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Abstract

A sensitive atomic spectrometric method for the redox speciation analysis of antimony in soils is described. The
method is based on the selective generation of stibine frofilI$bin a continuous flow system using atomic
fluorescence spectrometry for detection(\&pis masked by citric or oxalic acid in HCI medium. The procedure was
optimized with synthetic solutions of 8l ) and SifV). The effect of carboxylic acid and HCI concentration on the
recovery of SKlll) and SlfV) species from standard solutions, and on the fluorescence signal were studied. Both
species were extracted from soil with H O, 0.05 mdl| EDTA and 0.25 mbll, H SO . Since the soil samples were
collected from sites impacted by copper mining activities, the effect Cu  on the determination of antimony in
synthetic solutions and soil extracts was studiec®™Cu  decreased (hHé)Sfignal, but had no effect on the total
antimony determination. Therefore, the selective determination @fI$hwas carried out in citric acid—HCI medium,
using the analyte addition technique. Total antimony in soil extracts was determined using the standard calibration
technigue after reducing %) to Sk(lll) at room temperature with Kl—ascorbic acid. The('\8b concentration was
calculated from the difference between total antimony andIBb The limits of detectio(PS Analytical, Excalibur
Millennium mode) were 17 and 10 ngt* for SHl) and total antimony, respectively, and the R.S.D. at the 0.5-
pg 1=t level were 2.5 and 2.4%, respectively. The total antimony concentration of soils is in thethg kg  range; the
Sb recovery from the different soils by the extracting solutions was between less than 0.02% and approximately 10%.
Similar recoveries were obtained using EDTA and sulfuric acid solutiond/ Bwas found to be the main antimony
species extracted from soils.
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1. Introduction genic effect of antimony is not completely under-
stood [1]. Compared to arsenic, this element has
received little environmental attention. There are
only a few of studies in soils, sediments and
~ *Corresponding author. Faxt 56-32-273422. biological materials. The natural concentration of
E-mail address: idegrego@ucv.c{l. De Gregon). antimony in soils is<1 mgkg* [2]. However,

Antimony has chemical and toxic properties
similar to those of arsenic; however, the carcino-
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this level might be substantially increased due to Sk(lll) can be determined selectivel®,11,27.
inputs from natural or industrial sourc¢3]. The Mohammad et al[9] proposed citric acid12%
US Environmental Protection Agency listed anti- m/v) for this procedure. Guy et a[28] demon-
mony as one of the pollutants of concern. The strated the association of Qb)) with three a-
toxicity of antimony and its environmental cycle hydroxy acids (citric, mandelic and malic by
depend on its chemical form. Antimony is found NMR, ESI-MS and HPLC-ICP-OES. $%) is
in two oxidation states, SHI) and SKV), in guantitatively complexed with citric acid in a 1:1
inorganic and organic components in environmen- molar ratio. However, the selection of appropriate
tal samples. It has also been realized that deter-conditions for the selective generation of stibine
mining the total concentration in a given sample from SKIII) is not an easy task. The hydride
for estimating its physiological or environmental generation efficiency depends on the experimental
risks is not enough, and the importance of speci- conditions and the matrix composition. The tech-
ation analysis of antimony has been recognized. nique suffers from interferences caused by metallic
Speciation studies in soils need the selection of ions, such as Cu , Ri , Pé [29-3], and
appropriate analytical methods. Inductively cou- hydrofluoric acid concentrations as low as 0.02
pled plasma mass spectrometyCP-MS) or mol I~* were found to suppress the stibine gener-
inductively coupled plasma optical emission spec- ation from Sl§V), but not that from S@ll) [32—
trometry (ICP-OES coupled with high perform-  34].

ance liquid chromatographyHPLC) have been Chile is a producer and exporter of copper,
used for the speciation analysis of antimony in molybdenum and other metals and ores. But cop-
synthetic water samples and soil extraf4s-g|. per mining activities are a constant source of

However, the high cost of instrumentation and its environmental contamination. The objective of the

maintenance make their use expensive for routine present work was to assess the antimony toxicity

analysis. and its accessibility to plants from soils contami-
Another frequently applied technique to deter- nated by mining activities. A method for redox

mine trace levels of antimony is hydride generation speciation analysis of antimony in soil extracts,

atomic absorption spectrometf{HG-AAS) [6,9— based on the selective generation of stibine from

11] or hydride generation atomic fluorescence Sh(lll) using HG-AFS is described. The stibine

spectrometry(HG-AFS) [12-17. This last tech-  generation from S§/) is avoided by complexation

nigue is not very expensive and it offers good with citric and oxalic acids in HClI medium. The

analytical performance in terms of linearity and effect of these reagents on the fluorescence signal

limits of detection. Thompsoii12] was the first  from synthetic solutions of SHI) and SKV) and

to describe a dispersive atomic fluorescence systemfrom soil extracts was studied. Since soil samples

to determine hydride-forming elemenf#é\s, Se, were collected from sites contaminated by copper

Sb and Té with detection limits approximately —mining, the C@* concentration effect on the

0.1 gl % Guo et al.[14] using a non-dispersive fluorescence signal, in the presence of citric acid,

AFS system obtained similar performance. was also studied. The approach was applied for

Hydride generation techniques have been applied speciation analysis of antimony in,H O, EDTA

to determine antimony in samples such as tap and H, SQ soil extracts.

water, seawater, airborne particles, sediment and

soils [15,17-19. Controlling the borohydride 2. Experimental

reduction stage, HG permits discrimination

between S@Il) and SKV). Several authors have 2.1. Instrumentation

used the pH dependence of stibine generation for

the separate determination of antimony species For the HG-AFS antimony determinations, PSA

[20—-26. The same effect can be achieved under Analytical (Orpington, Kent, UK Excalibur model

a highly acidic condition using carboxylic acids to (10033 or Millennium model (10055 atomic

suppress hydride formation from 8b), so that fluorescence spectrometers, were used. These
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instruments have a continuous flow system for 2.3. Samples
hydride generation coupled to a commercial dryer
membrangPerma Pure product, dryer model MD- Soil samples were collected at Puchuncavi val-
110-12 FB, which is joined to the fluorescence ley, an agricultural zonélocated at the north of
spectrometer. The stibine was purged to the atom- Valparaiso city that receives the impact of the
ization flame by an argon flow; the flame is industrial complex ‘Las Ventanas’, where a smelter
sustained with B produced in the hydride gener- and electro-refinery plant of Cu ore, as well as a
ation reaction between NaBH and HCI. Both coal-fired thermoelectric power plant are located.
instruments are equipped with an antimony boost-
ed discharge hollow cathode laiBDHCL), Pho- 2.4. Procedures
tron PTY Ltd (Victoria, Australid, operated at
15-20 mA. 2.4.1. Digestion and determination of total Sb in
soil

The sample digestion and the experimental par-
ameters to determine total antimony in soil by

] ) ) o HG-AFS has been described in detail elsewhere
High purity water with a resistivity of 18 [35).

M cm, obtained from a NANOpure ultrapure

water systen(Barnstead, Dubuque, Vwas used 3 42 §oil extraction procedure

for all dilutions. Stock solutions of 1000 mgt Aliquots of 1.0 g of dry soil were accurately
Sk(lll) and 1000 mgt1* of SO/) were prepared  \eighed into 50-ml polypropylene vessels. The
dissolving solid potassium antimony tartrate extraction solutiong(10 ml of H,O, 20 ml 0.25
K(SbOC,4H,0sHO (Aldrich, 99.95% purity mol |=* H,SO, or 10 ml of 0.05 molt! EDTA,

2.2. Reagents

and potassium pyroantimonate K&H)s (Prola-  pH 7.0) were added and the vessels were covered
bo, for analysi$in 1% m/v ascorbic acidMerck)  and shacked at room temperature in a horizontal
and water, respectively, and stored at°@ in  shaker (Junior orbit shaker, Labline instrument,

polyethylene bottles. Working solutions of Gib) Melrose Park, I at 150 rpm for 24, 1 and 2 h
and SkV) were prepared daily by appropriate for H,0, EDTA and H SQ, respectively. The
dilution with 0.1% nyv ascorbic acid and water, sjurries were centrifugedKubota 1720, Kubota
respectively. Cti  solutions were prepared from a Corporation, Tokyo, Japanat 10°C for 30 min

standard solution of 1000 mgt (Titrisol® at 4000 rpm. The supernatant was decanted off.
Merck).

High purity nitric, hydrochloric, hydrofluoric  2.4.3. Redox speciation analysis of antimony
and sulfuric acidgSuprapuf , Merck were used The determination of Siil) and SKV) in the
for digestion of soils. synthetic solutions and in the soil extracts was

Sodium borohydride solution was prepared dis- carried out in two steps. For the selective deter-
solving NaBH, powdefMerck) in NaOH solution mination of SKlIl ), an aliquot of the soil extract
(Merck). This solution was prepared daily just (1-5 m) was placed into a 25-ml volumetric

before use or stored for up to 3 days atGl flask, mixed with 5 ml of 20% niv citric acid
Citric acid monohydrate or oxalic acid dihydrate and 3 ml of concentrated HCI, and completed to

(Merck, pro analysis were used to mask $Y). volume with water. The determination of @)

A mixture of KI and ascorbic acidMerck) was concentrations in soil extracts was carried out

used in the pre-reduction of 8%) to SKII). using the analyte addition technique. For the deter-

The mild extractions of antimony from soils mination of total antimony, a volume of 0.2-1.0
were carried out with deionized water, 0.25 ml of the extracts(depending on the total Sb
mol 11 H,S0O, and 0.05 moli* EDTA(di-sodi- concentratioh was mixed in a 25-ml volumetric
um salt of ethylendiaminetetraacetic acid, Merck, flask with 2.5 ml of 15% miv Kl +3% m/v
pro analysi$, pH 7.0. ascorbic acid and 3 ml of concentrated HCI and
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Table 1

Operating conditions employed to determine antimony by HG-
AFS, with the PS Analytical Excalibur and Excalibur Millen-
nium models

Parameter Excalibur Excalibur Millennium
model model
Sb BDHCL current(mA)
Primary 20 175
Boosted 20 15
Concentrations
HCI (mol171) 1.5 1.5
NaBH, (% m/v) 1.5 0.7
Flow rates(ml min—1)
HCI 6 9
NaBH, 6 3
Sample 6 9
Carrier gagargon 250 300
Drier 600 2500
Instrument conditions
Delay period(s) 10 10
Analysis period(s) 30 30
Memory period(s) 40 40
Filter* 32 32
Amplification rangé 10 100

aSets the smoothness of the signal by box car integration.
The higher the filter number the smoother the signal. Available
filters 1-64.

b Available ranges are 1, 10, 100 and 1000.

then completed to volume with deionized water.
The mixture was left to stand at room temperature
for 30 min to ensure complete reduction of(8b

to SK(IIl) before the stibine generation. The deter-
mination of total antimony was performed by the
standard calibration technique, using the experi-
mental conditions in Table 1, which have been
described in detail elsewhef85]. The pre-reduc-
tion of SKV) to SKIII) by Kl/ascorbic acid in
the soil extracts was quantitative at room temper-

3. Results and discussion

3.1. Optimization of the redox speciation analysis
of antimony

The determination of the redox species of anti-
mony by HG-AFS in soil extracts was based on
the selective generation of stibine from(8b) by
reaction with borohydride in citric acid—HCI medi-
um. As was described elsewh€i5], the SV)
fluorescence signal yield was approximately 50%
of the respective Sill) signal in HCI medium,
whereby the latter was practically independent of
the HCI concentration. Similar results have been
described by Mohammad et 48] in the speciation
analysis of antimony in water by HG-AAS.

Two carboxylic acids, citric acid(a-hydroxy
acid) and oxalic acid, both in HCI medium, were
investigated as masking agents to inhibit stibine
generation from S/), making possible the selec-
tive determination of SBll ). Citric acid has been
proposed for the speciation analysis of antimony
and arsenic by HG-AAS, with or without pH
control [9,27], and it has been shown that Sb
was quantitatively complexed by citric acid in
highly acidic medium[28]. Oxalic acid has not
yet been described as a masking agent foi\3b
to determine S@ll) selectively in acid medium.

The effect of citric and oxalic acid concentration
(in 2.5 molI"* HCD on the fluorescence signal
obtained after hydride generation from(8b) and
Sh(V) is shown in Fig. 1. Both acids at concentra-
tions greater than 3% fw effectively suppressed
the hydride generation from $¥), suggesting
stable complexation of this species by both mask-
ing agents. The fluorescence signal from(I8H
remained practically constant, independent of the
citric or oxalic acid concentration. Thus, an effec-
tive discrimination between $bl) and SKV)
could be obtained, and a selective determination

ature, whereas the digested soil solutions had t0 of SK(|11) could be achieved by using either acid.

be heated at 90C, 40 min in a water bath or in
a microwave oven. This different behavior might

Similar results have been obtained by Mohammad
et al. [9], who used 12% citric acid in 3-moft

be due to the presence of residual concentrationsHC| medium, whereas in our work the citric acid

of HF in the acid digested soil solutioi32—-34.
The concentration of SV) was calculated from

concentration chosen was only 46t/v). How-
ever, the citric acidantimony molar ratio

the difference between the total concentration and employed in our work was approximately 70-fold

the concentration of SHI).

greater than that employed by Mohammad et al.
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Fig. 1. Effect of(—) citric and(-----) oxalic acid concentration
on the fluorescence signal frow\) 2 ng I=* Sh(lll ) and(O)
2 pgl™* SKV) in 2.5-moll"* HCI medium. (Results
expressed as mear8.D.,n=4.)

(5x10" compared to ¥10°), as the Sb concen-
tration levels employed in this work ranged
between 0.1 and lugl~! due to the greater
sensitivity of HG-AFS compared to HG-AAS.

The effect of HCI concentration on the fluores-
cence signal in the presence of 4%/citric or
oxalic acid was also investigated. Fig. 2 shows
that the HCI concentration had essentially no effect
on the yield of hydride generation from Gb).
For SHV), no AF signal at all was obtained for
HCI concentrations between 0.5 and 2 motl ,
but a small signal was obtained at higher HCI
concentrations. This is probably due to a compe-
tition in SK(V) complexation between the carbox-
ylic acid and the chloride ions from HCI. Stable
complexes between $¥) and CI (SbCE or
SB(OH),CI{*>~*~») have been described in aque-
ous media[36].

The effect of increasing $W) concentrations
on the fluorescence signal obtained from 0.5
wg 171 Sk(II), in 4 8 and 12%(m/v) citric and
4% oxalic acid in 1.5-molt* HCI medium is
shown in Table 2; the yield of hydride formation
from SKII) remained practically constant, even
when the SBV)/Sh(lll) ratio in the solution was
as high as 50. The results with 8 and 12#6/v)

1283

Relative fluorescence signal

HCI concentration (mol L )

Fig. 2. Effect of HCI concentration on the fluorescence signal
from (A) 2 wg 172 Sh(lll) and (O) 2 pg 17t SK(V) in (—)

4% myv citric and (------ ) 4% m/v oxalic acid medium.
(Results expressed as mea8.D.,n=4.)

citric acid were statistically similar to those
obtained with 4% (m/v) citric or oxalic acid,
suggesting that the latter concentration is sufficient
to achieve quantitative complexation of (§9.
Because of the similar results obtained with the
two acids, 4%(m/v) citric acid in 1.5-mol It
HCI medium was chosen for the selective deter-
mination of SKlI). Recovery studies from five
different synthetic mixtures, containing different
ratios of SKV)/Sh(lll) were performed, applying
the above method; total antimony was determined
using the experimental conditions detailed in Table
1, and SKV) was calculated from the difference.

Table 2

Effect of SKV) concentration on the fluorescence signal
obtained for 0.5ug1=* SK(lIl), containing different concen-
trations of oxalic or citric acid, in 1.5 mol* HCI

Sh(V)/Sh(lll) Citric acid (% m/v) Oxalic acid
i 0,
ratio 2 8 12 4% (m/v)
0 628+11 679+16 690+10 491+ 14
1 680+23 668+37 67947 507+20
5 632+10 656+10 688+21 486+ 10
10 685+15 714+10 687+22 530+10
20 691+26 752+10 681+12 537+ 11
0 753+28 723+40 741+16  568+19

Results expressed as mea8.D.,n=4.
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Table 3 _ _ ering that high transition metals concentrations,
Recovery of SHll) and SKV) from synthetic solution such as C# , Ni* and Fé have interferences

mixtures in the hydride generatioi29-31, the effect of
Prepared Measured Recovery the C¢" concentration on the hydride generation
concentration ~ concentration (%) from SK(V) and Skl ) in synthetic solutions and
(pg 179 (pg 179 soil extracts was studied. In order to evaluate the
so(lll)  Sh(v) Skl ShV) shilll)  Sh(V) Cu concentrations to be considered in this study,

025 175 022002 171007 1087 98:4 copper was determined in the acid digested solu-
0.50 150 050003 145.0.06 10L5 97+4 tions and m_l-i O, EDTA and H SO extracts of

1.00 1.00 0.95-0.06 0.90+0.03 95+ 6 90+3 La Greda SOI|, by AAS. Hence, the €u concen-
1.50 050 1.4%0.06 0.50:0.04 94+1 100+8 tration effect on the determination of total anti-

1.75 0.25 1.660.08 0.24£0.02 952 9647 mony and SHill) in H,O, EDTA and H SQ

Results expressed as mea8.D.,n=4. solutions was carried out by measuring the signal
from 0.5 pgl~t SK(V) or SKIl) in these syn-
As can be seen in Table 3 the (@b) and SKV) thetic solutions, containing Cu concentrations up

recoveries from the different synthetic mixtures to 2500ugl~*. Cu*" had no effect on the fluo-
was between 90 and 108%, and was essentiallyrescence signal of total antimony from synthetic
independent of the $&)/Sh(lll) ratio. solutions, independent of the chemical composition
The analytical characteristics obtained for the of the extracting solution. In contrast, the hydride
determination of S@Il) and total antimony under  generation from Still) was affected by the pres-
these experimental conditions are presented inence of Cé* in all synthetic solutions, particularly
Table 4. The detection limits were calculated as in water, as shown in Fig. 3. The different behavior
LOD=3s/S, wheres is the S.D. of 10 measures could be explained by the high concentration of
of a blank solution andS is the slope of the iodide present when total antimony is determined.
standard calibration curve. The results show that It is well known that C&* is reduced by iodide
the analytical performance of the Excalibur Mil- with the formation of tri-iodide and Cu , species
lennium model was better than that the older that can be stabilized by chloride ions from the
model. It is important to note the low detection HCI solution employed in the hydride generation.
limits obtained with this model for total antimony This reaction can produce a significant decrease in
(10 ng ") and for SKllI) (17 ngl?), values the C¥*" concentration, avoiding the possible reac-

comparable to those obtained by ICP-MS. tion between Ct" and borohydride.

A similar study was carried out with the acid
3.2. Effect of the Cu?* concentration on the digested and extracted solutions from La Greda
antimony signal soil. In spite of transition metal interference in HG

depending only on the absolute concentration of
Since the soil samples were collected from sites the interfering ion[31], in this case, results of the
impacted by copper mining activities, and consid- effect of Cu concentration on the 8b) and total

Table 4
Analytical characteristic for total antimony and (Bb) determination by HG-AFS
Analytical Excalibur model Excalibur Millennium model
characteristic - -

Total antimony shll) Total antimony sall)
Sensitivity? 48 39 1318 1280
LOD (pgl™—h® 0.020 0.042 0.010 0.017
RSD (n=6) for 0.5pg 1™ 4.3% 8.7% 2.4% 2.5%

aExpressed in fluorescence unitg.d—*.
P LOD=3s/S, s standard deviation of 10 blank measur§slope.
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Fig. 3. Effect of copper concentration on the fluorescence signal from synthetic sol(@onid,O, (CI) 0.05 mol F* EDTA pH
7.0 and(A) 0.25 mol F* H,SQ of 0.5ug 17 SK(IIl) (4% myv citric acid in 1.5-mol F* HCI medium (Results expressed as
meart-S.D.,n=4.)

Sb fluorescence signals are presented on the func-H,SO, soil extracts, whereas the slope from water
tion of Cu/Sb ratio present in solutiofFig. 4a extract is statistically similar to the slope obtained
and b. The Cuy/Sb was selected as abscissa axis for the standard calibration curve. The different
because the initial Cu and Sb concentrations in behavior must be due to the lower metal extracting
each extract were different, as well as the aliquot power of water compared to EDTA and sulfuric
of sample taken to perform the Sb determinations. acid. This fact was in accordance with the copper
Ratios were calculated from the values of the Sb recovery obtained with the different extracting
and Cu concentrations previously determined and solutions(Table 5. According to these results, the
the respective copper amount added. As can bedetermination of S@ll) in all soil extracts was
seen in Fig. 4a, the presence of“Cu , as in the performed by the analyte addition technique, and
synthetic solutions, had no effect on the fluores- the determination of total antimony was carried
cence signals of total antimony determination, out by the standard calibration technique.
whereas high C(Sb ratios decreased the (@b)
fluorescence signal from all soil extradsig. 4b).
Taking into account these results, the effect of the

3.3. Applications

matrix composition on the fluorescence signal of
Sk(lll) was studied by comparing the slopes
obtained by the standard calibration and by the
analyte addition technique for La Greda soil
extracts. The slope of the calibration curves for
synthetic solutions was 1277100 fluorescence
units wg~* | and the slopes for water, EDTA and
H.SO, soil extracts were 1256125, 1105100
and 883+ 50 fluorescence unitgg~* |, respective-
ly. These results show a matrix effect on the
hydride generation from $Hl) in EDTA and

The methodology developed in this work is
based on mild extraction procedures, the selective
determination of S@ll) and the total antimony
determination by HG-AFS was applied to five
Chilean agricultural soils, collected from sites
impacted by copper mining. The total concentra-
tion of copper in the soils and soil extracts was
also determined, and the results are given in Table
5 (the recoveries were calculated on basis of the
total antimony determined by HG-AFS; copper
was determined by flame AASFrom these results
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from soil carbonaceous compounds and also from
others insoluble compounds, whose solubility is
700 1 increased in acid medium. It is also well known

600 o —2 Q/Q that EDTA is one of the strongest synthetic che-

lating reagents and forms stable complexes with
5001 most metals iongespecially at neutral pH EDTA
400 is mainly used to evaluate the mobile fraction and

the availability of metals in soils. The fact that the
total antimony extracted by both extracting solu-
200 A tions was similar should indicate that both reagents
' . . act on the same soil compounds, sulfuric acid
50 100 1000 5000 could react with the anions and EDTA with the
Cu(ll) / total Sb concentration ratio cations present in these compounds. Results show
(@) that both, SKill) and Sl{V) compounds were
extracted by the solutions employed, but in all
1%0 cases the recovery of total antimony was low.
Under the conditions used in this work, which
1201 were assumed to be mild enough to preserve the
oxidation states, V) was the main antimony
species extracted from soilexcept for Nogales
soil). Lintschinger et al[37], using HPLC-ICP-
MS, demonstrated that the antimony oxidation
w0 states are preserved in water and EDTA extracts
~o— o from contaminated soils, although @lb) was not
detected. In our work, SHI) was detected in
EDTA and sulfuric acid soil extracts, which might
be due to the better LOD obtained in this work
(Table 4, compared to that reported by those
authors(Sk(lll ), 0.8 wg1=1).

@
o
o

300

Relative fluorescence signal

100

90 4

60 4

Relative fluorescence signal

2000 4000 8000 15000 30000 40000 50000
Cu(ll) / Sb(lll) concentration ratio
(b)

Fig. 4. Effect of copper concentration on the fluorescence sig-

nal from (<) digested solution§ HNO,/HCI/HF) and (O) 4, Conclusions

H,O, (O) EDTA and(A) H,SO, extracts from La Greda soil.

(a) total antimony(pre-reduction 1.5% v Kl +0.3% nyv : :
ascorbic acid in 1.5-mol* HCI medium, 40 min at 80 for The proposed method bafc'e(.j on mild gxtractlon
digested solution (b) Sh(lll) (4% myv citric acid in 1.5- procedures "’,‘”d redox spec':latlon' E}naly3|s of a}ntl-
mol 11 HCI medium. (Results expressed as mea§.D.,n= mony, coupling the selective stibine generation
4) from SK(lIl), masking SKV) with citric acid in

HCI medium, with detection by AFS, provides a
several remarks can be made: first, in all cases therapid and sensitive analytical technique for liquid
total antimony and copper concentrations in these samples, such as soil extracts. This approach could
soils are higher than those reported for agricultural probably be extended to other hydride-forming
soils [2], reflecting the degree of contamination elements in solid environmental samples.
caused by the copper industries located near to the The results showed that, in spite of the low
sampling zone. Relative to the total antimdm@and recovery of total antimony, the solutions employed
coppe) in soil extracts, the results clearly show extract antimony compounds of both oxidation
that the % recovery of total antimony extracted by states. The results also show that neutral EDTA
H,SO, is similar to EDTA and higher than water. solution and diluted sulfuric acid have comparable
These results can be explained taking into account extracting power to separate antimony from con-
that H,SQ can release antimor(@nd copper taminated soils, in spite of their different chemical
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Table 5

1287

Total antimony and copper concentrations in soils from Valparaiso region in Chile, and recovefyibf, (V) and copper from

water, EDTA and H SQ soil extracts

Site Total Sb Total Cu % Recovery
—1 —1
(mgkg™ (mgkg™) {5 EDTA H,SO,

Cu(ll)  Sh(r) Sk(v) Cu(ll) Skll) SkV) Cu(l) SKklil) ShV)
Campiche 1z1 329+ 26 19 <0.02 4.0 64 0.02 91 79 0.1 7.7
La Greda 6.80.4 530+ 38 1.3 <0.02 18 26 0.1 3.9 79 0.5 4.9
Maitenes 6.4-0.5 282+10 0.8 <0.02 038 51 <0.02 21 66 0.1 3.0
Puchuncavi 5.5+0.1 255+-6 0.9 <0.02 09 60 0.1 3.5 64 0.3 2.2
Nogales 1.80.2 104+ 4 0.4 <0.02 01 38 0.5 0.7 44 0.7 0.7

Results expressed as mea8.D.,n=4.

behavior. The results also show that the available
antimony in the contaminated soils considered in
this study is less than 10% of the total antimony.

The HG-AFS method presented good analytical
performance and a LOD comparable to ICP-MS.
Thus, there is much reason to be optimistic about
the use of this technigque in routine redox speciation
analysis, principally owing to its low cost, sim-
plicity and low limits of detection.

Finally, taking into account the promising results
obtained with oxalic acid to mask quantitatively
Sh(V) in acidic medium, further detailed studies
to demonstrate its potential in speciation analysis
of antimony are underway.
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