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Abstract: In this paper, a new, simple and sensitive method for arsenic determination in soil is pro-
posed. Thisis based on the reduction of silver (1) and iron (I11) ions by arsine followed by a complex-
ation reaction of iron (1) with the spectrophotometric reagent Br-PADAP 2-(5-bromo-2-pyridylazo)-
5-di-ethylaminophenol. Arsenic determination with a Sandell’s sensitivity of 3.1 10-4 cmr2, linear range
from 0.1 ug ml-1 to 2.0 ug ml-1 (rggy = 0.9995), molar absorptivity of 2.45 1051 mol-1 cnr! and a con-
centration detection limit of 1.4 ng mi-1 (3s) were obtained using a 10 ml sample volume. Selectivity
was increased with the use of EDTA as a masking agent. The proposed method was applied for arsenic
determination in the presence of several ions amounts in digested soil samples. The results reveaed
that antimony (I11), mercury (11), germanium (1V), platinum (IV) interferes at all analyzed proportions.
The interferences can be easily removed by the use of EDTA. Precision and accuracy obtained were
satisfactory with a R.S.D. < 5 %. Recovery of arsenic in soil samples varied from 95.55 to 102.70 %
with amean of 99.63 %. These results demonstrated that the proposed method is applicable for arsenic
analysisin different soil samples.
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Introduction

Arsenic has been reported to be a toxic
ion; its presence in the soil can affect drinking
water due to high environmental concentrations
in some regions of the world [1]. Arsenic is the
20th most abundant element in the earth’s crust,
where the weathering of arsenic-containing min-
erals, agricultural activities have produced a con-
centration of approximately 10 mg kgl in soils
[2]. Arsenic concentrations in US surface soils
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arein the range of 0.1-97.0 mg g-1 with the mgjor
source being aresult of human activities [3].

Arsenic may accumulate in soil through
the use of arsenical pesticides, leaching of wood
preservatives, application of fertilizers, irrigation
and dust from the burning of fossil fuels, and the
disposal of industrial and anima wastes [4].
Anthropogenic influence on arsenic levels in
soils depends on the intensity of human activity,
distance from pollution sources, and pollutant
dispersion pattern [5].

23

o



EQ4- AF

21/8/ 14 5:58

Page 24

There are severa accepted analytica meth-
ods currently available for arsenic measurement in
environmental samples. These include hydride gen-
eration atomic absor-ption spectrometry (HGAAS)
[6], neutron activation [7], inductively coupled plas-
ma atomic emisson spectrometry (ICPAES) [8].
However, these methods require comparatively
expensive equipment and are not readily amenable
to portable instrumentation. Hydride generation
methods are at the present the most popular tech-
niques for arsenic separation prior to its quantifica:
tion a low concentrationsin awide range of materi-
as[9, 10]. Hydride generation dates back nearly 150
years [11]. The most widely used spectrophotomet-
ric method for separation and determination of
arsenic isbased on itsevolution as arsine gasfrom a
hydrochloric acid solution followed by a spec-
trophotometric measurement using silver diethyldi-
thiocarbamate (SDDC) as the color forming reagent
[12, 13, 14, 15]. The SDDC method presents some
disadvantages as the unpleasant piridina odor and
the low stability of the formed complex.

The Br-PADAP has been proposed as a
good chromogenic reagent due to its high sensi-
tivity and stability. In recent years it has been
used for Fe (I1) determination [16, 17] with many
advantages over ferrozine and 1,10-phenanthro-
line. Br-PADAPreactswithiron (1) and iron (111)
cations and the iron (111) complex is decomposed
totally in presence of EDTA, the excess of
AgNO; is removed from the solution by addition
of the Cl- ions [18]. This current paper describes
a simple, rapid and accurate method applied for
arsenic determination in soil samples using Br-
PADAP as a chromogenic reagent.

Experimental

Solutions, reagents and samples. High
purity analytical grade reagents were used.
Double distilled deionised water was used
throughout the assays (MilliQ system, 10.5
MQcml). HNO; (Merck) and H,SO, (Merck)
were used for ferric solution and acid digestion.

Absorbing solution. All substances were
prepared by mixing equal volumes of 0.1 M silver
nitrate (Aldrich) and 0.00125 M ferric solution.

Sandard solution of Br-PADAP (Fluka,
Buchs, Switzerland). Was prepared by dissolving
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0.075 g of Br-PADAP n ethanol plus 20 g triton-
X100 (Aldrich), diluting it to 250 ml in ethanol
PA (Aldrich).

Buffer solution. Was prepared by dissolving
2.86 ml of acetic acid (Merck) and 4.10 g sodium
acetate (Merck) in water, diluting it to 100 ml.

Developing solution. Prepared by adding
500 ul of sodium chloride 0.2 M (Merck), 500 ul
of an acetate buffer (pH 4.75), 1000 ul of a 0.03
% (m/v) Br-PADAP standard solution and 1000
ul of a0.20 % (m/v) EDTA (Merck), respective-
ly after arsine generation.

Ferric solution. Prepared by dissolving
ferric ammonium sulfate (Aldrich) in a 3.00 %
(v/v) sulfuric acid solution.

Sodium borohydride (I11) solution. A
10.00 % (m/v) NaBH, (Aldrich) solution was
prepared in a 2.00 % (m/v) NaOH solution
(Aldrich) before use [19].

Arsenic stock solution (1000 ug g?).
Prepared by dissolving 1.3200 g of arsenic trioxide
(Carlo Erba) in 10 ml of water plus 4 g of sodium
hydroxide and diluting it to 1000 ml with water.

Analysis procedure

Arsinewas generated by placing a suitable
aliquot of sample containing from 0 to 2.0 ug
arsenic into a flask, containing 25 ml of 1.1
hydrochloric acid and 75 ml of water, 2 ml of a
15.00 % potassium iodide solution, for As (V)-As
(111) reduction. Bath was cooled for 15 minutesin
an ice bath, 6 mL of NaBH, solution was added
by using a peristaltic pump and capillary tubes.
Arsine generated from NaBH, reduction was
bubbled into the absorption tube containing 2 ml
of an absorbing reagent. Following 15 minutes, 2
ml of adeveloping solution was added. This solu-
tion was diluted to 10 ml in water, mixed, and
centrifuged. After 5 minutes, the formed complex
wasread at 560 nm in UV-Vis spectrophotometer.

Soil analysis

0.5 g of a soil sample was dissolved in 10
ml of H,SO, 1:1 plus 20 ml of concentrated
HNO,; solution was evaporated at a low temper-
ature (<100°). HNO; was removed by evapora-
tion to SO, fumes. Because of apossible presence
of organically bound arsenic, a digestion step
must be included to ensure conversion of total
arsenic to an inorganic form. The cooled residue
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was dissolved in water and made up 100 ml in a
standard flask. A 10 ml aliquot was analyzed
according to procedures described previoudly.
1000 ml of a 0.20 % (m/v) EDTA was added to
eliminate the interferences. Fina solution was
read at 560 nm in UV-Vis spectrophotometer.

Results and discussion

Reduction of Iron (1) with Slver (0)

Arsenic determination using an indirect
method is based on the reduction of silver (I) by
arsine (AsHy); iron (111) reduction by silver (0) and
consequent determination of iron (II) with Br-
PADAP in the presence of an excess Cl- ions,
EDTA and acetate buffer (pH 4.75). The reaction
of Br-PADAP with Fe (lI), in the presence of
EDTA, forms an orange complex (reaction 1-3) in
a maximum absorption at 560 nm and a composi-
tion of 1:2 iron (I1)-Br-PADAP[20], as follows:

AsH; + 6Ag (1) — 6Ag (0) + As (II1) + 3H* (1)
6Ag(0) + 6Fe(ll)+ 6Cl- — 6AQCI + 6Fe (1) (2)
Fe (11)+2Br-PADAP— [Fe*2(Br-PADAP),]  (3)

Effect of iron (1) concentrations

Iron (I11) amountsin the order of 35 or 75
pg on iron (I1)-Br-PADAP systems has been
demonstrated not to affect the analytical curve on
the system.

Effect of pH

The influence of pH on the proposed proce-
dure was investigated, once iron (111) reduction by
silver (0) and the formation of the iron (I1)-Br-
PADAP complex can be affected by it [20]. The
effect of pH on theiron (11)-Br-PADAP system was
studied elsewhere and the results showed that
absorbance signal is maximum and constant in a
pH range from 4.00 to 5.75. In pH 3.75, a small
decay in the absorbance signal occurs. In thiswork,
the plausible pH range is 4.00 to 5.75. The general
procedure was developed using an acetate buffer
solution a pH 4.75, due to aminimal effect on the
absorbance signal.

Effect of the amount of Br-PADAP

The influence of Br-PADAP amount, rang-
ing from 60 to 900 pg was tested; 10 ml of afinal
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solution and 50 ml of a sample solution were used.
The maximum signal was obtained with a 300 g of
Br-PADAP amount. Above or below this value a
significative decay on the absorbance signa occurs.

Effect of the amount of EDTA

Once Br-PADAP reacts with Fe (I1) and
Fe (I11), Fe (I11) excess elimination is necessary.
The studied ranges (100-4000 mg) indicated a
significative decay in amounts below or above
2000 pg EDTA. The amount recommended is
2000 pg for 300 ug of Br-PADAR, 70 ug Fe (111),
2 ugAsand 10 ml final solution.

Reagents addition

The reagents addition of followed an order
procedure: EDTA in devel oping solution must be
added after the formation of iron (11)-Br-PADAP
complex, which is formed after the reaction
between iron (11), Br-PADAP and pH adjustment.
EDTA must be added 2 min after complex forma-
tion, in order to guarantee the stabilization of iron
(IN)-Br-PADAP complex. In vanadium determi-
nation, Costa et al. [20] has obtained the same
results when analyzing reagents effects on iron
(I1)-Br-PADAP complex formation.

Characteristics of the complex

The absorption spectrum of formed iron
(I1) complex when 1.5 pg of arsenic (I11) was
generated and absorbed in 2 ml of developing
solution which was diluted to 10 ml with water,
mixed, and centrifuged.

The iron (II)-Br-PADAP complex was
formed immediately and was stable for 240 min-
utes or more. The Br-PADAP reagent has a low
solubility in water but this problem was turned
over by the addition of triton-X100. Theiron (I1)-
Br-PADAP complex showed a maximum absorp-
tion at 560 nm (at pH 4.75).

Analytical characteristics and application

In the proposed procedure, the calibration
curve was linear for arsenic concentration in the
range of 0.1 pg ml-1to 2.0 pg mi-1, for afinal vol-
ume of 10 ml. The absorbance was read with 1
cm cells in 560 nm, following Lambert-Beer’s
law in these ranges.

The equation curves: Agg=0.311conc.As
(111) pg + 0.009; r = 0.9995
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The graph passes through the origin with a
molar absortivity of 2.45 105 | mol-lcm! and
Sanddl’s sensitivity of 3.10 104 cnr2. The precision
of this procedure was expressed by calculating the
coefficient of variation (1.46 % standard deviation
for ten replicates equals to 0.02 pg As). Detection
limit (3s level) was 1.4 ng mi-1 (£ 0.007 ng ml-1)
were obtained using a 10 ml sample volume.

Selectivity of the proposed method

The sdlectivity of the reaction between Br-
PADAP and iron (I1) was obtained by the addition
of 2.00 pg of arsenic in digested soil sample and
previoudy andyzed where severd ions (Sh, Pb, Hg,
Cr, Cu, Au, Ag, Bi, Al, Co, Mo, Te, Se, Ge, Fe, P,
P, N and S) was added individudly in two propor-
tions (1:1 and 1:25) without the EDTA presence.

The proposed procedure was carried on as
follows (Table 1). Theinterference limit of anion
was taken as the amount at which a change of
+5% in absorbance of the complex was observed.
Results showed that this procedure can be used
for arsenic determination in solutions containing
most of the cations. The results revealed that
antimony (I11), mercury (I1), germanium (1V) and
platinum (1V) interfere at all analyzed propor-
tions. The same procedure was accomplished in
the presence of EDTA that was shown efficient in
the interferences elimination in the soil analysis.

Method application

Environmental exposureto arsenic (As) has
an important public health concern and isreceiving
increasing attention following cases of mass con-
tamination in different parts of the world.
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However, thereisa scarcity of dataavailableon As
geochemistry in Brazilian territory, despite the
known occurrence of As in some of the more
severely polluted areas of Amazon region. [21]. In
order to investigate the applicability of this proce-
dure to soil samples, the recoveries of known
amounts of arsenic, added to soil samples, were
examined by the proposed procedure.

The analyzed soil samples were collected in
Manel& Au mining area, located at BacgaRiver, a
Municipa Didtrict of Senador José Porfirio, in the
Para state in Brazil. The arsenic levels found (1.58
- 5.00 ug g1) showed that the area doesn't present
contamination. Arsenic recovery was measured
using a standard addition method. The results are
given in Table 2, EDTA was used to diminate the
interferences. Recovery of arsenic varied from
95.55 to 102.70% with a mean of 99.63%. These
results demonstrated that the current procedure is
applicablefor arsenic analysisin different soil sam-
ples, with a satisfactory recovery.

Table 2. Determination and recovery of arsenic in
soil samples - mine region (Bacgja -Pa).

SN° As initially Total As Recovery
found'(ug g") found'(uggh) (%)
1 5.00 £0.020 45.66 £0.015 101.65
2 2.18£0.014 42.50+0.013 100.80
3 3.88 £0.035 42.10 £0.021 95.55
4 1.58 £0.026 41.32 £0.009 99.35
5 3.79£0.033 44.87£0.014 102.70
6 3.77 £0.027 42.06 +£0.015 95.73
7 3.75 £0.025 43.60 £0.011 99.63
8 4.00£0.010 44.66 = 0.004 101.65

a.- Mean of three replicate analyses

Table 1. Recovery of arsenic (2ug) in the presence of diverses elements (A =

560nm).
Recovery (%) proportion Recovery (%) proportion

Ion Usedas 141 125 Ion Used as 11 125

Al AlCl; 98.54 98.18 Hg HgCl, 135.86 146.20
Ag  AgSO4 98.67 105.00 Mo (NH4)¢Mo70,4 99.98 104.09
Au AuCls 97.24 108.11 N NaNO; 103.07 110.34
Bi BiCl; 98.87 107.44 P K,HPO4 94.99 110.06
Cd CdCl, 101.55 96.54 Pb PbSO, 96.60 100.33
Co CoCl, 100.41 103.33 Pt H,PtClg 69.31 33.00
Cr CrClg 102.26 9296 S Na,S 98.38 109.20
Cu CuCl, 99.11 97.84  Sb SbCly 145.88 156.18
Fe FeCl; 99.42 95.64  Se SeO, 97.08 87.37
Ge GeO, 125.75 168.48 Te TeO, 100.83 109.05
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Table 3. Comparison with other methods.
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SN References

Wavelength max Limit of detection ~Repeatability molar absortivity

(nm) (ug ml?) (%) 10* 1 mol”" em”
1 [12] 530 1.0000 13.00 1.50
2 [22] 520 - 7.00 1.30
3 [23] 510 0.0060 - 1.40
4 [24] 525 0.0034 1.43 -
5 [25] 612 0.0040 3.50 -
6 [26] 620 0.0300 <11.00 13.10
7 [27] 660 0.0013 - -
8 Present method 560 0.0014 ) 1.46 24.50

Comparison with other methods

The present Br-PADAP method is a very
sengitive and simple form for the indirect determi-
nation of arsenic in soils, when compared with
other spectrophotometric methods (Table 3). Limit
of detection, repeatability and molar absorptivity

cal variable wasthe effect of Br-PADAPand EDTA
amount. It was found that antimony (l11), mercury
(11), germanium (1V), platinum (1V) interferes at all
proportions but they are removed by the EDTA.
This method can be applied for soil samples analy-
sis with good recovery, repeatability and accuracy.

of this method showed to be more effective than
SDDC method, and other mentioned methods.
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S. F P. Peréira; S. L. C. Ferreira; G. R. Oliveira; D. C. Paheta; B. C. Barros. Determinagéo
espectrofotométrica de arsénio em amostras de solo usando 2-(5-bromo-2-piridilazo)-5-di-etil-
aminofenol (Br-PADAP)

Resumo: Um novo método, simples e sensivel para a determinagéo de arsénio em solo é proposto neste
trabalho. Este método € baseado nareducéo de prata (1) eferro (111) pela arsina seguida da reacdo de com-
plexacdo do ferro (I1) com o reagente espectrofotométrico 2-(5-bromo-2-piridilazo)-5-di-etilaminofenol
(Br-PADAP). A determinacdo de arsénio apresentou uma sensitividade de Sandell de 3.1x104 cm2, foi lin-
ear nafaixade 0.1 ug mi-1to 2.0 ug ml-1 (rseo = 0.9995), gpresentou uma absortividade molar de 2.45x105
[ mol-1 cnrl e um limite de detecgéo de 1.4 ng mi-1 (3s) estes dados foram obtidos para 10 ml de amostra.
A seletividade foi melhorada com o uso de EDTA com agente mascarante. O método proposto foi aplica-
do na determinagdo do arsénio na presenca de outros ions e em amostras de solo. Os resultados revelaram
queantiménio (111), mercario (1), germénio (1V), platina (IV) interferem naandlise em todas as proporgdes
analisadas. As interferéncias podem ser facilmente removidas pelo uso do EDTA. A precisio e a exatidéo
deram resultados satisfatorios, com desvio padrao relativo abaixo de 5%. As recuperactes de arsénio em
solo variaram de 95,55 a 102,70% com uma média de 99,63%. Estes resultados demonstraram que 0 méto-
do proposto é aplicavel paraaandlise do arsénio em diferentes amostras de solo.

Palavra-chave: Determinacdo de arsénio; Br-PADAP; espectrofotometria; solo.
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