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Summary. It is known that the consumption of vegetables grown in mining areas
could be a source of intake of potentially toxic elements. Accordingly, this study aimed to
compare concentrations of arsenic and copper in edible parts of vegetables grown in a
proximity to a copper smelter and in a control area, and compare the potential children
health risks of the consumption of vegetables from both areas. Alimentary habits of infants
(age of 1-5 years old) were determined through one-year-period surveys. The most
consumed vegetables are potato, lettuce and carrot (consumption over 10 kg of fresh weight
year”). Leafy vegetables showed a higher capacity to accumulate As in comparison to
underground vegetables. Among underground vegetables, only carrot exhibited As
concentration in edible tissues above the limit of detection (0.008 mg kg™). Values of HQ
showed a wide difference between mining and control areas only for As (11 versus 60% of
the risk limit). This increase was mainly related to lettuce since it has both high
concentration of As and high consumption in the studied scenario. In contrast of As intake,
HQ-values for Cu were similar between the mining and the control area. Only a combination
of high concentration of elements in a particular vegetable and high consumption of this
vegetable resulted in high hazard quotient (e.g. lettuce and carrot). However, there was no
health risk associated with vegetable consumption in neither the mining nor the control area,
since none of the hazard quotient values surpassed 1.0.
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Introduction

Human exposure to potentially toxic elements (PTE) has been a subject of great
concern worldwide. If PTE are present in excessive concentrations, they might be hazardous
to human health [1]. Specifically, several studies have reported that the influence of mining
activities may increase PTE in soils [2]. Once in soils, PTE may potentially be accumulated
in vegetable tissues and, consequently, enter the human food chain [3]. Thus, the
consumption of vegetables grown in mining areas has been shown to be the main source of
PTE intake in several locations [4, 5].

The Puchuncavi valley in the coastal area of central Chile has been exposed to
massive atmospheric contamination with sulfur dioxide and PTE-rich particulate matter due
to emissions from the Ventanas copper smelter [6]. In order to assess the potential impact of
such emissions on the food security, the potential human health risk through vegetable
consumption should be determined for a mining area and for a control area without mining
activities [7]. In this way, results would allow discerning the real enrichment effect of mining
activity on PTE human exposure.

Objective of the article — compare concentrations of arsenic and copper in edible
parts of different vegetables cultivated in soils near a copper smelter and in a control area,
and compare the potential human health risk of the consumption of vegetables coming from
both areas.
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Materials and methods

Location of the study. We studied areas in close proximity to the Ventanas copper
smelter (which will be referred to as “mining area”) and areas that were not affected by the
smelter (which will be referred to as “control area”) (Figure 1). The average distance from
the smelter to the mining and control areas was 3.8 and 10 km, respectively. The study was
carried out from October 2016 until January 2017. Four contaminated sites (in the proximity
to the Ventanas copper smelter) represented the mining area, while two uncontaminated sites
(away from the Ventanas copper smelter) represented the control area. Both areas were
comparable since they exhibited similar soil-climatic characteristics, such as textural class
(sandy loam), moderately alkaline soil pH, rainfall rate and temperature.

Figure 1 — Geographical location of the studied sites

Studied vegetables. Only leafy vegetables — lettuce (Lactuca sativa L.), chard
(Beta vulgaris L. var. cicla L.) and cabbage (Brassica oleracea L. var capitata L.) — and
underground vegetables — potato (Solanum tuberosum L.), beetroot (Beta vulgaris L. var.
crassa (Alef.) J. Helm), and carrot (Daucus carota L. var. sativus (Hoffm.) — were
considered in our investigation. According to our previous study, bulb and fruit vegetables
exhibited low accumulation capacity of PTE. Thereby, they were not considered.

Once in the laboratory, edible tissues of vegetables were prepared for analyses.
Special care was taken to remove external soil or dust contamination on the surface of
vegetables. Leafy vegetables were thoroughly washed in the following sequence: tap water,
0.1 M HCI, distilled water, 0.05 M EDTA, distilled water, and again distilled water [8]. On
the other hand, underground vegetables were washed with tap water, and then were peeled
and washed with distilled water. Then, samples were cut into pieces, put into paper bags,
and dried in an oven at 70 °C for 48 h. Later, samples were ground, sieved, and homogenized.

Concentrations of metals were measured using standard methods [9]. A standard
reference material (NIST SRM 1570a — spinach leaves) was taken through the entire process
with experimental values being within 10 % of the certified values.

Data analyses. The enrichment factor for PTE in soil and vegetables were calculated
by dividing the PTE concentration in the mining area by the PTE concentration in the control
area [10].

Risk estimation. Exposure to PTE was quantified using an indirect quantification
method: chronic daily intake (DI) [10], which determined exposure by relating quantity of
PTE ingested via vegetable consumption, body weight and consumption habits (17 children
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were surveyed for this purpose). This exploratory study, conducted with a small number of
children, will define the necessity of further research in other regions of Chile.

Once determined, DI is compared with the reference dose (RfD) (0.0003 and 0.04 mg
kg'! for As and Cu, respectively). RfD-values represent the maximum allowed PTE intake.
Then, hazard quotient (HQ) was calculated by dividing DI by RfD, taking into account that
only if HQ is above 1, there may be a potential risk [10].

Results and their discussion

Potentially toxic elements in edible tissues. Average concentrations of PTE in the
edible parts of vegetables are shown in Tables 1 and 2 (in dry weight basis). In general,
concentrations of PTE were higher for vegetables grown in the mining area than those grown
in the control area. Analysis of EF shows that As holds the highest differences between
mining and control areas, while Cu holds relatively similar values between both areas. Leafy
vegetables showed a higher capacity to accumulate As in comparison to underground
vegetables. Among underground vegetables, only carrot exhibited As concentration in edible
tissues above the limit of detection (0.008 mg kg™!). However, As concentration in carrot
grown in mining area is similar to that of lettuce and chard grown in the control area.

Table 1 — Potentially toxic element concentration in edible tissues of leafy vegetables and the
enrichment factor of PTE between the mining area and the control area (2016-2017)

Data Potentially toxic Species of vegetable

elements (PTE) Lettuce Chard Cabbage
Average PTE concentration in As 0.23+0.10 0.13 +0.02 <0.008
vegetables from the control
area (C), mg kg™! dry weight Cu 20.00 £ 3.60 13.00 £ 1.90 4.20+0.90
Average PTE concentration in As 086+049 | 035+021 | 0.056+0.022
vegetables from the mining
area (MA), mg kg'! dry weight Cu 31.00 £ 15.00 | 37.00 £ 17.00 6.80 £ 2.00

As 3.7% 2.7* >6.9%*

Enrichment factor (MA/C) Cu 6 23F o+

Note. * Statistically significant difference between mining and control areas according to Mann-Whitney
test; ** Statistical differences were not determined since As concentration in vegetables were below the limit
of detection in the control area.

Table 2 — Potentially toxic element concentration in edible tissues of underground vegetables
and the enrichment factor of PTE between the mining area and the control area (2016-2017)

Data Potentially toxic Species of vegetable
elements (PTE) Potato Carrot Beetroot

Average PTE concentration in As <0.008 <0.008 <0.008
vegetables from the control
area (C), mg kg™ dry weight Cu 10+ 1.0 9.0£1.0 8.0+£2.9
Average PTE concentration in As <0.008 0.140 + 0.036 <0.008
vegetables from the mining
area (MA), mg kg™! dry weight Cu 1024 11+£23 5.542.6

. AS sk > 18** ¥k
Enrichment factor (MA/C) Cu o 2 0.69

Note. * Statistically significant difference between mining and control areas according to Mann-Whitney
test; ** Statistical differences were not determined since As concentration in vegetables were below the limit
of detection in the control area.

Daily intake of PTE by vegetable consumption. According to US EPA [6], human
exposure to PTE depends not only on PTE concentration in vegetables but also on the
quantity consumed. Thereby, alimentary habits of infants (age of 1-5 years old) from
Puchuncavi were determined (Table 3). Based on the results of the survey, the average
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exposure time was 2.5 years (equivalent to 929 days) and the average body weight was 16 kg.
The most consumed vegetables are potato, lettuce and carrot (consumption over 10 kg of
fresh weight year™).

Table 3 — Mean vegetable consumption and alimentary habits of infants from the
Puchuncavi valley (2016-2017)

Ingestion rate (kg of fresh weight year™!) of vegetables, based on the survey
Leafy vegetables Underground vegetables
Lettuce Chard Cabbage Potato Carrot Beetroot
14.0 1.7 32 18.0 12.0 2.9

Hazard quotient. Potential human health risk of PTE intake through consumption of
vegetables from both areas is shown in Figure 2. Values of HQ showed a wide difference
between the exposure and control areas only for As (11 % versus 60 % of the risk limit).
This increase was mainly related to lettuce since it has both high concentration of As and
high consumption in the studied scenario (see Tables 1 and 2).

In contrast of As intake, HQ-values for Cu were similar between the mining and the
control area. Intake of Cu by children from Puchuncavi is mainly attributed to potato. Potato
did not show a high concentration of Cu (see Table 1), but its high consumption implies a
high daily intake. Therefore, local alimentary habits are a key factor to accurately estimate
the intake of PTE. On the other hand, the similarity of the total hazard quotient for Cu in
Figure 1 highlights the necessity of assessing both mining and control areas. If PTE exposure
is quantified only for a mining area, as usual in literature [11], results may wrongly lead to
think that all the daily intake of PTE is caused by a presumed contamination source.

12

Rigk limi
|| .

=1 ]

Tog OContral area

o4
) ‘I
) S = 1 1

Figure 2 — Hazard quotient (HQ) of the consumption of the vegetables for each
potentially toxic element in infants from the Puchuncavi valley
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In terms of risk assessment, results show that PTE exposure through vegetable
consumption in the studied population is not a risk to human health in both areas. However,
other PTE exposure sources as dust, soils, water and other food can increase the total hazard
quotient. Thus, other environmental media must be considered in future studies. Likewise,
future research should consider other age groups and other locations in Chile.

The topic of the research is relevant since several international studies have
concluded that the intake of vegetables grown in contaminated areas may be a route of
exposure to PTE, representing a potential human health risk [12—14].

Conclusions

Accordingly to the objectives, the conclusions are as follow: leafy vegetables showed
a higher capacity to accumulate As in comparison to underground vegetables.

Among underground vegetables, only carrot exhibited As concentration in edible
tissues above the limit of detection (0.008 mg kg™'). Values of HQ showed a wide difference
between mining and control areas only for As (11 % versus 60 % of the risk limit). This
increase was mainly related to lettuce since it has both high concentration of As and high
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consumption in the studied scenario. In contrast of As intake, HQ-values for Cu were similar
between the mining and the control area.

Only a combination of high concentration of elements in a particular vegetable and
high consumption of this vegetable resulted in high hazard quotient (e.g. lettuce and carrot).
However, there was no health risk associated with vegetable consumption in neither the
mining nor the control area, since none of the hazard quotient values surpassed 1.0.

This research was funded by the FONDECYT project 1160018. Research stay of Ivan Alekseev in Chile
was funded by the Saint Petersburg State University travel grant 1.42.959.2016.
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VJIK 581.9
Anekcees U., Heaman A., JIuzapau H., Monnaka I1., Arunap M.

OIIEHKA MOTEHIHUAJIBHOI'O PUCKA JJIS1 3I0POBbSA OT
NOTPEBJIEHUS OBOIIEH, BBIPAIIIEHHBIX BEJIN3U
MEJIEINVIABUJIBHOI'O KOMBUHATA, B HEHTPAJIbBHOM YWJIN

Pegpepam. llenv uccnedoseanus — cpagHneHue KOHYEHMPAyuil MulidbsKa U Meou 8
Ccbe0obubix wacmsx ogoujeli (namyk (Lactuca sativa L.), manzonvo (Beta vulgaris L. var.
cicla L.), xanycma (Brassica oleracea L. var capitata L.), kapmoghenw (Solanum tuberosum L.),
ceexna (Beta vulgaris L. var. crassa (Alef.) J. Helm), moproew (Daucus carota L. var. sativus
(Hoffm.), svipawennvix 6 HenocpedCmeerHol O1U30Cmu 0m MeoeniaéuilbHO20 KOMOUHama,
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€ KOHYEHMPAYUsIMU MbIUUbIAKA U MEOU 8 080UAX, BbIPAUJEHHBIX KOHMPOIbHOU 30He, U AHAIU3
HOMEHYUATbHBIX PUCKO8 O]l 300p08bs Oemell npu nompeobienuu 0gowell u3 0oeux 30H.
Tuwesvie npusviuku oemeti (6o3pacm 1-5 nem) onpedensiu é xooe ucciedosarnus ¢ 2016-
2017 2e. Camvie nompedrsemvle ogowu — Kapmodgheib, CAlaAM-1amyK U MOPKOBb
(nompebrenue 6onee 10 ke ceedxcezo eeca 6 200™). Osowu, y xomopuix ucnonvzosanu
JIUCMbS, NOKA3AU O0JIee BbICOKYIO CHOCOOHOCMb K HAKONIEHUIO MbLUUbAKA NO CPABHEHUIO C
06owWaAMU, Y KOMOPHIX UCHONb3068AIU NoO3eMHble yacmu. Cpedu NocieOHux moabko 07
MOPKOBU KOHYEHMpAayusi MbulilbaKd 6 Cbe0OOHbIX MKaHAX Oblia Gvlile npedena
obnapyacenus (0,008 me ko). 3navenus xosppuyuenma pucka noxazanu HauUMenLHbLE
Pasauyus Mesncoy 08yMs 30HAMU UCCIEO08AHUL MOTLKO 05 mblubsika (11 npomus 60 % om
JUMUMA PUCKa). B ocnosnom, smo ysenuyerue 00yCci081eH0 CalamoM-i1amykom, mak Kax
pacmeHue umeem GblCOKYIO KOHYEHMPAYUlo MbllUbAKA U 3HAYUMENbHble 00beMbl
nompebnenusi. B omauuue om noenoweHus MblUWbAKA, 3HA4YeHus Kodpduyuenma
onachocmu 01 meou ObliU CXOOHBIMU O 30HbI MeOenId8UIbHO20 KOMOUHama u
KOHMPONbHOU 30HbL.  TONbKO couemanue GulCOKOU KOHYESHMpayuu J1eMeHmo8 8
onpeoeneHHOM 080Ue U 8bICOKO20 NOMPeDIeHUsI FMO020 080U NPUBETO K BbICOKOMY PUCKY
(Hanpumep, caram-i1amyk u MopKoss). Tem ne menee, He OOHAPYIHCEHO HUKAKO20 PUCKA OISl
300pP08b3l, CEA3AHHO20 C NOmMpebleHueM 080ujell HU 8 30He MeOenId8UIbHO20 KOMOUHama,
HU 8 KOHMPOIbHOU 30He, NOCKOIbKY HU OOHO U3 3HAYEHUU KOID@uyueHma onachocmu He
npesviuiano 1,0.

Knrouesoie cnosa: meov, Mbliubsik, caram-iamyx, Kanycma, MaHeoiwo, Kapmogerno,
MOPKOBb, C8EKNA, PUCKU 0151 300POBbAI.
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