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ABSTRACT 
 

Arsenic (As) is generally known for its toxicity. The toxicity and mobility of As in the environment are dependent 
on the chemical forms or species in which it exists. Arsenic (III) and (V) are the most often determined species in 
environmental water, soil and sediment, while organic As species are common constituents of biological tissue and 
fluids. It is well known that inorganic As, such as arsenite (As(III)) and arsenate (As(V)) are more toxic than their 
organic counterparts. This study is conducted to investigate the separation of each As inorganic species using solid 
phase extraction (SPE) technique. The technique utilizes SPE column for selective retention of As species, followed 
by elution and measurement of eluted fractions by inductively coupled plasma mass spectrometry (ICP-MS) for 
“total” As. Several type of SPE columns namely strongly anion exchange (SAX), strongly cation exchange (SCX), 
weakly anion exchange (WAX) and weakly cation exchange (WCX) were tested using three different types of media 
including deionized water, succinic acid and acetic acid containing inorganic As species. The SPE technique is 
suitable for on-site separation and preservation of As species from water. 
 

ABSTRAK 
 
Arsenik (As) telah diketahui umum akan sifat ketoksikannya. Ketoksikan dan pergerakan As di dalam sekitaran 
bergantung kepada sifat kimia atau kewujudan jenis spesiesnya. Arsenik (III) dan (V) adalah spesis yang paling 
biasa ditentukan di dalam persekitran air, tanah dan sedimen. Manakala, spesis As organik  biasanya terkandung 
dalam tisu biologi dn bendalir. Arsenik inorganik seperti arsenit (As (III))  dan arsenat (As (V)) telah diketahui lebih 
toksik daripada organik As. Kajian ini dilakukan bagi menyelidiki pemisahan  bagi setiap spesis As inorganik 
menggunakan teknik pengekstrakan fasa pepejal (SPE). Teknik ini menggunakan kolum SPE untuk penahanan 
spesis As secara selektif, diikuti dengan pengelutan dan pengukuran fraksi elutan menggunakan plasma gabungan 
teraruh spektrometri jisim (ICP-MS) bagi mendapatkan “jumlah” As. Beberapa jenis kolum SPE seperti  strongly 
anion exchange (SAX), strongly cation exchange (SCX), weakly anion exchange (WAX) and weakly cation 
exchange (WCX) telah diuji dengan tiga jenis media yang berbeza antaranya air ternyah-ion, asid suksinik dan asid 
asetik yang mengandungi spesis As inorganic. Teknik SPE ini  sesuai untuk pemisahan dan pengawetan spesis As 
dalam air di lapangan. 
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INTRODUCTION 
 
Arsenic is a significant global environmental toxicant and contamination of ground and drinking water is a problem 
threatening human health. Humans are exposed to As through the intake of air, food, water and occupational 
exposure that occurs in several industries including gold mining, smelting operations and manufacturing of 
microelectronics. The chemical forms and oxidation states of As are important with regards to their toxicity which is 
directly related to their mobility in water and body fluids. The toxicity of As compounds decreases in the following 



order; arsines > inorganic arsenites (As (III)) > arsenoxides > inorganic arsenates (As (V)) > organic pentavalent 
compounds > arsonium compounds > elemental As (Mandal and Susuki, 2002; Prohaska and Stingeder, 2005). 
Several epidemiological studies have shown that acute and chronic exposure to As can  cause a variety of adverse 
health effects to humans such as dermal changes, respiratory, pulmonary, cardiovascular, gastrointestinal, 
hematological, hepatic, renal, neurological, developmental, reproductive, immunologic, genotoxic, mutagenetic, and 
carcinogenic effects (Brown and Ross, 2002; Buchet, 2005). Increased risks of lung and bladder cancer and arsenic-
associated skin lesions have been reported to be associated with ingestion of drinking water at concentrations of As 
equal to and less than 50 µg L-1 (WHO, 2001). 
 
Elemental speciation analysis can provide insightful information associated with risk assessment, fate, transport and 
chemical equilibria within the substrate. A variety of methods have been reported for the speciation of As. The most 
promising approaches seem to be high performance liquid chromatography (HPLC), gas chromatography-mass 
spectrometry (GC-MS) and ion chromatography (IC) coupled with sensitive detection, such as inductively coupled 
plasma mass spectrometry (ICP-MS). However, due to the high cost of the combination techniques and of their 
maintenance, they are not available in many laboratories (Burguera and Burguera, 1997). Recently, there are also 
many new concerns arise for these hyphenated techniques relating to interface techniques and designs, problems 
relevant to lengthy separation and data collection periods and techniques for the evaluation of chromatographic (Yu 
et. al., 2003). 
 
The main objective of this work is to investigate the feasibility of solid phase extraction (SPE) column for separation 
of As (III) and As (V) in three different types of media; deionized water, succinic acid and acetic acid followed by 
ICP-MS detection. The SPE technique is simple, inexpensive, consumes a lesser amount of solvent and yet can 
achieve higher concentration factor (Sanchez et al., 2009). The columns are potentially specific for selective 
retention and elution of arsenic species (Yu et. al., 2003). 
 
 
METHODOLOGY 
 
Standards and Reagents 
 
All chemicals were analytical reagent grade, with aqueous solutions prepared using deionised water (DW). The 
standard stock solutions of As(V) (1000 µg mL-1) was prepared by dissolving the appropriate amounts of potassium 
arsenate (KH2AsO4, Aldrich, 99.9+%) in DW while the standard stock solution of 1000 µg mL-1 for As(III) was 
prepared by dissolving the appropriate amount of arsenic (III) oxide (As2O3, 99.995%, Aldrich) in  0.05 mol L-1 
KOH (85%, Caledon Laboratories Ltd.) solution and neutralized with dilute HNO3 (99.999%, Sigma-Aldrich). The 
As(III) and As (V) stock solution were prepared once every three months and stored at 4C. Working solutions of 
lower concentrations were prepared daily by diluting aliquots of stock solutions with DW. 
 
The succinic acid (99.9%, Fisher) buffer of pH 6.5 used in the experiment was prepared from 50 mL of 0.1 M 
succinic acid and 9.2 ml of 0.5 M  KOH solution. Then, 10 mL of this succinic acid buffer stock solution was added 
to 100 mL sample to obtain the working succinic acid buffer pH 6.5. 
 
Acetic acid (>99%) and ammonium hydroxide (28%) were purchased from Fisher Scientific and Sigma-Aldrich, 
respectively. Acetic acid buffer solutions of were prepared from 1 M acetic acid solution and 1 M ammonium 
hydroxide solution. Further, 10 mL of this acetic acid and ammonium hydroxide were added to 100 mL sample to 
obtain the working buffer of pH 7.5.  
 
Disposable solid phase extraction (SPE) columns were purchased from Alltech Associates Inc. and SUPELCO 
Bellefonte, PA. The polymeric-based Alltech SAX and SCX columns were washed with DW, kept in DW for 24 h, 
washed again with DW and equilibrated with succinic acid buffer at pH 6.5 or 0.005 M acetic acid for 30 min. 
Meanwhile, the SUPELCO silica-based SPE WAX and WCX columns were preconditioned with 2 mL methanol 
and 2 mL DW followed by succinic acid or acetic acid buffer. 
 
 
 
 



Applicability of the procedure on separating the inorganic As species was tested on four water Certified Reference 
Materials (CRMs) of various natural origin, namely SRM 1640 (natural water from National Institute of Standards 
and Technology (NIST)), BCR-610 (Groundwater from Institute for Reference Materials and Measurement 
(IRMM)), TMDA-52.3 and TMDA-61.2 where both were Lake Ontario water purchased from Environment Canada. 
The CRMs were preserved and prepared according to the recommendations of the supplier. 
 
General procedure for solid phase extraction 
 
Known amount of As(III) and As(V) were prepared as a sample with and without succinic acid or acetic acid buffer.  
If required (as for CRMs), 10 mL of the buffer per 100 mL sample were added. An aliquot (10-15 mL) of the sample 
was loaded onto the column at 1 ml min-1 flow rate. The effluents from the sample loading were collected and 
preserved with several drops of 1 M HNO3 for As(III) determination. Elution of As(V) from column was performed 
with 5 mL of 1 M HNO3 after the sample passed through column. The eluents were collected in a vial. Arsenic (III) 
and As (V) in the effluent and eluted from the column respectively were subsequently determined by ICP-MS 
detection (Quadrupole ICP-MS with Collision Cell Technology from PQ Excell, Thermo Instrument) for ‘total’ As 
at m/z 75. If necessary, the eluted fractions were diluted before analysis.  
  
 
RESULTS AND DISCUSSION 
 
The standard solution containing 100 µg L-1 of each As species; As(III) and As(V)  were loaded onto each SPE 
columns in order to assess their behavior on three different medias. The concentration of As measured in the column 
effluent compared with that in the initial standard solution represents the unretained portion of the As(III) species 
investigated. Meanwhile, the amount of As determined after the elution procedure represents the As(V) retained on 
the column.  Figure 1a, b and c showed the recoveries percentages of As(III) and As(V) on four SPE column in three 
type of medias namely deionzed water, succinic acid and acetic acid buffer, respectively. 
 
 

 
Fig. 1a. Deionized water                     Fig. 1b. Succinic acid buffer          Fig. 1c. Acetic acid buffer 
 
Arsenic(III) was almost not retained on most of the column examined. It separated more than 80% on SAX and 
WCX columns in all tested medias. After elution procedure using nitric acid, As(V) was eluted with high effeciency 
from SAX and WAX columns while SCX and WCX columns retaiedn the As(V). Complete separation with high 
recovery of inorganic As species was orserved on SAX coumns in succinic acid buffer. The retention efficiency 
would be governed by the dissimilar pKa values and different ionic characters of the As compound and their 
hydrophobic interaction with the sorbent material on the SPE column (Yu et al., 2003). 
 
 



Concentration of 
each As species

(g L-1)

As species Value ± SD
(g L-1)

Recovery
(%)

50 As (III)
As(V)

51.2 ± 1.6
53.2 ± 2.2

102
106

10 As (III)
As(V)

10.9 ± 0.8
11.9 ± 0.4

109
119

1 As (III)
As(V)

1.0 ± 0.1
1.1 ± 0.1

101
108

 
  
 

Sample Certified
values
(g L-1)

Determined value
(g L-1)

Total As Total As As(III) As(V) As(III)+As(V)

SRM 1640
Natural water (NIST)

26.67±0.41 26.22±1.06 6.90±0.21 21.74±0.33 28.43±0.54

TMDA-52.3
Lake Ontario water 
(Environment Canada)

25.3±3.5 27.3±2.2 3.8±0.4 23.3±0.7 27.1±1.1

TMDA-61.2 
Lake Ontario water 
(Environment Canada)

34.4±3.0 35.3±3.5 11.6±0.5 22.0±1.0 33.6±1.5

BCR-610
Groundwater
(Institute for 
Reference Materials 
and Measurement)

10.8±0.4 11.3±0.7 6.3±0.2 4.0±0.3 10.3±0.5

Yu et. al. (2003)
SRM 1640 26.67±0.41 7.28±0.17 22.1±0.46 27.38±0.63

 
 
 
CONCLUSIONS 
 
A SPE method using SAX column achieved simultaneous speciation extraction of As(III) and As(V) in solutions. 
The extraction of inorganic species showed higher efficiency in succinic acid media. The use of this approach makes 
it possible to avoid complex sample pretreatment and excessive preconcentration, which may suitably apply in the 
field. 
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