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Chapter (1)
Introduction and aim of the work
1.1. Introduction:
1.1.1. Selenium and speciation analysis
Selenium, in one of four oxidation states (6, 4, 0, -2), appears in
environmental and biological samples in various compounds, both organic and
inorganic. In environmental samples, such as seawater and sediments, the
main

selenium

species

have

been

identified

as

Se(IV),

Se(VI),

dimethylselenide (dMeSe), dimethyldiselenide (dMedSe) [(CH3)2Se2)] and
dimethylselenone [(CH3)2SeO2)](1), while in biological samples selenocystine
(SeC), selenomethionine (SeM), selenoethionine (SeE) and selenourea (SeU)
(table (1-1) could be found (2,3).
Analytical speciation is vital because the bioavailability and toxicity of
an element depend on its chemical binding. Geologically, there are no
substantive deposits of elemental selenium and it usually occurs in sulfide ores
of heavy metals deposits. Selenates (SeO42-) are easily leached from soils,
transported to ground waters and most readily taken up by plants (4). Selenites
(SeO32-) occur in mildly oxidizing neutral pH environments and are less
soluble than selenates. Selenium pollution results from industrial activities
such as oil refineries and coal-burning electric utilities

(5)

. Comprehensive

discussion of environmental selenium is available in the texts authored by
Frankenberger et al. (6, 7).
Selenium has a major nutritional and biological role in living systems,
and speciation analysis of inorganic and organoselenium compounds to define
exact biological roles is a major analytical challenge. Selenium is an essential
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nutrient and has been known to be a necessary component of the human diet
for many years

(8)

. Selenium is also toxic at levels above the rather narrow

range of that considered a health level in the human diet. Daily consumption
of less than 0.1 mg kg−1 of body weight will result in selenium deficiency
while levels above 1mg kg−1 are considered toxic

(9,10)

. This leads to an

increased demand for the measurement of selenium in its various chemical
forms and oxidation states. Analysis of this type falls under the field of
elemental speciation analysis; specifically, selenium speciation analysis has
been reviewed in the literature (11–15). Elemental speciation analysis is defined
as the analytical activity of identifying and quantifying the actual chemical
form, the chemical species of an element and has been described in general
detail by various review articles (16–26).
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Table (1-1): Some inorganic and organic species of selenium compounds.
Chemical name

Formula
Inorganic species

Se(0)
H2Se (volatile)
SeO3H2 (SeO3 2−)
SeO4H2 (SeO4 2−)
Organic species
Selenocyanate
HseCN
Trimethylselenonium cation
(CH3)3Se+
Dimethylselenide
(CH3)2Se (volatile)
Dimethyldiselenide
(CH3)Se–Se(CH3) (volatile)
Dimethylseleniumsulfide
(CH3)Se–S(CH3) (volatile)
Dimethylseleniumdioxide
(CH3)2SeO2 (volatile)
Dimethylselenopropionate
(CH3)2Se+CH2CH2COOH
Methylselenol
CH3SeH
Methylseleninic acid
CH3Se(O)OH
Methylselenenic acid
CH3SeOH
Amino acids and low molecular mass species
Selenocysteine
HOOCCH(NH2)CH2–Se–H
Selenomethylcysteine
HOOCCH(NH2)CH2–Se–CH3
Selenocystine
HOOCCH(NH2)CH2–Se–Se–
CH2CH(NH2)COOH
Selenomethionine
HOOCCH(NH2)CH2CH2–Se–CH3
Selenoethionine
HOOCCH(NH2)CH2CH2–Se–CH2CH3
γ-Glutamyl-SeH2NCH2CH2–CO–NHCH(COOH)CH2–Se–CH3
ethylselenocysteine
Selenocystathionine
HOOCCH(NH2)CH2CH2–Se–
CH2CH(NH3)COOH
Selenohomocysteine
HOOCCH(NH2)CH2CH2–Se–H
SeHOOCCH(NH2)CH2CH2–Se–CH2C4H5C5N4NH2
denoxylselenohomocysteine
Other Compounds
Selenosugars
Various sugar structures
Selenoproteins
Various proteins and enzymes (i.e., GPX,
Selenoprotein P, TR)
Elemental selenium
Hydrogenselenide
Selenous acid (selenite)
Selenic acid (selenate)
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Elemental speciation usually requires coupling of two techniques: a
technique to separate the element’s chemical forms of interest and a sensitive
detection method to provide detection of the analyte at low levels

(18)

. For

practical purposes, method specificity is necessary for selenium speciation
analysis. The most practical approach for selenium speciation analysis,
therefore, is the use a separation technique combined with a specific and
sensitive detection system. The coupling of chromatography or capillary
electrophoresis to accomplish analyte separation with highly sensitive detector
such as inductively coupled plasma-mass spectrometry (ICP-MS) has proven
to be an effective hyphenated system in recent years

(11)

. Selenium speciation

analysis has been conducted with various means of detection such as
chromatography

including

conductametric

and

ultraviolet.

Moreover

inductively coupled plasma-atomic emission (ICP-AES), electrospray
ionization mass spectrometry (ESI-MS) and neutron activation analysis have
been covered in the same sense (11, 13). The use of inductively coupled plasmamass spectrometry (ICP-MS) is widespread and will be covered extensively
within this review. ICP-MS detection offers high sensitivity and relative ease
of interfacing with common chromatographic and separation techniques.
Although ESI-MS is the best approach for identification of selenium
compounds

(27)

, ICP-MS offers the highest sensitivity and offers the best

quantitative method when reference compounds are available. Some selenium
compounds or species of interest which are commonly studied in the literature
are listed in (Table 1-1). Various selenium containing enzymes and proteins
are also of interest from a biochemical standard point; thioredoxin reductase
(TR), glutathione peroxidase (GSH-Px), phospholipid hydroperoxide
gluthathione peroxidase (phGSH-Px)

(9, 28, 29)

, and Selenoprotein P

(30)

are a

few common selenium containing biochemicals of interest. The endocrine
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system is known to have at least 30 selenoproteins, many of which have well
defined functions (31).

1.1.2. A summary of the biochemistry of selenium
Selenium is an essential nutrient and is found in various forms within
human body fluids

(32)

. It is present as a necessary component to form the

active center, a selenol group (SeH), in numerous selenoenzymes, a few which
have been mentioned in the previous section. Some studies in recent years
have implied that selenium may reduce the incidence of some types of
cancers, including an implied role in the prevention of prostate cancer

(33–36)

.

Cancer chemoprevention has been associated with inorganic selenium salts,
selenoamino acids and other organoselenium compounds. Methylselenol
(CH3SeH) and other monomethylated forms of selenium have been considered
to be important chemopreventive selenium metabolites

(37)

. Other selenium

compounds have been evaluated and shown to reduce certain tumor cell
proliferation in the rat

(38)

and tumorigenesis in the mouse

(39)

. The dietary

considerations of selenium, along with the cancer preventative considerations,
have lead to widespread commercial interest in selenium diet supplements
sold in various chemical forms. Augmenting the food supply and diet by
inclusion of selenium-enhanced plants has also been suggested

(40)

. Selenium

speciation often parallels sulfur chemistry, except that selenium analogs can
be present at three orders of magnitude lower than sulfur. These trace levels of
selenium compounds make detector/method sensitivity an important
consideration for speciation analysis. Selenocysteine (see Table 1-1) is
functionally the most used selenium species in biochemical processes and in
active selenium proteins, and it has been classified as the 1st amino acid in
terms of ribosomemediated protein synthesis (41,42). Selenomethionine, a major
species of selenium found in selenium rich foods, is usually incorporated non-
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selectively into proteins as a substitute for sulfur containing methionine

(29)

.

The primary metabolic pathway of selenium by animals is the reduction of the
elemental form followed by methylation leading to dimethylselenide and
trimethylselenonium cation(43–45). Hydrogen selenide has been described as an
intermediate in this process (46), although some animal studies have suggested
the possibility of selenoselenol as an intermediate in the methylation process
(47)

. Metabolic pathway selenium based on animal studies

(48, 49)

. It is known

that selenite is metabolized by glutathione (GSH) to H2Se through
selenodiglutiathione and glutathionylselenol intermetdiates(50), as selenate is
also metabolized(51). After the inorganic selenium has been reduced stepwise
to hydrogen selenide or a closely related species, selenium is either excreted
as the methylated metabolites or incorporated into selenoproteins by means of
selenophosphate and selenocysteinyl tRNA according to the UGA codon
encoding selenocyteinyl residue. Although trimethylselnonium ion has been
claimed to be selenium species found in animal urine studies, some human
studies have questioned this species as product of selenium metabolism and
indicated selenosugars are one of the final metabolic products

(52)

. Selenium

species used in the living body can be divided into two major categories:
enzyme products and gene products. Enzyme products generally lead to the
eventual production of selenoamino acid synthesis. Many of these urine
excreted selenium compounds have been detected and reported in the
literature

(53, 54)

. A number of selenium species have been found in

microorganisms and plants

(55)

. The predominate plant selenium species have

generally been found to be the common selenate and selenite species (Table11) and a number of the selenoamino acids. The understanding of the biological
use of selenium in its various species has lead to the extensive challenge for
speciation analysis.
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1.1.3. Selenium in the environment
Selenium is introduced into the environment by both natural processes
and by human activity. Weathering of Cretaceous marine shale rock has been
known to produce high levels of selenium in the soils of many areas in the
western region of the United States. Irrigation of seleniferous soils for crop
production in arid and semi-arid regions is a major source of selenium
introduction into the environment

(56)

. These agricultural activities in some

areas of the western United States have caused high levels of selenium to be
released into local aquatic systems. Another major source of selenium from
human activity is by the acquisition, processing and combustion of fossil fuels
(56)

. Selenium is a trace element present in coal, coal conversion products, oil,

oil shale and their waste by-products (57–59). Selenium is found at high levels in
the mineral fraction of fly-ash and bottom-ash from the combustion of coal (60).
Approximately 100 million tons of coal fly-ash is produced annually in the
United States, and much of it is disposed by dumping into dry ash or wetslurry basins (61). Selenium leachate or run-off from these disposal areas often
contaminates local aquatic systems. Selenium concentrations can rapidly
increase in fish, water flow and other aquatic organisms. Selenium can
bioaccumulate by means of the food chain and selenium can be at significant
levels for higher animals. A high selenium level in wildlife has known toxic
effects including general tissue damage and reproductive failure, as well as
teratogenic effects (62, 63). The complete elimination of some fish communities
has been attributed to elevated selenium levels in aquatic systems (62, 63). Since
the elemental form or chemical compound of selenium varies its toxicological
properties, elemental speciation analysis provides useful support for
environmental study. Bioaccumulation of selenium in the environment
represents multiple complex systems and an extensive opportunity for use of
selenium speciation analysis to gain useful knowledge of the various chemical
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and biochemical transformations involved. In aquatic systems, plankton,
plants, algae and benthic invertebrates accumulate selenium, which in turn are
eaten by fish and other wildlife. Biomagnification of selenium, which is the
accumulation of progressively greater concentrations by successive trophic
levels of the food chain, can range from 2 to 6 times between the primary
producer (the plants and algae) and the lower consumer (the invertebrates and
fish)

(56)

. Ultimately, concentrations in fish that eat contaminated plankton or

benthic invertebrates could contain 500 times the selenium concentration of
their surrounding water environment (56).
Immobilization and the removal of selenium also represent complex
chemical processes. Selenium can be adsorbed or complexed with particular
matter or clay sediments. Selenium is removed from the environment by
eventual sedimentation in nature. Man-made bioremediation, that is, the
removal of selenium using biological processes, is very important area of
study today. Specifically, phytoremediation, the process by which certain
plants can be used to remove selenium in situ from contaminated soils is
active being pursued today. Phytoremediation has been proposed as a cost
efficient technology for the elimination of toxic contaminants from the
environment (64).
Selenium accumulating plants belonging to the families allium,
brassica, composite, cruciferae and leguminosae may accumulate selenium to
concentrations of several thousand mg/kg dry mass when grown in seleniumrich soil(65). A number of possible mechanisms have been proposed for
selenium uptake and distribution in these plants. One is by the specific
incorporation of selenium into proteins by incorporating the active site
selenocysteine, the accumulation of selenium following the sulfur metabolic
pathway, whichwould eventually lead to selenium protein incorporation. The
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second is by an alternative mechanism for excluding selenium from proteins,
which would be the ability of selenium-accumulating plants to discriminate
against the incorporation of selenoamino acids into proteins and the formation
of non-proteinogenic or nonessential selenoamino acids

(66–68)

. The Indian

mustard plant, Brassica juncea, has been studied for use as a phytoextractor or
phytoaccumulator of selenium for removal from contaminated soils

(69, 70)

.

After plants have accumulated and sequestered selenium, they can be
harvested and disposed of in an environmentally safe manner. Bacteria have
been studied and described for use in removing or immobilizing selenium
species in contaminated water for many years

(65, 71)

. Selenium speciation

analysis has been important for the support of bioremediation research studies.

1.2. Inductively coupled plasma-mass spectrometry and basic
interfacing
1.2.1. ICP-MS and Selenium
The general topic of inductively coupled plasma-mass spectrometry
(ICP-MS) used in speciation analysis has been discussed and reviewed
extensively in the literature (17–22, 72). ICP-MS was developed by both the Houk
and Gray research groups over two decades ago

(73, 74)

. ICP-MS has several

advantages for general speciation analysis, as well as selenium speciation
analysis, over more traditional detectors. These advantages include multielement and multi-isotope detection and high sensitivity with a wide linear
dynamic range

(75)

. The majority of the chemical elements have a dynamic

linear detection range of 4–11 orders of magnitude using the ICP-MS (76). The
detailed aspects of ICP-MS has been described

(76, 77)

and will be covered

briefly in this review. In ICP-MS, the high efficiency of atomization and ion
formation of the inductively coupled plasma is coupled with the specific and
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sensitive detection capability offered by mass spectrometry. The ICP is a
high-energy ionization source; the plasma typically operates at temperatures
of 5000–10,000K at atmospheric pressure. The argon plasma is generated in a
quartz torch under the conditions of a powerful (600–1800watts) radio
frequency electromagnetic field (27–40 MHz)

(78)

. Plasma is formed when a

spark is applied to the argon stream in the quartz torch. Free electrons within
the plasma are accelerated by the induced magnetic field and bombard other
gas atoms, which causes further ionization and sustains the plasma. Sample
introduction is by means of a carrier argon gas flow through the central tube in
the quartz torch. For aqueous samples, the liquid is first nebulized into an
aerosol, a finely dispersed liquid mist, before being carried into the plasma
torch. An aerosol facilitates a uniform sample introduction into the plasma and
vaporization, atomization and ionization of the analyte occur nearly
simultaneously. ICP is a “hard” ionization source; thus, ions of elemental
atoms generated from the plasma are sampled by the mass spectrometer,
which can be of a conventional design. Quadrupole, time of flight (TOF) or
sector field (SF) mass spectrometers have all been employed with the ICP and
general speciation analysis. Selenium does have spectral interferences, and the
determination of this element by conventional ICP-MS is not without some
problems (79, 80). The formation of polyatomic ions in the argon plasma causes
some interference with some selenium isotopes (81, 82). A major interference is
the formation of the dimer

40

Ar2+ which overlaps the mass signal with the

most abundant selenium isotope, 80Se (49.8% abundance). Other less abundant
isotopes of selenium are usually monitored, such as 82Se (9.2%), 78Se (23.5%)
or 77Se (7.6%), which have fewer polyatomic interferences from the plasma.
With HPLC chromatographic systems, possible interferences of polyatomic
ions from the components of the mobile phase may come into play, or
alternatively, some potential interference may be chromatographically
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eliminated. A typical operation was described by Chassaigne et al.
ratio of

78

Se to

82

(83)

; the

Se signal was monitored throughout chromatographic runs

and against blank backgrounds to verify the lack of interferences from the
possible 12C35Cl2, formation from the use of Tris–HCl used in mobile phase.
The isotopic ratio was found to be in agreement with their relative natural
abundance which indicated interference from this particular mobile phase was
negligible (83). Another means of removing polyatomic interferences in ICPMS
is by means of collision/reaction cell technology. The basics of
collision/reaction cells have been described elsewhere (84), including early uses
with selenium and other elements in 1999 (85). In this approach, ions from the
ICP enter an interface in the normal manner where they are extracted under
vacuum into the reaction/collision cell, which is positioned before the analyzer
quadrupole. This cell consists of a multipole (quadrupole, hexapole, or
octapole) operated in the radio frequency mode to focus ions which collide
and/or react with a collision/reaction gas bled into the cell. In collision mode,
interfering polyatomic ions collide with an inert gas, either dissociating it (not
likely) or reducing its energy such that with a proper quadrupole bias setting,
the reduced energy polyatomic is screened from the quadrupole mass analyzer
(energy discrimination). In reaction mode, interferences or the analyte ions
undergo chemical reactions with a gas. There techniques help prevent
interfering ions from spectrally overlapping with the target isotopes. The
argon dimer (40Ar2+), which interfere in the analysis of selenium (80Se+), can
be reduced by means of a collision/reaction cell. Helium is an inert gas, and is
often used in the collision cell for every element and occasionally with
selenium

(86, 87)

. Collision/ reaction cell gases used in selenium speciation

analysis include hydrogen, dinitrogen oxide (86), methane (88), and combinations
including methane and ammonia (89). Hydrogen gas is most often used with the
analysis of selenium, and hydrogen has been shown to lower argon dimer
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interference with selenium by about six orders of magnitude in some ICP-MS
systems (84, 90). In a comparison of collision/reaction cell systems, the use of
hydrogen gas was found to give the lower detection limits when compared to
helium and dinitrogen oxide

(86)

. Sloth and Larsen

(88)

used methane in a

dynamic reaction cell to reduce argon dimer interference for selenium by
approximately five orders of magnitude. The use of the collision/reaction cell
MS for applications involving selenium speciation analysis has been
extensively published (86, 88, 91–99). Collision/reaction cell technology has to be
used with some caution; it can create some polyatomic interference problems
without careful experimental considerations. In a recent study by Ogra et al.
(100)

, polyatomic interferences by the formation of

79

Br1H+ and

81

Br1H+ were

formed in the ICP by the use of hydrogen gas collision/reaction cell.
Extracellular fluids from humans, such as urine and plasma, typically contain
high levels of bromine which might cause overestimation of

80

Se or

82

Se.

Chromatographic elimination of bromine is probably the easiest solution to
this problem. Avoidance of the use of Tris–HCl buffers in HPLC systems,
which may contain a low level of bromine with the chlorine, is the most
logical approach. Ogra et al.

(100)

used deuterium as a collision/reaction cell

gas to remove interferences with 80Se and 82Se signals; formation of 79Br2H+
and 81Br2H+ avoided signals at the masses of selenium isotopes. Owing to the
fact that selenium has multiple atomic isotopes, isotope dilution mass
spectrometry is often used in the quantification of selenium species and has
been reported frequently in the literature. The isotope dilution technique
involves the addition of a known amount of an enriched isotope of selenium to
the sample. This addition is made prior to sample preparation or extraction.
The effects of drift, quenching and other related matrix effects do not present a
problem with isotope dilution as it in effect acts as an internal standard. The
general technique of isotope dilution is free from physical interferences from
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matrix effects, but it is not interference-free in that mass interference must still
be dealt with in addition to correction of the signal intensity for dead time and
possible mass bias interference. Some specific examples using isotope dilution
in selenium speciation analysis include a study done by Encinar et al.

(91)

in

quantification of the 77Se/78Se ratio of selenomethionine extracted from human
serum and a study by Hureta et al.(101) in the quantification of selenium species
from mushrooms. Yang et al. (102) used the isotope dilution techniuqe to study
selenomethionine levels from enriched yeast.

1.2.2. Interfacing with ICP-MS
Interfacing a separation technique with ICP-MS detection is fairly
straightforward today. Gas chromatographic interfaces are the simplest, since
the analytes are volatilized when entering the plasma. HPLC and CE sample
introduction consists of liquid sample introduction and requires an appropriate
nebulization system. Transport efficiency with GC is nearly 100%; transport
efficiencies with interfaces with HPLC and CE tend to be much lower.

I.2.2.1. HPLC interfacing
HPLC is the most commonly used technique for trace selenium
speciation analysis. HPLC has the advantage of performing separations of
nonvolatile selenium species; thus, it has generally better versatility than GC
which may require a derivatization step before analysis. A basic understanding
of the nebulizer function and the types of nebulizers is necessary to
successfully interface HPLC, or for that matter, CE, to the ICP-MS.
Nebulization, as described previously, is the process to form an aerosol, that
is, to suspend a liquid sample into a cloud of droplets less than 100µm in size.
The quality of any nebulizer’s aerosol is based on many different parameters
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including mean droplet diameter, droplet size distribution, span of droplet size
distribution, droplet mean velocity and droplet number density. There are
numerous nebulizers available commercially for use with ICP-MS systems,
and their detailed description can be found elsewhere (103). Pneumatic designs,
both concentric and cross flow, are the most popular for HPLC interfaces and
need not be detailed any further within this review. Interfacing can be readily
accomplished with HPLC ICP-MS; mobile phase flow rated used for
analytical and small bore column dimensions are in the range of 0.2–1.5 ml
min−1 which is compatible with most conventional nebulizer systems
employing the concentric or cross-flow nebulizer and a standard spray
chamber. To minimize possible peak broadening from excessive post-column
volume, the transfer line from the HPLC column outlet to the nebulizer is kept
to a minimum length. Sample transport efficiency, that is the amount of
analyte actually reaching the plasma, is generally low at higher flow rates used
in standard HPLC analysis. The standard concentric nebulizer delivers only
2% of the sample entering the nebulizer to the plasma (104). Olesik et al. (105,106)
have reported transport efficiencies of 20% or more when liquid sample
introduction is less than 0.1 ml min−1 in a standard concentric nebulizer
suggesting that micro-nebulizers make small-bore and microbore HPLC
particularly attractive for use in ICP-MS. Many HPLC techniques make use of
organic modifiers in the mobile phase; therefore, the organic solvent content
introduced into the ICP must also be a consideration. Large volumes of
organic solvent introduced into the plasma can result in its instability (104). This
problem can be minimized by desolvating the sample aerosol before it reaches
the plasma. A cooled spray chamber is generally used to condense the solvent
vapor, although membrane dryers and Peltier condensers have occasionally
been used for this purpose

(107)

. Also, acetonitrile is relatively incompatable

with ICP-MS, so methanol is the organic modifier of choice for plasma/signal
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stability. Reduction of the liquid volume introduced into the plasma can be
accomplished by flow splitting after the analytical column or with the use of
small-bore or microbore HPLC columns. The use of more efficient nebulizers
for selenium speciation analysis with ICP-MS which operate at lower liquid
flow rates is common practice. The meinhard high-efficiency nebulizer (HEN)
is a variation of the concentric nebulizer which has smaller internal
dimensions; it is specifically designed to operate at low flow rates of
approximately 100µL min−1. The HEN has been demonstrated to be a good
interface using HPLC at low liquid flow rates (108). A similar nebulizer known
as the MicroMist nebulizer is capable of low liquid flow rates. Another low
flow nebulizer is the Microconcentric Nebulizer (MCN) this nebulizer has
been used with flow rates in the range of 10–30µL min−1. The MCN utilizes a
concentric tube design; however, its outer body is constructed of plastic
instead of glass and its inner sample tube is made of a fused silica capillary
tube. These three commercial concentric low flow nebulizers, the HEN,
MicroMist and MCN, have been compared to each other for flow introduction
into an ICP-MS(109).Woller et al.(110) used the MCN in the determination of
arsenic and selenium species using small bore anion-exchange HPLC. Tangen
et al.

(111)

constructed their own microconcentric nebulizer capable of 5µL

min−1 liquid flow rates and have used it both for mircobore HPLC and
capillary electrophoresis. Other nebulizer designs, such as the ultrasonic
nebulizer (USN) and the direct injection nebulizer (DIN), are applicable to
low flow HPLC interfaces. These nebulizers have been reviewed elsewhere in
detail for their use in elemental speciation analysis (103). The USN was used by
Zheng et al.

(112)

in an HPLC ICP-MS interface for selenium analysis. The

DIN transfers the sample directly into the plasma torch without the use of a
spray chamber and this nebulizer, although frequently used for CE–ICP-MS
interfaces, has been evaluated for selenium analysis for HPLC (113,114).
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1.2. Hydride Generation
1.2.1. Atomic Absorption Spectroscopy
Atomic absorption spectroscopy (AAS) is one of the commonest
instrumental methods for analyzing metals and some metalloids. But because
of interferences, poor reproducibility, and poor detection limits an alternative
method for some elements, mostly metalloids, has been developed. Hydride
generation atomic absorption spectroscopy (HGAAS) is available via an
option for many modern AAS instruments. It "only" requires the hydride
generation module. Metalloids like antimony, arsenic, selenium, and tellurium
are now routinely analyzed by HGAAS. Inductively coupled plasma (ICP) is
also a powerful analytical, instrumental method for these elements but at this
point its much higher cost limits it widespread use as compared to AAS or
HGAAS. Many of the main parts of the HGAAS system are identical to that
of AAS: a hollow cathode lamp, air/acetylene flame, and optical system but
include (in most systems) an optical cell and the relatively complex hydride
generation system. The nebulizer required in AAS is not used in HGAAS.

1.2.2. Hydride-Generation Technique Review
The fact that Selenium and a number of other representative elements of
Groups IV, V and VI of the periodic table form volatile, covalent hydrides
with ‘nascent hydrogen’ has been known and utilized for more than 100
years. In early 1950s a number of techniques were introduced for the
determination of selenium and other hydride-forming elements using
colorimetric methods. The hydride was generated with zinc in acidic solution
and the gaseous reaction products were conducted into solutions containing
ammonium molybdate or hydrazine sulfate, for example, which form
characteristic, colored complexes with the hydride. Some of these techniques
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are still in use even today. Metal-acid reactions have a number of
disadvantages, however, that played no small part in preventing the wider
acceptance of the hydride-generation technique. When zinc is used as the
reductant, only antimony, arsenic and selenium can be determined. Also,
granulated metals often cannot be obtained with the required degree of purity,
so that is necessary to work with significant, frequently varying, blank values.
MCDaniel et al. (115) established that using this reaction, only about 8% of the
hydride released, while around 90% is trapped in the precipitated zinc sludge
or does not react, so this is certainly unsatisfactory for trace determinations.
The introduction of sodium tetrahydroborate (NaBH4; earlier frequently
called sodium borohydride) as the reductant brought about a marked change in
the hydride-technique

(116)

. Using this reductant Schmidt and Royer

(117)

determined antimony, arsenic, bismuth and selenium.
MCDaniel et al.(115) found that when using tetrahydroborate pellets in
measurement solutions acidified with 0.6 mol/L hydrochloric acid solution,
only about 10% of the hydride (for selenium ) was released, while in 6 mol/L
hydrochloric acid solution under additional mixing with a stream of nitrogen,
the yield could be increased to 50-60%.
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Aim of the work
The aim of the work is directed towards:
1- Collection and Survey of previous publications concerning the detection
of heavy elements by ICP-MS and HG-AAS.
2- Optimization of the methods used for the preparation of Environmental
samples for different techniques
3- Optimization of the operational parameters of ICP-MS to obtain the
suitable conditions that gives the best analytical results.
4- Optimization of the operational parameters for HG-AAS instrument
during analyses.
5- Optimization of the operational parameters for NAA instrument during
analyses.
6- Study the interference and matrix effect by using some reference
materials.
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Theoretical Considerations
2.1. Digestion and sample pretreatment
2.1.1. Sample collection, processing, and storage:
Initially, attention must be given to the adequacy of the method used
to analyze selenium from its original source. It is strongly recommended that
the analytical method under consideration be verified against samples of
known certified selenium content such as the standard reference materials
available commercially from the US National Bureau of Standards. Moreover,
adequate analytical quality control measures should be standard operating
practice in any laboratory conducting analyses for selenium. Equally
important is the proper collection and treatment of samples before analysis.
The sample collected must be representative of the material being studied, and
must be protected from either contamination or loss of selenium during
analysis. These considerations are especially important in the processing of
organic matter containing selenium and in the determination of trace amounts
of selenium in materials of environmental interest such as soils, air, and water.
In the case of soils, it should be recognized that sampling to a depth of
1 m is more meaningful than shallower sampling, especially where soilselenium levels are excessively high

(118)

. Also, considerable variations can

occur in soils laying only a few meters from each other. In air samples, both
volatile and particulate selenium may be present and a dry filter with an added
liquid filter has been suggested for measuring the total selenium in air (119, 120).
Water samples may contain suspended solids and, in the sampling for
analysis, it must be decided whether these solids, which may contribute
significant amounts of selenium, should be included in, or excluded from, the
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sample. Animals are known to synthesize volatile selenium compounds;
therefore it is preferable to analyze animal specimens without drying.

2.1.2. Sample treatment:
Some methods of analysis can be performed without destroying the
sample. In others, the sample must be treated in some way to remove organic
matter, release the selenium, and bring it to the proper oxidation state. Several
procedures for accomplishing this have been developed and discussed below.

2.1.2.1. Wet digestion ( microwave digestion )
An important development in analysis in recent years has been the
widespread introduction of microwave heating as a replacement of traditional
methods of digesting samples to instrumntal analysis(121).
Since 1975 the use of microwaves was reported(122) as a heat source for
wet digestion methods. A number of review articles and books have been
published(123-125) detailing the use of the technique for elemental analysis. Kuss
listed the application of microwave digestion techniques for elemental
analyses cited in literature before 1992, including references for the digestion
of biological, geological, environmental and metallic materials(126).

2.1.2.1.1. The closed microwave digestion system
There are two primary mechanisms for the absorption of microwave
energy and its conversion into heat:
a. Dielectric polarization
b. Ionic conduction .
Solvents such as water , mineral acids, and some organic solvents have
dipole moments that can interact with an applied electric field. Dielectric
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constant ( ξ′ ) is a measure of molecules ability to be polarized in electric field.
The ability of a solvent to absorb microwave energy is defined as the loss
tangent ( Tans ξ″ / ξ′ ). where ξ″ is the dielectric loss. The dielectric loss defines
the efficiency of the molecule in converting microwave energy into thermal
heat.
The free ions in solutions such as the ionized acids are attracted by the
oppositely charged directions of the electromagnetic fields, which oscillates
and reverses approximately 5 billion times per second at the commonly used
frequency of 2450 MHz. The behavior of mineral acids in microwave fields
can predicted in terms of absorption of energy. For mineral acids, both
dielectric polarization and ionic conduction are responsible in transferring
microwave to heat.

2.1.2.1.2. Chemical reaction profiles in closed vessels
To develop digestion procedures, the connection between temperature
and the pressure–reaction time profile has to be considered. The typical
reaction profile (fig. 2-1) illustrates several stages of digestion for the
microwave method. The microwave energy heats the acid and the vessel in
contact with the acid. The acid is below its atmospheric boiling point, its
vapor phase is minimal, and no appreciable amount of vapor heats the vessel
walls.
When the temperature exceeds the atmosphereic boiling point of the
acid a large quantity of gas phase acid is produced in veessel. The gaseous
acid can not efficiently absorb microwave energy, and upon contact with the
cool vessel walls it condenses, releasing energy to the vessel walls. Depending
on the heat capacity of the vessel, heat is released to the air inside the
microwave cavity. During this stage of the digestion, the liquid acid is heated
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and its vapors heat the vessel walls. The final stage of heating which is known
as “sustained dynamic thermal non–equilibrium”, maintains reaction
temperature during the digestion. At this point, the microwave energy
absorbed by the acids is balanaced by the energy realeased by the vessel. The
evaporation and condensation of acid continues, but because of the heat loss
from the vessel, the temperature at the top of the vessel can never reach that
attained by the liquid reagents and sample.

Fig. (2-1): Interpretation of microwave heating program.

2.1.2.1.3. The advantages of the microwave digestion:
1.

The signficant reduction in digestion time.

2.

Requires minimum supervision by a technician, because the
system and equipment readily lend themselves to automation.

3.

The high heating efficiency which can be obtained is the major
advantage of the closed microwave digestion.

4.

Since the samples are contained in closed vessels, the losses due
to volatilisation are minimised and the contamination from
external sources is reduced.
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It is suitable for digestion of samples with a high fat content,
which are difficult to digest using other wet systems(127).

2.1.2.2. Predigestion
A Predigestion process can often reduce sampling error, when
solubilized samples or wet digestion are used in determining selenium. A
sample much larger than that required for the actual determination is heated
with about 10 volumes of concentrated nitric acid at a slow boil for about 20
min. After cooling and making to volume with water, an appropriate aliquot
can be removed for analysis. With samples of high fat content, the fat will rise
to the surface on cooling and it can be avoided in sampling for analysis. The
fat contains essentially no selenium at this point. Feed samples fortified by the
addition of sodium selenite or selenate, as well as premixes containing these
compounds, can often be handled much more successfully with this procedure
than by relying on fine grinding to assure a representative sample(120).

2.1.2.3. Combustion
Open combustion, with or without added fixatives, and low
temperature ashing with excited oxygen have not been successfully used in
selenium determination. Using the Schoeniger flask for destroying organic
matter and oxidizing the selenium gives excellent results, but the method is
somewhat inconvenient, and this has limited its use (128).

2.1.2.4. Fusion
Sodium carbonate or sodium peroxide fusion of soils or rocks and the
Parr bomb fusion of some organic materials have given satisfactory results in
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selenium determination. However, these methods are inconvenient in many
respects and are little used (128)

2.1.2.5. Concentration
Materials containing very small amounts of selenium may require a
step for concentrating the element. With water, this can usually be
accomplished by evaporation under alkaline conditions. Other methods of
concentrating selenium include co-precipitation with iron hydroxide (selenite)
and some of the techniques used for separating the element from interfering
substances, which will be discussed in section 2.1.2.6.

2.1.2.6. Removal from interfering substances
In many methods, it is necessary to isolate the selenium or to remove
certain interfering substances before the selenium is measured. Procedures
used include: co-precipitation with arsenic, tellurium, or ferric hydroxide; ion
exchange column chromatography; solvent extraction of selenium halides, of
organic selenium complexes, or of certain interfering metals; distillation of the
tetrabromide; volatilization as hydrogen selenide; precipitation as elemental
selenium; paper, thin-layer, or gas chromatography; and the ring oven
technique (120, 129, 130). Interference by certain metal ions has been overcome to
a large extent, by the addition of complexing reagents such as oxalate or
ethylenediaminetetraacetic acid.
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2.2. Atomic Absorption Spectrometry
The concept of atomic absorption spectrometry (AAS) was proposed in
1955 in Australia(131) and in the Netherlands(132). Their idea was to present the
analyte as an atomic vapor and to pass through it radiation of the right
wavelength to excite atoms from the ground state to an excited electronic
level. Walsh used a hollow-cathode lamp as an excitation source and the
atomizer was a combustion flame. In 1961 L’vov described an electrically
heated carbon tube as an atomization system whereby relatively small
volumes of sample were introduced into the resistively heated tube, through
which the optical beam of the spectrometer passed(133). A drawback of the
graphite furnace was an increase in chemical interferences, molecular
absorption and scattering compared with the flame. Different methods were
developed to solve these problems(134).

2.2.1. Principle
When an atomic vapour containing free atoms of an element in the
ground state is illuminated by a light source that radiates light of a frequency
characteristic of the element present in the vapour, radiation will be attenuated
at certain frequencies(135). The absorbed radiation excites electrons from the
ground state to a higher energy level.
The degree of absorption is a quantitative measure for the concentration
of the ground state atoms in the vapour. These energy transitions correspond
to radiation in the UV and visible regions of the electromagnetic spectrum. As
only atoms in the ground state are involved in this process, ionization must be
kept to a minimum. This can be achieved by atomization in a flame (flame
atomic absorption spectrometry; FAAS) or in a graphite furnace (graphite
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furnace atomic absorption spectrometry; GFAAS), where temperatures of
3000 K are seldom exceeded.
The Boltzmann equation (eq. 2-1) shows that, for most elements, at the
moderate temperatures prevailing in flames, nearly all atoms are in the ground
state. Fig. (2-2) gives ni / nt ratios for a series of elements at different

ni
gi e−Ei / KT
=
nt ∞ −Ei / KT
∑gie

(2 − 4)

i=0

temperatures

(136)

.

Where gi is the statistical weight of state I, Ei is the excitation energy
relative to the ground state, K is Boltzmann constant and T is

the absolute

temperature.

ni/nt

Temperature (k)

Fig. (2-2): Ratios of ni / nt as a function of the temperatures in K for
some elements.
For typical flame or furnace temperatures (2000-3000 K), the number of
atoms in the ground state is of the order of 104-1015 times the number of atoms
in the lowest excited state. A simplified drawing of a basic flame atomic
absorption spectrometer (Fig. 2-3), consists of a radiation source (e.g. a
hollow-cathode

lamp),

an

atomizer
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monochromator, a detector (photomultiplier) and a recording system. The
radiation of the hollow-cathode lamp is chopped to eliminate the background
signal, arising from the radiation emitted by the sample itself. Modern
spectrometers are equipped with a device for background correction.

Fig. (2-3): Simplified drawing of a basic flame atomic absorption system
The extent to which radiation of a particular frequency is absorbed by
an atomic vapour and the concentration of the absorbing atoms in the vapour
(Lambert-Beer law):
I= Io e -kbc

(2-2)

Where Io is the intensity of the incident radiation of frequency υ, I is the
intensity of the incident radiation after absorption; k is the absorption
coefficient; c is the concentration of the absorbing analyte, and b is the length
of the light path intercepted by the absorption species in the absorption cell.
For analytical purposes the absorbance, A is used:
A= log Io/I = Kbc
The absorbance is thus proportional to the concentration.
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2.2.2. Radiation Sources
2.2.2.1. Hollow-cathode Lamp
A hollow-cathode lamp consists of a glass container with a quartz
window. The cathode inside the container comprises a hollow cylinder that is
covered with the element or an alloy of the element that is to be determined.
The anode is made of tungsten. The lamp is filled with an inert gas, argon or
neon under vacuum (100-200 pa). Fig. (2-4) gives a schematic diagram of a
hollow-cathode lamp. Between the electrodes a voltage of about 300 V,
corresponding to a current of 1-50 mA, is applied.
The inert gas is ionized and the positive gas ions are accelerated to the
cathode. The collision energy is sufficient to cause some atoms of the cathode
to be transformed into gas in process known as sputtering. These metal atoms
are then excited by collisions with electrons and ions and emit the
characteristic atomic emission lines.

Fig. (2-4): Schematic diagram of a hollow- cathode lamp

2.2.2.2. Multi-element Hollow-cathode Lamp
The multi-element hollow-cathode lamp is a conventional hollowcathode lamp in which the cathode is made of several metals. Cathodes made
from alloys having very close melting points and volatilities (e.g. Ca-Mg, AgAu, Cu-Fe, Zn-Cd). When alloys of different volatility are used, the more
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volatile elements are preferentially lost, so that the spectrum emitted by the
lamp gradually weakens and the lamp degenerates into a one element lamp.

2.2.3. Atomization Techniques
The ideal atomizer for the AAS should provide complete atomization of
the element of interest irrespective of the sample matrix. Flame and graphite
furnace are used as atomizers in AAS.

2.2.3.1. The Optical Cell and Flame(137)
The optical cell is fused silica glass tube (transparent in the visible and
UV wavelengths and thermally stable at high temperatures) through which the
HCL's beam passes on the way to the monochromator and PMT. In some
instruments it sits on top of the normal AAS air/acetylene flame. The gaseous,
metalloidal hydride flows into the optical cell from the hydride generation
module pushes by an inert purge gas. In the optical cell it decomposes into the
elemental form which can absorb the HCL's beam.
• Job of the optical cell and flame
-Decompose the hydride form of the metalloid from the hydride generation
module thereby create atoms (the elemental form) of the element of interest
Se0, Sb0, Te0, etc.

2.2.3.2. The Monochromator and PMT(137)
Tuned to a specific wavelength and with a specified slit width chosen,
the monochromator isolates the hollow cathode lamp's analytical line. Since
the basis for the HGAAS process, like AAS, is atomic ABSORPTION, the
monochromator seeks to only allow the light not absorbed by the analyte

- ٢٨ -

Chapter (2)

Theoretical Considerations

atoms in the optical cell to reach the PMT. That is, before an analyte is
aspirated, a measured signal is generated by the PMT as light from the HCL
passes through the optical cell. When analyte atoms are present in the cell
from hydride decomposition—while the sample is aspirated--some of that
light is absorbed by those atoms (remember only volatile hydride gets to the
optical cell and then only decomposed hydride produces the elemental form).
This causes a decrease in PMT signal that is proportional to the amount of
analyte. This last is true inside the linear range for that element using that slit
and that analytical line. The signal is therefore a decrease in measure light:
atomic absorption spectroscopy.
• Job of the monochromator
-Isolate analytical lines' photons passing through the optical cell
-Remove scattered light of other wavelengths from the optical cell in doing
this, only a narrow spectral line impinges on the photomultiplier tube (PMT).
• Job of the photomultiplier tube (PMT)
-As the detector, the PMT determines the intensity of photons of the analytical
line exiting the monochromator.

2.2.3.3. Double Beam Instruments
The light from the HCL is split into two paths using a rotating mirror:
one pathway passes through the optical cell and another around. Both beams
are recombined in space so they both hit the PMT but separated in time. The
beams alternate quickly back and forth along the two paths: one instant the
PMT beam is split by the rotating mirror and the sample beam passes through
the cell and hits the PMT. The next instance, the HCL beam passes through a
hole in the mirror and passes directly to the PMT without passing through the
optical cell. The difference between these beams is the amount of light
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absorbed by atoms in the optical cell. The purpose of a double beam
instrument is to help compensate for drift of the output of the hollow cathode
lamp or PMT. If the HCL output drifts slowly the subtraction process
described immediately above will correct for this because both beams will
drift equally on the time scale of the analysis. Likewise if the PMT response
changes the double beam arrangement take this into account.

2.2.3.4. Ignition, Flame conditions, and Shut Down(137)
The process of lighting the AAS flame involves first putting the optical
cell in place and connecting the hydride gas transfer line. Next the fuel and the
oxidant are turned on and then the flame are lit with the instrument's auto
ignition system (a small flame or red-hot glow plug). After only a few minutes
the flame is stable. Deionized water or a dilute acid solution can be aspirated
between samples (but experimentation is required to ascertain what produces
the best reproducibility). An aqueous solution with the correct amount of acid
and no analyte is often used as the blank. To stabilize the HGAAS system the
acidic blank is often flowed through the sample inlet tube for 5 or 10 minutes;
although the longer this goes on, the more acidic waste is produced.
Careful control of the fuel/air mixture is important because each
element's response depends on successful decomposition of the volatile
hydride in the heated optical cell. Remember that the flame's heat must break
down the hydride and reproducibly create the elemental form of the analyte
atom. Optimization is accomplished by aspirating a solution containing the
element (with analyte content about that of the middle of the linear response
range) and then adjusting the fuel/oxidant mix until the maximum light
absorbance is achieved. Also the position of the burned head, optical cell, and
sample uptake rate are similarly "tuned." Most computer controlled systems
can save variable settings so that methods for different elements can be easily
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saved and reloaded. Shut down involves aspirating deionized water through all
three inlet tubes (borohydride, acid, and sample inlets) for a short period and
then closing the fuel off first. Most modern instruments control the ignition
and shutdown procedures automatically. The plastic tubing that is stretched
around the peristaltic pump head is loosened to length its lifetime. Finally the
purge gas is turned off.

2.2.3.5. Flame Atomic Absorption Spectrometry (FAAS)
Flame AAS, is still widely used because of its simplicity, the low cost
of the equipment and its versatility in excitation of various elements of
different nature. The sample solution is nebulized into the flame, the solvent
evaporates and the compounds in the solution dissociate into their atoms.
Radiation from the source goes through the flame and is partially absorbed.
The amount of the energy that can be supplied by the flame for dissociation
and atomization of the sample is directly proportional to the flame
temperature. Greater temperature changes could be achived by changing the
oxidant and the fuel. Table (2-1) lists the oxidant, the fuel, the combustion
reaction and theoretical temperature of several flames which can be used for
atomic absorption spectrometry.
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Table (2-1): Properties of common flames.
Theoretical

Combustion reaction

Fuel-oxidant

stoichiometric
temp.
2267

C3H8+5O2+20N2→3CO2+4H2O+20N2

C3H8-air

2380

2H2+O2+4N2 → 2H2O+ 4N2

H2-air

2540

C2H2+ O2+4N2→2CO+ H2+4N2

C2H2-air

3080

2H2+O2→ 2H2O

H2-O2

3094

C3H8+ 5O2→ 3CO2+4H2O

C3H8-O2

3150

C2H2+5N2O→2CO2+H2O+ 5N2

C2H2-N2O

3342

C2H2+ 5O2→ 2CO2+H2

C2H2-O2

2.3. Hydride Generation Atomic Absorption Spectrometr
(HG-AAS)

2.3.1. Hydride Generation System:
The bulk of the publications on the hydride-generation technique are
application-based and only a relatively limited number of working groups
have been involved with the question of mechanisms. An additional problem
in comparing the results in the majority of studies were performed using home
made apparatus which often different in numerous details. These differences
in apparatus frequently have a considerable influence not only on atomization,
and thus on the sensitivity, but also in the observed interferences. In addition,
considerably differing experimental conditions were used, such as the sample
volume, the concentration, volume and composition of acid, volume and
concentration of the reductant, and many more parameters.
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In this section we shall simplify the discussions by referring solely to
those systems and conditions that have contributed substantially to an
understanding of the events taking place. For the same reason we shall
restricted ourselves to sodium tetrahydroborate as the reductant since this is
almost exclusively nowadays used. Further, we shall only consider quartz tube
and graphite tube atomizers since the flame was not used for its limitted
dectability.

2.3.2. Generation and transport of the hydride(135)
2.3.2.1. Reduction to the Hydride
The net reaction of sodium tetrahydroborate in acidic solution and the
simultaneous reduction of the hydride-forming element can be described as:
BH-4 + H3O+ + 2H2O

H3BO3 + 4H2

(2-4)

and
3 BH-4 + 3H+ + 4H2SeO3

4SeH2 + 3H2O + 3H3BO3 (2-5)

Where equation 2 merely serves as an example for all hydride forming
element. Nevertheless, equations 1 and 2 are coarse simplifications of the true
processes, which to date are still unknown in detail. We only have to mention
the term ‘nascent hydrogen’, which is still not explained, and a number of
other observations in connection with the decomposition of sodium
tetrahydroborate in acidic solution which we shall discuss briefly below.
The finding that under optimum conditions the generation of the
hydride and the transport to the atomizer is in principle virtually quantitative
for all the hydride-forming elements is of the major significance in practice
(138).

Various authors by using radiotracers have shown that the conversion of

selenium into SeH2 and its transport to the atomizer take place with a yield of
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. It can also mean that an element must be converted to a lower

oxidation state prior to the determination.

2.3.2.2. Driving The Hydride out of Solution
Based on kinetic observations of peak form Se(IV)(139) is quantitatively
converted to SeH2 in less than 0.1 second. The rate determining step is thus
driving out the selenium from solution. For this purpose the hydrogen
generated is far more effective than the purge gas. This fact is further
confirmed that ‘old’, reacted tetrahydroborate solution can retain a large
quantity of selenium. He further found that hydrochloric acid which had been
‘purified’ with little NaBH4 led to substantial losses in sensitivity for
selenium. Since boric acid, which is the end product of the reaction, had no
influence, he concluded that an unknown reaction product between sodium
tetrahydroborate and hydrochloric acid is formed.

2.3.2.3. The influence of the Hydride-generation System
The design of hydride generator and it is mode of function can also
have a substantial influence on the release of the hydride. In batch system in
which the acidic measurement solution is present and the alkaline sodium
tetrahydroborate solution is added over a given time period, the pH value for
example can change markedly during the reaction. A. Gterdenbos et al.(141)
showed that selenium hydride is reabsorbed by the solution according to
equations (2-6)-(2-8) when the pH value is raised after the generation of the
hydride:
SeH2(g)
SeH2(L)
SeH‾

SeH2(L) (2-6)
SeH‾ + H+ (2-7)
Se 2- + H+ (2-8)
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Along with change in the pH value during the reaction in batch system
the development of hydrogen can also be change. This can lead to a retarded
of the hydride, for example, and to tailing of the atomization signal, as was
observed by Van Wagenen et al.(142).
In flow systems, on the other hand, the solutions are mostly pumped
and mixed contagiously so that certain reaction equilibrium can be
established. In contrast to batch systems, in which the reaction and separation
of the hydride take place in the same container. In flow system these processes
mostly take place in separated zone. The reaction time, during which phase
separation naturally takes place, can be influenced by the length of the
reaction zone and the flow rate. By using short reaction zones and pumping
off the reaction solution rapidly following phase separation gives the
possibility of the largely suppressing kinetically slow reactions. This
technique is termed kinetic discrimination and is used especially in Flow
Injection systems to eliminate interferences or for speciation analysis(143).
A further possibility of influencing the reaction in the Flow Injection
technique, in which a relatively small volume of the measurement solution (<
1mL) is injected into the carrier solution, is to select substantially differing pH
values for the measurement and carrier solutions. In this way, for example, the
development of hydrogen can be increased or terminated toward the end of the
measurement signals by either correspondingly raising or lowering the pH
values (carrier solution acid or water).

2.3.2.4. The Influence of the Oxidation Sate of the Analyte
The difference between batch and flow systems mentioned above are
also of considerable importance when observing the influence of differing
oxidation states of hydride-forming elements on the reaction kinetics.
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The situation is clear for the element of group VI, like selenium, since
the hexavalent oxidation state doesn't generate a measurable signal in any
situation. Reduction to tetravalent state prior to determination by HG AAS is
thus mandatory for this element. For this purpose boiling hydrochloric acid in
the concentration range 5-6 mol/L is used almost exclusively, while a short
period of heating at least 15 minutes are required for the reduction of selenium
(VI) (144,145).
Although the differing behavior of the individual oxidation states to
reduction with sodium tetrahydroborate is troublesome for the determination
of the total concentration, it can be utilized for speciation analysis. This is
particularly simple for the elements in Group VI since without prereduction
only the tetravalent oxidation state can be selectively determined, while after
prereduction the total concentration of ionic selenium can be determined.

2.3.2.5. Acidic Content and Oxidation State of Samples and
Standards(137)
The samples and standards are often prepared with duplicate acid
concentrations to replicate the analyte's chemical matrix as closely as possible.
In HGAAS, acid contents of samples and standards of 10% to 50% are
common; this is much much higher than in normal AAS.
The oxidation state of the analyte metalloid is important in HGAAS.
For instance, HGAAS analysis of selenium requires the Se(IV) oxidation state
(selenite). Se(VI), the more highly oxidized state of the element (selenate),
responds erratically and non reproducibly in the system. Therefore, all
selenium in Se calibration standards and Se containing samples must be in the
Se(IV) form for analysis. This can be accomplished by oxidizing all Se in the
sample to selenate using a strong oxidizer such as nitric acid or hydrogen
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peroxide (decomposing the excess oxidant) and then reducing the contained
selenate to selenite with boiling HCl. After that reduction step, the final acid
content is made up to the required content before the sample is introduced into
the hydride generation module. The literature also suggests that the time from
reduction to introduction into the hydride module is important, but shorter
time is best. The concentration of sodium borohydride and hydrochloric acid
reagents feed into the hydride generation reaction vessel is also important:
optimization of this is important and may be different for different elements.
Example concentrations are 0.35% NaBH4 and 50% HCl. Note that this acid
content is not necessarily identical with the acid content of the samples and
standards themselves. The reagent acid's content is aimed at producing a
reproducible amount of hydride in the module.

2.3.2.6. Transport of the Hydride(135)
The transport of the gaseous hydride to the atomizer after phase
separation, not the transport of solutions in flow systems. In addition to the
hydrogen released during the reaction a further purge gas is used in most
cases. This can be auxiliary hydrogen or an inert gas such as argon or
nitrogen. Helium must be used as the purge gas if it is intended to trap the
hydrogen in a cold trap since both argon and nitrogen can condense out with
the hydride in the cold trap.

2.3.3. The atomization of the hydride
The atomization of the hydride can occur in quartz tube atomizer (QTA)
or graphite tube atomizers. In addition to the externally heated QTA, which is
the most widely used type.

- ٣٧ -

Chapter (2)

Theoretical Considerations

2.3.4. Hydride Generation and Waste(137)
The reaction of many metalloid oxyanions with sodium borohydride
and HCl produces a volatile hydride: H2Te, H2Se, H3As, H3Sb, etc. In AAS,
the oxidation state of the metalloid is crucial and care must be taken to
produce the specific metalloid oxidation state before the sample is introduced
into the hydride generation system. The time from reagent mixing and when
the volatile hydride is separated from the liquid and sent to the optical cell is
also important. The timing of that process is controlled by flowing reagents
together using a peristaltic pump and tubing of specific lengths. After being
mixed together the liquid mixture flows through a tube of a specific length
(read this as a controlled reaction time) and is ultimately flowed into a
gas/liquid separator where the hydride and some gaseous hydrogen (produced
by the NaBH4 + H2 reaction) bubble out and are purged (via a high purity inert
gas) into the optical cell via a gas transfer line. Most of the reagents
introduced into the system flow to a waste container, and since the acid
content is very high, often approaching 50%, as with AAS, the waste
container is glass and must be handled carefully and labeled well.

2.3.5. Interferences(136)
The interferences in the hydride-generation technique can be of widely
varying nature and often depend very strongly on the apparatus used. These
interferences classified by Dedina(146), which is depicted schematically in
figure (2.5).
Interferences can take place during hydride generation, during transport,
and in atomizer. Under hydride generation we understand all processes taking
place up to phase separation, while the interferences occurring during
transport refer solely to the transport of the gaseous products after phase
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separation. Interferences can be either direct, i.e. caused by concomitants in
the actual sample, or they can caused by residues from a previous
determination (memory). For both hydride generation and transport we make
distinction between an influence on the effectiveness of generation or
transport and an influence on the velocity (kinetics). Depending on the type of
the hydride system (batch system or flow system) and signal processing
(absorbance or integrated absorbance), these interferences can assume very
different magnitude. The interferences during atomization depend very
strongly on the type of the atomizer used.

Condensed phase
(hydride generation)

Kinetics of
generation

Effectiveness
of generation

During transport

Kinetics of
transport
Effectiveness
of transport

Gas phase
(direct to memory)

In the atomizer

Radical
concentration
Analyte
attrition

Fig. (2-5). Classification of interferences in the hydride-generation
technique according to Dedina (146).
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2.3.5.1. Spectral Interferences
Spectral interferences caused by background absorption are seldom in
HG AAS since the concomitants are normally retained in the condensed phase
and only small amounts of gaseous products are formed. When flames were
used variations in the transparency frequently occurred when there were
changes in the gas composition, such as with batch system. When quartz tube
is used as atomizers there are no interferences due to background absorption
when proper procedures are applied (147).

2.3.5.2. Interferences during Hydride Generation
2.3.5.2.1. Influence of the Analyte Species
In HG AAS there is chemical reaction prior to the actual determination
step: namely generation of the hydride. If the analyte in the sample is not in
exactly the same form as the analyte in the calibration solution, the generation
of the hydride may not be with either the same speed or the same yield. With
the exception of purely inorganic samples, e.g. metallurgical samples, the
hydride-forming elements can present not only in various oxidation state but
also in a multitude of organic compound. A number of these compounds form
volatile hydrides, but their behavior is significantly different during
atomization and they can exhibit differing sensitivity. In hydride-generation
technique digestion of the samples is thus the mandatory and should be part of
the method, more especially for the analysis of biological materials and
environmental samples, but also for water analysis. The digestion procedures
must guarantee that the total content of the respective analyte is determined.
For the determination of selenium in water, digestion in sulfuric acid with an
additive of vanadium pentaoxide has been proven to be very reliable (148).
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2.3.5.2.2. Interferences caused by concomitants
The interferences does not depend on the analyte concentration or the
ratio of the analyte to interferent, but on the concentration of the interferent.
This fact has been verified by a number of working groups(149-152). The most
well known interferences of this type which have been investigated in the
greatest details are caused by transition metals, especially iron and copper
groups, and also by platinum metals.
Meyer et al.(151) came to the solution after formation of the hydride
reacts with the free interfering ions in acidic solution at the gas/solution phase
boundary to give insoluble arsenide, selenide, telluride, etc. A reaction of this
type depends only on the diffusion velocity of the hydride from inside the
bubble to the phase boundary.
Pierce and Brown(153) found that the interferences were more
pronounced when sodium tetrahydroborate was first added to the samples
followed by the acid than the other way round.
Kirkbright and Taddia(154) drew to attention the fact that nickel and the
elements of platinum group are hydrogenation catalysts and can adsorb large
quantities of hydrogen. These metals can also trap and decompose the hydride,
especially when they are in the dispersed form such as is the case after this
type of reduction. The addition of 500 mg nickel powder, for example, to the
test sample solution prior to the hydride generation brings about complete
signal suppression.
A large number of working groups investigated the use of organic
complexing agents to eliminate interferences by preventing the reduction and
precipitation of the interfering element. In the presence of etheylendiaminetetraacetic acid (EDTA) it was possible to determine selenium in the presence
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of cobalt and nickel(155), Thiourea was used as a suitable complexing agent for
copper in the determination of selenium (156). Citric acid was proposed to mask
high concentration of nickel in the determination of selenium (157).
Finally some further possible interferences in HG- AAS that are caused
by a number of different organic constituents are mentioned. The presence of
a large portion of non-digested organic constituents, especially biological
samples can lead to a storing form. Up to certain level this interference can be
controlled by the addition of an anti-foaming agent. Nevertheless, strong
foaming should be avoided since there is the risk that sample droplets will be
carried over into the atomizer and cause contamination, which is subsequently
very difficult to remove.
Volatile organic solvents, such as hydrocarbons, alcholes, and ketons
have strongly depressive influence on the sensitivity of all the hydride forming
elements; therefore they must be removed prior to analysis. Presumably these
organic molecules reduce the life time of the radicals in the atomizer and thus
directly influence the atomization of the hydride.
Carbon particles, which can remain in the test sample solution after
incomplete digestion, interfere strongly in the determination of selenium(158).
Humic acid(159) and other water-soluble organic compounds(160) also interfere
in the generation of the hydride. All of these interferences disappear after
complete digestion.

2.3.5.2.3. Memory Interferences
This is the interferences influence in atomization signal that are not
caused by contamination of the actual sample being analyzed but by residues
from earlier samples. Interferences that cause a precipitate are particularly
predestined to influence subsequent measurements when the precipitate is not
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completely removed. Some of this precipitate adheres to the walls of tubs and
containers.
The large the surface area and the longer the contact times, the greater
is the risk that these residues remain in the system. In this respect batch
system are more subject to this problem than flow system. The material used
for container also played a certain role. Smooth, non-wetting plastic surface
sorb precipitates far les rapidly than rough surfaces or glass. In the event of
contamination, on the other hand, batch systems are easier to clean than flow
system. Short reaction zones are preferable since the formation of a precipitate
is kinetically slower than the generation of the hydride(161).
In the influence of decomposition products of sodium tetrahydroborate
solution in the determination of selenium, described by Dedina(139), belong
most definitely in the category of memory interferences. If the hydrochloric
acid is treated with sodium tetrahydroborate prior to determination of
selenium, the quantity of selenium hydride subsequently generated falls down
to 20 %. An interference of this type can occur if the reactor is not thoroughly
cleaned prior to the next determination, or if the HCl is purified with sodium
tetrahydroborate to reduce blank values. It is not known which compound
causes the interferences, but it is certain that it is not boric acid, which is the
end of product of the decomposition of sodium tetrahydroborate.
Memory interferences can be most easily recognized by frequently
measuring a calibration solution, or occasionally from a distorted signal form.
They can most easily be avoided by preventing the formation of a precipitate.
It is often very difficult to eliminate system contamination. The entire system
must be very thoroughly cleaned and for flow systems in most cases tubes
must be exchanged.
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2.3.5.3. Interferences in the atomizer
It is logical that the nature and extend of interferences occurring in the
atomizer depend to a very large part on the type of atomizer unite used. Most
of the interferences are caused by other hydride-forming elements which are
also vaporized during the reaction.

2.3.5.3.1. Interferences in Quartz tube atomizer (QTA)
There are two possibilities for interferences on the atomizer. Either the
interferent influences (reduces) the concentration of H radicals to such an
extent that the analyte can be no longer be completely atomized, or it
accelerates the attraction of free atoms. In the first case the interferences
should be reduced when more radicals are generated, e.g. by increasing the
rate of supply of oxygen. In the second case the interferences should be
decreased when the probability of contact of the analyte atoms with the quartz
surface is reduced or if probability of contact with the interferent in the gas
phase is reduced.
The interferences of the other hydride-forming elements on the
determination of selenium in a QTA are compiled in table (2-2)
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Table (2-2). Literate citation on interferences by other hydride-forming
elements in the determination of selenium in a QTA. The tolerance limit
is defined as the reduction of the absorbance (peak height) by 10% in the
presence of the interferent.
Acid
References

Tolerance limit for interfering elements (mg/L)

Concentration
(mol/L)

Te(III)

Sn(IV)

Sb(III)

Bi(III)

As(V)

As(III)

(162)

0.1

0.02

0.03

0.1

0.12

0.5

HCl

(163)*

15

0.1

0.15

180

10

1

HCl

(151)*

15

0.1

0.04

0.2

0.3

HCl

0.04

0.1-0.4§

800

6

HCl

>0.1

0.1

6

HCl

0.02

0.03

0.35

H2SO4

1

2

6

HCl

(164)
(165)+
(166)

1

0.03

(167)+
(152)*
(168)†

0.2

0.02

0.03

(168)‡

10

0.5

0.1

0.04

0.15

1
0.3

0.1

0.6

HCl

0.1

0.1

0.02

0.5

HCl

0.1

2

0.6

1

HCl

* Taken from curves
+

Values determined by interpolation

§

Depend on the selenium concentration

†

Batch system

‡

FI system

2.4. Inductively coupled plasma-mass spectrometry (ICP-MS)
The potential use of ICP-MS for the determination of isotopic ratio was
demonstrated early in the stage of its development(169). ICP-MS is used for
isotope ratio determination in a wide range of fields including earth sciences,
medical applications, environmental studies, and in nuclear industry. The
range and combination of elements, which can be analyzed by ICP-MS, is
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very broad. Modern instruments provide the possibility for the simultaneous
determination of most elements in the periodic table at major, trace and ultra
trace levels in single or multielement determinations.

2.4.1. Plasma Sources for Mass Spectrometry
Plasma can be thought of as the co-existence in a confined space of the
positive ions, electrons and neutral species of an inert gas, like argon.
Classification of the common plasma sources is made according to the method
of inputting power to the gas. For example, the inductively coupled plasma is
sometimes referred to as the radio frequency RF; other types of plasma are the
direct current plasma (DCP) and microwave-induced plasma (MIP). The
subject of plasma temperature still remains an area for discussion. Although
plasma is electrically neutral, it is not in a thermodynamic equilibrium. Hence,
it is not possible to characterize a single temperature. Four temperatures can
be used to characterize the plasma, namely excitation, ionization, electron, and
gas temperature as in the following.
1.

Excitation temperature is a measure of the population density of the
energy levels.

2.

Ionization temperature is a measure of the population density of
different ionization states.

3.

Electron temperature is a measure of the kinetic energy of the
electrons.

4.

Gas temperature is a measure of the kinetic energy of the atoms.

2.4.1.1 Inductively Coupled Plasma (ICP) Ion Source

- ٤٦ -

Chapter (2)

Theoretical Considerations

The inductively coupled plasma is an electrodeless discharge in a gas
(commonly Argon) at atmospheric pressure, maintained by energy coupled to
it from a radio frequency generator(170). A suitable coupling coil, which acts as
the primary of a radio frequency transformer, while the secondary is created
by the discharge itself. The plasma is generated inside and at the open end of
an assembly of quartz tubes known as the torch. A typical arrangement of a
torch used for mass spectrometry is shown in fig.2-6. The torch which is
commonly used, based on the “Scott Fassel” design(171), has an outer tube of
inner diameter 18 mm and is about 100 mm long (fig.2-7 ).

Torch

Load coil

Aerosol gas flow
(into axial channel)

Outer gas
flow

Induction
region

Normal analytical zone
(blue)

Initial radiation zone
(red)

Fig. (2-6): Schematic of ICP torch.

Fig. (2-7): Schematic of a Fassel type torch.

- ٤٧ -

Chapter (2)

Theoretical Considerations

2.4.1.2. RF coupling
The load coil and plasma present a low electrical impedance to the RF
generator which feeds to them energy. In order to provide efficient energy
transfer, and avoid mismatches which could produce high potentials from the
reflected power, it is essential that the generator sees a matched load at the end
of the coupling line to the load coil, which is essentially resistive and absorbs
the delivered power. The required power to maintain such a plasma usually
lies between 0.75 and 2 KW and it is desirable to reduce the reflected power to
a few watts or less. Most ICP-MS/RF systems operate at power levels(172)
between 1.0 and 1.5 KW and the operating power level is usually stabilized to
about 1%.

2.4.2. Mass Spectrometer
The mass spectrometer (MS) acts as a filter, transmitting ions with a
preselected mass/charge ratio. These transmitted ions are then detected with a
channel electron multiplier. MS is one of the most rapidly advancing fields of
instrumental analysis, which provides qualitative and quantitative information
concerning the molecular weight and molecular structure of organic and
inorganic compounds. MS can be used as qualitative analytical tool to identify
and characterize different materials of interest to the chemist and biochemist.
The importance of mass spectrometry comes because of its high speed,
sensitivity and reliability.

2.4.2.1. Magnetic and Electrostatic Mass Analyzer
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The charged particles are deflected by magnetic fields and their masses
can be calculated by measuring their trajectories. In general, each ion carries
only one single electrical charge, although, multiply ions may occur.
•

Magnetic Mass Analyzer
A magnetic mass analyzer consists of a curved flight tube located in the

gab between the poles of an electromagnet. The ions produced in an ion
source are accelerated into the magnetic field through the entrance slit. The
magnetic field is perpendicular to the flight direction of the ions and has a
mass dispersing and direction–focusing effect on ions (fig. 2-8).
Sector
magnet

Momentum
dispersion

Alpha slit
Source slit

Collection
slit slit slit
(Image)

Collector

Fig (2-8): Magnetic Sector analyzer

•

Electrostatic Analyzers
The energy spread of the ion beam limits the resolving power of a

deflecting magnetic sector mass analyzer. To overcome this problem in highresolution mass spectrometry, energy focusing is necessary. An electrostatic
analyzer is used as part of the ion optical system. The electrostatic analyzer
(fig. 2-9) consists of two curved plates with voltage (E) of the order of 0.5 to 1
kV applied between them.
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Generally, the outer plate is positive, the inner plate is negative, and the
center line is at ground. For a given electrostatic analyzer configuration with
mean radius r and gap d operated with voltage E, a single charged ion of mass
m and velocity v will be focused through the exit slit only if:
mv2/e=Ere/d

(2-10)

Under given operating conditions, the radius (re) of the circular path of the
ion is determined by the kinetic energy:
re= 2d/Ee 0.5mv2

(2-11)

Fig. (2-9): Electrostatic analyzer
If the differential electrostatic analyzer voltage (e) is varied, ions with
corresponding energy will sweep across the exit slit of the energy analyzer.
Fig.(2-10) shows the double focusing mass spectrometer which consists of
magnetic analyzer and electrostatic analyzer. It also illustrates the location of
object and image, and the analogy of magnetic and electric sector fields to
light optics. The sector field represents a lens or prism.
High energy
Traj.1

Traj.2

rm

rm

Energy
selection slit
(intermediate
slit)

Low energy ion

rm

Collector slit
Source slit

- ٥٠ -

Chapter (2)

Theoretical Considerations

Fig. (2-10): The double focusing mass spectrometry.

2.5. Neutron Activation Analysis ( NAA )
It is a sensitive analytical technique, useful for performing both
qualitative and quantitative multi-element analysis of major, minor, and trace
elements in samples from different fields of scientific or technical interest( 173176)

. Neutron activation analysis was discovered in 1936 when Hevesy and

Levi found that samples containing certain rare earth elements became highly
radioactive after exposure to a source of neutrons. Neutron activation is the
general term for irradiating material with a flux of low–energy neutrons to
create radionuclides. Three steps are involved :
1. Neutron bombardment of the sample.
2. Recording the energy spectrum of the produced gamma radiation.
3. Analysis of signficance of the spectrum features.
The energies of the spectral peaks identify the present elements and the
areas of the peaks define the quantities of each element. The sample is placed
in a neutron source for a long time to produce enough radionuclide product
that can be measured with the desired statistical precision (Willard, et al
1988).

2.5.1. Neutrons and Neutron sources
Three sources of neutrons are employed in neutron activation methods:
reactors, radionuclides and accelerators. They produce highly energetic
neutrons (in the Mev range), which are usually passed through a moderating
material that reduces their energies. Neutrons having an energy about 0.04 ev
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are called thermal neutrons and the process of moderating high–energy
neutrons to thermal conditions is called thermalization. The most efficient
moderators are low- molecular-weight substances, such as water, deuterium
oxide (heavy water) and paraffin. Most activation methods are based upon
thermal neutrons, which react efficiently with most elements of analytical
interest. For some of the lighter elements, such as nitrogen, oxygen, florine,
and silicon, fast neutrons having energies of about 14 MeV are more efficient
for inducing radioactivity. Such high- energy neutrons are commonly
produced by accelerators.

2.5.2. Neutron activation methods
Figure (2-11) is a block diagram showing the flow of sample and
standards in two most common types of activation methods namely,
destructive and nondestructive. In both procedures the sample and one or more
standards are irradiated simultaneously with neutrons. The samples may be
solids, liquids, or gases, although The first two are more common. The
standards should approximate the sample matrix as closely as possible.
The samples and standards are contained in small polyethylene vials or
heat-sealed quartz vials. Care is taken to be sure that the samples and
standards are exposed to the same neutron flux. The time of irradiation is
dependent upon a variety of factors and often is determined empirically. The
irradiation times vary from several minutes to several hours. After irradiation
is terminated, the sample and standards are often allowed to decay ( or cool )
for a period that varies from a few minutes to several hours or more. During
cooling, short-lived interferences decay away so that they do not affect the
outcome of the analysis. Another reason for cooling is to reduce the health
hazard associated with counting the material .
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In the nondestructive method, the sample and the standard are counted
directly after cooling. The gamma-ray spectrometer discriminates among the
radiation of different energies.
A destructive method requires that the analyte be separated from the other
components of the sample prior to couting. In this case a known amount of the
irradiated sample is dissolved and the analyte separated by precipitation,
extraction, ion exchange, or chromatography. The isolated material is then
counted for its gamma or beta activity. Standars are irradiated simultaneously
and treated in an identical way.

Fig. (2-11): Flow diagram for two types of neutron activation methods.

2.5.3. Measurment of Gamma Radiation
Gamma Radiation is detected and measured by three types of
trasducers(177): gas- filled transducers, scintillation counter, and semiconductor
transducers, which convert radiant energy into an electrical signal. Figure(212) is a schematic of a well-type scintillation counter that is used for gammaray counting. Here the sample is contained in a small vial and placed in a
cylindrical hole or well in the scintillating crystal of the counter. These
detectors are connected with associated electronics and computer based multichannel analyzer (Gamma-ray spectrometer) taking into considration the
following items:
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Energy resolution: Energy resolution of the gamma spectrometers is
defined as full width at half maximum (FWHM) in kilo electron volts
(Kev) (for peak of cobalt-60 at 1.33 Mev).

•

Relative efficiency: The relative efficiency of the hyper pure germanium
detector is defined as the ratio in percentage of the photo peak counting
rate obtained from germanium detector to photo peak counting rate of 3x3
inch sodium iodide NaI (Tl) crystal at distance 25cm from Co-60 source.

Fig. (2-12): A well-type scintillation counter.

•

Accuracy: The principal erros that arise in activation analyses are due

to self–shielding, unequal neutron flux at sample and standard, couting
uncertainties, and erros in counting due to scattering, absorption, and
differences in geometry between sample and standard. The errors from these
causes can usually be reduced to less than 10% (178).
•

Sensitivity: The most important characteristic of the neutron

activation method is its sensitivity for many elements that as little as 10-5
µg of several elements can be detected. The sensitivities for NAA are
dependent upon the irradiation parameters (i.e., neutron flux, irradiation
and decay times), measurement conditions (i.e., measurement time,
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detector efficiency), nuclear parameters of the elements being measured
(i.e., isotope abundance, neutron cross-section, half-life, and gamma-ray
abundance) (179).

2.5.4. Advantages of neutron activation analysis:
1.

High
sensitivity, most of elements can be quantitfied with NAA and high
levels of accuracy so NAA has been extensively applied to different
fields as: environmental science, health studies, geological and
geochemical science.

2.

Quality
assurance of analysis and reference materials, certification of element
contents

and

homogeneity

testing

of

mainly

biological

and

environmental reference materials of chemical composition.
3.

Minimal
sample preparation. NAA can be carried out on solid samples directly
without prepration (matrix independence) so it is suitable for the
analysis of materials that are difficult to dissolve ( e.g. silicates and
ceramics ).

4.

Ease
calibration, taking into consideration that

of

to compare data for

quantitation with that from a standard, the sizes and shapes ( solid,
powder, slurry and even a gas ) of the samples and standards should be
the same to account for absorption and scattering inside the sample.
5.

Virtual absence
of an analytical blank.

6.

Low detection
limits for 30-40 elements (Rubinson, 2000).
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2.5.5. Disadvantages of NAA
1.

It needs large and expensive equipment and special facilities for
handling and disposing of radioactive materials.

2.

The long time required to complete analyses when long–lived radio
nuclides are used.

3.

Not all produced nuclei have lifetimes in the range that can be counted
precisely.
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CHAPTER (3)
Apparatus and Experimental Conditions
3.1. Preparation of the samples
In the case of soil sampls, samples are selected down to a depth of 1 m
from different areas in Sinai. Taking into consideration that some considerable
variations may occur in soils laying only a few meters from each other, water
samples may contain suspended solids and, in sampling for analysis, it must
be taken from the same sites of these soils position, which may contribute
significant amounts of selenium, should be included in, or excluded from, the
sample. Toenails samples are collected from different healthy persons. These
different type of samples were collected and transported immediately to the
Central Laboratory of Isotopic and Elemental Analysis. Toenails samples
were washed in deionized water (18MΩ) and oven-dried at 70 ºC for 6 hours.
The soil samples were ground using a stainless steel “ika werke m 20” mill
then The material passed through a 75µm (200 mesh) sieve.

3.2. Quality assurance
Quality assurance measures are necessary in any laboratory that seeks
excellence in performance and high levels of precision and accuracy. Quality
assurance must cover all aspects of the analytical process, including sampling,
sample pretreatment, environmental conditions prevailing in the laboratories
and their surroundings, the calibration and validity of instruments used, the
purity and quality of chemicals used, the availability of suitable standards,
handling and evaluation of data. These measures were taken into consideration
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during this work. The used acids and chemicals are of purified grade and were
obtained from Aldrich Ldt, Sigma and Alfa companies. All the used reagents
are of analytical reagent grade. Triple distilled water was used throughout
Se(IV) stock solution (1000 µg/mL) which is prepared by dissolving 0.14053g
SeO2 (Merck, Darmstadt, Germany) in 100ml volumetric flasks. A minimum
amount of NaOH is added to dissolve selenium dioxide before dilution to the
mark with distilled water. The fresh standard solutions are prepared daily by
successive dilution from the stock solution. Hydrochloric acid and sodium
borohydride are of analytical grade (Merck, Darmstadt, Germany).
For ICP-MS measurements High purity liquid argon (99.9998%) was
obtained from El-Nasr company for middle chemicals, Cairo, Egypt. For all
dilution steps high purity water (18MΩ) was used.

3.3. Digestion of the sample (microwave digestion )
Digestion procedure should be designed to avoid any loss of Selenium.
A predigestion process for Soil and Liquied samples can often reduce
sampling error, when solubilized samples or wet digestion are used in
determining selenium. A portion of 200 mg of the dried sample, with grain
size of -200 mesh, is placed in a microwave vessel, to which 5ml nitric acid
and 2ml perchloric acid (all analar reagents), are added. Another vessel
without the sample but contains the same volumes of the acids is processed as
a blank. The vessels are placed in the microwave system [Mylestone1200],
whose power setting program varies according to sample matrix and content
of refractory elements. After complete digestion, the sample is diluted to the
suitable volume. The following power-setting program is suitable for the
digestion of the plant samples:
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Table (3-1): The power-setting program
Program stage

Time (min)

Power (Watt)

I

2

250

II

2

0

III

6

250

IV

5

400

V

5

500

3.4. Closed microwave digestion technique
The laboratory microwave unit with its vessels in a turntable is
illustrated in (fig. 3-1 ). It is traditional closed multiple vessels system for
trace element analysis that are capable of handling pressure up to 110 atm and
usually with a total volume of 45 to 120 ml. The system is capable of
temperature and pressure control. This control is implemented in a single
vessel restristing the system to running the same reagent and similar sample
matrix type.

Fig. (3-1): Schematic of laboratory microwave unit.
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3.4.1. Features of closed vessel digestion
The higher temperature of the acid solution results in a kinetic
advantage that is not duplicated at lower temperatures. The higher pressure
does not effect either reaction speed or reagent capability. The analytical blank
is reduced in closed vessels for four reasons.
1. The atmosphere in which the reaction takes place is closed and
controlled.
2. The amount of used acid is diminished to stoichiometric quantities of
the necessary reactions.
3. The microwave vessel materials are teflon which is the best material for
trace element analysis.
4. The analyst is assisted by a viable instrumental interface closed vessel
decomposition system which usually limit the sample size to less than 2
gm .

3.5. Atomic Absorption Spectrometer
The Atomic Absorption Spectrometer (AAS Vario6, Analytical Jena
GmbH) operates in two modes, namely, single-beam and double-beam. The
line and continuum sources are alternately modulated electrically. The
continuum radiation of a deuterium hallow cathode lamp (D2HCL) is used for
the compensation of background absorption. This compensation is the basis
for improved accuracy and precision of absorption measurement. While the
line source with its extremely narrow resonance line serves for detecting the
total absorption. The light of D2HCL is primarily attenuated by wide band
absorption that is not specific for the element (scattering of the sample beam
at particles that have not bean vaporized). The element-specific absorption
results from the difference of these two quantities. The intensities of both
sources are automatically monitored, and if necessary readjusted. The double- ٥٩ -
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beam mode is preferably intended for flame technique in connection with
signal averaging. The reference beam is bypassing the sample compartment.
The operating parameters for the HG-AAS are shown in table (3-2)
Table (3-2): The operating parameters for the HG-AAS.
Main Line (nm)

196 (100%)

Alternate line (nm)

204 (33%)

Slit width (nm)

1.2

HCL-Current (mA)

15

Temperature (ºC)

820

Gas Flow (NL/h)

12

Hydride generation atomic absorption spectroscopic technique use wetsample digestion (e.g., nitric-perchloric acid) to destroy organic matter.
Sample reduction to convert Se(VI) (+6 valence state) to Se(IV) (+4 valence
state) is necessary prior to using sodium borohydride to reduce all selenium
present to selenium hydride.
The selenium hydride is thermally decomposed and atomized in the
sample beam of the atomic absorption spectrophotometer. Nitric-perchloric
acid is commonly used for the digestion step; because perchloric acid is
potentially explosive (use of phosphoric acid instead is also common).

3.5.1 Operating Principle
The PC-controlled 6-lamp turret rotates the desired light source into the
optical path. An optical beam divider recombines the radiation of the line
source with the continuum radiation of D2HCL to a single beam. Both beams
transmit the same path in the used atomizer.
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The radiation is reflected by two mirrors each into the interior of the
atomizer and onto the entrance slit of the grating monochromator (fig.3-2).
The monochromator automatically selects resonance wavelength and spectral
bandwidth for the element according to the parameters selected for the current
analysis program. In double-beam mode, two swivel mirrors reflect the
reference beam alternately in and out. The mirrors are moved into the optical
path after every integration period. The detector (photomultiplier) arranged at
the exit of the monochromator measures the intensity of the incident radiation
in phase with the light sources.
The photomultiplier in combination with the connected analog circuitry
performs the following functions:
1- Exact amplification of incoming time-shared individual signals.
2- Elimination of the interfering background by analog difference
formation of light and no-light signals.
3- After analog integration, digitizing of individual signals via a fast
AD converter and signal processing in the PC according to the
parameters selected in the analysis program.

Fig. (3-2): System and Optical Diagram of AAS.
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3.5.2. Flame Atomizer
Flame atomizer (fig. 3-3) used for the determination of trace elements
in a wide range of concentrations. Elements that are available at higher
concentrations are directly analyzed in the flame after appropriate dilution of
the digestion materials.
A pneumatic nebulizer sprays the sample solution into a mixing
chamber where it is atomized. The mean characteristics of the present
atomizer with burner-nebulizer system are:
1- Mixing chamber completely made of Teflon, almost free of memory
effects.
2- A perfect sensor-controlled monitoring system for gas streams, gas
pressure, burner, drain trap and flame.
3- Corrosion-proof nebulizer, suction rates customizable.
4- 50 mm burner suited to acetylene/air and acetylene/nitrogen flames, so
for sequential multi-element analysis appropriate.
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5- Operation, display and complete PC control of flame mode.

Fig. (3-3): Nebulizer, mixing chamber and burner.

3.6. JMS-PLASMAX2 Mass Spectrometer
3.6.1. General Features of the ICP-MS
The JMS-PLASMAX2 high-resolution ICP-MS is capable for obtaining
the resolution of 12000 (fig.3-4). With this resolution, masses of the
interference and element ions can easily be separated from each other.
A 40 MHz high-frequency power supply and an automatic ignition
system are used in the ICP ion source to obtain stable plasma. Ions introduced
into the mass analyzer from the plasma through the plasma interface can easily
be adjusted to form a high-intensity ion beam. The masses of the ion beam
entering the double-focusing mass spectrometer are separated the magnetic
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field (H), and the electric field (C),and are detected by the post-accelerator
analogue detector.

Fig.( 3-4): Schematic representation of JEOL JMS-plasmax2 HRICP-MS.

3.6.2. Sample Inlet System
There are various methods of sample inlet, corresponding to different
physical and chemical characteristic of the samples. The Jeol mass
spectrometer system is provided with an inlet method using the Meinhard
nebulizer with a peristaltic pump as a standard component. In addition to this,
ultrasonic nebulizer, laser ablation system, desolvating system and other
options can be attached.

3.6.2.1. The desolvating system
The desolvating system is a sample introduction system designed
primarily for ICP mass spectrometry. The desolvating incorporates a teflon
microconcentric nebulizer which yields low sample flow rates, dense aerosol
production, and enhanced sensitivity.
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The nebulizer is constructed of inert materials and is suited for use with
acidic and alkaline solutions, such as, nitric acid (HNO3), hydrochloric acid
(HCl), hydrofluoric acid (HF), or ammonium hydroxide (NH4OH).
Sensitivity is expected to be improved with desolvation by enhancing
analyte transport efficiency and reducing solvent loading to the plasma. liquid
sample is nebulized into a spray chamber using a teflon microconcentric
nebulizer operating at a sample uptake rate of approximately 60µL/min and an
argon nebulizer gas flow rate of 1L/min. The spray chamber is heated to help
the reduction of the formation of solvent droplets inside the spray chamber.
The spray chamber is also drained by a built-in peristaltic pump. The
nebulizer gas flow then transports the aerosol from the spray chamber to a
heated microporous PTFE tubular membrane. Solvent vapor passes through
the membrane and is removed by an exterior flow of Ar gas (sweep gas).
Analyte continues through the middle of the membrane tube and to the ICPMS. An external view of the desolvating system is shown in fig. (3-5).

Fig. (3-5): The desolvating system.
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3.6.3. ICP Ion Source
The ion source ionizes the sample into ions. It also gives energy to the
ions by applying the accelerating voltage to the plasma interface, then focuses
them by applying the focus voltage to the focus lens to form a very fine beam,
and leads it into the analyzer. The ionization of the sample is carried out by
RF-induced argon plasma at the tip of the torch.
RF power supply: generates RF current for creating the argon plasma. This is
a 40.68 MHz transistorized RF power supply with a maximum output of 1.6
kW.
Torch assembly: major components of the torch assembly are:
1- Nebulizer; a coaxial nebulizer is used to nebulize the liquid sample
by spraying.
2- Spray Chamber; sends fine droplets of the liquid sample, as
nebulized from the nebulizer, to the torch.
3- Torch; the plasma is created in the torch. The torch is constructed on
slide table; by moving the slide table, the torch position can be
adjusted by motor upward, downward, leftward, rightward, forward
and backward. The torch position can be remote-controlled from the
torch position controller panel.
4- Working Coil; the working coil is a three-turn coil wound around the
torch tip. The coil is made from a copper pipe, through which
cooling water runs for cooling the coil. By running RF current of
40.68 MHz through the coil, a RF magnetic field is induced along
the axis direction of the coil. The argon gas plasma is generated by
this induced magnetic field.
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5- Bonnet; it is attached to the torch tip to shield it from the
surrounding gas so that the gas is not drawn into the plasma jetting
from the torch tip.
6- Insulation Glass; it is provided to prevent discharge to the work coil
and other parts due to the accelerating voltage of 6 kV applied to the
plasma interface.
7- Igniter Electrode; an electrode for igniting the plasma. A voltage of
several tens of kV is applied to it. The high voltage is applied to the
igniter electrode only for several seconds when the plasma is ignited.
8- Shield Box; it is a unit for housing the torch assembly. It does not
only shield the RF frequency, but also cuts off the light generated
from the plasma, leads the waste gas of the plasma to the exhaust
pipe, and takes safety measures against high voltage.
Gas Control-system; it controls the flow rate of the argon gas necessary for
generating the plasma. The gas-control system consists of three subsystems
for the plasma gas (0-20 L/min), the auxiliary gas (0-2 L/min), and the
nebulizer gas (0-2 L/min).

3.6.4. Mass Analyzer
The analyzer separates ions according to the mass of each ion and sends
them to the detector selectively. The analyzer of this mass spectrometer
system employs a double-focusing system.
The magnetic field consists of a pair of pole pieces, a pair of coils, and a
yoke. The radius of curvature is 310 mm and the rotational angle of the center
orbit of the ion beam passing through the magnetic field is 40o. The electric
field consists of a pair of cylindrical electrodes. When analyzing positive ions,
a positive potential (+Ve) is applied to the outer electrode and a negative
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potential (-Ve) to the inner electrode. The radius of curvature Re = 227.85 and
the rotational angle φe = 85o.
There are three methods of scanning for obtaining mass spectra they are
magnetic field scan, electric field scan, and synchronous scan. These scan
methods are the methods used to analyze the ions generated in the ion source
as they are. The magnetic field scan method is the standard method which is
used to obtain the required mass spectra.

3.6.5. Ion Detection
The ion detector is located immediately behind the collector slit and
consists of the conversion dynode of a secondary electron multiplier (also
called the ion multiplier). The positive ion is detected by applying a negative
high voltage to the conservation dynode. The ion (I+) path is curved by the
electric field generated by the conversation dynode and ion multiplier, when
the ions collide with the conversation dynode, the secondary electrons (e-) are
generated at that time and amplified by the ion multiplier going to the
preamplifier as a voltage signal. The amplification factor of the ion multiplier
largely depends on the applied ion multiplier voltage. The characteristic curve
varies from one ion multiplier to another. When the ion multiplier is exposed
to the atmosphere for a long period, the slope of the characteristic curve
decreases and it becomes difficult to get a higher gain. Therefore, it is
necessary to keep the vacuum of the ion detector (analyzer section) as high as
possible. The preamplifier converts the small current output from the ion
multiplier to a voltage signal of the order of several volts.

- ٦٨ -

CHAPTER (3)

EXPERIMENTAL

3.7. Neutron Activation Analysis (NAA) Facilities at ETRR-2
Neutron Activation Analysis (NAA) is a method for qualitative and
quantitative determination of elements based on the measurement of
characteristic radiation from radionuclides formed directly or indirectly by
neutron irradiation of the material. The most suitable source of neutrons is
usually a nuclear research reactor. The nuclear research reactor which is used
for irradiating the samples is the Egypt thermal Second Research Reactor
(ETRR-2), of 22 MW light water moderated and cooled which ia an open
pool nuclear reactor.
A sample is exposed to neutrons, resulting in activation of many of the
constituent elements. Specific radiations emitted by activated products are
detected to determine the amount of the elements present in the sample.
Instrumental neutron activation analysis (INAA), is a technique in which
gamma, Beta and positron are detected. Gamma ray emissions are usually
distinctive enough that elements may be determined without chemical
separations or

special sample preparation.

Neutron activation analysis is capable of simultaneous determination of
many elements in most samples even when parameters are selected to
optimize detection sensitivity of one particular element.

3.7.1. Operating principle
Samples of relatively uniform volumes and masses are sealed inside
polyethylene vials. Standards (materials with known elemental composition)
are similarly prepared,where the standards should approximate the sample as
closely as possible both physically and chemically. An irradiation time is
selected, depending upon the kind of the elements under investigation.
Likewise, decay time (from end of irradiation to start of counting) and
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counting time are selected for the particular analysis desired. Standards and
samples are counted in the high purity germanium gamma ray spectrometers.

3.7.2. Short Irradiation
There are two computer pneumatic irradiation transfer systems to give
precise timing for the irradiation and analysis of short lived radio nuclides.
One of the irradiation sites is for thermal neutron activation and the other is
for epithermal/fast neutron activation. Each pneumatic irradiation transfer
system can take volume samples up to 25 ml. One position at the reflector area
with thermal flux of 9x1013 n/cm2/sec, and the other position is at the thermal
column with thermal flux of 6.8x109 n/cm2/sec. A Supervision and control
system with data acquisition and recording modules are available for the
facility operation.
Samples requiring short irradiation times (<20 min.) and low to
moderate flux densities (<1013 n.cm-2.s-1), are packed in virgin polyethylene
vials and placed into larger transport device known as the rabbit. The rabbit
travels from the laboratory to the irradiation position (in thermal column by an
air-driven pneumatic transport system into the core of the reactor where the
sample resides until it has been subjected to the specified amount of radiation.
The rabbit is then extracted from the core and transported back to the
laboratory where the vials are removed from the rabbit, and transferred to nonirradiated vials for completion of the analytical process.

3.7.3. Long Irradiation
For measurements of long-lived radio nuclides, there are many
manually loaded irradiation boxes for irradiation of samples (fig. 3-6). The
samples requiring longer irradiation times (hours or days), with moderate to
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high flux densities, are packaged in high-purity quartz vials. As many as 16
samples can be bundled into a water tight metal container called a sample
holder, which is manually lowered into the reactor for the specified irradiation
time. After irradiation, the sample holder is removed from the core to allow
short-lived radioactivities to dissipate to safe handling levels. There are many
manually loaded sites for irradiation of samples for several hours or days.

Fig. (3-6): Reactor core.

3.7.4. Measurement of Gamma Rays:
The measurement system is carried out using the HPGe spectroscopy
system (fig.3-7). The used instrumentation to measure gamma rays from
radioactive samples generally consists of a semiconductor detector, associated
electronics, and a computer-based, multi-channel analyzer (MCA/computer).
Most NAA labs operate one or more hyper pure germanium (HPGe) detectors
which operate at liquid nitrogen temperatures (77 degrees K) by mounting the
germanium crystal in a vacuum cryostat, thermally connected to a copper rod
or "cold finger". There are two coaxial HPGe detectors and a compton
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suppression system, each is 100% relative efficiency, with a resolution 2.1
keV for the 60Co gamma ray at 1332.5 keV. Each detector is shielded with 10
cm thickness ultra low background lead shield with low carbon steel casing.

Fig. (3-7): Gamma Spectrometer with a high purity germanium detector.
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Chapter (4)
Results and Discussion
In the present study different techniques are used to establish a study of
selenium in different sample types such as soil, underground water and toenail
samples for different healthy people coming from the area under investigation
from Sinai.
Selenium in toenail samples is analysed without dissolution using
INAA, EDS and XRF spectrometers. The EDS and XRF detection limits of
selenium are higher than the concentration of selenium in solid sample
therefore, selenium can’t be investigated with this two techniques. Analysis of
selenium by ICP-MS under the effect of plasma conditions is not stable and
can be evaporated during the analysis unless it is converted into the hydride
form which is stable under the high temperature conditions. Hydride
generation unit attached with atomic absorption spectrometer is used in the
present measurement. ICP-MS is used for the analysis of trace elements
because of its low detection limits for different elements. For the analysis of
selenium HG-AAS and INAA techniques are used.
All the previous optimization measures were applied in this chapter
under the following headings:
1. Analysis of major elements using EDX and XRF spectrometers.
2. Selenium and trace element analysis using ICP-MS technique.
3. Hydride Generation Atomic Absorption Spectrometry (HG-AAS) for
the speciation of selenium.
4. Selenium and trace element analysis using INAA.
- ٧٣ -

Chapter (4)

Results and Discussion

In the following the results of selenium in different samples by different
techniques are discussed.

4.1. Analysis of major elements using EDX and XRF
spectrometers:
For the detection of selenium these technique can not be used because
the detection limit of Se is very high. Trace elements content of toenail
samples, the XRF and EDX spectrometers were used to provide more
information almost the major and minor elements in their content.
Table (4-1): Major and minor elements concentration (%) in toenail
samples using XRF and EDX spectrometers.
Technique
Element
C
O
Na
Mg
Al
Si
P
S
Cl
K
Ca
Ti
Fe
Cu
Zn

EDX

XRF

45.23 ±0.49
41.69±0.51
0.80 ±0.24
0.54±0.05
1.10± 0.04
2.12±0.04
0.37±0.03
3.51±0.05
0.93±0.04
0.60±0.03
2.26±0.04
0.06±0.03
0.60±0.04
0.08± 0.05
0.10±0.07

----------------0.18±0.06
0.59±0.54
----4.4± 0.02
----0.57± 0.08
1.71± 0.06
0.03± 0.029
0.09±0.01
----0.06±0.01

EDX and XRF data of toenail are not far from each other. Se can not be
detected because it needs more sensitive machine be identified.
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Fig (4-1) Major and minor elements concentration (%) in toenail samples
using EDX spectrometer

Fig (4-2) Major and minor elements concentration (%) in toenail samples
using XRF spectrometer
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4.2. Selenium and trace element analysis using ICP-MS
technique:
4.2.1. Sample preparation:
4.2.1.1. Soil samples:
Soil and underground water samples are collected from Sinai at
different sites to know the general selenium level at those unstudied areas in
Egypt. Table (4-2) shows the selected samples and their sites. Soil samples
were grinded to obtain a uniform and fine powder grains. One gram of the
sample is digested completely by heating to 80°C for 4 min with 10mL of
HNO3: HCl (3:1). The solution is filtered and poured into a 50mL volumetric
flask and diluted to the mark with distilled water. For each sample, the
determinations are made using the standard addition method where the results
are the average of three or four analyses.
Table (4-2): Sample Location
Name of Sample

Position

Underground water samples
A,D
H,B,C

El-Shikh Zowaid near to the sea
Three different positions from Wadi El-Arish

E

Rafah

F

El-Shikh Zowaied

G

EL-Kharooba
Soil Samples

1 (A,D)
2 (H,B,C)

Sand soil from El-Shikh Zowaied
Sand soil from Wadi El-Arish

3 (E)

Mud soil from Rafah

4 (F)

Mud soil from El-Shikh Zowaied

5 (G)

Mud soil from Kharooba

6

Mud soil from Kabr Abou Aumaier

7

Sand soil from El-Sabiel

- ٧٦ -

Chapter (4)

Results and Discussion

4.2.1.2. Underground water Samples:
5 ml of sample is acidified by 1ml of concentrated nitric acid and heated
to 70˚C for 3 minutes and is transferred to 100 ml volumetric flask and diluted
to the mark. This sample is analyzed by the recommended procedure which is
described for the total selenium measurement. It should be mentioned that for
the analysis of these samples, appropriate amount of concentrated
hydrochloric acid is added to the solution to give 4 mol C L as final acid
concentration.

4.2.1.3. Toenails Samples:
30 toenail samples are released from different healthy people. They are
selected from citizens living in area of the selected samples. These people are
asked about their health history and selected to be far as possible away from
any dangerous illness in their history.
4ml HNO3 and 1ml H2O2 are added to 0.1 gm sample and digested in a
microwave system according to the following program as indicated in table
(4-3):
Table (4-3): digestion program for toenails samples in the microwave system

Program

Time (min)

stage

Power
(Watt)

I

2

250

II

5

0

III

5

400

IV

5

600
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4.2.2. Standardization and Analytical figures of merit for ICPMS (trace elements):
The calibration curve for different trace elements using ICP-MS are
indicated in fig (4-3)
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Fig.(4-3): The calibration curves for trace elements using ICP-MS
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4.2.3. Trace Elements Analysis in soil and water Using ICP-MS
ICP-MS is used for the analysis of elements in the samples under
investigation. The detection limit of ICP-MS can reach ppt levels.

4.2.3.1. Underground Water samples
Table (4-4). Trace elements concentrations in mg/L in underground water
samples.
A

B

C

D

E

F

G

H

Mn

0.014 0.010

0.021

0.62

0.027 0.035 0.011 0.011

Zn

0.368 0.106

0.340

0.074

0.280 0.108 0.258 0.125

Se

0.074 0.175

0.183

0.226

0.029 3.175 0.020 0.098

Sr

8.016 18.037 18.338 15.273 3.141 8.041 3.119 7.861

Cd112 0.31

0.05

0.27

0.06

0.31

0.1

0.11

0.15

Cd114 0.38

0.09

0.10

0.25

0.50

0.2

0.25

0.24

Pb206 0.14

0.11

0.63

0.10

0.16

1.3

0.17

0.13

Pb207 0.05

0.08

0.48

0.09

0.35

1.2

0.38

0.34

Pb208 0.05

0.03

0.57

0.06

0.23

1.3

0.27

0.24

Cr

3.9

5.3

4.7

1.25

1.2

8.2

2.7

10.4

Fe

0.93

1.05

0.75

1.36

0.99

3.01

0.39

0.33

As

6.735 13.530 14.078 10.060 0.470 6.018 0.413 4.678

The concentration of selenium is lower than the predictable
concentration which appears by measuring known stander of selenium.
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4.2.3.2. Soil samples
Table (4-5): Trace Elements concentration in (mg/L) in soil samples.
1

2

3

4

5

6

7

Al

50

78

127

80

150

120

190

Ca

71

93

91

107

157

150

121

Co

2.5

2.3

10

3.5

16.3

5

5.3

Cr

-

6

52

32

96

34

52

Cu

0.63

0.35

0.42

1.42

1.7

3.42

3.14

Fe

1410

1520

1575

1540

1575

1560

1570

K

200

383

367

433

324

475

192

Mg

1175

1300

1350

1350

1400

1450

1440

Mn

116

200

633

365

683

384

435

Mo

-

17.5

22.5

27.5

28.4

38.4

34

Na

26

54

84

68

88

88

96

Ni

15

38

54

98

64

7

76

Pb

9.3

7

17

12

15.6

12.4

16

Se

100

190

165

200

160

300

365

Th

0.135

0.767

0.75

0.4

0.016

0.8

0.016

Ti

125

1330

1588

1540

1580

1560

1580

U

1.16

1.16

4.16

1.65

3.1

3

2.1

V

9.3

20

54

44

72.5

40

47

Zn

46

40

15

58

120

75

78

Zr

44

53

60

78

76

110

110
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Fig. (4-4): Distribution of Trace Elements in soil sample using ICP-MS

4.2.3.3. Distribution Coefficients of different elements between
water and soil interface region:
If a solute is introduced into any two phase system which may be
gas/solid, gas/liquid, liquid/liquid or liquid/solid, it will become distributed
between the two phases and, when equilibrium is reached, the solute
distribution will be defined by the distribution coefficient. The distribution
coefficient of a solute between two phases is calculated as the ratio of the
concentration of the solute in one phase to the concentration of the solute in
the other phase under equilibrium conditions. Either phase may be used as the
reference phase. In our case the distribution coefficient is always referred to
the stationary phase (soil) (i.e. the ratio of the concentration of the solute in
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the stationary phase to that in the mobile phases (water)). The concentration
may be taken as mass per unit volume in both phases (which is the most
usual).
The distribution coefficient can be calculated from the following
equation:
Concentration of the element in solid phase
Kd =
Concentration of the element in solution phase
From this equation we have calculated the distribution coefficients for
different metals for each area from which the samples collected from and from
this values we can see that for all samples the distribution of manganese and
iron is higher is the same compared with their natural distribution. In the
samples coming from the EAEA area (samples 1 and 2 all elements have the
same trend in distribution except for lead and copper which have higher
distribution values than the other elements. All elements have higher
distribution values in the areas outside the Sinai areas. For the sample coming
from the alum factory area nickel and cadmium have higher distribution than
the other elements but copper and lead have lower values. For sample coming
from the fertilizer area (side and deep) cadmium and lead have higher values
but copper and nickel have lower values and the same for the sample coming
from iron factory area cobalt and cadmium have higher values but copper,
nickel and lead have lower values.
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Table (4-6): Distribution Coefficients for different elements in different
samples
A

B

C

D

E

F

G

H

Cr

8.2

1.132

1

25.6

43.3

4.15

0

0.58

Fe

1623

1447

2026

1110

1590

518

3615

4606

Mn

26071

2000

9523

588

23444

10971

10545

18181

Pb

50

31.8

4.2

48

22.97

3.26

11.34

9.86

Se

7299

8444

6713

8849

8684

11764

3448

10000

Zn

157.6

377

117.6

783.8

53.57

694

178

320
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Fig. (4-5): Distribution Coefficients for different elements in different
samples by ICP-MS
Comparing the Se concentrations between the underground water and
soils from the same sits don’t give any direction of the same way or attitudes.
This means that the nature and composition of soil is different from that of
underground water samples for these elements. This also appears by
comparing the trace element (Cr, Fe, Mn, Pb, Se and Zn) in the sample under
investigation by ICP-MS technique and this is shown graphically from
distribution coefficient for these elements (between soil and underground
water).
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4.2.3.4. Sorption sequence
Heavy elements can be introduced into soils by application of
fertilizers, liming materials, sewage sludge, composts, and other industrial and
urban waste materials. Therefore, heavy elements adsorption reactions, in a
competitive system, are important to determine heavy elements availability of
their mobility throughout the soil. Distribution coefficients

(180-182)

(Kd),

represent the sorption affinity of the element ions in solution for the soil solid
phase and can be used as a valuable tool to study element ions mobility and
retention in soil systems. The distribution coefficient of the heavy elements
in soil water interface region can be calculated from the last equation.
The mobility of the element ions in the soil environment are directly
related to their partitions between soil and soil solution and therefore, are
directly to their distribution coefficients. The distribution coefficient (183,184) of
the heavy elements in soil water interface region is affected by different
parameters such as pH and the nature of the element ion (electro negativity,
ionic radius, hydration energy) and soil characteristics (organic C, clay,
silicate).
The distribution coefficient selectivity sequence of heavy elements
adsorption has been found for the studied soil samples in the order Cr >Fe >
Mn according to the increase ionic radius, except for selenium and selenium
and zinc it decrease with increase of ionic radius. The trend of sorption (185, 186)
could be explained based on the ionic radius of the element ions. The ionic
radius (Pauling) of the element ions, this means that the higher ionic radius the
higher adsorption rate. Form this study Pb ions which has the smallest ionic
radius had the highest adsorption capacity (more hydrate form).
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4.2.3.5. Toenail samples
Table (4-7): Trace Elements concentration in (mg/L) in Toenails samples.
1

2

3

4

Mn55

4.17

6.48

4.51

4.00

Zn66

68.88

74.49

82.71

73.7

Sr88

4.17

5.07

3.25

3.02

Cd112

0.17

0.22

0.18

0.88

Pb206

0.70

0.70

0.79

0.78

Pb207

0.75

0.70

0.86

0.83

Pb208

0.75

0.70

0.79

0.78

Cr52

0.34

0.86

0.46

0.54

Fe56

144.33

220.23

132.90

115.65

As75

22.02

26.98

22.25

28.30

Most common Isotope present in Toenail samples are in table (4-7) and
the concentration is differ sample to another.
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4.3. Hydride Generation Atomic Absorption Spectrometer and
Selenium speciation:
This technique was applied for speciation of selenium from different
samples involving several steps:

4.3.1. Sample preparation
The procedures for preparation of soil, underground water and toenail
samples to measure it in this technique is the same procedures which applied
for ICP-MS technique so we will not mentioned it again.

4.3.2. Sample dissolution and matrix removal
For total selenium determination, NaBH4 and hydrochloric acid are
added to the real samples to reduce all selenium to selenium (IV) since
selenium (IV) only can produce the hydride form. To reduce Se (VI) to
Se(IV), the reduction procedure which is given by Ferri et al.(62) is applied to
model solutions and natural water samples. Appropriate amount of
concentrated hydrochloric acid was added to the solutions to give 4mol/L as
final acid concentration. After reduction of Se(VI) to Se(IV). The level of
Se(VI) is calculated from the difference between the total selenium and Se(IV)
concentrations.
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4.3.3. Standardization and Analytical figures of merit for HGAAS (Selenium only)
The calibration curve for Se(IV) solutions is linear from 0-1000ng/mL
as shown in Fig (4-6). The reproducibility of selenium hydride generation
method is determined by six injections of 25µL of 50ng/mL of Se(IV)
standard solution to a cell containing the reductant mixture. The detection
limit is defined as the concentration corresponding to triple value of the
standard deviation of the blank plus the blank signal. In selenium
determination study, the detection limit was 10.6ng/mL of selenium ((Table
(4-8)).

Fig.(4-6): The calibration curve for Se(IV) solutions
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Table (4-8): Analytical figures of merit for Se(IV) determination
Linear range (ng/mL)

From 0 to 1000 Se(IV)

Regression equation

A = 8E-5C+ 0.0181

Correlation coefficient ( R)

0.9989

Detection limit

10.6ng/mL

Where:
A: is the absorbance (peak height).
C: is the selenium concentration (ng/mL).

4.3.4. Analysis of the samples
Hydride generation atomic absorption spectrometer (HG-AAS) is used
for the analysis of liquid sample only.

4.3.4.1. Speciation of Selenium in Soil and Water Samples using
Hydride Generation Atomic Absorption Spectrometer (HG-AAS):
The reliability of the method is evaluated by determining selenium
contents of different samples as shown in Table (4-9). Standard addition
method is used on a 50ng/mL standard selenium solution and good agreement
between results obtained by the proposed method and segmented flow (HGAAS) determination is observed.
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Table (4-9): Concentration in (ng/mL) of Different Selenium Species in
Different Samples
Sample Type

Se(IV) before

Total Selenium

Se(VI)

reduction (C1)

(C2) Se(IV) after

((C2)- (C1))

reduction
Underground Water Samples
A

19.21±0.07

29.08±0.72

9.87

B

19.88±1.12

27.24±1.2

٧M٣٦

C

22.59±1.9

29.85±2.2

٧M٢٦

D

20.99±1.3

29.69±1.4

٨M٧

E

13.76±1.31

20.32±2.1

٦M٥٦

F

22.63±2.3

29.77±2.5

7.14

G

25.21±2.18

32.95±2.6

7.74

H

16.17±0.95

22.93±1.01

6.76

Soil Samples
1

١٤٢٠M٥±20.9

1943±22.7

522.5

2

٧٩٨M٦٤±17.9

1200±19.6

401.36

3

٤١٠٩M٩±31.8

5280±50.3

1170.1

4

٢٢٥٠±٢٥M٣

٣١٩٠±٢٨M٥

٩٤٠

5

٨٠٦M٧٦±13.6

١٢٥٠±20.1

٤٤٣M٢٤

6

٣١٠٢M٠٧±٢٨M٥

٤٣٠٥±٣٠M٢

١٢٠٢M٩٣

7

١١٧٢M٠٤±١٦M٨

١٦٤٨±١٩M١

٤٧٥M٩٦

The concentration of selenium species in studied samples (soil and
underground water) are as follows (fig (4-7)):
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4.3.4.1.1. Concentration of selenium in underground water
samples:
a- The concentration of Se(IV) in general is higher than Se(VI) but the
concentration of Se in water samples is lower than that in soil samples
the highest concentrations are in sample (G), the medium
concentrations are in samples (C), (D) and (F) and the lower
concentration are in samples (A), (B), (E) and (H).
b- The concentration of Se(VI) is very high in samples (A) and (D), the
medium concentrations are in samples (B), (C), (F) and (G) and the
lower concentrations are in samples (E) and (H).
c- The concentration of total selenium is very high in samples (A), (C),
(D) and (G), the medium concentrations are in sample (B) and the lower
concentrations are in samples (E) and (H).
Comparing our data obtained with the natural distribution of selenium
concentration in underground water (5 µg C L to 50 µg C L) (187, 188), we can
see that the area from which we have collected our sample is found to be in
the normal range of distribution of selenium in underground water samples.

4.3.4.1.2. Concentration of selenium in soil samples:
a- The concentration of Se(IV) in general is higher than Se(VI) the highest
concentrations are in samples 3 and ٦, the medium concentrations are in
samples ١,٤ and ٧ and the lower concentrations are in samples ٢ and ٥.
b- The concentration of Se(VI) is very high in samples 3 and ٦ the
medium one is in sample ٤ and the lower concentrations are in samples
1, 2, ٥ and 7.
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c- The concentration of total selenium is very high in samples 3, ٤ and ٥
the medium concentrations are in samples ١ and 7 and the lower
concentrations are in samples ٢ and ٥.
Comparing our data obtained with the natural distribution of selenium
concentration in soil (0.5 mg/L to 50 mg/L) (189), we can see that the area from
which we have collected our sample is found to be in the normal range of
distribution of selenium in soil samples.
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Fig(4-7): Concentration of selenium in underground water and soil
samples

4.4. Analysis of selenium in Toenails as solid samples using INAA:
The following spectrums Fig (4-7) represent the analysis of selenium
for some toenails samples using INAA.

Fig. (4-8a): INNA Spectrum for the selenium in Toenails sample No. (1).
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Fig. (4-8b): INNA Spectrum for the selenium in Toenails sample No. (2).

Fig. (4-9c): INNA Spectrum for the selenium in Toenails sample No. (3).
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4.4.1. Comparing selenium concentration in Toenails as solid
samples using INAA and as liquid samples using AAS:
From table (4-10) we can see an agreement between the analysis of selenium
in liquid and solid samples using AAS and INAA respectively.
Table (4-10): concentration of selenium (mg/L) in different toenails
samples using INAA (Solid samples) and AAS (liquid samples):
Sample

Conc. (ppm)
INAA

AAS

1

0.63±0.06

0.69±0.05

2

1.05±0.30

1.01±0.10

3

0.95±0.30

0.71±0.08

The concentration of selenium for toenails of people living in the same
area from which we have collected our soil and water samples was found to be
in the normal range of a value namely (0.67-0.99) ppm (190) and this appeared
from HG-AAS and INAA techniques. Comparing the results of measurements
of selenium in toenails using HG-AAS and INAA showed an agreement
between the results. HG-AAS is used for the analysis of different species of
selenium (Se IV and Se VI) in soil samples and underground water samples in
the area under investigation.
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Selenium is an essential trace element, it play a major nutritional and
biological role in living systems. Selenium is toxic at levels above the rather
narrow range of that considered a health level in the human diet also selenium
deficiency leads to an increased demand for the measurement of selenium in
its various chemical forms and oxidation states. Speciation analysis of
inorganic and organoselenium compounds to define exact biological roles is a
major analytical challenge. Analysis of this type falls under the field of
elemental speciation analysis. Elemental speciation analysis is defined as the
analytical activity of identifying and quantifying the actual chemical form.
The similarity of selenium with other elements in the chemical and physical
properties makes it difficult to measure directly so it has been coupling
between two Techniques to separate first and then detecting, such as coupling
of chromatography or capillary electrophoresis to accomplish analyte
separation with highly sensitive detector has proven to be an effective
hyphenated system in recent years.

In this thesis I have used different techniques such as INAA, EDS,
XRF, ICP-MS and HG-AAS are used to establish a study of selenium in
different sample types such as soil, underground water and toenail samples for
different healthy people coming from the area under investigation from Sinai.
The samples are brought and prepared on right way for keeping the total Se
content on the samples stable and this appear in chapter two.
The EDS and XRF is used only for solid samples (soil and toenails).
Both these tichniquess were used to detect the trace elements present in toenail
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samples. From these data trace elements are presented within the tolerance
limit. Both of these techniques were not so useful for the detection of
selenium, because selenium detection limit is higher than below mentioned all
trace elements.
Selenium concentration between the underground water and soils from
the same sites don’t give any direction of the same way or attitudes. This
means that the nature and composition of soil is different from that of
underground water samples for these elements. This also appears by
comparing the trace element (Cr, Fe, Mn, Pb, Se and Zn) in the sampleS under
investigation by ICP-MS technique.

Soil and water samples were collected from the Sinai and toenail
samples were collected from the healthy peoples belongs to the area under
investigation of Sinai, Egypt. Microwave digestion method was used for the
preparation of both the soil and toenail samples. ICP-MS was used for the
detection of trace metals in soil, water and toenail samples. The distribution
coefficient of a solute between two phases is calculated as the ratio of the
concentration of the solute in one phase to the concentration of the solute in
the other phase under equilibrium conditions. All these metals have higher
distribution values in the areas outside the Sinai areas. For the sample coming
from the alum factory area nickel and cadmium have higher distribution than
the other elements but copper and lead have lower values. For sample coming
from the fertilizer area (side and deep) cadmium and lead have higher values
but copper and nickel have lower values and the same for the sample coming
from iron factory area cobalt and cadmium have higher values but copper,
nickel and lead have lower values.
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From the results of ICP-MS, the concentration of trace elements is
within the predictable concentration except selenium. The concentration of
selenium is lower than the predictable concentration which appears by
measuring known stander of selenium because hexavalent selenium is not
stable at higher temperature and it doesn't generate a measurable signal in any
situation, if we get good accuracy that should need to convert the oxidation
state of selenium from six to four. therefore, we have chosen hydride
generation atomic absorption spectrophotometer for the detection of total
selenium.
Hydride generation atomic absorption spectrometer is the perfect
technique to measure Se. NaBH4 and hydrochloric acid was used as a reducing
agent to reduce Se (VI) to Se(IV) and this applied to all liquid samples. The
detection limit was 10.6ng/mL of selenium. Results are good agreement
between results obtained by the proposed method and segmented flow (HGAAS) determination. We can see that the area from which we have collected
our sample is found to be in the normal range of distribution of selenium in
underground water and Soil samples. In case of healthy people selenium
present in the normal range and also compairing the reasults obtained by using
HG-AAS and INNA results showed great agreement. Therfore my work is
high quality for detection of selenium specieation in water , soil and toenail
samples
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SUMMARY

SUMMARY
The present thesis divided into four chapters as follows:

Chapter (1):
This chapter contains an introduction on diffrent oxidation states of
organic and inorganic species for selenium in evironmental and biological
samples, the process for separation of selenium from these samples and the
importance of selenium as a component for these samples. Also gives notes
about the techniques which are used in the elemental analysis for selenium
species and the detection limits for selenium in these techniques, selenium
species in human body and the importance of these species in protecting the
body from the diffrent types of cancer and the sources of selenium in
environmentatl samples (soil and water) and distribution levels of selenium in
these samples.
This chapter contains short notes on Inductively Coupled Plasma Mass
Spectrometer (ICP-MS) and diffrent types of this technique which are used in
measuring selenium species and the process of iterefer between this technique
and other techniques to improve selenium measurment. Also the connection
between hydride generation as introduction system with atomic absorption
spectrometry to generate hydride for the volatile elements for groups IV, V and
VI to measure it in high tempretures.
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Chapter (2):
This chapter is divided into two parts :
The first part deals with the sample collection process for evironmental
samples (underground water, soil) and the wet digestion ( microwave
digestion ) process of soil samples. It also contains the theory of work of the
closed microwave digestion system.
The second part contains detailed information concerning the theortical
considerations of the used analytical techniques. These techniques include
Hydride

generation

-

Atomic

Absorption

Spectrometer

(HG-AAS),

Inductively Coupled Plasma Mass Spectrometer (ICP-MS) and Neutron
Activation Analysis (NAA).

Chapter (3):
This chapter includes the methods of sampling, sample preparation, and
sample digesition. The measures of quality assurance are disscused in this
chapter. It describes in details the closed microwave digestion technique and
the analytical methods used in this study which are

present in Central

Laboratory for Elemental and Isotopic Analysis (CLEIA) and the Egypt
Second Research Reactor (ETRR-2). The described techniques are Atomic
Absorption Spectrometer (AAS 6 vario, Analytical Jena GmbH, Germany),
JMS-PLASMAX2 Mass Spectrometer (ICP-MS) and the Egypt Second
Research Reactor (NAA).
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Chapter (4):
This chapter contains the results of the analysis of Selenium in soil,
underground water and toenail samples and the main component and trace
elements for these samples by different techniques.
It containes the general presentation of the results of the intercomparison
as tables of results for each analyte, as graphical representations of results and
as a summary table. The terms used in the tables are defined in this chapter. It
discussed in details the techniques able to detect selenium and the other
techniques which are not able to detect it but used for the purpose of
comparsion.
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ARABIC SUMMARY

ﺍﻝﻤﻠﺨﺹ ﺍﻝﻌﺭﺒﻰ
ﺘﻨﻘﺴﻡ ﻫﺫﻩ ﺍﻝﺭﺴﺎﻝﺔ ﺇﻝﻰ ﺃﺭﺒﻌﺔ ﻓﺼﻭل:

ﺍﻝﻔﺼل ﺍﻷﻭل-:
ﻴﺤﺘﻭﻯ ﻫﺫﺍ ﺍﻝﻔﺼل ﻋﻠﻰ ﻤﻘﺩﻤﺔ ﻋﻥ ﺤﺎﻻﺕ ﺍﻝﺘﺄﻜﺴﺩ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻝﻠﺴﻠﻴﻨﻴﻭﻡ ﻭﺍﻨﺘﺸﺎﺭﻫﺎ ﻓﻲ ﺍﻝﻌﻴﻨﺎﺕ
ﺍﻝﺒﻴﺌﺔ ﻭﺍﻝﺒﻴﻭﻝﻭﺠﻴﺔ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻭﻓﺼﺎﺌل ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﺍﻝﻌﻀﻭﻴﺔ ﻭﺍﻝﻐﻴﺭ ﻋﻀﻭﻴﺔ ﺍﻝﻤﻭﺠﻭﺩﺓ ﺒﻬﺎ ﻭﻨﺒﺫﺓ ﻤﺨﺘﺼﺭﺓ
ﻋﻥ ﻁﺭﻕ ﺍﺴﺘﺨﻼﺼﻬﺎ ﻤﻨﻬﺎ ﻭﺃﻫﻤﻴﺔ ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﻜﻤﻜﻭﻥ ﻝﻬﺫﻩ ﺍﻝﻌﻴﻨﺎﺕ ﻭﺍﻝﺘﻲ ﺘﻭﻀﺢ ﺃﻫﻤﻴﺔ ﺩﺭﺍﺴﺔ ﻭﺘﺤﻠﻴل
ﺍﻝﻌﻴﻨﺎﺕ ﺍﻝﻤﺤﺘﻭﻴﺔ ﻋﻠﻰ ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﻭﺃﻴﻀﺎ ﻨﺒﺫﺓ ﻜﺎﻤﻠﺔ ﻋﻥ ﺍﻷﺠﻬﺯﺓ ﺍﻝﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﺍﻝﺘﺤﻠﻴل ﺍﻝﻌﻨﺎﺼـﺭﻯ
ﻝﻔﺼﺎﺌل ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻭﻤﺴﺘﻭﻴﺎﺕ ﺍﻝﻘﻴﺎﺱ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻝﻬﺫﻩ ﺍﻷﺠﻬﺯﺓ ﺒﺎﻝﻨﺴـﺒﺔ ﻝﻠﺴـﻠﻴﻨﻴﻭﻡ ﻭﻓﺼـﺎﺌل
ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﺍﻝﻤﺨﺘﻠﻔﺔ ﺍﻝﻤﻨﺘﺸﺭﺓ ﻓﻲ ﺍﻝﺠﺴﻡ ﺍﻝﺒﺸﺭﻯ ﻭﺃﻫﻤﻴﺘﻬﺎ ﻝﺯﻴﺎﺩﺓ ﻤﻨﺎﻋﺔ ﺍﻝﺠﺴﻡ ﻝﻠﻭﻗﺎﻴﺔ ﻤـﻥ ﺍﻹﺼـﺎﺒﺔ
ﺒﺄﻨﻭﺍﻉ ﺍﻝﺴﺭﻁﺎﻥ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻭﺍﻝﻤﺼﺎﺩﺭ ﺍﻝﻁﺒﻴﻌﻴﺔ ﻭﺍﻝﻐﻴﺭ ﻁﺒﻴﻌﻴﺔ ﻝﻠﺴﻠﻴﻨﻴﻭﻡ ﻓﻲ ﺍﻝﻌﻴﻨﺎﺕ ﺍﻝﺒﻴﺌﻴﺔ ﺍﻝﻤﺨﺘﻠﻔـﺔ
)ﺍﻝﺘﺭﺒﺔ ﻭﺍﻝﻤﻴﺎﻩ( ﻭﻤﺴﺘﻭﻴﺎﺕ ﺍﻨﺘﺸﺎﺭﻫﺎ ﻓﻲ ﻫﺫﻩ ﺍﻝﻌﻴﻨﺎﺕ.
ﻴﺤﺘﻭﻯ ﺃﻴﻀﺎ ﻫﺫﺍ ﺍﻝﻔﺼل ﻋﻠﻰ ﻨﺒﺫﺓ ﻤﺨﺘﺼﺭﺓ ﻋﻥ ﺠﻬﺎﺯ ﻤﻁﻴﺎﻑ ﺍﻝﻜﺘﻠﺔ ﺍﻝﻤﺯﻭﺩ ﺒﻤﻨﺒﻊ ﺃﻴـﻭﻨﻰ
ﻤﻥ ﺍﻝﺒﻼﺯﻤﺎ ﺍﻝﻤﺴﺘﺤﺜﺔ ) (ICP-MSﻭﻁﺭﻴﻘﺔ ﻋﻤل ﺍﻝﺠﻬﺎﺯ ﻭﺍﺴﺘﺨﺩﺍﻤﻪ ﻓﻲ ﻗﻴﺎﺱ ﻓﺼـﺎﺌل ﺍﻝﺴـﻠﻴﻨﻴﻭﻡ
ﺍﻝﻤﺨﺘﻠﻔﺔ ﻭﺃﻴﻀﺎ ﻋﻥ ﺍﻷﻨﻭﺍﻉ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻝﻪ ﻭﺍﻝﻤﺸﺎﻜل ﺍﻝﻤﺨﺘﻠﻔﺔ ﻝﻬﺫﻩ ﺍﻷﻨﻭﺍﻉ ﻓﻲ ﻗﻴﺎﺱ ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﻭﺸـﺭﺡ
ﻁﺭﻕ ﺍﻻﺘﺼﺎل ﺒﻴﻥ ﻫﺫﺍ ﺍﻝﺠﻬﺎﺯ ﻭﺃﺠﻬﺯﺓ ﺃﺨﺭﻯ ﻝﺘﺤﺴﻴﻥ ﻁﺭﻕ ﻗﻴﺎﺱ ﻓﺼﺎﺌل ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﻭﺸﺭﺡ ﻝﺠﻬـﺎﺯ
ﻤﻁﻴﺎﻑ ﺍﻻﻤﺘﺼﺎﺹ ﺍﻝﺫﺭﻯ ) (AASﻭﺍﺘﺼﺎﻝﻪ ﺒﻤﺩﺨل ﻋﻴﻨﺎﺕ ﻜﻤﻭﻝﺩ ﻝﻠﻬﻴﺩﺭﻴﺩ HG

ﻭﺴﺒﺏ ﺍﺴﺘﺨﺩﺍﻤﻪ

ﻓﻲ ﻗﻴﺎﺱ ﻋﻨﺎﺼﺭ ﺍﻝﻤﺠﻤﻭﻋﺔ ﺍﻝﺭﺍﺒﻌﺔ ﻭﺍﻝﺨﺎﻤﺴﺔ ﻭﺍﻝﺴﺎﺩﺴﺔ ﻝﻠﺘﻐﻠﺏ ﻋﻠﻰ ﻤﺸﻜﻠﺔ ﺘﻁﺎﻴﺭ ﻫﺫﻩ ﺍﻝﻌﻨﺎﺼﺭ ﻓﻲ
ﺩﺭﺠﺎﺕ ﺍﻝﺤﺭﺍﺭﺓ ﺍﻝﻌﺎﻝﻴﺔ ﻝﺠﻬﺎﺯ ﻤﻁﻴﺎﻑ ﺍﻻﻤﺘﺼﺎﺹ ﺍﻝﺫﺭﻯ.
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ﺍﻝﻔﺼل ﺍﻝﺜﺎﻨﻲ-:
ها ا ﻤﻘﺴﻡ ﻝﺜﻼﺙ ﺃﺠﺯﺍﺀ:
ﺍﻝﺠﺯﺀ ﺍﻷﻭل ﻴﺘﻨﺎﻭل ﻁﺭﻕ ﺠﻤﻊ ﺍﻝﻌﻴﻨﺎﺕ ﺍﻝﺒﻴﺌﻴﺔ ﺍﻝﻤﺨﺘﻠﻔﺔ )ﺍﻝﺘﺭﺒﺔ ﻭﺍﻝﻤﻴﺎﻩ(ﻭﺍﻝﻁﺭﻴﻘﺔ ﺍﻝﻤﺴﺘﺨﺩﻤﺔ ﻝﻬﻀـﻡ
ﻋﻴﻨﺎﺕ ﺍﻝﺘﺭﺒﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻝﻤﻴﻜﺭﻭﻭﻴﻑ ﻭﺍﻝﻤﻤﻴﺯﺍﺕ ﻭﺍﻝﻌﻴﻭﺏ ﻝﻬﺫﻩ ﺍﻝﻁﺭﻴﻘﺔ .ﻭﻴﺤﺘﻭﻯ ﺃﻴﻀﺎ ﻋﻠﻰ ﻨﻅﺭﻴﺔ
ﻋﻤل ﺠﻬﺎﺯ ﺍﻝﻤﻴﻜﺭﻭﻭﻴﻑ ﻝﻠﻬﻀﻡ ﺍﻝﻤﻐﻠﻕ.
ﺍﻝﺠﺯﺀ ﺍﻝﺜﺎﻨﻲ ﻴﺸﺘﻤل ﻋﻠﻰ ﻤﻌﻠﻭﻤﺎﺕ ﻤﻔﺼﻠﺔ ﺘﺭﻜﺯ ﻋﻠﻰ ﺍﻝﻤﻔﺎﻫﻴﻡ ﺍﻝﻨﻅﺭﻴﺔ ﻷﺠﻬـﺯﺓ ﺍﻝﺘﺤﺎﻝﻴـل
ﺍﻝﻤﺴﺘﺨﺩﻤﺔ .ﻫﺫﻩ ﺍﻷﺠﻬﺯﺓ ﺘﺘﻀﻤﻥ ﺠﻬﺎﺯ ﻤﻁﻴﺎﻑ ﺍﻻﻤﺘﺼـﺎﺹ ﺍﻝـﺫﺭﻯ ) (AASﻭﺍﺘﺼـﺎﻝﻪ ﺒﻤﻭﻝـﺩ
ﺍﻝﻬﻴﺩﺭﻴﺩﺍﺕ  HGﻭﺠﻬﺎﺯ ﻤﻁﻴﺎﻑ ﺍﻝﻜﺘﻠﺔ ﺍﻝﻤﺯﻭﺩ ﺒﻤﻨﺒﻊ ﺃﻴﻭﻨﻰ ﻤﻥ ﺍﻝﺒﻼﺯﻤـﺎ ﺍﻝﻤﺴـﺘﺤﺜﺔ )(ICP-MS
ﻭﺠﻬﺎﺯ ﺍﻝﺘﺤﻠﻴل ﺒﺎﻝﺘﻨﺸﻴﻁ ﺍﻝﻨﻴﺘﺭﻭﻨﻲ). (NAA

ﺍﻝﻔﺼل ﺍﻝﺜﺎﻝﺙ-:
ﻴﺤﺘﻭﻯ ﻫﺫﺍ ﺍﻝﻔﺼل ﻋﻠﻰ ﻁﺭﻕ ﺠﻤﻊ ﺍﻝﻌﻴﻨﺔ ﻭﺘﺤﻀﻴﺭﻫﺎ ﻭﻫﻀﻤﻬﺎ  .ﻭﻴﻨﺎﻗﺵ ﺍﻝﻤﻘﺎﻴﻴﺱ ﺍﻝﺨﺎﺼﺔ
ﺒﺘﺄﻜﻴﺩ ﺍﻝﺠﻭﺩﺓ .ﻭﻴﺘﻀﻤﻥ ﻭﺼﻑ ﺘﻔﺼﻴﻠﻲ ﻝﺠﻬﺎﺯ ﺍﻝﻤﻴﻜﺭﻭﻭﻴﻑ ﻝﻠﻬﻀـﻡ ﺍﻝﻤﻐﻠـﻕ ﻭﺃﺠﻬـﺯﺓ ﺍﻝﺘﺤﺎﻝﻴـل
ﺍﻝﻤﺴﺘﺨﺩﻤﺔ ﻓﻰ ﻫﺫﻩ ﺍﻝﺩﺭﺍﺴﺔ ﻭﺍﻝﻤﻭﺠﻭﺩﺓ ﻓﻰ ﺍﻝﻤﻌﻤل ﺍﻝﻤﺭﻜﺯﻱ ﻝﻠﺘﺤﻠﻴل ﺍﻝﻌﻨﺎﺼﺭﻯ ﻭﺍﻝﻨﻅﺎﺌﺭﻯ ﻭﻤﻔﺎﻋل
ﻤﺼﺭ ﺍﻝﺒﺤﺜﻲ ﺍﻝﺜﺎﻨﻰ .ﻫـﺫﻩ ﺍﻷﺠﻬـﺯﺓ ﺘﺘﻀـﻤﻥ ﺠﻬـﺎﺯ ﺍﻻﻤﺘﺼـﺎﺹ ﺍﻝـﺫﺭﻯ (AAS 6 vario,
 Analytical Jena GmbH,ﻭﺠﻬﺎﺯ ﻤﻁﻴﺎﻑ ﺍﻝﻜﺘﻠﺔ ﺍﻝﻤﺯﻭﺩ ﺒﻤﻨﺒﻊ ﺃﻴﻭﻨﻰ ﻤﻥ ﺍﻝﺒﻼﺯﻤـﺎ ﺍﻝﻤﺴـﺘﺤﺜﺔ
]) [JMS-PLASMAX2 Mass Spectrometer (ICP-MSﻭﺠﻬﺎﺯ ﺍﻝﺘﺤﻠﻴل ﺒﺎﻝﺘﻨﺸﻴﻁ ﺍﻝﻨﻴﺘﺭﻭﻨﻲ
) ( NAA
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ﺍﻝﻔﺼل ﺍﻝﺭﺍﺒﻊ-:
ﻴﺤﺘﻭﻯ ﻫﺫﺍ ﺍﻝﻔﺼل ﻋﻠﻰ ﻋﺭﺽ ﻝﻨﺘﺎﺌﺞ ﻗﻴﺎﺱ ﻋﻨﺼﺭ ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﻓﻲ ﻋﻴﻨﺎﺕ ﺍﻝﺘﺭﺒـﺔ ﻭﺍﻝﻤﻴـﺎﻩ
ﺍﻝﺠﻭﻓﻴﺔ ﻭﺍﻷﻅﺎﻓﺭ ﻝﻠﻤﻨﻁﻘﺔ ﺘﺤﺕ ﺍﻝﺩﺭﺍﺴﺔ ﻭﻨﺘﺎﺌﺞ ﻗﻴﺎﺴﺎﺕ ﺍﻝﻤﻜﻭﻨﺎﺕ ﺍﻷﺴﺎﺴﻴﺔ ﻝﻬﺫﻩ ﺍﻝﻌﻴﻨﺎﺕ ﺒﺎﺴـﺘﺨﺩﺍﻡ
ﺃﺠﻬﺯﺓ ﺍﻝﺘﺤﻠﻴل ﺍﻝﻤﺨﺘﻠﻔﺔ ﺒﺎﻝﻤﻌﻤل ﺍﻝﻤﺭﻜﺯﻱ ﻝﻠﺘﺤﻠﻴل ﺍﻝﻌﻨﺎﺼﺭﻯ ﻭﺍﻝﻨﻅﺎﺌﺭﻯ ﻭﻤﻔﺎﻋل ﻤﺼـﺭ ﺍﻝﺒﺤﺜـﻲ
ﺍﻝﺜﺎﻨﻲ ﻭﻴﺤﺘﻭﻯ ﺃﻴﻀﺎ ﻋﻠﻰ ﺍﻝﻁﺭﻕ ﺍﻝﻤﺨﺘﻠﻔﺔ ﻝﻌﺭﺽ ﺍﻝﻨﺘﺎﺌﺞ ﻜﺠﺩﺍﻭل ﻭﺭﺴﻭﻡ ﺒﻴﺎﻨﻴﺔ ﻭﺠﺩﻭل ﻤﺠﻤﻊ ﻭﺘﻡ
ﺃﻴﻀﺎ ﺘﻌﺭﻴﻑ ﺍﻝﻤﺼﻁﻠﺤﺎﺕ ﺍﻝﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﺍﻝﺠﺩﺍﻭل ﻓﻲ ﻫﺫﺍ ﺍﻝﻔﺼل .ﻭﻴﻨﺎﻗﺵ ﻫـﺫﺍ ﺍﻝﻔﺼـل ﺍﻝﻨﺘـﺎﺌﺞ
ﺍﻝﻌﻤﻠﻴﺔ ﻤﺘﻀﻤﻨﺔ ﺇﻤﻜﺎﻨﻴﺔ ﻗﻴﺎﺱ ﺍﻝﺴﻠﻴﻨﻴﻭﻡ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺒﻌﺽ ﺃﺠﻬﺯﺓ ﺍﻝﺘﺤﻠﻴل ﻭﻋﺩﻡ ﺇﻤﻜﺎﻨﻴﺔ ﻗﻴﺎﺴﻪ ﺒﺎﺴﺘﺨﺩﺍﻡ
ﺃﺠﻬﺯﺓ ﺃﺨﺭﻯ ﻭﺍﺴﺘﺨﺩﺍﻡ ﻫﺫﻩ ﺍﻝﻘﻴﺎﺴﺎﺕ ﻓﻲ ﻤﻘﺎﺭﻨﺔ ﻁﺒﻴﻌﺔ ﻭﺘﺭﻜﻴﺏ ﺍﻝﺘﺭﺒﺔ ﻭﺍﻝﻤﻴﺎﻩ ﺍﻝﺠﻭﻓﻴﺔ ﻝﻨﻔﺱ ﺍﻝﻤﻨﻁﻘﺔ
ﺘﺤﺕ ﺍﻝﺩﺭﺍﺴﺔ.
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