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This method employs a membrane gas-liquid separator and the hydride generation techniqu
FIA AAS method for speciation of As(V) and As(lll). The gas—liquid membrane separator ach
high measurement sensitivity and shows a very fast response (short delay time) because of i
mum dead volume. Conditions were optimized for the determination of arsenic by the flow inje
hydride generation atomic absorption spectrometry method using this membrane separator.
paratus was proposed for on-line speciation of both As(V) and As(lll). Several reduction sy
were used for reduction of As(V) to As(lll) in the on-line arrangement. The best results wer
tained using solution of 15 g Kl in 100 ml ofM HCI at the reaction coil temperature 60. A
detection limit of 150 pg for As(lll), 80 pg for As(lll + V) and sampling rate of 25 samples per |
were reached.
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Many arsenic compounds are known to be toxic and the exposure of man and a
to arsenic remains of international concern. It is generally accepted that As(V) sj
are less toxic than As(lll) compounds. In view of this difference between the oxid
states and in order to follow the pathways for interconversion in the environment
increasingly important to monitor concentrations of the individual chemical speci
well as the total concentration of arsenic in the environment.

Speciation of As(lll) and As(V) has been studied by many authors all these
papers methods distinguishing between the two forms of arsenic are used based
fact that only As(lll) can be converted to AgH weakly acidic mediuf Direct reduc-
tion of As(V) to the hydride never occurs in this medium. Direct reduction of As(V
AsH; using NaBH is not complete even in strongly acidic medium (low reaction ra
In the determination of As(V), it is necessary to pre-reduce As(V) to As(lll) usit
suitable reducing agent in strongly acidic medium. Following this step, the total ar
content is determined by reaction with NaBKimilar to the determination of As(lII).
The As(V) content is found from the difference in the total As and the As(lll) contt
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In the technique of generation of volatile hydrides in AAS, attention is concent
primarily on the mechanism of hydride formation, the atomization précéésstudy of
interferences both in the liquid phase (effect of the velocity or efficiency of the hyc
formation and release from solution) as well as in the gas phase (transport and at
tion interference) and also on complete separation of the newly gas phase.

The separation of hydrides from the reaction mixture occurs either by flushing o
on excess hydrogen formed and the carriet“hsgh acid concentrations) or by th
carrier gas flowing into the coupled generator—separator through a porét&* fraw
acid concentrations). Another method separates the gas phase on the basis of d
of hydrides through the wall of a silicone tube (membrane) or PTFE microporous |
brané> €

On the basis of the results of a comparative stiidygas—liquid membrane separat
with a PTFE membrane as separation interface was chosen in this work for the de
nation of arsenic and on-line speciation of As(V) and As(lll) by the flow inject
hydride generation atomic absorption spectrometry (FI-HG-AAS). Gas-liquid
brane separators attain high measurement sensitivity, improvement in the sigt
noise ratio and show very fast response time because of their minimum dead vo
The following reducing systems were tested in this work for the pre-reduction of A
to As(lll): KI/HCI systent!; Kl/ascorbic acid/HCI systetfy TiCl/HCI system?;
HCI/SCG57/S,057/KI systentP.

EXPERIMENTAL

Apparatus

The measurements were carried out on a Varian SpectrAA 300A atomic absorption spectromet
deuterium background correction. The radiation source was an EDL lamp for As (input power
The measurement was carried out at 193.9 nm with a spectral interval of 0.5 nm.

An eight-channel peristaltic pump (Cole—Parmer Masterflex) with tygon tubing of inner diam
2.06 mm, 1.42 mm and 0.89 mm was used for the reagent feed. The reagent flow was switche
two three-way solenoid valves. The carrier gas (nitrogen) flow ggtd,) was measured using e
Cole—Parmer flow-meter. Sample injection was carried out using a six-way injection valve (RHEOL
Model 5020), with 30, 100, 250, 500 and 1 Q00dnjection loops.

The hydrides were atomized using an absorption cell, classical quartz T-tube (length 17
inner diameter 12 mm), narrowed in the centre to an inner diameter of 4 mm, with 70 mm sic
(inner diameter 2 mm), placed in the optical axis of the AA spectrometer. The quartz atomize
heated electrically to a temperature of 9&0(Varian Electrothermal Temperature Controller ETC-5(

The connector between the exit from the separator and the entrance into the absorption c
sisted of a 50 mm polyethylene tube (inner diameter 1.0; dead volume minimization).

Water thermostats type U-15, MLW, Medingen) were used in the reduction and reaction co

Membrane Gas-Liquid Separator

In the membrane separat®t’ (Fig. 1), separation is based on diffusion of the gas through a mr
brane consisting of a Teflon strip (thickness 0.075 mm, width 11 mum pore size, Zefluor, Gel-
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man Sciences). The separator consists of two blocks of poly(methyl methacrylate) with a gro
the middle of their largest sid€s The reaction mixture is fed through the first block with a groo
of dimensions 1.0x 3 x 50 (90) mm. The hydride formed and excess hydrogen are fed intc
atomizer through the second block with a groove of dimensions8% 90 mm. Nylon grid with a
thickness of 0.1 mm (108 10 mm) is used to fix the Teflon membrane. The two blocks are fif
together and sealed with a thin rubber seal fitted between the two blocks. A groove length of ¢
corresponds to an active separation surface of only 22&aestha separator dead volume of 0.8.cn
Minimum dead volume of the separator and the whole system is the most condition for appli
in the FI mode.

Reagents

Standard As(ll1) or As(V) solutions (1.0000 o)l were commercial (Analytika, Prague) or prepar
from NaHAsO,7 H,O (Merck, Darmstadt), respectively. From them, working solutiongu¢Lo* As)
were prepared fresh every day.

Hydrochloric acid was Suprapure® grade (Merck, Darmstadt).

Sodium tetrahydroborate NaBHMerck, Darmstadt, content >96%) was always prepared fr
from the powdered substance in 0.4 wt.% NaOH.

Potassium iodide Kl (Lachema, Brno), titanium chloride Fi@lachema Brno), ascorbic acic
(Merck Darmstadt), sodium sulfite P8O, (Lachema Brno), sodium thiosulfate J$s0; (Lachema
Brno) were of reagent grade purity.

Deionized water was prepared using the Milli Q+ deionizer from the Millipore Co., U.S.A.

The carrier gas was 99.999% pure nitrogen.

Procedure of Flow Injection Analysis

The working conditions for determining As using a membrane separator were tested with tl
paratus in Fig. 2. The apparatus includes a membrane separator, peristaltic pump with tubing
reaction coil, injection valve, flow-meter and atomizer.

The working conditions for the determination were tested on a sample of 10 ppb As(I\) HCL
The effect of the acid concentration was studied on a sample of 10 ppb As(lIl) im OHCI.

After finding analytical conditions for the determination of arsenic, information was obtaine
on-line speciation and determination of As(lll) and As(V). The apparatus in Fig. 3 was constt
and used for the purpose.
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Speciation of As(V) and As(lll) requires two sample injections: As(lll) is determined by injec
a sample into a stream of QWSHCI; the second injection into a reducing agent stream containingl®l
leads to determination of the total arsenic content in the sample (As(lll) + As(V)).

Two solenoid valves simultaneously switch the channel withvOECI and that with a reducing
agent in 6m HCI.

The total flow rate in the two branches at the sample injection site was 4.5 Ml ifie choice
of two separate branches of the system with two solenoid valves is necessary because of tt
bility of the reducing solution in strongly acidic medium. This arrangement ensures acidificati
the reducing agent immediately prior to the reduction reaction in the reaction coil. In this arr
ment, the apparatus uses only one injection valve and the whole process can be automated.
jected sample first passes through the required length of the reduction coil and then ent
reaction coil where the reaction with NaBétcurs with formation of the hydride.
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Scheme of the apparatus for the FIA AAS determination of arsenic
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Scheme of the apparatus for the speciation of As(V) and As(lll)
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It is necessary to ensure the same reaction conditions for the determination of As(lll) and to
Thus, the sample must pass through the reduction coil both in the determination of total As
the determination of only As(lll). This arrangement is necessary in evaluating the test signal. T
phase is separated in the membrane separator and then enters the atomizer. Experiments a
with speciation of arsenic were evaluated on the basis of the heights of the test peaks.

RESULTS AND DISCUSSION

FI-HG-AAS Determination of As with a Membrane Phase Separator

First the working conditions were tested for generation and separation gfrAtieé FI
mode using the given membrane separator. The parameters obtained in a comg
study were used as initial valdés1.5 wt.% solution of NaBjiand flow rate
g,(NaBH,) of 1.0 ml mirrtwere chosen as optimum.

It was found that the HCI concentration of 1 mdlis sufficient for last hydride
formation at given reagent flow rates using the described experimental arrangeme
sample volume injected.

A study was also made of the appropriate flow rate of the HCI carrier stream
graph of the peak height vs the stream flow rate passes through a maximum at
rate of 3—4 ml min'. As the flow rate increases, the measured peas become narr
On the other hand, at flow rates of the carrier stream below 1 mf,nie peaks
become broader and very poorly reproducible. If the analysis is to be fast and p
with high sampling rate, then a higher medium flow rate of the carrier must be
even at the expense of a slight decrease in the sensitivity. A carrier medium floy
of 4.5 ml mirr* was chosen as optimum.

A study was also made of the effect of the amount of sample injected on the
urement sensitivity and peak shape (Fig. 4). A sample volume ofill@@s found
applicable for practical analyses. Similarly, a study of the reaction coil length
made; 2 000 mm was chosen as optimum.

A significant impact of temperature on the Asidrmation was demonstrated. A
increase in the temperature of the reaction coil of@%eads to a significant increas
in the measurement sensitivity. However, a further increase aboV€ 4&ads to a
decrease in the sensitivity. The lifetime of the separator (in particular the PTFE |
brane) is low at the optimum temperature. The change in the separation efficiel
irreversible.

Because of the very small dead volume of this membrane separator (max. §),81
the system has a very short delay time. The hydride is transported sufficiently re
to the atomizer by excess hydrogen formed in the reaction of NaBtH HCI. The
introduction of further carrier gas does not improve any of the measurement paral
(sensitivity, noise). A very small carrier gas flow rate led to a decrease in the sensiti
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Analytical conditions of the FI-HG-AAS determination with a membrane sepatr
are:w(NaBH,) = 1.5 wt.%,q,(NaBH,) = 1.0 ml min?, ¢(HCI) = 1 mol I, g (carrier

stream) = 4.5 ml mi, g,(N,) = 0 ml mirt?, reaction coil length 2 000 mm, injecte
sample volume 10Ql.

Figure 5 gives the calibration for the measured signals in the interval 0-5C

As(Ill) for an injected sample amount of 10 under working parameters for flov
injection analysis.

The parameters of the calibration graph in peak heights attained in the FI-HG
determination (Fig. 2) of arsenic with the given type of membrane gas-liquid sep:
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are: limit of detection 75 pg, reproducibility 2.4%, sensitivity of measurements (ch:
teristic concentration) 0.0324dg I, linearity of calibration graph 0-20y I,

As(lll) and As(V) Speciation and Determination

The speciation of arsenic was tested in three solutions with the following conce
tions: 10pg P As(lIl); 10 pg IFLAs(V); 10ug FrAs(Ill) + 10 ug FrAs(V). Speciation
was carried out in the apparatus depicted in Fig. 3.

Several systems were tested for on-line pre-reduction of As(V) to As(Ill): Kl/F
Kl/ascorbic acid/HCI, TiGYHCI and HCI/SG/S,05/4KI.

The HCI/SG/S,057/KI system cannot be used for on-line pre-reduction of As(V)
As(lll), because the main reduction product,3€nds to high background absorptic
signal which completely prevents the measurement.

Because the reaction rate of the reduction of As(V) to As(lIl) with the given redu
agents is very slow, a study was made of the effect of the of the reduction coil ¢
the temperature on the efficiency of the on-line pre-reduction for the other test sy:s
KI/HCI, Kl/ascorbic acid/HCI and TiGIHCI.

It was found that, at laboratory temperature, 100% efficiency of the pre-redu
was not achieved for any of the test systems with a real length of the reduction c

A study was made of the effect of temperature in the range Z%-8d the rate of
this pre-reduction step, using a thermostatting of the reduction coil in a water be
reduction coil length of 2 000 mm was chosen (compromise between a long red
time and spreading of the zone of injected sample). The required 100% on-line
duction of As(V) to As(lll) under the given experimental conditions was attained

TaBLE |
Arsenic contents in field samples (iny I for water, inug g for soil) determined by AAS

FI-HG-AAS ETA-AAS
Sample
As(l11) As(V) Total As(lll + V)
Surface water”™ n.d? 3.60 3.71
Surface water'2 n.d? 3.01 3.12
Surface water'3 n.d? 3.38 3.37
Soil extract & 9.7 30.1 39.7
Soil extract 2 5.7 35.8 415
Soil extract 8 11.6 20.7 32.3

2 Not detected? surface water sample was stabilized with HQID g of soil was extracted with 100 m
of 1 m HCI.
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for the system containing 15 g Kl in 100 gu6HCI at a reduction coil temperature c
60 °C. The use of this reduction system for speciation of arsenic is documented in |
depicting the signals measured for As(lll), As(V) and the As(lll) + As(V) mixture
injection into a stream of reducing agent solution in M.HCI (Fig. 6a) or 6v HCI
(Fig. 6b) under the measurement conditions. Complete pre-reduction of As(}
As(Ill) was not attained in the other test systems, nor at the highest temperature:
Under these temperature conditions (heating of the reaction coil’®)6the separator
membrane lifetime would be shorter (see above); thus a second thermostat s&t a
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Speciation of As(Ill) and As(V)a: Injection of sample [1@ug " As(lll); 10 pg T As(V); 10 ug I2
As(lll) + 10 pg M As(V)] into a stream of 0.5 HCI. b: Injection of sample [1Qug 't As(lll); 10 pg It
As(V); 10 pg It As(lll) + 10 pg T As(V)] into a stream of 15 wt.% Kl/é1 HCI. V = 100 pl,
q,(carrier stream) = 4.5 ml mih w(NaBH,) = 1.5 wt.%;q,(NaBH,) = 1.0 ml min%; g,(N,) = 0 ml min;
reduction coil length: 2 000 mm; reaction coil length: 2 000 mm; reduction coil temperatiéz 6(
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was used to decrease the temperature of the reaction mixture prior to entering the
brane separator.

A detection limit of 150 pg for As(lll); 80 pg for As(lll + V) (100l) and sampling
rate of 25 samples per hour was obtained in this on-line arrangement.

This membrane phase separator and the proposed system for speciation of As|
As(Il) using the solution of 15 g Kl in 100 mi HCI reducing system was employe
for the analysis of surface water and soil samples (Table I). As no reference m
with certified content of As(lll) and As(V) was available, we used the electrothe
atomization atomic absorption spectrometry (ETA AAS) for the determination of
own field samples. Surface-water samples were taken from the Boti¢ stream in F
and soil samples were taken from areas around Prague. Water samples were st
with hydrochloric acid and filtered prior to treatment. Each sample was treated in
cate. A relative standard deviation of the determination of about 5% was obtaine:
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