t1

t = ti1
Yi (1 + E)−t + Pd

�t2∑

t = ti2

Clπ (1 + E)−t

]

(8)

where Sj—the amount of monitoring costs(scientific and technical support), the
actual damage from the operational risk and the cost of localization of the emer-
gency;Mt—monitoring costs (scientific and technical support); P—the level of risk,
the function of the corresponding component—the share of capital investments pro-
vided by the project in the subsystem “investments”; Pd—the probability of timely
detection of a dangerous situation; Yt—the damage on the considered component of
risk; Clt—costs for localization of emergency situation at timely detection of dan-
ger; �t1—time of completion of works on elimination of consequences of damage;
�t2—time of completion of works on prevention or localization of an emergency.

This is what the risk assessment should be aimed at in the construction of shafts.
The next step in the environmental risk assessment is to take into account techno-
logical and design factors [12, 13].

Hydrogeological conditions of sinking predetermine the flow of minor water
inflows into the bottom of the shaft, which increase during the spring-summer
snowmelt. It can be assumed that this moisture will contribute to the process of
weakening of rocks. The application of sprayed concrete and concrete also con-
tributes to the continuous system weakening of these rocks due to the absorption of
water was prepared. It is necessary to determine the time and kinetics of changes in
the strength of these rocks and correlate this phenomenon with the time of finding the
shaft in the unfixed state of the permanent lining. The lagging of the permanent lin-
ing from the bottom of the shaft for leveling geomechanic processes requires time,
which can provide saturation of these rocks with moisture and the corresponding
weakening, which leads to the risk of falls during the construction of the shaft and
reduces the bearing capacity of the shaft lining during the operational period.

In accordance with the geological section of the shaft, a significant part of the
most dangerous zone with a depth of 945–2000 m is composed of mudstones, marls,
dolomites, clay dolomites. These rocks are characterized by high initial strength (f
= 6–12), but have the ability to quickly absorb moisture and reduce the strength
characteristics by 50–70%.

In order to be able to calculate the probability of falls from the position of the
theory of risks, it is necessary to conduct research on the kinetics of changes in the
strength of the rocks when absorbing moisture, as well as the permissible limits of
the time of operation of the temporary lining.
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3 Monitoring

The main controlled parameters of the state of subsoil in the area of mine placement
should be:

• deformation and displacement of the earth’s surface or ore bodies (geological
layers and rock masses, underground workings, etc.);

• vertical and horizontal displacements of rock massifs accommodating workings;
• the stress state of rock massifs, its variations and related phenomena (rock bumps,
emissions, heaving and collapse of the walls of excavations, etc.);

• spatio-temporal variations of fracturing of the medium and its predetermined per-
meability and fluxes of fluids, gases and heat, hydro-gas-geochemical anomalies;

• seismic phenomena and seismic anisotropy of the medium;
• spatio-temporal variations in the characteristics of geophysical fields (gravita-
tional, magnetic, electrical, acoustic, temperature, radiation).

It is also necessary to constantly monitor potential emergency situations on the basis
of the existing legal framework (Fig. 3).

Based on the combination of the main risk factors and their manifestations, the
structure of ecological and geodynamic monitoring should include a mandatory set
of basic methods.

1. Continuous seismological observations for the study of the seismic regime in
the area of developing and following a detailed and micro-seismic zoning. Seis-
mic sounding of geological environment in the areas of abnormal development
of seismic and tectonic processes (1–2 times per month, and during abnormal
development of seismic and tectonic processes in the mode of daily monitor-
ing). Deformation and displacement parameters are used to generate predictive
features of seismic events.

2. Re-accurate leveling to control the current activity of faults, subsidence of the
earth’s surface and the development of anomalous deformations in the areas of
potential focal zones. The results of zonal and local monitoring should be used
to develop predictive features of seismic events, anomalous activation of faults
and local subsidence.

3. High-precision geophysical observations (gravimetric, geomagnetic), designed
to assess the variations of geophysical fields over time and control the deformation
and fluid dynamic processes of natural and man-made genesis.

4. Geochemical monitoring together with zonal and local geodetic and geophysical
monitoring in areas of potential ecological and geodynamic risk.
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Fig. 3 The structure of the monitoring of potential accidents at the mining enterprises
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Hydro Geopolitics of the Tigris
and Euphrates

Nadhir Al-Ansari

Abstract Rivers Euphrates and Tigris are in southwest Asia. The main utilizers of
the water of these rivers and tributaries are Turkey, Syria, Iran and Iraq. These rivers
rise in Turkey, which makes it the riparian hegemon. Some of the tributaries of the
Tigris and Shat Al-Arab Rivers rise in Iran, which makes it the riparian hegemon
for these rivers. The lower countries in the catchments are Iraq and Syria and for
this reason, they always to ensure the quantity of water required to satisfy their
requirements. All these countries are in the Middle East (ME), which characterized
by its shortage of water resources. Since the 1970s conflict between riparian counties
were noticed due to shortage of available water required, high population growth rate
and food security, energy requirements, economic and technological developments
and political fragmentation. In addition, there is no public awareness program in all
riparian countries and the water management practices are so old leading to high rate
of losses. This caused tensions, which sometimes escalated to the verge of war. A
mediator is required that is capable to bring all countries concerned to the negotiation
table. Syria and Iraq are to give Turkey and Iran some incentives to cooperate.
Furthermore, strategic plan based on comprehensive resources development to ensure
good water management, minimum water loses, and waste must be adopted by the
countries within the basins. This due to the fact that modeling studies of the future
suggest that water shortage problem will intensify.

Keywords Hydrology · Shat Al-Arab · River basins risk · Geography

1 Introduction

The amount of water on earth is 1.4 billion km3 [1] and the annual fresh water
required for human being use is about 1000 m3 annually [2]. About 97% of the
available water is saline oceanic water and 77% of the remainder is stored as ice,
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and 22% as groundwater and soil moisture, while 0.35% in lakes and marshes.
The water within the atmosphere is 0.04%, then there are only 0.01% fresh water
supplies in rivers [3]which provide 80% for human beings on the earth and; therefore,
rivers carry 0.003% of all the water available on earth [4]. The 80 countries of the
Third World that support 40% of the world’s population suffer however, from the
water shortage problems which has become a daily life fact. These countries suffer
from shortage of personal and household needs. Consequently, 1.2 billion people
are suffering physically from water shortage and 1.8 billion lack adequate sanitation
[4]. Furthermore, in the Third World, about 80% of illnesses and 30% of unnatural
deaths are due to water disease and polluted water [4]. Future predictions suggest
that there will be 37 countries in 2025 having the shortage of water for all needs [5].
For these reasons, most of the countries of the world try to utilize as much as they
can of the water of their rivers to fulfill their demand.

More than 60% of the river basins are shared by more than one state [6]. These
basins are located all around the world (57 in Africa, 35 in North and South America,
40 in Asia and 48 in Europe) [4]. They cover 47% of the total land mass on the earth
which includes 65% of Asia, 60% of Africa and 60% of South America. Due to the
importance of water use and distribution between countries sharing the basins, 300
treaties were signed and more than 3000 treaties include provisions relating to water.
Despite these facts, coordinated and integrated management of international river
basins is still rare [4]. In the Third World, the situation is the same where more than
165 river basins are shared by many countries [7]. In such basins, there is always a
dominant regional power and in the case of Tigris–Euphrates basin, Turkey, is the
dominant power [4].

In theME the average annual rainfall does not exceed 166 mm/year [8–13]. Water
allocation per capita does not exceed 500 m3 in twelve countries [14, 15]. In view of
these facts, water resources are very essential to life, socioeconomic development,
and political stability in this region. In this work, the conflicting issues on water
resources of the Tigris and Euphrates Rivers basins (Fig. 1) discussed and possible
solutions to resolve these issues are given.

2 Geography of Tigris and Euphrates Basins

Euphrates and Tigris Rivers originate in southeast Turkey, and some of the Tigris
tributaries originate in Iran (Fig. 1). The Euphrates length is about 1178 km in Turkey
then it enters Syria and runs about 604 km to reach the Iraqi border where it runs
1160 km toward the south. In Turkey, two tributaries join together 45 km northwest
of the city of Elazig to form the Euphrates. The first is Karasu, and the second is
Muratsu. The Euphrates River flows through Taurus Mountains and then reaches
the Syrian border at Karkamis. Inside Syria three tributaries join the river (Sabor,
Belaikh and Khabour). In Iraq, no tributary joins the river. Down south at Qurna city,
the left channel of the Euphrates meets the Tigris River forming a new river known
as Shatt Al-Arab and the other join Shat Al-Arab further downstream. This river runs
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Fig. 1 Tigris and Euphrates rivers basins. Modified from UN-ESCWA [16]

about 132 km until it reaches the gulf. Few tributaries that originate from the Zagros
Mountain range in Iran join Shatt Al-Arab. The main tributary is known as Karun,
which joins the main river about 32 km downstream Basrah City. The river forms
the border between Iraq and Iran for a short distance.

The Euphrates River catchment area in Turkey is about 125,000 km2 (28.2%),
while it is only 7600 km2 (17.1%) in Syria and the remainder 177,000 km2 (39.9%)
is in Iraq. It should be mentioned, however, that part of the catchment of the river lies
in Saudi Arabia (66,000 km2), but it does not supply any water to the river except
when precipitation takes place in that area which is very rare.

High discharges of the Euphrates River take place usually during March–June
period where about 63% of the annual flow passes through that period. Theminimum
flow period is July and August. During flood time, the river carries a huge amount
of sediments [17]. Elhance [4] stated that generally the amount of sediments that
is carried by the Euphrates in one day can cover an area of 600 acres with a layer
0.25 cm thick. This in fact, how the Mesopotamian plain was formed.

The Tigris River is 1718 km long and its drainage area is 235,000 km2 distributed
between 4 countries as follows: Turkey (17%), Syria (2%), Iran (29%) and Iraq
(52%) (Fig. 1). The river rises near lake Hazar in southeast Turkey. It runs toward
the Turkish–Syrian border and forms the border between these countries for about
45 km, then it enters Iraq 4 km north FieshKhabour near Zakha city. During its
course in Iraq 5 main tributaries join the main river. These are Khabour, Greater Zab,
Lesser Zab, Adhaim and Diyala (Fig. 1). Most of these tributaries rise from Zagros
mountain range. They carry snow melt and rainfall and for this reason, depending
on the phasing of these two types of flows, the flow varies greatly within the Tigris.
The sediments transported by the river at Baghdad vary with the discharge from 35
to 52 million ton per year [18, 19].
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Flow records show great variation of the flow of the Tigris and Euphrates rivers.
The flow of the former can fluctuate where the high flow can be eighty times its low
flow while the latter can be twenty times its low flow [4]. The implications of these
variations led all riparian countries to build as many dams as they could to overcome
these variations and to ensure availability of water (Table 1). One of such the projects,
which raised tension, is the Greater Anatolia Project (GAP). This includes 22 dams
and 19 hydropower stations [20]. The other reason for building the dams is tomitigate
the effect of floods [21, 22].

The confluence of the Tigris and Euphrates Rivers at Qurna city forms Shat Al-
Arab River. The catchment of this river shared between Iraq and Iran. The main
tributary to this river is Karun, which rises in Iran. Iran tries to secure its interest
in Karun and Shatt Al-Arab. Recently, Iran diverted all the waters of the tributaries,
including Karun inside its borders [23].

In addition to the above fact, climate change in the last few decades highly affected
the region. Droughts affected Syria and Iraq (Fig. 2) [12, 13, 27–29]. Historical flow
records for the period 1938–1973 indicate that the Euphrates River mean annual flow
was 30 BCMat Jarablus, Syria. After this period, damswere constructed and the flow
started to decrease to 25.1 and 22.8 BCM for the periods 1974–1998 and 1990–2010
respectively [16]. Similarly, the Tigris flow at Mosul for the period 1931–1973 was
21.3 BCM and it decreased to 19.1 BCM for the period 1985–2005 [24]. The overall
long term flow is decreasing indicating a declining trend of 0.14 × 109 m3/year for
the Tigris and 0.19 × 109 m3/year for the Euphrates (Figs. 3 and 4) [30].

The effect of dams and construction of hydrological projects in upper riparian
countries highly influenced the discharge of the Tigris and Euphrates Rivers (Figs. 5,
6 and 7; Tables 2 and 3). It can be noticed that for the period before the beginning of
the construction of dams in the 70s the flow was natural (see Tables 2 and 3). After
the construction of dams, the discharges in both rivers decreased (Tables 2 and 3).
This can be noticed clearly on the hydrographs of the Tigris at Baghdad where the
discharge of the river dropped from 1207m3/s (1931–1959) to 522m3/s (2000–2013)
(Fig. 6). Issa et al. [31] calculated the reduction of flow of both rivers at different
stations (Table 4).

In addition, long term records for rainfall prediction records indicate general
decrease [33–37]. It is noteworthy to mention that these records (see Fig. 8) indicate
that there are years where rainfall will sharply increases in short duration. This will
cause intensive flooding. This trend has been noticed on a global scale where there is
a significant increasing trend in the annual median of flood durations globally [38].
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Table 1 Constructed dams within Tigris, Euphrates basins

Dam River Height (m) Purpose Completion
date

Iran

Dez Shatt Al-Arab/Karun 203 I/P 1963

Shahid
Abbaspour
(Karun 1)

Shatt Al-Arab/Karun 200 P 1976

Masjed
Sulaayman
(Karun 2)

Shatt Al-Arab/Karun 164 P 1976

Karun 3 Shatt Al-Arab/Karun 205 I/P/F 2002

Karun 4 Shatt Al-Arab/Karun 230 I/P/F 2010

Garan Tigris/Diyala/Sirwan 62 I 2005

Darayan Tigris/Diyala/Sirwan 169 I/P 2010

Upper
Gotvand

Shatt Al-Arab/Karun 180 P 2012

Lowe
Gotvand

Shatt Al-Arab/Karun 22 P 1977

Karkha Shatt Al-Arab/Karkha 127 I/P 2001

Seimare Shatt Al-Arab/Karkha 180 P 2013

Khersan 3 Shatt Al-Arab/Karun/Karkha 195 P/F 2015

Turkey

¸́Cetin dam
(Alkumru)

Tigris/Botan 145 P 2016

Aslandaḡ Tigris/Greater Zab/Bembo 60 I/M/P
(future)

2012

Beyyurdu Tigris/Greater Zab/Bembo 48 I/M/P
(future)

Under
construction

Atat ¨̄urk
(Karababa)

Euphrates 169 P 1992

Balli Tigris/Khabour/Hezil/Ortasu 49 I/M/P Under
construction

Batman Tigris/Batman 74 I/P 1999

Beyhan I Euphrates/Murat 97 P 2015

Beyhan II Euphrates/Murat 62 P Planned

Birecik Euphrates 62.5 I/P 2001

Bur¸́c Bendi Euphrates/Gṏksu 47 P 2010

Cizre Tigris/Botan 46 I/P Planned

¸́Coukurca Tigris/Greater
Zab/G ¨̄uzedlere

45.5 W/M Under
construction

(continued)
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Table 1 (continued)

Dam River Height (m) Purpose Completion
date

Dumluka Euphrates/Bugur 30 I 1991

Erkenek Euphrates/Adiyaman – p Operational

Gṏksu Euphrates/Gṏksu 52 I 1991

Hecihider Euphrates/Sehir 42 I 1989

Hancaḡiz Euphrates/– – I 1988

Ilisu Tigris 135 I/P/F 2017

Upperkalekṏy Euphrates/Murat 137.5 P 2017

Lower
kalekṏy

Euphrates/Murat 115 P Planned

Karakaya Euphrates 158 P 1987

Karkamis. Euphrates 21.1 P 2000

Kavsaktepe Tigris/Khabour/Hezil/Ortasu 66 W/M Under
construction

Kayacik Euphrates/Sajur 45 I/P 2005

Keban Euphrates 207 P 1974

Kirazlik Euphrates/Botan 60 I/P 2011

Kralkizi Tigris/Maden 113 I/P 1997

Musatatepe Tigris/Khabour/Hezil/Ortasu 34.5 W/M Under
construction

Silope Tigris/Khabour/Hezil 79.5 W/M/P 2012

Silvan Tigris/Batman 174.5 I/P 2017

Sirrntis. Tigris/Birimşe 92 I 2013

S. irnak Tigris/Khabour/Hezil/Ortasu 56.8 W/M 2012

Uludere Tigris/Khabour/Hezil/Ortasu 55.5 W/M Under
construction

Syria

Baath Euphrates 14 P, I, F 1988

Tabaqa Euphrates 60 P, I 1975

Tishrine Euphrates 40 P 1999

Upper
Khabour

Khabour I 1992

Source from Wikipedia [24–26]
F Flood control, I Irrigation, M Military, P Power, W Water supply
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Fig. 2 Drought within Tigris and Euphrates basins. Modified from NASA [27]

Fig. 3 a The Euphrates monthly average flow (Thi-Qar station) pre and post-dams. b The average
daily flow of the Tigris river near Qurna city before and after the dams construction. Modified after
Abdullah [30]

3 Causes of the Conflict

3.1 Water Availability

Different figures are published for the water allocation per capita per year (Tables 5
and 6). The figures given do not include restoring of the marshes in Iraq, and it ignore
the situation when GAP project is fully operating. Irrespective of the numbers given,
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Fig. 4 Long-term flow of Tigris and Euphrates rivers. Modified from Biswas [6]

Fig. 5 Water discharge of the river Tigris at Baghdad city for the period 1960–2012. Sources of
data until 2007 from Al-Shahrabaly [32]

Turkey claims that the allocations of water per capita in Iraq and Syria are sufficient
to fulfill the requested quantities that achieve the people needs in these countries
[39].

The flow of the two main rivers is decreasing with time (Figs. 2, 3 and 4). This
is mainly due to the Turkish policy of build the dams in the upper parts for the
catchment areas of the Tigris and Euphrates and climate change [12, 13, 34, 35,
42–44]. Surface and groundwater resources will be decreased with time [45–47].
Future predictions suggest lower precipitation accompaniedwith higher temperatures
[35]. Serious consequences are expectedwhere (as an example, 71% of the Euphrates
River is come from precipitation in Turkey) [48]. This condition will lead to more
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Fig. 6 Decadal hydrographs of the Tigris river at Sarai Baghdad for the period 1930–2013. Some
data taken till 2007 from Al-Shahrabaly [32]

Fig. 7 Water discharge of the river Euphrates at Hit and Haditha cities for the period 1948–2007.
Sources of data from Al-Shahrabaly [32]
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Table 2 Summary of annual flow volume statistics for the Tigris river in Iraq 1931–2011

Station (drainage
area, km2)

Period Mean (BCM) Minimum (BCM) Maximum (BCM)

Mosul, 56,000 1931–2011 20.0 6.5 43.1

1931–1973 21.3 11.7 43.1

1931–1952 19.4 12.2 27.6

1953–1984 22.0 11.7 43.1

1974–2005 19.5 6.5 41.7

1985–2005 19.1 6.5 41.7

Kut, 173,000 1931–2005 25.7 4.2 59.2

1931–1973 32.0 15.2 59.2

1931–1952 36.8 15.2 59.2

1953–1984 24.5 13.2 50.3

1974–2005 16.7 4.2 47.5

1985–2005 13.9 4.2 47.5

Modified after UN-ESCWA [16]

Fig. 8 Average annual rainfall for Sulaimani city northeast Iraq [36]

evaporation and drought periods [48, 49]. United Nations [50] report indicated that
these conditions will eventually lead to the dryness of the Tigris and Euphrates Rivers
by 2040. In addition, all riparian countries within the catchments of the two rivers
will be most water stressed by 2040 [51].

3.2 Population Growth Rate and Food Security

Population growth rates are relatively high in the ME particularly Syria and Iraq
[52]. Historically, the area (Arab countries only) was populated with about 20million
inhabitants in 1750, and the number in 1996 is 286 million [52]. As far as the four
main countries that lie within the Tigris and Euphrates basins (Turkey, Iran, Syria and
Iraq) their total population is 221.53 million inhabitants [53–56]. This number will
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Table 3 Summary of annual flow volume statistics for the Euphrates river 1930–2011

Station (drainage
area, km2)

Period Mean (BCM) Minimum (BCM) Maximum (BCM)

Jarablus, Syria
(120,000)

1938–2010 26.6 12.7 56.8

1938–1973 30.0 15.05 6.8

1974–1987 24.9 12.7 34.1

1988–1998 25.5 14.4 50.1

1974–1998 25.1 12.7 50.1

1990–2010 22.8 14.4 32.6

Husaybah, Iraq
(221,000)

1981–2011 20.0 8.9 47.6

1988–1998 22.8 8.9 47.6

1990–2010 15.5 9.3 20.7

1974–2010 16.8 8.9 30.7

Hit, Iraq (264,000) 1932–1998 27.1 9.0 63.0

1938–1973 30.6 15.1 63.0

1974–1987 23.1 9.3 31.2

1988–1998 22.4 9.0 46.6

1974–1998 22.8 9.0 46.6

Hindiya, Iraq
(274,100)

1930–1999 17.6 3.1 40.0

1938–1973 19.8 6.6 40.0

1974–1987 15.3 3.1 24.1

1988–1998 13.8 7.7 27.9

1974–1998 14.7 3.1 27.9

Modified after UN-ESCWA [16]

Table 4 Annual reductions in water inflow of main gaging stations

Station Average annually
inflow

Average annual water
reduction

Annual percentage
reduction %

m3 s−1 km3 m3 s−1 km3

Mosul, TS3 569.75 17.96 1.35 0.0426 0.2372

Beiji, TS6 1295.94 40.87 8.64 0.272 0.666

Baghdad, TS8 979.26 30.882 9.73 0.307 0.994

Kut, TS11 815.50 25.72 14.73 0.464 1.804

Husaybah, ES1 708.30 22.33 1.57 0.0495 0.222

Hit, ES2 802 25.292 7.72 0.243 0.961

Hindiya, ES3 551.62 17.40 4.02 0.127 0.730

Nasiriya, ES4 430 13.5 1.452 0.0458 0.339

Modified after Issa et al. [31]
TS gauging stations on the Tigris river, ES gauging stations on the Euphrates river
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Table 5 Water allocation per
capita per year in Turkey,
Syria and Iraq

Country Water allocation (m3/capita/year)

1990 2000 2010 2020

Turkey 3223 2703 2326 2002a, 980b

Syria 1636 117 880 760a, 780b

Iraq 2352 1848 1435 1062a, 950b

Source of data aBilen [40]; bAffairs [41]

Table 6 Population characteristics within Tigris–Euphrates basins

Country Population
(million)

Rate of growth
(%)

Projected population
(million)

Percent urban

2025 2050

Turkey 81.91 1.45 86.12 95.62
95.819a

71

Syria 18.28 3.7 23.41 34.02
34.90a

75

Iraq 39.33 2.78 47.19 81.49
83.65a

66.9

Iran 82.01 1.05 86.72 93.55
92.21a

73.8

Total 221.53 243.44 304.68

Modified from Drake [52] and Worldmeters [53–56]
aWikipedia, the anticipated population growth for severalMiddle Eastern countries (UnitedNations,
medium fertility variant)
https://en.wikipedia.org/wiki/List_of_countries_by_future_population_(United_Nations,_
medium_fertility_variant)

increase by about 10% in 2025 and about 37% in 2050 (Table 5). Accordingly, the
allocation of water per capita will decrease too [57]. The allocation within the Tigris
and Euphrates basins is about 975.3 m3/year/capita now (Table 6) and this will drop
to 887.6 and 709.2 m3/year/capita in 2025 and 2050 respectively. It is noteworthy to
mention that there are other references that give different figures, but the outcome is
the same where there will be decrease in water allocations with time.

Governments in the ME try to attain food self-sufficiency and for this reason, the
agriculture is considered as the largest consumer for water, it is consume 66% of the
total demand [10, 58]. Countries within the Tigris and Euphrates basin allocate as an
average 84.3% of the water consumption for agricultural purposes (Table 7). Iran has
themaximumwater allocation (92%)whileTurkey (73%) has relatively theminimum
water allocation for agriculture [67–70]. Thorough consideration of agriculture is
required to objectively analyze and adequately address the water shortage problem
[59]. However, this is not the case where countries have extremely ambitious goals
to secure the self-sufficiency of food, and they require a core changes in water
management policies and widens their national outlook [60]. Recently, achieving
the increasing demands for water represent a severe challenge because it is over the

https://en.wikipedia.org/wiki/List_of_countries_by_future_population_(United_Nations%2c_medium_fertility_variant)
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abilities of each individual country [59]. Turkey is trying to convert the area of the
GAP into a breadbasket, and this threatens the irrigation based agricultural potential
of the lower riparian Syria and Iraq [61]. Iraq and Syria were exporting the grains
for different countries, but now they are importing their needs for grains, and their
agricultural production decreased to become less than Turkey [61]. Syria tried long
time ago to achieve food self-sufficiency and to increase its irrigational areas; drip
irrigation was used. As a result, severe reduction in wheat yield has been occurred;
it was a decrease up to 50%. In addition, huge portion of livestock died due to water
scarcity. Consequently, many individuals joined to the insurgents to save themselves
and their families [62]. Iraq tried to increase its agricultural lands and become a grain
exporter again by 2017 [63, 64]. Numerous projects were executed but salinity and
water logging created serious problems for agricultural activities. After the second
Gulf war, Iraq is importing its food reflecting disastrous agricultural conditions [65,
66]. Recently, food security and self-sufficiency are not a major concern in both
Iraq and Syria where national security problems, especially the threat of ISIS is the
priority now.

3.3 Energy Requirements

Iraq is oil exporting country since the beginning of the twentieth century, while Syria
started to export oil in 2001 and, Turkey has no oil reserves [74]. For this reason,
Turkey is trying to reduce its dependence on oil imports as an energy source. To
achieve this goal, Turkey is trying to use hydroelectric power to cover as much as
40% of the required energy [75]. The GAP project is one of the strategies used so
that Turkey can reduce 28 million ton of its oil imports when this project is fully
operational [76].

Syria and partially Iraq relies on hydropower to generate electricity. Despite the
fact that Syria is oil producer but it relies on hydropower to generate electricity.
This fact gives the opportunity for Turkey to decrease the water quantities which
release from the Euphrates through the GAP project and put Syria under threaten.
Although, the Turkish Government declared several times that the GAP is purely
a development project. Some people believe there are several external and internal
strategies involved within the implementation of the GAP project [77–81].

3.4 Water Management

Poor water management strategies have exacerbated the water scarcity problems
within riparian countries [57]. Water is wasted through old irrigation techniques
where flood irrigation is still the dominant method used. In addition, the irrigation
canals are unlined and/or uncovered, which enhance water losses. Water qualities
of the rivers are deteriorating due to the extensive use of chemical fertilizers and
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Fig. 9 Salinity variation along the Tigris and Euphrates rivers for the period 2000–2010. Sources
of data from Bureau [82]

pesticide. Back flow from irrigated areas and dispose of the industrial and municipal
wastes into the rivers is accelerating the contamination of these rivers. Recent data for
the period 2000–2010 collected by the Consulting Engineering Bureau at Baghdad
University [82] show the steady increase of the salinity in both rivers (Fig. 9). Similar
trendwas noticed byUN-ESCWA[16] for long term salinity trend in both rivers. TDS
is about 300 ppm at Ataturk Dam on the Euphrates, and it increases to 600 ppm at the
Syrian–Iraqi borderswhich aremuchmore than the recommendedTSDconcentration
for irrigation, and it is continued to increase for more than 1200 ppm (minimum)
downstream in the Iraqi southern. Specifically, at Samawah [83, 84]. As far as the
salinity within the Tigris River, it increases dramatically downstream Baghdad due
to intensive irrigation. To overcome the salinity problem in Iraq, a main outfall drain
(MOD) was constructed south of Baghdad to the Gulf for a distance of 565 km
to carry drainage water from irrigation projects from 150,000 km2 with a discharge
capacity of 210m3/s [85]. Toovercome salinization andwater logging, huge networks
and sub-surface tile drains, and surface drainage canals were constructed to collect
drainage water from agricultural fields to be dumped in MOD [86]. Taking all these
measures, recent estimates indicate that 4% of irrigated areas are severely saline,
50% are of medium salinity, and 20% are slightly saline [87]. Salinity increase in
conjunction with decrease of flow downstream along the two rivers stream has been
adverse effects on the agricultural areas which they located in the south of Iraq. This
situation generates a resentment and frustration and lead to raise the irritation that
might cause a conflict.

3.5 Economic Development

The ME is going through a development stage which caused the movement of about
50% of the population from rural to urban areas. Such movement aggravates the
issue of water shortage where water consumption increased about 10–12 times its
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normal per capita as village dwellers [52]. Furthermore, the relative fast increase in
oil prices caused rapid economic developments and raised the standard of living in
Iraq and Syria [57], although the economies of both countries are hardly affected
by corruption and the struggle with ISIS in the past few years. The two countries
raised their need for water in view of these developments. When the claimed needs
for Turkey, Syria and Iraq are added it sum up to 149% of the total water available
[74]. Since Turkey is not considered as one of the countries that produce oil, it is
trying to use its water as a commodity for bargaining where in 1992 the Turkish
president was announced the ceremony of opening the Ataturk dam that “Neither
Syria nor Iraq can lay claim to Turkey’s rivers any more than Ankara could claim
their oil. The water resources are Turkey’s; the oil resources are theirs. We don’t say
we share their oil resources, and they can’t say they share our water resources” [88].
Furthermore, Turkey proposed Peace Pipeline and Manavgat River project focus to
trade water with Mediterranean and ME neighbors [89].

3.6 Technological Development

The riparian countries built several dams on the Tigris and Euphrates Rivers and are
planning to build more dams. TheMEwell known with its high temperatures and the
construction of these dams have increased the quantity of evaporation from the sur-
face water of the reservoirs. Furthermore, agricultural practices still not modernized
where old irrigation methods are still used. Such practices are also leading to high
quantities of water losses. Syria exerted efforts to use modern techniques in irriga-
tion systems and it faced plenty of problems [90, 91]. One of the main problems that
farmers were not educated and could not understand and apply the new technologies.

3.7 Political Fragmentation

ME was dominated by the rule of Ottman Empire since the thirteenth century till its
defeat and dissolution during World War I. Then the area was divided into different
countries, but Britain and France ruled them. During these periods, less conflict
took place among the people of this area. Afterwards, the ethnic tendency for the
region increased, which contributed in raising the disparities between these country’s
people. Consequently, the political and economic competition became more sever
and the people more nationalistic. The tension and friction between the United States
of America and the Soviet Union and their allies during what is known as the “Cold
War” had a restraining impact on the chance of major conflicts, and this does not
exist now.

Excessive use of water resources and water pollution became main factors for
tension and clash. The 1967 war between Arab states and Israel is an example that
reflects this fact where water was one of the hidden reasons. As well as the Israeli
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occupation of Lebanon in 1982 where they controlled Litany River and diverted its
stream. To meet the high water demand, Israel is extracting 40% of its water rom
aquifers beneath theWest Bank andGaza [52]. Plenty of damswere built on the Tigris
and Euphrates Rivers and their tributaries (Table 1). Unilateral decisions without any
consultation with riparian countries also raised friction [30]. As an example the
tension between Syria and Iraq in 1974 over the Euphrates water sharing. Future
prediction models for surface water and groundwater resources show their depleting
in the ME [11, 16, 45–47, 92–94]. For these reasons, UN Secretary General Boutros
Boutros-Ghali said in 1985 that the next war in the Near East would not be about
politics, but over water [95].

3.8 International Water Laws

The International Law Commission of the UNworked on the Convention on the Law
of the Non-Navigational Uses of International Watercourses for three decades, and it
was approved by the United Nations General Assembly on the 8th July, 1997. Three
countries voted against this law. These countries were: Turkey, China and Burundi
[4]. This convention needs however to be ratified by thirty-five countries in order
to enter into force, which it had not attain hitherto. In this law, the UN stated rights
and obligations that states could follow. It also gave the principals and mechanisms
that states should follow to avoid dispute escalating to the level of acute conflicts.
This law could be adequate for non-arid zones and not for an arid region such as
ME [13]. In addition, despite the principals stated, there are no international legal
commitments to force the countries to share their water [96]. Having this situation,
then agreements will depend upon several factors like: the goodwill of the countries
which they shared the drainage basin, the available internal and external power and
the national benefits for the country to keep going to its politics [97].

3.9 Public Awareness

Despite the fact that Syria and Iraq are facing water shortage problems now, it is
expected that all countries within Tigris and Euphrates basin will experience the
same situation in the future. This is due to increase of population and development in
these countries. This implies required improving the present water supply efficiency,
and demands to fulfill the sustainability through secure the required water for future
generations. To achieve such goal, all parties concerned are to be involved [98].

A strategy to be adopted to construct a comprehensive public awareness program
about water, which comprises promotional and practical activities, and observing
and assessing their effectiveness. Al-Ansari [13] suggested educating the decision
makers in the water sector such as water planners, managers and marketers; and
the politicians who involve in set the external and internal water policies; and the
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Fig. 10 Iraqi water balance 1990, 2040 (BCM) [99]

educators about the significance of water conservation in the sector of potable water
supply and how it may be approached. Subsequently, they will be contributed in
transfer the benefits of the awareness program into society individuals as a whole.
Special syllabus in schools is to be designed to increase awareness for water sig-
nificance by developing and finding methods to present this subject, and the media
should have a vital role in identifying the importance of water issues. Farmers are
to be trained on utilize of modern irrigation systems which they are convenient for
arid regions since the agricultural sector is the highest consumer of water resources.
Using non-conventional water resources should be taken seriously. The public should
understand the importance of proper watermanagement. The ignorance of the impact
of political and economic decisions of the long term guarantee of water resources is
one of the biggest problems in the ME [13].

TexasWater Development Board (2010) set a program for water conservation and
use that can be adopted by the countries concerned. The main points in this program
can be summarized as follows:

• What are the legislation that applied in granting the permits for water and wastew-
ater?

• How is the water produced and distributed?
• What is the methods of collecting and treating the wastewater?
• What are the services’ quality and methods of maintenance, which are provided
by your utility?

• What kind of customer service does your utility provide?
• What conservation measures are in place?



Hydro Geopolitics of the Tigris and Euphrates 53

As an example, it is noteworthy to mention that Iraq is expected to have−20.6 bil-
lion m3 in 2040 (Fig. 10) [99]. Such a figure raises the alarm, and action should be
taken starting now.

4 International Agreements

4.1 Historical Background

Turkey, Iran, Syria and Iraq are the main riparian countries within the Tigris and
Euphrates basins. Since Syria and Iraq are the downstream countries within the
basin, so they are always trying to ensure the required amount of water that can meet
their domestic, agricultural and industrial demands. In addition, they consider that
these basins as international “watercourses” which should be treated as an integrated
entity by all the riparian users. On the other hand, Turkey considers the Euphrates
and Tigris Rivers as “trans-boundary Rivers” where both are under Turkish authority
until they across the border, and when they united together to form Shatt Al-Arab
River then it becomes an international river. In addition, in 1997, three countries
voted against the International Law Commission of the United Nation on the law of
Non-Navigational Uses of International Watercourses one of them is Turkey. Turkey
also considers this is not legally binding because the convention does not apply to
them [100]. Furthermore, Tigris and Euphrates Rivers basins are considered as one
basin by Turkey according to the fact of formation Shatt Al-Arab River from their
gathering, in addition to mass water transfer between the Tigris and Euphrates Rivers
via the Tharthar system, while Syria and Iraq suppose that each river had independent
basins.

Historically, the Tigris and Euphrates basins were under unitary authority of dif-
ferent empires and colonies [4].Water issues disputes that took nationalistic character
started after the British and French mandates were dissolved. Before World War II,
the first signed treaty was in 1913 between Britain, Russia, Iran and Turkey for the
regulation of Shat Al-Arab River. France and Great Britain as a represented power
for both of Syria and Iraq, respectively, they signed an agreement in 1920 to establish
a committee that coordinates the efforts toward the utilizations of the Euphrates and
Tigris Rivers [16, 101]. This was followed by two treaties in 1921 where it states in
article 12 that Aleppo city can use the water of the Euphrates River. Then in 1923,
another treaty was signed between Allied powers and Turkey known as Lausanne
agreement concerning the Euphrates and Kuviek Rivers. The treaty also included
a provision that Turkey must consult Iraq before undertaking any hydraulic works
(article 109) [16, 101]. In 1926, Turkey and Allied powers signed a Neighborly
Relations treaty where they agreed to cooperate together to use the Euphrates basin.
The commission on the demarcation of the Turko–Syrian Frontier on the Tigris was
established in 1930. As a result, a treaty took place between France as a dominant
power on Syria from a side and Turkey from another side, which stated that the bor-
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der between the two countries follow the thalweg principle, establishing the border
in the middle of the Tigris, regardless of the changes in the river’s stream [16].

Iraq declared its independence from Great Britain in 1932. Then, Iraq and Iran
placed an agreement in 1937. This was for demarcating their border and regulating
navigation in Shat Al-Arab River. Now all the aforementioned treaties have much
importance for contemporary interstate relations and geopolitics in the basins [4, 16].
In the 1946, Ankara Treaty of Friendship and Good Neighborliness was signed by
Turkey and Iraq [102] and considered as the first bilateral cooperation between both
countries regards management the common water resources. The treaty is stipulated
that Turkey has the right to install and operate permanent flowmeasurement facilities
and any obtained data should provide to Iraqi side (article 3), as well as inform Iraq
with any intention of construct any water projects [16, 101]. Turkey promised that
it would not alter the Euphrates flow without informing Iraq, and, to adapt any
future works to the needs of both states. In that treaty, Iraq was allowed to construct
protection and observation posts in Turkey’s territory to prevent downriver flooding
[103].

First few hydrological projects began in Iraq in the 1950s where Samarra bar-
rage and Dukan Derbendikhan dams were constructed in Iraq [101, 104]. The first
meeting between Turkey, Syria and Iraq took place in 1965 where it was decided
to demise and end of the treaty system [105]. New phase of their relationship took
place between the three riparian countries in 1960s when Turkey decided to con-
struct Keban Dam. Turkish and Iraqi experts held a meeting in June, 1964 and in
that meeting, Turkey agreed to retain the discharge at the downstream of the dam at
a flow average 350 m3/s, the natural flow of the river can provide the adequate quan-
tities to maintain the discharge at this average. Turkey proposed establishment of a
Joint Technical Committee (JTC). This committee duty is to investigate the rivers to
estimate the average of annual discharge for each river and to determine the required
water quantities for irrigation for beneficiary countries through joint field studies.
The main procedures and outlines of the committee works should be documented in
order to facilitate an agreement on water rights [106].

In 1965, a tripartite meetingwas held in Baghdad. During that meeting, Iraq, Syria
and Turkey demanded 18, 13, 14 BCM of the Euphrates water annually. This amount
exceeds the low annual flow of the Euphrates River. In these meetings, proposed
dams were discussed, in particular, Keban (Turkey) and Tabaqa (Syria) Dams. After
22 rounds of talks, it came to a standstill [107]. One of the main issues that were
proposed by Turkey is that it agrees to sign a tripartite treaty only if there was an
“inclusive agreement on the distribution of the waters of all the rivers common to
it and Syria” [108]. Later, Keban Dam was operating in 1973 and Tabaqa Dam in
1974. This raised very high tension between Iraq and Syria. The latter promised Iraq
for a supply of 200 MCM from Tabaqa Dam. The tension between Iraq and Syria
became very high again in 1975 when Syria started to impound Assad Lake, and
Syria denied the Iraqi right in sharing a part of the water of this lake where Syrian
side declared that the coming flow from Turkey was less than the normal flow, and
they received half the expected quantities of water [101]. The Arab League, Saudi
Arabia and Egypt tried to mediate and solve the problem, but all their efforts failed
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and both countries amassed troops along their border in June, 1975. Later, Saudi
Arabia suggested sharing the water of the Euphrates between both countries based
on thewater quantities that received by Syrian fromTurkey; this proposal reduced the
dispute, but they did not sign any agreement. Turkey expanded the Lower Euphrates
Project and its name became Güneydogu Anadolu Projesi (GAP), the Southeastern
Anatolia Development Project (GAP) in 1977 [104]

In 1980, both Iraq and Turkey signed a cooperation protocol in technical and
economic levels, later on Syria joined to this protocol. Specifically, in 1983. Issues of
regional waters—particularly the Euphrates and Tigris Rivers—were to be discussed
by a joint technical committee (JTC). Later, Syria supported the insurgent from the
Kurdish and Armenian nationality against the Turkish regime and allowed them to
attack GAP projects to have their headquarter in Syria. These rebels were conducting
subversive actions on the GAP projects’ works [109] while, Iraq gave permission
to the Turkish troops to carry out their attacks against the Kurdistan Worker’s Party
(PKK) on Iraqi lands. In 1987, Syria and Turkey signed a protocol for Economic
Cooperation. In that protocol, Article 6 reads as follows: “During the filling up
period of the Atatürk Dam reservoir and until the final allocation of the waters of
Euphrates among the three riparian countries, the Turkish side undertakes to release
a yearly average of more than 500 m3/s at the Turkish–Syrian borders and in cases
when monthly flow falls below the level of 500 m3/s, the Turkish side agrees to make
up the difference during the following month”. In addition, Article 7 of the protocol
states that Turkish and Syrian sides shall coordinate their cooperation with Iraq to
achieve fair allocation for Euphrates and Tigris water within the less potential time.
Article 9 confirms the determination of the two countries to construct a hydropower
project and operate the irrigation systems together on both rivers [16, 109]. Then
Syria and Iraq agreed that 58% of the total water quantities that received by Syrian
from Euphrates River would be released to Iraq [110]. Due to the fact that Iraq was
ignored and was not asked to sign that protocol, it did not allow Turkey to attack
the PKK in Iraq and in 1988, Iraq suppressed its Kurdish uprising in February 1988,
60,000 Kurds fled to Turkey, further deteriorating their relationship [102].

Turkey notified its downstream neighbors before November 1989 that it is going
to impound Ataturk Dam’s reservoir. It explained the technical reasons behind the
action and also provided a detailed program for the replenishment of the losses. In
addition, delegations were sent to the region to explain the need for the action, and
the measures taken. Impounding started on the 13th January, 1990 and ended to
February 13, 1990. January was chosen because the demand for water is low in that
month. Official complaints against this action were registered by Iraq and Syria and
called for a new agreement to share the waters of the Euphrates River. They also
agreed that 58% of the Euphrates water that Syria receives would be provided to Iraq
[104]. Iraq and Syria protested against the construction of Birecik Dam in Turkey,
which raised friction and tension again in 1996 [104]. In view of this situation, Iraq
and Syria organized a joint water coordination committee to face water shortage
problems. They agreed that Tigris and Euphrates water can be used in an equitable,
reasonable sharing and utilization. To resolve the conflict, Turkey asked Syria in
May, 1996 to engage in talks, and it suggested that water can be divided according to
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the area of cultivated lands while Syria asked for equal share [111], consequently, no
agreementwas reached. Syria continued to support theKurdish rebel group (thePKK)
to attack southeastern Turkey from Syrian soil. Turkey retaliated to this 1987 act in
October, 1998 and asked Syria to stop supporting terrorists immediately, which was
understood as a threat of military intervention. Syria responded to Turkey, and they
signedwhat is known as theAdanaAccord.Accordingly, the relationship between the
two countries improved, and they signed another agreement in 2001 between GAP’s
Regional Development Administration (GAP RDA) and General organization for
Land Development (GOLD) [101].

In 2002, Syria and Iraq signed an agreement which allows the former to establish
a pumping station on the Tigris River. Project area and volume of water extracted
was specified in that agreement [16]. Later in 2007, Turkey and Syria reactivated the
JTC and held a series of meetings during which they agreed to share information on
meteorological patterns and water quality. The amount of water that Turkey released
to Syria and Iraq was effected by the drought that was experienced in the region
through the period 2007–2009. In 2009, Turkey and Syria signed a new agreement
known as “Strategic Cooperation Council Agreement” and number of MoUs were
signed. All the signed agreements focused on emphasis on improvements to water
quality, the construction ofwater pumping stations (on theSyrian stretch of theTigris)
and joint dams, aswell as the development of jointwater policies [16]. Turkey assisted
Iraq through that period with additional water, but they did not sign any agreement
[97].

Some of the tributaries of the Tigris rises in Iran and as far as Shat Al-Arab, is
concerned, the two main riparian countries are Iraq and Iran. In this context, the first
agreement was signed in 1913, which is known as the Constantinople accord con-
cerning borders delineation between the two countries which dealt with continuous
shifting of the river watercourse. This was followed by another agreement in 1937
signed with support from the League of Nations. According to these agreements,
Iraq has the full sovereignty over the two banks of Shat Al-Arab River, although Iran
kept claiming half of the river to its sovereignty. Iran supported the Kurdish rebels
in north of Iraq during the 1970s so that it can exert pressure on Iraq to negotiate
the Shatt Al-Arab status. In 1975, an agreement was signed in Algeria between the
two countries. As a consequence, Iraq to concede its right in half the Shatt Al-Arab
and the Kurdish rebellion was ended. Iraq felt that it was humiliated, and continuous
strain started to increase till first Gulf war started between Iraq and Iran in 1980.
The war ended without resolving the problem of Shat Al-Arab [112]. Till now, all
Iraqi governments kept the strong position that Iraq would never reinstate the 1975
agreement.

The improved relationship between the two countries after 2003, had led the
Foreign Ministers of the two countries to meet and discussed among other things the
Shatt Al-Arab issue in 2014. Both parties agreed to move forward and work on the
markingof landborders and to implement agreements in accordancewith the borders’
treaty, protocols and agreements that were signed between the two countries in 1975
[113]. This is very important because Iran has done several things that affected the
water resources’ situation in Iraq [30] which can be summarized as follows:
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– Dam was built on Wand River in 1960, and as a result Khanaqeen city was cut
from its water resource. Three more diverting dams were built on the same river
later.

– Diverting Serwan River waters which is one of the tributaries of Diyala River.
– Dams were built on valleys near the border with Iraq to divert the water inside
Iran.

– Building dams on Karkha River.
– Water projects on Karun River and diverting its water inside Iran.

These acts caused considerable hardship to the Iraqi population in general and to
the inhabitants of border areas, in particular; such as Khanaqeen, Mandli, Badra and
Jassan and lately to Qala-Diza, Halabja, and Shir-Zur in Iraqi Kurdistan Region.

4.2 International Law and Water Sharing Issues

Disputes concerning water resources of the Tigris and Euphrates Rivers between
riparian countries seriously started in the 1970s when some of the riparian countries
started to build dams on these rivers and the effect of droughts that dominated the
region.Each country has its own justifications and explanations to the laws concerned,
which are the International Water Law, the Helsinki Rules, Berlin Rules [114] and
the UN convention on the law of the None Navigational uses of International Water
Courses [115]. These laws are based on restricting the territorial sovereignty of any
riparian state to the part of an international fresh water system that is located on its
territory, and the riparian State has to respect the right of the other riparian states to
utilize the system.

In addition, they approach the problem through the theory of community interest,
and the theory of limited sovereignty to reflect the interdependent character of fresh-
water systems. In view of these theories, two provisions are to be considered. These
are the doctrines of equitable utilization implying fairness and reasonable use and the
rule of causing no harm. Therefore, riparian states should recognize the limitation
imposed by the hydrological cycle (i.e. planned amount of water withdrawal from a
freshwater system does not exceed the amount it receives through the hydrological
cycle), and the water should be capable of regeneration to the hydrological cycle (i.e.
not polluted) [116].

Syria and Iraq claim that Turkey is having water more than it needs, and they
would like to have more water to secure the water demand for their uses. Turkey
claims that this is not correct because out of 180 BCM of the annual runoff, only
110 BCM of water is usable and 25.9 BCM can be made available. These figures are
based on considering technological, topographical and geological reasons and this
makes this resource unavailable sometimes [117–119]. When allocation of water per
capita is considered (Table 7), it should be noted that these figures will change due
to population growth rates (Table 6) and effect of climate change.
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Historic rights for the use of water of the River Euphrates were claimed by
Syria and Iraq. The Turkish response was rejecting these claims where according
to Helsinki rules; Articles I and V [114] acquired rights can only be considered if it
is based on equitable use for socioeconomic, geopolitical and hydrological factors,
in addition to the avoidance of unnecessary waste in the utilization of waters of the
basin. Furthermore, Turkey always accuses Syria and Iraq for using old irrigation
techniques and wasteful water management procedures. Turkey suggested a three
stage plan for the technical talks of the three riparian countries to solve the water
allocation problems [120].

Allocations and determining the demands for each country are to be based on: (1)
assessment of available water resources (2) conducting inventory studies of available
land resources and (3) improving irrigation practices to determine their economic
viability. This plan was based on two premises. These are to consider the Tigris
and Euphrates Rivers as one transboundary water course and secondly is that water
requirements are to be based on scientific studies of the needs of that country. Iraq and
Syria rejected this plan where they considered it as being vague and gives advantages
to Turkey and fringes on the sovereignty of the riparian states. In addition, Turkey
considers the two rivers form one basin and deficiency of water in the Euphrates can
be avoided by transferring water from the Tigris to the Euphrates via Tharthar canal.
Iraq rejects this idea and considers the two rivers in geographically separate basins. In
any case, this idea of a single basin is not valid anymore after the construction of Ilisu
Dam and the effect of drought due to climate change, which has been experienced
recently.

Syria and Iraq accuse Turkey of ignoring the “causing no harm” doctrine defined
in article X of the Helsinki Rules, and article 16 of the Berlin Rules [114] in addition
to article 7 of Part II of the UN convention on the law of the None Navigational uses
of International Water Courses [115]. This claim is based on the fact that Turkey is
reducing the share of other riparian countries by implementing the extensive GAP
project. This is damaging the agricultural practices both in Iraq and Syria as well as
municipal water and health sectors. Therefore, the project has negative influences
on the people and the environment where the quality of water is deteriorating. It
is noteworthy to mention that Iraq is the most negatively affected country due to
impounding of dams both in Turkey and Syria as well as water quality deterioration.

Finally, it should be stated that Syria and Iraq with the occupation of ISIS parts
of these countries, the water issue is not considered as a priority now in view of the
present situation.

5 Discussion

Countries in theME suffer from the water shortage problem. This has caused tension
and friction and sometimes escalated leading to war between countries in the region.
The Tigris and Euphrates Rivers are considered as a very valuable source of water for
the riparian countries within the basins of these rivers. Four main countries (Turkey,
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Fig. 11 World dependency ratio (%). Modified after ChartsBin [125]

Syria, Iran and Iraq) utilize the water of Tigris and Euphrates basins and have never
reached an agreement to share the waters of these rivers and their tributaries. These
countries never reached to an agreement to share the water of these rivers where all
of them claim that water is scares and water is over exploited [121–123] or extremely
highly stressed [122, 124]. Water Dependency Ratio index shows that Turkey has
1.0% dependence followed by Iran (6.56%), then Iraq (53.45%) and finally Syria
(72.36%) (Fig. 11) [125].

Article 6 (1) from the United Nation International Law Commission UN/ILC
law reveals that any user of water has exactly the same priority, and this mean that
all have equal weight. Using this concept, MacQuarrie [99] analyzed the existing
data for the basins of Euphrates and Tigris. The results of the analyses showed that
in terms of water needs, Iraq recorded as the lowest between the three countries
(1.94). However, slightly lower than Syria by small portion. Therefore, Syria is
considered as second (2.0) and Turkey (2.06) is the third. The results revealed that
the differences were insignificant that each riparian country had approximately same
share from Euphrates waters. According to the fact that equal ranking was used in
the analyses, MacQuarrie [99] thinks that this method is not unrealistic because it is
an effective analysis tool for some countries. While, it is useless for other countries.
Then, MacQuarrie [99] introduced three main factors. The first is priority need, and
the second was the Water Security factor, and the third is the environmental factor.
As an example of the first factor, MacQuarrie [99] argued that Syria would exceed
their social demand, as Turkey’s ambitions for use the water resources for generating
the energy would overcome its desire for provide water for irrigation. The results of
the water security factor which based on take this factor into account depending on
the analysis from the previous work showed that all riparian countries have equal
ranking. As far as the results of the environmental factor (which was added to the
hydrological category) are concerned, he found that as a result of polluted thewater of
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Euphrates and Tigris from the effluent which is come from agricultural lands, Turkey
starts to lose its superior position, and this against Article 7 and the principle of ‘no
harm’. The final conclusion on the application of the United Nation International
Law Commission UN/ILC regarded the concept of equitable and reasonable utilize
as a manner to manage and allocated an international (or transboundary) watercourse
system, this principal inapplicable in the situation of Tigris–Euphrates. This is due
to the following reasons:

– The information exchange and data sharing were very low or does not exist.
– National interests are set the utilization priorities. However, the political issues.
Specifically, security concerns where they are dominated over the others issue such
as economic and social priorities. The framework of water policies fails to cover
other aspects like water, environmental, human and ecological security.

– The suggested framework is reasonable to achieve the cooperation between the
involved countries. However, they have no motivation to make it applicable. Espe-
cially, Turkey supposed to get losses as Turkey is represent the upstream land.
Turkey will not be punished for lack of commitment UN/ILC law because there
is no penalty for not meeting it.

In the absence of inclusive agreements and low cooperation, regarding attains
the fair sharing for the water resources, individual countries took unilateral steps
and implemented projects that led to deterioration the water quality of the whole
basin and minimize its local and agricultural benefits. The outcomes of previous
negotiations were revealed a few frameworks for basin sharing. However, most of
these frameworks stilled without documented agreements. It should be mentioned
however, that Turkey exerted some efforts to cooperate. These efforts were primarily
concentrated on developing and improving southeastern Turkey (GAPproject) where
it reduce the dependence on importing oil by seeking for economic development
through invest its water abundance [101].

It is noteworthy to mention that there are also political factors and military events
that are involved in this conflict [101]. Example of these political factors is the prob-
lem between Turkey and Syria because of Hatay Province. France granted Turkey the
permission to take control on this province in 1939. In addition, Syria’s supports to
the PKK [101]. As an example of military events is the conflict that happened in 1975
over the Tabqa Dam, when both Iraqi and Syrian regimes sent military forces to their
shared border. In the same contest, Syria granted the PKK part from the Syrian lands,
so that they act as a proxy so that they could attack the Turkish locations. Specifically,
the strategical hydrological projects. Without any militarily responsibility on Syria
[101]. Of course, one should also bear in mind that the eight years’ war between Iraq
and Iran was because of the sharing of the Shatt Al-Arab watercourse.

It is evident that Turkey’s position is strong in comparison with Iraq and Syria as
mentioned above that Turkey represent the upstream lands for Tigris and Euphrates
Rivers. Due to this fact, as the regional hegemon and the upper riparian, the cooper-
ation is the last thing that Turkey wants. The only factor that makes Turkey accept
to negotiate with Syria and Iraq is to avoid any negative criticism from UN or EU
and US. Otherwise, Turkish government not serious to cooperate with them. Fur-
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thermore, there is no harm by further meetings and discussions. Under the current
weak status of Syria and Iraq, it is evident that Turkey is taking advantage and will
keep controlling the waters of the Euphrates and Tigris Rivers, and Iran will do the
same for the tributaries of the Tigris and Shatt Al-Arab Rivers; Turkey and Iran try
to force their plans on Iraq and Syria regardless the consequences. In addition, both
Turkey and Iran have the advantage of their geographic position being the upper
riparian countries and having relatively the strongest economic and political power
in the region which will authorize them to secure any water quantities they desire.

Due to the fact that Syria and Iraq are very much involved in security issues now,
Turkey and Iran will remain the riparian hegemons for a long time due to their power
and dominant river positions. Water shortage problem is not of prime importance
for Syria and Iraq till they solve the ISIS problem but sooner or later, they will
try to get their water requirements. To resolve this conflict, a strong and influential
mediator is required to bring all parties to the discussion table. Such mediator can
be USA, EU or World Bank that can bring the riparian countries to the negotiation
table. To give incentives to upper riparian countries to cooperate, other matters can
be included in the negotiations such as supplying Turkey with gas and oil from Syria
and Iraq for reduced prices. Another important step is required to be implemented by
Syria and Iraq is setting a long term strategic plan for the management of their water
resources. Such plan is to be implemented irrespective of the changes in the external
or internal politics and should be based on “Resources Dependence Theory”. This
theory assumes that the good human resources, finance and information as well as
good international relations exist [126–129].

6 How to Resolve the Conflict?

There are differences in the economy, political and military situations of the riparian
countries within the Tigris and Euphrates basins. Recently, Syria has been relatively
the weakest countries within the basins due to the ongoing war and security situation.
The next weakest country is Iraq. This is due to the outcome of the two Gulf wars and
the ongoing war on terrorism. Both countries also are the lowest riparian countries
within the Tigris and Euphrates basins. For this reason, Iraq will be the most affected
country relative to others. In case the situation remains as it is, all future predictions
suggest that all riparian countries will be under water shortage stress [51]. Therefore,
quick measures are to be taken to overcome the tension and to resolve any conflict
between the riparian countries.

Bilateral talks and/or agreements dominated past efforts to resolve the conflict
on water rights, which are not sufficient to begin discussions for a regional solution.
Therefore, such negotiations and discussions require a third party to intervene to
bring all riparian countries together because they failed to initiate successful tripli-
cate negotiations. Since water issues usually are being eclipsed by more politically
charged concerns; then, it is very important to use additional incentives to bring all
the parties together [74].
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Since Turkey is the riparian hegemon, it should be enticed to negotiate. Two
main issues seem to attract the Turkish Government. Finishing the GAP project is
the first. This can be done through possible funding agencies like the World Bank or
European Union. To do so, Turkey will be asked to sign agreements with downstream
riparian counties before releasing any fund. The enticement factors for both Iraq and
Syria are development assistance, by financial and technical support and increased
water efficiency, which will help in developing their agricultural plans, including
more innovative advanced projects. As far as joining the European Union which
requires improving the human right issue which can be done by involving the Kurds
in a cooperative water utilization effort [74]. To reach a final solution and sign an
agreement between riparian countries this requires an external mediator that can
highlight and frame the issues in such a way that each country believes that it is
gaining by joining the discussion andwill lose something by avoiding the discussions.

To achieve this goal, possible mediators can be:

– World Bank: The World Bank has very good technical expertise that can amelio-
rate the inefficient, water wasting practices of the countries involved. The World
Bank can also attract riparian countries by using its financial incentives to reach a
resolution so that it can provide loans to these countries. Finally, The World Bank
has very good reputation as a mediator in water issues disputes.

– USA and EU: USA and EU possess political, technical, economic powers as well
as being international powerful forces and this can be very useful as mediators.
All riparian countries would like to get technical and financial support as well as
expertise from USA and EU. In addition, Turkey is connected by different treaties
with USA (e.g. NATO). As far as EU is concerned, Turkey is trying to be amember
within the EU and is also connected with defense agreements.

– United nation: The United Nation has all the required information about the needs
and requirements of all riparian countries through its agencies like UNDP, UNEP
and FAO. Such information will help in discussions. UN acted as a mediator in
different occasions all over the World. Finally, it can use the Security Council if
required to enforce agreements.

– Saudi Arabia: This country is influential within theME region due to its legitimate
situation. In addition, it has good financial resources to contribute to a Basin Fund
that would finance on going, and future water related plans. Saudi Arabia also has
the experience in mediation where it resolved the conflict between Iraq and Syria
in 1974–75where both countries were on the verge of war. It succeeded in bringing
the two parties to negotiation and achieved a final resolution to the problem. In
1998, Saudi Arabia acted as a mediator between Turkey and Syria when Turkey
accused Syria supporting the PKK and harboring its leader.

– Egypt: Due to the problems concerning the Nile Basin, Egypt gained good expe-
rience in discussion and negotiations, which can be used for the Tigris–Euphrates
basins.

In addition to the above, riparian countries should set prudent scientific strategic
plan to conserve their water resources due to the fact that all these countries will face
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water shortage problems sooner or later. Al-Ansari [13] set the outlines of such a
plan as follow:

6.1 Strategic Water Management Vision

• All official concerned sectors must contribute in planning and designing the “In-
tegrated National Water Master Plan” over long term. The outcomes of this plan
should be revealed by the work of the Ministry of Water Resources, Ministry of
Municipality and Public Work, Ministry of Agriculture, Water Resources, staff at
Universities, private sector, NGO’s and representatives of regional and Interna-
tional organizations concerned.

• The hydro infrastructure such as pumping stations, water treatment and hydro
power plants should be subjected to a full rehabilitation.

• Encourage the most social sectors to enroll in awareness programs because it
is a vital factor to make people to appreciate the seriousness of water issue. In
addition, training program for farmers about utilization of new suitable irrigation
techniques.

• Defining institutional agenda, including employment and training.
• Supply and demand should be taken into consideration. In this context, seeking
for alternative water resources (water harvesting and treated wastewater) beside
the conventional methods.

• Promote the private sector to be qualified as an investor in the water sector.
• The coordination between the ministries is quite significant. This will reduce the
efforts and save time and money. More decentralization, including budget in irri-
gation, water supply and sanitation sectors are to be practiced.

6.2 Regional Cooperation and Coordination

• Determine the technical and institutional requirements to build a solid cooperation.
• Collaboration for smooth exchange for transboundary resources. Exert possible
efforts for the riparian countries (Turkey, Syria, Iraq and Iran) to attain a reasonable
agreement on water quotas.

• United Nation organizations such as UNEP, UNDP, UNESCO, etc., and the Inter-
national organizations like FAO,WMO, etc. and other research institutions should
be requested to share their capabilities in finding solutions for this issue.

• Build communication network with other bodies which they have a good back-
ground in water management to get advices in water issues. Specifically, the insti-
tutions, organizations and companies in developed countries.
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6.3 Irrigation and Agriculture

• Abandoned the conventional irrigation techniques in order to stop to waste the
water. On the other hands, adapted new irrigation techniques which they are more
compatible for the local conditions of soil, water availability and quality, crops …
etc.Applymore efficientmethods such as drip irrigation for orchards by using salty
water and sprinkler irrigation for grains, and both of them are more conserving
than surface irrigation.

• Shifting the conveying system from open channels to closed conduits to increase
efficiency of the conveying and minimize the losses. Many advantages could be
obtained from closed conduits such as decrease the evaporation and infiltration
losses and preventing the direct contact with a saline water table.

• Minimize the soil salinity through improve drainage systems of cultivated lands
that will provide better soil leaching. Also, installation a new drainage technique
provide an effective solution like use the perforated pipe drainage system in col-
lecting and treating drainage water. Avoiding releases of drainage water to the
rivers directly. The path of drainage water should be designed to discharge into
the main outfall drain in the areas lying outside the service zone of this drainage
project.

• The utilization of chemical fertilizers and pesticides should be reduced. The over
use of these materials can cause the deterioration of water quality when the irri-
gation water release again into the rivers.

• Install modern treatment methods for drainage and sewage water, and reuse it in
restoring water bodies, for instance, the marshes.

• Institutions should reflect decentralization, autonomy and farmer empowerment.
• Encourage the investors to take a part in the agricultural sector.
• Set up awareness program to promote the farmers’ awareness regards using the
suitable techniques in irrigation (drip irrigation and sprinkler irrigation).

6.4 Water Supply and Sanitation

• Improving the efficiency of drinking water distribution networks specially diver-
sion and supply down to the point of use, which is most cost effective.

• Regular maintenance for the pipes of sewerage networks to prevent any leakages
that might occur and lead to pollute the surrounding environment.

• Implement new efficient projects to reduce water losses and protect the environ-
ment from pollution.

• Improving services, e.g. using Information communication Technology (ICT).
• Expand the sewage network to cover the areas that not servicedwith sewage collec-
tion services, and connect the newly installed sewage networks to the wastewater
treatment plants to avoid the pollution of groundwater from the leakage from old
septic tanks.
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• Install new sewage treatment plants to satisfy the increased consumption of the
domestic sector. Membrane bioreactor technology can be used in these new treat-
ment plants to reuse the treated water.

6.5 Research and Development

• Prepare and provide the required information for researchers and decision makers
by establishing a comprehensive data base which includes reliable climatological,
hydrological, geological, environmental and soil data.

• Motivate the researchers to conduct researches on developing and creating new
technologies in water resources and agriculture which more suitable for Iraqi
environment.

• Administrate newmethods to satisfy our needs fromwater, and stop our depending
on conventional methods. We believe that water harvesting techniques can be very
effective and are relative cheap cost wise.

• Raise the level of technicians, engineers and decisionmakers for understanding the
recent utilized technologies through carrying out sessions and training programs.

• Execute pioneer projects, which increase the quantity of water resources, devel-
opment and productivity, reducing water consumption.

• Placing the structures and outlines of the public awareness programs in terms of
water utilization and agricultural activities.

• Asking the universities and institutes to develop their syllabuses to insert special
courses in arid region hydrology.

• Awarding of prizes for new innovations, pioneer researches and smart ideas in
water resources and their management.

• Exert more efforts to utilize from the groundwater. This source still not exhausted.
Therefore, it should be administered wisely and keep it away from the potential
contaminant.
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A New Ecological Risk Assessment
Method of Heavy Metals in Sediments
and Soil

Emad Al-Heety

Abstract The aim of this work was to derive a new modified equation to assess the
potential ecological risk (Er ) of heavymetals in riverine sediments and soils. The new
equation calculates the ecological risk (Er ) in terms of the geoaccumulation index(
Igeo

)
. Six new equations were derived to assess the Er of Cd, Cr, Cu, Ni, Pb and Zn.

The Er of heavymetals in sediments of the Euphrates, Iraq and the Tietê River, Brazil
was assessed using the newequation. The Er was also assessed for the heavymetals in
soils of Fallujah, Iraq and Tarkwa, Ghana. Results of application of the new equation
were compared with those resulted from common equation (Hakanson’s equation).
Results of the comparison give credibility to use the new equation for ecological risk
assessment. The effect of the reference value and concentration of heavy metal on
Er value was investigated.

Keywords Metal · Pollution · Ecological risk · Soil · Sediment

1 Introduction

Recently, the heavy metal pollution has attracted global concern as serious envi-
ronmental issue because of its toxicity, bioaccumulation, abundance and persistence
[1–3]. The primary sources of heavymetals accumulation in sediments of the aquatic
environment are chemical leaching of bedrocks, water drainage basins and runoff
from banks [4]. The anthropogenic activities such as mining operations, disposal of
industrial wastes and application of pesticides are also heavymetals pollution sources
in sediments of the aquatic systems [5]. The polluted sediments, in turn, can act as
source of heavy metals conveying them into the water and degrading water quality
[6, 7]. Sediments polluted by heavy metals can reflect the water quality of aquatic
systems [8]. The main sources of heavy metals accumulation in soils and especially
in urban soil are industrial activities, coal and fuel combustion, vehicles emissions,
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mining operations, fertilizers and pesticides use, municipal solid waste disposal, and
other wastes [1, 9]. Heavy metals in sediments and soils can be spread and accumu-
lated in plants and taken by human through consumption. The heavymetals cumulate
in greasy tissues and then affect the functions of nerves, endocrine, and immune sys-
tems, normal cellular metabolism [10–12]. The ecological risk assessment is tool to
some extent specifies the probability of an adverse effect to an organism or ecosystem
due to exposure to environmental stressors, such as, chemical or biological pollution
[13]. Different methods were developed to calculate the ecological risk of heavy
metal, like potential ecological risk index

(
E I
r

)
[14] and index of geoaccumulation(

Igeo
)
[15]. After the pioneerwork ofHakanson’s [14], several authors have proposed

modified methods that take into consideration the chemical fractions and bioavail-
ability of heavy metals to assess the ecological risk. These modified methods include
the risk assessment code (RAC) proposed by Perin et al. [16], the multiparameter
evaluation index (MPE) suggested by Thurston and Spengler [17] and the modified
ecological risk (MRI) introduced by Kulikowska et al. [18]. Igeo and E I

r are widely
employed as a quantitative measure of the potential risk of heavy metals in sedi-
ments and soils. These two indices

(
Igeo and E I

r

)
have been extensively employed

to assess E I
r of heavy metals pollution in sediments of aquatic systems, [3, 18–24].

Both indices have been also used to evaluate the ecological risk in polluted soils by
heavy metals [25–28]. This work aims to: (1) finding relationship between E I

r and
Igeo, (2) applying the new relation in different cases study and (3) comparing the
results of application of the new modified and Hakanson methods.

2 Methodology of Ecological Risk Assessment

Two methods were widely employed as a quantitative measure of the potential eco-
logical risk level of heavy metals in sediments and soils. These two methods are Igeo
and E I

r . Igeo is determined using the following equation [15]:

Igeo = log2
(
Ci
s/KCi

r

)
(1)

Igeo = log2
(
Ci
s/1.5C

i
r

)
(2)

where Ci
s refers to the concentration of heavy metal i in the sample and Ci

r is the
reference value of heavy metal i . K is a constant in view of the reference value
fluctuation. The factor 1.5 is introduced as a value of K constant to include the pos-
sible variation of the reference values due to lithogenic effect. Muller [15] classified
the Igeo values as follows: (0) practically unpolluted (Igeo ≤ 0), (1) unpolluted to
moderately polluted (0 < Igeo ≤ 1), (2) moderately polluted (1 < Igeo ≤ 2), (3)
moderately to heavily polluted (2 < Igeo ≤ 3), (4) heavily polluted (3 < Igeo ≤ 4),
(5) heavily to extremely polluted (4 < Igeo ≤ 5), (6) extremely polluted (5 < Igeo).
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The E I
r was suggested by Hakanson [14] and used to assess the ecological risk

of heavy metal in sediments and soils. The E I
r is calculated using the following

equations:

Ei
r = T i

f × Ci
f (3)

Ci
f = Ci

s/C
i
r (4)

Ei
r = T i

f

(
Ci
s/C

i
r

)
(5)

where Ei
r is the potential ecological risk factor of metal i , T i

f is the toxic response
factor of metal i . The values of heavy metals are 30, 2, 5, 5, 5, and 1 for Cd, Cr,
Cu, Ni, Pb and Zn, respectively. Ci

s is the metal i concentration in a sediment or
soil sample, and Ci

r is the reference value of metal i . Ei
r results are classified as

follows: low potential ecological risk (Ei
r < 40), moderate potential ecological

risk (40 ≤ Ei
r < 80), considerable potential ecological risk (80 ≤ Ei

r < 160),
high potential ecological risk (160 ≤ Ei

r < 320), and very high ecological risk
(320 ≤ Ei

r ).

2.1 New Modified Equation for Assessment of Ei
r

Based on the methods mentioned above, the Ei
r depends on the concentration and

the toxicity response factor of heavy metal. In Eqs. (2) and (5) Ci
s/C

i
r are common

in both equations. In term of this common limit, new modified equation to assess the
ecological risk was derived as follow:

Since Ci
f = Ci

s/C
i
r , (2) becomes

Igeo = log2

(
2

3
× c f i

)
(6)

Rewriting Eq. (3)

C f i = Ei
r

T i
f

(7)

Combination of (6) and (7), we obtain

Igeo = log2

(
2

3
× Ei

r

T i
f

)

(8)
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According to the logarithmic rules, we rewrite (8)

Igeo = log2
2

3
+ log2

Ei
r

T i
f

(9)

Igeo = 1 − 1.58 + log2 E
i
r− log2 T

i
f (10)

Then

log2 E
i
r = Igeo + log2 T

i
f + 0.58 (11)

Substitution value of T i
f for each metal, we obtain the following equations:

log2 E
cd
r = 5.486 + Igeo (12)

log2 E
cr
r = 1.58 + Igeo (13)

log2 E
cu
r = 2.901 + Igeo (14)

log2 E
Ni
r = 2.901 + Igeo (15)

log2 E
Pb
r = 2.901 + Igeo (16)

log2 E
Zn
r = 0.58 + Igeo (17)

Using of the equations mentioned above, we can calculate Er for Cd, Cr, Cu, Ni,
Pb and Zn in term of Igeo. The difference between our new modified method and the
classical Hakanson’s method is in calculation of pollution index Ci

f . In our method,
we used the Igeo to estimate the pollution index because it takes the possible variation
of reference values due to the lithogenic source into consideration.

2.2 Application of the New Modified Equations

The E I
r of heavy metals (Cd, Cr, Cu, Ni, Pb and Zn) in riverine sediments and soils

of four cases was assessed using the new modified equation. The selected cases
for sediment of the rivers are of Euphrates River, Iraq and the Tietê River, Brazil,
respectively [29, 30]. For soils, the cases are of the urban soil in FallujahCity, Iraq [31]
and of the agricultural soils in Tarkwa, Ghana [32]. The heavy metals concentrations
(Cd, Cr, Cu, Ni, Pb, and Zn) for each case were listed in Appendix 1. The United
States Environmental Protection Agency (USEPA) guidelines for these metals are
employed as reference value [33]. These reference values (Cr) are 0.6, 25, 16, 16,
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40, and 90, for Cd, Cr, Cu, Ni, Pb, and Zn, respectively. The first step in application
of the new modified equation is calculation of Igeo for each metal and the second
step is using one of the equations for each metal.

3 Results and Discussion

New modified equations were mathematically derived for assessing the E I
r of some

heavymetals in sediments and soil are listed in Table 1. These equations are estimated
E I
r in terms of Igeo.
The results of application of the new modified equation for assessing of E I

r are
listed in Appendix 2. To detect if there is relationship between the new modified
equation and the original Hakanson’s equation, the E I

r values were also calculated
for two cases (sediment of EuphratesRiver, Iraq and soils in Tarkwa,Ghana) using the
Hakanson’s equation.A regression analysis between Er(Modified) index and Er(Hakanson)

index values was carried out (see Figs. 1 and 2). The result of comparison shows a
very significant correlation between the E I

r values calculated using the newmodified
equation and those estimated by the Hakanson’s equation. A scatterplot between
E I
r values calculated by Hakanson’s method and Igeo for two cases (sediment of

Euphrates River, Iraq and soil of Tarkwa, Ghana) was conducted and listed in Table
2, Appendix 3. The results show significant empirical relations between E I

r and Igeo.
The E I

r takes into account themetal concentration, referencemetal value and toxic
response factor of the metal. The toxic response factor is the primary requirement for
assessing the E I

r . The other factor controlling the ecological risk assessment is the
selected reference value Cr of the metal. The E I

r of heavy metals in soil of Fallujah,
Iraq was calculated using different reference values. The obtained results show that
using different reference values could cause an overestimation or underestimation
of the E I

r . Protano et al. [34] found that the lack of abundance of updated reference
metal values could lead to overestimation or underestimation of E I

r . The accurate

Table 1 The mathematical derived relations and empirical relations for assessing of potential eco-

logical risk index E I
r of some heavy metals in sediment and soil

Mathematical relations Empirical relations

Sediment of Euphrates river,
Iraq

Soil of Tarkwa city, Gahna

log2 E
Cd
r = 5.486 + Igeo log2 E

Cd
r = 5.481 + 1.008Igeo log2 E

Cd
r = 5.477 + 0.992Igeo

log2 E
Cr
r = 1.580 + Igeo log2 E

Cr
r = 1.581 + 1.001Igeo log2 E

Cr
r = 1.585 + 0.999Igeo

log2 E
Cu
r = 2.901 + Igeo log2 E

Cu
r = 2.917 + 0.999Igeo log2 E

Cu
r = 2.971 + 1.015Igeo

log2 E
Ni
r = 2.901 + Igeo log2 E

Ni
r = 2.908 + 0.999Igeo log2 E

Ni
r = 2.900 + 0.996Igeo

log2 E
Pb
r = 2.901 + Igeo log2 E

Pb
r = 2.903 + 0.999Igeo log2 E

Pb
r = 2.908 + 0.998Igeo

log2 E
Zn
r = 0.580 + Igeo log2 E

Zn
r = 0.584 + 0.998Igeo log2 E

Zn
r = 0.582 + 0.997Igeo
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Fig. 1 Scatterplot between the E I
r values of heavy metals in sediment of Euphrates river, Iraq

calculated by Hakanson equation Er(H) and those calculated by the new modified equation Er(M)

evaluation of the E I
r requires regular updating of the reference values periodically

at the regional scales, particularly in geologic regions including sensitive ecological
habitats [35]. Significant relationships between E I

r and Igeo for Cd, Cr, Cu, Ni, Pb
and Zn were recorded for two cases (sediment of Euphrates River, Iraq and soil of
Tarkwa City, Gahna), Table 1 and Appendix 3. A significant relation between E I

r
and Igeo for Antimony (Sb) was reported in XKS mine, Hunan province in China
[36]. The obtained results show significant agreement between the mathematical
derived relations and the empirical relations. This agreement and the strong correla-
tion between the E I

r values calculated by our modified method and those estimated
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Fig. 2 Scatterplot between E I
r values of heavy metals in soil of Tarkwa, Ghana calculated by

Hakanson equation Er(H) and those calculated by the new modified equation Er(M)

by Hakanson’s method confirms that our method is a reliable approach for assessing
the potential ecological risk levels of heavy metals in sediment and soil.

In terms of the total metal concentration, the newmodified method suggests more
representative values of E I

r of heavy metals in sediment and soil because it takes into
account effect of the possible variation of the reference values due to the lithological
sources. In our method, we do not need to know the toxicity response factor values of
Cd, Cr, Cu, Ni, Pb and Zn that represent the basic request to calculate E I

r according
to Hakanson’s method.
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The relationship between total metal concentration, reference metal value and
the toxicity response factor of different metals are considered in Hakanson’s and
our modified methods. However, the chemical fractions concentrations of metals
in sediment and soil are not taken into account in both methods. Comparison of
the results of assessment of PERI (Hakanson’s method) and MRI for some metals
in Daya Bay, South China Sea showed that the MEI and MRI values were higher
than E I

r and RI [22]. They interpreted that in terms of modified index of heavy metal
concentration.On contrary, using totalmetal concentration rather thanmetal fractions
contents may lead to an overestimation of the potential ecological risk (PERI) levels
[37, 38]. The current study has theoretical and empirical implications and suggests
that our new modified method is reliable technique to quantify the ecological risk
levels of heavy metals in terms of geo-accumulation index Igeo.

4 Conclusions

From the obtained results, the following conclusions were drawn:

• Anewmodified equationwas derived to assess the E I
r in soil and sediment polluted

by heavy metals in terms of geoaccumulation index Igeo.
• The results of applicationof the newmodified equation to assess E I

r were consistent
with the results of application of Hakanson’s equation.

• The significant empirical relations between E I
r nd Igeo confirmed themathematical

derived relations and inturn gave them credibility to use as an alternative method
of Hakanson’s method.

5 Appendices

5.1 Appendix 1

Heavy metals concentrations (mg/kg) in sediments of Euphrates river, Iraq

Sampling
station

Cd Cr Cu Ni Pb Zn

S1 0.78 135.8 36 102.21 6.5 38

S2 1.89 135.6 33.7 145.2 9.8 34.5

S3 2.23 103.6 24.3 58.3 6.9 48

S4 2.03 107.5 21.1 74.7 9.35 38.9

S5 2.17 116.1 16.2 32.8 6.63 22.5

S6 2.04 133.6 89.3 47.2 13.15 60.09

(continued)
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(continued)

Sampling
station

Cd Cr Cu Ni Pb Zn

S7 2.22 155.9 13.8 55.6 9.55 12.7

S8 2.06 107.2 21.9 133.2 6.55 53.06

S9 0.92 197 25.3 116 5.83 60.5

S10 2.41 135 19.5 45.6 5.75 40.5

S11 2.83 109.4 18.7 62.8 19.12 58.5

S12 1.13 96.6 13.3 93.6 19.18 52.5

S13 1.15 117.4 18.6 62 8.73 61.2

S14 1.93 214.7 24.7 81.6 16.02 55

Heavy metals concentrations (mg/kg) in sediments of Tietê river, Brazil

Sampling
station

Cd Cr Cu Ni Pb Zn

S1 1.12 78.3 15.2 18.4 101.8 52.1

S2 3.2 40.8 7.3 16.6 50.9 38.7

S3 5.1 251.8 33.6 29.6 110.6 201.6

S4 5.6 126.8 202.1 72 67.3 421.3

S5 7.5 132.1 73.1 47.9 92.1 218.6

S6 8.5 137.9 115.6 50.3 67.5 390.9

S7 6.3 88.9 39.0 24.7 36.9 108.7

S8 6.3 151.8 76.4 41.0 63.6 107.1

S9 6.8 272.8 144.2 99.6 64.1 164.1

S10 5.4 241.9 56.5 69.4 53.9 57.9

S11 6.4 343.9 359.7 118.2 44.7 150.2

S12 3.5 388.5 293.9 121.9 25.6 181.3

Heavy metals concentrations (mg/kg) in soil of Fallujah city, Iraq

Sampling
station

Cd Cr Cu Ni Pb Zn

S1 0.800 21.225 2.050 12.050 4.625 8.925

S2 0.575 12.325 0.925 5.575 3.475 3.800

S3 0.825 14.300 1.325 10.475 4.575 5.175

S4 0.650 16.725 1.050 10.375 3.975 5.350

S5 0.575 14.900 1.425 10.525 3.000 6.950

S6 0.600 9.450 1.450 6.400 3.150 3.225

(continued)



80 E. Al-Heety

(continued)

Sampling
station

Cd Cr Cu Ni Pb Zn

S7 0.750 11.600 0.875 8.400 2.675 4.750

S8 0.625 11.300 1.000 7.375 2.900 6.425

S9 0.525 10.725 1.450 7.525 2.625 4.925

S10 0.525 9.400 1.000 6.275 2.750 2.750

S11 0.575 9.350 1.600 7.550 3.550 3.100

S12 0.475 7.900 2.175 7.475 3.300 3.800

S13 0.775 10.100 3.825 11.800 4.350 3.825

S14 0.825 9.975 3.050 12.225 4.750 8.450

S15 0.875 9.425 2.325 11.775 4.050 6.775

S16 0.550 9.450 1.425 7.750 3.725 4.500

S17 0.575 12.25 2.500 10.025 4.400 5.125

S18 0.525 9.550 3.125 10.675 4.700 6.775

S19 0.750 11.675 4.975 8.150 5.300 10.400

S20 0.575 10.275 2.750 6.876 4.600 5.000

Heavy metals concentrations (mg/kg) in soil of Tarkwa city, Ghana

Sampling station Cd Cr Cu Ni Pb Zn

S1 0.038 35 8.9 4.5 6.1 39

S2 0.020 30 9.3 2.6 3.2 12

S3 0.011 13 2.8 1.1 1.5 9.7

S4 0.022 9.9 2.8 1.5 2.3 23

S5 0.020 11 5.5 3.1 2.7 32

S6 0.011 15 2.5 1.6 2.0 11

S7 0.020 27 2.2 1.0 2.1 29

S8 0.021 15 3.7 3.2 2.5 19

S9 0.013 9.6 5.9 1.3 2.4 27

S10 0.030 38 5.8 2.4 8.3 36

S11 0.024 9.2 3.8 1.8 3.8 38

S12 0.011 12 5.6 2.1 4.1 18

S13 0.052 8 4.1 1.3 13 86

S14 0.042 12 6.9 1.9 5.5 78

S15 0.081 23 8.6 3.2 16 49

S16 0.11 16 7.1 3 27 78

S17 0.058 18 7.7 2.9 6 32

S18 0.046 12 4.9 1.9 6.4 45

S19 0.43 77 16 28 14 118
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5.2 Appendix 2

Ecological risk index values E I
r of heavy metals in sediments of Euphrates river, Iraq

Sampling
station

E I
r

Cd Cr Cu Ni Pb Zn

S1 39.72 10.82 11.19 31.8 0.8 0.42

S2 94.09 10.8 10.48 45.16 1.21 0.38

S3 110.96 8.25 7.55 18.13 0.85 0.53

S4 101.05 8.56 6.56 23.23 1.15 0.43

S5 108 9.99 5.04 10.19 0.82 0.24

S6 101.54 10.64 27.78 14.68 1.63 0.66

S7 103.03 12.42 4.29 17.29 1.18 0.14

S8 102.53 8.54 6.78 41.44 0.81 0.6

S9 45.97 15.7 7.86 36.25 0.72 0.66

S10 119.92 10.75 6.06 14.18 0.71 0.450

S11 140.84 8.71 5.81 18.73 2.39 0.64

S12 56.21 7.7 4.13 29.12 2.46 0.58

S13 57.2 9.35 5.79 19.29 1.08 0.67

S14 96.06 17.11 7.68 25.38 3.66 0.6

Ecological risk index values E I
r of heavy metals in sediments of Tietê river, Brazil, Iraq

Sampling
station

E I
r

Cd Cr Cu Ni Pb Zn

S1 59.71 6.24 4.73 4.39 12.66 0.57

S2 159.23 3.25 2.27 5.16 6.33 0.42

S3 253.87 20.07 10.45 9.2 13.67 2.23

S4 278.78 10.1 62.85 22.39 8.36 4.66

S5 373.25 10.52 22.73 14.88 11.46 2.41

S6 423.14 10.98 35.95 15.63 8.39 4.32

S7 313.64 7.08 12.13 8.15 4.59 1.2

S8 313.64 12.1 23.76 12.75 7.91 1.18

S9 338.49 21.73 44.84 30.99 7.97 1.81

S10 268.72 19.27 17.58 21.58 6.7 0.63

S11 318.68 27.39 111.89 36.78 5.56 1.67

S12 174.24 30.95 91.45 37.92 3.18 1.35
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Ecological risk index values E I
r of heavy metals in soil of Fallujah city, Iraq

Sampling
station

E I
r

Cd Cr Cu Ni Pb Zn

S1 39.8 1.69 0.63 3.75 0.57 0.095

S2 28.6 0.98 0.28 1.73 0.42 0.041

S3 41.06 1.14 0.41 3.25 0.56 0.056

S4 32.37 1.33 0.32 3.22 0.49 0.058

S5 28.6 1.19 0.44 3.27 0.37 0.076

S6 29.85 0.75 0.45 1.98 0.38 0.034

S7 37.34 0.92 0.27 2.61 0.32 0.052

S8 31.12 0.90 0.30 2.29 0.35 0.070

S9 26.13 0.85 0.45 2.33 0.32 0.053

S10 26.13 0.74 0.30 1.95 0.33 0.029

S11 28.6 0.74 0.49 2.34 0.44 0.032

S12 23.62 0.62 0.67 2.32 0.41 0.041

S13 38.61 0.80 1.18 3.66 0.53 0.042

S14 41.06 0.79 0.94 3.80 0.59 0.092

S15 43.59 0.75 0.71 3.66 0.50 0.074

S16 27.39 0.75 0.44 2.40 0.46 0.049

S17 28.6 0.97 0.77 3.11 0.54 0.055

S18 26.13 0.75 0.97 3.31 0.58 0.074

S19 37.34 0.92 1.54 2.53 0.65 0.115

S20 28.6 0.82 0.85 2.13 0.56 0.055

Ecological risk index values E I
r of heavy metals in soil of Tarkwa city, Ghana

Sampling station E I
r

Cd Cr Cu Ni Pb Zn

S1 1.07 2.78 2.76 1.39 0.75 0.43

S2 0.98 2.39 2.89 0.8 0.39 0.13

S3 0.53 1.03 0.86 0.33 0.18 0.1

S4 1.07 0.78 0.86 0.46 0.28 0.25

S5 0.98 0.87 1.71 0.96 0.33 0.35

S6 0.53 1.19 0.77 0.49 0.24 0.12

S7 0.98 2.15 0.68 0.3 0.26 0.31

S8 1.03 1.19 1.15 0.99 0.3 0.2

S9 0.62 0.76 1.83 0.4 0.29 0.29

S10 1.47 3.02 1.8 0.74 1.03 0.39

(continued)
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(continued)

Sampling station E I
r

Cd Cr Cu Ni Pb Zn

S11 1.16 0.73 1.18 0.56 0.47 0.42

S12 0.56 0.95 1.74 0.65 0.5 0.19

S13 2.55 0.63 1.27 0.4 1.61 0.96

S14 2.06 0.95 2.14 0.59 0.68 0.86

S15 4.03 1.83 2.67 0.99 1.98 0.54

S16 5.46 1.27 2.2 0.93 3.36 0.86

S17 2.86 1.43 2.39 0.89 0.74 0.35

S18 2.28 0.95 1.52 0.59 0.79 0.49

S19 21.39 6.13 4.97 8.7 1.74 1.3

5.3 Appendix 3

Regression analysis between Ei
r and Igeo of Cd, Cr, Cu, Ni, Pb and Zn in sediment

of Euphrates River, Iraq.
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Regression analysis between E I
r and Igeo of Cd, Cr, Cu, Ni, Pb and Zn in soil of

Tarkwa, Ghana.
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Potential Ecological Risk Assessment
of Heavy Metals in Iraqi Soils: Case
Studies

Emad Al-Heety and Wahran Saod

Abstract The aim of this study is to estimate the potential ecological risk of heavy
metals in soils in different cities, Iraq. The used data was obtained from previous pub-
lished studies. The index of ecological risk (Er I ) and index of the overall potential
ecological risk (RI) were calculated employing Hakanson’s methodology. Generally,
the obtained results showed that Cd was the major contributor to the potential risk
in soils of Baghdad, Basrah, Duhok, Erbil, Fallujah, and Kirkuk cities. In soils of
Al-Nasiriya, Babylon and Hawega cities, the major contributor to the potential risk
is Ni element. The spatial distribution of the RI showed that heavy risk was recorded
in Baghdad city soil and moderate risk in soils of Basrah, Duhok, Erbil and Kirkuk
while the risk in soils of the other cities was light. The spatial distribution reflects
impact of the anthropogenic activities as a source of the metal pollution of the soils.
The results showed that the factor controlling the estimation of Ei

r was the reference
level value of the metal and using different reference values leads to overestimation
or underestimation of the Er and in turn RI. This work represents the first attempt to
assess the ecological risk of heavy metal in Iraqi soils except Baghdad’s soil.

Keywords Heavy metal · Pollution · Soil · Ecological risk · Iraq

1 Introduction

Because of toxicity, bioaccumulation, abundance and persistence of the heavymetals,
the heavy metals contamination has attracted global concern as serious environmen-
tal problem [1–3]. Recently, soil heavy metal pollution has been paid significant
attention as worldwide issue. Mainly, accumulations of the heavy metals in soils
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and especially in urban soil come from industrial activities, coal and fuel burning,
vehicles emissions, mining operations, fertilizers and pesticides use, municipal solid
waste disposal, and other wastes [1, 4]. Heavy metals in soils spread and accumu-
late in plants and consume by human. The heavy metals cumulate in greasy tissues
and influence the actions of nerves, endocrine, and immune systems, normal cellular
metabolism, etc. [5–7]. The ecological risk assessment is tool to some extent specifies
the probability of an adverse impact on an organism or ecosystem due to exposure to
environmental stressors, such as, chemical or biological pollution. Different methods
were developed to calculate the ecological risk of heavy metal, like potential ecolog-
ical risk index (Ei

r ) [8], index of geoaccumulation (Igeo) [9], and modified potential
risk index (Mi

r ) [10]. Index of geoaccumulation (Igeo) and potential ecological risk
index (Ei

r ) widely employed as a quantitative measure of the potential risk of heavy
metals in soils. These two indices (Igeo and Ei

r ) have been extensively used to assess
Ei
r of heavy metals in polluted soils by heavy metals [11–14]. There are few studies

on the assessment of the ecological risk of heavy metals in Iraqi soils [15, 16]. The
primary aims of this study are: (1) to estimate index of potential ecological risk (Ei

r )
and risk index (RI) of heavy metals in different cities in Iraq using the available data;
(2) to assess the spatial variation of the Ei

r and RI in Iraq; (3) to identify the heavy
metal that contributes more than the other metals to ecological risk in each city and
across Iraq.

2 Materials and Methodology

The case studies were selected depending on the available data of heavy metal level
in soil. The used data in this work was listed in Table 1. The Ei

r and RI of soil heavy
metal in the study area are estimated using Hakanson’s methodology [8]. The Ei

r is
estimated by the following relations:

Ei
r = T i

f × Ci
f (1)

C f i = Csi

Cri
(2)

Ei
r = T f i × Csi

Cri
(3)

where Ei
r is the potential ecological risk factor of metal i, T i

f is the toxic response
factor of metal i. The Tf values of heavy metals are 30, 2, 5, 5, 5, and 1 for Cd, Cr,
Cu, Ni, Pb and Zn, respectively. Ci

f is the metal i concentration in an sediment or
soil sample, and Ci

r is the reference value of metal i. The RI is a sum of the Ei
r for

all heavy elements at the sampling sites:
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RI =
∑n

i
Ei
r (4)

The categories of Ei
r and RI as classified by Hakanson [8] are: light potential eco-

logical risk (Ei
r < 40), moderate potential ecological risk (40 ≤ Ei

r < 80), heavy
potential ecological risk (80 ≤ Ei

r < 160), severe potential ecological risk (160 ≤
Ei
r < 320), and very severe ecological risk (320 ≤ Ei

r ). RI < 150, light potential
ecological risk; 150 ≤ RI < 300, moderate potential ecological risk; 300≤ RI < 600,
heavy potential; RI > 600, severe potential. We used the data listed in Table 1 to
calculate the Ei

r and RI of some heavy metals in the studied cases.

3 Results and Discussion

Results of Ei
r and RI in the studied cases are shown in Figs. 1 and 2, respectively.

The Ei
r values of heavy metals in soils of the studied cases were in descending

order: Ni > Cr > Cu > Pb > Zn (Al-Nasiriya), Ni > Pb > Cr (Babylon), Cd
> Ni > Cu > Pb > Zn (Baghdad), Cd > Pb > Ni > Cr (Basrah), Cd > Ni > Pb
> Zn (Duhok), Cd > Cu > Pb > Cr > Zn (Erbil), Cd > Ni > Cr > Cu > Pb >
Zn (Fallujah), Ni > Cr > Cu > Zn (Hawega) and Cd > Cu > Pb > Ni > Cr >
Zn (Kirkuk). As shown in Fig. 1, except for Ni in Al-Nasiriya and Hawega Cities,
the Ei

r values of Cr , Cu, Ni , Pb, and Zn indicate light potential ecological risk
to soils of the other cities. The Ei

r of Ni in soils of Al-Nasiriya and Hawega Cites
showed moderate risk. The Ei

r values of Cd were light in Erbil and Fallujah, heavy in
Basrah and Kirkuk, and severe in Baghdad and Duhok. In the light of the RI value,
metal pollution in soils of the studied cities can be graded in descending order as
follows: Baghdad > Kirkuk > Erbil > Duhok > Basrah > Haweja > Al-Nasiriya >

Table 1 The concentrations of heavy metals in soils of the study area

Case Concentration of metal (mg/kg) References

Cd Cr Cu Ni Pb Zn

Al-Nasiriya 116.3 27.3 147.1 16.84 57.3 [17]

Babylon 33.4 98.84 33.53 [18]

Baghdad 5.52 91.9 111.4 153.7 133.3 [19]

Basrah 2.80 60.90 36.90 115.00 [20]

Duhok 3.42 78.73 88.28 308.86 [21]

Erbil 3.35 37.5 128 181.5 5.48 [22]

Fallujah 0.64 11.59 201 8.96 3.82 5.50 [23]

Hawega 310.5 35.7 152.3 51.33 [24]

Kirkuk 3.03 27.56 103.1 161.93 232.79 14.33 [25]

Reference values 0.6 25 16 16 40 90 [26]
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Babylon > Fallujah. Three grades of RI were reported in the studied cases, light,
moderate and heavy risk. Cd is the main contributor in the RI of Baghdad, Duhok,
Erbil, Kirkuk, Basrah, and Fallujah. In Babylon, Al-Nasiriya, Hawega, and Erbil, the
main contributor in RI was Ni. In general, the contribution of the single metal in RI
was observed in the following order: Cd > Ni > Cu > Cr > Pb > Zn. According to
Hakanson’s methodology, Ei

r value depends on concentration of the metal in the soil
sample, reference concentration and coefficient the toxicity response. Regardless of
metal concentration and its toxicity coefficient, the Ei

r was estimated for four metals
using three different reference values [26–28]. Using different referencemetal values
could cause an overestimation or underestimation of the Ei

r . For example, the world
average data of Cd has been given overestimated value of Ei

r , while the Canadian
guidelines recorded underestimation of the Ei

r . The lack of abundance of updated
reference metal concentrations could lead to an overestimation or underestimation
of the Ei

r [29]. The accurate assessment of the Ei
r requires routine upgrading of the

reference concentrations periodically at the regional scales in each country, especially
in geological regions containing sensitive ecological habitats [30]. The RI value is
related with the kind and amount of the heavy metal. A high RI value reflects a high
concentration of themetal and high toxicity, while a lesserRI value is a lesser level of
the metal and a slighter toxicity [31]. The obtained results were compared with those
available for soils in BaghdadCity only because of the lack of published studies about
the assessment of ecological risk of heavy metals in the soils of the cities. Al-Anbari
et al. [15] investigated the ecological risk assessment of heavy metals in the urban
soil in Al-Karrada district, Baghdad affected by various anthropogenic activities.

They recorded very high single ecological risk Ei
r of Cd (672) and high overall

potential ecological risk index RI (720) in the study area. The difference between the
Ei
r of Cd (262.5) obtained in the current study and that obtained in study [15], can

be attributed to difference in the selected reference concentration of Cd although the
concentration of Cd in the present study was more than that in study [15]. They used
0.2 as reference concentration of Cd while in the current study was 0.6. Mohammed
and Abdullah [16] estimated the ecological risk Ei

r of heavy metals in soil of the
northern site ofEastBaghdadoil field. The Ei

r valueswere classified as lowecological
risk for the measured heavy metals including Cd. The high concentration of Cd in
soils Baghdad, Duhok, Kirkuk and Basrah is attributed to the human activities, such
as high traffic density, the industrial activity, use of the phosphate fertilizer and the
atmospheric pollution [15, 19–21, 25]. The spatial distribution of the RI (Fig. 2)
showed heavy ecological risk in soil of Baghdad City which can be attributed to
the extensive various human activities because Baghdad is the largest residential,
industrial and commercial center in Iraq. The moderate RI in Basrah and Kirkuk
may be interpreted in terms of both are centers of urbanization, industrial and oil
production. ThemoderateRI in soil of DuhokCity also comes from human activities.
The light RI in the other cities may reflect less anthropogenic activities compared
with those in Baghdad, Basrah, Duhok, Erbil and Kirkuk. The spatial distribution
shows large impact of the anthropogenic origin of metal contamination in Iraqi soils
rather than the geogenic origin.
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Fig. 1 Ecological risk factor (Ei
r ) of heavy metals in soils of the study area
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Fig. 1 (continued)

Fig. 2 Spatial variation of
the potential ecological risk
index (RI) of heavy metals in
soils of the study area

4 Conclusions

1. The index of the overall potential ecological risk (RI) in the study area ranges
from light to heavy.

2. Cd showed a severe ecological risk in soil of Baghdad City and moderate eco-
logical risk in Duhok, Erbil, Kirkuk and Basrah soils.

3. The factor controlled calculation of the ecological risk is the reference concen-
tration of metal.

4. Using non updating reference concentration value could cause overestimation or
underestimation of ecological risk.

5. The spatial distribution of the RI reflects the anthropogenic source for soil con-
tamination in the studied cases with heavy metals.
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Using a Mix of Three Microbial Strains
on Fermentation and Aerobic Stability
of Grass Silage

Vahel Jaladet Taha

Abstract This study was conducted to investigate the effect of using a mix of Lac-
tobacillus (L.) plantarum, L. casei and Saccharomyces cerevisiae as silage inoculate
to meadow grass on silage fermentation characteristics, silage quality and aerobic
stability. A sample of Meadow grass (MG) was collected directly from the forage
harvester during a first cut harvest. The fresh, chopped MG sample was divided into
2 equal portions and either treated with the test additive (EM) or received an equal
volume of water (control). The dosage of EM Silage was based on 80 ml per ton
product. Samples were analysed statistically as randomise complete (1 × 2) design
using an ANOVA procedure of Genstat 15. Ensiled sample was found to have lower
dry matter (DM), crude protein (CP), water soluble carbohydrate (WSC) and yeasts
count, and higher mould count compared fresh samples. Additionally, treating MG
with EM increased concentration of total volatile fatty acids (tVFA), acetic and pro-
pionic acids and total alcohol by approximately (25, 27, 47, 300% respectively) and
reduced lactic acid by approximately 13% compared to control samples. Aerobic
stability results showed that control MG treatment reached a temperature 3 °C above
ambient in ~6.8 days whereas the EM treated MG took approximately 14 days get
to the same temperature after exposing to air. Therefore, using this mix of inoculate
would enhance silage quality and protect silage from aerobic deterioration.

Keywords Silage additive · Inoculate · Lactic acid bacteria

1 Introduction

Silage defined as a highly fermented water-soluble carbohydrate in the forage to lac-
tic and butyric acid resulting reduction of pH and used for animal feeding when fresh
forage is scarce [1]. In Europe, silage industry increased by approx. 160 million ton
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per year of forage dray matter since the mid of the last century [1]. Nowadays, silage
may represent more than 80% of winter forages in ruminant diets in the UK [2].
The ensiling process could be divided into three different steps: initial aerobic step,
fermentation step and second aerobic step [3]. Silage fermentation was undertaken
by different species of microflora associated silage herbage and was largely left to
chance to represent an uncontrolled process [4]. However, using different silage addi-
tives and/or physical approaches (wilting) plus clamp management would enhance
fermentation process resulting an improvement in silage quality [1]. This aim could
be achieved by using silage additive especially silage inoculate [5]. Silage inoculants
have been developed for their ability to promote a beneficial fermentation that max-
imizes the nutritive value of the silage for ruminant animals [1]. Since the beginning
of the last century, silage inoculations have been successfully used in France and
other European countries [6]. Supplemented inoculated bacteria to forage at ensiling
would cause a rapid reduction of the silage pH and prevent the growth of undesirable
microorganisms such as clostridia [7]. In addition, supplemented inoculated bacteria
at ensiling would reduce DM losses during the fermentation period [7]. Hence, the
used of inoculated bacteria as a silage additive has been widely increased [6].

Lactic acid bacteria (LAB) are the common commercial silage additives used
globally [8]. Lactic acid bacteria such as Lactobacillus (L.) buchneri, L. plantarum
and L. casei were developed as silage inoculant to enhance silage fermentation
increasing acetic acid concentration and improve the aerobic stability of the silage
[9].Merry andDavies [1] outlined that LAB could be divided into two groups: homo-
fermentative and hetro-fermentative LAB. Homo-fermentative LAB contained one
or more strains species: L. plantarum, L. lactis, Pediococcus spp. and Enterococ-
cus spp. The main final product of these species is lactic acid. Hetro-fermentative
LAB such as L. buchneri, which produce lactic acid, acetic acid, ethanol and carbon
dioxide as a final product [10]. Homo-fermentative LAB caused a rapid decrease in
silage herbage pH and reduced losses of DM to a minimum level (2–3%) [11]. More-
over, these strains of LAB are the traditional inoculant bacteria used in the market
[12]. In addtion, the fast decrease in pH prevents the growth of many undesirable
microorganisms inside the silo such as clostridia, which are responsible for produc-
ing butyric acid. Mixing different strain of silage inoculate may act synergistically
with each other and improved silage quality and aerobic deterioration [13]. Yeasts
such as Saccharomyces spp. are used in food science to improve fermentation such
as yoghurt making [9]. Several studies [9, 11, 12] showed that using Saccharomyces
spp. might improve feed conversion ratio, reduce ruminal acidosis, and mitigating
methane emissions. A lack of studies for using yeasts especially Saccharomyces spp.
mixed with LAB as silage inoculate for enhancing silage quality either ensiling or
after air exposure. Therefore, the objective of this study was to investigate the effect
of using a mix of L. plantarum, L. casei and Saccharomyces cerevisiae as silage
inoculate to meadow grass on silage fermentation characteristics, silage quality and
aerobic stability.
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2 Materials and Methods

Asample ofmeadowgrass (MG)was collected directly from the forage harvester dur-
ing a first cut harvest on 1st May 2017. The fresh, chopped MG sample was divided
into 2 equal portions and either treated with the test additive (EM treated; batch No.
1509010001) or received an equal volume of water. The dosage of EM silage was
based on 80 ml per ton product. Product microbial composition was Lactobacillus
casie 137 × 108 bacteria/ml, Lactobacillus plantarum 865 × 104 bacteria/ml and
Saccharomyces cerevisiae 26 × 105 bacteria/ml. The inoculate treatment was pre-
pared by dissolving 2 g of a mix of freeze-dried inoculated bacteria and 30 g of table
sugar (as media) in 1000 ml deionised water and incubate for 16 h at 30 °C. Mini
silos were created in six replications for each of the two experimental treatments.
During the filling of the mini-silos, subsamples (fresh material) were collected for
each min-silo. Fresh material subsamples were vacuum packed and stored at−20 °C
for proximate analysis. Each experimental silo was lined with a plastic bag and filled
with approximately 1.5 kg from either treated or control MG and consolidated well.
The neck of the plastic bag liner was then sealed using silage tape and approximately
0.5 kg of sand was placed on the top of each mini-silo. The weight of each mini-silos
before and immediately after filling with MG and sealing were recorded. Following
a 100-day ensiling period the mini silos were weighed (in order to calculate DM
loss), opened and silage samples were taken. Ensiled samples were vacuum packed
and stored at −20 °C for proximate analysis and fermentation characteristics.

All frozen ensiled samples for both treatments were defrosted at 4 °C for 16 h
and analysed for proximate analysis and fermentation characteristics. The ammo-
nia nitrogen (NH3-N) concentration was measured according to MAFF [13] using
a Buchi AutoKjeldahl Unit K-370 (buchi labortechnik AG CH-9.0, Flawil, Switzer-
land), and pH determined by the method of MAFF [13] using a pH meter (Jenway,
Stone, Staffordshire) with calibration using pH 4 and pH 7 buffers. Water-soluble
carbohydrate (WSC) concentration was determined by spectrophotometrically (at
wavelength 620 nm) as the blue-green complex which is formed when carbohydrate
is heated with Anthrone in sulphuric acid using MAFF [13]. Defrosted samples
of both fresh and ensilage forage from each mini-silo were oven dried at 105 °C
overnight according to method number 935.29 [14]. Dried samples were milled
through a 1 mm screen and used to determine ash by using 1 g of dried sample in a
muffle furnace at 550 °C for 5 h and crude protein (CP) using a C/N analyser [type
FP-528, LECO Instruments, St. Joseph, MI, USA] operating the Dumas method
number 990.03 [14]. Samples of fresh and ensiled grass were vacuum packed and
sent to an approved laboratory [Sciantec, UK or Northern Hygiene, UK for Lactic
Acid Bacteria counts] to analysis manually for mould, yeast and lactobacilli counting
according to method published by Borreani and Tabacoo [15]. Silage samples were
analyzed additionally for silage characteristics including lactic acids (using HPLC
machine according to method published by Canale et al. [16]) total and individual
volatile fatty acid (VFA) (using gas chromatography machine according to method
published byCruwys et al. [17]) and total and individual alcohol concentration (using
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HPLC according to method published by Borreani and Tabacoo [15]) at the same
laboratory.

Aerobic stability of the ensiledmaterial was determined by temperature difference
to ambient. Approximately 500 g of ensiledMG samples from each of 12 experimen-
tal mini-silos were placed individually in insulated boxes open to the atmosphere at
18–20 °C for 20 days. One themochron iButtons [iButton THERMO-S-KIT Ther-
mochron Starter Kit] was stuck in each box and another one in the silos storage room
to record temperature every 10 min. The temperature of ambient and each box were
observed continuously during the aerobic stability period (20 days).

All obtained data were analysed statistically using an ANOVA procedure of Gen-
stat (GenStat version 15, VSN International Ltd., UK). Proximate analysis of silage
samples was analysed using randomise complete (1 × 2) design.

3 Results and Discussion

3.1 Chemical Analysis

The chemical analysis results of both fresh and ensiled forage are shown in Table 1.
Target DM for the crop was achieved with a mean DM for the fresh material of
370.8 g/kg. The enisled material was found to have a lower DM value (341.6 g/kg)
compared to fresh forage (370.8 g/kg) which probably due to evaporative and volatile
losses during the ensiling phase. The silages were kept in a plastic bag inside mini-
silos, and the integrity of the bags would inhibit effluent escape. Mayne and Gordon
[18] suggested that DM losses could occur in three ways: effluent escape, surface
waste and invisible losses. The invisible losses could include fermentation charac-
teristic and plant respiration during the fermentation period especially the initial
fermentation phase [18]. Therefore, the DM losses in the present study could be due
to an invisible loss according to Mayne and Gordon [18]. In addition, silage DM
losses could be affected by the activity of some microorganisms in the silage clamp
such as Enterobacteria [5]. A similar result was found by Wambacq et al. [19] who
reported that ensiled mix of alfalfa and ryegrass had a lower DM compared to fresh
forage. They went to show that the losses of DM bases could be due to the effect
of microbial activity inside silage silos during the fermentation period. Similarly,
Taha [5] also found that ensiled bean, pea and grass reduced DM compared to fresh
forages by approximately 18, 20 and 14% for bean, pea and grass respectively. How-
ever, in the current study treated MG forage with test additive EM had no effect on
DM of ensiled forage compared to untreated silage samples. Reich and Kung [20]
highlighted that one of the disadvantages of using LAB, as a silage additive would
be their effect on increasing silage DM losses at fermentation process.

Forage CP was found to be low, but this can only be attributed to the nature of the
material harvested compared to other finding. Ensiling the MG significantly reduced
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the CP content of the ensiled material by ~5.7%, which is within normal levels of
expectation.

Crude protein hydrolyses may occurs inside silage clamp during fermentation
period which might be due to either the activity of proteolysis plant enzymes and/or
plant endogenous micro-organisms, resulting a reduction in CP and increase in NH3-
N concentration of produced silage [1, 6]. Water-soluble carbohydrate values were
found to be significantly lower in the ensiled material but treating the fresh, MG
with EM Additive had no effect on the use of WSC as a substrate for microbial
activity during the ensiling process. Wilkinson and Davies [6] reported that during
the fermentation process at ensiling most of forage WSC convert to fermentation
acids mainly lactic and butyric acids. This could be the reason for reducing the
WSC concentration at ensiling samples from 72.9 g/kg DM inside fresh samples to
12.1 g/kg DM inside ensiled samples of our study. Using the mix of two strains of
LAB and S. cerevisiae had no effect on all studied proximate analysis in the present
study (Table 2). Same results were found by several researchers [9, 21–23]. While
other studies found that LAB reduced (P < 0.05) WSC concentration, which could
be that most of WSC were fermented to acids compared to untreated forage silages
[24, 25].

3.2 Fermentation Characteristics

Meadow grass samples were found to ensiled well as indicated by a low mean pH
of ~4.14 and NH3-N ~1.2 g/kg TN concentration, which refer to a good ensiled
technique. However, using EM treatment as a silage additive had no effect on the final
silage pH. Using different LAB strains and S. cerevisiae as silage inoculate showed a
trend (P = 0.09) to reduce silage pH with no (P > 0.05) effect on NH3-N. Shah et al.
[23] found that using inoculate (LAB) as silage additives significantly reduced silage
pH, acetic acid and butyric acid while silage inoculate had no effect on DM content
of produced silage. Amanullah et al. [9] reported that using homo-fermentative LAB
rapidly dropped silage pH and reduced the concentration of NH3-N. Duniere et al.
[8] noticed the highest concentration of lactic acid and lowest pH when they used
LAB as inoculated bacteria after 7, 14, 28 and 56 days of ensiling whole crop corn
silage.

Treating the fresh, chopped MG sample with EM additive resulted in a reduction
(~13%) of lactic acid in the final silage. The results obtained from this research
showed that using EM did not show any negative effect on fermentation products
or nutrient content of produced silage. A similar result was observed by Duniere
et al. [8] when they used three different strains of Saccharomyces as silage inoculate
to treat corn silage after 90 of the ensiling periods. Pedroso et al. [26] reported
that Saccharomyces spp. can convert WSC into CO2 and ethanol under anaerobic
condition. These products are undesirable product inside silage and could be toxic
to ruminant animals. This could be the reason of increasing the level of ethanol
when grass treated with a mix of yeast and inoculation bacteria in the current study
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Table 2 Effect of using three microbial strains as a silage additive on the silage fermentation and
aerobic stability of meadow grass

Parameter Control EM
treated

SED LSD P-value

pH 4.15 4.133 0.091 0.203 0.858

Ammonia g/kg 1.12 1.22 0.0581 0.1295 0.133

Ammonia %TN 1.663 1.771 0.1501 0.334 0.486

Lactic acid g/kg DM 34.55 30.11 0.812 1.81 <0.001

Total VFA [t VFA] mg/kg 9287 12,427 627 1397.1 <0.001

Acetic acid mg/kg 8775 12,090 773.5 1723.5 0.002

Propionic acid mg/kg 48.7 92.2 17.45 38.87 0.032

Iso-Butyric acid mg/kg 46.7 34.8 15.49 34.51 0.463

Butyric acid mg/kg 52.2 36.3 16.34 36.4 0.355

Iso-Valeric acid mg/kg 0.6 0.4 0.2 0.45 0.213

Valeric acid mg/kg 197 42 148.9 331.9 0.324

Hexanoic acid mg/kg 57 44 25.2 56.1 0.635

Heptanoic acid mg/kg 54 44 25.3 56.4 0.696

Total alcohol mg/kg 2547 8350 324.5 723 <0.001

Ethanol mg/kg 1661 4041 196.7 438.3 <0.001

Propan-1-ol mg/kg 26.7 105.2 5.2 11.58 <0.001

Propan-1,2-diol mg/kg 860 4204 255.4 569 <0.001

Ethanol %total alcohol 65.5 48.5 2.67 5.94 <0.001

Propan-1-ol %total alcohol 1.1 1.3 0.11 0.24 0.101

Propan-1,2-diol %total alcohol 33.5 50.2 2.68 5.97 <0.001

Aerobic stabilitya 6.83 13.79 1.207 2.782 <0.001

EM experimental treatment, TN total nitrogen, DM dray matter, VFA volatile fatty acid
aNumber of days to reach 3 °C above ambient

(Table 2). In contrast to our results, Duniere et al. [8] noted that the level of ethanol did
not increase by using a mix of Saccharomyces spp. The concentration of acetic acid,
propionic acid, ethanol and total and individual alcohols were found to be increased
by silage inoculate that used on our study (Table 2). The formation of acetic acid
and 1,2-propanediol from lactic acid might be due to the activity of L. buchneri and
would lead to increase the formation of CO2 and this would lead to extra DM losses
[10]. Thus, the DM losses in the current study would be due to hetro-fermentative
that appear as a result of the activity of L. buchneri. Shah et al. [23] and Zhang et al.
[25] also observed that using inoculated bacteria enhanced ethanol concentration in
produced silage either after 30 or after 100 days.

Mould and yeast counts were found to be affected by the ensiling process, ensiled
MG had higher mould and lower yeast counts compared to fresh forages. However,
the use of the EM additive had no effect on the mean of mould or yeast (Table 1).
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Lactobacilli numbers were found to be significantly lower (~48.9%) in the MG
sample treatedwith the EM additive. Yeasts andmould contamination either for fresh
or ensiled forage were generally in low level (>3.2 log10 CFU/g) when compared
to yeasts and mould contaminations with other studies [10, 19, 27]. The effect of
fermentation process on yeast counting could be due to the reduction of silage pH
which has an inhibitory effect on yeast counting, hence decrease their number in
ensiled MG. Driehuis et al. [27] showed that the presence of L. buchneri inside
silage silo can convert part of fermented lactic acid to acetic acid and 1,2-propanediol
which has an inhibitory effect on yeasts andmould during primary fermentation under
anaerobic conditions. Conversely adding the EM treatment to the fresh MG sample
resulted in an elevated total volatile fatty acid concentration by ~34%. Elevated
tVFA related to a ~38% increase in acetic acid and ~89% increase in propionic
acid as shown in Table 2. No other VFA were affected by the EM treatment and
the relative proportion of the individual VFA. The total alcohol concentration of
the ensiled material was found to increase (~228%) as a result of EM treatment.
Elevated alcohol concentration related to increases in ethanol (~143%), propane-1-
ol (~294%) and propane-1,2-diol (~389%). The relative proportions of the different
alcoholswere also found to be affected byEM treatment. The addition of EMadditive
significantly reduced the relative proportion of ethanol whilst increased the relative
proportion of propane-1,2,-diol as shown in Table 2.

4 Aerobic Stability

The addition of EM treatment at ensiling resulted in a more aerobically stable silage.
Aerobic stability result from the current study showed that untreated silage samples
needed (6.83 days) to increase the silage temperature 3 °C above ambient (Table 2 and
Fig. 1), while treating grass silage with EMwas increased the time required approxi-
mately 100% to reach the same temperature above ambient, which give an indication
the EM had enhanced aerobic stability of produced silage. Li et al. [28] reported that
aerobic spoilage occurred within 7 days after air exposure. Silage spoilage occurs
when the silage exposed to oxygen and the activity of undesirable aerobic microor-
ganisms is started, hence the pH and the silage temperature will increase [1]. Spoiled
silage is undesirable for feeding animals, and this could be attributed to that, spoiled
silage has poorer quality, lower digestibility and high risk of diseases and hence has a
negative effect on animal performance. Several studied [20, 23, 29, 30] reported that
silage aerobic stability was enhanced when the different stain of LAB alone or mixed
were used as silage additive. Opening the silage silo and exposure to air can enhanced
yeast growth, reduce the level of lactic acid and increasing silage pH, and tolerate
aerobic microbes to grow such as mould causing silage deterioration [8]. A similar
result was noticed by Duniere et al. [8] who reported that using a mix of different
LAB species or homofermentative LAB were reduced the susceptibility of grass
silage to aerobic deterioration.
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Fig. 1 Effect of using three microbial strains as a silage additive on the silage aerobic stability
temperature of meadow grass, EM: experimental treatment

5 Conclusion

Meadow grass samples ensiled well in the mini-silos resulting in a final pH of
~4.1 with very low NH3-N%TN values. Using a mix of S. cerevisiae, L. plantarum
and L. casei treatment elevated LAB populations [log10 CFU/g] but resulted in a
reduction lactic acid concentration. Elevated VFA and alcohol concentrations were
observed as a result of EM treatment. EM treatment resulted in a more aerobically
stable PRG silage possibly as a result of the elevated VFA and alcohol concentrations
[ethanol & propane-1,2-diol].
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Extracting Cellulose Fibers from Rice
Husks to Prepare a pH Sensitive
Hydrogel with Sodium Alginate
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Abstract In this paper, pH-sensitive hydrogels were prepared and developed from
cellulose fibers extracted from rice husks with sodium alginate by using a dou-
ble cross-linker. Cellulose fibers extraction process was carried out by alkaline and
bleaching treatment. Cellulose fibers were used in variable quantities to investigate
their effects on swelling degree. The resulted hydrogels showed avery strong swelling
(1785–2718%) in phosphate buffer solution (pH 7), good swelling (776–1195%) in
pH 10, and less swelling (81–124%) in pH 4. All of these swelling degrees and
more properties of the resulted cellulose fibers and hydrogels were tested and eval-
uated via some techniques like Infrared spectroscopy (ATR), thermal analysis (TG,
DTG, DSC, and DTA), and Scanning electron microscopy (SEM). These results
show that cellulose/alginate hydrogels could provide many possible applications in
the biomedical, and purification of the wastewater by adsorbing pollutants.
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1 Introduction

Rice husks are defined as a one of the main agriculture residues. They are mostly
generated during the rice milling process as a secondary product. These agricultural
residues represent 23% of the 649.7 million ton of rice that are produced per year
in the world [1]. It is very familiar that this natural polymer, Cellulose, is widely
abundant in this universe. Therefore, it is used a lot in industries to leave behind a
big amount of residues difficult to be disposed or reused. For instance, in the milling
process of cereal crop such as rice, the generated cellulosic waste is discarded in soil
[2].

Cellulose chemically structured of a long chain polymer that consists ofD-glucose
as a repeating units, called pyranose. These pyranose units have acetyl linkages to
join the carbon 1 of one pyranose ring with the carbon 4 of the following ring
by one oxygen atom, called β-1-4 linkages [3]. The physical properties of cellu-
lose are affected by intra and inter molecular hydrogen bonds which are formed by
hydroxyl groups of β-1-4-glucopyranose [4]. Sodium alginate is structurally linear-
chains polysaccharide. It consists of alternating blocks of 1–4 linked α-l-guluronic
acid and β-d-mannuronic acid residues [5]. Sodium alginate has been listed as a safe
substance by the Food and Drug Administration (FDA) [6].

Hydrogels are categorized as hydrophilic polymers with three-dimensional net-
work structure. They have the ability of absorbing and retaining a big amount ofwater.
Because of this distinct feature besides other features like excellent hydrophobicity,
permeability, compatibility, and low coefficient of friction, they have been mainly
used in the pharmaceutical purposes, drag delivery system, agriculture, and food
industry [7–10].

Going further in preparing hydrogel networks, it was necessary to use one of
the crosslinking processes: chemical or physical. Chemical crosslinking network is
characterized by having permanent junctions; while the physical is characterized
by having junctions forces that formed from either polymer chain entanglements
or physical interactions such as Ionics interactions, and hydrogen bonds [11]. The
combination of a variety of biopolymers is an inexpensive, extremely significant,
and useful way used to form new structural materials. Thus, cellulose/biopolymer
composite hydrogels specifically have recently very remarkable attention;Wang et al.
prepared cellulose/collagen hydrogel beads for Cu (II) adsorption [12] and Peng et al.
reported the immobilization of laccase on cellulose/chitosan beads [13]. All of these
are indicating that cellulose-based hydrogels blended with various biopolymers can
contribute as novel materials for many applications.

Thus, the aim of this work was to extract and investigate cellulose fibers from
rice husks to prepare cellulose/sodium alginate hydrogels in various ratios by using
double crosslinking including glutaraldehyde and calcium chloride aqueous solution.
The cellulose/alginate hydrogelswere investigated byScanningElectronMicroscope
(SEM), Infrared spectroscopy (ATR), swelling behavior, and thermal stability (TG,
DTG, DSC, and DTA).
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2 Materials and Methods

The rice husks, used as a raw material, were obtained from Akre, Kurdistan region,
Iraq. Sodiumalginate (mediumviscosity), sodiumchloride, acetic acid, calciumchlo-
ride, sodium chlorite, and sodium hydroxide (purity 99%)were purchased fromBDH
Chemical company, UK. Glutaraldehyde was obtained fromMerck KGaA Chemical
company, USA. All other chemicals were used without any further purification.

2.1 Extracting Cellulose Fibers from Rice Husks

The rice husks were washed by D.W. and dried in convection oven at 70 °C for 24 h.
Blander was used to grind the sample until husks fibers were formed in a specific size
(Fig. 1a). The extraction of cellulose fiber was performed by using alkaline treatment
to be followed by bleaching treatment.

2.2 Alkaline Treatment

The aim of the alkaline process was to remove lignin and hemicellulose from rice
husks to get pure cellulose [14, 15]. The rice huskswere treatedwith an alkali solution
(4 wt% NaOH). Then, the solution was moved to around bottom flask. The whole
process was carried out at reflux temperature for 2 h. A filtration and washing with
D.W. were carried out to the mixture several times. This treatment was repeated
three times. The product, shown in Fig. 1b, was dried before using it for bleaching
treatment.

Fig. 1 Images of rice husk: a untreated rice husk, b alkali-treated rice husk, and c bleached rice
husk
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2.3 Bleaching Treatment

After the previous treatment, a process of bleaching was conducted by adding a
solution of acetic acid, aqueous solution of chlorine (1.7 wt%) with D.W. at reflux
at 110–130 °C (using oil bath) for four hours. The resulted solution was left to cool,
then filtered and washed with excess D.W. The bleaching treatment was executed 4
times and the final product is shown in Fig. 1c.

2.4 Preparation of Cellulose/Sodium Alginate Hydrogels

Cellulose fibers were obtained from rice husks and sodium alginate were used in
the synthesis of hydrogels. Some of sodium alginate was dissolved in D.W. at
30 ± 1 °C with stirring (150 rpm) until a 10% of clear solution was obtained.
Different amounts of cellulose fibers (according to Table 1) were dispersed in D.W.
with stirring at 35 °C for 1 h, then, they were gently added to the previously prepared
sodium alginate solution. An amount (20 mg/ml D.W.) of calcium chloride was used
with stirring (200 rpm) for 30 min at 30 °C. The following step was the immerse
of the mixture in CaCl2 solution for 24 h at 35 °C, and then the result was washed
with warm D.W. and immersed in 0.5% glutaraldehyde solution for 2 h at 35 °C. The
formed hydrogels, shown in Fig. 2, were washed by D.W. several times and dried at
40 °C, as in Fig. 2.

Table 1 Combination of
cellulose/alginate hydrogel

No. of sample Sodium alginate (g) Cellulose fibers (g)

1 0.5 0.005 (1%)

2 0.5 0.01 (2%)

3 0.5 0.02 (4%)

4 0.5 0.03 (6%)

5 0.5 0.04 (8%)

6 0.5 0.05 (10%)
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Fig. 2 Cellulose/alginate hydrogel a, b after swelling c before swelling

2.5 Scanning Electronic Microscopy (SEM)

Themorphology of the cellulose fibers and hydrogel preparedwas evaluated by using
Scanning Electron Microscopy (SEM) ultra-high resolution (TESCAN MAIA3,
Czech Republic, France) with accelerated electrons of 5 kV of energy.

2.6 Thermal Analysis

Thermogravimetric analysis (TG), Differential Scanning Calorimetry (DSC), Differ-
ential Thermogravimetric analysis (DTG), and Differential Thermal Analysis (DTA)
were performed to study the decomposition properties of the prepared hydrogel. The
thermal stability of hydrogel was determined by using Hitachi STA 7300, Japan. Five
mg of sample was analyzed in nitrogen atmosphere with 50 ml/min of gas flow rate,
10 °C/min of heating rate, and at a range of 50–800 °C of temperature.
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2.7 Study of Swelling Behavior

The swelling degree of the prepared hydrogels was determined by keeping them in
50 ml of different phosphate buffer solutions (pH 4, 7, and 10) and incubated in an
autoclave at 37 °C. The increase of hydrogel weight (Wt − W0) at different time
intervals was compared to the initial weight (W0) in order to calculate the swelling
degree (Sw) as in the following equation below:

(Sw %) = Wt − W0

W0
∗ 100 (1)

where W0 and Wt are the initial and final weight of hydrogel respectively.

2.8 FT-IR Spectroscopy

Attenuated Total Reflectance (ATR) IR spectrawere recordedbyusingBrukerAlpha
Platinum in a spectra region between 4000 and 400 cm−1 at a resolution of 4 cm−1

to assess the functional group of cellulose fibers, sodium alginate, and hydrogel
prepared.

3 Results and Discussion

3.1 IR Spectroscopy Analysis

The IR technique was used to assess the main functional groups that are present in
sodium alginate, cellulose fibers, and the prepared hydrogel. IR spectra of sodium
alginate are realized in Fig. 3a which shows a strong peak at 1405 and 1592 cm−1

due to asymmetric and symmetric stretching of carboxylate salt groups. Another
broad peak was seen at 3281 cm−1, which is attributed to the –OH group. The
asymmetric stretching peaks at 1081–1012 cm−1 corresponding to C–O–C group
[16]. IR spectra of the cellulose fibers are shown in Fig. 3b. The broad band in rang
of 3100–3400 cm−1 was attributed to the –OH stretching vibrations of cellulose
[17], and a peak of 2256 cm−1 referred to C–H stretching vibrations. The peak
of 1646 cm−1 could explain the bending of the –OH groups of cellulose. At the
meanwhile, other absorption peakswere observed from 1800 to 500 cm−1 to interpret
the deformation, wagging and twisting modes of the an hydro-glucopyranose units
[18]. Moreover, the disappearance or changes in the intensity of certain IR peaks of
the crystalline domain of cellulose are related to the change of the cellulose crystal
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A

B

C

Fig. 3 IR spectra of a cellulose fibers, b sodium alginate, c cellulose/alginate hydrogel

structure [19]. The preparation of cellulose-alginate hydrogel was followed by a
slight decrease in the intensity of the peak at 3222–3666 cm−1, which was due to the
–OH vibrations, to illustrate the cross-linking between cellulose and alginate.

3.2 Study of Swelling Behavior

Figure 4a–c show the degree of swelling of cellulose-alginate hydrogels in different
phosphate buffer solutions (pH 4, 7, and10) respectively. Then, the effect of pH
solutions of the % swelling of the hydrogels was observed.

The obtained results were pointing out that the swelling behavior increased with
the pH increase of the swelling medium for the hydrogels prepared. This increase
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Fig. 4 Swelling behavior of
cellulose/alginate hydrogel
in different phosphate buffer
solution pH (4, 7, and 10)

in swelling % could interpret the fact that with rising the pH of swelling medium,
the ratio –COO–/–COOH on cellulose fibers also was increasing the ionization of
carboxylic groups. This fact led to a greatest repulsion among the –COO– earing
cellulose chains. The results could also be explaining the fact that themore increase in
the swelling medium pH, the more increase in the extent of ionization of carboxylate
groups of alginate. This alginate provides a large number of carboxylate ions through
alginate molecules. These anionic charged centers alienated each other to produce a
rapid relaxation in the hydrogel network. This led obviously to a rise in the swelling
degree.



Extracting Cellulose Fibers from Rice Husks … 121

3.3 Morphology Analysis

The images of rice husks fibers after each phase of treatment is shown and illustrated
in Fig. 1a–c. It is appeared that the color of the untreated rice husks is yellow and
turns to be light yellow after alkali treatment. Then, the bleachedmaterial is appeared
differently in excessive fibrous structure with very light-yellow color. The variation
in colors is attributed to the remove of non-cellulosic materials like lignin, hemicel-
lulose, pectin and wax within the chemical treatment of the rice husks. The resulted
light-yellow color with fibrous structure of the final product can refer obviously to
the pure cellulosic fibers.

At the meanwhile, Fig. 5a–c shows the scanning electron microscopy (SEM)
images and the cross-section of the cellulose fibers resulting frombleaching treatment
of rice husks. It was clear that the cellulose fibers had a long fibrous structure with
curled and soft-flat shape. The surface was rough with pits. The average width was
4.5 μm, which was reported by Kumar et al. [20]. The curled shape increased the
surface area and made the fibers more reactive, while the flat shape of these fibers
increased their specific area.

Fig. 5 Scanning electron microscopy of cellulose fibers

Fig. 6 Scanning electron microscopy of cellulose/alginate hydrogel
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Figure 6a–c, however, shows the SEM images of the surface and cross-section
of cellulose-alginate hydrogel. The observation of the SEM image (a) indicated
that the cellulose fibers were non-homogenously distributed and well blended with
alginate in the cellulose-alginate hydrogel. Furthermore, they indicated for a good
integration between the alginate and cellulose fibers. The cross-section (b) shows the
roughness with layer-shaped folds similar to a leaf. The other cross-section (c), at
higher magnification, shows non-smooth or rough surface with deep holes enable the
solutions to penetrate into the hydrogel structure, and no aggregated cellulose fibers.
The rough surface of the hydrogel was attributed to the non-homogenous dispersion
of the cellulose fibers in the polymer matrix.

3.4 Thermal Analysis

Thermal stability of the cellulose-alginate hydrogel was evaluated by TG, DTG,
DSC, and DTA and the results are shown in Table 2 and Fig. 7.

TG curve shows the weight of decreasing pattern of the hydrogel sample which
is attributed to the thermal decomposing. DTG curve shows the rate of the thermal
decomposing. DSC andDTAcurves show the enthalpy of fusion (�H) andmaximum
melting temperature.

Thermal decomposing of the hydrogel sample was observed generally in four
steps. At 187.9 °C the initial weight loss was caused by evaporating moisture and
started breaking the outer structure. The following step of thermal decomposing was
at 461.3 °C, which means that polymer chains lost their compactness and became
more brittle. At the third and four steps, the decomposition of the cellulosic and
alginate materials was observed at a range of 607–693 °C. The DSC and DTA curves
illustrate the exothermic analysis. The melting temperature™ of the hydrogel was
elevated to be equal to the maximum temperature of the decomposing (Tmax). The
latter is an indication to an increase inmelting temperature as a result to the formation
of new functional groups along the polymer chains creating intermolecular forces
that shift the hydrogel Tm to that of Tmax.

Table 2 Thermal analysis details of cellulose/alginate hydrogel

DTG DSC and DTA TG

Tmax
°C

Rate of
decomp.
(μg/min)

Tm °C Enthalpy of
fusion �Hm
(mJ/mg)

Initiate temp.
°C

Terminate
temp. °C

500 397.5 500 Exotherm
(−540)

187.7 692.8
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Fig. 7 Thermal analysis diagrams of cellulose/alginate hydrogel

4 Conclusion

Cellulose fibers were successfully isolated from rice husks by alkaline process and
bleaching treatment. pH sensitive hydrogels were obtained from cellulose fibers and
sodiumalginate by using double cross-linking (glutaraldehyde and calciumchloride).
The cellulose fibers show high purity degree by using IR techniques with SEM to
study the fibers structure. Additionally, the hydrogels prepared show a homogenous
pores investigated by SEM, a strong sensitivity in pH medium (swelling behavior)
with better thermal properties investigated by TG, DTG, DSC, and DTA.

5 Future Work

To purify wastewater from pollutants, the cellulose/alginate hydrogel can be used
affectively depending on its pH-sensitive in the solutions.
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Extraction of Hydrogen Sulfide
from Water of Duhok Dam by Industrial
Open Pilot Plant

Salah A. Naman and Lazgin A. Jamil

Abstract Hydrogen sulfide is very poisons gas it should be extracted from water
and decomposed it to pure sulfur and clean Hydrogen fuel. We had been done the
extraction of this gas in Black Sea using two types of pilot plants. This paper will
focus on the extraction of low concentration of hydrogen sulfide (H2S) from Duhok
Dam. Survey for the concentration of this gas is low (0.1–5 ppm) at different depth
and region of the Dam that may be due to natural sulfur cycle of reducing and
oxidizing bacteria in this dam. According to Le Chatelier’s principle the equilibrium
concentration of H2S gas is about 0.5 ppm at depth of 15 m. A novel physical
extraction method based on Henry’s law have been done outside water for stripping
H2S completely from Dam water by special open pilot plant with tower at height
between 10 and 15 m depending on the location of plants on the Dam producing
cheap and continuous clean water free of H2S.

Keywords Extraction · H2S · Duhok dam water · Open pilot plant

1 Introduction

The concentration of H2S in DuhokDam ismuch lower than the concentration of this
gas at Black sea water [1, 2]. The production of H2S in this water is due to the natural
sulfur cycles between sulfur reducing bacteria (SRB) and sulfur oxidizing bacteria
(SOB). There is a continuous competition reaction of these two types of bacteria
and according to the Le Chatelier’s principle there is an equilibrium concentration
of H2S in a certain depth of these water lakes [3]. According to the Henry’s law,
hydrogen sulfide gas in water is non-ideal solution and its extraction will depend on
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the physical properties such as vapor pressure, density, concentration, temperature,
pH, and total salt content (TDS) of the solution [4].

Two types of pilot plants have been suggested to increase the efficiency of sepa-
ration of this gas in Black Sea at pH = 8, concentration of H2S is 10 ppm and the
temperature of 40 °C. Our previous results show that the total concentration of H2S in
aqueous solution is equal to the sum of the concentrations of various sulfide species
in solution [5]. These species are independent of pH but the salt-effect would have
significant influence on the solubility of H2S as in Eq. (1).

Total H2S = mH2S + mHS− + mS= (1)

At pH = 7 the concentration of H2S and S= are equal and at pH = 8, the concen-
tration of S= is ten times higher than H2S [6].

Algebraically, we can express the ideal dilute solution by the following Henry’s
equation (2).

Pj = Kjxj (2)

where the subscript j denotes any of solutes (H2S) this equation could be for real
solution when the solution is dilute and value of Kj for H2S. This equation relates
the partial pressure of H2S in the vapor phase to the mole fraction of the solute in the
solution. Viewing the relation in another way, Henry’s law relates the equilibrium
mole fraction, the solubility of H2S in the solution to the partial pressure of H2S in
the vapor equation (3).

Xj = (
1/Kj

)
pj (3)

This equation is used to correlate the data on solution of gases in liquids, this
facts was discovered by the English physical chemist William Henry (1774–1836).
He found that the mass of gas j dissolved by a given volume of solvent at constant
temperature is proportional to the pressure of the gas in equilibriumwith the solution.
Mathematically stated as Eq. (4).

mj = (
1/Kj

)
pj = kPj (4)

where generally the subscript j is refer to the solute and k is the Henry’s constant.
Most gases obeyHenry’s lawwhen the temperatures are not too low and the pressures
are moderate [7].

Figure 1 shows application of Henry’s Law for SO2 gas at temperatures of 50 and
70 °C [7].

If several gases from a mixture of gases dissolve in solution, Henry’s law applies
to each gas independently, regardless of the pressure of the other gases present in the
mixture.
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Fig. 1 Application of
Henry’s law

Although last equation is the historical form of Henry’s law, since mass per unit
volume is equal to a concentration term we may write this equation as Eq. (5).

P2 = K′x2 or P2 = K′′c2 (5)

The error in determining the exact solubility of vapor pressure of H2S ismultiplied
in calculating Henry’s Law constant K′′. The other error will come due to the effect
of temperature on solubility and non-ideality of solution [7]. But the value of K′′ =
515 (atm) for H2S. In Chemistry Henry’s Law is one of the gas laws formulated by
William Henry.

It states, at a constant temperature, the amount of a given gas dissolved in a
given type and volume of liquid is directly proportional to the pressure of that gas in
equilibrium with that liquid. Figure 1 shows these relations [7]. Also the formulation
of Henry’s Law is similar to the previous one, and very similar to Arrhenius equation,
for dependence of physical and chemical properties of temperatures.

The extraction of H2S from the Duhok dam will give us pure water suitable for
human drinking and pure H2S. But when H2S gas is very high in water as in black
Sea or in natural gas we could decompose it to pure and cheap sulfur and clean
hydrogen fuel [6, 8] because the energy of decomposition of H2S is much lower than
decomposition of water due to bonds structures of both molecules beside the large
different in chemical and physical properties for both molecules as in Table 1.

The aim of this research is to apply above principles for separation of poison
hydrogen sulfide from water of Duhok dam to be suitable for human drinking after
using our laboratory pilot plant by transferring dam water to the laboratory.

Building of new open type of industrial pilot plant at a Duhok dam for local people
has been done.
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Table 1 The physical and
chemical properties of H2S
compared with H2O

Properties Hydrogen sulfide
(H2S)

Water (H2O)

Molar mass 34 g 18 g

Melting point −85.5 °C 0 °C

Boiling point −60.7 °C 100 °C

Density (Vapor) 1.188 g/l at
5 °C

1000 g/l

Solubility in water 3.3 g/l = 3300 ppm
4370 ml/l at 0 °C
1860 ml/l at 40 °C
3.2 g/l at 30 °C

–

Acidity pK 6.89 14

Henry’s constant K 515 atm; 919 kPa –

Heat of fusion H gas 20 kJ/mole 6.013 kJ/mole

Ignition temp. 270 °C –

Explosion limits 4.3–45.5% V –

2 Experimental Part

Analysis of H2S concentration has been done for the dam water at different locations
and depths of dam using pump kit and gas detector tube from (Cole-Parmer with
different types AN-86513-26, SN 86514-00 and SN 86385-01) as a very sensitive
H2S sensors.

The primary experiment has been studied in our laboratory plant [5] for inlet and
outlet water to the plant at different variable (temperature, pumping rate, and tower
high), till we get the zero concentrations of H2S in outlet water.

Then new open industrial pilot plant has been built at the north side of the Duhok
dam as shown in Fig. 3. Using the optimized data from our laboratory pilot plant
and detection of H2S in the inlet and outlet water has been measured continuously
by H2S sensors till we get a complete separation of H2S at outlet tank of water to be
suitable for human drinking.

3 Results and Discussion

Duhok dam is nearby Duhok city, Fig. 2. The water of this dam is contaminated
with hydrogen sulfide due to Garmava village’s spring water. The concentration of
H2S is lower than Black Sea. It’s ranging between 0.3 and 5 ppm. The equilibrium
concentration of H2S at depth of 10 m is 1 ppm and this equilibrium concentration
changes at different locations of the dam.
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Fig. 2 Duhok dam

The water of this dam cannot be used by human drinking and there is missing
step for purification of the water (technological process) as the depth of the dam
is between 5 and 40 m. The industrial extraction unit could be inside or outside
depending on the economic and technical visibility of H2S separation.

Regarding location and concentration of H2S in this water for different areas we
built two opened pilot plant similar to that of our industrial pilot plant at Black Sea
but they are opened on the top with a spray tower at height of 10–20 m as shown in
Fig. 3. Separated H2S will diffused to the atmosphere as it is small.

The open pilot plant working according to the Henry’s law containing different
sensors for measuring concentration of H2S, temperature and TDS for raw input
water and production clean water after spraying it out to the atmosphere, we are also
measuring the H2S gas on the surface of dam water and also at a top of towers in
order not to polluted the atmosphere of the area. These opened pilot plants produced
clean water with zero H2S concentration which it is suitable to human drinking and
the price of this pilot plant is cheap depending on the raw water pumping machine
and it is made from stainless steel.

The separated H2S by this system to the atmosphere is not polluting the environ-
ment as there are very sensitive H2S sensors recording the toxicity of H2S to the
human and other living fish [9].

Considering the Environmental and Social Objectives of this project, there are
some other classical methods for removing H2S from the water as the following
facts:
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Fig. 3 Opened industrial pilot plant for Duhok dam water

The odor of H2S gas can be perceived at levels as low as 10 ppb. At levels of
50–100 ppm, it may cause the human sense of smell to fail. Low level can cause eye
irritation, dizziness, coughing and headache.

Treatment ofH2S problem depends on its concentration for 1 ppm (mg/l) activated
carbon filtration will reduce the unpleasant taste less than 2 ppm. Aeration (adding
air to the water) is an appropriate treatment method. In any aeration system, the
water must be protected from bacteria contamination and freezing. Limitation of this
method is that the aeration of this method is that the aeration process produces a
strong H2S odor near the aeration which may be unpleasant if near the household
living area it needs also carbon filter [10].

For H2S concentration of (1–10 mg/l = 10 ppm), the use of an iron-removal
filter containing manganese greensand is supported. For more than 6 ppm con-
stant chlorination using an automatic chemical feed pump is the most common
treatment method. The recommended dosage is 2 mg/l = 2 ppm chlorine for each
1 mg/l = 1 ppm H2S. The chlorine should be added ahead of the mixing tank and
sufficient storage must be provided to maintain 20 min of contact line between the
water and chemical.
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4 Conclusion

1. The concentration of H2S in Duhok damwater is ranging between 0.1 and 5 ppm
and it is not economically visible to collect a hydrogen sulfide and decomposing
it to a hydrogen and sulfur that is the reason we built the cheap open industrial
pilot plant to remove H2S at top of the tower to the atmosphere.

2. Survey of concentration of H2S in different Duhok dam area is low and the
equilibriumconcentration is different from0.5 to 1 ppmat depth of 10m therefore
extraction is outside Dam water.

3. This opened pilot plant for extract H2S will produce to us cheap and continuous
water free of H2S suitable to human drinking.

4. Extraction of H2S from Duhok dam wills not disturbers the natural equilibrium
state of H2S in a dam according to Le Chatetiers’ principle.
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Modeling the Effect of Reservoir Fluid
Properties on Abundance of (H2S)
Evolved from Oil Wells and Dissolved
in Reservoir Fluids

Ibtisam Kamal, Keyvan Amjadian, Namam Salih, Bryar Ahmad
and Rebwar Haidar

Abstract Oil reservoirs are generally described by itsmain characteristics including
its lithology and the pressure-volume-temperature (PVT) data. In reservoir engineer-
ing calculations, PVT data are essential to determine the reservoir fluid composition
and design the production facilities. PVT data of 10 petroleum crude wells of Tawke
field—Zakho are investigated in the current study. The data were analyzed to define
the mathematical models correlate and govern the reservoir fluids properties as a
function of sulfur compounds in term of (H2S) evolved from the wells and dis-
solved in reservoir fluids. The results obtained showed that crude oils are classified
as sour, andmediumwith high content of heavier fractions C6+ up to C14+ (average
oAPI 23.4). The mathematical models explain the correlations were estimated. H2S
evolved and dissolved in reservoir fluids proved to increase with increasing sample
depth, reservoir pressure and temperature, gas oil ratio, coefficient of compressibil-
ity at reservoir pressure, and decreases with increasing oAPI, viscosity at reservoir
pressure and bubble point pressure, and gross heating value.

Keywords PVT data · Tawke field · Hydrogen sulfide ·Mathematical modeling
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1 Introduction

Sulfur is the tenth most numerous element in the universe. In nature, sulfur can
primarily be found occurring in three forms; elemental sulfur, sulfides, and sulfates.
Sediments accumulated about 43% of the total sulfur of the earth’s crust [1].

The decomposition of organic matter of crude oil results in formation of Sulfur.
The aqueous sulfate derived from water, or from dissolution of solid calcium sulfate
can be reduced at high temperature (above 250 °C) by a variety of organic compounds
such as alcohols, polar aromatic and saturated hydrocarbons via a thermal redox
reactions to produce high concentrations of H2S in the reservoir fluid (more than
10%) [2]. the phenomena have been predicted from the data of sulfur isotopes [3].
The produced H2S appears in the associated gas, and some portion of sulfur stays
with the liquid. H2S can react with the hydrocarbons to give sulfur compounds based
on pressure, temperature and period of formation of the reservoir [4]. Furthermore,
temperature, pressure, fluids composition, and water pH and ionic strength are the
factors that control the thermodynamic process of partitioning of H2S between the
oil, water and gas [5]. H2S is so much of a risk that sour crude has to be stabilized via
removal of H2S before it can be transported by oil tankers. H2S gas is flammable and
extremely toxic, it can be fatal when its concentration is as low as 100 ppm [6]. An oil
well is deemed to be sour if the concentration ofH2S exceeds 10 ppm in the gas phase.
Because of H2S is toxic and causes corrosion, plugging of reservoir formations, and
increasing sulfur content of the produced oil, precautions are necessary to be taken
in design and operation of production, transport, and storage equipment [7–9]. Also,
sulfur content increases with densification of crude oil [10, 11].

On the other hand, it is well established that reservoir fluids characteristics are
known to vary with pressure, temperature, and volume of the system. All reservoir
engineering calculations require PVT data to determine the reservoir fluid compo-
sition and design the production facilities [12, 13]. Because sulfur content is one of
the major factors that affect crude oils quality and price, estimation the correlations
between PVT data and sulfur content are very important. However, it is complicated
to obtain universal correlations between PVT data and sulfur content. As alternative,
correlations for local regions, where crude properties are expected to be uniform are
acceptable.

Studies on predictions the correlations of sulfur compounds contentwith PVTdata
for crude oils of Kurdistan Region—Iraq are scarce. The objective of the current
work is to predict the mathematical models that govern the correlation between
sulfur compounds content based on H2S and reservoir characteristics. Tawke field
is an oil field located close to Iraq’s border with Turkey in the semi-autonomous
Kurdistan Region, has been named as the oil field of the theme of the study. The
reservoir characteristics were analyzed based on PVT data supported by DNO [14].
The lithology of the area has been described, and concentration of H2S evolved
from the oil wells and that dissolved in reservoir fluids was correlated with reservoir
characteristics. The mathematical correlations were estimated.
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2 Methodology: Lithology of the Petroleum Wells
and the Reservoir Fluid Properties

The topography of the area of the oil wells under investigation was inspected. The
findings revealed the presence of folds and faults, which are widely spread, this had
significant role in shaping the complex topography characterized by high altitude
and very steep slopes composing cliffs of carbonate rocks. In this location, the rela-
tively long and narrow main valley is surrounded by several high mountains Bekher
Mountain, at the southeastern of Tawke village, and Shiranish Islam to the north.

The stratigraphic units of Miocene observed (mostly in subsurface sections of
Tawkewells) are: (1) Fatha (Lower Fars) Formation, (2) Jeribe Formation, (3)Dhiban
Formation, (4) Euphrate Formation, (5) Pila Spi Formation.

The main lithology of the wells is including sandstone, claystone, anhydrite,
siltstone, limestone, dolomite, marl and shale which are due to the geology of the area
where wells are drilled within geological units called Lower Fars, Jeribe, Dhiban,
Euphrates and Pila Spi formations. The lithology of the ten investigated wells is
described briefly below.

Well A: It is a 313 m depth well which is mainly consists of sandstone, claystone,
anhydrite, limestone and dolomite within Lower Fars and Jeribe formations. Well B:
A 298 m depth well including sandstone, claystone, siltstone, anhydrite, limestone
in Lower Fars and Jeribe formations. Well C: A well of 405 m depth with sandstone,
claystone, anhydrite, siltstone and limestone in Lower Fars and Jeribe formations.
WellD: It is a 307mdepthwell consisting of sandstone, claystone, anhydrite, siltstone
and limestone in formations of Lower Fars and Jeribe. Well E: A 636 m depth well
drilled in Lower Fars, Jeribe, Dhiban, Euphrates and Pila Spi formations showing
sandstone, claystone, siltstone, limestone, marl, anhydrite and dolomite. Well F:
It is consisting of claystone, sandstone, siltstone, anhydrite, marl, limestone and
dolomite within Lower Fars, Jeribe, Dhiban, Euphrates and Pila Spi formations in
a 730 m drilled well. Well G: A well of 580 m depth with sandstone, claystone,
siltstone, anhydrite, limestone and dolomite drilled in Lower Fars, Jeribe, Dhiban
and Euphrates formations.Well H: 395m depthwell drilled in Lower Fars, Jeribe and
Dhiban formations including claystone, sandstone, siltstone, anhydrite, limestone
and shale. Well I: A well of 712 m depth drilled in Lower Fars, Jeribe, Dhiban,
Euphrates and Pila Spi formations with claystone, sandstone, siltstone, anhydrite and
limestone. Well J: It is consisting of sandstone, claystone, anhydrite and limestone
within Lower Fars, Jeribe, Dhiban, Euphrates and Pila Spi formations in a 725 m
drilled well.

In summary, the main lithology of the wells is including sandstone, claystone,
anhydrite, siltstone, limestone, dolomite, marl and shale. The depth of the wells
range from 298 to 725 m. A typical master log is presented in Fig. 1 (well A).

As known, reservoir fluids could be classified to three categories; (i) aqueous
solutions with dissolved salts, (ii) liquid hydrocarbons, and (iii) gases (hydrocarbon
and non-hydrocarbon). The compositions of reservoir fluids depend on their source,
history, and present thermodynamic conditions. The distribution of reservoir fluids
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Fig. 1 A typical master log
and lithostratigraphy (well
A)
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within a given reservoir depends upon the physical and chemical properties of the
fluids, the thermodynamic conditions of the reservoir as well as the petro-physical
properties of the rocks. Gravity, capillary, molecular diffusion, thermal convection,
and pressure gradients are the forces that originally distribute the fluids.

Reservoir fluid properties has been highlighted and overviewed in literature
[15–17]. However, studies on predictions the correlations of sulfur compounds con-
tent with reservoir characteristics including the PVT data for crude oils are very
scarce. In the current work, several reservoir fluids parameters were correlated with
the amount of Hydrogen Sulfide (H2S) evolved from the reservoirs and dissolved in
reservoir fluids for 10 petroleum wells distributed in Tawke oil field. The reservoir
fluid properties correlated include:

2.1 Gas Gravity

Gas gravity could be defined as the molecular weight of the gas divided by the molar
mass of air (28.94 kg/kmole). Petroleum gases typically have a gravity of about 0.65.
The calculations of solution gas-oil-ratio, gas viscosity, compressibility as well as
compressibility factor are highly affected by gas gravity.

2.2 Solution Gas-Oil Ratio (GOR)

The solution gas-oil ratio is the amount of gas dissolved in the oil at any pressure. The
GOR is directly proportional approximately with pressure. It increases with pressure
until the bubble point pressure is reached, after which it becomes constant, and at
that time the oil is said to be under saturated. Also, the GOR is a function of the
oil and gas composition, light oils contain more dissolved gas than heavy oils. In
general, the GOR ranges from 0 for dead oil to approximately 2000 scf/bbl for very
light oil.

2.3 Reservoir Temperature

Reservoir temperature is the average temperature maintained inside a hydrocarbon
reservoir.
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2.4 Reservoir Pressure

Reservoir pressure, is the pressure of the fluids present in a hydrocarbon reservoir.
It is also known as formation pressure or hydrostatic pressure It can also defined as
the pressure which is exerted by column of water on sea level from the depth of a
hydrocarbon reservoir inside the earth’s surface.

2.5 API Specific Gravity

Specific gravity is one of the significant oil properties. °API= (141.5/γ) − 131.5, γ
is the oil specific gravity of the petroleum liquid being measured.

2.6 Reservoir Fluid Density at Bubble Pressure

The bubble point pressure is stated as the pressure at which the first bubble of gas
comes out of solution. At this point, the oil is saturated; it cannot hold anymore gas.
Above bubble point pressure the oil acts as a single-phase liquid. Lowering of the
pressure at and below bubble point pressure leads to liberation of gas resulting in
two-phase flow.

2.7 Oil Viscosity

Oil viscosity is a measure of the flow resistance of the oil, and is given in units of
centipoises (cP). Higher values of oil viscosity indicate greater resistance to flow.
Increasing temperature and pressure (up to the bubble point) results in decreasing
the oil viscosity. Oil viscosity increases minimally with increasing pressure (above
the bubble point pressure). Reservoir temperature, oil gravity, and solution gas-oil
ratio are highly related to oil viscosity.

2.8 Coefficient of Compressibility at Reservoir Pressure

The isothermal oil compressibility is defined as the unit change of volume with pres-
sure. Reservoir calculations and accuracy of design of high-pressure surface equip-
ment are dependable on the isothermal oil compressibility. Higher accuracy of oil
compressibility estimates will improve the design of high-pressure surface equip-
ment and material balance calculations. The oil compressibility can be calculated
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from the slope of the curve of isotherm of the logarithm of the oil formation volume
factor versus pressure [18]. Also, it can be determined from the differentiation of an
equation of state [19].

3 Results and Discussion

Figures 2, 3, 4, 5, 6, 7, 8, 9 and 10 illustrate the correlations estimated in the current
study. Figure 2 shows that as sample depth increases the amount of H2S evolved and
dissolved in reservoir fluids increases. More depth means that the sample is exposed
to higher temperature and pressure, resulted in increasing the decomposition rate
of sulfur compounds and consequently releasing more H2S [20, 21] as reflected in
Fig. 3.

Figure 4 shows that increasing the temperature of reservoirs resulted in increase
the amount of H2S. The situation is attributed to increasing the rate of degradation

Fig. 2 Amount of H2S evolved and dissolved in reservoir fluids versus sample depth

Fig. 3 Amount of H2S
evolved and dissolved versus
reservoir pressure
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Fig. 4 Amount of H2S evolved and dissolved versus reservoir temperature

Fig. 5 The amount of H2S in reservoir fluids as a function of gas oil ratio

Fig. 6 The variation of fluid density with °API
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Fig. 7 The amount of H2S as a function of reservoir fluid viscosity

Fig. 8 The variation of the amount of H2S with coefficient of compressibility

Fig. 9 Evolved gas gravity
versus sample with depth
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Fig. 10 Evolved gas gravity versus HHV

of sulfur compounds to release more evolved H2S gas and more dissolved gas in
reservoir fluids enhancingby increasing the gas solubility as temperature andpressure
of the reservoir increases.

Figure 5 shows how the amount of H2S in reservoir fluids increases as gas oil ratio
increases. It is logical to estimate such relation as gas oil ratio reflects the amount of
dissolved gas at any pressure. Figure 6 shows the relation of fluid density with °API.
In general light oils are of high °API and lower density compared to heavy oils.

On another hand, the design of transport equipment, such as oil pipelines or
compressors, simulation of oil and gas reservoirs production profiles, enhanced oil
recovery, and the storage of natural gas are among the engineering disciplines that
are highly correlated with viscosity. The amount of H2S evolved and dissolved in
reservoir fluids seemed to decrease with increasing the viscosity at reservoir pressure
and at bubble point pressure as shown in Fig. 7.

Figure 8 shows the variation of the amount of H2S dissolved in reservoir fluid with
coefficient of compressibility at reservoir pressure. The results estimated confirmed
that the amount of H2S dissolved in reservoir fluid has a significant positive effect
on the unit change of reservoir fluid volume with pressure. As mentioned before, the
design of high-pressure surface equipment and reservoir calculations are strongly
affected by the isothermal oil compressibility [19].

Figure 9 illustrates the relation between the gravity of the evolved gas from reser-
voir (including H2S) with sample depth. Our results demonstrated that as the sample
depth increases the gas gravity increases significantly. The results obtained revealed
that at higher depths the amount of heavier components including the degradable
sulfur compounds capable to release H2S gas is more than that in samples of lower
depths.

Figure 10 demonstrates the variation of evolved gas (includingH2S) gravity versus
gross heating value (HHV). It is well known that the energy content of petroleum
and its related fuels is defined by HHV. It was pointed out that there is a significant
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Fig. 11 Typical reservoir fluid composition

correlation between specific gravity andHHVs for petroleum fuels. Regular decrease
in HHVs is noted with increasing the specific gravity of petroleum fuels [22]. Our
results revealed that HHV of the reservoir fluids increases with increasing the gravity
of evolved gas (including H2S). The results reflect consequently that as the amount
of evolved gas increases, the reservoir fluids will contain less dissolved H2S resulted
in increasing the HHV of the reservoir fluids, thus, removing H2S from reservoir
fluids is essential to increase the HHV. This phenomenon is very important from
economical point of view.

On the other hand, general estimated characteristics of the investigated back oils
from the 10 investigated wells pointed out that the crude oils are classified as medium
(average degree API is 23.4) with high content of heavier fractions C6+ up to C14+.
Also, they are sour (H2S content is relatively high) the evolved and the dissolved
in reservoir fluids. Figure 11 demonstrates a typical diagram of the reservoir fluid
composition from pressure-volume-temperature (PVT) analysis.

The mathematical models derived from the correlations plotted in Figs. 2, 3, 4, 5,
6, 7, 8, 9, 10 and 11 are listed and highlighted in Table 1.

It is obvious to note that Table 1 includes 13 adopted correlations with their
mathematical models. It is well remarked that all the models have high regression
coefficient reflecting a good fitting of the experimental data. The mathematical mod-
els can serve to predict the amount of H2S evolved and dissolved in reservoir fluids
based on reservoir characteristics.
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Table 1 Reservoir properties and the estimated mathematical models

Correlated parameters Mathematical model (R2)

y x

1 Sample depth (m) H2S evolved (mole%) y = 0.0111x − 3.249 0.998

H2S evolved (wt%) y = 0.0111x − 3.249 0.998

H2S in reservoir fluid
(mole%)

y = 0.0024x − 0.8591 0.991

2 Reservoir temp. (°F) H2S evolved (mole%) y = 0.1829x − 13.539 0.978

H2S evolved (wt%) y = 0.243x − 17.812 0.984

H2S in reservoir fluid
(mole%)

y = 0.0396x − 3.0788 0.963

3 Gas oil ratio (scf/stb) H2S in reservoir fluid
(mole%)

y = 0.0137x − 0.7807 0.998

4 Viscosity (cP) at
reservoir pressure

H2S in reservoir fluid
(mole%)

y = −19.796x + 25.249 0.985

5 Viscosity (cP) at bubble
point pressure

H2S in reservoir fluid
(mole%)

y = −21.79x + 25.648 0.981

6 Coefficient of
compressibility at
reservoir pressure Psi−1

H2S in reservoir fluid
(mole%)

y = 683,500x − 3.073 0.942

7 Sample depth (m) Evolved gas (including
H2S) gravity

y = 0.0004x + 0.7134 0.964

S Gross heating value
(kJ/m3)

Evolved gas (including
H2S) gravity

y = −1E−05x + 1.3541 0.998

9 °API Fluid density at saturated
pressure (g/cm3)

y = −0.0118x + 1.175 0.998

4 Conclusions

The investigated data revealed that the crude oils are classified as sour, and medium
(average degree API is 23.4) with high content of heavier fractions C6+ up to C14+.
Thirteen adopted mathematical models describe the effect of reservoir properties
on amount of H2S evolved from oil wells and dissolved in reservoir fluids were
estimated. All the models were of high regression coefficients assuring a high fitting
of the experimental data. The mount of sulfur compounds seemed to increase with
increasing sample depth, reservoir pressure and temperature, gas oil ratio, coefficient
of compressibility at reservoir pressure, while oAPI, viscosity and gross heating value
of reservoir fluid proved to decrease with increasing the H2S evolved from oil wells
and dissolved in reservoir fluids.
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Hydrocarbon Degradation of Oil Pipeline
Blockage by Thermophilic Fungi Isolated
from Tawke Field

Yousif A. AlBany, Anwer N. Mamdoh and Mohammad I. Al-Berfkani

Abstract Recently major challenges facing oil industrials due to blockage of oil
pipelines. Bioremediation technique was used for clearing the blockage of oil
pipelines. Soil samples contaminated with Crude oil was collected from Tawke field
in the Kurdistan Region of Iraq. Different strains of fungus were isolated from soil
and estimated their hydrocarbon degradation efficacy. The fungal efficient for oil
degradation was characterized by study their morphology and estimate their sub-
strate utilization. The effect of following parameters such as Temperature, pH, the
concentration of oil and NaCl on the efficiency of fungus was studied. The result
found that Penicillium expansum has ability to degrade the crude oil at 10% concen-
tration associated with 0.5% NaCl under microaerophilic environment in one week
at 55 °C at pH 7. The activity of biodegradation was confirmed by using Thin Layer
Chromatography (TLC). It is one of themajor advantage usingPenicillium expansum
in large scale production as these strains considered thermophilic strains which have
merit over using Mesophilic strain due to less cost for cooling during production and
minimize the contamination.
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Thermophilic
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1 Introduction

Many substances deposited in the pipeline and as consequence block the oil pipeline
and that basedon the chemical characterizes of the liquid transportwithin thepipeline.
Such substances that cause blocking the pipeline are wax and paraffin as heavy
hydrocarbons or asphaltene as organic material [1]. Once the substance deposits
in the pipeline it hindered and delayed the flow of the fuel and hence increased
the pressure inside the pipeline and later caused the corrosion and weakness of the
pipeline walls. Although two standard methods are used to remove the block in
the pipeline; Mechanical and chemical cleaning methods, these two methods facing
many problems. Hence scientific researchers aim to use biological ways to treat
deposition problems [2].

The oil has heavy hydrocarbons and high initial viscosity and the oil density
is 0.9753 kg/dm3, which is near the density of water (1 kg/dm3). The insolubility
of oil in water is due to little mixing occurs between the oil and water hence no
formation of suspension or solution. Although oil has low volatility in atmosphere
and not evaporate, some oil has a very gaseous composition and if spilled, will
evaporate [3, 4]. All of these characteristics contribute to the difficulty with clean-
up methods. Therefore, the oil needs to be cleaned up via human interaction, or
degradation. The oxidation of hydrocarbon biologically first observed in last century
by bacteria and fungus [5, 6]. Saturated hydrocarbons are triggered aerobically by
monooxygenase reaction. Both enzymesmonooxygenase and dioxygenase produced
by microorganisms attach aromatic hydrocarbons [7].

One of the most form of biodegradation is Mycoremediation, by using fungus in
the process of convert contaminated environment with pollutants to less state. Paul
Stamets was first who invented the term Mycoremediation to describe the use of
microorganisms such as fungus in the biodegradation. The ecosystem decomposi-
tion is rely on the mycelium fungus which produced many acids and extracellular
enzymes lead to break down long chain of Carbon and hydrogen. It is important to
select the right species of fungus to target specific pollutant [8, 9]. Petroleum hydro-
carbons have been biodegraded in both terrestrial and marine ecosystem. Hydrocar-
bons biodegradation by thermophilic microorganisms with low water solubility is
now interested as at high temperature both solubility and bioavailability enhanced
[10]. Hence the field of used microorganisms for hydrocarbon degradation is devel-
oped, and may further be used for decontamination processes [11]. Bacteria and
filamentous fungi are the main potential agents used for consuming hydrocarbon
petroleum. Once these microorganisms grow on the substrate the start produced
different enzymes for degradation [12–14]. Use of fungus as biodegradation agent
is more effective due to their ability to grow under stress condition such as low
water availability, low pH and even in case of poor nutrients. Many research studies
reported that filamentous fungus could be used as bioremediation microorganisms
for treatment of pollution [13, 15–17]. The aim of present study is to identify the
fungus species which have ability solve the problem of oil pipeline blockage by their
capability to degrade petroleum hydrocarbons. Hence, this study is finding the best
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hydrocarbon degrading fungi and checking its degradation ability at different param-
eters like temperature, pH, concentration of oil, concentration of sodium chloride.

2 Materials and Methods

2.1 Chemicals and Media

1. The oil and oil contaminated soil sample used in the study was from Tawke field,
Zakho, Duhok.

2. Media used for fungal cultivation was Potato Dextrose Agar (Himedia).
3. TheThin Layer Chromatography (TLC) plateswere fromMerckLtd. The solvent

system used for TLC was ethyl acetate + n-hexane (1:1).
4. Standard oils—Pentadecane, Nonadecane and Heavy Liquid Paraffin from SD

fine Company.

2.2 Isolation and Enrichment of Hydrocarbon Degrading
Fungi

The fungal strains were isolated from the oil contaminated soil sample from Tawke
field. For isolation, mineral medium plates with 1 mL crude oil sample were used
which were inoculated with 1 g of soil sample (106 diluted) [Composition of mineral
media (per 1 L) Solution A (0.9 L)—K2HPO4 (0.8 g), KH2PO4 (0.2 g), KCl (0.1 g),
Na2MoO4.2H2O (0.025 g), Na2Fe EDTA (0.014 g), NH4NO3 (1 g). Solution B
(0.1 L)—MgSO4.7H2O (2 g), CaCl2.H2O (0.1 g), Agar (30 g)] [18]. These plates
incubated at 55 °C for 8 days (pH 7). The obtained fungus was purified on Potato
Dextrose Agar. The isolates were routinely sub cultured and stored [18].

2.3 Characterization of Fungal Strains

The characterization of obtained fungal isolates was done by microscopic observa-
tions using Lactophenol stain [19].
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2.4 Degradation of Hydrocarbon by Isolated Strain

The hydrocarbon degradation by Fungi was monitored in Flasks containing 100 mL
mineral medium (composition as above mentioned) with 1 mL oil sample and incu-
bated at 55 °C for 8 days on rotary shaker incubator at 70 rpm.

The degradation activity was determined by checking absorbance at 700 nm and
by TLC.

Optimization: The degradation efficiency of the best degrader was assessed at
various different parameters like

1. pH (4, 5, 7, 8)
2. Temperature (5, 30, 45, 55, 60 °C)
3. Concentration of oil (10, 15, 20%)
4. Concentration of NaCl (0.5, 1, 4, 6%)
5. Carbon number (Pentadecane-15C, Nonadecane-19C, Heavy liquid Paraffin

(1622C).

3 Results

3.1 Isolation of Hydrocarbon Degrading Fungi

8 isolates were obtained by enrichment of soil sample in mineral medium in 8 days
incubation at 55 °C (Fig. 1).

Morphological characterization of oil degrading fungi:

Fig. 1 Growth of bacteria
and fungi on oil
contaminated soil
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Table 1 Morphological characteristics of fungal isolates

Fungal isolate Macroscopic characteristics Microscopic characteristics

FA Colonies fast growing, fluffy, cotton
candy appearance

Hyphae—non-septate.
Sporangia—round, black, filled with
sporangia

FB Colonies—green, velvety appearance Mycelial hyphae—septate.
Conidia—ellipsoidal

FC Colonies—white, velvety appearance Mycelial hyphae—septate.
Conidia—ellipsoidal

FD Colonies—blue green, velvety
appearance

Mycelial hyphae—septate.
Conidia—ellipsoidal

FE Colonies grow rapidly, woolly to
cottony flat appearance, white in
color

The cushion like mat of hyphae
bearing conidiophores usually absent
in culture

FF Colonies rapidly growing, fluffy and
orange in appearance

Prostrate and aerial hyphae, granules
scattered in sectors

FG Colonies—blue green, velvety
appearance

Mycelial hyphae—septate.
Conidia—ellipsoidal

FH Colonies grow rapidly, initially white
and then turns black. Conidial heads
are carbon black

Mycelial hyphae—septate and
colorless. Conidia—spherical
contains conidiophores

Most of the fungi were filamentous and spore forming when observed with Lac-
tophenol staining as shown in Table 1.

3.2 Estimation of Degrading Ability

Monitoring the degrading activity of each isolate based on Absorbance at 700 nm
after 8 days incubation at 55 °C at 70 rpm as shown in Fig. 2.

The graph reveals that the fungal isolate FG, showed the lowest absorbance after
8 days of inoculation at 55 °C and pH 7. The morphological characterization sug-
gested that the fungal isolate FG belongs to the genus Penicillium.

3.3 Effect of Different Parameters Degradation Activity
of Penicillium

Figure 3, showed the effect of pH on the ability of fungus to degrade the oil, it showed
that maximum degradation activity was observed at pH 7, in which the absorbance
was 0.03 at 700 nm. Which explain the neutral environment at pH 7 is the best
condition for fungus degradation.
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Fig. 2 Estimation of degrading ability of each fungal isolate
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Fig. 3 The effect of pH on degradation activity of Penicillium

Figure 4, showed the effect of temperature on the ability of fungus to degrade
the oil, it showed that extreme high temperature does not promote good degradation
activity, the optimum Range was 30–55 °C and Maximum degradation activity was
observed at 55 °C.

Figure 5 show that the Maximum degradation activity was seen at lowest con-
centration of oil 10%. High concentrations of oil may be exerting toxic effects on
organisms.

As shown in Fig. 6; the highest degradation activity was seen at lowest concen-
tration of NaCl, 0.5%.

Degradation of Pentadecane (C15) Nonadecane (C19) by Penicillium using thin
layer chromatography were shown in Figs. 7 and 8.
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Fig. 4 The effect of temperature on degradation activity of Penicillium
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Fig. 5 The concentration of oil degraded by Penicillium

It can be seen that after optimizing various growth conditions, FG can efficiently
degrade oil sample in 8 days in shaker incubator at 70 rpm when kept at 55 °C and
pH 7 as shown in Fig. 9.

3.4 Degradation Studies

Checking degrading efficiency of different types of oil using Penicillium and consor-
tium of Penicillium and Geobacillus (Absorbance at 700 nm) as shown in Table 2.
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Fig. 6 The concentration of NaCl degraded by Penicillium

Fig. 7 Degradation of
Pentadecane (C15) by
Penicillium using thin layer
chromatography

Control 2 Days           8 days

Table 2 Degrading
efficiency of oils types

Control Fungus Consortium

Paraffin 0.28 0.09 0.26

Nonadecane 0.40 0.05 0.35

Pentadecane 0.30 0.13 0.24

Sample oil 0.18 0.01 0.11
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Control 2 Days                     8 days

Fig. 8 Degradation of Nonadecane (C19) by Penicillium using thin layer chromatography
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Fig. 9 Degradation pattern of the best degrader
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3.5 Identification of the Best Degrader

Based on the morphological characterization, the best oil degrading fungus was
identified as Penicillium expansum as shown in Fig. 9.

4 Discussion

Among our result the best degrader was isolated fungus Penicillium which showed
the lowest absorbance. The measure of degradation is indicated by a lightness in
color (as the hydrocarbon molecules were broken down) which is equivalent to a
reduction in optical density [20].

Thin Layer Chromatography technique was used to measure the activity of the
degradation on the basis of the decrease in the intensity of the crude oil. The reduced
intensity on the 8th day indicated the degradation activity of Penicillium.

The effect of different parameter such as temperature show that at low temper-
atures, viscosity of the oil increases, and the volatilization of the toxic short chain
alkanes is reduced and their water solubility is increased, delaying the onset of
biodegradation [9]. There is a relation between the rates of hydrocarbon metabolism
and temperature, the rate increased andmay becomemaximummetabolism at higher
temperature the range of 30–60 °C, above which the membrane toxicity of hydrocar-
bon increases [21]. Increase in temperature also influences increasing the bioavail-
ability of the oil to the oil degrading organism and increases the oxidation rate by
dissolving more oxygen into the medium [22].

Growth at 55 °C suggests that Penicillium, a mesophilic fungus could tolerate this
temperature, the growth may be due to acquired thermotolerance. Fungi synthesize
HSPs (heat shock proteins like protease) and acquire thermotolerance in the stressful
conditions [23]. However, they have a transient heat shock response that is shortlived,
even if they are able to grow at high temperatures. Most fungi favor a pH near
neutrality, but fungi are more tolerant to acidic conditions. It is generally accepted
that most of the fungi grow best in slightly acidic conditions in laboratory cultures
[24, 25].

At the beginning of this study, the oil degrading bacteria and fungi were isolated
when the pH of the soil sample was 6.8., i.e. almost near neutrality. This suggests
that neutral conditions favor their degradation activity.

These results are consistent with one of the previous report, in which the effect of
initial culture pHonphenanthrene degradationwas examined onTrametes versicolor.
The highest degradation occurred at pH 6. Neutral pH conditions were favorable for
phenanthrene degradation by Trametes versicolor in this study [26].

Reduction of growth of fungus with the increasing concentration of oil may be
because the high concentration of hydrocarbon can cause inhibition of biodegra-
dation by nutrient or oxygen limitation or through toxic effects exerted by volatile
hydrocarbons [27]. The removal percentage of phenanthrene by T. versicolor was
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higher at lower concentration of phenanthrene, and it is likely due to the toxicity of
aromatic hydrocarbons. The removal percentage was highest at 10 mg/L of phenan-
threne (76.7%), and lowest at 100 mg/L (59.1%). Han et al. [26], and in our research
study the lowest concentration of oil (10%) is the maximum degrade activity. Pres-
ence of sodium chloride affects biosurfactant production which is very important
in hydrocarbon degradation [28]. Penicillium showed degradation with in range of
0.5–4%NaCl. Optimal degradationwas observed in 0.5%NaCl. So, NaCl concentra-
tion in medium affected cell growth and biosurfactant production. This indicates that
surface tension reduced in 0–4% concentration of NaCl but lowest surface tension
was at 0.5% concentration. This results are comparable with the results obtained by
Lin and his colleagues in 1993 [29]. They showed that the addition of more than 4%
NaCl in medium resulted in decrease in biosurfactant production. Degradation activ-
ity was observed in paraffin oil (C16–C22), which indicates that Penicillium is able
to degrade paraffin wax. Most of the degradation was observed in test oil sample. It
has been reported previously that Penicillium funiculosum could efficiently degrade
the aliphatic carbons ranging from C12 to C30 [14].

5 Conclusion

The oil degrading fungi obtained by enrichment of the soil contaminated with oil in
the mineral media was identified as Penicillium expansum. Thus, it can degrade oil
with maximum efficiency at 55 °C, at around neutral pH, in presence of low concen-
trations of oil and NaCl, i.e. 10 and 0.5% respectively. Hence it can be effectively
used to clear blockage problems in oil pipelines (in situ).
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Abstract The aim of the present study was determining the contamination and
prevalence of gastrointestinal (GI) nematodes larvae on pastures permanently grazed
by sheep and goats in different areas of Duhok province under the climate of the
spring season. Samples of herbage were collected from different pastures and the
larvae were identified and then counted. Out of 144 herbage samples, 89 (61.81%)
were found positive in all selected areas during the three months (March, April and
May). Significant differences (p < 0.05) in contamination rates and pasture larvae
count were observed among the months of study whereas they did not significant
among the study areas. Themost favorable environmental conditions for survival and
development of nematodes larvae on pasture were found in April and followed by
March. Also, a significant correlationwas observed between environmental variables
and pasture larvae three-stage count (PL3C). It can be concluded that changes in
environmental conditions among the months of spring season have a significant
effect on the contamination of GI nematodes larvae in different grazing pastures of
Duhok province. These results could be beneficial in planning control program of
nematodes parasites.
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1 Introduction

Parasitic nematodes infection act as mainly a cause of losses of economic in the pro-
duction of small ruminant in the world [1]. In developing countries, gastrointestinal
(GI) nematodes are assessed as a main constraint of the ruminants production [2]. As
a result of these nematodes severe pathological impacts, they hold high importance
[3]. InfectionwithGI nematodes is considered to a great extent to be extremely impor-
tant disease of grazing goats and sheep throughout the world, leading to reduction
of productive performance, parasitic gastroenteritis and even mortal [4, 5].

The outbreak of gastrointestinal nematodes infections that is associated with the
agro-climatic conditions such as pasture’s quantity and quality, ambient temperature,
relative humidity, rainfall, stocking rate and animal’s grazing behavior [6]. More-
over, the major source for nematode infection remains the pastures contaminated
with nematodes infective larvae, and this contamination occurs from infected ani-
mals coming for grazing. A susceptible animal becomes infected by ingestion of GI
nematode infective larvae along with contaminated pastures [7].

The survival and development of free living stages of GI nematodes of sheep and
goats are affected generally by humidity and ambient temperature with the influences
of pasture conditions acting amajor role [8]. The favorite development condition from
egg to the L3 is 18–26 °C with relative humidity more than 70% [9, 10]. In addition;
seasonal changes in the environment causes a transmission rates of GI nematodes
larvae by affecting the survival and the development of larvae in the environment and
host contact with infectious free living stages [9]. A study of Al-Dabagh [11] also
noticed that the suitable seasons of eggs’ hatching and larval stages’ development
were in spring and autumn under Iraq’s climate condition. The geo-climate condition
of Iraq during the spring season is crucial for the optimal growth and proliferation
of GI nematode’s larvae.

Estimation of infective nematodes larvae in the pasture indicates an infection
in animals grazed in particular pastures and it provides important information and
insight in the population dynamics of several GI nematodes species with free-living
stages [12]. Information related to the pasture contamination with nematode infec-
tive larvae in Duhok province is limited, therefore the aim of the present study was
determining the contamination and prevalence of infective larvae of GI nematode
on sheep and goat grazing pasture in different areas of Duhok province under the
climate of the spring season. This research is considered the first study of pasture con-
tamination with GI nematode larvae over Duhok province, which is located in Iraqi
Kurdistan region and lies between longitude (42°–45° E) and latitude (36°–38° N).
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2 Materials and Methods

2.1 Study Area and Collection of Herbage Samples

Total of 144 herbage samples was collected from four areas in Duhok Province (sur-
rounding areas of Duhok, Sumel, Bagera, and Zakho city) during three months of
the spring season (March, April, and May of 2015). From each area, three grazing
pastures of sheep and goats were randomly selected as sampling areas, and from each
pasture, four replicate herbage samples approximately about 250–300 g of weight
were collected at monthly interval. Each herbage sample was collected while walk-
ing across the pasture in a W-shape pattern and cut using scissors at the plant’s base,
without including soil or roots as describe by Stadalienė et al. [13]. Each sample
placed in clean plastic cistern and transferred into the laboratory of Animal Produc-
tion Department at the College of Agriculture/Duhok University for separation and
examination of nematodes larvae.

The number of herbage samples per month= 4 replicates× 3 pastures× 4 areas
= 48 samples.

2.2 Separation of Larvae from Herbage

Larvae of GI nematodes were recovered and isolated from the samples’ of herbage
based on the technique of Fernández et al. [14] and Hansen and Perry [15]. Samples
were put into a container filled with water thereafter a small amount of detergent
(liquid soap) was added to water and the mixture was agitated by hand for facilitat-
ing separation of larvae from the herbage and left during one day. Afterwards the
herbage was removed from the containers and the water was poured onto the strainer,
wherever infective larvae were retained. The water with larvae then transferred into
a Baermann’s funnel at room temperature, and the number of larvae were recovered
on the next time and then counted.

2.3 Identification of Larvae

The larvae of nematode were identified under a light and digital microscopic (Dino-
eye) based on the morphological characteristics like length of larvae, Length of
sheath tail extension, number and shape of intestinal cells as show in Appendices
(1, 2) and (Figs. 2 and 3). The measurements of these morphological characteristics
were estimated and identified according to descriptions and techniques provided by
Van Wyk and Mayhew [16], Großbritannien [17] and Urquhart et al. [18]. Herbage
larvae count were calculated as the number of larvae per kilogram of dry herbage
(PL3C/kg DM). PL3C/kg DM = Count × 1000/Herbage weight.
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2.4 Climatic Data

Climatic data such as temperature, relative humidity and rainfall during the study
period were gained at meteorological stations located in the college of agriculture in
Sumel area, Duhok and Zakho city.

2.5 Statistical Analysis

Collected data were statistically tabulated by descriptive statistics and analyzed by
ANOVA: two-factor with replication analysis of variance (two-way ANOVA) and
correlation coefficient using Microsoft Excel 2007 and SPSS 18.0 software and
differences were considered significant at P < 0.05.

3 Result

During threemonths of the spring season, 144 herbage samples from selected grazing
pastures in four areas of Duhok province were collected and examined to detect the
prevalence of GI nematodes larvae. The result of this study revealed that 89 (61.81%)
out of 144 herbage samples were found positive for the nematode larvae as indicated
in Table 1. The differences in contamination rates and their percentages among the
months were statistically significant (p < 0.05) while among the selected study areas
were not. The highest percentage of larval contamination in all study areas was
recorded in April (83.33%) and followed by March (68.75%) while in May was
declined to the lowest level (33.33%).

Figure 1 shows monthly pasture larvae count in four study areas of Duhok
province. Statistically, there were significant differences (p < 0.05) among months
while non-significant differences among study areas. The high mean of pasture lar-

Table 1 Areas and months-wise GI nematodes larvae contamination of Duhok province

Positive samples/examined samples*

Areas March (%) April (%) May (%) Total (%)

Duhok 7/12* (58.33) 10/12 (83.33) 4/12 (33.33) 21/36 (58.33)

Bagera 9/12 (75) 11/12 (91.67) 1/12 (8.33) 21/36 (58.33)

Sumel 9/12 (75) 11/12 (91.67) 8/12 (66.67) 28/36 (77.78)

Zakho 8/12 (66.67) 8/12 (66.67) 3/12 (25) 19/36 (52.78)

Total mean 33/48 (68.75)a 40/48 (83.33)b 16/48 (33.33)c 89/144 (61.81)

a,b,cMeans with different small letters in the same row differ significantly
*p < 0.05
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Fig. 1 Monthly mean of pasture larval counts in different districts of Duhok province PL3C/Kg
DM (kg DM = kilogram of dry matter [herbage])

Fig. 2 Intestinal cells of
Chabertia ovina infective
larva (L3)

vae count was recorded in April following by March, while it was declined to the
lowest level in May.

Larvae of Ostertagia spp., Trichostrongylus spp., Haemonchus contortus, Nema-
todirus spp. and Chabertia ovina, in varying numbers, were recovered from herbage
samples. Figures 2 and 3 illustrate the intestinal cells of infective larva of Chaber-
tia ovina and Trichostrongylus spp. respectively. There is a great difference in the
shape of the intestinal cells between these species of nematodes larvae. The intesti-
nal cells of Chabertia ovina larva appear as shape of regular rectangles while in
Trichostrongylus spp. larva they appear as shape of triangles.

Table 2 shows the climatic conditions as (maximum temperature, minimum tem-
perature, humidity, and rainfall) during the months of spring (March, April andMay)
with contamination percentage and count of pasture larvae in all selected areas. The
highest percentage of positive samples of contamination larvae and mean pasture
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Fig. 3 Intestinal cells of
infective larva (L3)
Trichostrongylus spp.

Table 2 Mean of environmental elements (maximum andminimum temperature, relative humidity
and rainfall) with pasture larvae count and contamination percentage of different areas of Duhok
province during spring season

Month Districts Maximum
tem. (°C)

Minimum
tem. (°C)

Humidity
(%)

Rainfall
(mm)

PL3C/kg
DM

CR (%)

March Dohuk 17.55 8.15 69.48 71.40 136.67 58.33

Sumel 18.21 6.15 70.20 47.80 146.33 75.00

Zakho 18.56 8.01 62.93 67.20 110 66.67

Total mean 18.11 7.44 67.54 62.13 131 66.67

April Dohuk 22.73 11.61 66.87 40.20 145 83.33

Sumel 24.03 8.49 59.00 22.20 162.66 91.67

Zakho 23.00 11.90 53.70 32.50 117 66.67

Total mean 23.25 10.67 59.86 31.63 141.22 80.56

May Dohuk 30.81 18.18 46.68 9.60 23.33 33.33

Sumel 33.07 14.90 37.30 11.40 55 66.67

Zakho 31.99 17.54 37.83 3.30 37 25.00

Total mean 30.81 16.87 40.60 8.10 38.33 41.67

PL3C/kg DM = Pasture infective larvae count per kg dry matter
Tem. = Temperature
CR % = Percentage of the contamination rate

larval count are present under the climate of April and followed by March in all
study areas, while the lowest levels are shown under the climate of May.

Correlations of environmental condition (temperature, relative humidity, and rain-
fall) with pasture larval count (PL3C) are shown in the Table 3. Statistically, there
was a significant negative correlation between the pasture larval count and each of
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Table 3 Correlation
coefficient between the
environmental variables with
pasture infective larvae count

Environmental variables PL3C

Maximum tem. (°C) −0.82*

Minimum tem. (°C) −0.90*

Relative humidity (%) 0.85*

Rainfall (mm) 0.65*

*Significant correlation at (0.05) level
PL3C = Pasture infective larvae count

the maximum and minimum temperature while the correlation between the pasture
larval count and each of the relative humidity and rainfall was significantly positive.

4 Discussion

The present study was conducted to investigate the contamination of pasture with
GI nematode larvae in Duhok province during spring season (March, April, and
May). The larvae of several species of GI nematodes were observed in this study
and these were Ostertagia spp., Trichostrongylus spp., Haemonchus contortus and
Nematodirus spp. and Chabertia ovina. All these species except Chabertia ovina
were recorded in previous epidemiological studies obtained by several researchers
in other regions of Iraq [19–22] inDuhok governorate.While the species ofChabertia
ovina detected in somepastures ofDuhokprovince hadnot been observed byprevious
studies in Duhok area. The shape of intestinal cells of Chabertia ovina larvae greatly
differs with Trichostrongylus spp. larvae as indicate in (Figs. 2 and 3). The shape
of these intestinal cells could be useful for diagnosis and identification of infective
larvae of some nematodes species.

The results indicated that there was a marked variation in contamination rate and
pasture larvae count among months over the study period. The highest percentage of
availability of infective nematodes larvae andmeanof pasture larvae count in different
study areas were recorded in April and followed by March. This high prevalence
may be due to the environmental conditions of April and May that are favorable
for development and survival of nematodes larvae on pasture and the poor control
measures. The contamination rate and count of nematodes larvae were significantly
reduced in May could be attributed to the beginning of dry conditions and the end of
green pasture period. These variations in pasture larvae count and contamination rate
amongmonths are in agreement with findings of Al-Shaibani et al. [23], Gadahi et al.
[24] and Das et al. [25]. O’Connor et al. [8] viewed that the highest level of pasture
contamination with free-living infective larvae (L3) during rainy season, while lower
contamination was found during dry season.

The changes of maximum and minimum ambient temperature were demonstrated
the major factors governing the variation of pasture larvae count and contamination
rate among the months. And the optimum climatic conditions for development and
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survival ofGI nematodes larvae during the period of studywere observed in themonth
of April, where the maximum and minimum temperature were 23.2 and 10.6 °C
respectively, with relative humidity 59.8% as total means of all study areas. These
results coincide with those found by Rossanigo and Gruner [9] and Nahar et al. [10].

Statistical analysis showed a significant negative correlation between pasture lar-
vae three-stage count (PL3C) and each of maximum and minimum temperature, and
a significant positive correlation between pasture larvae count and each of relative
humidity and rainfall (Table 3) that is in agreement with results of Gadahi et al. [24]
and Agyei et al. [26]. The negative correlation between ambient temperature and
PL3C may be caused by an increase in temperature that was observed in the month
of May. The growth of the nematode eggs to infective larvae and the subsistence of
these larvae on pasture are influenced by many factors and the most important are
environmental conditions that include ambient temperature, relative humidity and
rainfall [7]. A study of O’Connor et al. [8] suggested that eggs deposited in the soil
to reach the infective larvae (L3) are mainly effected by temperature and humidity.
Environmental elements are important not only for the development and survival of
larvae stage but also for themovement of the infective larvae to the herbage. Khadijah
et al. [27] shows that the development of Haemonchus contortus and Trichostrongy-
lus colubriformis free living stage to the third stage larvae (L3) highly influenced
by soil moisture and its interaction with rainfall. Also, Agyei and Amponsah [28]
reported that significant positive relationship exists between the level of infective
larvae on herbage and rainfall. Studies carried out on nematode larvae ecology in
some parts of sub-Saharan Africa [29], Europe, Australia and the Pacific islands [30]
have observed that the proportion of development and the permanency of eggs vary
at different temperatures and humidity and in different geo-ecological areas. Also,
free water was necessary for larvae to migrate from the dung, but not for vertical
movement onto plant [31].

Other factors related to prevalence and contamination of nematodes larvae are
ecological zone, husbandry practices, management systems, types of grass, species
of helminths, stoking rate of animals and physiological status of the animal [32–34].
Worku, and G. Dinede, indicated that species of nematodes are very fertile in which
a single female nematode can produce many thousands of eggs (or larvae) each
day. The epidemiological significance of contaminated pastures further raises under
traditional small ruminant husbandry system, communal grazing and in the absence
of strategic deworming programs in developing countries [7].

5 Conclusion

According to results of this study, the changes of environmental factors (temperature,
humidity and rainfall) among the months of spring season have a significant effect
on the development and survival of free-living stages of GI nematodes in the selected
pasture. The most favorable conditions related to infective larvae development were
in the month of April, followed by March. The grazing pastures of sheep and goats
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are remained contaminated with the GI nematodes larvae during these favorable
months. Therefore, planning of pasture management strategies is important to assist
in the control of gastrointestinal nematodes through reducing of contamination and
ingestion of infective larvae by animals. Also deworming of animals before they are
released for grazing, particularly at the start of spring is suggested in order to keep
the pasture free from nematodes larvae contamination.

Appendices

Appendix 1

See Fig. 4.

Appendix 2

See Fig. 5.

Fig. 4 Picture of infective
larva (L3) of
Trichostrongylus spp.

A= intestinal cells, B=head of larva, C= tail of larva
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Fig. 5 Some morphological
characteristics of infective
larva (L3) tail of
Trichostrongylus spp.

A= intestinal cell, B= tip of tail, C= sheath tail extension
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