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CHAPTER |

INTRODUCTION

1.1 Statement of the problem

Arsenic is widely known as a toxic element and can cause adverse health
effects, including hyperpigmentation, respiratory, cardiovascular, respiratory,
gastrointestinal and carcinogenic effects [1]. Arsenic is a semi-metallic element that
naturally occurs in the earth’s crust in four oxidation states: As(V), As (lll), As (0) and
As (=lll). Arsenic is leached from natural decay of soil and rock into natural water at
low concentration of arsenic [2]. Nevertheless, industrial and agriculture activities
such as mining, smelting and using pesticides, herbicides and insecticides distribute
higher concentrations of arsenic to the environment [3]. In many countries arsenic is
found in drinking water at levels exceeding the World Health Organization’s arsenic
guideline value of 10 pg/L [4].

Arsenic species in natural water exist in inorganic species as arsenite or As(lll)
and arsenate or As(V) and organic arsenic species as monomethylarsenic acid (MMA)
and dimethylarsenic acid (DMA). The toxicity of arsenite is higher than that of
arsenate, while inorganic species of arsenic are more toxic than its organic forms [5].
Determination of total arsenic does not indicate the level of their actual hazard.
Therefore, speciation analysis of arsenic is more significant than the determination of
total arsenic concentration.

Determination methods of arsenic are mainly based on spectrometric
methods including atomic absorption spectrometry (AAS), atomic fluorescence
spectrometry (AFS) and inductively coupled plasma optical emission spectrometry
(ICP-OES). However, direct determination of arsenic by spectrometric methods cannot
provide the speciation of arsenic species. Therefore, preliminary separation of arsenic

is required prior to determination.



Chromatographic methods such as high performance liquid chromatography,
capillary electrophoresis and ion-chromatography have been developed for
speciation of arsenic species by being combined with spectrometric determination
but they have high operation cost and need expensive instrument and complicated
process. However, non-chromatographic separation methods such as cloud point
extraction (CPE), co-precipitation and solid phase extraction (SPE) have been
employed for solving the problem due to low cost and simple operation.

Solid phase extraction (SPE) is an interesting method that can separate each
arsenic species before the determination step, because of its time and cost saving,
simple operation, reduced solvent using and high enrichment factor. In this work, we
propose the speciation of arsenic species (arsenite, arsenate and DMA) by using a
solid phase extraction with selective adsorption of a strong anion exchange column

and a silver chloride-silica-based column.

1.2 Objective

This research aimed at (1) development of solid phase extraction for separation
of arsenite, arsenate and DMA in water (2) speciation of arsenic species in real

industrial wastewater by using the developed method.

1.3 Scope of the research

The scope of this research firstly involved the preparation of silver chloride-
silica-based column. Selective separation of arsenite, arsenate and DMA on a strong
anion exchange column and a silver chloride-silica-based column at various pH
values were investigated. Then, effects of pH, flow rate and concentration of eluent
were evaluated to find out the optimal conditions for the separation of arsenic
species. After that, under optimal conditions, a ternary mixture of arsenic (As(lll), As(V)
and DMA) was used and evaluated for interfering ions. Finally, the developed
method was validated and employed to perform arsenic speciation in the real

industrial wastewater samples.



1.4 Benefits of this research

The strong anion exchange column and silver chloride-silica-based column
was available for the separation of arsenite, arsenate and DMA in speciation of

arsenic species.



CHAPTER Il

THEORY AND LITERETURE REVIEW

2.1 Arsenic
2.1.1 Properties of arsenic

Arsenic is a metalloid, having both properties of a metal and non-metal.
Arsenic exists in four oxidation state: 0, +3, +5 and -3. Elemental arsenic or metallic
arsenic occurs in the a- and B-forms. The a-form is brittle crystalline solid and steel
gray color. The B-form is an amorphous solid and dark grey color. In addition, arsenic
compounds exist in both inorganic and organic forms. In inorganic arsenic, arsenic
combines with oxygen, chlorine and sulfur. In organic arsenic, arsenic combines with
an organic moiety through an arsenic-carbon bond (As-C). Physical and chemical

properties of organic arsenic and inorganic arsenic are shown in Table 2.1-2.2 [1].

Table 2.1 Physical and chemical properties of organic arsenic compound

Molecular Physical Melting Boiling
Name Color Density
weight state point point
Monomethyl 139.97 white solid 160.5°C  No data 2.2
. . 3
arsenic acid g/cm
Dimethyl 138.00  colorless  solid 195°C  >200°C No data
arsenic acid
Arsenobetaine 196.1 No data solid 203- No data No data

210 °C




Table 2.2 Physical and chemical properties of inorganic arsenic compound

Molecular Physical Melting Boiling
Name Color Density
weight state point point
Arsenic 2.2
141.94 white solid 35 °C 160 °C 5
acid g/cm
Arsenic 3.86
197.84 white solid 274 °C 460 °C 5
trioxide g/cm
Arsenic No 4.32
229.84 white solid 315 °C 5
pentaoxide data g/cm
Sodium Gray- No 1.87
130.92 solid No data 5
arsenite white data g/cm
Disodium No 1.87
185.91 colorless  solid 57 °C 5
arsenate data g/cm
Calcium Decomposes No 3.62

398.07 colorless  solid 5
arsenate on heating data g/cm




2.1.2 Toxicity

Arsenic is widely known as a toxic element. The toxicity of arsenic can differ
greatly due to effects of inorganic or organic forms, valence state, solubility and
physical state. Generally, inorganic species of arsenic are more toxic than its organic
forms and the toxicity of arsenite is higher than that of arsenate. LDy, of arsenic is
shown in Table 2.3 [5]. Arsenic in gas form or arsine gas (AsHs) is the highest toxic of

arsenic species.

Table 2.3 LDs, of some arsenic species

LDso
Species Formula

(mg/kg)
Arsenite As(OH)s 4.5
Arsenate AsO(OH); 14-18
Monomethylarsenic acid CH3AsO(OH), 700-1800
Dimethylarsenic acid (CH3)AsOOH 700-2600
Tetramethyl arsonium ion (CHs)iAs 900
Arsenocholine (CHs);As CH, CH,OH 6500
Arsenobetaine (CHs)5As CH,COO' >10000
Trimethylarsine oxide (CH3)zAsO 10600

Arsenic poisoning can destroy the liver and cause the risk of lung and skin
cancers and other cancer. Arsenic can be excreted from the body by urine if the
body receives arsenic at low level and short time. The toxicity of arsenic has chronic
toxicity and acute toxicity. Arsenic has a fetal human dose of 0.6 mg/kg (arsenic

trioxide).

Chronic toxicity: Chronic arsenic poisoning is associated with receiving arsenic
for long time and continually. The symptoms of chronic arsenic poisoning including
hyperpigmentation, numbness in hands and feet, peripheral neuropathy, weakness

muscle in arms and legs, lung cancer and skin cancer.



Acute toxicity: The symptoms of acute arsenic poisoning including nausea,
vomiting, abdominal pain, diarrhea. In extreme cases, patients may have symptoms
of muscle cramping, numbness in hands and feet and death due to cardiovascular

collapse [6].

2.1.3 Contamination of arsenic in the environment

Arsenic is a naturally occurring element and ubiquitous in the earth’s crust.
However, the contamination of arsenic in the environment is increasing nowadays.
This contamination is a result from a natural disaster such as volcanic effect,
corrosion of arsenic containing rock. In addition, arsenic is widely used in industries
and agricultural activities such as pesticides, herbicides. Arsenic contaminated
industrial wastewater is drained to the environment and arsenic is leached from mine
tailing waste into surface water and ground water. Thus arsenic can accumulate in
water, soil and enters in a food chain. As very well known that arsenic is very toxic to
humans and living organisms, the determination of arsenic becomes increasingly

necessary.

2.2 Determination of arsenic

Several techniques for the determination of arsenic are shown below:

2.2.1 Spectrometric method

Spectrometric methods such as atomic absorption spectrometry (AAS), atomic
fluorescence spectrometry (AFS) and inductively coupled plasma based techniques
are popular techniques for the determination of arsenic due to high accuracy and
precision, sensitivity and selectivity, easy operation. Some techniques for

determination of arsenic are shown in Table 2.4.



Table 2.4 Spectrometric methods for determination of arsenic

Techniques Abbreviation Ref
Hydride generation atomic absorption spectrometry HG-AAS [7], [8]
Hydride generation atomic fluorescence spectrometry HG-AFS [9]
Graphite furnace atomic absorption spectrometry GFAAS [10]
Inductively coupled plasma optical emission ICP-OES [11]
spectrometry
Inductively coupled plasma mass spectrometry ICP-MS [12]
UV-vis spectrometry UV-vis [13]
Fluorescence spectrometry -

2.2.2 Electrochemical method

Electrochemical methods are one of alternative choices for determination of
arsenic. This technique shows high sensitivity, low cost and portability.
Electrochemical methods such as anodic stripping voltammetry (ASV) [14] have been
employed for determination of arsenic. Arsenite can electroplate on the working
electrode during a deposition step and oxidized during stripping step (Equations 2.1-
2.2). The working electrodes for determination of arsenic have been reported such as

Au, Au-coated carbon electrode and glassy carbon.

Deposition: A 436 > AS (2.1)

Stripping: As. = As> + 3¢ (2.2)



2.3 Speciation of arsenic

Speciation of arsenic species is important because the toxicity of each arsenic
species is different. A direct determination of arsenic by spectrometric methods
cannot provide speciation of arsenic species. An additional step has to be performed
in order to separate arsenic species before being analyzed by such spectrometric
methods for example atomic absorption spectrometry (AAS), atomic fluorescence
spectrometry (AFS), atomic emission spectrometry (AES) and inductively coupled
plasma optical emission spectrometry (ICP-OES) which are the most commonly
employed detection methods. An off-line sample preparation seems to be suitable
for many laboratories due to the ease of operation. However, an on-line separation
and determination for arsenic has g¢reat attention. The combination of a
chromatographic method with elemental detection methods and/or mass

spectrometric detection has also attracted great interest.

2.3.1 Chromatographic method

A combination of chromatographic method and elemental or mass detection
methods is called “hyphenated techniques”. These techniques can be used in
various modes with several sensitive spectroscopic detection methods, for example
HPLC-ICP-MS [15, 16], HPLC-ICP-OES [17]. The main advantages of these hyphenated
techniques are full automation, good reproducibility and high throughput. However, a
competent and specialized operator is required and the cost of the instrument is

relatively higsh compared to the sole spectroscopic instruments [18].

2.3.2 Non-chromatographic method

Non-chromatographic methods based on chemical speciation are
evolutionally growing because a simple operation and inexpensive instruments are
advantageous. Non-chromatography methods such as cloud point extraction (CPE)
[19, 20], co-precipitation [21, 22] and solid phase extraction (SPE) [23, 24] have been

employed for speciation of arsenic. In this research the SPE technique was used to
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separate arsenic species due to its extreme simplicity, low cost, high selectivity and

recovery [25].

2.4 Solid phase extraction

SPE was initially a complementary technique for liquid-liquid extraction (LLE).
SPE principle is based on the partitioning of solutes between two phases (solid and
liquid). The liquid phase is an analyte containing phase, being generally an aqueous
solution (sample solution), while the solid phase is a solid sorbent which has affinity
towards analytes. The SPE technique is commonly used in sample preparation for a
separation of analytes from sample matrices or for an elimination of matrix
interferences. The analytes are favorably partitioned onto the solid sorbent surface;
on the other hand, the interferences presented in the sample matrix are transferred
to the solid phase. In the former case the analytes are eluted from the solid phase
by using an appropriate eluting solution. SPE is one of the separation methods which
is very popular for sample preparation due to process rapidity, high selectivity, easy
automation, high preconcentration factor and ability to clean up samples before the
detection step. Various types of samples in chemical analysis, such as biological fluid

samples, water, beverages, and soil can be undergone the SPE.

2.4.1 Solid phase extraction procedure

Four steps in SPE (Figure 2.1) are traditionally performed including (i)
conditioning of solid sorbent, (i) loading of samples onto the SPE column or
cartridge, (iii) rinsing of unwanted compounds/ions from the SPE sorbent, and (iv)

elution of the interested analytes for determination [26].
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2.4.1.1 Conditioning

Firstly, an appropriate solvent is passed through a SPE column to condition
the SPE sorbent. In general, the conditioning solvent is similar to the sample solvent.
This step is essential as it enables the wettability of the SPE sorbent and the
solvation of active sites of the sorbent. In addition, impurities initially contained in
the sorbent, and air voids can be removed from the SPE column. The dryness of the
SPE sorbent should be avoided in this step, otherwise the efficiency of the SPE

column becomes poorer.

CONDITIONING SAMPLE ADDITION WASHING ELUTION
v 4
8

U 7 i

[ Analyte » Interferents = o*]

Figure 2.1 Solid phase extraction steps [27]
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2.4.1.2 Loading

The second step involves the passing of liquid samples through the SPE
column. The volume of the sample varies depending on the designed SPE system,
generally ranging from 1 to 1000 mL. The sample flow or percolation can be
spontaneous by gravity or with the aid of a pump that allows controlling a flow rate.
The sample flow rate through the SPE sorbent should be low enough to ensure the
retention of the analytes onto the SPE sorbent and high enough to avoid long
operation duration. During this step, the interested analytes are attached to the SPE

sorbent.

2.4.1.3 Washing

This step involves rinsing or washing the SPE column. It is optional. An
appropriate solvent is passed through the SPE column to remove matrix
interferences that have previously retained on the solid sorbent. The washing solvent
should not flush the retained analytes. If water is unwanted in the determination

step, a drying process should be done in this step.

2.4.1.4 Eluting

Finally, the analytes is eluted from the SPE sorbent by using an appropriate
eluting solution without eluting retained matrix interferences. The volume of eluting
solution should be optimized to quantitatively elute all analytes with the lowest
dilution of analytes. The elution flow rate should be correctly considered to ensure
the elution efficiency. Two elution steps of elution are always recommended. A
small aliquot of eluting solution is initially applied to soak the SPE sorbent surface,

followed by the passing of the actual eluting solution.
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2.4.2 Mechanism of solid phase extraction process

The mechanism(s) of solid phase extraction process involves interactions
between analytes molecules or ions and the SPE sorbent [28]. Understanding the
mechanism permits an analyst to design or choose an appropriate SPE. The most
common retention mechanisms in SPE are based on van der Waals forces, hydrogen
bonding, dipole-dipole forces and cation-anion interactions. Each SPE sorbent
involves one or more of these properties. Four modes of SPE are classified as

follows.

- Reversed phase SPE: A reverse phase SPE involves a nonpolar SPE sorbent
and a polar or quasi-polar liquid phase. The polarity of analytes dissolved
in the liquid phase is middle between nonpolar and semi-polar. The
attractive forces between the analytes and the SPE sorbent are based on
nonpolar-nonpolar interactions (always called van der Waals forces or
dispersion forces). A nonpolar solvent is usually used to elute the
adsorbed analytes from the SPE sorbent. Carbon-based, polymer-based,
and bonded silica-based SPE sorbents are often employed in reversed

phase SPE.

- Normal phase SPE: A normal phase SPE is a contrast to a reverse phase
SPE. It involves a polar SPE sorbent and a mid- to nonpolar liquid phase.
The analytes dissolved in the liquid phase is semi-polar or polar
compounds. The attractive forces between the analytes and the SPE
sorbent are based on dipole-dipole forces and cation-anion interactions. A
polar solvent, being more polar than the sample matrix is usually used to
elute the adsorbed analytes from the SPE sorbent. Bonded silica-based
sorbents with polar functional groups (also called chemically modified

silica gel) is typically used in this SPE mode.
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lon exchange SPE: An ion exchange SPE is mainly based on the
electrostatic  attractions between cationic analytes and anionic
functionality of SPE sorbent (called cation exchange SPE) and anionic
analytes and cationic functionality of SPE sorbent (called anion exchange
SPE). Silica or polymer with aliphatic sulfonic acid groups is always used in
cation exchange SPE, while silica or polymer with an aliphatic quaternary
amine group bonded to the sorbent surface is often used in anion

exchange SPE.

Figure 2.2 shows the method for selecting a mechanism to determine SPE

procedure.
|\ Organics
Water (e.0., Hexane)
Charged Meutral | Meutral | |Charged |
Try Try Reversed
— Feversed FPhase or
Difficult to tran Phase loh Exchange
ie.n. alcohols
Anionic Cationic sugars, glycols)
idi : Try totrap
acidic
I: ) (hasic) interferances

by Reversed Phase
or LC-SA% or LC-5CK

Wiieak Strong Wie gk Strong
anian anion cation cation
Folar (e.q., Mid to Monpolar
rmethanol o {g.g.,
acetonitrile) dichloramethane,
LC-SAX on LC-8CH or hexane)
LC-MH2 LC-WCH
Dilute with water| | Try Marmal Phasze
[ ves | [ mo | [ ves | [ Mo | and follcw or evarporate to
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| Lonmz] [osan | | Lowed [Losox ] dilute with water
and fallow agueaus
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Figure 2.2 Choice of SPE procedure [28].



15

2.4.3 Selection of solid sorbent

A suitable SPE sorbent is carefully selected in order to obtain the best
efficiency in analyte separation from a sample matrix. The main requirements for a
solid sorbent in the analysis of elements are as follows:

(i) The possibility to extract a large number of trace elements over a wide pH
range (along with selectivity towards major ions),

(i) The fast and quantitative sorption and elution, in particular, sorbents that
allow fast reaction rates are preferred to achieve faster extraction as well as higher
loading capacities.

(iii) A high capacity,

(iv) Regenerability,

(v) Accessibility

In the present, a large number of SPE sorbents are available, and the most
frequently used groups of sorbents are chemically modified silica gel, polymeric

sorbents (resin), and graphitized or porous carbon.

2.4.3.1 Silica and bonded silica sorbent

Silica-based sorbents offer good mechanical strength and can be used in a
wide pH range (typically in the range of 2 to 7.5). Silica surface is heterogeneous with
silanol groups. Silica surface can be easily modified to tune its applicability towards
different types of analytes. The functionality can be non-polar (e.g. C18), polar (e.g. -
COOH or NH,), ionic or mixed-mode (e.g. C8/cation exchange). Silica-based sorbents
can be used in reversed-phased (RP), normal-phase (NP) and ion-exchange (IE) SPE.

The most used silica-based SPE sorbent in trace element analysis are ~SO5
and —N+(CH3)3 ionic functional groups. The extraction mechanism is based on ion
exchange. The -SO; silica is a strong cation exchanger (SCX) for the extraction of
cationic analytes from solution. The N"(CHa)s silica is a strong anion exchanger (SAX)
for extraction of anionic analytes.

Sorbents for solid phase extraction and separation mechanisms for solid

phase separations are listed in Table 2.5.



Table 2.5 Sorbents for solid phase extraction and separation mechanisms for solid phase separations
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2.4.3.2 Polymeric sorbents

The most widely used polymeric sorbents are the styrene-divinylbenzene
copolymers (PS-DVB). They offer the large surface area of surface areas of 700-1,200
m+/g which allow higher retention of analytes. PS-DVB baring aromatic sites is suitable
for nonpolar compounds which allow 9-9 interactions with unsaturated analytes.
Similar to silica, PS-DVB can be chemically modified to be suitable for trace element,
known as chelating resin. However, these sorbents are not available in pre-packed

cartridees because they required laborious purification steps before use.

2.4.3.3 Graphitized or porous carbon

Activated carbon is a sorbent with high specific microporous large surface
areas containing polar groups. Graphitized carbon blacks (GCBs) are obtained from
heating carbon blacks at very high temperature in an inert atmosphere. Their surface
area is still low (about 100 m+/g). Carbon-based sorbent is non-specific and
sometimes non-porous material. They can simultaneously extract neutral, cationic
and anionic compounds via van der Waals forces. It is not suitable for a specific

analyte especially in metal speciation analysis.
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2.5 Literature Review

Speciation of arsenic has been more and more developed due to the
difference in toxicity of each arsenic species. The most effective speciation method
for arsenic is liquid chromatography coupled with mass spectrometry (LC-MS).
However, complicated operation and high instrumental cost are main limitation of
this technique. Therefore, simple or classical separation methods have been
employed instead of LC-MS. In 2004, Zhang [22] have developed a sensitivity and
accuracy method for speciation of arsenic in water by co-precipitation separation.
Arsenic solution was mixed with ammonium pyrrolidine dithiocarbamate (APDC)
solution and Ni(ll) solution. The pH of the sample solution was adjusted to the pH
range of 2-3. The sample solution was allowed to stand for 1 h at the room
temperature for quantitative formation of the co-precipitate. The co-precipitate
obtained containing trivalent species of arsenic was submitted to the AAS
determination for As(lll), because As(V) was hardly co-precipitated by the complex of
Ni—(PDC), in the same pH condition. In order to co-precipitate total arsenic in the
sample solution, As(V) was reduced to As(lll) before the procedure of co-precipitation.
As(V) concentration in the sample solution can be calculated by the difference in
concentration between As(lll) and total arsenic. The detection limit was 0.02 ng/mL.
The recoveries for spike of arsenic ranged from 97.1 to 103.4% for As(lll) and from
96.6 to 99.4% for As(V). Moreover, Tuzen et al. [21] have studied the speciation of
As(lll) and As(V) by co-precipitation separation in the same way. Their procedure was
based on the co-precipitation of As(V) on the precipitate of aluminum(lll) hydroxide
while As(lll) was not co-precipitated.

Cloud point extraction (CPE) is one of separation method; it is used to
selective separation arsenic species for speciation of arsenic. Ulusoy et al. [19] used
cloud point extraction for separation and preconcentration of arsenic in water prior
to hydride generation atomic absorption spectrometry (HGAAS). As(lll) has formed an
ion-pairing complex with Pyronine B (Figure 2.3) in the presence of sodium dodecyl
sulfate (SDS) at pH 10.0 and the ion-pairing complex was extracted into the non-ionic

surfactant, polyethylene glycol tert-octylphenyl ether (Triton X-114). After phase
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separation, the surfactant-rich phase was diluted with 1 mol/L HCl and 0.5 mL of
3.0% (w/v) Antifoam A. Under the optimized conditions, a preconcentration factor of

60 and a detection limit of 0.008 LLg/L were achieved.

ion-pair complex formation

Figure 2.3 The ternary complex of As(lll)-Pyronine B-SDS [19]

Solid phase extraction is a separation method which has been widely used
for separation of arsenic species. Some solid phase sorbents including non-polar C-
18, polytetrafluorethylene fiber, ion-exchange resin, controlled pore glass, cartridge,
Diaion® HP-2MG resin, modified mesoporous TiO,, activated carbon, porous graphitic
carbon, and cetyltrimethylammonium bromide (CTAB)-modified alkyl silica have
been employed for the separation and preconcentration of arsenic. Zhang et al [24]
developed a method for the multi-element inorganic speciation of As(lll, V), Se(lV, VI)
and Sbh(lll, V) in natural water using solid phase extraction. Titanium dioxide (TiO,) was
used to adsorb inorganic arsenic. For As(lll) was co-precipitated with Pb-PDC,
dissolved in dilute nitric acid, and then determined. The concentrations of As(V) can
be calculated by the difference of the concentrations obtained by the
determinations. Detection limits was found to 0.10 pg/L. Chen et al. [11] used 3-(2-
aminoethylamino) propyltrimethoxysilane (AAPTS) modified ordered mesoporous

silica for the speciation of inorganic arsenic. The adsorption behaviors of As(lll) and
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As(V) on AAPTS modified ordered mesoporous silica were investigated. It was found
that As(V) can be selectively adsorbed on the micro-column within the pH of 3-9,
while As(lll) could not be retained in the studied pH range and passed through the
micro-column directly. Then, As(V) was eluted by 1 mol/L HCl and determined by
ICP-OES. The limit of detection was 0.05 Hg/L. Erdogan et al. [29] demonstrated the
use of hybrid nano ZrO,/B,0; sorbent for the speciation and determination of As(lll),
As(V) and total As in water samples. The hybrid sorbent was successfully applied for
preconcentration and speciation of As(V) from various samples with a recovery of
99+5%. The analytical limit of detection was found at 9.25 ng/L. Adsorption
capacities of the hybrid sorbent were 98.04 mg/g for As(V). Xiong et al. [30] used
cetyltrimethylammonium bromide (CTAB)-modified alkyl silica sorbent for speciation
of inorganic arsenic. The limits of detection of As(V) was 0.15 pg/L. The relative
standard deviations for nine replicate determinations at 5.0 pg/L level of As(V) was
4.0%. The calibration graphs of the method for As(V) and Se(VI) were linear in the
range of 0.5-1000.0 Hg/L with a correlation coefficient of 0.9936.

Moreover, an online-solid phase extraction was developed for the speciation
of arsenic to overcome the loss of analyte, improve the precision and increase the
sample throughput. For example, Sigrist et al. [31] presented the analysis of As(lll)
and total arsenic in water samples by solid phase extraction using
trimethylaminopropyl-based resin coupled with a flow system and HG-AAS detection.
The limit of detection of As(lll) and total arsenic were 0.5 and 0.6 Ug/L, respectively.
Issa et al. [32] developed a method for separation and determination of inorganic
arsenic and organic arsenic in drinking, natural and wastewater. Three resins including
a strong base anion exchange (SBAE) and two hybrid (HY) resins: HY-Fe and HY-AgCl
were used. The adsorption of each arsenic species depended on the pH of the
solution. Quantitative separation of inorganic arsenic (As(lll), As(V)) and organic arsenic
was successful by using SBAE column. At pH less than 8, As(ll) was not adsorbed
onto SBAE, allowing the determination of As(lll). HY-Fe could adsorb all species
except for DMA. While HY-AgCl could retain As(lll) and AS(V). Thus both MMA and
DMA could be determined in the eluent. All separated arsenic species were

determined by ICP-OES. Overall recoveries were in the range of 88-102%.
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EXPERIMENTAL

3.1 Apparatus

3.1.1 Inductively coupled plasma optical emission spectrometer (ICP-

OES)

An arsenic concentration was analyzed by an ICP-spectrometer model iCAP
6500 DUO (Thermo). The operation conditions for determination of arsenic by ICP-
OES are shown in Table 3.1

Table 3.1 ICP-OES conditions for determination of arsenic

Parameter ICP-OES condition
Wave length 189.042 nm

RF power 1150 W

Auxiliary gas flow 0.5 L/min
Nebulizer gas flow 0.6 L/min

Coolant gas flow 12 L/min

Analysis pump rate 50 rpom

3.1.2 pH meter

All solutions in this work were adjusted their pH value by a pH meter model

SevenCompact pH/lon s220 (Mettler-Toledo).
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3.2 Chemical

All chemicals used in this research are analytical grade listed in Table 3.2

Table 3.2 Chemicals lists

Chemicals Supplier
Silver nitrate Merck

The stock solution of 1000 ppm As(V) Merck

The stock solution of 1000 ppm As(lIl) Fluka
Dimethylarsenic acid/Cacodylic acid Aldrich

Nitric acid Merck
Hydrochloric acid Merck
Sodium hydroxide Sigma-Aldrich
Methanol Merck

3.3 Solution preparation

Arsenic solution

Arsenic stock solution was used as follows: 1000 mg/L As(lll): arsenic(lll) atomic
absorption standard solution (1 mg/mL As in 2% HNOs), 1000 mg/L As(V): arsenic(V)
atomic absorption standard solution (1 mg/mL As in 0.5 mol/L HNO3) and 1000 mg/L
DMA: DMA stock solution was prepare by dissolving 0.092 ¢ of cacodylic acid
(CH4),AsO(OH) with 50 mL of 1% HNO..

Silver nitrate solution

Silver nitrate solution (0.1 mol/L) was prepared by dissolving approximate
amount of AgNO; with Milli-Q water. The obtained solution was used to prepare
silver chloride-silica-based sorbents and added into arsenic solutions for separation

of arsenic species by the silver chloride-silica-based column.
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Hydrochloric acid solution

Hydrochloric acid solution (1.0 mol/L) was prepared by diluting the
concentrated hydrochloric acid with deionized water. The obtained solution was

used in the elution of arsenic species from the silver chloride-silica-based column.

Nitric acid solution

Nitric acid solution (0.1, 0.5, 1.0 mol/L and 1 %v/v) was prepared by
diluting the concentrated nitric acid with deionized water. The obtained solution was
used in the elution of arsenic species from a strong anion exchange column and

solution pH adjustment.

Sodium hydroxide solution

Sodium hydroxide solutions (0.1, 0.5 and 1.0 mol/L) were prepared by
dissolving approximate amount of sodium hydroxide with deionized water and used

for solution pH adjustment.

3.4 Strong anion exchange and silver chloride-silica-based columns

Strong anion exchange columns were purchased from Vertical
Chromatography Co., Ltd. (VertiPak " SAX Tubes). The columns are in the form of n-
propyl(trimethyl) ammonium chloride silica (SAX column): 2 cm-diameter, 9 cm-
length, 10 mL of volume, and 200 mg of packed adsorbent amount. The

specifications of the column are shown in Table 3.3.
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Table 3.3 Specifications of the strong anion exchange columns

Specifications

Phase SAX (Trimethyaminoprophyl)
Base Irregular-shape silica

Particle size (um) 50

Pore size (A) 60

Surface area (mz/g) 500

Carbon load (%) 7

Bonding Trifuntional

Capacity (meg/g) 0.6

End cap No

pH stability 2-9

The preparation methods of silver chloride-silica-based columns were applied
from the US Patent 4724082 [33]. Silver chloride-silica-based column was prepared
by passing 10 mL of 0.1 mol/L AgNO; through a strong anion exchange column. Then,
the column was cleaned with deionized water for washing off residual AgNOs;. The
color of the sorbent changed from white to light gray. The columns were kept away

from light.
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3.5 Optimization of adsorption arsenic

Effect of pH

The effect of pH was firstly studied for the adsorption behavior of
arsenic species (As(lll), As(V) and DMA) on SAX column and silver chloride-silica-based
column. Ten milliliter of arsenic standard solution (1.0 mg/L) of each As(lll), As(V) and
DMA were adjusted pH value at 5-9 by using HNO5; and NaOH solution. The arsenic
solution was passed through the column in a loading step. In an elution step, Ten
milliliter of eluent solution was passed through the column. The loading and eluting
flow rates used in extraction were fixed at 2 mL/min. The obtained solutions from
the loading and elution steps were analyzed for arsenic concentration by ICP-OES. An
adsorption percentage of each arsenic species on the column was calculated for

investigating adsorption behavior.

Effect of flow rate
In this experiment, the effect of flow rate was investicated at 1-2
mL/min. First, the SAX column was cleaned and the flow rate was calibrated with
deionized water. Then, Ten milliliter of As(V) solution (0.3 mg/L) at the optimum pH
was passed through the column and eluted using 10 mL of 1 mol/L HCL. The arsenic
concentration in the solutions obtained from the loading and eluting steps was

determined.

Effect of eluent concentration
The effect of eluent concentration was investigated by testing with
the SAX column. In the eluting step, the column was eluted with different eluent
concentrations (0.5 and 1.0 mol/l HCL). Ten milliliter of As(V) solution (0.3 mg/L) at
the optimum condition was passed through the column. Then, As(V) was eluted by
passing HCl solution through the column. The loading and eluting flow rates used in
extraction were fixed at 2 mL/min. The arsenic concentration in the obtained

solution was determined by ICP-OES.
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3.6 Speciation of arsenic

3.6.1 Strong anion exchange column

Ternary mixtures arsenic containing 0.3 mg/L of As(lll), 0.3 mg/L of
As(V) and 0.3 mg/L of DMA was prepared by diluting their 1000 mg/L stock solution.
The solution pH was adjusted 7. Ten milliliter of deionized water was pumped
through the column (using a manifold system SUPELCO Figure 3.1) for cleaning the
column. Then, Ten milliliter of arsenic solution was pumped through the column.
After that, arsenic species adsorbed on the column was eluted by passing 10 mL of 1
mol/L HCl through the column. The loading and eluting flow rates used in extraction
were fixed at 2 mL/min. The arsenic concentration in obtained solutions was

determined by ICP-OES.

Figure 3.1 Photograph of vacuum manifold system.
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3.6.2 Silver chloride-silica-based column

Ternary mixtures arsenic containing 0.3 mg/L of As(lll), 0.3 mg/L of As(V)
and 0.3 mg/L of DMA were prepared by diluting the 1000 mg/L stock solutions. The
solution pH was adjusted at pH 9 by using HNO; solution and NaOH solution. The
solution was added with 100 pL of 0.1 mol/L AgNO; and stirred for 2 min. The silver
chloride-silica-based column was set with the vacuum manifold system. The column
was washed with deionized water. Then, 10 mL of the arsenic solution was pumped
through the column. After that, arsenic species adsorbed on the column was eluted
by passing 10 mL of 1 %v/v HNO; through the column. The loading and eluting flow
rates used in extraction were fixed at 2 mlL/min. The arsenic concentration in

obtained solutions was determined by ICP-OES.

3.6.2.1 Effect of the addition of AgNO;

The addition of AgNO; in arsenic solution was studied for
investigating adsorption of arsenic species on the silver chloride-silica-based column.
100 pL of 0.1 mol/L AgNO; was added into 10 mL of As(lll) solution. The pH of
solution was adjusted in the pH range of 5-9. The solution was passed through the
silver chloride-silica-based column and eluted with 10 mL of 1 %v/v HNOs. The
arsenic concentration in obtained solutions was determined by ICP-OES. Finally, the

adsorption percentage of arsenic on the column was calculated.
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3.7 Method validation

The validation of the proposed method was studied under optimum
condition. The accuracy, precision, instrument detection limit (IDL) and method

detection limit (MDL) of the method were investigated and reported.

3.7.1 Accuracy and precision

Ternary mixtures of arsenic containing 0.3 mg/L of As(lll), 0.3 mg/L of
As(V) and 0.3 mg/L of DMA was extracted by the SAX columns and the silver
chloride-silica-based columns in 3 replicated. The obtained solutions were analyzed
for arsenic concentration by ICP-OES. Concentrations of As(lll), As(V) and DMA were
calculated. The accuracy and precision of the method were calculated and showed
in term of percent recovery (%recovery) and percent relative standard deviation

(%RSD).

3.7.2 Instrument detection limit (IDL) and method detection limit (MDL)

Blank solution (DI water) was analyzed. The signal of arsenic at
wavelength 189.042 nm was recorded by ICP-OES in 10 replicates. The instrument
detection limit was calculated from the mean of signal blank and 3 times of standard
deviation.

The method detection limit was determined in 7 replicates. Each
blank solution was spiked with low arsenic species (2 and 5 times the instrument
detection limit). Then, the solution was extracted by the SAX column and the arsenic
concentration was determined by ICP-OES. The method detection limit was

calculated from the standard deviation and Student’s test value.
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3.8 Influence of coexisting ion interference

The proposed method was subject to the study of influence of coexisting ion
interference. The 100-fold diluted industrial wastewater samples were spiked with
POf’ and 50427 in the range of 10-200 mg/L. The separation of arsenic species was
studied in comparison to a non-spiked industrial wastewater sample. The sample
solution was subject to arsenic species separation under the chosen conditions by
SAX and silver chloride-silica-based columns. The arsenic concentration in the
obtained solutions was determined by ICP-OES. Finally, the adsorption percentage of

arsenic on both columns was calculated.

3.9 Speciation of arsenic species in industrial waste water

The proposed method was applied for the speciation of arsenic species in
two industrial wastewaters received form PTT public Company Limited. The accuracy
and precision of the method were determined by using spiked and represented in
terms of percent recovery (%recovery) and percent relative standard deviation
(%RSD). The industrial wastewater was diluted 100 times with deionized water. The
obtained solution was employed as non-spiked sample. Then, the As(lll), As(V) and
DMA standard solutions were added in non-spiked samples at the concentration of
0.3 mg/L. The obtained solutions were employed as arsenic-spike samples. Both non-
spiked and arsenic-spike samples were subjected to arsenic species separation under
the chosen conditions of the proposed method for speciation of arsenic and the

obtained information was calculated for %recovery and %RSD.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Preparation of silver chloride-silica-based sorbent

Silver chloride-silica-based sorbent (Si-AgCl) is one of the sorbent that was
used to extract arsenic species in this work. The silver chloride-silica-based sorbent
was prepared by passing silver nitrate solution through strong anion exchange silica
based sorbent (Si-Cl) to change the functional group of the sorbent from n-
propyl(trimethyl) ammonium chloride silica, Si-Cl to Si-AgCl, as shown in Figure 4.1.
Then the sorbent was washed with deionized water several times for removing
residual AgNO; which might interfere the extraction of arsenic species. The columns

were kept away from light.

AgNO, Yo
O/V\N< e O/\/\NQOB
/cr /agC

Si-Cl Si-AgCl

Figure 4.1 Preparation of silver chloride-silica-based sorbent
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The appearance and color of the columns are shown in Figure 4.2, (A)
a SAX column before passing silver nitrate solution was white sorbent, while (B) a
silver chloride-silica-based column was dark purple. The color change may be
attributed to the auto-reduction of Agf+ to Ag(0) catalyzed by light during the

preparation step.

(A) (B)
Figure 4.2 Pictures of columns (A) Si-Cl, (B) Si-AgCL.

4.2 Optimization of arsenic adsorption

Various parameters affecting the speciation of arsenic species were evaluated
such as the effects of pH, flow rate, and eluent concentrations. The adsorption and
elution efficiencies were the main factors to assess the performance of the prepared
columns. Each experiment was done in 3 replicates.

The adsorption and elution efficiencies of arsenic species on the columns
were presented in term of percent adsorption (or %Adsorption) and percent elution
(or %Elution). The percent adsorption and percent elution of As(lll), As(V) and DMA

were determined by Equations 4.1 and 4.2.

c;—C
%Adsorption = lC L x 100 (4.1)

i

c
9%Elution - % X 100 @.2)
i—“f
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Where G = the initial concentration of arsenic in the solution before
extraction (mg/L)
Cr = the final concentration of arsenic in the solution after
extraction (mg/L)

Cetes = the concentration of arsenic in eluted solution (mg/L)

4.2.1 Effect of pH

The pH of solution plays as a key role in the adsorption and separation of
different species on the sorbent materials by solid phase extraction because three
arsenic species (As(lll), As(V) and DMA) can show different ionic character at various
pH values. The effect of pH was studied on the SAX column and the silver chloride-

silica-based column.

4.2.1.1 Strong anion exchange column

The effect of pH on the SAX column was investigated. The arsenic standard
solutions of As(lll) and As(V) after being adjusted their pH value in the range of 5-9
were passed through a SAX column at a fixed solution flow rate of 2 mL/min
controlled by a vacuum pump connected with a manifold. The effect of pH was

expressed by percent adsorption of As(lll) and As(V) as shown in Figure 4.3.
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Figure 4.3 Effect of pH on the adsorption percentage of As(lll) and As(V) on strong

anion exchange column, concentration of As(lll and V): 1.0 mg/L.

The result showed that As(lll) was not adsorbed and passed through the SAX
column at all studied pH. On the contrary, As(V) was quantitatively adsorbed and
retained on the Si-Cl column at the pH values of 7 and 8 while the adsorption of
As(V) at pH 9 was decreased probably due to the instability of silica in basic
conditions and the effect of OH competition in anion exchange mechanism.

The different adsorption behavior of As(lll) and As(V) on the SAX column can
be explained by their pK, and different ionic characters. The distribution of As(lll) and
As(V) species, as shown in Figure 4.4, describes their ionic character of As(lll) and As(V)
at any pH value of solution. As(lll) has pK, of 9.2, 12.1 and 13.4, as shown in
Equations 4.3-4.5 [34].

pK,, = 9.2 H3AsO; —— HAsO, +H (@.3)
pK,, = 12.1 HASO, ==  HAsO, +H (a.4)
PK.s = 13.4 HASO, ~ =———= AsO, +H' (4.5)
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As(lll) exists as uncharged species in the form of H3AsO; at pH of solution less
than 9 while the amino group on the SAX column existed as positive charge in the
form of —N+(CH3)3. Thus, As(lll) was not adsorbed and passed through the column
because there was no electrostatic effect with the sorbent.

On the contrary, As(V), having pK, of 2.3, 7.0 and 11.5 (Equations 4.6-4.8) [34],
was presented mainly in negative changed species. At the studied pH range of 5-9,
As(V), indicating in the form of H,AsO, and HASOqZ_, can be attracted by —N+(CH3)3 via

electrostatic interaction and can be adsorbed on the column.

pK, = 2.3 H5AsO, — H,AsO, + H' (4.6)
PK,z = 7.0 HASO, == HAOs +H' @)
pKas = 11.5 HASO, === AsO, +H (4.8)

The pH value of 7.0 showed the highest percent adsorption of As(V).
Therefore, pH 7.0 was selected as optimum pH for separation arsenic species by SAX

column.



= —
o L]
1

As(III) species, %
=
it

0.4 5

0.2 <

0.0 —

1.8 5

0% -

As(V) species, %

(4 -

0.2 -

0.0 —

Figure 4.4 The distribution of As(lll) and As(V) at various pH in the solution [32].
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4.2.1.2 Silver chloride-silica-based column

The effect of solution pH in the range of 6-10 (to unsure the dissociation of
H3AsO;) on the modified column, silver chloride-silica-based column (Si-AgCl), was
studied to assess the adsorption behavior of arsenic species by passing standard
solutions of interested arsenic species through the silver chloride-silica-based column
and the elution was done by using 1% (v/v) nitric acid. The percent adsorption of

As(lll), As(V) and DMA on the column were shown in Figure 4.5.

% Adsorption

Figure 4.5 Effect of pH on the adsorption percentage of As(lll), As(V) and DMA
On the silver chloride-silica-based column, concentration of As(lll/V/DMA): 1.0 mg/L.

The silver chloride-silica-based column was desired in this work for the
separation of inorganic arsenic (As(lll) and As(V)) and organic arsenic (DMA). However,
the result did not meet the expectation. It was found that As(lll) and DMA were not
adsorbed on the silver chloride-silica-based column. The percent adsorption of As(lll)
and DMA at the studied pH were as low as 0.22-3.12 and 0.25-0.54, respectively. On
the contrary, As(V) is one of arsenic species that can be bonded and adsorbed on the
column. The interaction of As(V) and silver chloride-silica-based column was

depicted in Equation 4.9.
3Si-AgClL + AsO;” = Sis-AgsAsO, + 3CU (4.9)
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4.2.1.3 Effect of AgNO; addition

From the preliminary investigation, the adsorption behavior of As(lll), As(V) and
DMA on the silver chloride-silica-based column did not meet the expectation.
Therefore, the study of the effect of AgNO; addition was performed under the
hypothesis that As(lll) could be adsorbed on the column and the separation of
inorganic arsenic and organic arsenic would be successful. A small amount (200 L)
of 0.1 mol/L AgNO; was added into the standard solution of As(lll). The solution pH
value was adjusted in the range of 5-9 and the extraction by the Si-AgCl column was

then performed. The result was shown in Figure 4.6.

100 -

80

60 -

% Adsorption
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|

5 7 9
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Figure 4.6 Effect of the addition of AgNO5 on adsorption of As(lll)

on the silver chloride-silica-based column, concentration of As(lll) = 1.0 mg/L.

It was found that at pH 5 and 7, As(lll) was not retained and passed through
the silver chloride-silica-based column while As(lll) was adsorbed on the column at
pH 9 and the percent adsorption of As(lll) was as high as 94.29% because As(lll) was
possibly precipitated with AgNOs in silver arsenite form and struck on the column

before the elution with nitric acid.
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As the addition of AgNO; was successful to separate As(lll) from the solution
and adsorbed onto the silver chloride-silica-based column, thus the addition of
AgNO; was tested for the case of As(V) and DMA at solution pH of 9. The results are

shown in Figure 4.7.

100 -
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Arsenic species

Figure 4.7 Adsorption percentage of arsenic species on the silver chloride-silica-

based column, concentration of As(lll/\V//DMA): 1.0 mg/L.

The results showed that As(lll) and As(V) could very well adsorbed on the
silver chloride-silica-based column while DMA was not retained and passed through
the column. This suggested that the addition of AgNO; into arsenic solutions
facilitated the separation of inorganic arsenic and organic arsenic by the silver
chloride-silica-based column. As(lll) and As(V) might form nuclei in form of silver
arsenite and silver arsenate, respectively while DMA might not interact with Ag+ and
directly passed through the column. Therefore, the separation of arsenic species by
the silver chloride-silica-based column in this research was based on the system in

which AgNO; was added at pH 9.
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4.2.2 Effect of flow rate

A flow rate of solution is an important parameter in an extraction by SPE
which affect to the adsorption of arsenic on the column. If the flow rate is too fast it
may cause a low adsorption. The effect of flow rate at 1 and 2 mL/min was
investigated for the extraction of arsenic on the SAX column (Figure 4.8). It was found
that the percent adsorption at the flow rates of 1 and 2 mL/min in the extraction of
the SAX column and the silver chloride-silica-based column was not different with
more than 99 % adsorption. For the reason of time saving in experiments, the flow

rate at 2 mL/min was chosen for the separation of arsenic.
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Figure 4.8 Effect of flow rate on the adsorption percentage

on strong anion exchange column, concentration of As(V) = 0.3 mg/L.
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4.2.3 Effect of eluent concentration

The eluent concentration can affect an elution of analyte adsorbed on the
column. At low eluent concentrations, the elution of arsenic species previously
adsorbed on the column was probably poor and giving a low recovery.

In this experiment, the effect of eluent concentrations was studied only on
the SAX column because using low concentration of nitric acid (1% v/v nitric acid)
allowed the elution of arsenic species from the silver chloride-silica-based column
with good elution efficiency. The eluent concentration of hydrochloric acid at 0.5
and 1.0 mol/L was investigated in order to provide an enough chloride ions for
replacing arsenic species (As(V)) that was previously adsorbed on the column. The
percent elution calculated from Equation 4.2 was shown in Figure 4.9. The elution
percentages of arsenic species using 0.5 and 1.0 mol/L HCl were similar with more
than 98 % elution. The hydrochloric acid concentration of 1.0 mol/L was then

selected for the elution of arsenic species for the SAX column.

00 99.4+0.5
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Figure 4.9 Effect of eluent concentration on percent elution using the strong anion

exchange column, concentration of As(V) = 0.3 mg/L.
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4.2.4 Effect of sample concentration

In order to assess a suitable sample concentration for the extraction, the
sample concentration was varied from 0.3-500 mg/L. Under an optimal condition, 10
mL of sample solution was passed through the SAX column containing 200 mg of

sorbent. The effect of sample concentration on percent adsorption was shown in

Figure 4.10.

%Adsorption

0.3 20 80 100 200

Sample concentration (mg/L)

Figure 4.10 Effect of sample concentration on percent adsorption on the strong

anion exchange, concentration of As(V) in the range of 0.3-200 mg/L.

It was found that the percent adsorption of a sample concentration at 0.3
me/L was 94.8% suggesting that arsenic species can be quantitatively adsorbed on
the column. The adsorption percentages were continuously decreased to 74.3, 30.7,
21.0 and 18.6 when the sample concentration rose up to 20, 80, 100 and 200 mg/L,
respectively. Therefore, the sample concentration in the extraction process was

recommended for 0.3 mg/L which gave 90 % adsorption under the optimal

condition.
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4.3 Speciation of arsenic

Based on the preliminary study of the effect of pH, the adsorption behavior
of As(lll), As(V) and DMA was investigated using single arsenic species standard
solution. Therefore, in this experiment, the ternary mixture of three arsenic species of
As(lll), As(V) and DMA was tested for the adsorption on the SAX column and the silver

chloride-silica-based column.

4.3.1 Strong anion exchange column

The ternary mixture of arsenic containing 0.3 mg/L of As(lll), 0.3 mg/L of As(V)
and 0.3 mg/L of DMA was passed through the SAX column under optimal conditions.
The separation was divided into two steps including loading and eluting steps. In the
loading step, the solution was passed through the column and in the eluting step,
the adsorbed arsenic on the column was eluted with 1.0 mol/L hydrochloric acid.
The arsenic concentration in the obtained solutions from the loading and eluting

steps was analyzed by ICP-OES and showed in Figure 4.11.
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Figure 4.11 Arsenic concentration in the obtained solutions from the SAX column:
concentrations of As(lll/\V//DMA) = 0.3, 0.3 and 0.3 mg/L,

flow rate = 2.0 mL/min.

The SAX column was a selective column for the separation of As(V) from the
ternary mixture of arsenic species. The results reveals that arsenic concentration of
loading step was 0.567 mg/L which was the sum of As(lll) and DMA (0.3 mg/L each)
that could not be adsorbed on the SI-Cl column and directly passed through the
column. The recovery of As(lll) and DMA was 94.5%. Meanwhile the arsenic
concentration in the solution obtained from the eluting step corresponded to the
concentration of As(V) that was consequently eluted from the column using
hydrochloric acid. The As(V) concentration was 0.30 mg/L corresponding to 100%
recovery. These results reveal that the SAX column was capable to separate As(V)
from As(lll)/DMA and the concentration of As(V) was directly determined from the

solution of eluting step.
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4.3.2 Silver chloride-silica-based column

The ternary mixtures of arsenic containing 0.3 mg/L of As(lll), 0.3 mg/L of As(V)
and 0.3 mg/L of DMA after adding a small volume of AgNO; solution was extracted
using the silver chloride-silica-based column. The arsenic concentration of obtained
solutions from the extraction was shown in Figure 4.12. The silver chloride-silica-
based column allows the separation of inorganic arsenic (As(lll) and As(V)) and organic
arsenic (DMA). From the result, the arsenic concentration of loading step was 0.289
mg/L (corresponding to 96.3% recovery) which was the concentration of DMA, that
cannot be adsorbed on the column, while As(lll) and As(V) were retained on the
column and consequently eluted by nitric acid solution. The concentration of eluting
step (As(lll) and As(V)) was 0.551 mg/L (corresponding to 91.8% recovery). In

conclusion, this procedure allows the determination of DMA in mixture solutions.
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Figure 4.12 Arsenic concentration of the obtained solution from the silver chloride-
silica-based column: concentrations of As(lll/V/DMA) = 0.3, 0.3 and 0.3 mg/L,

flow rate = 2.0 mL/min.
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4.3.3 Calculating the concentration of each arsenic species

The separation of As(lll), As(V) and DMA with the SAX column and the silver

chloride-silica-based column was summarized in Figure 4.13.

(A) (B)
Loading Eluting Loading Eluting
l pH l HCLl l pH lHNO3
SAX SAX AgCl AgCl
As(lll)+DMA As(V) DMA As(lll+As(V)

Figure 4.13 Scheme of the separation of arsenic species using

(A) strong anion exchange column and (B) silver chloride-silica-based column.

The concentration of each arsenic species was determined directly or
calculated from the subtraction from the total arsenic concentration. The
concentration of As(V) was directly measured in the eluent solution of the SAX
column (Figure 4.13(A)) while the concentration of DMA was directly measured in the
effluent solution of the silver chloride-silica-based column and the concentration of

As(lll) could be calculated from Equation 4.10.

CAS(III) = CAs(total) - CAS(V) - CDMA (4.10)

Where Casiy = the calculated concentration of As(lll)
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Casttotay = the total arsenic concentration determined directly by ICP-
OES in the starting solution

the concentration of As(V) in the eluate of SAX column

CAS(V)

Coma = the concentration of DMA in the effluent of Si-AgCl column

4.4 Method validation

Speciation of arsenic species: As(lll) As(V) and DMA, in water by solid phase
extraction with the SAX columns and silver chloride-silica-based columns was
employed, the method under the optimum condition was validated in order to
check its accuracy and precision. Moreover, the instrument detection limit (IDL) and

the method detection limit (MDL) were also evaluated.

4.4.1 Accuracy and precision

The ternary mixture of arsenic standard at a concentration of 0.3 mg/L As(lll),
0.3 mg/L As(V) and 0.3 mg/L DMA was a model solution of the method validation.
The separation of these three arsenic species was performed by using SAX columns
and silver chloride-silica-based columns. The concentrations of total As, As(V) and
DMA were measured and the concentration of As(lll) was calculated according to the
Equation 4.10. The accuracy and precision of the proposed method were expressed
in terms of percent recovery and percent relative standard deviation, respectively.
The results were presented in Table 4.1. The percent recovery was calculated from

Equation 4.11.

C d
%Recovery = foci X 100 (4.11)
i

Where,  Cioung = the concentration of each arsenic species receiving from
the proposed method
G = the initial concentration of each arsenic species in

sample solutions
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Table 4.1 Accuracy and precision of the proposed method (n=3)

Arsenic species %Recovery %RSD
As(ll) 93.3+1.5 1.56
As(V) 100.1+2.0 2.03
DMA 96.6+1.7 1.74

The result showed that the percent recovery and percent relative standard
deviation of As(lll), As(V) and DMA were in the range of 93.3-101.1 and 1.56-2.03,
respectively. It indicates an acceptable accuracy and precision of the proposed
method according to the acceptance criteria for accuracy and precision of an
analytical method [35]. Moreover, the MDLs were lower than the maximum allowed
concentration in wastewater which is 0.25 mg/L, regulated by the Pollution Control

Department of Thailand.

4.4.2 Instrument detection limit (IDL) and method detection limit (MDL)

The instrument detection limit was calculated using Equation 4.12 [32] from
the mean and standard deviation of signals of ten replicate measurements of blank

solution and compared with a standard calibration curve.

SpL = Xae + 35D (4.12)
Where SpL = the signal at IDL concentration
S the mean of signal of the blank solution

SD

the standard deviation of signal of the blank solution

For the method detection limit estimation, each arsenic species was spiked
into a blank solution at a concentration of 10 pg/L. This concentration corresponded
to approximately 5-fold level of IDL. The method detection limit was calculated by
multiplying the standard deviation of the seven replicate measurements and the
Student’s t-value at 99% confidence level (3.14 for six degrees of freedom)

expressed by Equation 4.13 [32].
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MDL =ty x O (4.13)
Where t = the Student’s t-value
o = the standard deviation of the concentration of the blank

spiked level of 5-fold IDL

The instrument detection limit and the method detection limit were

calculated and shown in Table 4.2.

Table 4.2 Concentration at instrument detection limit and method detection limit of

the proposed method

Concentration (ug/L)

IDL 1.98
MDL of As(lll) 2.30
MDL of As(V) 1.48
MDL of DMA 251

4.5 Influence of coexisting ion interference

The influence of coexisting ions on the percent recovery of As(lll), As(V) and
DMA was investigated under optimal conditions. Sulfate and phosphate are
considered as interferences in the arsenic adsorption process on the SAX column and
the silver chloride-silica-based column due to their anionic charge and oxyanionic
structure being close to those of arsenic species. The sulfate and phosphate
concentrations at 10, 100, 200 and 500 mg/L were spiked in a real industrial
wastewater sample (TK80). Since the amount of arsenic in the real sample is very
high (>100 me/L), it was then diluted 100 fold before preceding the proposed
method. The arsenic concentration from the separation with SAX columns and silver

chloride-silica-based columns were shown in Figure 4.14 and 4.15.
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SAX

Si-AgCl

Arsenic concentration (mg/L)

As(II1)+DMA As(V) DMA As(lIN+As(V)
| TK80 B TKB80 containing PO43_ 10 meg/L
B TKS0 containing PO, 100 mg/L TK80 containing PO, 200 mg/L

B TK80 containing PO,” 500 mg/L

Figure 4.14 Interfering effect of PO43_ in the separation of arsenic species:
(left side) using strong anion exchange column,

(right side) using silver chloride-silica-based column.

From Figure 4.14, the effect of PO43_ in the separation of arsenic species using
the two columns was illustrated by a comparison of arsenic concentration between
in the sample (TK80) and in the spiked sample containing Pof'. On the SAX column,
the samples having PO43_ showed a decrease of arsenic concentration in the eluting
step (As(V)) while the arsenic concentration in loading step increased due to the
interference of PO43_ to As(V) adsorbed on the column. In case of silver chloride-
silica-based column, POf’ affected the adsorption of arsenic species at samples

containing PO, of 100, 200 and 500 mg/L.
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Figure 4.15 Interfering effect of 8042_ in the separation of arsenic species:
(left side) using strong anion exchange column,

(right side) using silver chloride-silica-based column.

From Figure 4.15, the separation performance of arsenic species in samples
containing 5042_ by a SAX column was diminished. The adsorption of As(V) on the
column decreased due to the presence of 5042_. On the silver chloride-silica-based
column, the concentration of arsenic in loading step of TK80 and TK80 containing
5042_ was not significantly different. It was indicated that 5042_ did not interfere the
separation of DMA using the silver chloride-silica-based column.

The interfering effect of PO,” and SO,” resulted possibly from the

competition with arsenic anions.
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4.6 Speciation analysis of arsenic species in industrial wastewater

The proposed method was employed to speciate As(lll), As(V) and DMA in an
industrial wastewater sample. The method was also validated using a spike method.
The wastewater sample was diluted 100 folds because it contains too high arsenic
concentration and probably affected the separation efficiency. The non-spiked
diluted and spiked diluted samples were passed through the SAX columns and the
silver chloride-silica-based columns. The arsenic concentration of three species,
percent recovery and percent relative standard deviation were calculated and shown

in Table 4.3.

Table 4.3 Speciation of As(lll), As(V) and DMA in industrial wastewater sample and

method validation results in term of accuracy and precision (n=3)

Arsenic species

Arsenic concentration

As(lN) As(V) DMA
100-fold diluted TK80 (ug/L)  725+6 128+2 44+5
As-added sample (ug/L) 300 300 300
Found As (ug/L) 1013+4 441+9 350+13
%Recovery 97.2+0.7 104.3+2.2 102.0+2.6
%RSD 0.72 2.13 2.56

It was shown that the percent recovery and percent relative standard
deviation of As(lll), As(V) and DMA were in the range of 97.2-104.3 and 0.72-2.56,
respectively. It indicated the acceptable accuracy and precision of the method

employed in separation of arsenic species in real samples. The amounts of As(lll),
As(V) and DMA in TK80 sample were 725+6, 128+2, and 44+5 pg/L, respectively.



CHAPTER V

CONCLUSION

5.1 Conclusion

A new solid phase extraction method base on a selective adsorption, which is
rapid, simple and economical, was developed for the speciation of arsenic by using a
SAX column  (n-propyl(trimethyl) ammonium chloride silica, Si-Cl) and a silver
chloride-based column (Si-AgCl). The Si-AgCl column was prepared by passing silver
nitrate solution through the SAX column. Effect of various parameters in extraction
including pH value, flow rate, eluent concentration and sample concentration was
investigated for finding optimal conditions in the separation of arsenic species. The
detail of extraction with the strong anion exchange column and the silver chloride-

based column was shown in Table 5.1.

Table 5.1 The detail of extraction with strong anion exchange column and silver

chloride-based column

Detail Strong anion Silver chloride
exchange column
Structure Si<(CH,)s-N"~(CH,) Si-AgCl
Amount of adsorbent 200 mg 200 mg
Sample volume 10 mL 10 mL
Sample pH 7 9
Flow rate (loading and eluting) 2 mL/min 2 mL/min
Eluent HCL HNO;
Eluent concentration 1 mol/L 1%(v/v)

Eluent volume 10 mL 10 mL
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In the study of arsenic separation by SAX column, at pH solution 7, As(lll) and
DMA could not retain and passed through the column while only As(V) species can
be absorbed on the column. In the case of silver chloride column which is used for
the separation of organic arsenic and inorganic arsenic species, at pH 9, DMA was
passed through the column while As(lll) and As(V) can be retained and absorbed on
the column. The concentration of As(V) can be measured directly in the eluent
solution of the SAX column. The concentration of DMA is determined in the effluent
solution from the silver chloride-silica-based column and the concentration of As(lll)
is calculated from the difference of total arsenic, As(lll) and As(V).

Under the optimal conditions, the speciation of arsenic by the proposed
method shows that the percent recovery, percent relative standard deviation and
MDL of As(lll), As(V) and DMA are in the range of 93.3-101.1, 1.56-2.03 and 1.48-2.51
pe/L, respectively.

Finally, the proposed method was successfully applied for the speciation of
arsenic in real industrial wastewater samples. Good accuracy and precision of the
method in separation of arsenic species was obtained. The percent recovery and
percent relative standard deviation of As(lll), As(V) and DMA were in the range of 97.2-
104.3 and 0.72-2.56, respectively. However, PO437 and 50427 interfere the separation of

arsenic by SAX column and silver chloride-silica-based column.

5.2 Suggestions for future work

- An elimination of PO43’ and 50427 such as using the precipitation with Ca” or
Ba" should be further studied prior to analysis.
- The proposed method could be applied for other kind of samples such as

ground water samples and/or food samples.
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