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Abstract

In this study, non-carcinogenic health risks of thallium in grapevine exposed to mine
waters of an abandoned mining region in Turkey were evaluated. The values of thallium
were investigated in leaves, stems, and roots. Translocation factors (TF) and bioaccumula-
tion concentration factors (BCF) were determined. The maximum thallium value in grape-
vines (root) was 2.34+0.12 mg/kg. Thallium values in grapevine were stem < leaf < root.
The bioconcentration value calculated in our study is higher than 1 showing thallium
bioaccumulation from the mine water to grapevines. Translocation factor value is calcu-
lated as 1.20. The high total estimated daily exposure dose (TED) in grapevines was deter-
mined as 1.10E-02 mg/kg day for children. TEDs values in grapevines were observed as
male < female < children, respectively. The maximum HQ risk value for male was observed
as 1060 for children. The non-carcinogenic risk values were children > female > male. Haz-
ard index values of thallium in grapevines were ingestion <dietary. As a result, hazard and
total hazard index values were > 1 for thallium in grapevines. Therefore, there are non-car-
cinogenic health risks of thallium in grapevine exposed to mine waters of an abandoned
mining region.

Keywords Thallium - Non-carcinogenic - Mine water - Grapevine - Health risk

1 Introduction

Thallium (T1) was discovered by Sir William Crookes in 1861 by burning the dust from
a sulfuric acid industrial plant (Galvin-Arzate and Santamaria 1998). It is a rare element
with a mean continent of 0.49 mg/kg in the continental crust (Nriagu 1998; Liu et al.
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2019a, b). It can be released to the environment through refining processes of ores (Zhang
and Rickaby 2020). Lead and zinc smelting processes may cause significant thallium con-
taminations (Wang et al. 2020). Thallium pollution is common near mining sites (Li et al.
2020a). Thallium minerals are distributed in many countries, and the risks of thallium con-
tamination are suggested to increase especially in countries with economic growth (Liu
et al. 2019b; Zhang and Rickaby 2020).

Thallium is a toxic heavy metal (Galvin-Arzate and Santamaria 1998). The toxicity of
thallium to body of human is greater than the many metals (such as Hg, Cd, and Pb) (Wang
et al. 2020). Thallium is classified as a priority pollutant by the USEPA (Liu et al. 2019a).
Thallium is toxic metal for mammals (Zhang and Rickaby 2020). It is easily distributed
into organ systems (Zhou et al. 2020). A series of clinical signs were identified as the con-
sequences of thallium poisoning (Karbowska 2016; Liu et al. 2019a; Wang et al. 2020).
It has been noted that there may be some adverse effects in infants as a result of gravi-
das exposure to thallium during pregnancy (Qi et al. 2019; Wang et al. 2020). Despite the
increasing awareness of the high risk of thallium pollution to human health and ecosystem
safety (Vanék et al. 2016), thallium has so far been paid much less attention than other
toxic elements such as cadmium, copper, mercury, lead, and arsenic (Li et al. 2020a). Thal-
lium is readily bioaccumulated in plants (Jia et al. 2018; Li et al. 2020a, b).

Viticulture is one of the most basic agricultural activities in the world. Grapevine (GV)
leaves from the vineyards are intensively consumed in Turkey. The leaves can be used both
fresh and pickled. Grapevine leaves are used in Turkish dish, sarma, that is widely loved in
Mediterranean diets. In recent years, the demand for stuffed grapevine leaves in the ready-
made food industry and other countries has been increasing (Cangi and Yagc1 2017).

The actual hypothesis of this study is to establish a relationship between the potential
negative effects on human health and consumed vegetables grown on polluted areas. and to
link the negativities in this regard to the consumption of vegetables containing toxic heavy
metals. This 1s the first study about uptake and health risk assessment of thallium in grape-
vines exposed to mining waters. In the present study, evaluation of non-carcinogenic health
risks of thallium in grapevine was aimed. For this purpose; (1) Thallium concentration was
determined in mine waters and grapevines. (2) Bioaccumulation capacity of grapevines
and mobility of thallium were evaluated by bioconcentration and translocation factors. (3)
It was determined whether there are non-carcinogenic risks of thallium on humans.

Therefore. the scientific content of this study is important.

2 Materials and methods

2.1 Study area

A research area was selected in an abandoned mine site (Elazig city, Turkey). The galleries
in mine used to take advantage of ore for many years. Oxidized ores are found in the region

of abandoned mine and consist of goethite, smithsonite, hematite, and limonite ore pieces
(Kalender and Hanelci 2001). Research area is given in Fig. 1.

2.2 Sample preparation and analysis

Grapevines (GVs) and soil samples (SSs) and mine water samples (MWSs) were collected
from ten points (n=3x10) in May 2019 (n=30). The GVs are harvested by hand with

:@ Springer - ) .
Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Evaluation of non-carcinogenic health risks of thallium in... 11555

2 TURKEY ’gi?? A
- 1:350,000
ELAZIG
Coordinate
Y:476468
4293134

éul(m

Fig. 1 The study area

an instrument. The GVs, MWs, and SS8s were brought to the laboratory. The soil was
passed through ultrasonic water bath to remove other pollutants. GVs were cleaned with
pure water. Leaves, roots, and stems are dried at 25 °C and powdered. The analysis proce-
dure for GVs and SSs is briefly given: sample 1s cold leached with HNO;. After cooling,
a modified Aqua Regia solution of equal parts concentrated HCl, HNO, and DI H,0 is
added to each sample to leach in a heating block of hot water bath. Sample is made up to
volume with dilute HCI before filtered. The sample can be analyzed (Topal et al. 2020). All
samples are analyzed by [CP/MS (ICP/MS-Perkin-Elmer ELAN 9000) to evaluate thallium
(T1). Details of QA/AC are given in Table 1. Furthermore, factors of translocation (TF) and

Table 1 QA/AC details for

grapevine, mine water, and soil Grapeitng
Analyte Tl
QC Unit mg'ke
STD V-16 Standard <0.02
Expected -
Mine water
Analyte Tl
QC Unit pe/L
STD TMDA-70.2 Standard 219
Expected 209
Soil
Analyte Tl
QC Unit mg'kg
STD OREAS262 Standard 0.44
Expected 047
@ Springer
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bioconcentration (BCF), and non-carcinogenic human health risk assessments are evalu-
ated to investigate mobility and non-carcinogenic impacts of thallium (T1) in grapevines.

2.3 BCFsand TFs

The bioconcentration factor is rate of thallium in root and stem of grapevine to value of
thallium in soil and water of mine. BCF values of Tl in GV's were calculated as given:

BCF1 = Covisat/ Cusoil (1)
BCF2 = Cgvyem/ Crsoil (2)
BCF3 = Cavem/ Cuwater (3)
BCF4 = Cavioot/ Chiwater (4)

where Cyy,,; 1s the thallium value in mine soil, Cgy, 18 thallilum value in grapevine roots,
Civstery 15 thallium value in stem of grapevine, Cypyu. 15 value of thallium in water of
mine.

Translocation factor (TF) is rate of thallium value in grapevine organs. TF (translocation
factor) 1s calculated as follows:

TF1 = Coyieat/ Covroat (3)
TF2 = CGVslemf CGVroo{ (6)
TF3 = Cgvieat/ Covstem (7)

where Cgyieats Covimor A0d Cygen are thallium values in leaf, stem, and root of grapevine,
respectively.

2.4 Non-carcinogenic health risk assessment

GVs are among the foods consumed. The pollutants in the GVs pose a risk to health of
human. For this reason, determination of non-carcinogenic (HQ) effects on GVs is quite
significant. The HQ human health risk potential is investigated by determining thallium
in the grapevines. The calculation of non-carcinogenic risk (Lian et al. 2019) was given as
tollows:

_ CDI
HQ = RFD (8)

o CDIk
HO= 2, RFdk ©)

where HQ 1s rate of exposure to thallium, RFD is reference dose (mg/kg.day). The daily
exposure dose (CDI) was determined using the equations given by USEPA (2001, 2011).

:@ Springer - .
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Lo X EE X ED

CDEdietar}' = Cplam X BW x AT X ]-{}_3 (10)
IngR x EF x ED
CDI,,, = C oy X gB;:, - AXT x 1076 (11)

where CDI,,,, is the expression for ingestion and CDl ., is the expression for dietary (mg/
kg day), Cjy 1s thallium value in grapevine (mg/kg), C; is thallium value in mine region
soil (mg/kg). IngR is ingestion rate of mine region soil (mg/day). EF is exposure frequency
(day/year), ED is exposure duration (years), AT is averaged time (days), BW is bodyweight
(kg).

The hazard index (XHQ) and total hazard index (ZHI) are determined from Eq. (12)

(USEPA 1989) and (13):

HI:EHQ (12)

THI = EH[ (13)

2.5 Statistical analysis

Data are evaluated using IBM SPSS Statistics 21 (USA). The data obtained in this study
were the means of three replicates. Error bars show standard deviation (n=30).

3 Results and discussion
3.1 Thalliumvalues

Thallium values detected in mine gallery water and soil are 1.81+0.1 pg/L and
7.62 +0.4 mg/kg. respectively. Thallium investigated in the grapevines exposed to mine
waters of region of abandoned mine are shown in Fig. 2.

The maximum concentration of thallium in grapevines was 2.34 +0.12 mg/kg for root
while minimum thallium concentration 0.29+0.01 mg/kg for stem. Higher concentrations

Fig. 2 Thallium concentrations 3 r
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were reported by Wei et al. (2020) in Brake fern growing on Tl polluted soils. They
reported Tl concentrations between 6.47-111 mg/kg.

The thallium value in leaves of grapevine was 0.35+0.01 mg/kg. Similar and higher
concentrations were reported by various researchers. Liu et al. (2020) reported T1 contents
varying from 0.33 to 20.33 mg/kg in edible parts of various vegetables from typical farm-
lands in a pyrite mine city. D'orazio et al. (2020) reported TI values varying from 0.001 to
2.83 mg/kg in edible parts of various vegetables.

In our study, thallium accumulates in the roots rather than the leaves and stems. Thal-
lium is transferred from roots to leaves. Thallium concentrations in grapevine were
stem < leaf < root. The thallium values are compared with reference value (T1=0.05) given
by Markert (1992). The values of thallium detected in GV are 59.6 times higher than refer-
ence plant. Also, it should not be forgotten that T1 values in plants from unpolluted areas
were reported as <0.1 mg/kg (Yu et al. 2018; Liu et al. 2019b).

3.2 Assessment of BCFsandTFs

BCF and TF are calculated to determine whether GV is a hyper-accumulator for thallium.
BCFs and TFs of thallium for GV are shown in Table 2. The BCF3 (160) value and BCF4
(BCF=1292) value calculated in our study are higher than 1. This situation shows thal-
lium bioaccumulation from the mine water to grapevines. The calculated values of BCFI
and BCF2 are< 1. This shows not efficient thallium bioaccumulation from mine soil to
grapevines. When TF1 is evaluated, TF1 was 0.15. TF2 was calculated as 0.12. Thallium
pass from root to the leaf and the stem did not impacted. TF3 is 1.20 which is the indica-
tion of efficient transfer from the stem to the leaf.

3.3 Non-carcinogenic health risk of thallium

The estimated daily exposure doses (ED) of thallium for humans in grapevines are shown
in Table 3.

The highest total ED in grapevines was determined as 1.10E—02 mg/kg.day for chil-
dren, min. TED was 4.00E—03 mg/kg.day for male. TEDs values in grapevines were
observed as children > female > male, respectively. ED for male, female, and children
in grapevines are determined as 4.00E-03, 5.00E-03 and 1.10E-02 mg/kg.day for
dietary, respectively. In terms of dietary, ED values were children > female > male. ED
values were 4.82E—06, 5.46E—06, and 4.87E—05 mg/kg.day for ingestion, respectively.

Table 2 Bioconcentration and Value

translocation values of thallium

for grapevine BCFs
BCF1 (root/sediment) 0.31
BCF2 (stem/sediment) 0.038
BCF3 (stem/water) 160
BCF4 (root/water) 1292

TFs

TF1 (leaf/root) 0.15
TF2 (stem/root) 0.12
TF3 (leaf/stem) 1.20

:@ Springer - ) .
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Table 3 Estimated daily

exposure doses of thallium due to Esposue Values
dietary and ingestion Tl
Male
Dietary 4.00E—03
Ingestion 1.82E—06
Total 4.00E—-03
Female
Dietary 5.00E-03
Ingestion 5.46E—-06
Total 5.01E-03
Children
Dietary LL10E-02
Ingestion ARTE—_05
Total 1.10E—-02

In terms of ingestion, ED values were children > female > male. EDs of thallium for the
human: ingestion < dietary.

The HQ values are shown in Fig. 3.

The high value of HQ was 1060 for children, while min. HQ was 419 for
male. For female, HQ was calculated as 475. Non-carcinogenic risk values were

Fig. 3 Non-carcinogenic risks (a) Dictary
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female, and children 1200
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800 |
o i
= 600

400 | \‘;\\

| .

Male Female Children

.

(b) Ingestion

n
T

_

.

== S
Male Female Children

) . . @ Springer
Content courtesy of Springer Nature, terms of use apply. Rights reserved.



11560 M. Topal et al.

male < female < children. In terms of dietary, values of HQ risk for male, children and
female in grapevines were > 10.0 for TL. This shows a chronic toxic effect via dietary intake
(Wei and Cen 2020). Similarly. Liu et al. (2020) reported alarming health risks which may
induce from the vegetables via the food chain. They reported high HQ value (HQ=31.6)
observed in Brassica campestris L. In our study. in terms of dietary, HQ values are > 1 for
children, male and female. The HQ > | is a demonstration of the potential negative effect
on health of human (Lian et al. 2019; Wei and Cen 2020).

When Fig. 3b is examined, the maximum HQ is 4.87 for children, while min. HQ is
0.4%8 for male. For female, HQ 1s calculated as 0.55. The HQs were male < temale < chil-
dren. The HQ values are > 1 for children. This shows that bad effect can be seen on chil-
dren. HQs were ingestion < dietary. Dietary intake is primary health risk for male, children,
and female.

HI risk value in grapevines is 1955 for dietary while 5.9 for ingestion. HI values of
thallium in grapevines were ingestion <dietary. The value of total hazard index (THI) was
1960.9. As a result, values of HI and THI are> 1 for thallium in grapevines. Therefore,
there are non-carcinogenic health risks of thallium in GV exposed to mine waters of aban-
doned mining region.

4 Conclusions

Grapevines are among the foods commonly consumed by humans. Hence, it is necessary
to identity toxic heavy metals in grapevines. Because thallium is a toxic heavy metal, it can
cause human health problems. In addition, thallium found in foods may cause poisoning on
humans. For this aim, thallium accumulation and health risks to humans are evaluated in
GVs exposed to the mine waters of abandoned mine region. Maximum thallium concentra-
tion in the grapevines was determined for roots, while minimum thallium concentration
was determined for the stem. The values of thallium in grapevine are root> leaf > stem.
The values of thallium in GV were 59.6 times higher than reference plant value given
by Markert (1992) for plant grown on unpolluted area. The BCF3 and BCF4 values cal-
culated in our study are higher than | showing thallium bioaccumulation from the mine
water to grapevines. TEDs values in grapevines were observed as children > female > male,
respectively. ED values of thallium for humans: ingestion <dietary. The HQ values were
children > female > male. The values of HQ for female, male, and children in grapevines
are> 10.0. This showed a chronic toxic effect via dietary intake. The non-carcinogenic risk
is ingestion <dietary. HI and THI values were greater than 1 for thallium in grapevines.
As a result, it was determined that thallium has non-carcinogenic health risks in the GV
exposed to mine waters of an abandoned mining region.

It should be born in mind that while high numbers of researches focus on toxic heavy
metals, data on potential health risks associated with the vegetables grown on areas pol-
luted by toxic heavy metals are scarce and knowledge gaps exist. Hence, this study aimed
to point out potential health risk from grapevine grown in an abandoned mine area. In addi-
tion, since human health is the biggest treasure in the world, the importance of determining
a situation that may pose a risk to health of human 1s quite clear for mankind.

Future studies should focus on the potential health risks from the other vegetables and
fruits growing in the polluted area.
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ICP/MS.
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Enunciado: Avalie as seguintes afirmacdes sobre o texto e selecione a alternativa CORRETA:

Gabarito:

a) A média encontrada de talio, um elemento raro, é de 0.49 mg/kg na crosta continental.
Justificativa: A alternativa é correta pois, conforme o texto, o talio € um elemento raro e sua
concentracdo média na crosta continental é de 0.49 mg/kg: “It is a rare element with a mean

continent of 0.49 mg/kg in the continental crust (Nriagu 1998; Liu et al. 2019a, b).”

Distratores:

b) O talio foi descoberto por Zhang e Rickaby em uma planta industrial de &cido sulfarico.
Justificativa: A alternativa é incorreta uma vez que o talio foi descoberto por Sir William
Crookes em 1861, ao queimar p6 de uma planta industrial de acido sulfarico, e ndo por Zhang
e Rickaby, como aponta o trecho da introducdo: “Thallium (Tl) was discovered by Sir William
Crookes in 1861 by burning the dust from a sulfuric acid industrial plant (Galvan-Arzate and
Santamaria 1998).”

¢) A contaminag&o por talio ocorre principalmente em areas distantes de mineracao.
Justificativa: A alternativa é incorreta porque a contaminag&o por talio ¢ comum perto de locais
de mineracgdo, contrariamente ao que a alternativa sugere. O trecho da introducdo fornece
suporte a essa consideragdo: “Thallium pollution is common near mining sites (Li et al.
2020a).”
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d) A poluicdo por talio é rara e restrita a poucos paises com baixo crescimento econdémico.
Justificativa: Os riscos de contaminacdo por talio tendem a aumentar especialmente em paises
com crescimento econémico, indicando que a poluicdo ndo é rara nem restrita a paises com
baixo crescimento, conforme aponta o seguinte trecho da introdugdo: “the risks of thallium
contamination are suggested to increase especially in countries with economic growth (Liu et
al. 2019b; Zhang and Rickaby 2020).”

QUESTAO 2:

Enunciado: Analise as proposicOes a seguir e selecione a alternativa CORRETA:

I. A érea de estudo selecionada para a pesquisa € uma mina abandonada na cidade de Elazig,
na Turquia, conhecida por conter minérios oxidados como goethita, smithsonita, hematita e
limonita.

I1. As amostras de videiras, solo e 4gua da mina foram coletadas de dez pontos diferentes em
maio de 2019 e preparadas para analise no laboratério, onde foram limpas, secas, pulverizadas
e analisadas por ICP/MS.

I11. O fator de bioconcentracdo (BCF) de télio das raizes para o solo foi maior que 1, indicando
uma eficiente bioacumulacédo do solo para as videiras.

IV. O fator de translocacdo (TF) de talio das raizes para as folhas foi de 0,15, enquanto o TF
das raizes para o caule foi de 0,12, mostrando uma transferéncia ineficiente do talio das raizes

para outras partes da planta.

Gabarito:
a) Apenas as proposicdes I, 1l e IV séo verdadeiras.

Justificativa:

\ProposigéoH Trecho do Texto H Sintese H Analise

“A research area was selected in an abandoned mine
site (Elazig city, Turkey). The galleries in mine used||A &area de estudo é uma
to take advantage of ore for many years. Oxidized ores||mina  abandonada em
are found in the region of abandoned mine and consist|Elazig, contendo Vvarios
of goethite, smithsonite, hematite, and limonite ore|minérios oxidados.

pieces (Kalender and Hanelgi 2001).”

Verdadeira
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\ProposigéoH

Trecho do Texto

Sintese

H Analise \

“Grapevines (GVs) and soil samples (SSs) and mine
water samples (MWSs) were collected from ten points
(n = 3 x 10) in May 2019 (n = 30). The GVs are
harvested by hand with an instrument. The GVs, MWs,
and SSs were brought to the laboratory. The soil was
passed through ultrasonic water bath to remove other
pollutants. GVs were cleaned with pure water. Leaves,
roots, and stems are dried at 25 °C and powdered. The
analysis procedure for GVs and SSs is briefly given:
sample is cold leached with HNO3. After cooling, a
modified Aqua Regia solution of equal parts
concentrated HCI, HNO3 and DI H20 is added to each
sample to leach in a heating block of hot water bath.
Sample is made up to volume with dilute HCI before
filtered. The sample can be analyzed (Topal et al.
2020). All samples are analyzed by ICP/MS (ICP/MS-
Perkin-Elmer ELAN 9000) to evaluate thallium (TI).”

Amostras foram coletadas
e preparadas para analise
no laboratério conforme
descrito.

Verdadeira

‘The calculated values of BCF1 and BCF2 are < 1.
This shows not efficient thallium bioaccumulation
from mine soil to grapevines.”

Os valores de BCF1l e
BCF2 foram menores que
1, indicando uma
bioacumulacéo ineficiente.

Falsa

‘When TF1 is evaluated, TF1 was 0.15. TF2 was
calculated as 0.12. Thallium pass from root to the leaf
and the stem did not impacted.’

O TF das raizes para as
folhas e caule foi baixo,
indicando transferéncia
ineficiente.

Verdadeira

Distratores:

b) Apenas as proposic¢des I, 111 e IV sdo verdadeiras.

c) Apenas as proposigdes Il e 1V sdo verdadeiras.

d) Apenas as proposicoes I e 111 sdo verdadeiras.

QUESTAO 3:

Enunciado: Avalie as seguintes afirmacGes sobre o texto e selecione a alternativa
INCORRETA:

Gabarito:

a) Os valores de talio nas folhas das videiras foram menores que nas raizes e caules, o que

indica que o talio ndo é eficientemente translocado das raizes para as folhas, permanecendo

predominantemente nas partes inferiores da planta.

Justificativa: A alternativa esta incorreta porque o texto menciona que o talio € translocado das

raizes para as folhas e caules, e ndo que permanece predominantemente nas partes inferiores da
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planta. Ainda, de acordo com o estudo, os valores de TF mostram uma translocacéao eficiente
de télio das raizes para as folhas, com TF3 (folha/caule) sendo 1,20, indicando uma
transferéncia eficiente do caule para a folha. Isso pode ser conferido nos trechos: “Thallium
accumulates in the roots rather than the leaves and stems. Thallium is transferred from roots

to leaves.”; “TF3 is 1.20 which is the indication of efficient transfer from the stem to the leaf.”.

Distratores:

b) O valor maximo de talio encontrado nas raizes das videiras foi de 2,34 £ 0,12 mg/kg,
enquanto o valor minimo encontrado nos caules foi de 0,29 + 0,01 mg/kg. Estes resultados
demonstram que as raizes tém uma capacidade de acumulacéao de talio significativamente maior
do que os caules.

Justificativa: Esta alternativa esta correta porque os dados fornecidos na secdo 3.1 indicam
claramente que o valor de talio nas raizes é significativamente maior que nos caules: “The
maximum concentration of thallium in grapevines was 2.34 + 0.12 mg/kg for root while

’

minimum thallium concentration 0.29 + 0.01 mg/kg for stem.’

c) Os fatores de bioconcentracdo (BCF) e translocacdo (TF) indicam a eficiéncia de
bioacumulacdo e movimentacdo do talio na videira. No estudo, os valores de BCF para a 4gua
da mina foram significativamente maiores que 1, indicando uma alta bioacumulacéo de talio
das aguas das minas para as videiras.

Justificativa: Esta alternativa esta correta pois os valores de BCF para a &gua da mina realmente
foram maiores que 1, indicando uma alta bioacumulacdo. “The BCF3 (160) value and BCF4
(BCF=1292) value calculated in our study are higher than 1. This situation shows thallium

bioaccumulation from the mine water to grapevines.”

d) A ingestédo de talio por meio do consumo de videiras representa um risco ndo-carcinogénico
significativo para a saude humana. Os valores estimados de dose diaria de exposicdo (TED)
indicaram que criangas estdo mais expostas ao risco, seguidas por mulheres e, por fim, homens.
Justificativa: Esta alternativa esta correta porque os valores de TED indicam que criancas tém
a maior exposicdo, seguidas por mulheres e homens, confirmando o risco n&o-carcinogénico
significativo. “The highest total ED in grapevines was determined as 1.10E—02 mg/kg.day for
children, min. TED was 4.00E—03 mg/kg.day for male. TEDs values in grapevines were
observed as children > female > male, respectively.”; “The high value of HQ was 1060 for
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children, while min. HQ was 419 for male. For female, HQ was calculated as 475. Non-

carcinogenic risk values were children > female > male.”

QUESTAO 4:

Enunciado: Avalie as proposicdes a seguir e assinale a alternativa que contém a sequéncia
CORRETA:

1. () A eficiéncia de translocacédo do télio das raizes para as folhas é alta, com os valores de TF
indicando uma transferéncia eficiente do caule para a folha.

2. () Os fatores de bioconcentracdo (BCF) sao mais altos nas folhas do que nas raizes, indicando
uma maior bioacumulagdo nas partes aéreas da planta.

3. () Os valores de HQ indicam que criangas estdo mais expostas ao risco ndo-carcinogénico
do que adultos e mulheres.

4. () A absorcdo de talio pelas videiras a partir da agua das minas € altamente eficiente, como

indicado pelos valores de BCF superiores a 1.

Gabarito:
a) X)V,F, V, V.

Justificativa:

1. (V) A eficiéncia de translocacdo do talio das raizes para as folhas € alta, com os valores de
TF indicando uma transferéncia eficiente do caule para a folha.

Esta afirmacdo € verdadeira. O texto menciona que os valores de TF (fator de translocagéo) séo
1.20, indicando uma eficiente transferéncia do caule para a folha: “TF3 is 1.20 which is the
indication of efficient transfer from the stem to the leaf.”

2. (F) Os fatores de bioconcentracdo (BCF) sdo mais altos nas folhas do que nas raizes,
indicando uma maior bioacumulagdo nas partes aéreas da planta.

Esta afirmacdo é falsa. Os fatores de bioconcentracdo sdo mais altos nas raizes do que nas
folhas, mostrando uma maior bioacumula¢do nas raizes: “The maximum concentration of
thallium in grapevines was 2.34 £+ 0.12 mg/kg for root while minimum thallium concentration
0.29 = 0.01 mg/kg for stem.”’; "The BCF3 (160) value and BCF4 (BCF=1292) value calculated
in our study are higher than 1. This situation shows thallium bioaccumulation from the mine

water to grapevines."
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3. (V) Os valores de HQ indicam que criangas estdo mais expostas ao risco nao-carcinogénico
do que adultos e mulheres.

Esta afirmacdo € verdadeira. Os valores de HQ sdo mais altos para criangas, seguidos por
mulheres e homens, indicando que as criancas tém maior risco: “The highest total ED in
grapevines was determined as 1.10E—02 mg/kg.day for children, min. TED was 4.00E—03
mg/kg.day for male. TEDs values in grapevines were observed as children > female > male,
respectively.”; “The high value of HQ was 1060 for children, while min. HQ was 419 for male.
For female, HQ was calculated as 475. Non-carcinogenic risk values were children > female
> male.”

4. (V) A absorcéo de télio pelas videiras a partir da 4gua das minas € altamente eficiente, como
indicado pelos valores de BCF superiores a 1.

Esta afirmacdo é verdadeira. Os valores de BCF superiores a 1 indicam uma alta eficiéncia na
absor¢ao de talio das aguas das minas para as videiras: “The BCF3 (160) value and BCF4
(BCF=1292) value calculated in our study are higher than 1. This situation shows thallium

’

bioaccumulation from the mine water to grapevines.’

Distratores:

()FFV,V
()V,F,V,F
()F,V,F, F

QUESTAO 5:

Enunciado: Descreva o procedimento de preparacao e analise das amostras de videiras (GVs),
agua de mina e solo descrito no estudo. Inclua os principais passos desde a coleta até a analise
final para avaliar a presenca de talio.

Resposta esperada: Espera-se que o candidato consiga demonstrar a capacidade de

compreensdo especifica a partir das informacdes contidas no artigo, em especial na secéo 2.2,
que trata especificamente da preparacdo e da analise da amostra. De acordo com a referida
secdo, as amostras de videiras, agua de mina e solo foram coletadas em maio de 2019 e levadas
ao laboratério. O solo foi limpo com banho ultrassénico para remover poluentes, enquanto as
videiras foram lavadas com agua pura. Folhas, raizes e caules das videiras foram secos a 25 °C
e moidos. As amostras foram tratadas com HNO3z e depois lixiviadas com uma solugéo

modificada de Aqua Regia em um banho-maria. Ap6s a filtragem, as amostras foram analisadas
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por ICP/MS para avaliar o talio (TI). Detalhes de QA/AC sdo fornecidos para garantir a precisao

da analise.

QUESTAO 6:

Enunciado: Sintetize as principais recomendac6es dos autores com vistas a mitigar 0s riscos
associados a bioacumulacao de talio nas videiras e a sade humana.

Resposta esperada: Espera-se que o candidato consiga demonstrar a capacidade de

compreensdo especifica e de geracdo de inferéncias a partir das informacgdes contidas no artigo,
em especial na conclusdo. Os autores recomendam a implementacdo de monitoramento
continuo da concentracédo de talio no solo e na dgua das areas agricolas. Sugere-se a utilizacédo
de préticas agricolas que minimizem a absorcdo de talio pelas plantas, como a escolha de
variedades de videiras menos suscetiveis a bioacumulacao. Além disso, a remocao e tratamento
de &guas contaminadas sdo essenciais, além da conscientizacdo da populacdo local sobre os
riscos e a necessidade de evitar o consumo de produtos contaminados para mitigar 0s riscos a
salde humana. Os seguintes trechos do artigo fornecem subsidios para as recomendages
apontadas: Monitoramento Continuo: “Future studies should focus on the potential health risks
from the other vegetables and fruits growing in the polluted area.”; Praticas Agricolas: “The
values of thallium in grapevine are root > leaf > stem. The values of thallium in GV were 59.6
times higher than reference plant value given by Markert (1992) for plant grown on unpolluted
area.”; Remoc¢do e Tratamento de Aguas Contaminadas: “Because thallium is a toxic heavy
metal, it can cause human health problems. In addition, thallium found in foods may cause
poisoning on humans.”; Conscientizagdo da Populagdo: "Hence, this study aimed to point out

potential health risk from grapevine grown in an abandoned mine area.”.
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