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Abstract 

A n ίοη-pair reversed-phase liquid chromatographic method is used 
to separate As(l l l), As(V), arsenobetam, arsenocholin, 
monomethylarsonic, and dimethylarsonic acids in a single run on a 
common C 1 8 stationary phase with coupled amperometric and 
ultraviolet detection. As(III) is not separated f rom arsenobetam, but 
only As(III) is detected by amperometry. The calibration curves of 
the tested species are linear f rom 0.5 to 3 μmol/L. Coefficient of 
variation values for intra-assay precision range between 2.5% and 
9.2%. The limit of quantitation ranges f rom 0.1-1 μmol/L, 
depending on the species concerned. 

was set at 200 nm. The same authors tried to separate six different 
species (Asbet, As[III], DMA, MMA, Aschol and As[V]) by ion 
pairing with tetrabutylammonium hydroxyde (TBAH) (16), but 
the separation of As(III) from Asbet could not be achieved. The au­
thors proposed using a stationary phase and an alkaline mobile 
phase (pH 9.0), thus allowing dissociation of arsenious acid (pKa 

9.3) and its separation from arsenobetam (17). Nevertheless the 
resolution of these two species was not satisfactory. Due to the rel­
ative failure of these studies, we decided to try differentiation of 
the various arsenical species by combining ultraviolet and am­
perometric detection after ion-pair chromatographic separation. 

Introduction 

Arsenic is naturally present in soil, air, and water, and its con­
centrations can be increased by pollution of industrial or agri­
cultural origin. Epidemiological studies have demonstrated that 
exposure to high levels of arsenic is correlated to serious dis­
eases such as skin and lung cancer (1,2). It is well known that ar­
senic toxicity is highly dependent on the chemical species con­
cerned or on its oxydative degree (4); inorganic arsenical 
compounds are highly toxic (arsine more than arsenite and arse-
niate) (3,5,6). Organic arsenicals are nontoxic, as they are 
promptly excreted in urine. Examples include arsenobetam 
(Asbet), arsenocholin (Aschol), monomethylarsonic (MMA), and 
dimethylarsonic (DMA) acids, which originate from marine foods. 
For the most part, arsenic speciation has been studied in the en­
vironment or in marine animals (7-9), but a few studies were 
done on humans (8,10,11) and these studies generally did not take 
into account all the arsenic species concerned. Chromatographic 
separations are generally used for speciation; there are reports in 
the literature that use gas chromatography (14,15) and liquid 
chromatography (LC) with ion-exchange (7,9,10,12,13,16,17) or 
ion-pairing (16,17). A recent study (16) succeeded in separating 
As(III), MMA, DMA, and As(V) on an anionic-exchange column 
with a phosphate mobile phase (pH 5.3). The ultraviolet detector 
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Experimental 

Instrumentation 
All separations were done using an LC6A liquid chromato-

graph (Shimadzu) equipped with a Rheodyne 7010 injection 
valve (Touzart and Matignon; LesUlis, France) and a 20-μL 
loop. A 250-mm C 1 8 Lichrospher column with a 5-μm silica gel 
stationary phase was used for the separations (Helwett-Packard; 
Bron, France). Two detectors were used: a variable wavelength 
detector containing an 8-μL flow cell (Shimadzu) and an am­
perometric detector composed of a DL1 cell (Tacussel; France) 
with a vitrous carbon working electrode (DL1/CV) and plat­
inum (DL1/PT) and Ag/AgCl electrodes (DL1/ER). The amper­
ometric cell was connected at the output of the ultraviolet de­
tector, and it worked on the wall-jet mode. 

Reagents 
As 2O 3 (Sigma), Na 2 HAsO 4 ·7H 2 O (Sigma), monomethyl-

arsinic (Carlo Erba; Rueil-Malmaison, France), and dimethyl-
arsinic acids (Sigma; Saint-Quentin Fallavier, France) were in 
10 _ 2M solutions. Arsenobetam and arsenocholin were in 1 g/L 
solutions. The LC mobile phase was tetrabutylammonium hy­
droxyde (Fluka; Saint-Quentin Fallavier, France) 40% in bidis-
tilled water. The pH value was set at 7.3. The column condi­
tioning was done with water (pH 7.3) for 30 min followed by an 
acetonitrile-water (80:20) mixture for 24 h. 
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Ultraviolet detection 
Ultraviolet spectra were determined in the mobile phase 

medium (5mM TBAH, pH 7.3) at a concentration of 75 mg As 
per liter. Maximum absorbances were between 190 and 200 
nm. The detector was set at 200 nm, which was the lowest de­
tectable wavelength. 

Amperometric detection 
The voltammogram that showed the amperometric detection 

of arsenite ion in the mobile phase was obtained in the wall-jet 
mode in the potential range of -1.5 to +2.5 V. 

Chromatographic separation 
We used the ion-pair chromatographic conditions as previ­

ously described (16). TBAH was a good ion-pairing agent, and 
pH 7 was adequate for the separation of most compounds except 
arsenite and arsenobetain. Nevertheless, some compounds were 
found to elute in a different order from that found by Morin 
(16). This led us to study the influence of TBAH concentrations 
between 1.5 and 15 mmol/L. 

Results 

Influence of TBAH concentration 
Various chromatographic parameters were measured as a 

function of TBAH concentration: capacity factor, selectivity, 
and resolution (Tables I and II). Table II shows that Asbet and 
As(III) cannot be separated regardless of the TBAH concen­
tration. According to these data, it is evident that the retention 
of every solute in the column is dependent either on its pK a 

value or on the apparent charge as calculated by Morin (16). 
Higher absolute values of the apparent charge result in easier 
ion-pairing and retention on the stationary phase. When the 
concentration of TBAH reaches 1mM, arsenical compounds 
are best separated, except for Asbet and As(III). Asbet is the 
first solute to be eluted. Arsenite is a very weak acid (pKa 9.3) 
but it is more polar than Asbet (pH 7.3), and it is more re­
tained on the column. This is in favor of an association with 
the counter ion. The capacity factor of Aschol is not influenced 
by TBAH concentration. The arseniate ion, which has a low 
pK a value and a high apparent charge (-1.7) at pH 7.3, has the 
highest capacity factor (k') value (Table I), and therefore, ion-
pairing is easy. A comparison between our results and those of 
Morin (16) should be done; increasing concentrations of 
TBAH leads to opposite effects on k1 values: an increase in 

Table I. Capacity Factor for Each TBAH Concentration 

values observed by Morin and a decrease in our assays. This 
can be explained by a partition of ion-pairs between the sta­
tionary and mobile phases (Morin) or an ion-exchange phe­
nomenon (our result). The conditioning mode for the sta­
tionary phase could be at the origin of this difference; when 
we achieved prolonged conditioning with TBAH, one could 
suppose that the counter-ion was fixed on the C 1 8 phase by 
hydrophobic links, leaving the ammonium ionic group out­
side the phase and leading to an ion exchange stationary 
phase. On the contrary, conditioning over a short time period 
or the absence of conditioning only resulted in a partitioning 
of ion-pairs. 

Choice of conditions for chromatography 
A mobile phase containing 6M (10 – 3) TBAH at pH 7.3 and at 

a flow rate of 0.3 mL/min resulted in good resolution of the six 
arsenical species, except for arseniate, which was eluted only 
after 70 min. Various methods could lead to a shorter elution 
time. A pH or an ionic strength gradient was chosen by Albert 
and co-workers (18) to decrease the k' values. We decided to use 
coupled ultraviolet and amperometric detection. The total elu­
tion time was shortened to 30 min using a flow rate of 0.7 
mL/min. Ultraviolet detection quantitates As(III) and Asbet, 
but the only electroactive species is arsenite. 

Electrochemical detection of arsenite 
We decided to use the electroreduction mode for arsenite 

(amperometric detector set at -1.4 V), which has the advantage 
of having a greater intensity than oxidation ( I o x , 1 = 150; I R e d , 1 = 
220 in arbitrary units) (Figure 1). 

Simultaneous ultraviolet-amperometric detection 
The ultraviolet absorbance measured at the retention time 

common to As(III) and Asbet can quantitate both of these 
species. The amperometric intensity measured at the same re-

Table II. Ion-Pair Chromatographic Parameters for Each 
TBAH Concentration and for Each Pair of Solutes 

Solute pair 1 . 5 m M 3mM 4 . 5 m M 7.5mM 1 0 . 5 m M 

Asbet-As(lll) 
Selectivity 1 1 2.5 2.66 2.13 
Resolution - - 0.74 0.74 0.74 

As(III)-DMA 
Selectivity 6.25 4.5 4.5 3.5 2.87 
Resolution 7.35 6.05 7.47 7.74 7.47 

DMA-MMA 
Selectivity 1.28 1.33 1.22 1.2 1.0 
Resolution 2.70 2.40 2.18 2.06 -

MMA-Aschol 
Selectivity 1.84 2.25 2.77 3.35 5.11 
Resolution 8.13 13.2 18.2 22.35 23.5 

Aschol-AsV 
Selectivity 3.41 2.57 2.13 1.54 1.20 
Resolution 20.82 17.06 17.02 9.90 4.96 
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TBAH Capacity factor 

conc. (mM) Asbet AsIII DMA MMA Aschol AsV 

1.5 0.4 0.4 2.5 3.2 5.9 20.1 
3 0.4 0.4 1.8 2.4 5.4 13.9 
4.5 0.16 0.4 1.8 2.2 6.1 13 
7.5 0.15 0.14 1.4 1.7 5.7 8.8 

10.5 0.15 0.32 0.92 0.92 4.7 5.6 



Figure 1: Voltammogram of arsenite in the mobile phase (6mM TBAH) at 
pH 7.3. The voltammogram shows two different redox systems. The first 
one (+ 1.50 V) corresponds to oxidation of As(lll) to As(V); the half wave 
potential (-0.90 V). indicates electroreduction of As(lll) to As(o). The arrow 
between -2000 and -1000 indicates the potential set by us. 

tention time gives only the concentration of As(III). The ab­
sorbance at 200 nm of such a concentration of As(III), when 
substracted from the total absorbance, gives the Asbet con­
centration. Two calibration curves are used for this quantita­
tion; one is for As(III) by amperometry. When ultraviolet de­
tected is used, two curves are needed: one curve is used for 
As(III) in pure solution and one is used for Asbet. 

Quality control 
The calibration curve of the tested species was linear from 

0.5 to 3 μmol/L. To test intra-assay precision, 10 assays were 
analyzed from a 0.5M (10 – 6) mixture of each solute. Values for 
the coefficient of variation ranged between 2.46% and 9.24% 
depending on the species (Table III). The same mixture was 
tested once each day over the course of three days to test in­
terassay precision. It ranged between 3.12% and 9.70% (Table 
III). The limit of quantitation (LOQ) was defined as the sample 
concentration giving a signal equal to 3 times the noise at the 
same retention time. It was determined by injection of an 
aliquot of mobile phase and measuring the noise. LOQ values 
are higher for species whose absorbance is low (Asbet, DMA, 
MMA, and As[V]) (Table III). Arseniate has the highest LOQ 
(56.2 μg/L) but its urinary concentration is always low be­
cause arnsenate is intensely metabolized. When one considers 
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total arsenic concentrations in normal urine samples (20 to 50 
μg/L) the LOQ observed seems to be sufficient to evaluate toxic 

concentrations. 

Discussion 

A recent study (16) shows that one way of separating Asbet 
and As(III) is to use an alkaline medium. This choice necessi­
tates the use of a special and expensive stationary phase. This 
inconvenience is avoided through the use of coupled detection. 
The present LC method proved to be applicable for the quan­
titation of arsenical species in a single run without the use of 
an alkaline mobile phase at toxic levels in urine. Toxicological 
and metabolic studies have shown that speciation of arsenical 
compounds is necessary to ascer ta in in toxica t ion . 
Organometallic species (MMA, DMA, Asbet, Aschol) are non­
toxic or poorly toxic and originate from foodstuff. Inorganic ar­
senic (arsenite, arseniate, and arsine), on the other hand, is 
highly toxic. The lethal dose is considered to be around 
100-200 mg of arsenious oxide. Arsin is volatile, absorbed via 
the lungs, hemolytic, and the most toxic of all species. Ar­
senite is the next most toxic species; it is rapidly absorbed in 
the intestinal tract where it combines rapidly to form thiols. It 
is responsible for the inhibition of pyruvate and glutathion 
decarboxylase. The arseniate ion is quickly reduced to arsenite 
in vivo, which is an inhibitor of phosphate in oxidative phos­
phorylations in the mitochondrial respiratory chain. Inorganic 
arsenic is quickly methylated to MMA and DMA, which undergo 
urinary elimination. If the ingested quantity of inorganic As is 
low, even when repeated chronic ingestions take place, DMA is 
mainly excreted (70% of ingested dose). In regard to MMA, the 
percentage is only 11%—19% and 3%-18% of total inorganic 
arsenic (7). In acute poisoning, these percentages are inversed; 
there is a high percentage of inorganic arsenic in urinary elim­
ination and a low percentage of DMA (as compared with the 
level of MMA). It must be observed that seafood absorption 
leads to 90-100% of DMA and 0-10% of MMA (7). Urinary spe­
ciation of arsenic indicates an increase of the MMA-DMA ratio 
with the severity of intoxication. Arsenobetain and arseno-
cholin are indicators of normal food absorption. Consequently, 
speciation must be carried out after a 50-h interval during 
which no seafood should be ingested. 

Conclusion 
Table III. Interassay Precision, Intra-assay Precision, and Limit of Quantitation 

Solute 
Interassay coefficient Intra-assay coefficient 

of variation (%) of variation (%) 
Mean±SD 
(μmol/L) 

Quantitation 
limit (μmol/L) 

As(ll) 4.27 3.76 0.46 ± 0.02 0.10 
Asbet 4.95 4.60 0.45 ± 0.02 0.30 
DMA 5.34 5.07 0.45 ± 0.02 0.30 
MMA 8.21 8.14 0.42 ± 0.03 0.40 
Aschol 3.12 2.46 0.47 ± 0.01 0.12 
As(V) 9.70 9.24 0.41 ± 0.04 1.00 

Coupled detection offers quantitative and 
selective separation in an aqueous medium. 
This method could be useful for the detec­
tion of arsenic compounds in urine. The 
total arsenic concentration in normal urine 
is near 50 μg/L; however, no indication of 
normal or toxic ranges for arsenical species 
can be found in the literature to our knowl­
edge. The proposed LC method should allow 
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such a determination in humans in a single run without the use 
of an alkaline mobile phase. 


