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ARTICLE INFO ABSTRACT

In the present study, we assessed the non-carcinogenic and carcinogenic human health risk due to exposure to
trace elements in soil and indoor dust in Puchuncavi valley. We also determined the associations between trace
element concentration in hair/toenails and the estimated chronic daily intake of trace elements in soil and
indoor dust. We found statistically significant association between the trace element concentration in hair/
toenails and the estimated chronic daily intake of soil and indoor dust. Indoor dust was more important than soil
in terms of human exposure to trace elements in Puchuncavi, due to the high concentration of trace elements on
this environmental media and long periods of time that the population spends at their households. With regards
to non-carcinogenic risk, we found that there was no health risk associated to soil and indoor dust exposure in
the Puchuncavi valley, because none of the hazard quotient values surpassed 1.0. However, carcinogenic risk
due to arsenic exposure was above the threshold value of 1.0E-04 in the population of young children (from 1 to
5 years old) in all studied areas, including the control, and in the population of children (from 6 to < 18 years
old) in the exposed area. Such risk values are classified as unacceptable (US EPA, 2001), requiring some target
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intervention from the Chilean government.

1. Introduction

1.1. Characterization of human health risk due to exposure to trace
elements

The Puchuncavi valley in the coastal area of central Chile has been
exposed to massive atmospheric contamination with sulfur dioxide and
trace elements-rich particulate matter due to emissions from the
Ventanas copper smelter. Since its opening in 1964 and until appear-
ance of the first environmental regulations in 1991, no measures were
taken in order to mitigate these emissions [1]. Despite the current en-
vironmental regulations, the cumulative environmental effects of his-
torical emissions are still latent in the surrounding soils. Specifically,
the areas immediately surrounding the Ventanas smelter are now
characterized by bare and sparsely vegetated land and by soils that are
severely eroded, acidic and contaminated with elevated levels of trace
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elements (Cu, Zn, Pb, Cd, and As) [2].

The above-mentioned soil conditions may contribute to human ex-
posure to trace elements through inhalation of wind-blown dust or di-
rect ingestion of soil [3]. Several other authors also highlighted the
importance of incidental ingestion of soil and house dust as an exposure
route to trace elements by adults and children [4-6]. Based on these
evidences, soil and house dust seem to be important environmental
media of human exposure to trace elements in Puchuncavi. Likewise,
there are many evidences, from several countries, that trace element
contamination in mining areas can cause health damage to the local
inhabitants [e.g. in Ref. 7]. Based on these arguments, we hypothesized
that, in the population of Puchuncavi valley, exposure to trace elements
would represent a risk to human health.

For exposure assessment, we need to establish a method to estimate
the “chronic daily intake” index, which refers to the average quantity of
trace element intake by multiple pathways, in a certain population,
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Fig. 1. Geographical location of the studied sites.

during a certain period. Estimation of the chronic daily intake is based
on trace element concentration in the environmental media (soil, dust,
etc.) and the exposure scenarios. The exposure scenario is a function of
the age group, the exposure time and the activity factors. Chronic daily
intake is the basis for non-carcinogenic and carcinogenic risk char-
acterization through comparison with established intake permissible
limits for the trace elements of interest [8,9]. This approach is based on
the evidence from epidemiologic studies to support an association be-
tween exposure to trace elements and health risk. Toxicity assessment
for non-carcinogenic effects is gathered regarding the potential of a
substance to cause adverse effects in a developing organism as a result

157

of exposure [10]. While for carcinogens, risks are estimated as the in-
cremental probability of an individual developing cancer over a lifetime
as a result of exposure to the potential carcinogen [11].

Therefore, the first objective of the present study was to char-
acterize non-carcinogenic and carcinogenic human health risk due to
exposure to trace elements in soil and indoor dust in Puchuncavi valley.

1.2. Biomarkers of human exposure to trace elements

Human biological samples (blood, urine, hair, and nails) could serve
as biomarkers of human exposure to chemicals, demonstrating that
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exposure to and absorption of the chemical has actually taken place
[12]. In this sense, several authors have found significant correlation
between trace element concentration in human biological sample with
trace element concentration in soil and house dust [13-16]. Many
studies used hair and nails for biomonitoring of long-term exposure to
trace elements [17-21]. Based on these arguments, we hypothesized
that trace element concentrations in hair and toenails of the population
of Puchuncavi valley would be a function of estimated chronic daily
intake of trace elements in soil and indoor dust. Therefore, the second
objective of the present study was to determine associations between
trace element concentration in hair/toenails and the estimated chronic
daily intake of trace elements in soil and indoor dust.

1.3. Scientific novelty

Studies on human exposure to trace elements in Puchuncavi valley
are scarce. The first available study, from the Institute of the Public
Health of Chile [22], was conducted as a consequence of an emergency
of high concentration of SO,, causing acute respiratory symptoms and
fainting among children from a local primary school. The study in-
cluded 394 individuals from this exposed area and 361 from the control
area, using blood and urine as biomarkers. The study concluded that the
population of Puchuncavi valley had higher concentrations of trace
elements in blood and/or urine, in comparison to a control area.

Urinary and blood levels of trace elements are reliable biomarkers of
recent exposure; they are not useful for the biomonitoring of long-term
exposure to trace elements because blood and urine trace element
concentrations come down to a minimum level within a few hours or
days of exposure [17 and references therein, [23]]. To this end, in the
study of Institute of the Public Health of Chile [22], there is an un-
certainty with regards to chronic exposure to trace elements in Pu-
chuncavi valley. Arsenicals bind to reduced cysteines in peptides and
proteins; keratin is a protein rich in cystein residues. For that reason,
keratin-rich biological derivatives of ectoderm, such as hair and nails,
provide a valuable indication of exposure that occurred several months
earlier [24]. Although hair and nails are metabolically dead materials
in the epidermis, the roots are highly influenced by the health status of
the living organisms. The present study is the first to use hair and
toenails as biomarkers to demonstrate chronic exposure of inhabitants
in Puchuncavi valley.

There are some studies that determined trace element concentration
in soils of Puchuncavi valley [25-27] and characterized the human
health risk due to soil ingestion in Puchuncavi valley [28]. However,
the present study is the first to consider indoor dust as a relevant en-
vironmental media of human exposure to trace elements.

2. Materials and methods
2.1. Ethics statement

All necessary permits were obtained for the described study. All
participants were informed about the objectives and methods of the
study before the investigation. Written consent was obtained from all
participants. Data will be made available upon request. The privacy
rights of all participants were observed.

2.2. Sampling area

The study took place in the Puchuncavi valley that has a population
of 18.000 inhabitants and is located in the Valparaiso Region, 141 km
NW from Santiago de Chile. Based on the spatial distribution of As, Cd,
Cu, and Pb in the study area [29,30], we selected two contaminated
sites (near the Ventanas copper smelter), two semi-contaminated sites,
and two uncontaminated sites (8 and 17 km of distance from the Ven-
tanas copper smelter) (Fig. 1). Specifically, the exposed area was lo-
cated in Los Maitenes and La Greda, the semi exposed area was located
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in Puchuncavi town and Campiche, while the control area was located
in Valle Alegre and Maitencillo.

2.3. Sample collection

A total of 100 households from the three areas (exposed, semi ex-
posed and control) were sampled. Adult homeowners were recruited
and were asked to provide written consent for themselves and their
children. In total, 205 persons (134 adults and 71 children) participated
in the study. Smokers (past or present) were excluded from the study, as
smoking is known to increase trace element contents in human biolo-
gical samples [e.g., 31]. For the same reason, individuals that worked
(past or present) in the mining industry were also excluded.

In each household, soil composite samples were obtained from 5
locations at the household’s yard by scraping the upper 2 cm of soil with
a 5 cm plastic spatula; the samples were then homogenized. Indoor dust
was obtained from the top surfaces of furniture or windowsills by gently
sweeping with a brush onto a plastic dustpan. The samples were col-
lected using a different spatula, brush and dustpan in each household to
avoid cross-contamination between sampling locations.

Total hair samples were cut from the occipital region using ceramic
scissors [32]. Toenail clippings were also obtained. Additionally, the
height and weight of each individual was measured. Each person an-
swered a survey about his/her behavior and personal information re-
levant for construction of the exposure scenarios.

2.4. Soil and indoor dust analysis

Soil and indoor dust samples were air dried at 40 °C for 48 h and
sieved through a < 250 pum stainless steel mesh. Total concentrations of
Cu, As, Pb and Cd were determined through sample digestion (1 g)
during 12 h in boiling nitric acid (16.25%), followed by perchloric acid
(3.5%) addition [33]. Acids used in this procedure include 70% nitric
acid, Winkler, analytical-grade, ACS and 65% perchloric acid, Merck,
analytical-grade, EMSUREP® ISO. In order to prevent volatilization of As
during the digestion process, a Teflon stopper with 30 cm-long glass
reflux tube was used [adapted from Ref. 34]. Total trace element (TE)
concentrations in soil and indoor dust were determined by atomic ab-
sorption spectroscopy (AAS) (GBC, model 902, Dandenong, Australia).
Quality was assured by similarly digesting two certified soil reference
samples: ISE 859 (Wageningen University) and 2711A (NIST). Recovery
of the certified values was 100% = 20%. The detection limits of As,
Cu, Cd, and Pb were 0.005, 0.009, 0.004, and 0.005 mg L™, respec-
tively. Blanks were measured and they were always under limit of de-
tection.

2.5. Hair and toenail analysis

Hair and toenail samples were washed with deionized water and
acetone, procedure recommended by the International Atomic Energy
Agency [32]. The washed samples were dried at 50 °C for 4-5h and
later stored in sealed polyethylene bags. An accelerated microwave
digestion system (Milestone, model Start D, Sorisole, Italy) was used for
the digestion of the samples. Approximately 0.15-0.20 g of hair was
weighed into a Teflon digestion tube. Ultra trace concentrated nitric
acid (4 mL, 65%, Merck, analytical-grade, EMSURE® ISO) and hydrogen
peroxide (1 mL, 30%, Merck, analytical-grade, EMSURE® ISO) were
added. Then, the tubes were closed, introduced in the microwave rotor
and treated. The digestion consisted of two stages: first at a power of
1000 W ("180 °C) for 10 min and the second also at 1000 W ("180 °C) for
15 min. After cooling for 10 min, the tubes were carefully opened; each
digested solution was quantitatively transferred into a 25mL volu-
metric flask and then analyzed. The reference standards were digested
in the same way.

The digested samples were analyzed by ICP-MS (Perkin Elmer
NexION 300x) at the Department of Chemistry, University of Montreal.
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The operating parameters were set as RF power 1600 W, 3 measure-
ment replicates and integration time 1000 ms. Internal standards (in-
dium and bismuth) were used to compensate for any variation and/or
matrix effect during sample analysis. Response ratio (signal of analyte
divides to signal of internal standard) was used to build calibration
curves and calculate concentrations of analytes instead of absolute
signal of analytes. High purity ICP-MS quality control standard 27 were
purchased from Inorganic Ventures and prepared in 1% ultratrace
HNO3 (65%, Aristar Ultra, DBH) that was diluted in ultrapure (Milli-Q)
water (R > 18.2 MQ cm; total organic carbon < 2 pugL™"). Quality was
assured by similarly digesting in duplicate the certified reference
sample GBW 07601 human hair (IGGE, China). Recovery of the certi-
fied values was 100% = 5%. The detection limits of As, Cu, Cd, and Pb
were 0.049, 0.0012, 0.012, and 0.0005 pg L7 respectively. Blanks
were measured and they were always under limit of detection.

2.6. Data analysis

Data were not normally distributed and differed in the number of
samples between the three areas. Therefore, TE concentrations in soil
and indoor dust of the different exposure areas were compared by the
Mann-Whitney’s test (p < 0.05) using Minitab 17.

In this study, the ingestion of soil and indoor dust particles was
considered as the route of exposure to be characterized. To model the
exposure of residents, we established 4 age groups based on life stages
and activity patterns: (1) young children from 1 to 5 years old, (2)
children from 6 to < 18 years old, (3) adults from 18 to < 60 years old
and (4) elderly adults of =60 years old.

The average daily intake of TE in soil and indoor dust ingested by
the population was estimated using chronic daily intake
(Supplementary Eq. 1) according to standardized procedures by the US
EPA [35] The information collected in surveys during the sample
campaign was used to model site-specific average values of exposure
frequency (days year '), exposure duration (years), body weight (kg)
and averaging time (days), for each age group.

For non-carcinogenic health risk, the hazard quotient (HQ) was used
by dividing the chronic daily intake (CDI) by the reference dose (RfD)
(Eq. 1) for each TE in soil and indoor dust, for each exposure scenario.
There were 12 exposure scenarios, corresponding to 4 age groups and 3
exposure areas (Exposed, semi exposed and control). Supplementary
Table 1 summarizes the RfD values used for calculations in the presents
study.

1o = €21
RfD @
Carcinogenic risk assessment of As was calculated by Eq. (2). The
estimated As CDI was multiplied by the slope factor (SF) of As ingestion
to represent the incremental probability of an individual of developing
cancer over a lifetime as a result of exposure to the potential carcino-

genic [35]. The SF value used was 1.5 per mg kg ™! day 1.

Risk = CDI x SF 2

To determine associations between trace element concentration in
hair/toenails and the estimated CDI of trace elements in soil and indoor
dust, Spearman correlations were performed using Minitab 17.

3. Results and discussion
3.1. Concentrations of TE in soil and indoor dust

The TE concentrations in soil and indoor dust compared by area of
exposure are summarized in Table 1. In general, there was a statistically
significant increase in TE concentration in soil and indoor dust in the
exposed area, in comparison to the control area (Table 1). In some
cases, TE concentration in soil and indoor dust were also significantly
higher in the semi exposed area, in comparison to the control area,
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Table 1
Trace element concentration in soil and indoor dust compared by area of ex-
posure. Median values, ranges (in parenthesis) and number of samples are
shown.

Media, element Trace element concentration, mg kg ™

Control Semi exposed Exposed
Soil As 13 13 22%
(5.7-34) (8.2-28) (6.4-137)
n=16 n =44 n = 34
Indoor dust As 47 43 76
(0.3-196) (1.5-162) (8.7-761)
n=18 n =36 n =29
Soil Pb 33 46** 48%*
(13-75) (14-198) (18-362)
n=19 n =44 n =33
Indoor dust Pb 76 82 160%**
(25-175) (31-260) (22-1884)
n=18 n=36 n =29
Soil Cu 105 259%** 474
(29-301) (22-1570) (29-4341)
n =19 n = 44 n = 34
Indoor dust Cu 530 1214%** 3096 **
(246-2296) (188-3556) (443-8358)
n=18 n =36 n =29
Soil Cd 1.9 2,1* 2.2%*
(0.60-2.6) (1.2-5.0) (1.4-7.7)
n =19 n =44 n =34
Indoor dust Cd 1.2 1.2 3.9%*
(0.25-9.7) (0.08-50) (0.1-404)
n=18 n =36 n =28

Statistically significant difference between the exposed/semi exposed area and
the control area according to Mann-Whitney test (*p < 0.05; **p < 0.01; ***
p < 0.001).

showing the influence of the Ventanas copper smelter. Since smelter
opening in 1964 and until appearance of the first environmental reg-
ulations in 1991, no measures have been taken in order to mitigate
these emissions [1]. Although Gener thermoelectric plant was also in-
stalled in Puchuncavi in the early 1960’s, it has been demonstrated that
atmospheric emissions are mainly due to Ventanas copper smelter [26].

In most cases, concentrations of TE were considerably higher in
indoor dust, in comparison to soil, even in the control area. In other
words, TE get concentrated in the particles of indoor dust, most prob-
ably because of their small size. The distribution of TE in different
particle size of soils from the Puchuncavi Valley was recently studied by
Parra, Bravo, Quiroz, Moreno, Karanasiou, Font, Vidal and Cereceda
[25]. This study determined that highest concentrations of Cu, Zn, As,
and Pb were present in the finer fractions. Moreover, the researchers
identified tenorite and calcium oxide in the fine particles, which are
most likely associated with smelting activities, confirming emission of
enriched particulate matter from the copper smelter. Thereby, the
higher concentration of TE in indoor dust compared to soil and the
statistical similarity of As and Pb in indoor dust among the studied
areas suggest that control area is also affected by emissions from the
copper smelter.

Background concentration of arsenic in soils in the studied area has
been reported as 13 mg kg_1 in a previous study [30]. Therefore, the
measured concentration of arsenic in soils is considered high only in
case of the exposed area, while measured concentration of arsenic in
indoor dust is considered high in all the studied areas (also in case of
control). These results infer a larger impact zone for indoor dust. In-
deed, particle size decreases with increased distance from the source,
due to higher gravitational settling velocities of coarse particles in the
atmosphere [36].
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3.2. Characterization of human health risk due to exposure to trace
elements

Chronic daily intake through non-dietary ingestion of trace ele-
ments for each age group compared by area of exposure is shown in
Supplementary Table 2. Indoor dust ingestion was the main exposure
pathway to trace elements because of the time individuals spent daily
inside their household (as they reported in the surveys). Specifically,
this time was: 75% for adults and 66% for children. This behavior is
well documented; for instance, US EPA [37] indicated that adults
usually spend "88% of the time indoors and children 71-79%. Likewise,
the concentrations of TE in indoor dust were considerably higher than
those in soil, contributing to higher CDI values for indoor dust, in
comparison to CDI values for soil.

In relation to age groups, young children (1-5 years old) showed the
highest total CDI, followed by the children age group (6 to < 18 years
old). These values are the result of their lower body-weight in relation
to the adults and their hand-to-mouth activities [38].

On the other hand, the hazard quotient of each age group compared
by area of exposure is shown in Supplementary Table 2. A value of HQ
greater than 1.0 would indicate that there is a chance of occurrence of
non-carcinogenic health effects. In the case of the present study, we
found that there was no health risk associated to soil and indoor dust
exposure in the Puchuncavi valley, because none of the hazard quotient
values surpassed 1.0 (Fig. 2).

Regarding carcinogenic risk, its value exceeded the threshold of
1.0E-04, in the case of the population of young children (1 to 5 years
old) in all studied areas, including the control, and in the population of
children (6 to < 18 years old) in the exposure area (Fig. 3). Such risk
values (above 1.0E-04) are classified as unacceptable [39], requiring
some target intervention from the Chilean government (discussed
below). As mentioned above, this is due to high concentration of arsenic
in indoor dust and large amount of time individuals spend inside their
households. On the other hand, as a limiting factor of the present study,
we highlight that arsenic reference doses used for health risk assess-
ment have been established only for adults [40], hence they are not
necessarily good estimators of health risk in infants or children.

In addition, it is important to emphasize that in spite of food chain is
generally considered the main pathway for transfer of trace elements to
humans [41], local-food only represents a 0.14% of the total consumed
food by the population of the Puchuncavi valley [42]. Nevertheless, in
another study, we assessed the potential health risk due to consumption
of vegetables grown near the studied copper smelter [43].

With regards to drinking water, its quality is regulated in Chile by
law [44] and periodically monitored by the authorities. Indeed,
drinking water was also assessed in some households but all arsenic
concentrations were under limit of detection. In accordance with these

1.2
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findings, in our previous studies [45,46], we demonstrated that the
anthropogenic impacts of the Ventanas smelter, with respect to trace
element concentrations and acidification, are restricted to the topsoil
while the subsoil remains unaffected. We argued that leaching of trace
elements from contaminated topsoil to groundwater is unlikely in Pu-
chuncavi. Thus, human exposure to trace elements through consump-
tion of drinking water is unlikely in the case of Puchuncavi.

3.2.1. Biomarkers of human exposure to trace elements

Trace element concentrations in hair and toenail compared by area
of exposure are shown in Table 2. We found a high variability in hair
and toenail for all the analyzed TE. In a few cases, there was a statis-
tically significant increase in TE concentrations in hair/toenails in the
exposed/semi-exposed area, in comparison to the control area. Con-
tradictory results were found for Cu in hair showing higher levels in the
control area, in comparison to exposed/semi-exposed area. As it is well
known, Cu toxicity in humans occurs rarely due to effective defense
homeostatic mechanisms against its toxicity [47]. These defense
homeostatic mechanisms could be possibly responsible for elimination
of excess of Cu from human bodies of individuals in the exposed and
semi-exposed areas.

We obtained a positive Spearman correlation between trace element
concentration in hair/toenails and CDI of each trace element (Table 3).
Arsenic in hair/toenails showed better correlation to CDI in contrast to
other TE. Similarly, Skroder, Kippler, Nermell, Tofail, Levi, Rahman,
Raqib and Vahter [48] reported that hair is a biomarker especially
useful for As exposure, but not useful enough for Cu, Cd, and Pb. Even
though the correlations in Table 3 were weak, they confirm that soil
and indoor dust are the environmental media of human exposure to TE
in the population of the Puchuncavi valley. According to our results,
toenails are preferable to hair as biomarkers of TE exposure.

4. Conclusions

In the present study, we assessed the non-carcinogenic and carci-
nogenic human health risk due to exposure to trace elements in soil and
indoor dust in Puchuncavi valley. We also determined the associations
between trace element concentration in hair/toenails and the estimated
chronic daily intake of trace elements in soil and indoor dust. In ac-
cordance with the hypothesis, the conclusions of the present study are
as follows:

1) Indoor dust was more important than soil in terms of human ex-
posure to trace elements in Puchuncavi, due to the high con-
centration of trace elements on this environmental media and long
periods of time that the population spends at their households. With
regards to non-carcinogenic risk, we found that there was no health
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Table 2
Trace element concentration in hair and toenail compared by area of exposure. Median values, ranges (in parenthesis) and number of samples are shown.

Trace element Hair trace element concentration, mg kg™’ Toenail trace element concentration, mg kg ™!
Control area Semi exposed area Exposed area Control area Semi exposed area Exposed area

As 0.065 0.14%%* 0.13%* 0.39 0.41 0.51
(0.0033-0.50) (0.0051-1.9) (0.020-0.67) (0.084-1.9) (0.098-6.4) (0.099-3.5)
n =25 n = 88 n =49 n =28 n =65 n =47

Pb 1.3 0.81 0.95 0.60 0.84 0.87
(0.17-22) (0.14-9.2) (0.28-4.8) (0.26-4.1) (0.092-41) (0.10-12)
n =25 n=71 n=44 n=18 n =50 n=35

Cu 39 24** 23%* 8.9 11* 15%*
(12.1-473) (4.8-504) (11-98) (5.9-17) (3.7-127) (2.1-75)
n =25 n=71 n=44 n=18 n =50 n=35

cd 0.032 0.028 0.033 0.020 0.049%** 0.034*
(0.0034-0.17) (0.0057-0.15) (0.0032-0.17) (0.0046-0.061) (0.0048-0.23) (0.0058-0.19)
n=25 n =66 n=43 n=16 n =47 n =32

Statistically significant difference between the exposed/semi exposed area and the control area according to Mann-Whitney test (*p < 0.05; **p < 0.01; ***
p < 0.001).

Table 3 2) We found statistically significant association between the trace
Spearman correlation between trace element concentration in hair/toenails and element concentration in hair/toenails and the estimated chronic
chronic daily intake (CDI) of each trace element. The ingestion of soil and in- daily intake of soil and indoor dust.
door dust particles (or both, referred to as total) was considered as the route of
exposure.
. . 5. Recommendations to Chilean authorities and the population
Response Predictor T Response Predictor T
variable variable variable variable
In Chile, environmental remediation programs are difficult to es-
As hair CDI As soil 0.43 As toenail CDI As soil 0.57 tablish due to economic limitations. Considering that uncertainties
CDI As dust 046 CDI As dust 046 should be reduced as much as possible, a remediation program should
CDI As total 0.46 CDI As total 0.47 . .
Pb hair CDI Pb soil s, Pb toenail CDI Pb soil 0.39 be based on demonstrated human health risk and accurately described
CDIPb dust  0.27 CDIPb dust  0.41 exposure pathways of human exposure to trace elements. In this study
CDI Pb total ~ 0.26 CDIPb total ~ 0.43 we demonstrated that indoor dust was an important environmental
Cu hair CDI Cu soil n.s. Cu toenail CDI Cu soil 0.39 media of human exposure to trace elements in Puchuncavi. Thus, we
CDI Cu dust n.s. CDI Cu dust 0.51 d authorities t f t t int i based
CDICu total  ns. CDI Cu total  0.52 recommend authorities to perform a target intervention, based on ex-
¢d hair CDI Cd soil ns. cd toenail CDI Cd soil 0.59 periences with the population of a residential area in Arica (northern
CDI Cd dust ns. CDI Cd dust ns. Chile) that was exposed to trace elements. In Arica, hundreds of houses
CDICd total  n.s. CDI Cd total  0.29 were cleaned off trace element-containing dust, hundreds of houses

were demolished, and hundreds of families received new housing [49].
We recommend authorities performing a similar target intervention in
the case of the population of Puchuncavi. Likewise, we recommend the
population to perform frequent wet cleaning in their houses to decrease
exposure to indoor dust.

Additionally, large-scale soil revegetation programs should be car-
ried out. In our previous studies, we demonstrated that such an option
is feasible by applying lime and compost to the soils of Puchuncavi,
which would allow a spontaneous re-colonization of plants from the
existing soil seed bank, under a rain-fed water regime [46,50]. We re-
commend the population to apply lime and homemade compost to the
soil in their yards.

n.s. = correlation is not statistically significant (p > 0.05). All other correla-
tions were significant (p < 0.05).

risk associated to soil and indoor dust exposure in the Puchuncavi
valley, because none of the hazard quotient values surpassed 1.0.
However, carcinogenic risk due to arsenic exposure was above the
threshold value of 1.0E-04 in the population of young children (from
1 to 5 years old) in all studied areas, including the control, and in
the population of children (from 6 to < 18 years old) in the exposed
area. Such risk values are classified as unacceptable [39], requiring
some target intervention from the Chilean government
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