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Abstract High concentrations of total arsenic (As)
have been measured in soils of gold mining areas of
Brazil. However, bioaccessibility tests have not yet
been conducted on those materials, which is essential
for better health risk estimates. This study aimed
at evaluating As bioaccessibility in samples from a
gold mining area located in Brazil and assessing
children’s exposure to As-contaminated materials.
Samples were collected from different materials
(a control and four As-contaminated soils/sediments)
found in a gold mine area located in Paracatu (MG),
Brazil. Total and bioaccessible As concentrations were
determined for all samples. The control soil presented
the lowest As concentrations, while all other materials
contained high total As concentrations (up to
2,666 mg kg~ ') and low bioaccessible As percentage
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(<4.2%), indicating a low risk from exposure of
resident children next to this area. The calculated dose
of exposure indicated that, except for the pond tailings,
in all other areas, the exposure route considering soil
ingestion contributed at most to 9.7% of the maximum
As allowed ingestion per day (0.3 pug kg~ ' BW day ™).

Keywords Trace elements - In vitro tests - Human
health - Anthropogenic impacts - Environmental
contamination

Introduction

Arsenic (As) is ranked number one in the list of
priority pollutants harmful to human health by ATS-
DR (2007), because certain compounds are toxic and
carcinogenic. Elevated As concentrations have been
found in the environment (Girouard and Zagury 2009;
Nathanail et al. 2005; Palumbo-Roe et al. 2005, 2007;
Pouschat and Zagury 2006; Rieuwerts et al. 2006;
Sarkar et al. 2007), which may pose a threat to human
health. This is especially true for tailings around gold
mining areas (Borba et al. 2003; Bossy et al. 2010;
Chung et al. 2005; Juhasz et al. 2007), with the highest
concentration of total As reaching 31% (Meunier et al.
2010).

Soil guideline values for human health and ecolog-
ical risk assessment are not yet well established for As,
with suggested values ranging according to the
country (CCME 1997; DEFRA and EA 2002). In
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Brazil, a soil guideline value of 15 mg As kg™' soil
has been established as a screening level based on
ecological risk assessment, with intervention values
set as 35 mg As kg~ ' soil for agricultural, 55 mg As
kg~ ! soil for residential, and 150 mg As kg™ soil for
industrial areas, which were all derived from human
health risk assessments, considering 100% bioacces-
sibility (CONAMA 2009).

Mining and smelting of metals generate large
quantities of tailings and their inappropriate handling
can contaminate the region and lead to the uptake of
arsenicals into the food chain through uptake by
plants. More directly in these contaminated areas,
residential children may unwittingly or deliberately
ingest soil, which is considered the main route of
exposure in As-contaminated soils (Hemond and Solo-
Gabriele 2004; Kwon et al. 2004; Rodriguez et al.
1999). In fact, studies have shown that incidental
ingestion of As-contaminated soil is a major concern
(Ljung et al. 2006) and that exposure to As by dermal
absorption, and inhalation is considered negligible
compared to ingestion (De Miguel et al. 2007; Kwon
et al. 2004).

The As high toxicity for mammals has raised a
growing concern about environmental contamination
with this element. In an assessment of human health
risk from ingestion of As-contaminated soils, in vivo
tests using animals (e.g., swine, rats, monkeys, rabbits)
have been used in order to estimate the As amount
arriving in the circulatory system from the gastroin-
testinal tract (bioavailability) (Koch et al. 2007; Ruby
et al. 1996, 1999).

Bioaccessibility tests (in vitro), which measure the
fraction of a contaminant that is soluble and poten-
tially available to be absorbed, are fast, simple and low
cost tools for estimating exposure compared with in
vivo tests (Koch et al. 2007; Oomen et al. 2002;
Paustenbach 2000; Ruby et al. 1996, 1999). Such tests
have been used for assessing As bioavailability in gold
mining areas worldwide (Chung et al. 2005; Juhasz
et al. 2007; Meunier et al. 2010).

In soils, substrates and tailings from gold mining
areas of Brazil, high levels of total As have been
measured, e.g., up to 46,493 mg As kg~' (Andrade
et al. 2008; Borba et al. 2000, 2003; Deschamps et al.
2002; Matschullat et al. 2000); however, bioaccessi-
bility tests for this element have not yet been carried
out for these areas. In general, such mining areas are
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quite densely populated regions, with cities located
very close to the mines.

Given the above, studies on As bioaccessibility in
soils and sediments of areas impacted by mining
activities, seeking to obtain relevant information for
human risk assessments, are of great importance. Such
studies are scarce in Brazil and may give an indication
of the risk from exposure of residents near these areas,
helping also to guide public policies.

This study was conducted with the objectives of
(i) evaluating As bioaccessibility in stratified samples
from a gold mining area and (ii) assessing children
exposure to As-contaminated materials.

Experimental section

Description of the studied site and sampling
procedure

The samples of soil, substrates and tailings were
collected in December 2008, at the facilities of a gold
mine located in the Northwest of Minas Gerais State,
Brazil.

The collection areas were as follows: (i) a Private
Natural Reserve (PNR), which is an area of native
vegetation (Cerrado) located inside the mine area,
covering a total of 73.44 hectares; (ii) Bl = a mined
oxidized soil layer, collected at a site located in one end
of the mining area having many residences in its
vicinity; (iii) Exp. B1 = BI material that had been
revegetated for the previous 6 years; (iv) undisturbed
material, a non-commercially mined ore body, because
of its low gold content; and, (v) pond tailing samples,
obtained from the retention dam used to collect the
waste materials from gold smelting. Five composite
samples of each material (~300 g) were collected
manually in each area, at two depths (0-2 and
2-10 cm), using a straight blade. Pond tailings were
removed at two points in the retention dam, with two
significant portions of the material collected at one site
and additional three samples collected at another site,
comprising five sub-samples without distinct strata.

The samples were transported to the Department of
Soil Science (DCS) at Federal University of Lavras
(UFLA), Brazil, air-dried and then passed through a
2-mm diameter sieve. All analytical procedures were
performed at the DCS/UFLA.
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Arsenic determinations
Total arsenic

The As total content was obtained by acid digestion
of the soil sample, using USEPA Method 3051 A
(USEPA 1998a) in a MARS-5® microwave oven. For
this, 1 g of solid material (<150 pm fraction) with
10 mL of concentrated HNOs was added in a Teflon
bottle. After digestion, the extract was filtered through
Whatman No. 40 filter paper and brought to a volume
of 20 mL with ultra pure water. The filtered extracts
were preserved under refrigeration (4°C) until analysis
by either graphite furnace atomic absorption spectros-
copy (GFAAS) or flame atomic absorption spectros-
copy (FAAS) using a Perkin Elmer AAnalyst 800
equipment.

Bioaccessible arsenic

Arsenic bioaccessibility in the samples was deter-
mined using the In Vitro Gastrointestinal (IVG)
protocol proposed by Rodriguez et al. (1999), which
consists of two sequential phases (gastric and intesti-
nal), with a modification to the original method, i.e.
removal of the bubbling of argon gas to simulate
mixing. Such modification did not affect the results as
proved by data obtained for our standard reference
materials, which were similar to those found else-
where (Girouard and Zagury 2009; Koch et al. 2005,
2007; Pouschat and Zagury 2006).

The gastric phase consisted of a mixture of 1 g of
air-dried, 2-mm diameter sieve solid material, disag-
gregated and sieved (<150 pm fraction, which is the
same particle size used for total As analysis) with
150 mL of a gastric solution consisting of 1% pepsin
(Sigma—Aldrich, St. Louis, MO, Cat No P7000) in
0.15 mol L™! NaCl (pa, Merck, Darmstadt, Ger-
many). The gastric solution was acidified before
adding the solids with concentrated HCI (37%, Merck,
Darmstadt, Germany) to reach pH = 1.80 £ 0.05.
The flasks (Erlenmeyer flasks) containing the gastric
solution and the solid material were placed in a water
bath (Dubnoff type with adjustable digital temperature
and agitation) at 37 & 0.5°C and left under constant
horizontal agitation (100 + 2 rpm), for 1 h.

The intestinal medium consisted of adjusting the
gastric solution pH with NaHCOj; (pa, Merck, Darms-
tadt, Germany) to 5.5 £ 0.1 followed by adding

0.525 g of a porcine bile extract (Sigma Aldrich, St.
Louis, MO, Cat No B8631) and 0.053 g of pancreatin
(Sigma—Aldrich, Cat No P1500). The container with
the mixture was also left under horizontal shaking
(100 £ 2 rpm) for 1 h at 37 + 0.5°C.

At the end of each phase (gastric and intestinal),
10 mL were collected and centrifuged at 10,000 rpm
for 15 min, the supernatant was filtered through a
0.45 um polyethersulfone membrane (nylon) into
15-mL polypropylene centrifuge tubes. The filtered
extracts were preserved under refrigeration (4°C) until
analysis by GFAAS.

Percent bioaccessible As was calculated using the
following equation:

Invitro A
Bioaccessible As (%) = 7{;\/1 rloA i x 100 (A.1)
otal As

Quality assurance and quality control

Ultra pure water with a resistivity of 18.2 MQ-cm
(Milli-Q water system) was used to prepare all
solutions. All glass bottles, jars and materials used in
the research were washed with a solution of 10%
HNO;3; for 24 h and then rinsed three times with
distilled water before use.

All samples were digested and analyzed in tripli-
cate, with the exception of the total As content in
certified NIST materials (duplicate). A blank sample
was conducted in parallel for quality control purposes
in each battery of sample digestion. Arsenic concen-
trations in blank samples were always lower than the
detection limit calculated for the method, using
graphite furnace (4 pg As L™").

Certified reference materials (NIST 2710 and NIST
2709) were used to evaluate the reproducibility and the
accuracy/precision of the tested analytical procedures
as well as for comparison purposes with other
published results. Both reference materials were
analyzed by the USEPA 3051A method and only the
NIST 2710 was evaluated by the IVG protocol. The
NIST 2710 has been used in other studies of As
bioaccessibility (Girouard and Zagury 2009; Koch
et al. 2005, 2007; Pouschat and Zagury 2006), which
was not the case for the NIST 2709.

EXpOSUI'C assessment

To estimate, in a preliminary way, the non-cancer risk
for children, the most likely category of population
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exposed in areas with As-contaminated materials and
considering the involuntary ingestion of soil as a major
route of exposure to As, we calculated the exposure
dose by the following equation, as suggested by
Pouschat and Zagury (2006):

EPC x SIR x EF x B x CF

CDI = B.1
BW (B.1)

where CDI = chemical daily intake = ingested As
(ug kg~ ! body weight day'); EPC = exposure point
concentration = total As in soil (mg kg™'); SIR =
soil ingestion rate for a child (100 mg day™');
EF = exposure frequency (0.5 = 182 days year™ ),
B = bioaccessibility (%); BW = body weight
(15.4 kg for a 0- to 6-year-old child); and CF = unit
conversion factor (1072).

The mean soil ingestion rate of 100 mg day ' for a
child is in accordance with USEPA (2002) and Dube
etal. (2004), the frequency of exposure is in agreement
with Hemond and Solo-Gabriele (2004) and the value
of body mass in children aged 0-6 years was esti-
mated from data available on a Consumer Expenditure
Survey 2002-2003 (Brazilian Institute of Geography
and Statistics—IBGE 2006), calculated by Guilherme
and Marchi (2007).

The average daily intake (CDI) of a contaminant
identified via a route indicates the amount of the
chemical ingested per kilogram of body weight per
day and that effectively enters systemic circulation.
The criterion of toxicity for substances that could
potentially cause non-carcinogenic effects is based on
reference doses (RfDs) or on an oral minimal risk level
(MRL) for chronic intake (e.g., 0.3 ug As kg~' body
weight day "), these being the threshold level above
which toxic effects may occur (ATSDR 2009). The
ratio of the average daily intake and RfD provides the
risk quotient (RQ), which tells how the route of
exposure in question (i.e., ingestion of soil) contrib-
utes to the maximum allowed entry of the contami-
nant. The sum of all potential RQs (i.e., via inhalation,
skin absorption, ingestion, water, food, etc.) generates
the hazard index (HI). If the calculated HI is less than
1, it can be concluded that adverse non-cancer
outcomes of exposure to contaminants are negligible.

To estimate the non-cancer risk, evaluation of
dose-response was obtained using the RfD derived
from the IRIS database (USEPA 1998b). The chronic
oral RfDs are specifically developed to be protective
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for long-term exposure to a compound (Guilherme and
Marchi 2007).

Results and discussion
Quality assurance and quality control

The accuracy and precision in determining total As
were verified using the certified reference materials
NIST 2710 and 2709. The average recovery rates
obtained in the study were 89.9 4+ 0.8 (NIST 2710)
and 90.4 4+ 2.0% (NIST 2709), with relative standard
deviations (RSDs) of 0.9 and 2.2%, respectively.

Bioaccessibility values obtained for the reference
material NIST 2710 were 28.4 + 2.1% (gastric phase)
and 27.4 + 1.6% (gastrointestinal). These values were
close to those reported by Pouschat and Zagury
(2006): 27.6 £ 0.4 gastric and 25.2 £ 0.3% gastro-
intestinal; and for Girouard and Zagury (2009):
25.7 £ 4.7 gastric and 23.4 & 3% gastrointestinal,
both using the IVG method. The results are also
similar to those determined by Koch et al. (2005):
28 £ 17% gastric; and Koch et al. (2007): 36%
gastric. Thus, one can say that the reproducibility and
the accuracy/precision of the IVG protocol were
satisfactory, thus this technique could be applied to
the samples of this study.

Total arsenic

Samples from the studied areas showed a great
variability in the average levels of total As, ranging
from 25 (PNR, 0-2 cm) to 1,891 mg kg_1 (tailings)
(Table 1). A great variability was also found among the
samples (n = 5) collected in the same area and depth,
with the undisturbed material (2-10 cm) showing the
lowest RSD (8%) and the waste, the largest (41%)
(Table 1). Such heterogeneity in trace elements con-
centration in samples of the same area and among areas
is common in mining areas due to the constant
movement and excavation of materials to be mined.
In pond tailing samples (n = 5), total As concen-
trations varied from 1,065 to 2,666 mg kg_1
(Table 1). It is worth noting that these samples were
collected at the same retention pond, but at two distinct
sites. The mean concentrations =+ standard deviation
of these different sites were 1,080 £+ 21 (n = 2) and
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Table 1 Total arsenic content in samples from the mining
area and in certified reference materials

Material® Total As (mg kg™")*

0-2 cm® 2-10 cm
PNR 25+ 7 35+9
Exp. Bl 298 + 68 381 £+ 67
Bl 281 + 102 550 + 108
Undisturbed material 393 £ 77 426 + 34
Pond tailings 1,891 &+ 773
NIST 2710 563 £ 5
NIST 2709 16 + 0.4

% Mean =+ standard deviation (n = 5, except NIST n = 3)

® Particle size <150 um except for the certified reference
material (<74 pum)

¢ 0-2 cm, except for pond tailings and NIST

2,431 + 318 mg kg~ (n = 3), demonstrating how
As content varies among materials collected at
different points in the same retention pond.

The average As levels were higher at the 2—-10 cm
depth (about 41, 28, 96, and 8%) compared with the
depth of 0-2 cm, for PNR, Exp BI1, BI1, and undis-
turbed material areas, respectively (Table 1). The Bl
material had the highest difference regarding As values
with depth stratification, ranging from 281 + 102
(0-2 cm) to 550 £ 108 mg kg7l (2-10 cm).

For a risk assessment considering involuntary
ingestion of soil by children as the major route of
exposure, the most important layer of soil to be
considered in this assessment is the most superficial

one (top surface layer). In areas with very high levels
of trace elements, few plant species survive and hence
the top layer remains mostly uncovered by vegetation.
Thus, the top layer of these areas can be eroded by
wind and water (rain and surface run off) and the
material transported to urban areas, rivers, farmland,
etc. However, for risk assessment purposes, not only
the most superficial layer, but also the layer under-
neath has to be characterized, since once the first few
centimeters are washed or eroded away, the layer
underneath will become the top layer.

Bioaccessible arsenic

Bioaccessible As in stratified samples of Exp B1, B1,
and undisturbed material areas was very low
(Table 2). The lowest values were found in the PNR
(<DL), which was expected since this is a native area
(control area). The highest values found in these
samples were always lower than 10 mg kg™', which
are smaller than those reported by Juhasz et al. (2007)
and Meunier et al. (2010) in gold mining sites located
in Nova Scotia, Canada, and Victoria, Australia. The
highest average content of bioaccessible As (68.6
gastric and 79.0 mg kg~ ' gastrointestinal) were found
in the pond tailings (Table 2). However, such values
are still smaller than most of those observed by Juhasz
et al. (2007) and Meunier et al. (2010).

Similar to that observed for total As contents
(Table 1), one could see also a considerable variability
(large error bars) in the levels of bioaccessible As in
samples from each area, as well as the different

Table 2 Bioaccessible arsenic in samples from the mining area and in a certified reference material

Material® Bioaccessible As (mg kgfl)a Bioaccessible As (mg kg”)a

(02 cm)® (2-10 cm)

Gastric Gastrointestinal Gastric Gastrointestinal
PNR <DL <DL <DL <DL
Exp. Bl 54+09 524+09 77+ 1.5 7.0+ 1.0
B1 6.9 + 0.7 7.6 £0.5 7.7 £09 7.7 £0.8
Undisturbed material 34+ 1.7 48 £2.2 52 +2.1 59+22
Pond tailings 68.6 + 37 79 + 43
NIST 2710 159.8 £ 12 1542 £+ 8.7

<DL = below the detection limit
? Mean =+ standard deviation (n = 5, except NIST n = 3)

® Particle size <150 pm except for the certified reference material (<74 pum)

¢ 0-2 cm, except for pond tailings and NIST 2710
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Table 3 Average As bioaccessibility in samples of the mining area and in a certified reference material

Material® Bioaccessible As (%)* Bioaccessible As (%)*

(0-2 cm)? (2-10 cm)

Gastric Gastrointestinal Gastric Gastrointestinal
PNR <DL <DL <DL <DL
Exp. Bl 1.8 £ 0.3 1.8+ 0.3 20+ 04 1.9+ 0.3
Bl 25402 2.7 +0.2 14 +0.2 14 4+0.1
Undisturbed material 09+ 04 1.2+ 0.6 1.2+ 05 14405
Mean® 1.7 1.9 1.5 1.6
Pond tailings 36+ 19 42 +23
NIST 2710 28.4 + 2.1 274+ 1.6

<DL = below the detection limit
% Mean = standard deviation (n = 5, except NIST n = 3)

® Particle size <150 um except for the certified reference material (<74 um)

¢ Exp. B1, B1, and undisturbed material
40-2 cm, except for pond tailings and NIST 2710

sampling depth, with a larger RSDs for the pond
tailings material (RSDs = 53.5% gastric and 54.5%
gastrointestinal) (Table 2).

The average values of bioaccessible As (gastric and
gastrointestinal) for samples collected at the depth of
2-10 cm were always higher than those of the 0-2 cm
depth (Table 2), showing a similar behavior of that
found for total As in the same samples.

Bioaccessibility of arsenic

The average bioaccessibility (%) for each area and
depth was calculated as the ratio between the average
content of bioaccessible As and the total As (Table 3).
The average bioaccessibility (%) in all samples was
very low, the lowest value being the one for the PNR
(<DL) and the highest for the pond tailings (3.6%
gastric and 4.2% gastrointestinal).

Taking into consideration the total number of
samples in the study (n = 45), one could easily
estimate a worst-case scenario figure for As bioacces-
sibility (%) (maximum = 5.4%) in all samples of the
mining area, since the bioaccessibility values were all
low and close to each other. This value could then be
used for risk assessment purposes in the case of new
samples when only the total As content is available.

However, one should keep in mind that materials
with different mineralogies and sorbing capacities will
present varying percentages of bioaccessibility. Pous-
chat and Zagury (2006), Sarkar et al. (2007), and
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Girouard and Zagury (2009) used the IVG protocol in
soils with high As contents and found the following
ranges (minimum and maximum) of bioaccessible
As (%) in the gastrointestinal phase: 25 £ 2.7 to
66 +23, 3 to 90, and 17 £ 04 to 469 £ 1.1,
respectively.

To the best of the authors’ knowledge, no previous
research on As bioaccessibility has been held in gold
mining areas in Brazil, so that data from this study
could be compared. However, data from research in
gold mining sites worldwide (Australia, England, and
Korea) have shown average values of bioaccessible As
higher than those found in this study (Chung et al.
2005; Juhasz et al. 2007; Meunier et al. 2010), which is
most likely to be related to the above-mentioned
differences in mineralogy and sorbing capacity of the
soils/sediments being evaluated. For the study by
Juhasz et al. (2007), bioaccessible As ranged from 5 to
36%. Meunier et al. (2010) reported bioaccessible As
in gold mining sites ranging from very low (i.e., 0.1%)
to very high percentages (i.e., 49%). In our study, As
bioaccessibility ranged from <DL to 4.2%.

Dose exposure estimate

The calculation of the exposure dose (CDI) (Table 4)
was carried out one sample of each area and depth,
being selected the worst-case scenario, i.e. the sample
with the highest content of bioaccessible As, based on
its total As content and the As bioaccessibility (%).



Environ Geochem Health

Table 4 Estimated daily intake of As by children exposed to the materials in the mine area

Sample® EPC B CDI RQ

Exp. B1° 335 2.0 0.022 0.073
Exp. BI°¢ 358 2.3 0.027 0.090
BI1° 262 3.1 0.026 0.087
BI1°¢ 664 1.3 0.028 0.093
Undisturbed material® 527 1.6 0.027 0.090
Undisturbed material® 372 2.4 0.029 0.097
Pond tailings 2,666 44 0.381 1.270

EPC exposure point concentration = total arsenic in soil (mg kg™'), B bioaccessibility (%), CDI ingested arsenic (ug kg~' BW

day™"), RQ risk quotient

* Sample with the highest content of bioaccessible As in each area

¢ Collected at the depths of 0-2 and 2-10 cm, respectively

Data from Table 4 indicate that children exposed to
the hypothetical worst scenario could ingest from
0.022 (Exp. B1, 0-2 cm) to 0.381 pg As kg~' BW
day ™! (tailings). It was observed that all samples had
low CDI, except for the pond tailings material that was
greater than the RfD of 0.3 pg kg™' BW day™'. These
results are similar to those of Pouschat and Zagury
(2006) who found for the As daily intake values
between 0.05 and 0.32 ug kg~' BW day ™' (average
of 0.18 ug kg ™' BW day ") for soils contaminated by
CCA-treated wood structures.

A study by Rieuwerts et al. (2006), estimating the
exposure through ingestion of garden soils (n = 20;
ingestion rate of 100 mg soil day ") and considering a
bioaccessibility of 44% (the highest value found) and a
body mass of 16.15 kg (children), obtained intake
values between 0.06 and 1.28 pg kg™' BW day ™"

The daily As ingestion estimated for the stratified
samples were similar, on average: 0.025 pg kg~' BW
day~' (RQ = 0.083) for 0-2 cm and 0.028 pg kg™’
BW day_1 (RQ = 0.093) for 2—-10 cm (Table 4). This
indicates that approximately 8-9% of As intake in this
scenario depends on the route of soil ingestion. Other
routes of entry may be through inhalation, dermal
contact, etc.

The most contaminated material in the mining area
was the mining tailings, which had its estimated RQ
greater than 1.0 (Table 4). This value (RQ = 1.27)
indicates that under this risk scenario, the permitted
maximum intake of As (0.3 pg kg~' BW day ') has
been exceeded by 27%, considering only ingestion of
pond tailings materials.

In calculating the daily As dose that can be ingested
by a child, considering an intake of 100 mg soil day '

and a exposure frequency of 0.5 as well as the low As
bioaccessibility, it is clear that, except for the pond
tailing materials, all other materials from the mining
area contribute no more than 9.7% for the maximum
allowed As daily intake (0.3 pg kg~' BW day™ ")
(Table 4).

Thus, it is evident that setting limits for maximum
allowed As values in soils and sediments considering
only the total As concentration may overestimate the
RQ or the hazard index on a risk assessment and
generate additional costs in remediation strategies of
certain areas. Elevated levels of a contaminant in a
medium are not sufficient to diagnose the real risk, if
their bioavailability is low. Therefore, bioaccessible
values instead of total values should be used in risk
assessments for soil ingestion, the main route of
exposure for children.

It is worth to note that the values of the dose intake
were calculated on a hypothetical scenario of maxi-
mum risk (worst-case scenario). Currently, the popu-
lation has no free access to the mining area in question,
which is fenced and guarded by security staff. Thus,
there is no health risk, due to the absence of exposure.

Correlation between the arsenic levels

Pearson correlation analysis showed no significant
relationship between the contents of total and bioac-
cessible As. Other authors found the same trend
(Girouard and Zagury 2009; Pouschat and Zagury
2006), whereas the opposite was found by Juhasz et al.
(2007), Sarkar et al. (2007) and Meunier et al. (2010).

Significant correlation (p < 0.001) was observed
between the two phases (gastric and gastrointestinal)
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of bioaccessible As, considering the stratified samples
(Exp. B1, B1, and undisturbed material) in the study
data set (n = 30, r = 0.91). Sarkar et al. (2007)
reported the same trend, i.e. the existence of signif-
icant correlation (r = 0.95, p < 0.001) between the
two phases, indicating that both extracted As similarly
from soils.

It is observed that the gastric phase behaves very
similar to the gastrointestinal phase in terms of As
extraction. Thus, for cost and time to complete the
second phase, in samples from the mining area, there is
the possibility of performing only the first phase in
order to determine bioaccessible As to be used in risk
assessment estimates. Even though this might be true
for As in the tested materials, it is not the case of As in
mine tailings from Nova Scotia, Canada (Meunier
et al. 2010) and other trace elements (e.g., Pb), as it has
been observed elsewhere (Lu et al. 2011).

Conclusions

Total As concentrations were high in mining area,
however, the bioaccessible As was low (<4.2%),
indicating a low risk from exposure of children
residents next to this area.

The calculated dose of exposure indicated that,
except for the pond tailings, in all other areas, the
exposure route considering soil ingestion contributed
at most to 9.7% of the maximum As allowed ingestion
per day (0.3 pg kg~' BW day ).
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