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Abstract

Heavy metals pollution in Palestine soils was ignored for decades;
anthropogenic pollution of soil has negative effect on the environment and
human life. Determination of elemental background and identifying the
anthropogenic pollution in Palestine soils will help in screening the

anthropogenic metal-based pollution.

The objective of this research was to determine the elemental background
for soil’s analysis in Al-Qilt Catchment Palestine due to lack of such

information in literature.

Soil samples from pristine areas of Al-Qilt catchments were analyzed and
assessed of their content for heavy and trace metals. The sources and
impact of anthropogenic pollution in Al-Qilt catchment soils were also

discussed.

Samples along Al-Qilt catchment were collected. Then were digested by

aqua regia, and analyzed by using BCR fractionation method.

Data were analyzed by computing the correlation coefficient of heavy and

trace metals, and graphed against Al and Fe as reference elements to
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facilitate the comparison between Al-Qilt sites. Fe was chosen as elemental
normalizer, based on the higher values of correlation factor (R?) compared
to Al. This allows identifying the trace metal as a manmade pollutant, then
the Enrichment Factor (EF) was calculated, this lead to identification of

anomalous metal concentrations that have an anthropogenic source.

The elemental background concentrations of anthropogenic pollution in the
soil of Al-Qilt catchment were determined and compared to the continental

crust values.

Results showed that metal/Al and metal/Fe normalization for Ti, V, Mn,
Co, RDb, Ag, Li, B and Be were used as anthropogenic pollutants for most
of Al-Qilt sites, As a comparison, the Fe was found to be the best elemental
normalizer, The EF calculation showed that Pb had the highest value of
trace metals in Ramallah and Stone cut areas, and there was a moderate

values for Sn and Ag in Sweanit and Sultan respectively.

Sources for pollution in AIl-Qilt catchment, from heavy metals
concentration in the soils of AI-Qilt catchment were higher than the
average values of continental earth crust, and thus such heavy metals are
considered as soils’ contaminants and affect the surface and groundwater,

and ultimately the people in the surround.



Chapter one
1. Introduction
1.1. Research overview

The studies of heavy metal pollution in sediments and soils have increased
in recent years [1-8], Heavy metals considered as serious pollutants of
aquatic ecosystems, due to their environmental persistence [9], toxicity, and
ability to combine with food chains [10], the human health risks that
happened due to the pollution of the environmental materials such as
sediment and soil, that due to the transfer of it to the water that uptake by
the plants then to the human [11], the reference study of such pollution will

contribute in protecting human lives and groundwater resources.

The soil pollution in urban regions may occur from other pollutants such as
non-soil origin pollutants, with the continuation of dry conditions from the
polluted soil particles. However, the main soil pollutants are radio nuclides,
chlororganic compounds and Heavy metals. There are different pollutants
sources such as the road infrastructures, vehicular traffic and

manufacturing activities [12-15].

Heavy metals reaching the soil remain present in the pedosphere for many
years even after removing of the pollution sources. Increased amounts of
heavy metals in soils of areas that have been reported by many researchers

[16-18].



1.2. Study area

Al-Qilt catchment is located in the West Bank on the western side of the
Jordan Valley, and covering about 173 km?; it is characterized by a steep
relief with elevations in the range of 700 m.a.s.l in the western part to the
range of -250 m.b.s.l in the eastern part. At Al-Qilt, there are about 96,935
inhabitants from Palestinian communities and Israeli colonies, they
discharge about 14,000 m3/d of wastewater and only about 30% of these
quantities is treated, then it is mixed again with raw wastewater, moreover,
at Al-Qilt the rainfall is estimated by 600 mm/a in the West and it is 150
mm/a in the East and the average rainfall over the catchment is 400 mm/a.
The long term observations of flow mainly for Al-Qilt springs range from
3.0 to 12.0 Mcm/a, and the continuous base flow for the Ras Al-Qilt spring
of around 300 I/s [19].

An environmental survey revealed that there are 363 disposal sites
discharging raw wastewater into the environment in the West Bank [20].
Eight of these are at AIl-Qilt catchment which starts from Al-Bireh
wastewater treatment plant (5000 m3/d). The treated wastewater from Al-
Bireh is discharged to Wadi Al-Ein and mixed downstream with untreated
wastewater that is discharged from Qalandiah Camp and Al-Ram (1500
and 1300 (m3/d) respectively. Furthermore, there are Israeli colonies and
other Palestinian communities discharging their wastewater to the wadi
(figure 1.1). Moreover, the problem is exacerbated when people arbitrarily

evacuate their septic tanks by tanker trucks into Al-Qilt wadi at different
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places. All these sources are mixed with the urban runoff in addition to

leachates from dumping sites during the winter season [21].

1.AlIBireh 2. Qalandiah ‘ Al-Qilt catchment and sampling sites
3.Stone Cut 4. Mukhmas

5. Sweanit 6.Fawwar = :s
7. Ras Al-Qilt 8. Murashahat f
9. Sultan i

1. AIl-Qilt 174 km? tributaries of
about 50 km length.

2. Al-Qilt has high steeping,800
m.a.s.l and it is decrease to -300
m.b.s.l. *

3. 14000 m3¥day of wastewater [~
discharged in Al-Qilt

Figurel.1.location of Al-Qilt catchment.[21] Samhan ,2013.
1.3. Heavy metals

Criteria used to define heavy metals have included density, atomic
number, atomic weight, or periodic table position [22]. Density criteria
range from above 3.5 g/cm®to above 7 g/cm®. There is a suggestion
referring to heavy metals as "all the metals in groups 3 to 16 that are
in periods 4 and greater [23]. There is no widely agreed definition of a

heavy metal.

The origin of the term "heavy metal” is not clear. An early use when

elements were divided into nonmetals, light metals and heavy metals


http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Periodic_table
http://en.wikipedia.org/wiki/Group_3_element
http://en.wikipedia.org/wiki/Group_16_element
http://en.wikipedia.org/wiki/Period_4_element
http://en.wikipedia.org/wiki/Nonmetal
http://en.wikipedia.org/wiki/Light_metal
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[24]. Light metals had densities of 0.860-5.0 gm/cm®; heavy metals 5.308—
22.000 [25].

Beryllium and Aluminum, although light metals, are sometimes counted as

heavy metals in view of their toxicity (26-28).

Heavy metals are metals exhibit metallic properties where that mainly the
transition metals or the metals that have d-block. There are other
definitions that depending on different parameters such as the toxicity,
chemical properties or atomic number ,The International Union of Pure
and Applied Chemistry (IUPAC) consider the term “heavy metal” is a
misinterpretation because of its lack of a "coherent scientific basis".[29]
Toxic metals can be used as alternative term. However, there is no
determined definition. As discussed earlier, according to the definitions, the
elements lighter carbon are included to the heavy metals while some of the

heaviest metals are excluded.

Different concentrations of the heavy metals can be occurred naturally in
the aquatic system. Nowadays, one of the ecosystem pollutions source by

heavy metals is human made.

on the other hand, heavy metals are important agents for medical and
scientific applications. They have X-rays absorbance properties and thus
are valuable in X-ray imaging, as with barium meal. Also, heavy metals
can be used in transition electron microscope (TEM) to create specific

contrast and expose fine detail.


http://en.wikipedia.org/wiki/Beryllium
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/Barium_meal
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Heavy metal such as lead (I1) chromate as an example can be used in some
pigments. Although organic dyes can have very high absorbance, they can
be eventually bleached on exposure to sunlight, thus sunlight-stable

inorganic heavy metal pigments have their uses.
1.4. Research question.

% To find elemental background for the heavy metals in the pristine
area of Al-Qilt soil catchment by studying the occurrence of heavy
metals in the pristine area soil's of Al-Qilt catchment, then to use
them as references for studying and determining the levels of
anthropogenic pollution in the soil of Al-Qilt catchment.

s Waste water discharged at high stream water consumed at low

stream.
1.5. Objectives

The main goal of this research is to study the anthropogenic pollution in
Al-Qilt catchment soil; other specific objectives of this research are will be

helpful:

e To determine the soil elemental background of heavy-metals in Al-
Qilt catchment.
e To screen heavy and trace metals contents of Al-Qilt’s soil as either

naturally occurring or resulted from anthropogenic activities.



6
Chapter Two

2. Literature review
2.1. Background

Human health in towns and cities is strongly dependent on the status of
urban soils [30]. Strong compaction, contamination by wastes and
atmospheric depositions, loss of organic matter, changes in soil reaction,
structural degradation and infection by pathogenic microorganisms are only
few of the many adverse processes that affect and modify the ecological

functions of soils [31-34].

Soils act as a sink for heavy metals and other pollutants. The possible
sources of pollution include vehicle emissions [35-38], industrial waste
[39], the atmospheric deposition of dust and aerosol [40] and others. Most
of heavy metals in high concentrations have an adverse effect on human
health, especially on the health of young children, who have a higher rate
of absorption of heavy metals because of their active digestion systems and
sensitivity to hemoglobin. Heavy metals may accumulate in our body and
affect the central nervous system, causing heavy metal poisoning and

acting as cofactors in many other diseases [41-45].

The presence of high concentrations of metals in soils can have adverse
impacts on terrestrial ecosystems [46-48]. They can also represent a threat
to the health of people exposed either directly through soil contact or

indirectly through the food chain [49]. There are two main sources of the
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soil metals content [50]: either naturally from the geogenic weathering of
base rock during soil formation (pedogenesis) or anthropogenically through
point source or diffuse pollution and/or solid waste disposal [51].
According to the European Union and internationally, a set of studies has

focused on the ecological risk assessment of metals in soils [52-55].

One of the core sources of heavy metal accumulation in soils is
Atmospheric deposition reflected by high heavy metal concentrations in
dust [56]. Key heavy metals are thereby Pb from leaded gasoline, Cu, Zn
and Cd from car components, tyre abrasion, lubricants and industrial and

incinerator emissions and urban runoff [57,58,59].

Samples in this research were analyzed by BCR fractionation, in a broad
sense; fractionation has been known as either the process of identifying and
quantifying the different binding forms or to describe the type of these
fractions in steps which named as sequential extraction procedures "Bureau
Cmmunautaire de Reference (BCR). This is an example for research
activities that depend on pH and deem as tool for environmental assessment
studies: this method is now standardized at the European Committee for
Standardization and encompasses both single and sequential extraction
methods into a scheme that let more direct relationships to make true
speciation as derived from geochemical fractionation. These fractionations
will give idea about the environmentally accessible and fate of pollutant

"trace metal" mobility from sediments or soil to groundwater [ 21 ].
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It is known that there are risks and errors due to environmental analysis
while sample taken and preparation in addition to analysis steps. For this
study, most of the precautions and limitations will be deem starting from
sampling, sample pretreatment, storage and standards that use for analysis.
All these issues were considered to be sure if we use the best way for
sampling to soil. Furthermore, the guidelines adapted for sampling, field
work, sample preparations, lab work, standards used as samples for soil and
even the quality control and quality assurance are adapted to minimize the

error and to achieve high accuracy [21 ].

BCR fractions are grouped into four steps: Acid soluble, reducible,
oxidable and residual. Each extraction step and target phase is listed in

order of least chemically aggressive reagents Table (2.1) [21]:
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Table2.1: Reagents and conditions are employed for the (BCR)
sequential extraction procedure.

Step Fraction of Reagent and conditions
solid phase
1 | Acidextractable |1 g of sample using 40ml 0.11 mol I

"Exchangeable,
water and acid
soluble

CH3;COOH, shaken for 16 hour at room
temperature, centrifuged 3000xg for 20
minute, decant the supernatant, wash the
solid, centrifuge then go to the next step. The
supernatant for analysis.

(e.9.,
carbonates)"
2 Reducible 40mL 0.5 mol I NH,OH-HCI, shaken 16
_ hour at room temperature, centrifuged as in
“iron/manganese | Step 1, then the supernatant for analysis.
oxides"
3 Oxidisable Digested with 10ml 8.8 mol 1" H,0,, 1 hour
_ at room temperature, 1 hour at 85°C and
“organic covered samples, 10ml 8.8 mol It H,0,
substance added, 1 hour at 85°C, reduced volume to 1
And sulphides” ml, extracted with 50mL of 1 mol I
NH;4COOCHjs, pH of solution 2-3, shaken 16
hour at room temperature, centrifuged as in
Step 1, then the supernatant for analysis.
4 | Residual 7.5 mL 12 mol I* HCI, 2.5ml 16 mol I
. o HNO;, Microwave digestion for 2 hour, cool,
Remaining, decant the supernatant, centrifuge, then
non-silicate sample for analysis.
bound
Metals"

Heavy metal contamination of the environment consider as worldwide

phenomenon that has attracted a great deal of attention from governmental

and

regulatory bodies anxious to prevent further

environmental

deterioration and to examine possible methods of remediation.
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2.2. Metals

In this research, 25 parameters of heavy metals were studied to make
elemental background for anthropogenic pollution in Al-Qilt catchment’s
soil some of this metals are Al and Fe which are heavy metals we adopted

one of them as normalizer.

2.2.1.Titanium

Figure2.1 Titanium [60].

Titanium is a chemical element with the symbol Ti and atomic number 22.
It is a lustrous transition metal with a silver color, low density and high

strength.
It is highly resistant to corrosion in sea water, aqua regia and chlorine,

The element occurs within a number of mineral deposits,

principally rutile and ilmenite, which are widely distributed in the Earth's


http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Transition_metal
http://en.wikipedia.org/wiki/Corrosion
http://en.wikipedia.org/wiki/Sea_water
http://en.wikipedia.org/wiki/Aqua_regia
http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Mineral
http://en.wikipedia.org/wiki/Rutile
http://en.wikipedia.org/wiki/Ilmenite
http://en.wikipedia.org/wiki/Earth%27s_crust
http://en.wikipedia.org/wiki/Earth%27s_crust
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crust and lithosphere, and it is found in almost all living things, rocks,

water bodies, and soils.[61]
2.2.1.1. Toxicity of titanium:

Titanium is non-toxic and is not rejected by the body, It is not appears
alone in the nature but it found combined with other elements, Titanium

dioxide is of the titanium combined which is toxic.

2.2.2. Manganese

Figure 2.2 manganese [62].

Manganese is a chemical element, designated by the symbol Mn. It has
the atomic number 25. Manganese is found as a free elementin nature
(often in combination with iron), and in many minerals. It is a metal with

important industrial metal alloy uses, particularly in stainless steels


http://en.wikipedia.org/wiki/Lithosphere
http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Oxidation_state
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Minerals
http://en.wikipedia.org/wiki/Alloy
http://en.wikipedia.org/wiki/Stainless_steels
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2.2.2.1. Toxicity of manganese:

Manganese overexposure is most frequently associated with manganism, a
rare neurological disorder associated with excessive manganese ingestion
or inhalation. Historically, persons employed in the production or
processing of manganese alloys have been at risk for developing

manganism [63, 64].

2.2.3. Bismuth

Figure 2.3 Bismuth [ 65 ]

Bismuth is achemical element with symbol Biand atomic number 83.
Bismuth, a pentavalent poor metal, chemically resembles arsenic and
antimony. Elemental bismuth may occur naturally, although Bismuth
sulfide and oxide form important commercial ores. The free element is
86% as dense as lead. It is a brittle metal with a silvery white color when

freshly produced, but is often seen in air with a pink tinge owing to surface


http://en.wikipedia.org/wiki/Manganism
http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Pentavalent
http://en.wikipedia.org/wiki/Poor_metal
http://en.wikipedia.org/wiki/Arsenic
http://en.wikipedia.org/wiki/Antimony
http://en.wikipedia.org/wiki/Free_element
http://en.wikipedia.org/wiki/Lead
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oxidation. It is the most naturally diamagnetic element and has one of the

lowest values of thermal conductivity among metals.

Bismuth compounds account for about half the production of bismuth.
They are used in cosmetics, pigments, paper, and a few pharmaceuticals,
notably Pepto-Bismol. Bismuth's unusual propensity to expand upon
freezing is responsible for some of its uses, such as in casting of printing
type. It has unusually low toxicity for a heavy metal. As the toxicity of lead
has become more apparent in recent years, there is an increasing use of
bismuth alloys (presently about a third of bismuth production) as a

replacement for lead.
2.2.3.1. Toxicology

Scientific literature concurs that bismuth and most of its compounds
are less toxic compared to other heavy metals (lead, antimony, etc.)
and that it is not bioaccumulative. They have low solubilities in the
blood, are easily removed with urine, and  showed
no carcinogenic, mutagenic or teratogenic effects in  long-term  tests

on animals (up to 2 years).[66,67].

Bismuth poisoning exists and mostly affects the kidney, liver, and bladder.
Skin and respiratory irritation can also follow exposure to respective
organs. As with lead, overexposure to bismuth can result in the formation

of a black deposit on the gingiva, known as a bismuth line.[68 -70]


http://en.wikipedia.org/wiki/Redox
http://en.wikipedia.org/wiki/Diamagnetism
http://en.wikipedia.org/wiki/Thermal_conductivity
http://en.wikipedia.org/wiki/Pepto-Bismol
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/Carcinogenic
http://en.wikipedia.org/wiki/Mutagenic
http://en.wikipedia.org/wiki/Teratogenic
http://en.wikipedia.org/wiki/Gingiva
http://en.wikipedia.org/w/index.php?title=Bismuth_line&action=edit&redlink=1
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Bismuth's environmental impacts are not very well known. It is considered
that its environmental impact is small, due in part to the low solubility of its

compounds.[71 -73].

2.2.4. Chromium

Figure 2.4 Chromium [74 ]

Chromium is a chemical element which has the symbol Cr and atomic
number 24. 1t is the first element in Group 6. Chromium is a steely-

gray, lustrous, hard and brittle metal [75].
2.2.4.1. Toxicity of Chromium

As  Chromium compounds were used in dyesand paints and
the tanning of leather, these compounds are often found in soil
and groundwater at abandoned industrial sites, now needing environmental

cleanup and remediation per the treatment of brown field land. Primer


http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Group_6_element
http://en.wikipedia.org/wiki/Lustre_(mineralogy)
http://en.wikipedia.org/wiki/Hardness
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Dye
http://en.wikipedia.org/wiki/Paint
http://en.wikipedia.org/wiki/Tanning
http://en.wikipedia.org/wiki/Leather
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Environmental_cleanup
http://en.wikipedia.org/wiki/Environmental_cleanup
http://en.wikipedia.org/wiki/Environmental_cleanup
http://en.wikipedia.org/wiki/Environmental_remediation
http://en.wikipedia.org/wiki/Brownfield_land
http://en.wikipedia.org/wiki/Primer_(paint)
http://en.wikipedia.org/wiki/Primer_(paint)
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paint containing hexavalent chromium IS still used

for aerospace and automobile refinishing applications [76].
2.3. Judgment and previous study:

Heavy metals contamination of rivers’ soils was covered previously by

different researches. A summary or relevant study is shown in Table (2.2).


http://en.wikipedia.org/wiki/Aerospace
http://en.wikipedia.org/wiki/Automobile
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Table2.2: summary of reviewed literature.

kg_1 in one soil.
The
concentrations of
total Cr and Pb
did not exceed
the maximum
permissible
levels set by the
regulations  of

Location Targeted Procedure of Main results References
metals analysis
1 | Al-Qilt Heavy the sequential | Results of Al- | Sobhi AR.
catchment and trace | extraction Qilt  sediments | Samhan
west  bank, | metals procedure reveal that Sn, | 2013
Palestine called Cu, Ag, Ba, Bi
Community and B are high if
Bureau of | compared to
Reference Elemental
(BCR) Background for
Soil values
2 | Al Qilt | Trace Physical Most  pollutant | G.A
catchment elements ,chemical and | section  throw | Daghra and
area- biological wadi Al-Qilt is | R Al-sa’ed
Palestine parameters. the part between | (2009)
AWWTP  and
wadi sweanit .
Three  springs
located in the
drainage  basin
are contaminated
with heavy
metals , whereas
two springs are
biological
contaminated.
3 | central boron, modified The Carlos A.
Mexico, cadmium, | Tessier method | concentrations of | Lucho-
chromium | according to a | total arsenic and | Constantin
, SiX fraction | mercury were |0 et al.
mercury, | scheme below the | (2005)
lead and detection limits
arsenic (0.03 and 0.01
mg kg 1,
respectively)
except for
0.77 mg Hg
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the European
Union  whereas
total Cd was on
the verge.
reclaimed Crand Ni | sequential generally the | Rong Xiao
tidal extraction contamination Junhong
wetlands in technique was | levels increased | Bai et al.
Pearl River used to produce | with a longer | (2012)
estuary, five  chemical | history of
South China fractions reclamation
(exchangeable (100> 40> 30>
(F1), carbonate | 10 years) whilst
(F2), Fe-Mn |an undisturbed
hydroxide reference
(reducible) wetland was
(F3), organic | least affected.
(F4) and
residual (F5))
Seyhan Cd, Cr, | amodified Pb > Mn > Zn > | Orkun
River, Cu, Mn, | three-step Cu>Ni>Cr I.Davutluo
Turkey, Ni, Pb | sequential in October 2009 | glu, Galip
Mark and Zn procedure and Mn > Pb > | Seckin et
Horvéth Zn > Cu > Ni > | al. (2011)
Cr in June 2010.
Kosice, heavy BCR sequential | first step of the | Mark
Slovakia and | metal extraction BCR with 0.11 | Horvath et
Godolls, procedure mol dm—3 acetic | al. (2012)
Hungary supplemented acid and second
with and third
microwave- steps of the
assisted alternative
HNO3/H202 method with
digestion and | H20 and
another three- | H20+CO2,
step method | respectively)
using was similar in
supercritical case of Cd, Ni
CO2, and Cu in
both biofilm and
sediment
samples.
Guadalhorce | Cu,  Ni, | microwave by using a CCD | M.L.
river Cr, Pb | assisted design we have Alonso
and Cd sequential been able to | Castillo, E.
extraction establish the | Vereda
optimum Alonso et
conditions  for | al.(2011)
the proposed

MW
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procedure. The
optimum
conditions
established in
each step of the
BCR procedure
were applied to
the
determination of
copper, nickel,
lead, chromium
and cadmium in
sediments of
different origins

by ICPMS
8 | Tisza river | Ni, Cu, | Tessier method |the Tisza River | Sanja M.
sediments Zn, Cr, is slightly to | Sakan et
Pb, Fe, moderately al.(2009)
and Mn severely polluted
with Cu, Zn, and
Pb, and minorly
polluted
with Cr. It is
concluded that
sediments of the
Tisza serve as a
repository  for
heavy metal
accumulation
from  adjacent
urban and
industrial areas
9 | Spain Fe,Pb,Zn, | multivariate the sum of the | R. Devesa-
Cu, exploratory and | three Rey et
Mn,Ni BCR BCR fractions, | al.(2010)
and Cr fractionation the elements
showed a
decreasing
availability  of:
Fe > Pb > Zn >
Cu > Mn > Ni >
Cr.

10 | Poxim river | Cd, Cr, |using the 3-|Cd, Elisangela
estuary  of | Cu, Ni, Pb | stage sequential | Cu, Ni and Pb | de Andrade
Sergipe and Zn extraction were associated | Passos et
State procedure with the | al.(2010)
northeast proposed by the | oxidizable
Brazil European fraction, and Pb,

Community Cr and Ni with
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Bureau of
Reference
(BCR).

the reducible
fraction.
Principal
component
analysis (PCA)
clearly separated
the metals into
three groups: |
(Zn); 1 (Pb); HI
(Cd, Cu,

Cr and Ni).
These groupings
were mainly due
to different
distributions  of
the metals in the
various fractions,

in sediments
from the
different
locations
11 | Gomti River | Al, Co, | multi-way Kunwar P.
(India) Cr,  Cu, | (three-way) Singh et
Fe, Mn, al.(2005)
Mo, Ni,
Pb,
Sn, Ti, V,
and Zn
12 | Spain Pb ,Zn modified BCR | need to treat the | L.
sequential mine tailings | Rodri'guez
extraction dumped in the |et al.
method mine area (2009)

2.4. Continental Crust as reference or background

Trace and heavy metal concentrations indicate anthropogenic pollution if

they are compared with the Continental Crust (CC) as a background. The

Upper Crust (UC) and the Lower Crust (LC) Table (2.3) were analyzed for

rock samples and then the average values were taken and summarized

according to Wedepohl (1995), Pekey et al. (2004), Buccolieri et al. (2006)

and Alagarsamy (2006).




Table (2.3): Heavy and trace metal concentrations in the CC as average of UC and LC.

Element Concentration (mg/kg) | Element | Concentration(mg/kg) | Element | Concentration(mg/kg) | Element | Concentration (ug/kg)

Al 79780 mg/kg® Co 24 mg/kg® Sr 333 mg/kg® Sb 300 ug/kg®

Ti 4010 mg/kg® Ni 56 mg/kg® Mo 1.1 mg/kg® Hg 40 pg/kg'

\Y% 98 mg/kg* Cu 25 mg/kg® U 1.7 mg/kg® Cd 100 pg/kg®

Cr 126 mg/kg® Zn 65 mg/kg® Pb 14.8 mg/kg® Bi 85 ug/kg®

Mn 716 mg/kg® As 1.7mg/kg’ Sn 2.3 mg/kg' Ag 70 pg/kg*

Fe 43975 mg/kg® Rb 78 mg/kg® B 11 mg/kg

Ba 584 mg/kg"

a : UC: Shaw et al. (1967, 1976), LC: Rudnik and Presper (1990) in the proportions of standard profile of the continental crust derived from 3000 km long
Standard Profile of Continental Crust (European Geo-Traverse) (EGT)) generalized on the basis of worldwide mapping, petrological studies and chemical
balances.

b: UC calculated from rock average of Onishi and Sandell (1995), Burwash and Culbert (197 9) in relate to EGT profile mentioned before LC: gabbro,
gneiss minus 20%..

¢ : UC: calculated from rock average compiled by Manheim and Landergeren (1978) in proportion to EGT profile, gabbro, gneiss minus 20% granite.

d: UC, LC: calculated from rock average of Hamaguchi and Kuroda, (1995) in proportion to EGT profile, Cu/Ag in felsic rocks 300 to 450.

e: UC, LC: calculated from rock average of Heinrichs et al. (1980) in proportion to EGT profile.

f: UC: calculated from rock average compiled by Hamaguchi and Kurdoda (1969) and Smith and Burton (1972) in proportion to EGT profile, LC: Rundick
and Presper (1990).

g: UC: calculated from rock average of Onishi and Sandell (1995) and Burwash and Culbert (1979) in the proportion of EGT profile, LC: estimated.

h: UC: calculated from rock average complied by Puchelt (1972) in proportion to EGT profile, LC: Rudnik and Presper (1990).

i: UC, LC: calculated from rock average complied by the present author partly from Marowski and Wedepohl (1971).and partly from unpublished data in the
proportion of EGT profile.

j: UC: calculated from rock average complied by Harder (1974) and Shaw et al. (1986) in proportion to EGT profile, LC: data from Truscott et al (1986),
Leeman et al. (1992) and harder (1974).



2.5. Grain size analysis:

It is used to characterize the sediments and soil in different textures in the
range of gravel, sand, silt and clay forms, hence; the main reasons to study
the trace metal in relation to textures size was: (i) smaller particles that
have greater surface area that increase the metal scavenging and adsorption
capacity (ii) the greater concentrations of metal adsorbing or binding to
particle matter, these variations are reduced by analyzing the sediment to

size usually <63 um [77].

The interpretation of sediment contaminant data is complicated if there are
variable in grain size, since, contaminants are frequently associate with the
fine fraction of aquatic sediments due to an exponential that increase at

surface area with decreasing the grain size[78].Table (2.4).
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Table (2.4): Summery of grain size in term of textural and chemical

roperties.
Normalization | Size Indicator Role
Hm
Grain size 2000 | Granular variations | Determines
-<2| of metal - bearing| physical sorting
minerals /| and depositional
compounds pattern of metals
Sand 2000 Coarse - | Usually diluents
—63 | grained metal - poor | of trace metal
minerals /| concentrations
compounds
Mud <63 Silt and clay| Usually overall
size metal — bearing | concentrator of
minerals /| trace metals
compounds
Clay <2 Metal - rich| Usually fine -
clay minerals grained
accumulator  of
trace metals

Grain size analysis for sediment and soil are critical factor that influence
the percent of anthropogenic pollutants at fine-grain of less than 63um,
this will have higher pollutants percent if compared to coarse-grain in the
range of gravel (2mm) or in the range of sand that is grater to 63um,
furthermore; the fine-grain particles have higher surface area to mass ratio
if compared to coarse-grain, also they often sequester much higher of
pollutants mainly for trace and heavy metals in sediment and soil due to
difference in charges. As a consequence, there is often strong inverse

correlation between grain size and metal concentrations; this relationship
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Is further enhanced by common accumulation from organic and inorganic
matter in depositional zones, The grain size analysis for sediments and
soil for the range that is greater than 2mm are removed by hand-picking,
then by sieving using Fritsch D-55743 analyzer, furthermore; the gravel,
sand and mud fractions are in the following series: gravel > 200um, Sand

> 63pm and the mud < 63um [79].
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Chapter Three

3. Methodology
3.1. Background

This methodology will be focused on studying the heavy metals content
and distribution in the soil of Al-Qilt catchment in Palestine and to
compare with regional or international studies, and to determine heavy
metals in the pristine area to consider as elemental background for the

anthropogenic pollution in Al-Qilt catchment soils.
3.2. Sampling

Ten soil Samples were collected in December, 2012 along Al-Qilt
catchment, and from ten locations: Ramallah, Al Bireh, Mukhmas,
Qalandiah, Stone-cut zone,Sweanit, Fawwar, Ras Al-Qilt ,Murashahat and

sultan. Figure( 3.1)



Figure (3.1): General map for Al-Qilt catchment. [80]

Samples were collected by polyvinylchloride-shovel, and then placed in
polyethylene bottles, all samples have been refrigerated transferred to the

laboratory for analysis.
3.3. Sample digestion and analysis by Aqua Regia:

e About 200-250g from each sample have been sieved to <63um using

"Fritsch D-55743" sieving analyzer.
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e About 0.25g from each sample and Buffalo Reference Material (8704)
as reference standard are weighted accurately in 100 ml Teflon digestion
tube for Aqua Regia digestion.
e Then it is mixed with 6mL of HNO; (65%) and 3ml of HCI (37%).
e The samples digested for two hours using "Microwave MARS 5"
digester and then the samples kept to reach the room temperature.
e Samples are centrifuged and the supernatant transferred to 50mL tube

for analysis by doing the proper dilution. [21].

Trace metal concentrations of Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As,
Rb, Sr, Mo, Ag, Cd, Sn, Sh, Ba, Pb, Bi, U, B, Li and Be were
measured by an Inductive Coupled Plasma Mass Spectrometer (ICP-MS)

(Agilent 7500) .

For BCR fractionation analysis about one gram from the samples are
weighted for the BCR steps Figure (2.2). All soil samples analyses were

conducted in the Water Research Center (UFZ), Magdeburg, Germany.
3.4. Bureau Communautaire de Reference (BCR)

BCR sequential fractionation extraction is recommended as standard
procedure for the characterization of heavy and traces metals in sediment
and soil, the BCR method is formed from four steps that classify in terms
of reagent, This method is recommended by the Measurements and Testing
Programme of the European Commission, The fractions of each method are

grouped into four "equivalents”" (acid soluble, reducible, oxidable, and
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residual), The BCR 4-stage extraction scheme is summarized in figure

Step 1 Step 2 Step 3 Step 4
Sample Residue Residue Residue
1g from step 1 from step 2 from step 3
0.5M 10ml H202. 1h
0.11M Acetic acid NH20H.HCL room temp 10ml 12ml Aqua regia,
40ml 16h shaking 40ml 16h H202 85C 1h 2h at 120C
shaking 50ml 1M

sy

Centrifuge

Centrifuge

Centrifuge Centrifuge

20min,
3000xg

20min,
3000xg

20min,
3000xg

20min,
3000xg

Supernatant Supematant Supematant
analysed analysed analysed

Adsorbable
Carbonate \ . . .
Operationally defined fractions

Figure (3.2): Schematic representation of the BCR four stage extraction scheme [21].
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3.5. Data analysis
3.5.1. Correlation coefficient (R?)

Heavy and trace metals were graphed against Al and Fe as reference
elements to facilitate the comparison between Al-Qilt sites. The best
correlated metals with elemental normalizers or reference element,
depending on the correlation factors (R?), since the best elemental
normalizers will be in the range lor -1, and we considered the best

correlation with the highest values.
3.5.2. Normalization of heavy and trace metals

The normalization was based on the supposition that metal concentrations
very consistently with the concentration of reference elements unless the
metals were of anthropogenic origin. Normalization is away to compensate
for the natural variability of trace metals in soils, so that any anthropogenic
metal contributed may be detected and quantified by reducing the natural
effect of grain size. This then allows us to identify the trace metal as a man-

made pollutant [81].
The normalization method was based on the following assumptions:

(1) The concentration of metals is regular with the reference elements
unless the metals were of anthropogenic origin.
(2) The normalization method is a way to compensate for the natural

variability for trace metals in soil and sediments.



29
(3) Any anthropogenic metal contribution may be detected and

quantified by reducing the natural effect of grain size.

These assumptions allow us to identify the trace metal as a man-made
pollutant since many researchers have used Al and Fe as elemental

normalizer.
3.5.3. Enrichment Factor (EF):

First step in the calculation of an EF is finding the relation between a metal
and anomalizer, and then using this factor to identify anomalous metal
concentrations that may have an anthropogenic source; then we can specify
the enriched site. The selected normalizer can be divided by the same ratio
of anthropogenic at un-impacted geological material (background). This
permits the definition of Enrichment Factor (EF) parameters as (Me/N)
sample/ (Me/N) background, where (Me/N) sample is: metal to normalizer
ratio in the soil sample and (Me/N) background is: metal to normalize ratio
in anthropogenic un-impacted geological material.[82,83].

(A;Iv—e) sample

EF = (l\fv—e) background

(1.1)

Me/N sample: is the metal or element to normalizer ratio.

Me/N background: is the natural background value of metal to normalizer

ratio.

Enrichment Factor shows the status of environmental contamination .the

EF values were interpreted by Acevedo-Figueroa et al.[84] , where EF [ 1
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indicates no enrichment;1-3 is minor;3-5 is moderate; 5-10 is moderately

severe; 10-25 is severe;25-50 is very severe ; and [] 50 is extremely severe.
3.6. Elemental background for soil (E.B.S.):

Trace and heavy metal concentrations indicate anthropogenic pollution if
they are compared with the elemental background, samples from pristine
area (places with no known human activities) in Al-Qilt catchment were

analyzed for soil to make the elemental background.

In this research, elemental background of AI-Qilt catchment was
determined to assess the anthropogenic pollution in Al-Qilt catchment soil

and to compare by using continental crust values (showed in section (2.4))

The pristine area considered as clean area because there is no human
activity in it these area are: Sweanit, Fawwar, Ras Al-Qilt and Murashahat.
So when these samples were analyzed it will give us a ratio of heavy and
trace metals present in Al-Qilt soils naturally without the effects of human

activities.



31
Chapter Four

4. Results and discussion
4.1. Introduction:

This chapter discusses the measured and calculated value of correlation
coefficient values (R?) for metals with Al, Fe and elemental background
(E.B.S.), and Enrichment Factor (EF). This chapter also present the

comparison between the values of metals in EBS and CC.
4.2. Results and discussion.
4.2.1 Correlation coefficient (R?):

Heavy and trace metals concentrations of collected samples from Al-Qilt
were graphed as metals vs References element such as Al and Fe and the

correlation coefficient were calculated .

The correlation factor between the concentration of all measure metals
against the Fe were higher than the Al, Al and Fe were found as a good

normalizer due to the high R* values. (Table 4.1)
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Table (4.1): Correlation coefficient values (R?) for metals with Al, Fe
and E.B.S. along Al-Qilt catchment.

Met/Al Met/Fe Met/E.B.S.

Ti 0.0469 0.2087 0.8456
Vv 0.5503 0.7179 0.1000
Cr 0.3837 0.3331 0.8514
Mn 0.4211 0.4222 0.4153
Co 0.6711 0.7253 0.3590
Ni 0.3362 0.3155 0.0939
Cu 0.3602 0.1895 0.4960
Zn 0.3803 0.2362 0.0319
As 0.3942 0.2902

Rb 0.6297 0.4987 0.0421
Sr 0.5678 0.6026 0.6554
Mo 0.1027 0.1393 0.3333
Ag 0.0068 0.0341 0.3086
Cd 0.0005 0.2727
Sn 0.0762 0.0365 0.1341
Sh 0.2772 0.1698

Ba 0.1715 0.0194 0.6618
Pb 0.3577 0.2677 0.0884
Bi 0.0003 0.0795

B 0.0982 0.1277

Be 0.0727 0.2483

Li 0.6862 0.7364

U 0.4127 0.3041 0.0526

*Met/E.B.S. Correlation coefficient values (R?) for metals with Al and Fe in EBS in the
pristine area along Al-Qilt catchment.

Fe is prevailing over Al since its related more in correlation Table(4.1) this
prefer use of Fe as elemental normalizer at Al-Qilt , and then to use it as

background for EF calculation .

Met/Al, Met/Fe normalization for anthropogenic parameters: normalization

procedures were adapted by dividing the concentration of any metal by the



33
concentration of the reference element, in this study we use the
normalization procedure to recover the natural variability of trace metal in
soil, in this way anthropogenic metal contributed could be detected and
quantified, the normalization of metal/Al and Fe were calculated then the
normalization results were visualized to have numerical numbers and not
fractions, the highest value being considered as indication for

anthropogenic pollutants.

The heavy and trace metals concentrations were graphed as metals vs
reference elements , then the correlation coefficients were calculated

Figure(4.1), (4.2)and (4.3)

100 +

HAs
HBi
ECd

Metak/ Al ratio
[y

EmCr

0.01

Figure(4.1) metals/Al ratio less than 1 for As, Bi, Cd and Cr.
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HCu
H Mo

B Ni

Metak/ Al ratio

mSb

0.01

Figure (4.2) metals/Al ratio less than 1 for Cu, Mo ,Ni and Sh.

Metak/ Al ratio

Figure (4.3) metals/Al ratio less than 1for Sr, U and Zn.

Result showed that metal/Al were less than 1 for Cr, Ni, Zn , Cu, Sr, Cd,
Sb, U, Bi, As and Mo , this indicates that these values for the mentioned

parameters are to be considered as background or natural effects.
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Value of metal/Al greater than one show at figure (4.4), (4.5) and (4.6)

indicate anthropogenic pollution.

mAg
EB

Metak/ Al ratio

B Ba
H Be

Figure(4.4) Metals/Al ratio more than 1for Ag, B, Ba and Be.

HCo
mLi

Metak/ Al ratio

B Mn
EPb

Figure(4.5) Metals/Al ratio more 1 Co, Li, Mn and Pb.
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Figure(4.6) Metals/Al ratio more 1for Rb, Sn, Tiand V.

Furthermore, results showed that metals/Fe results for Ni, Zn, Sr, Cd, Sn,
Ba, Ph, Bi and U were less than one , and so these trace are not considered

as anthropogenic pollutants at Al-Qilt sampling site Figures (4.7) and (4.8).

100 A

10 4 ENj
EZn
HSr

mcd

Metals/Fe ratio

mSn

01

0.01

Figure(4.7) Metals/Fe ratio less than 1for Ni, Zn, Sr, Cd and Sn.
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m Ba
®Pb
u Bi

=y

Metals/Fe ratio

0.01

Figure(4.8) Metals/Fe ratio less than 1 for Ba, Pb, Bi and U.

Those greater than one, these are considered as anthropogenic indication

for pollution were graphed at figure (4.9) , (4.10), (4.11)and (4.12).

100
2
-
e
£ mA
3 10 T =
g B As
mB
® Be
1 -
<a
&

Figure (4.9) Metals/Fe ratio more than 1 for Ag, As, B and Be.



38

HCo
BCr

MetakfFe ratio

B Cu

mLi

Figure (4.10 ) Metals/Fe ratio more than 1 for Co, Cr, Cu and Li.

B Mn

MetakfFe ratio

B Mo
W Rb

Figure (4.11) Metals/Fe ratio more than 1for Mn, Mo and Rb.
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ESb

Metak/ Fe ratio

Figure(4.12) Metals/Fe ratio more than 1 for Sh, Tiand V.

Results showed that metal/Al and metal/Fe normalization for Ti, V, Mn,
Co, Rb, Ag, Li, B and Be were to be considered as anthropogenic

pollutants in most of Al-Qilt sites.

Furthermore, Fe was more suitable for normalization compared to Al for
trace and heavy metals, and according to the normalization method we can
assign the anthropogenic pollutants. Thus, we can use results of Fe as

background values for the samples to calculate the Enrichment Factor (EF).

Fe was found to be the best elemental normalizer since it has the highest R?

values compared to Al. table (4.1).
4.2.2. Enrichment Factor (EF):

Table (4.2) summarizes the results of enrichment factors at Al-Qilt
catchment for trace metals tested at each site, if the EF values are between

0.5 and 1.5 the metal must be entirely from crustal materials or natural
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weathering processes. If the EF is greater than 1.5 this suggests that a
significant portion of the metal has originated from non-crustal or

anthropogenic processes.

Table (4.2) enrichment factor along Al-Qilt since EF[] 1= blue, no
enrichment, EF=1-3, yellow miner, EF=3-5, orange, moderate, EF=5-
10, red moderately.

sampling . K -
Friatiias Ti ¥V Cr | Mn | Co | Ni | Cu Zn As Rb Sr

a0 f o |
106 Lot B
105 104 | B

2.16
Continue § )
sampling Mo | Ag | Cd | Sm U B Li Be

100 |

124 (N 116
108|100 ] 130 |1 | 101 | o]

149

|15 | |10 [

The EF for heavy and trace metals in soil at Al-Qilt were varied with years,

Pb is moderately severe (red) in Ramallah, Pb, Sn and Ag it is moderate
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(orange) in stone cut, Sweanit and sultan respectively ,yellow color show

that there is minor effects of this metals.

The results show that there are no big problems in our calculation, mostly
of the values of the FE in the Table (4.2) show there is no enrichment,
some of trace and heavy metals have minor values, Pb, Sn and Ag have
moderate values, Pb has the highest value in the table this value show that
Pb has moderate value in Ramallah this value may refers to Wars and
Military activities located in that region over the antiquity and that

originate from urban activities such as vehicle , road and urban runoff.
4.2.3. Elemental back ground for soil VS continental crust values

Average values of heavy metals concentration for the elemental
background Figure (4.13) showed that values of Zn, Cu, As, Sr, Mo, Ag,
Cd, Sn, Sb, Bi, U and B are higher in the elemental background than those

of the continental crust .

100000

10000

1000

fg [llllIIU i A

Al Ti V C Mn Fe Co Ni Cu Zn As Rb Sr Mo [Rg n b Ba Pb FBE U B

01

0.01

Figure (4.13) Elemental background Vs continental crust value
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The nature of soil in the pristine area in Al-Qilt catchment has higher
values of heavy and trace metals than the soils used in the continental crust

value calculated.

100000

10000 -+

ll "I IIIL“J | Il "

AlTVCrMnFeCoNlCuZnAstSrMogdSnEBan|UB

01 l

0.01

Figure (4.14) Continental crust value Vs soil samples.

Average values of heavy metals concentration for the collected sample
Figure (4.14) show the different between the concentrations of heavy
metals in the continental crust value were compared to the relevant
concentrations of continental earth crust in order to further differentiate
between anthropogenic pollution and naturally occurring of studied metals.
and the soils samples in Al-Qilt catchment and this explain why the result
in reference [21] showed that there is anthropogenic pollution in Al-Qilt
catchment because of comparing the concentration of heavy metals of his
samples with continental crust value, but compared this results with
elemental background of CC so found there is no anthropogenic pollution,

so heavy metals are considered as soils’ contaminants in Al-Qilt catchment.
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In Figure (4.14) show that the concentration of Cu,Zn,As,Mo,Ag,Cd,Sn,U

and B in the soil of Al-Qilt catchment more than in the CC.

Anthropogenic pollution is for Pb , naturally occurring contamination for

Sn, Ag ,Bi, Ti, Ba, Sb, Li, Be, Rb, Zn and Cu,
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Chapter Five
Conclusion and recommendation
5.1. Conclusion.

Palestine suffers for long time from pollution due to experiencing different
war conditions over time. The presence of the Israeli occupation and the
colonies increased the rate of pollution in the Palestinian lands,
anthropogenic pollution mainly transported with wastewater that flows
from the Israeli colonies located in the West Bank to adjacent lands.
Industrial activities in such colonies act as the main source for

anthropogenic pollution.
Results based on metal/Al and metal/Fe normalization showed that :

1. Fe was found to be the best elemental normalizer since it has the
highest R® values compared to Al, Thus, we used results of Fe as
background values for the samples to calculate the Enrichment
Factor (EF).

2. Ti, V, Mn, Co, Rb, Ag, Li, B and Be were to be considered as
anthropogenic pollutants in most locations along of Al-Qilt wadi,

3. The EF calculation showed that Pb had the highest value of trace
metals in Al-Qilt catchment (Ramallah site) because of the urban off,
and there was a moderate values for Sn and Ag in some site in Al-
Qilt catchment such as Sweanit and Sultan, result also showed that

4. there are no significant anthropogenic pollution in Al-Qilt catchment,

almost of heavy and trace metals had no enrichment in the soil of Al-
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Qilt Catchment, the elemental background made to be a reference for

another researcher in the future.
5.2. Recommendations

Main recommendation of this research is that more studies are needed to

evaluate:

1. The heavy metals pollution in ground-water and its imposed risk on
people live in Al-Qilt catchment.

2. The concentration of heavy metals impregnated into surface water
flowing downstream.

3. The effect of heavy metals on Graze lands in Al-Qilt catchment.

4. Needed remediation techniques to alleviate the heavy and trace
metals pollution in the soils of Al-Qilt catchment.

5. Needed lows to limit the pollution in Al-Qilt catchment.

6. Study the source of pollution in Al-Qilt catchment.

7. Needed of E.B.S. for the others stream in Palestine which as Al-Qilt

stream.



46
References

[1] L. Xiangdong, I. Thornton. Chemical partitioning of trace and
major elements in soils contaminated by mining and smelting

activities. Applied Geochemistrym ,16 (2001) 1693-1706.

[2] A.Smolders, M. Hiza, G.Velde, J. Roelofs. Dynamics of discharge,
sediment transport, heavy metal pollution and Sa” balo(Prochilodus
linetaus) catches in the lower Pilcomayo river. River Research and

Applications, 18(2002) 415-427.

[3] G. Bird, P. Brewer, M. Macklin, D. Balteanu, B. Driga, M. Serban, S.
Zaharia. The solid state partitioning of contaminant metals and As in
river channel sediments of the mining affected Tisa drainage basin,
northwestern Romania and eastern Hungary. Applied Geochemistry, 18

(2003) 1583-1595.

[4] H.Veeresh, S. Tripathy, D. Chaudhuri, B. Hart, M. Powell. Sorption
and distribution of adsorbed metals in three soils of India. Applied

Geochemistry, 18(2003)1723-1731.

[5] D. Reli¢, D. Pordevi¢, A. Popovié, T. Blagojevi¢. Speciations of
trace metals in the Danube alluvial sediments within an oil

refinery. Environment International, 31 (2005) 661-669.

[6] M. Roos, M. Astroem. Seasonal and spatial variations in major and
trace elements in a regulated boreal river (Esse river) affected by acid

sulphate soils. River Research and Applications, 21(2005)351-361.



47
[7] J. Sysalova, J Szakova. Mobility assessment and validation of toxic
elements in tunnel dust samples — subway and road using sequential
chemical extraction and ICP-OES/GF AAS measurements.

Environmental Research, 101(2006) 287—-293.

[8] J.Bacon, C. Davidson. Is there a future for sequential chemical

extraction? Analyst, 133(2008) 25-46.

[9]P. Armitage, M. Bowes, H. Vincent. Long-term changes in
macroinvertebrate communities of a heavy metal polluted stream: the
River Nent (Cumbria, UK) after 28 years. River Research and

Applications, 23(2008) 997-1015.

[10] U. Foerstner, G. Wittman. Metal Pollution in the Aquatic

Environment. 1979.

[11] M. Tuzen, H. Sari, M. Soylak. Microwave and wet digestion
procedures for atomic absorption spectrometric determination of trace

metals contents of sediment samples. Anal. Lett. 37 (2004) 1925-1936.

[12] K. Czarnowska, B. Gworek, T. Kozanecka, B. Latuszek, E.
Szafranska. Heavy metals content in soils as indicator of urbanization.

Polish Ecological Studies, 9(1983) 63-79.

[13] M. Piron-Frenet, F. Bureau, A. Pineau. Lead accumulation in

surface roadside soil: its relationship to traffic density and



48
metereological parameters. The Science of the Total Environment,

144(1994) 297-304.

[14] Q.Wu, H. Blume, L. Rexilius, S. Abend, U. Schleuss. Sorption of
organic chemicals in Urbic Anthrosols. Advances in GeoEcology,

31(1998) 781-789.

[15] E. Kvasnikova, E. Stukin, G. Titkin. Peculiarities of radionuclides
migration in the urban soils. Proceedings First International Conference
Soils of Urban, Industrial, Traffic and Mining Areas, (W. Burghardt and C.
Dornauf Eds.), Essen 12-18 July, Vol. Ill, 617-621.

[16] D. Klein. Trace elements in soil of the metropolitan area of Grand
Rapids, Michigan (USA). Environmental Science and Technology,
6(1972) 560-562.

[17] T. Chen, J. Wong, H. Zhou, M. Wong, M.H. Assessment of trace
metal distribution and contamination in surface soils of Hong Kong.

Environmental Pollution, 96(1997) 61-68.

[18] J. Pichtel, H. Sawyer, K. Czarnowska. Spatial and temporal
distribution of metals in soils in Warsaw, Poland. Environmental

Pollution, 98(1997) 169-174.
[19] PWA, Palestinian Water Authority, 2010

[20] (Applied Research Institute — Jerusalem, 2007, Status of environment

in the West Bank Territories, Palestine).



49

[21] S. Samhan. Occurrences and transport of trace metals in
wastewater, sediment and soil: case study AIl-Qilt catchment. West
Bank, Palestine (Doctoral dissertation, Halle (Saale), Universitats-und

Landesbibliothek Sachsen-Anhalt, Diss.), 2013.

[22] P.Saxena & N. Misra. Remediation of heavy metal contaminated
tropical land. In Soil Heavy Metals, Springer Berlin Heidelberg (2010)
431-477.

[23] S.Hawkes. What Is a '"Heavy Metal"? Journal of Chemical
Education, 74 (1997) 1374.

[24] F. Habashi. Gmelin and his handbuch. Bulletin for the History of
Chemistry, 34 (2009) 30.

[25] L.Gmelin. Hand-Book of Chemistry, vol. 111, Metals. translated
from the German by H Watts, Cavendish Society, London, 1849.

[26] B.Volesky. Removal and Recovery of Heavy Metals by
Biosorption. Biosorption of Heavy Metals, (1990) 7-43.

[27] C.Park. Acid rain: Rhetoric and reality. Routledge, 2013.

[28] A. Blann, N. Ahmed. Blood Science: Principles and Pathology. John
Wiley & Sons. 2014.

[29] J. Duffus. Heavy metals' a meaningless term?(IUPAC Technical

Report). Pure and Applied Chemistry, 74 (2002) 793-807.



50

[30] T. Simpson. Urban soil . Urban Geoscience,1996, 35-60.

[31] P. Bullock, P. Gregory. Soils in the Urban Environment. John
Wiley & Sons, 2009.

[32]C. Jim. Soil compaction as a constraint to tree growth in tropical
and subtropical urban habitats. Environmental Conservation, 20(1993)

35-49.

[33] L. Beyer, H. Blume, D. Elsner, A. Willnow. Soil organic matter and
microbial activity in urban soils. The Science of the Total

Environment,168 (1995)267-278.

[34] W. Blum. Soil degradation caused by industrialization and

urbanization. Advances in Geoecology, 31(1998) 755-766.

[35] R. Harrison, D. Laxen, S.Wilson. Chemical associations of lead,
cadmium, copper, and zinc in street dust and roadside soil.

Environmental Science and Technology, 15(1981) 1378-1383.

[36] W.Lau, H. Wong. An ecological survey of lead contents in roadside

dusts and soils in Hong Kong. Environmental Research, 28(1982)39-54.

[37]N. Yassoglou, C. Kosmas, J. Asimakopoulos, C. Kallianou. Heavy
metal contamination of roadside soils in the greater Athens area.

Environmental Pollution, 47(1987) 293-304.



51
[38] R. Surthland, C. Tolosa, F. Tack, M. Verloo. Characterization of
selected element concentrations and enrichment ratios in background
and anthropogenically impacted roadside areas. Archive of

Environmental Contamination and Toxicology, 38(2000)428—-438.

[39]M. Schuhmacher, M. Meneses, S. Granero, J. Llobet, J.
Domingo.Trace Element pollution of soil collected near a municipal
solid waste incinerator: human risk. Environmental Contamination and

Toxicology, 59(1997)861-867.

[40] R.Simonson. Airborne dust and its significance to soils. Geoderma,

65(1995) 1-43.

[41] P.Hammond. Metabolism of lead. In: Chisolm, J.J., O’Hara, D.M.
(Eds.), Lead absorption in children: management clinical and
environmental aspects. Urban and Schwartzenberg, Baltimore, 1982, 1—

20.

[42] J. Nriagu. A silent epidemic of Environmental Metal poisoning?

Environmental Pollution, 50(1988)139-161.

[43] S. Thacker, A. Hoffman, K. Steinberg, M. Zack, J. Smith. Effect of
low-level body burdens of lead on the mental developmentof children:
limitations of metal-analysis in a review of longitudinal data. Archive of

Environmental Health, 47(1992)336-347.



52
[44] J.Schwartz. Low-level lead exposure and children’s IQ: a
metaanalysis and search for a threshold. EnvironmentalResearch,

65(1994) 42-55.

[45] D. Bellinger. Neuropsychologic functions in children exposed to

Environmental lead. Epidemiology, 6(1995)101-103.

[46] R. Dallinger, P. Rainbow. Ecotoxicology of Metals in Invertebrates.

CRC Press, 1993.

[47] J.Weeks, D. Spurgeon, C. Svendsen, P. Hankard, J. Kammenga, R.
Dallinger, H. Kohler, V. Simonsen, J. ScottFordsmand. Critical analysis

of soil invertebrate biomarkers: a field case study in Avonmouth, UK.

Ecotoxicology, 13(2004)817-822.

[48] C.Walker, S. Hopkin, R. Sibly, D. Peakall. Principles of
Ecotoxicology. CRC Press, 2012.

[49]L. chang, L. Mangos, T. Suzuki. Toxicology of metals. Boca Raton.
1996

[50] L. Chang, L. Magos, L., Suzuki, T. (Eds.) . Toxicology of Metals,
Boca Raton. CRC Press; 1996.

[51] L. Boruvka, O. Vacek, J. Jehlicka. Principal component analysis as
a tool to indicate the origin of potentially toxic elements in soils.

Geoderma, 128(2005) 289-300.



53
[52] E. Merian , A.Manfred, I. Milan,S. Markus. Elements and their
compounds in the environment: occurrence, analysis and biological

relevance.2™. 2. Wiley-VCH Verlag GmbH & Co. KGaA, 2004.

[53] K. Oorts, U. Ghesquiere, K. Swinnen, E. Smolders. Soil properties
affecting the toxicity of CuCl2 and NiClI2 for soil microbial processes in
freshly spiked soils. Environmental Toxicology and Chemistry,

25(2006)836-844.

[54] C. Rooney, F. Zhao, S. McGrath. Soil factors controlling the
expression of copper toxicity to plants in a wide range of European

soils. Environmental Toxicology and Chemistry, 25(2006)726-732.

[55] S. Thakali, H. Allen, D. DiToro, A. Ponizovsky, C. Rooney, F. Zhao,
S. McGrath, P. Criel, H. VanEeckhout, C. Janssen, K. Oorts, E. Smolders.
Terrestrial biotic ligand model. 2. Application to Ni and Cu toxicities
to plants, invertebrates, and microbes in soil. Environmental Science &

Technology, 40(2006) 7094-7100.

[56] X.Li, C. Poon, P. Liu. Heavy metal contamination of urban soils

and street dusts in Hong Kong. Appl. Geochem., 16(2001)1361— 1368.

[57] 1. Thornton. Metal contamination of soils in urban areas, in Soils
in the Urban Environment (Eds P. Bullock, P. J. Gregory). 1991, 4775
(Blackwell Scientific: Oxford, UK).



54
[58] J.Markus, A. McBratney. An urban soil study: Heavy metals in
Glebe, Australia. Aust. J. Soil Res., 34(1996) 453— 465.

[59] W. Wilcke, S. Mueller, N. Kanchanakool, W. Zech. Urban soil
contamination in Bangkok: Heavy metal and aluminium partitioning

in topsoils. Geoderma, 86(1998) 211 —228.

[60] http://en.wikipedia.org/wiki/Titanium [Cited in 15 Apr 2015]

[61] Titanium. Encyclopadia Britannica. 2006. [Retrieved 2006-12-29].

[62] http://en.wikipedia.org/wiki/Manganese [Cited in 15 Apr 2015].

[63] L. Normandin, A. Hazell. Manganese neurotoxicity: an update of
pathophysiologic mechanisms. Metabolic brain disease, 17(2002), 375-
387.

[64] R. Baselt. Disposition of Toxic Drugs and Chemicals in Man. 8th
edition, Biomedical Publications, Foster City, CA, (2008) 883-886.

[65] http://en.wikipedia.org/wiki/Bismuth [Cited in 15 Apr 2015].

[66] H.Suzuki. Organobismuth Chemistry. Elsevier, 2001.

[67] A. Miller. Coloring of plastics: Fundamentals, colorants,

preparations. Hanser Verlag, 2003.

[68] http://medical-dictionary.thefreedictionary.com/bismuth+line [Cited in

16 Apr 2015].


http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Bismuth
http://medical-dictionary.thefreedictionary.com/bismuth+line

55
[69] A. Levantine, J. Almeyda. Drug induced changes in pigmentation.

British Journal of Dermatology, 89(1973) 105-112.

[70] J. Kriiger, P. Winkler, E. Luderitz, M. Lick, W. Manfred. Bismuth,
Bismuth Alloys, and Bismuth Compounds. Ullmann's Encyclopedia of

Industrial Chemistry. Wiley-VCH, Weinheim (2003) 187-188.

[71] B. Fowler, M. Sexton M. "Bismuth™. In Nordberg, Gunnar.
Handbook on the toxicology of metals. (2007) 433.

[72] A.Sigel. Organometallics in Environment and Toxicology. London:

Royal Society of Chemistry. (2010) 504.

[73] B. Bradley, M.Singleton. BISMUTH TOXICITY—A
REASSESSMENT. Journal of Clinical Pharmacy and
Therapeutics, 14(1989), 423-441.

[74] http://en.wikipedia.org/wiki/chromium. [Cited in 15 Apr 2015].

[75] E. Brandes, H.  Greenaway, H.Stone.  Ductility
inChromium. Nature, 178 (1956) 587.

[76] R. Baselt. Disposition of Toxic Drugs and Chemicals in Man (8th
ed.). Foster City: Biomedical Publications. (2008) 305-307.

[77] G. Birch, S.Taylor . The use of size-normalized procedures in
analysis of organic contaminants in estuarine sediments. Hydrobiology,

431(2000) 129-133.


http://books.google.com/books?id=5UMGDcCbJ-MC&pg=PA504
http://en.wikipedia.org/wiki/chromium

56
[78] J. Bubb, T. Rudd, J. Lester. Distribution of heavy metals in the
River Yare and its associated broads. Il1l. Lead and Zinc, Sci. Total

Environ., 102(1990) 189-208.

[79] G. Rauret. Extraction procedures for the determination of heavy

metals in contaminated soil and sediment. Talanta, 46(1998) 449-455.
[80] H. shraideh.water quality modeling of Al-Qilt stream.2014.

[81] K. DaskalakisT. O’Conner. Normalisation and elemental sediment
contamination in thecoastal United States. Environmental Science of

Technology, 29(1995)470-477.

[82] S. Jeong-Yul, G. Birch. Use of grain-size and elemental
normalization in the interpretation of trace metal concentrations in
soils of the reclaimed area adjoining Port Jackson, Sydney, Australia.

Water, Air, and Soil Pollution,160 (2005) 357-371.

[83] H. Feng, X. Han, W. Zhang, L. Yu. A preliminary study of heavy
metal contamination in Yangtze River intertidal zone due to

urbanisation. Marine Pollutant Bulletin, 49(2004) 910-915.

[84] A. Figueroa, D. Jiménez, C. Rodriguez-Sierra. Trace metals in
sediments of two estuarine lagoons from Puerto Rico. Environmental

Pollution, 141 (2006) 336-342.



Ayt gl el Aaals

L) clead Jal) Al

il ool g dbhaiae 4y 5 B Lgan jaig Waa) g copalaall (5 gine

Aae)

@A taaa ) 4o lia

A )
5 g daadi .3

G Ul a0

LG pLal L8 phiuald) dan o Jganl) cililhital YiaSiol da gl ody cuath

bt (Qalil 8 ik o) 2 Lad) dralay (8 L) cbaad )
2015



Oabaaldy Ao JWY g3y A ol g0 g Apiahall Ay 30 8 Lgay 5 gi g ALERY (paleall (5 gina
Aas)
A dana il 30 clia
iy
3362 Baadd.d

G Ll 2 0
uaﬂ.d\
A ol Bl ge il gl o e e digh (e e Jege ALED (alaally a5k

) a4l e duda

Jaendd B aeludn cplandd 35 5 3 (g bl il e 4anlll <l glall dyea jo pranal ()

o) e w8l 4 Gluway Sl aga g pand 4l

a sl e e 33l 3¢ Jalil) Adlaie By 5 gl adl se Al 0 58 Canl) 13a e Caagdl
G0 oy S a5 Al ol (o Lol 58 A8 yrad el 5 Jalil) dilate 8 4dlal)

Akl b a4yl el )

Sl Lgialbae 3 4l e ¢ (5 e S Ll dilaie Joh o clisal) gan 5 il

- BCR 4 jaill 48 jla adaud 53 leldas 5 <L)

Loy ALED (aleall WY1 el cilan DA (o il clidandl) e Julatl 5 s

Al 50 otead e unadall LN e (g el Al 50 5 el Liassind sl
G aa) S Adand gy LiaS 3ap0a0 g Sl 8 sl (5l e ) e BSH (S g

Ll e 4ail b gleS 5, 31 aleall apaas 8 acbuy 138 bl aaal aghall 30



z
138 5 Al aadae Juadl 5 amall s Jay S 3 3 5hadS padill Jole Gl a3 5 ¢ gl

g pabae L S 8 Sl 3ALAT Galeall 381 5 st N ga

i jlia 5 L) dilaie G i b (sl TaLal e anslll sl S l dgmayall aass

A Y13 A 8 alaal) 4l ae

aadll 5 o gyl g by Sl 5 uiniall 5 spalidl g o uliall Jie Golaall (lany ke’ dilee )
Llis o Aaal sl agdl ilS < yelal dandl s o grialV) pe psals sl 5 s sl 5 sl

dihaie &y 555 50 Calad) 4 ad ot 4) Gabia ) o ekl capaddl Jales ilua
bl s Ml s 3halie I (amy 3 duzadll g p sl (e JS) Aline o cllia 5 Lalil)

@M\@@&\M\M\m e 4y i b AL aleadl 380 5 a8 iy N
ambhaudl sl o 56 o) oSy 4o ill o Se8 & yie ) al@l paliall JUIL g A Y

slo ALEl pualially &gl 50 o 4l cilul o dee 1 p Canll 13gd Cilpa il
Calaall 0 Al Jlag e gl gl olia (& alaadl 81 59 Gl e s 580 5 4l sadl sludll
¢ ool Aallall ol Vsl e a5l Al o Gy 5 apadandl sldl e 4Ll

- Ll Ailaie Ay 5 35l ALED cpabaall Aadlas 34 A 3








