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THE RETENTION BEHAVIOR OF ARSENIC COMPOUNDS
ON PRP-X100 COLUMN UNDER ALKALINE CONDITION

Zheng Jian” and W alter Kosmus’
(Shanghai Institute of N uclear Research, the Chinese Academy of Sciences, Shanghai, 201800)

* (Institute for Analytical Chemistry, Karl-F ranzens University Graz, Universit tsplatz 1, 8010 Graz, Austria)

Abstract A systematical investigation of the retention behaviour of arsenic com pounds (arsenite, arsenate,
methylarsonic acid, dimethylarsinic acid, arsenobetaine etc. ) on PRP-X100 colum n under alkaline condition was
carried out. The dependence of the retention times of arsenic compounds on pH with two mobile phases:
20mm ol/L amm onium bicarbonate, 2.5mm ol/L p-hydroxybenzoic acid/1.0mm ol/L benzoic acid was studied,
and the optimal separations of these five arsenic com pounds were achieved.
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1 INTRODUCTION

A rsenic is ubiquitous in the natural environment. Various arsenic species found in the environment have
different toxicological properties. It has been dem onstrated that not only the total arsenic concentration, but
also the arsenic chem ical speciations which becomes m ore and m ore im portant, must be included to assess the
toxicity, the environmental im pact and the effect of occupational exposure of arsenic. The coupling of high
perform ance liquid chromatography (HPLC) with various arsenic-specific detectors has been proven to be
very useful for chem ical speciation studies. A large num ber of HPLC separation methods for the separation of
arsenic com pounds (anionic com pounds)-arsenite, arsenate, methylarsonic acid, dimethylarsinic acid etc.
was reported in the past[“}]. M ost of the HPLC separations were carried out under acidic condition or near
neutral pH(pH of mobile phase< 7). Although it is known that the pH of the m obile phase is very im portant
for the separation, very little work has been done to systematically study the effect of pH “ This is partly
because, in most of the studies, silica based anion-exchange colum ns were used, lim iting the m obile phase to
a narrow pH range near neutral, where AsB and As(Ill)peaks overlap for m ost columns. However, with the
use of a polymer based column, for instance, Ham ilton PRP-X100, m obile phases in the pH range 1-13 can
be used without column deterioration. This makes it possible to separate arsenic com pounds under alkaline
condition.

We here present a systematic study on the retention behaviour of arsenite, arsenate, methylarsonic acid
(MA),dimethylarsinic acid(DM A) and arsenobetaine(AB) on a PRP-X100 anion-exchange column under al-
kaline condition(pH 8-10.8). Flame atom ic absorption spectrophotometer(FAAS) was used to detect the ar-

senic com pounds in the colum n effluent.

2 EXPERIMENTAL
2.1 Reagents

All reagents were of analytical grade or higher purity from Aldrich, Merck or Fluka. NANO pure water
was used throughout. Solutions of all arsenic com pounds containing 60m g of arsenic per liter were prepared
in NANO pure water. All mobile phases were passed through a 0.20um filter and degassed before use.
2.2 HPLC conditions
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Pum p: M iton Roy CM-4000

Injector: Rheodyne 6-port injection valve

Loop: 100uL

Colum n: Ham ilton PRP-X100, 250mm* 4.1mm i d., 10um spherical particles of a poly
(N,N,N-trimethyl-amm onjum methylene) styrene-divinylbenzene

Flow: 1.65mL/min for NH4sHCO3 m obile phase
1.5mL/m in for p-hydroxybenzoic acid-benzoic acid (p~-HBA-BA)m obile phase

Tem perature: 25T

Connection to FAAS: stainless steel capillary 0.23mm i d., 1m long

The column was equilibrated by passing 100m L of each m obile phase through the colum n before injection
of the arsenic species. Each retention time was determ ined three times( relative deviation< 1% ).
2.3 FAAS conditions

The HPLC column ex it was connected to the FAAS(H itachiZ-6100) nebulizer w ith a stainless steel capil-
lary Im long, 0.23mm i d.. The FAAS was operated w ith an acetylene/air flame at a fuel pressure of 22kPa
acetylene and 160 kPa air. The optimal height of the burner head for arsenic m onitoring was 10mm. The hol-

low cathode lamp (S&J Juniper, Essex, UK) was operated at I0mA. Arsenic was measured at193. 7nm. Da-

ta were transferred to a personal com puter via a H itachi recorder interface after analog-to-digital conversion.

3 RESULTS AND DISCUSSION

A widely used method for the identification and quantification of arsenic com pounds in com plex matrices
of biological system is liquid chrom atography coupling w ith arsenic specific detectors, such as AAS, AES,
ICP-MS. The simplest ion-exchange chrom atography of metal species is based on affinity differences of the
native analytes on the column. Separation can be conditioned by pH and ionic strength of the eluent which

&) A mobile phase

com petes w ith sam ple species on ion-exchange sites and elutes the sam ple from the column
ideally should separate arsenic com pounds in a reasonable tine under isocratic or gradient m odes.

In this study, two mobile phases (amm onium bicarbonate, p-hydroxybenzoic acidbenzoic acid) were in-
vestigated.

(1) Ammonium bicarbonate mobile phase( 20mmol/L NH.:HCOs)

The dependence of the retention times of the five arsenic com pounds on the pH of the m obile phase(pH
8.3-10.8) was investigated(Fig. 1). It was found that AB, arsenite and DM A can be com pletely separated at
pH 8.7, and a good separation (Fig. 2) of the five arsenic com pounds(arsenite, arsenate, DM A, MA and

AB) can be achieved by a gradient elution (pH 8.7 to 9.8) at a flow rate of 1.65m L/m in.
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Fig. 1 Dependence of the retention times of
arsenic compounds on pH with 20mmol/L NH;HCOs3
buffered aqueous mobile phase, pH adjusted with NH,OH
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Fig. 2 Chromatogram of a mixture( 100uL) of
arsenic compounds ( 6ug arsenic each) with 20mmol/L
NH HCO3 mobile phase of pH 8.7 to 9. 8

1.AB, 2. arsenite, 3. DM A, 4.MA, 5. arsenate.
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(2) p-hydroxybenzoic acid-benzoic acid( p-HBA-BA)mobile phase

The dependence of the retention times of the five arsenic com pounds on the pH(8.3-10.3) of the mobile
phase (Fig. 3), and on the concentration of p-hydroxybenzoic acid and benzoic acid buffers(Fig. 4) were
studied, an acceptable separation of AB, arsenite, DMA, MA and arsenate can be achieved with 2.5 mm ol/
L p-hydroxybenzoic acid-1.0 mm ol/L benzoic acid (pH 9.0) at a flow rate of I.5mL/m in(Fig. 5). The peaks
of arsenic com pounds suffer some noises due to the interference on the FAAS detection resulted form the or

ganic matrix of used mobile phase.

2r 3

12} 5 | 5
B ol

8| p ¢

£ Er

i 4 v”‘v.v—-‘v““v 4 F
R N
| 2 “‘i__jgg::-g:—:q N

1

0 1 | 1 0 1 1 1 1 1

7 8 9 10 0 4 8 12 16 20 0 2 4 6 8 10 12
pH C(mmol/L) tp(min)

Fig. 3(L) Dependence of the retention times of arsenic compounds on pH with
a mobile phase of 2. 5mmol/L p-HBA-1. 0mmol/L BA
com pounds number same as in Fig. 1.
Fig. 4(M) Dependence of the retention times of arsenic compounds on
concentration of p-HBA at pH 8.7

com pounds number same as in Fig. 1.

Fig. 5(R) Chromatogram of a mixture ( 100uL) of arsenic compounds ( 6ug arsenic each)
with a mobile phase of 2. 5 mmol/L p-HBA-1. Ommol/L BA at pH 9.0

com pounds num ber same as in Fig. 1.

The retention times of arsenate decrease with increasing pH for both of the m obile phases. On the basis
of the pK values for arsenic acid (2.2,6.9,11.5), arsenic acid deprotonated and mainly existed as HAsO%
ion in the pH range of 8.0-10.8 (Fig. 6), thus, with the pH increase, the doubly charged p-HBA ion(p-
HBA, pK 4.48,9.32) and CO3 (H.COs, pK 6.37,10.25) will more effectively com pete with the analyte an-
ions on the positively charged groups at the surface of the stationary phase. The result of this com petition is
a decrease of retention times for arsenate w ith increasing pH. The observed decrease of retention times of ar-
senate w ith increasing of p-HBA concentration (Fig. 4) also supports this explanation.

The retention times of methylarsonic acid show different pH dependence. W ith amm onium bicarbonate
(Fig. 1) mobile phase, the retention time decreases m onotonical from pH 8.7 to 10.8. This also can be at-
tributed to the com petition between analyte anions and CO3 ion for the positively charged groups on the sur
face of the stationary phase. W ith p-HBA-BA mobile phase, almost no appreciable change of retention times
was observed. This is probably because of the sim ilar pK values of methylarsonic acid (pK 4.1,9.1) and p-
HBA (pK 4.48,9.32). In the pH range being studied, they deprotonate alm ost at same pH value, the ratio
of HAma/HAp-upa and the ratio of Afia/A}usa keep in a relative stable level, therefore, the com petition be-
tween analyte and m obile phase ions for the positively charged ion-exchange sites on the surface of the sta-
tionary phase stands in a state of relative equilibrium, and it results in the stable retention times of methylar-
sonic acid w ith increasing pH.

W ith a pK of 6 .3, dimethylarsinic acid is presentas ( CHs )2 AsO> ion under alkaline condition , there -
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fore, electrostatic interactions between
(CH3)2As0> and the cationic sites ( amm onium ,\80: (CH;3) ;A CH,COO-
X 404
groups) on the stationary phase should influence V'“)_ (CH3)3;As*+*CH,COOH
the retention times. W ith increasing pH, the ab- 0 5 é ‘i (|i é 1'0 1'2 14
solute amount of CO3 and Aj;upa gradually in-
crease in the m obile phases, the doubly charged ASO: b H:A H,A™
CO3% , Ajmsa have a higher affinity for the post §40-
tively charged groups on the surface of the sta- 0— Y 1 T i T T
tionary  phase than the singly charged 0 2 4 6 8 10 12 14
(CH3)2As0O> ion, thus a gradual decrease of re-
_80q¢ HA A-
tention times of dimethylarsinic acid for both m o- xw"
bile phases is observed(Fig. 3). ~
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Under acidic conditions, arsenite m igrates 0 2 4 6 8 10 12 14
w ith the solvent front, because arsenite is present
as neutral H3AsO3(pK 9.2). However, with the ,-\80: d H,A HA™ At~
X
increasing of pH value to alkaline conditions( pH ~ 401
8.0-10.8), arsenite does not remain undissociat- 0 T T T T T
o 2 4 6 8 10 12 14
ed, itwas shown that certain extent of interaction
between arsenite and the stationary phase took . 80-¢ s
, X - HsA H,A™ HAZ~ A3~
place (see Fig.1 and 3), arsenite doesn t co-elute ~ 40—
w ith AB(pK 2. 18[6], AB is probably present as a o] T Y T T T Y
neutral zw itterion in the pH range 8-10.8) in the 0 2 4 6 8 10 12 14
void time ( volume), therefore, arsenite and AB 80 f
can be separated. X‘w: H.A HA™ A?
4 CONCLUSION Y T T T T T Y
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Investigation of the retention behavior of
80- 8 2—
. . . . ~ ] H,A HA A
arsenobetaine, arsenite, methylarsonic acid, XM)
dimethylarsenicacid and arsenate on the PRP- -
0
X100 anion-exchange column, influenced by the 0 é l é H !8 1'0 ]'2 14
p

pH, the concentration, and the nature of buffer

solutions, show that arsenic com pounds have dif- Fig. 6 Species distribution diagram for (a) arsenobetaine

(pK 2.18), (b)arsenous acid( pK 9.2), (c¢)methylarsonic acid
(pK 6.3), (d)dimethylarsinic acid(pK 4.1, 9.1), (e)arsenic
acid(pK 2.2, 6.9, 11. 5), ( f) carbonic acid( pK 6. 37, 10. 25), and
(g) p-hydroxybenzoic acid( pK 4. 48, 9.32) in the pH range 0-14

ferent retention behavior under alkaline condition
from that under acidic condition, and optimal sep-
aration of the five arsenic com pounds( FAAS de-
tection) is possible w ith 20mm ol/L amm onium b
carbonate buffer at pH 8.7 and 9.8 at a flow rate of 1.65mL/m in, with 2. 5mm ol/L p-HBA-1.0mm ol/L BA
m obile phase at pH 9.0 at a flow rate of 1.5mL/m in.

The coupling of the above-mentioned two HPLC systems w ith [CP-M S, in which the sub-ng level of As
com pounds can be monitored, and the applications of these HPLC-ICP-M S systems to the arsenic speciation

of biological and environmental sam ples are in progress.
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