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ABSTRACT

Introduction: Plant metalloid contamination may represent an important pathway of Arsenic (As) intake by humans,
wild herbivores and livestock. Objective: This study aimed at estimating Arsenic (As) exposition risks to wild
plants naturally growing on the contaminated area of Zimapan, Hidalgo, Mexico. Materials and Methods: Arsenic
concentrations in the rhizosphere, aerial and root parts, and deposition on leaves of wild plants from two mine
tailings were analyzed. Results: The range of total and EDTA-extractable Arsenic (As) concentrations on the mine
tailings were from 4016 to17,178 mg kg and from 234 to 499 mg kg™, respectively. Eleven plant species were the
dominant vegetation. Some of these are important in the folk Mexican medicine. Retention of Arsenic (As) in aerial
part was between 49 to 7,521 mg kg'. The highest shoot As concentration, bioconcentration and translocation
factors were observed in Gnaphalium. (2,939 mg kg', 5.7, 10.3) and Aster gymnocephalus leaves (2,409 mg kg,
8.6 and 9.6, respectively). Juniperus sp and Ruta graveolens behaved As excluders, while Dalea bicolor accumulated
Arsenic (As) close to the maximum tolerate concentrations to animals. After a very drastic washing procedure,
leaves still had structural high Arsenic (As) concentration (49-2, 940 mg kg'). Conclusion: This study highlighted
that plants are important organism for retaining Arsenic (As) not only on leaves surface but also structurally.
Therefore, they strongly influence Arsenic (As) dispersion and risk from mine tailings. Phytoremediation using some
of these plants is suggested taking into account control measures to deplete Arsenic (As) transfer to livestock or
medicinal herb use.
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INTRODUCTION

Arsenic is a natural earth constituent and occurs in several
chemical forms due to natural and anthropogenic sources.'
Mining activity and the resultant huge amount of residues
are one of the main via by which Arsenic (As) and other

contaminants move in the environment.”? When untreated
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these residues may result in hazards to ecosystems due to
dispersion and pose a potential risk to human health and
animals’

Arsenic does not have any essential function to plants or
humans. This has a very long soil residence time: from
1000 to 3000 years.! From a list of 275 of hazardous sub-
stances, the Agency for Toxic Substances adn Disease
Registry considers to Arsenic (As) the most harmful sub-
stance to human health. Some of the health problems
due to high ingestion of Arsenic (As) are: dehydration,
weakness and lethargy.” It is involved in cardiovascular,
gastrointestinal, hepatic and renal disease® and is pro-
moter of bladder, lung and skin cancer.” Arsenic may
enter to human body through consumption of contami-
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As is dispersed from tailing heaps
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We ewvaluated the risk of As exposure of
medicinal plants around tailing heaps. As
was detected on plant tissues

While some plants (Juniperus sp., Ruta graveolens, Dalea bicolor) behave as excluder or stabilizer of As,
others (Aster gymnocephalus, Gnaphalium sp.) are As-hyperaccumulators. As-transfer to livestock or humans
by forage or medicinal herb use is a concern.

Graphical Abstract

nated food plants.’ Herbal medicines are currently col-
lected from wild fields by large sections of population and
used with poor care, since these plants are not regulated
Arsenic (As) medicines. Practices of indigenous herbal
medicine include the use raw herbs, so toxic contaminants
may come from environments where the medicine plants
are grown or collected.

Under arid and semiarid conditions, the dispersion of the
contaminants seems to respond in a greater degree to a
physical dispersion of contaminants from mine tailings than
their chemical mobility.® Ramirez-Andreotta ez al. (2013)
mentioned that wind erosion disperse coarse particles which
in minutes to hours settle out of the atmosphere with a
wide distribution of metalloid concentrations.” Hence, our
hypothesis is that under these untreated abandoned and
sky-open mine tailings at Zimapan, Hidalgo, Mexico there
is a hazard to animals and humans due to Arsenic (As) con-
tamination. Previous research in two mine tailings located
at Zimapan, Hidalgo, in Mexico showed that native plants
are an important phytoremediation alternative to decrease
dispersion of several potential toxic elements such Arsenic
(As) Cu, Pb, Ni, Cd and Zn.” Howevet, these authors did
not consider the risk of Arsenic (As) in these mine tailings.

The objectives of this research were: 1) to assess the envi-
ronmental risk of Arsenic (As) in wild plants naturally
established in two mine tailings, 2) to analyze Arsenic (As)
deposition in leaves of different wild plants, 3) to identify
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wild plants useful for Arsenic (As) phytoremediation of
two polluted mine tailings.

MATERIALS AND METHODS

Study Area

The study was developed in the municipality of Zima-
pan, Central Mexico in Hidalgo State. This is a semiarid
area with 700 mm of annual rain. Mine tailings are mostly
barren material mixed with the material rejected by min-
ing activities. Two barren and uncover mine tailings heaps
were selected for this study: San Francisco (SF) and Santa
Maria (SM). The residues from SF mine have been depos-
ited on nine tailing heaps since 1973 until the present
days. These tailings range from fresh to oxidized and are
located 10 km far from Zimapan town (20°49" 32.5” N
and 99°22” 20.1” W) where house ship is in contact with
these tailings, including around 30 families. In contrast,
SM is an un oxidized mine tailing (20°44" 8.89” N and
99°23" 56.07” W). It is located next of the Zimapan town
and the closer population settlement is within the 10 m
next to the tailing; which implies a high health risk con-
cern. The natural predominant vegetation was analyzed in
these two sites.

Rhizospheric mine tailing and plant sampling

Mine tailing samples were collected from the top 15 cm in
the rhizosphere (area of roots influence) of plants estab-
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lished in the two mine tailings. Fresh plant tissues (shoots
and roots) samples were collected for chemical analysis.
Plant and mine tailing samples were stored in clean plastic
bags until chemical analysis.

Physicochemical analysis

pH, Electrical Conductivity (EC), available P concentra-
tion, Organic Matter (OM) were analyzed in mine tail-
ing samples. pH was determined in a 1:2.5 mine tailing:
deionized water solution with a 420 A pH meter (Orion
Research, Beverly, MA). In the same solution but after 24
h equilibrium, the EC was analyzed using a Fisher Brand
09-325-360 conductivity meter. Available P concentration

was determined by the Olsen method." Organic mat-
ter was analyzed by Walkley and Black procedure.'" All
parameters were analyzed in triplicate.

Arsenic analysis in plants and rhizospheric mine
tailings

Prior to as analysis, mine tailing rhizospheric samples
were air-dried at room temperature and then passed
through a 2 mm stainless sieve. Total Arsenic (As) con-
centration in the mine tailings was analyzed in samples
digested with concentrated HNO, following USEPA
3050 method'® and using a flame atomic absorption spec-
trometer (FAAS-Perkin-Elmer Analist 700). In addition,

Table 1: Total and EDTA-extractable Arsenic (As) concentrations, bioavailability index (Bl), bioaccumulation (BAC)
and translocation factors (TF) of wild plants growing on two mine tailings in Zimapan, Hgo.

Site/plant pH EC P oM Total Arsenic EDTA- BI§ BAF TF
(d Sm') (mgkg") (%) (As) Arsenic (%)
(mg kg™) (As)
(mg kg™)
San Francisco
Pteridium sp. 64+04 28+01 23.7+22 0.82%0.07 4016 £ 979 244 +134 61 0.5 0.1
Juniperus sp. 5802 1801 14111 294+0.07 13413 + 645 344 £ 7.7 2.6 0.0 0.0
Cuphea lanceolata Aiton 65+02 18+01 194+11 8.1+0.07 5066 + 540 324+11.2 64 1.3 1.2
(Lythraceae)
Dichondra argentea 66+02 24+02 194+11 25+0.05 9488 + 647 318+9.6 34 1.4 0.5
Humb. & Bonpl. ex Willd
(Convolvulaceae)
Brickellia veronicifolia (Kunth) 6.4+02 19+0.1 20.0%22 25+0.1 5879 + 657 299+16.2 5.1 2.1 1.6
A. Gray (Asteraceae)
Ruta graveolens L. (Rutaceae) 6.8+0.1 1.8+0.1 225%0.0 3.5+0.2 6367 £ 623 275+146 43 0.0 0.0
Dalea bicolor Humb. & Bonpl. 6.7+0.1 1.7+02 15.0%£0.0 44+05 10309 + 592 234 +£9.7 23 0.4 0.2
ex Willd (Fabaceae)
Viguiera dentata (Cav.) 6.8+01 16+x02 156+1.1 6.7+0.5 5586 + 321 293+13.7 5.2 0.0 0.0
Sprenguel (Asteraceae)
Santa Maria
Aster gymnocephalus A. Gray 64+04 05+01 3.8+0.0 0.7+0.2 17178 £ 1007 422 +4.9 2.5 5.7 10.3
(Asteraceae)
Gnaphalium sp. 5802 0501 1900 0.1 +£0.06 17021 £ 1000 343 +44 2.0 8.6 9.6
Viguiera dentata (Cav.) 65+02 04+01 75%00 0.5+0.05 15952 + 344 4991166 3.1 1.0 0.6
Sprenguel (Asteraceae)
Dalea bicolor Humb. &Bonpl. 6.6+0.2 04+01 75%0.0 0.8+0.10 15623 £ 816 457 +£14.0 2.9 0.1 0.1
ex Willd (Fabaceae)
Crotalaria pumila Ortega 64+02 04+01 87%1.0 0.8 +£0.05 4760 + 834 257 +£8.9 5.4 1.5 22
(Fabaceae)
Brickelliaveronicaefolia 6.8+01 04+01 81%1.0 0.1+0.01 16660 + 709 497 +309 3.0 1.7 1.5
(HBC) Similar to A. Gray
(Asteraceae)
Threshold Arsenic (As) limits - - - - 22t - - - -
2601

§BI was calculated as ratio of EDTA-As/total-As*100 ; TNOM-147-SEMARNAT/SSA1-2004. Mexican regulation for soils for agricultural/residential/commercial use.* ; t{NOM-
147-SEMARNAT/SSA1-2004. Mexican regulation for soils for industrial use.*®; Mean + standard deviation, n=3.
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extractable Arsenic (As) was analyzed by using EDTA
Arsenic (As) extractant in an extraction ratio 1:4 mine
tailing: solution."

Aerial plant parts were washed separately according to the
next procedure to remove possible attached particles."
Washing up with tap water for 10 min to remove mechan-
ically soil particles was done. Then rinse with phosphate-
free detergent Extran 2% for 10 min, rinse with distilled
water for 10 min, wash with diluted HCI 10% for 15 min
and three rinses with deionized water for 15 min. Root
samples had the same washing protocol, but using twice
the time in the first rinse with tap water and diluted HCL

Air (Arsenic (As) dust) is an important via to disperse
Arsenic (As) and other contaminants. It is recognized that
plant surfaces act Arsenic (As) pollutant sinks; however,
this pathway has not been quantified. Therefore, Arsenic
(As) deposition in leaves was evaluated As follows: a set
of aerial samples did not follow a washing treatment.

All samples (shoots and roots) were dried at 40°C during
one week and then ground in a Stanley steel mill. About 500
mg of dry matter was acid-digested with 1 mL. H O, and 4
mL H,SO,: HCIO, (4:1 v/v). All extracts were analyzed for
Arsenic (As) contents by hydride generation. Standard soil
and plant reference materials were analyzed Arsenic (As)
a part of the quality assurance—quality control protocol
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(accuracies within 100 * 10%). Analysis in all cases was
followed in triplicate.

Bioaccumulation and translocation factors

Bioaccumulation (BAFs) and translocation factors (TFs)
were calculated. The first one defined Arsenic (As) the ratio
of shoot us extractable soil concentration® and the quotient
of concentration in the aetial part to the roots,'® respec-
tively. The BAF measures the efficiency of the plant in up
taking Arsenic (As) from the soil; while TF in transporting
Arsenic (As) from the root to the aerial part.

RESULTS AND DISCUSSION

Physicochemical analysis

pH in all rhizospheric samples was between 5.8 to 6.8
(Table 1). Apparently mineral oxidation does not deplete
pH in the sampling points. At SF mine, EC varied in the
range 1.6-2.8 dS m™. Variation in salt contents could be
affected by the salts (such Arsenic (As) ZnSO,) added to
the minerals during ore minerals extraction. While OM
content varied 0.82 to 8.1% and extracted P was very low
(14-23.7 mg kg'; Table 1). Plant colonization increased
OM incorporation to the soil and P availability. At SM
mine EC and P were lower than in SF mine samples. EC

h
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Figure 1: Concentration of arsenic in shoots and roots of wild plants growing on two mine tailings at Zimapan, Hgo
Bars represent mean (n=3) and standard deviatio
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Figure 2: Arsenic concentration in washed and non-washed leaves of plants growing in mine tailings at Zimapan, Hgo.

Bars represent mean (n=3) and standard deviation

was between 0.4 and 0.5 dS m™ and labile P was very poor
(1.9 to 8.7 mg kg'). Low concentration of P in SM mine
can be a restricted factor for plant growth.

Arsenic concentrations in the rhizosphere found on
mine tailings

Arsenic natural soil concentration is around 1-20 mg kg’

and in rocks it reaches up to 900 mg kg™'. The sites under
study had very high total Arsenic (As) tailing concentra-
tions and varied according to the sites and plant rhizo-
sphere. The total Arsenic (As) concentrations in the mine
tailings ranged from 4,016 to 13,413 mg kg’ DW for SF
mine and 4,760 to 17,178 mg kg DW for SM mine (Table
1). The rhizosphere from Pteridinm sp. and Aster gymnoceph-
alus had the lowest and the highest values, respectively. In
general, SM mine samples had higher Arsenic (As) total
concentrations than these from SF mine tailings. Mining
activity has been carried out in the area for long period;
lots of tailing have been dispersed and mixed with soil
through the history. Almost all rhizospheres of SM tail-
ing had Arsenic (As) concentrations higher than 15,000
mg kg, except this from Crotalaria pumilla. While, Juni-
perus sp. was the rhizosphere, from SF tailing, with the
highest concentration of Arsenic (As) (13,413 mg kg™).
Total Arsenic (As) concentrations were higher than those
reported by Santos-Jallath ez @/ (2012) at three tailings
impoundments from Queretaro, Mexico." These authors

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015

found between 1,183-14,600 mg Arsenic (As) kg'. Aff-
holder e al. (2013) observed Arsenic (As) concentrations
of 1,127 mg kg on a former smelter site’” and Made-
jon et al. (2002) reported a sludge-covered soil affected
by the Aznalcollar mine spill in Spain containing Arse-
nic (As) in concentration of 929 mg kg'.*’ Baroni ez a/.
(2004) reported total Arsenic (As) concentrations in the
range from 5.3 to 2,035 mg kg™ in two former Sb-mining
areas and on an old quarry once used for ochre extraction
at the South of Italy*' Juhasz ez al. (2007) reported total
Arsenic (As) concentration of 68 924 mg kg' on Austra-
lian soils impacted by mining/smelting activities.”

Extractable Arsenic (As) was very high in the rhizospheres
from plants growing on the two mine tailings (Table 1).
It was between the range from 230 to 499 mg kg' DW.
Rhizospheric samples from SF mine tailing presented
lower extractable Arsenic (As) (maximum 344 mg kg)
than those from SM tailing (257 to 499 mg kg). Avail-
able Arsenic (As) concentrations are not comparable with
these reported by Madejon ¢f a/. (2002) on a polluted soil
(2.05 mg kg"* In the present research extractable Arse-
nic (As) concentrations are more than a hundred times.

Bioavailability Index (BI) on SF mine tailings was between
2.3% to 6.4% and the rhizosphere of C. Janceolata had the
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highest BI. At SM, the range was between 2% and 5.4%
and rhizosphere of C. pumila had the highest one.

Arsenic plant concentrations

Arsenic concentrations in shoots and roots

Plants collected for this study are natural colonizers of
these sites and belong of the plant communities found
in this region. They are ruderal and weed plants. Arsenic
plant concentrations in the wild plants growing on the
two mine tailings are presented in Figure 1. There is no
relationship between Arsenic (As) concentration in roots
and shoots. In general roots showed higher Arsenic (As)
concentration than aerial parts, except for .A. gymnocepha-
tus and Gnapallinm sp. growing in SM site. Several authors
have reported higher Arsenic (As) concentrations in roots
than in leaves and shoots.”

Root Arsenic (As) concentration ranged from 202 to 875
mg kg' DW of plants established in SF tailing, while it
was from 233 to 815 mg kg when these were developed
on SM. Similar Arsenic (As) concentration of roots of
V. dentata were observed on the two tailings; however
roots from D. bicolor and Brickellia veronicifolia had differ-
ent Arsenic (As) concentrations and it depended on the
site where they were established.

In general, Arsenic (As) transfer rates from the soil to
aerial plant parts are low in most species.” In this study,
Arsenic (As) shoot concentrations ranged from 0 to
620 mg kg DW in plants from SF tailing and from 52
to 2,939 mg kg! in plants from SM. These Arsenic (As)
shoot concentrations ate higher than those reported by
several authors. Afftholder ef /. (2013) observed a con-
centration of Arsenic (As) in rosemary leaves of 0.35
mg kg'." Concentration of Arsenic (As) in aerial parts
of some plants was 0.79 mg kg'.** Baroni et al. (2004)
reported the highest concentration of Arsenic (As) in
roots and leaves of Mentha aguatic (540 and 216 mg kg™,
respectively).?’ However, some plants may have higher
Arsenic (As) shoot concentrations; such Arsenic (As)
Agrostiscanina or A. tennis which can accumulate 6,640 and
1,350 mg kg, respectively.

Machado Estrada ez a/. (20006) reported that 1. dentata can
grow on soils containing Arsenic (As) concentrations up
to 10,224 mg kg' from which 85% (8,690 mg kg') was
accumulated in leaves.”® Franco-Hernandez ¢ 4/ (2010)
reported that this plant was able to accumulate Arsenic
(As), Cu, Pb and Zn and observed maximum Arsenic (As)
shoot concentrations of 8,400 mg kg'.* In the present
research we found Arsenic (As) aerial concentrations of
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483 mg kg in this plant growing at SM tailing, but these
were undetectable concentrations when grown in SF
mine tailing. Baroni ¢z a/. (2004) also found different con-
centrations of Arsenic (As) in plants when grown on two
or more sampling sites.?! Affholder ez a/. (2013) studied
plant accumulation of several heavy metals on two sites
and it depended from the total metal concentrations on
the sites."” For example, Cynodon dactylon (Bermuda grass)
may tolerate 30,000 mg Arsenic (As) kg soil, stabilize
spill-affected soils and accumulate up to 3,000 mg kg'.”’
In contrast, Madejon ez al. (2002) reported in the same
plant that accumulated 75 mg Arsenic (As) kg DW in
their tissues when growing on a polluted soil containing
929 mg kg of Arsenic (As).”

The normal Arsenic (As) concentration in plants is
between 0.01 to 1 mg kg DWj; while phytotoxic leaves
concentrations ate between 3 to 10 mg kg DW* or 20
mg kg DW taking into account the proposal of Vamerali
et al. (2010).° Juniperus sp. and Ruta graveolens may be consid-
ered Arsenic (As) plant excluders; while Dalea bicolor accu-
mulated low Arsenic (As) concentrations, but still higher
than normal and phytotoxic levels.

Tolerant plants restrict Arsenic (As) uptake from soil
to plant and translocation from root to aerial parts.”’
In contrast, hyperaccumulator plants actively absorb
and translocate this contaminant. Aster gymnocephalus
and Gnaphalinm exceeded limits of accumulation (1000
mg kg') and according to Van der Ent ¢# a/. (2013) may
behave Arsenic (As) hyperaccumulator plants.”” However,
in order to corroborate the high Arsenic (As) shoot accu-
mulation of these plants, they should be grown under
greenhouse conditions on these mine tailings substrates,
avoiding Arsenic (As) uptake from the leaves and sto-
mata. These wild plants may be an important resource
because they are adapted to very drastic adverse edaphic
conditions; visually observed at the field some of them
have large biomass allocation in the aerial plant part, fast
growing of aerial biomass (during the rainfall season) and
high field frequency. However, in order to have a success-
ful and feasible phyto extraction alternative, it should be
considered not only sufficiently high concentrations of
Arsenic (As) in aerial parts, but also high biomass produc-
tion. The combination of biomass production and effi-
ciency of plants removing As from polluted substrates
and it should be evaluated by net As removal.?

Although higher extractable Arsenic (As) concentrations
were observed in SM rhizospheres, they were not related
with high root nor shoot As concentrations in the plant
species growing in this site. High concentration of Arsenic

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015
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(As) in the wild plants established in the mine tailings is an
important health issue because many of them are edible
plants for human or wild animals. The maximum level tol-
erated by cattle, sheep, chicken and swine is 50 mg kg'.*
Therefore, high Arsenic (As) concentrations in leaves
(accumulated or deposited) may represent an important
pathway of Arsenic (As) intake by wild herbivores and live-
stock. 1. dentata is one of the most important among the
plants used in the folk medicine. It is edible, melliferous
plant and used Arsenic (As) forage and for the treatment
of baby rash because of its antibacterial and antifungal
activities.” Cattle consume this plant since eatly stages of
development to the start of blossom time or just before it.
This plant contains 17% of crude protein.”

Similarly, it is known the hypoglycemic effect of Brickel-
lia veronicagfolia extracts used in traditional medicine for
diabetes treatment and this effect has been confirmed
in mice.* It is also useful for rheumatism and intestinal
infections.’ R. graveolensis one of the most versatile plants
in terms of their uses. For example: stomachache, vomit,
diarrhea, snakebite, wounds, cough, fever, headache,
inflammation, nervousness, emmanagogue, abortifacient,
anti-inflammatory, anti-spasmodic, anti-helminthic, flu,
toothache, body pain, ear pain, etc.”>*
As strong antimicrobial.”” Because of this, the use of
plants collected from polluted sites could be a pathway of

and more recently

entrance to human body.

In the case of D. argentea, in Mexico it is used in the tradi-
tional medicine As remedy for intestinal disorders because
of its antimicrobial activity and for inducing faster birth.***
C. lanceolatais a native Mexican plant used also in folk medi-
cine. Infusion of the aerial part is recommended Arsenic
(As) an anti-diarrheal agent" and it contains also phenolic
and flavonoids compounds with antioxidant properties.* D.
bicolor is a legume used to control fiber in human and ani-
mals. Itis a weed plant that animals commonly consume.” C.
pumila is a legume native species with potential for ecologi-
cal restoration within the Neovolcanic Belt of Mexico.*A.
gymnocephalus is another endemic plant with anti-inflam-
matory, antimicrobial, stomachache properties. In animals
is useful in helping to expulse placenta.’* Guaphallinm spp.
Contain sterpens, flavonoids, glycosides and polyacetylinic
compounds acting in tespiratory disorders.*

In Mexico and other countries, medicinal plants atre
collected from the wild field sources or natural envi-
ronments, rather than obtained from home gardens or
cultivated area since they are not man domesticated plants
and difficult to cultivate. These plants play an important
role not only in remedial practices for more than one

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015

illness, but also for magical-religious rituals. In most of
the cases, aerial part and leaves are the most common
plant part used.” Medicinal plants are commercialized
under the category of food supplements. Like in other
countries, there is insufficient regulation of the medici-
nal plant products. Future research with these medicinal
plants from these mine tailings is necessary, which take
into account phytochemical properties describing their
active metabolites composition and toxicological studies.
It is also necessary to determine bioaccesibility of ele-
ments contained in these plants, since Sinchez-Loépez ef
al. (2015) in a risk assessment study for Cu, Pb, Ni Cd and
Zn considered medium risk of exposition but for As it
remains unknown.’

Arsenic deposition in aerial plant parts established
in mine tailings

Air is an important via to Arsenic (As) and heavy metal
containing particles dispersion. Ramirez-Andreotta ¢f al.
(2013) reported that the most elevated As concentrations
were observed at 2.2 miles southeast and 1.1 mile away
from The Iron Mine and Humboldt Smelter Superfund
site in southern Arizona, UHA.? Therefore, leaves of
plants naturally growing on the two mine tailings may play
an important role for Arsenic (As) retention or deposition
(Figure 2), which could be used Arsenic (As) bio indicators.

The range of As retention in non-washed leaves was of
49 to 7,521 mg kg DW. Non-washed leaves of D. bicolor
retained the lowest As concentration of plants from
SF tailing (154 mg kg'), while D. argentea had the high-
est (1,470 mg kg"). D. bicolor and Gnaphalium sp. grown
at SM tailing had the lowest and the highest Arsenic
(As) concentrations retained in their leaves, respectively.
Unwashed leaves reached Arsenic (As) concentrations up
to 7,521 mg kg'! in Graphalium sp.

Although some authors have not found differences
when comparing Arsenic (As) concentrations in washed
and unwashed aerial plant parts, we observed significant
changes in some plants. Madejon ez a/. (2002) reported
no significantly difference in Arsenic (As) concentration
in unwashed or washed leaves of two grasses: C. dactylon
(0.78 vs 0.68 mg kg, respectively) ot sorghum plants (0.23
vs 0.20 mg kg).”’ In the present research, leaves from D.
argentea were the most relevant for As retention, because
non-washed leaves accumulated three times more As than
the washed leaves. Non-washed leaves of A. gymnocephalus
and Gunapbalium sp. retained two and two and a half folds
more Arsenic (As) in comparison to their washed leaves.
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A well washing procedure significantly decreased as
retained in leaves of some plants established in SF mine
tailing, such Arsenic (As) R. graveolens, V. dentata and Junipe-
rus sp. This showed that some of these plants do not accu-
mulate a detectable Arsenic (As) concentration, but it also
depends on plant superficial structures, site and environ-
mental conditions.” For example, leaves of 1/ dentata from
SF did not accumulate As, but these from SM accumulated
483 mg of Arsenic (As) kg (Figure 2). After a well washing
protocol some medicinal use may be allowed for R. graveo-
lens without toxicological As risk; however, for D. bicolor,
from the two sites, As shoot concentrations are close to the
maximum tolerate by animals (50 mg kg™). In the cases of
A. gymnocephalns and Gnaphalinm sp. after well shoot wash-
ing procedure, they still showed extremely high As shoot
concentrations (2409 and 2948 mg kg, respectively).

In a previous research, it was reported that A. gymnocepha-
Ius behaved As highly accumulator plant of Zn, Cd, Pb
and Cu, while Guaphalium sp. of Cu.” Therefore, besides
As, other heavy metals may be a constrain for the possible
use Arsenic (As) medicinal plants when established in the
two mine tailings under study. Similarly, concentrations
of Cd and Pb in leaves of V. dentata, R. graveolens and
D. bicolor are higher than the maximum tolerable dietary
intake by domestic animals (cattle, sheep, swine, chicken),
but in the range for Zn and Cu; except for sheep.*

Location of tailings and environmental conditions are rel-
evant factors to determine accumulation and leaves As
retention. Santa Maria mine tailing is 25 m tall and does
not have trees or vegetation around it. This is very near
to population and is strongly exposed to air events. In
contrast, SF mine is in the middle of a forest area and
less exposition is observed. Reduction of the dispersion
of these tailings is required. For instance, phytostabiliza-
tion through vegetal covering is an urgent necessity in SM
mine tailing because of the risk of dissemination of con-
taminants. Restoration or forestation with a dense vegeta-
tion cover is the most useful and widespread alternative
to physically stabilize uncover and open mine tailings
and to reduce metal pollution effects. We recommend
using autochthonous plant species for phytoremediation
of these tailing heaps because they are well adapted to
temperature and rainfall local conditions, there are natu-
ral pollinizers and dispersion agents, which could help to
increase the populations. Most of them have developed
tolerance to high concentrations of these elements. San-
chez-Lopez et al. (2015) showed that especially D. argentea
has long and very abundant trichomas; while Gnaphalinm
morte over presents spikes along each trichome.’ Leaves of
the three plant species also have abundant fungal myce-
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lium; which are efficient microbial structures to sorption
of metal (loids). All these plant and microbial structures
may be relevant to retain Arsenic (As); however more
studies should be followed in order to gain knowledge
and better understanding on retention of contaminants
from the air and avoid As dispersion.

Similar to castor bean naturally established in mine tail-
ings,** Cuphea lanceolata may be a worthy specie of
domestication for agronomic or bioenergy purposes.
Cuphea species have been targeted for cosmetic and per-
sonal care product manufacturing because of their seed
oils. These species have genotypes rich in caprylic, lau-
ric, mytistic acids or various proportions of these fatty
acids in their seed oil. They are a potential new oilseed
crop rich in medium-chain fatty acids that may serve As
a renewable, biodegradable source of oil for lubricants,
motor oil, and aircraft fuel.”* The idea of growing plants
in metalloid polluted sites should be addressed in future
research in order to use marginal lands to produce crops
with industrial interest.

Accumulation and translocation factors

Bioaccumulation factors were higher than 1 in three from
the eight plant species growing at SF mine site (Table 1);
where B. veronicifolia had the highest one (2.1). In SM mine
tailing, D. bicolor had a BAF less than 1; while in 1. dentata
it was 1 and four species had a BAF higher than 1, being
Gnaphalium  sp. with the highest BAF (8.6). All the TF
were lower in plants from SF than those from SM. 4.
gymmocephalus and Gnapalinm sp. had the highest TF of all
plants growing in the two metal mine tailings. Affholder
et al. (2013) reported BAF< 1 (0.0005); which is below
international regulation limits concerning ingestion of
medicinal herbs.” Baroni e a/ (2004) reported in 91% of
the plants studied BCF <1; while TF for 76% were <2.*'
In a study regarding 25 plants growing in metal polluted
sites, Vamerali ¢z a/. (2010) reported BAF in the range of
0.0-5.16 being the grass Poa annuna with the highest value
and TF in the range of 0.09-3.71 where the herb Physalis
minima had the highest TES

CONCLUSION

This study aimed the estimation of As exposition to dif-
ferent naturally established wild plants. Juniperus sp., R.
graveolens and D. bicolor are wild plants which appear to be
are feasible vegetal species for functioning Arsenic (As)
mine wastes stabilizers and reducing metalloid pollution
effects. These plants with low As translocations rates
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should be used As adequate planning revegetation pro-
gram. This is possible due to their different plant attri-
butes such As adaptation to the edaphic soil conditions
in these mine tailings, tolerance to high concentration of
Arsenic (As) and development of a strong root system.
They are also important to reduce erosion and air dispet-
sion, and decreasing the risk that As accumulating plants
have to wild animals or humans.

Therefore they can be excellent prospects for soil remedi-
ation trough phytostabilization. Phytoremediation actions
in order to control As pollution and risk should be imple-
mented using these plants. In contrast A. gymnocephalus
and Guaphalinm. may represent important hyperaccumula-
tor plant species in the mine tailings for phytoextraction;
high concentrations of As are deposited on their leaves,
and also structurally accumulate excessive concentrations.
Leaf-as deposition reduces the hazard to potential recep-
tors by intercepting high concentrations of As dispersed
by air. Their As hyperaccumulation should be confirmed
taking into account their biomass allocation in the aer-
ial plant part and growth speediness in order to recog-
nize their importance and feasibility as hyperacumulator
plants. The data support our hypothesis, there is some risk

Highlights of Paper

to transfer As to livestock or humans when consumed As

forage or used As medicinal herbs, respectively.

CONFLICTS OF INTEREST

The authors have no conflicts of interest.

ABBREVATION

As : Arsenic

SF : Saint Francisco

SM : Saint Maria

EDTA : Ethylenediaminetetraacetic acid

USEPA  : United States Environmental Protection Agency

ACKNOWLEDGMENTS

We thank Joana Andrade and Alejandro Ruiz Olivares for
helping with laboratory analyses. This research is part of
the project research CONACYT PDCPN2013-1-215241.

* Arsenic (As) exposition to wild plants,with folk Mexican medicine importance, established on mine tailings was studied.

* Juniperus sp., Rutagraveolens and Dalea bicolor are prospects for As-phytostabilization.

o Aster gymmnocephalus and Gnaphalinm sp. behaved as As-hyperaccumulator plants.

* There is As-transference risk to livestock or humans when some plants may be consumed or used as medicinal herbs.

Author Profile

. Dr. Ma. del Carmen A. Gonzalez-Chavez: Working as Titular Researcher and PhD of the
Edaphology Program at Colegio de Postgraduados in Mexico. Research topics:arbuscular mycorrhiza,
phyto and bioremediation; nanotechnology, biofuels and soil carbon sequestration related to microor-
ganisms.She has 70 research articles, 180 abstracts, 9 books. Acting as PI in two (2) ongoing projects on

phytoremediation and vanilla cultivation with symbiotic microorganisms.

oral presentation in 2013.

. M.Sc.Ariadna S. Sanchez Lopez: PhD scholar of Soil Science at Postgraduate College (Mexico)
and Environmental Biology at Hasselt University (Belgium). She has 2 papers in international journals, 5
abstracts in international conferences. She was awarded by International Phytotechnologies Society as best

. Dr. Rogelio Carrillo Gonzalez: is an Profesor at the Postgraduate Colegio in Mexico. His
research interest is about rehabilitation of polluted soils and implication on biotic systems; emerging
technologies on agricultural and environmental issues are also parte of his research topics. He is head of
the soil and environmental chemistry laboratory.

REFERENCES

1. Bowen HJM. Environmental chemistry of the elements. Academic Press,
London; 1979.

2. Melo EEC, Guilherme LRG, Nascimento CWA, Penha HGV. Availability
and accumulation of arsenic in oilseeds grown in contaminated soils.
Water Air Soil Poll. 2012; 223(1): 233-40.

3. Ramirez-Andreotta MD, Brusseau ML, Artiola JF, Maier RM. A greenhouse
and field-based study to determine the accumulation of arsenic in

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015

common homegrown vegetables grown in mining-affected soils. Sci Total
Environ. 2013; 443(1): 299-06.

4.  ATSDR (Agency for toxic substances and disease registry). Priority list of

hazardous substances.[Accessed 26 May 2013]. Available from: http://
www.atsdr.cdc.gov/spl/

5. GuptaS, Gupta V. Speciation and toxicity of arsenic: A human carcinogen.

Res J Recent Sci. 2013; 2(ISC-2012): 45-53.

205



20.

21.

22.

23.

24,

25.

26.

27.

28.

206

Gonzélez-Chavez, et.al.: Arsenic in wild plants

Vamerali T, Bandiera M, Mosca G. Field crops for phyto remediation of
metal contaminated land. A review. Environ Chem Lett. 2010; 8(1): 1-17.
WHO (World Health Organization). Guidelines for drinking-water quality.
4" edition.[Accessed 28 Jan, 2015]. Available from: http://www.who.int/
water_sanitation_health/dwg/guidelines/en/.

Razo |, Carrizales L, Castro J, Diaz-Barriga F, Monroy M. Arsenic and
heavy metal pollution of soil, water and sediments in a semi-arid climate
mining area in Mexico. Water Air Soil Poll. 2004; 152(1-4): 129-52.
Sanchez-Lépez AS, Gonzalez-Chavez MCA, Carrillo-Gonzalez R, et al.
Wild flora of mine tailings: perspectives for use in phytoremediation of
potentially toxic elements in a semi-arid region in Mexico. Int J Phytorem.
2015; 17(5): 476-84.

Olsen SR, Cole CV, Watanbe FS, Dean LA. Estimation of available
phosphorus in soils by extraction with sodium bicarbonate. Circular No.
939. US Department of Agriculture, Banderis; 1954. p. 19.

Nelson DW, Sommers LE. Total carbon, organic carbon and organic
matter. In: Page L, Editor. Methods of soil analysis. Part 2. Agronomy 9.
American Society of Agronomy, Madison; 1982. 539-79.

EPA (Environmental Protection Agency). Acid digestion of sediments,
sludge, and soils, method 3050. Washington, DC, USA; 1992.

Lee CK, Low KS. EDTA extractable arsenic in relation to available forms
in soil. Pertanika 1990; 13(2): 261-5.

Sanchez-Lépez AS, Carrillo-Gonzélez R, Gonzéalez-Chavez MCA,
Rosas-Saito GH, Vangronsveld J. Phytobarriers: plants avoid dispersion
of solid particles containing potentially toxic elements from mine tailings
in semiarid conditions. Environ Poll. 2015 (sent).

Chen B, Shan XQ, Qian J. Bioavailability index for quantitative evaluation
of plant availability of extractable soil trace elements. Plant Soil. 1996;
186(2): 275-83.

Yoon J, Cao X, Zhou Q, Ma LQ. Accumulation of Pb, Cu, and Zn in native
plants growing on a contaminated Florida site. Sci Total Environ. 2006;
368(2): 456-64.

Wenzel WW, Bradstetter A, Wutte H, Lombi E, Prohaska T, Stingeder G,
et al. Arsenic in field-collected soil solution and extracts of contaminated
soils and its implication to soil standards. J Plant Nutr Soil Sc. 2002;
156(2): 221-8.

Santos-Jallath J, Castro-Rodriguez A, Juez-Casilla J, Torres-Bustillos L.
Arsenic and heavy metals in native plants at tailings impoundments in
Queretaro, Mexico. Phys Chem Earth. 2012; 37(9): 10-7.

Affholder M-C, Prudent P, Masotti, V, Coulomb, B, Rabier, J, Nguyen-The,
B, Laffont, et al. Transfer of metals and metalloids from soil to shoots in
wild rosemary (Rosmarinus officinalis L.) growing on a former lead smelter
site: Human exposure risk. Sci Total Environ 2013; 454(5): 219-29.
Madején P, Murillo JM, Marafién T, Cabrera F, Lopez R. Bioaccumulation
of As, Cd, Cu, Fe and Pb in wild grasses affected by the Aznolcoéllar mine
spill (SW Spain). Sci Total Environ. 2002; 290(1): 105-20.

Baroni F, Boscagli A, Di Lella, LA, Protano G, Riccobono F. Arsenic in
soil and vegetation of contaminated areas in southern Tuscany (ltaly). J
Geochem Explor. 2004; 81(1): 1-14.

Juhasz AL, Smith E, Weber J, Rees M, Rofe A, Kuchel T, et al. Comparison
of in vivo and in vitro methodologies for the assessment of arsenic
bioavailability in contaminated soils. Chemosphere 2007; 69(6): 961-6.
Wang S, Zhao FJ, Meharg AA, Raab A, Feldmann J, McGrath SP.
Mechanisms of arsenic hyperaccumulation in Pterisvittata. Uptake
kinetics, interactions with phosphate and arsenic speciation. Plant
Physiol. 2002; 130(3): 1552-661.

Dominguez MT, Maranon T, Murillo JM, Schulin R, Robinson BH. Trace
element accumulation in woody plants of the Guadiamar valley, SW
Spain: a large-scale phyto management case study. Environ Poll. 2008;
152(1): 50-9.

Machado-Estrada BP, Calderon-Hernandez J, Carrizalez-Yafiez J,
Reyes-Aglero JA, et al. Identification of arsenic tolerant plants in the
mining district of Villa de la Paz, SLP. In: Natural arsenic in ground waters
of Latin America Congress, Mexico City; 2006.

Franco-Hernandez MO, Vasquez-Murrieta MS, Patifio-Siciliano A,
Dendooven L. Heavy metals concentration in plants growing on mine
tailings in Central Mexico. Bioresource Technol. 2010; 10(11): 3864-9.
Smith E, Naidu R, Alston AM. Arsenic in the soil environment: a review.
AdvAgron. 1998; 64(1): 149-95.

Chaney R. Toxic element accumulation in soils and crops: protecting
soil fertility and agricultural food-chains. In: Bar Yosef B, Barrow NJ,

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Golsshmid J, Editors.Inorganic contaminants in the vadose zone.
Springer, Berlin; 198. p. 140-58.

Fitz WJ, Wenzel WW. Arsenic transformations in soil-rhizosphere-plant
system: fundamentals and potential application to phytoremediation. J
Biotechnol. 2002; 99(3): 259-78.

Van der Ent A, Baker AJM, Reeves RD, Pollard AJ, Schat H.
Hyperaccumulators of metal and metalloid trace elements: Facts and
fictions Plant Soil. 2013; 362(1-2): 319-34.

Canales M, Hernandez T, Rodriguez-Monroy MA, Jiménez-Estada M,
Flores CM, Hernandez et al. Antimicrobial activity of the extracts and
essential oil of Viguiera dentata. Pharm Biol. 2008; 46(10-11): 719-23.
Carranza-Montafio MA, Sanchez-Velasquez LR, Pineda-Lépez MR,
Cuevas-Guzman R. Forage quality and potential of species from the
Sierra de Manantlan (México) tropical dry forest. Agrociencia 2003; 37(2):
203-10.

Pérez-Gutiérrez RM, Pérez-Gonzalez C, Zavala-Sanchez MA, Pérez-
Gutiérrez S. Hypoglycemic activity of Bouvardia terniflora, Brickellia
veronicaefolia, and Parmentiera edulis. Salud Publica Mexicana 1998;
40(4): 354-8.

Gonzalez Elizondo M, Lépez Enriquez IL, Gonzalez Elizondo MS, Tena
Flores JA. Plantas medicinales del estado de Durango y zonas aledafias.
Instituto Politécnico Nacional. México. 2004.

Alonso-Castro AJ, Maldonado-Miranda JJ, Zarate-Martinez A, Jacobo-
Salcedo MR, Fernandez-Galicia J, et al. Medicinal plants used in the
Huasteca Potosina, México. J Ethnopharmac. 2012; 143(1): 292-8.
Raghav SK, Gupta B, Agrawal C, Goswami K, Das HR. Antiinflammatory
effect of Ruta graveolens L. in murine macrophage cells. J Ethnopharmac.
2006; 104(1): 234-9.

Haddouchi F, Chaouche TM, Zaouali Y, Ksouri R, Attou A, Benmansour A.
Chemical composition and antimicrobial activity of the essential oils from
four Ruta species growing in Algeria. Food Chem. 2013; 141(1): 253-8.
Rzedowski GC, Rzedowski J. Flora fanerogamica del Valle de México. 2a
ed. Instituto de ¢, México. 2001.

Alanis AD, Calzada F, Cervantes JA, Torres J, Ceballos GM. Antibacterial
properties of some plants used in Mexican traditional medicine for the
treatment of gastrointestinal disorders. J Ethnopharmac. 2005; 100(1):
153-7.

Calzada F, Arista R, Pérez H. Effect of plants used in Mexico to
treat gastrointestinal disorders on charcoal-gum acacia-induced
hyperperistalsis in rats. J Ethnopharmac. 2010; 128(1s): 49-1.

Waizel BJ. Las plantas en la historia de la medicina. In: Las plantas
medicinales y las ciencias una vision multidisciplinaria. Instituto
Politécnico Nacional 2006; p. 587.

Cardenas-Sandoval BA, Lopez-Laredo AR, Martinez-Bonfil BP,
Bermudez-Torres K, Trejo-Tapia G. Advances in the phytochemistry
of Cupheaa equipetala, C. aequipetala var. hispida and C. lanceolata:
extraction and quantification of phenoliccompounds and antioxidant
activity. Rev Mex Ing Quim. 2012; 11(1): 401-13.

Gomez-Romero M, Lindig-Cisneros R. Emergencia de plantulas de
Lupinus elegans KUNTH y Crotalaria pumila ORT (Fabaceae) de semillas
sembradas adiferentes profundidades. Biologicas 2009; 11(1): 37-2.
Chaney R. Plant uptake of inorganic waste constituents. In: Parr JF,
Marsh PB, Kla JM, Editors. Land treatment of hazardous wastes. Noyes
Data Corp. Park Ridge NJ; 1983. 50-76.

Ruiz-Olivares A, Carrillo-Gonzéalez R, Gonzalez-Chavez MCA, Soto-
Hernandez RM. Potential of castor bean (Ricinus communis L.) for
phytoremediation on mine tailings and oil production. J Environ Manage.
2013; 114(1): 316-23.

Gonzalez-Chavez MCA, Ruiz Olivares A, Carrillo-Gonzalez R, Rios Leal
E. Crude oil and bioproducts of castor bean (Ricinus communis L.) plants
established naturally on metal mine tailings. Int J Environ Sc Technol.
2014; DOI 10.1007/s13762-014-0622-z.

Kim K-I, Geschb RW, Cermak SC, Phippend WB, Berti MT, Johnson
BL, et al. Cuphea growth, yield, and oil characteristics as influenced by
climate and soil environments across the upper Midwest USA. Ind Crop
Prod. 2011; 3(1): 99-107.

Tisserat B, O’kuru RH, Cermak SC, Evangelista RL, Doll KM. Potential
uses for Cuphea oil processing byproducts and processed oils. Ind Crop
Prod. 2012; 35(1): 111-20.

NOM. Norma Oficial Mexicana NOM 147-SEMARNAT/SSA1-2004. Diario
Oficial. 2004.

Phcog Commn, Vol 5, Issue 3, Jul-Sep, 2015



