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Abstract
Historical mining activities are a source of environmental pollution that affects the food chain and the health
of human beings. This study aimed to assess the accumulation of arsenic (As) and lead (Pb) in vegetables
grown in agricultural soils contaminated by historical mining in Zacatecas, Mexico. The concentration of As
and Pb in agricultural soil and edible parts of carrot (Daucus carota L.), garlic (Allium sativum L.), and pepper
(Capsicum annum L.) was analyzed by atomic absorption spectrometry. The Pb pollution index and soil-
vegetable bioconcentration factor were determined. The pH values of the farmland were moderately alkaline.
The concentration of As in agricultural soil exceeds the permissible limit of Mexican and international
standards representing public and environmental health risks. The Pb content in most soil samples they were
low, only two soil sample exceeds the permissible limit of Mexican and international standards. The As and
Pb content in edible parts of vegetables exceeded the national standards from various countries and values
established by Codex Alimentarius (FAO-WHO). The highest As concentration was found in C. annum (111
mg/kg− 1) and A. sativum (100 mg/kg− 1). The highest concentration of Pb was in pepper fruits. The pollution
index indicates that the soil sample is classi�ed as polluted, and its quality is not suitable for agricultural
use; thus, the vegetables cannot safely be consumed. Among vegetables, the higher BCF value was for As,
ranging from 2.33 to 0.64, and the average for all vegetable samples was 1.01. According to the �ndings, the
state and national agricultural and health authorities should not recommend cultivating vegetables in
agricultural soil located in this region. Likewise, preventive measures must be taken to avoid consuming
contaminated vegetables and certifying their safety grade.

Introduction
Soil contamination by potentially toxic elements (PTE) is one of the most important environmental problems
because of its effect on human health and ecosystems (Kabata-Pendias 2011). Mining activities are well
known for their damaging effects on the environment due to the deposition of large volumes of wastes on
the soil (Ashraf et al. 2011). One main concern regarding historical mining activities in controling mine
wastes is that these contain large quantities of metals (Coob 2000). Accordingly, due to rapid
industrialization and coal production, the geochemical composition of the soil is greatly changed at nearby
mining areas (Du et al. 2018).

In Mexico, millions of tons of tailings are abandoned and dispersed across the mining regions and their
potential to affecting the environment is still unknown (Ramos-Arroyo and Siebe-Grabach 2006). In particular,
the opencast coal mining method has been associated with the generation of millions of tons of sul�de-rich
tailings (Bhattacharya et al. 2006; Masto et al. 2011).

Additionally, waste and tailings of abandoned mines are deposited inappropriately, with a scarce layer of the
original land, without reforestation programs, lack of protective systems (Salas et al. 2017) and, without any
continuing management (Salari et al. 2012). These wastes usually are deposited on ground that occupies
large areas of surface (Conesa et al. 2007). The tailings generate spoils, e�uents, and dust with high
concentrations of metal and metalloids elements (Wiegleb and Felinks 2001). In this way, extractive mining
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activities degrade the environment affecting the health of the neighboring population and this problem is
even getting more serious all over the world, especially in developing countries (Bagdatlioglu et al. 2010).

On the other hand, the spread of �ne particles has caused damage to ecosystems, contamination of adjacent
agricultural soils, deterioration of the food chain, economic and social injury that poses severe health risks to
humans and grazing animals (Clemente et al. 2007; Martínez-Sánchez et al. 2012). The accumulation of PTE
in agriculture is an increasing concern nowadays (Jolly et al. 2013). As moves slowly in contaminated and
near-surface soils being redistributed by tilling, burrowing animals, or overland runoff (MDEP 1995; Barringer
et al. 2001). While Pb is generally immobile in soil; therefore, it accumulates in the top layer of soil (Berglund
et al. 2000) and can remain there for thousands of years (Kumar et al. 1995).

On the other hand, fresh vegetables and fruits are vital to our diet because they contain essential nutrients for
the human body and its health, such as carbohydrates, proteins, minerals, vitamins, and trace elements
(Itanna 2002; Zhong et al. 2018). Also, have multiple health bene�ts: are rich in �bers, antioxidant and
medicinal properties. For example, carrot (D. carota) has a massive accumulation of carotenoids in the root
(Klein and Rodriguez-Concepcion 2015); pepper (C. annuum) is considered the second most economic
important vegetable of the world after tomato and is used as spices in different countries (Aluko 2016). Also,
pepper is source of capsaicinoids, vitamins A (ascorbic acid), B and C (carotenoids), polyphenols,
phosphorus and calcium (Andrews 1995; Topuz and Ozdemir 2007) and garlic (A. sativum) contains more
than 70 organosulfur compounds (Randle and Lancaster 2002). Vegetables uptake heavy metals from soil
and air contaminated and accumulate them in different organs in high quantities enough to cause potential
health risks to the consumers (Wang et al. 2005; Yang et al. 2007; Sihgh et al. 2010).

In this way, ingestion of contaminated vegetables, suspended tailings and soil particles (geophagia) is son
common in populated areas near to mines (Ngole-Jeme and Fantke 2017). The continuous addition and
accumulation of PTE in the soil signi�cantly increases their transfer to the food chain (Hussain et al. 2019).
The food chain contamination is the main pathway of heavy metal exposure for humans (Khan et al. 2008).
The PTE produced by mining activities represent a potential threat to the environment and can harm human
health through various routes such as inhalation, dermal contact and oral ingestion (Komárek et al. 2008;
Rout et al. 2014). It should be a highlight, toxic elements such as As (�rst) and Pb (second) stand out among
the CDC rank substance priority list pose the most signi�cant potential threat to human health (ATSDR
2021). Long term health effects of exposure to As are skin and lung cancer, kidney disease, hypertension,
cardiomyopathy, neuropathy and affect the liver, bladder and lymphatic system (Vahidnia et al. 2007). While
the complications related to Pb toxicity are damage to the nervous system in children, such as intellectual
de�cits, neurological damage, cognitive dysfunction, neurobehavioral disorders, and encephalopathy. Also,
hypertension, renal impairment, abdominal colic, cancer, and anemia even at relatively low blood levels and,
in extreme cases, death (Lanphear et al. 2005; Patrick 2006; Flora et al. 2012).

So, it is essential to monitor food quality, given that plant uptake is one of the main pathways through which
PTE enters the food chain (Antonious and Kochhar 2009). Nowadays, increasing food demand and security
is of great concern throughout the world due to toxic metals contaminated foodstuffs and their associated
health risks (Rehman et al. 2017; Nawab et al. 2018). Thus, vegetables cultivated in soil pollution without
environmental restrictions and ine�cient mining activities may accumulate PTE above those expected.
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Therefore, information about toxic element concentrations in vegetables is essential to assessing the
potential risks to human health and ecological systems. The present study aimed to assess the
accumulation of As and Pb in vegetables grown in agricultural soils contaminated by old mining in
Zacatecas, Mexico.

Materials And Methods
Description of the study area 

 

The study was conducted in agricultural soils of four rural communities: El Bordo (22°54’34’’ N, 102°24’45’’
W), El Lampotal (22°54’43’’ N, 102°24’10’’ W), La Era (22°51’17’’ N, 102°25’03’’ W) and Santa Rita (22°54’42’’
N, 102°25’06’’ W) located in Guadalupe and Vetagrande municipalities in Zacatecas, Mexico; a contaminated
region since colonial and postcolonial times with high deposits of As and Pb (Fig. 1). Soils from the
cultivated areas are mainly classi�ed as haplic xerosols; while, eutric �uvisols are found along the streams
and lithosols in the mountains (FAO/UNESCO 1975). This region presents an arid tropical climate with an
average temperature of 16.6 oC, annual precipitation from 400 to 500 mm and, altitude ranges from 2,000 to
2,300 m above sea level (Medina et al. 2009). 

 

HERE GOES FIGURE 1 

 

Historic mining and origin of the soil pollution 

 

In Zacatecas, after discovering silver veins in 1548, its extraction was carried out in haciendas of bene�t
through the “amalgamation method” from 1570 to 1820 (Santos-Santos et al. 2006). Mine wastes were
placed on the shores of streams and for centuries dragged by the rains toward channels of the “arroyo de la
plata,” which leads to dam “El Pedernalillo” in community La Zacatecana. As well as wastes from other
mines dragged for centuries through the mountains and released directly towards the agricultural lands. In
this way, previous studies have reported that agrarian soils of this region have high concentrations of As, Au,
Pb, Cd y Hg, and Ag (Flores 2003; Ogura et al. 2003; Santos-Santos et al. 2006). Between 1920-1930, through
a variation of the Russell process (Stetefelt 1895), a company's processing activities began to recover Ag, Au,
and other metals from wastes disseminated by historical mining activities. Nowadays, agricultural soil and
subsoil layer of approximately 1.0-2.0m a few centimeters thickness contain millions of tons of alluvial
wastes continue to be processed by the company. In addition, in the region, abandoned tailing exist where the
company deposited the amalgamated sediments. Today, inside the company, one tailing is still in operation,
which generates dust emissions and dispersion of PTE and generally without any control, becoming a source
of contamination around agrosystems and nearby communities with a total population proximally 6,500.
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These lands are mainly used for agriculture, and there are no restrictions by agriculture and Mexican
environmental agencies. 

 

Soil and vegetable sampling 

 

To obtain a representative sample for each crop selected, surface soil and vegetable samples were collected
randomly. These vegetables are part of the food chain for the own consumption of the inhabitants, supply,
and commercialization to retail and wholesale country markets. At each sampling site, soil samples were
taken from the upper 0-25 cm of the pro�le representing the rhizosphere and arable layer, and 10 random
subsamples were collected in a restricted circle about 60 cm around the species a distance of about 20 m
each from the �rst sub-sample. A total of nine composed samples equivalent to �ve kg thoroughly mixed
collected to form a representative surface sample for analyses. The rhizosphere soil samples were isolated
from the roots and vegetative organs shaking them in a plastic bag. Soil samples brought to the laboratory
were mixed and left dried naturally in clean plastic trays for a week at ambient temperature (26˚C) followed
by an oven-dry until constant weight obtained. Then samples were stored in polyethylene bags, until used for
acid digestion. 

 

All vegetables at the stage of maturity and for fresh consumption were collected before harvest. Vegetable
composed samples (about �ve kg) were collected into polyethylene bags jointly where the soil samples were.
Individual crop samples include tissue collected from four locations within each sampling site to obtain
representative samples and as well as to obtain su�cient dried tissue (0.5 g) for analysis. Vegetable
samples were mixed and washed thoroughly with tap water twice; the dust and soil particles adhering to the
carrots were removed but not peeled. The remaining particles adhering to the plant surfaces were extracted
with distilled water, deionized water, and dried with tissue paper. The edible parts of all vegetable samples
were cut into small pieces, fresh tissue was weighed separately and recorded, and then were heated in an
oven at 70 oC for 48 h to a constant weight. Samples ground using a porcelain mortar and then a stainless-
steel mill, mixed and sieved with a 2-mm mesh, re-dried, weighed, and stored in plastic bags at ambient
temperature before digestion (McBride et al. 2015).

 

Physical-chemical parameters of agricultural soil 

 

The <2-mm fraction of composite samples of soil was used to determine the physicochemical properties.
Soil particle-size composition (sand, silt, and clay) was determined using the micropipette method (Miller and
Miller 1987). Soil pH was measured in a soil paste saturated with deionized water at a ratio of 1:2.5 using a
glass electrode (McLean 1982; McCauley et al. 2017). The electrical conductivity (EC) of the soil was
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measured using a conductivity meter on an extract of soil obtained by shaking it with deionized water at a
1:1 (w/v) soil: water ratio (Janzen 1993). Organic matter content (OMC) was determined by the Walkley and
Black method (1934). All parameters were evaluated by triplicate. 

 

Sample preparation and analysis 

 

Separately, representative samples for both soil and vegetable for digestion procedures were taken. All
digested samples were diluted to 50 ml with 0.5 % HNO3 and stored at 4 oC until As and Pb analysis
concentration. Then, weighed a sample of �ne powder (0.5 g) for digestion (Cao et al. 2014) using a
microwave oven 3000, Microwave Reactor System (MARS), digestion techniques following the standard
Method: SW 846: 3050AB (US. EPA 1996a). The total soil As and Pb concentrations were measured in
composite samples using atomic absorption spectrometer (AAS, model 800) Perkin Elmer, according to
previously described EPA Method: SW 846: 3050/6010B three replicates by crop were analyzed (US.
EPA 1996b). Procedures used to ensure precision and accuracy in the measurements of As and Pb included
the use of Standard Reference Materials (SRM) from the National Institute of Standards and Technology
(NIST) localized in the USA. Trace reagent analysis grade reagents were used. 

 

Pollution load index 

 

The suitability of soils for agricultural uses can be further assessed by using the pollution load index (PLI)
which assesses the environmental risk caused by the contaminated soils. The PLI expressed as the single
index method can be calculated as follows: 

where Pi is an environmental quality index for PTE i; Ci is the PTE content in a soil sample (mg kg-1); and Si is
the permitted standard of the same metal (mg kg-1). Where Pi >1, the soil sample is classi�ed as polluted,
while Pi  1 suggests unpolluted soil (Li et al. 2006). 

 

Soil-vegetable bioconcentration factor 
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The bioconcentration factor (BCF) is de�ned as the ratio of metal concentration in shoots to that in the soil.
The bioconcentration factor (BCF) was calculated as follows: 

Where Cvegetable is the total concentration of a particular PTE in the vegetable (mg kg−1 dw),
and Csoil represents PTE concentration in the soil habitat of the vegetable (mg kg−1) (Chang et al. 2014).

Results And Discussion
Physicochemical parameters of agricultural soil 

 

The results of the physicochemical analysis of the study area shown in Table 1. The values of the
agricultural soil samples from all the sites ranged in a narrow interval from 7.7 to 8.44, with an average
of 7.99. The electrical conductivity (EC) found ranged from 1.52 to 4.94 with a mean of 3.2 dS m−1, while
the organic matter content (OMC) oscillated from 2.06 to 3.34 and a mean of 2.8%. As observed in Table 1,
the soil samples collected from the northern sites displayed the highest EC value, and south sites had the
lower value. However, the OMC value in the soil samples was higher in both the northern and southern
sites, comparing to places from the center of the Communities of El Bordo and El Lampotal. Analysis of the
soil textural the relative percentages of sand, loam, and clay was in the range (37-65%) for sand, (22-38%) for
loam, and (13-39%) for clay. According to the USDA, the region samples showed a certain degree of
homogeneity with a predominance of clay sandy loam, sandy loam, and clay loam. In general, the pH of the
soil analyzed was close to 8.0 at all sites. In this regard, Merry et al. (1986) stated that increasing soil pH
decreased Pb concentrations in vegetable crops; since Pb is relatively immobile and As very slowly leaches
through soils (Hood 2006). In this context, Alam et al. (2003) suggest that the relatively neutral soil pH (7.6–
8.5) As will be immobile in the local soil pro�le. Therefore, the alkaline range of soil (>8.0) restricts the
mobilization of PTE, thus reducing their uptake and transference from soil to crops (Cheng 2007; Sharma et
al. 2007). The EC value indicates soil salinity. Horneck et al. (2011) reported that soil with EC values less than
1 mS cm−1 is suitable for crop production. Although, values of EC showed a normal range (1.52) to slightly
saline (4.94), and vegetables did not show symptoms by salinity. 

 

As concentration in agricultural soil 

 

The analysis of PTE concentration in agricultural soil is shown in Table 1. Toxic elements were detected in all
samples, and the concentrations were in the following order: Pb>As. In this study, all soil samples contained
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As with a concentration higher than several reference values established for agricultural soils; this indicates
that the soils analyzed are contaminated. The concentration of As in soil from all the sites ranging from
39.02 at 165.00 mg/kg−1, an average of 109.22 mg/kg−1 did exceed the critical level (>20 mg/kg−1), Mexican
standard, for agricultural soil and residential is far superior (NOM-147-SEMARNAT/SSAI-2004). Likewise, the
maximum limit (ML) for agricultural soil of 20.0 mg kg−1 as recommended by the European Community
(Rahman et al. 2007). In addition, levels exceeded different guidelines for agricultural, residential, and
commercial land uses U.S. EPA (1993). Also, the concentrations are higher and surpassed environmental
critical limit concentrations of the WHO permissible limit for As in agricultural soils is 0.5
mg/kg−1 (WHO 2004). Accordingly, total As represents a potential source of possible risk through
bioaccumulation and consumption of vegetables because the concentration of As in soil in the area is higher
than the reported global average of 10.0 mg kg−1 (Das et al. 2004). Norton et al. (2013) found SW �eld
survey soil in horticultural produce grown in the impacted mining region the average As concentration was
110.3 mg kg−1. 

 

In Mexico, previous studies found a range of As concentrations similar to those reported in this work. For
example, Santos–Santos et al. (2006) and Gonzalez et al. (2012) showed that As concentration all soil valley
of the agricultural region of Guadalupe, Zacatecas, average 109 mg/kg−1. However, Mendoza-Amezquita et
al. (2006) found that As concentration contaminated soils in the old mining region of Guanajuato, Mexico,
ranged from 21-36 ppm. Although, differ signi�cantly from the concentrations reported in other studies from
an old mining area in Zimapan, Hidalgo, Mexico, 2,550-14,600 ppm (Ortega-Larrocea et al. 2010).
Furthermore, in the present study, As concentrations were signi�cantly higher than those found in other
studies in agricultural soils around and near sites with mining activities (Baig and Kazi 2012; Rahama et
al. 2013; Alam et al. 2016; Bui et al. 2016). Consequently, these results corroborate other �ndings of waste
mining, which reported elevated levels of PTE in the farmland around of mining area (Zhuang et al. 2009a). 

 

Also, it is consistent with the previous fact that highlights that historic metal ore mining is considered one of
the most important sources of soil contamination (Dudka and Adriano 1997). Similarly, results con�rm
comparable As values than those of literature reported in vegetables (Cao et al. 2009; Liu et al. 2010; Chang
et al. 2014; Tasrina et al. 2015). However, this study’s As levels observed in horticultural crops soils were
lower than those found in contaminated agricultural soils (Filippi et al. 2004; Chakraborti et al. 2013). 

 

HERE GOES TABLE 1 

 

Pb concentration in agricultural soil 
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Likewise, Pb concentrations of agricultural soils in this study were low in most of the soil samples from four
Communities, except at El Bordo and La Era (Table 1). These levels show that contamination by Pb was not
very extensive. However, the maximum and minimum Pb concentrations were 1206 and 25 mg/kg−1,
respectively, and the mean concentration was 355.4 mg/kg−1. Besides, not exceed the acceptable level for Pb
in the agricultural soil of Mexico (400 mg/kg−1) (NOM-147-SEMARNAT/SSAI-2004). Nevertheless, this value
is comparable to the ML Pb concentration in soils for agricultural purposes, 375 mg/kg−1 (OECD 1993).
However, it exceeds standard value ÖNORM L 1075 (Austrian standard L 1075) 100 mg/kg−1 de�ned as the
limit for agricultural and grassland soils (ÖNORM 1990). Also, exceed 200 considered ecological risks but is
below 700 that represent health risks (Ministry of Environment of Finland 2007; Tóth et al. 2016). Likewise,
Kabata-Pendias (2011) reported that the range and the mean world content of Pb in soil are 3–90 and 27 mg
kg−1, respectively. Also, that to name a contaminated soil Pb this must exceed 100 mg/kg−1. 

 

In this regard, the concentration of Pb was two times higher than the permitted standards in El Bordo (1201.4
mg/kg−1), and La Era (1205.8 mg/kg−1) samples exceeded the maximum limits of 400 mg/kg (WHO 1993).
Besides, no evidence of phytotoxicity was observed from the levels of Pb in the sites studied. Therefore, the
soil is unsuitable for agricultural use. In Mexico, previous studies different of Pb concentrations were
reported in diverse crops soils of Valle of the Mezquital, Mexico (22.86 mg/kg−1) (Prieto-Garcia et al. 2007);
in agricultural soils near mining regions of Guadalupe, Zacatecas, Mexico (100 and 400 mg/kg−1),
respectively (Santos–Santos et al. 2006; Gonzalez et al. 2012); Yaqui and Mayo agricultural valleys, Sonora,
Mexico (10-56 mg/kg−1) (Meza-Montenegro et al. 2012) and rural community in Fresnillo, Zacatecas, Mexico
(4940 mg/kg−1) (Salas and Vega 2016). On the other hand, in this study, Pb concentrations were signi�cantly
higher than those reported in contaminated soils (Sharma et al. 2007; Saint-Laurent et al. 2010; Gałuszka et
al. 2015; Kumar and Maiti 2015). Thereby, results corroborate other studies on mining activities, which also
reported that elevated Pb levels in soil were ubiquitous in the vicinities of mines (Zhuang et al. 2009b; Luo et
al. 2011). Likewise, the levels of Pb in vegetables reported in this study were comparable to those found
by Codling et al. (2015), Eissa and Negim (2018); Ćwieląg-Drabek et al. (2020). However, in this study, Pb
concentrations were signi�cantly lower than those found in agricultural soil near mining areas (Koleli and
Halisdemir 2005; Gisbert et al. 2006; Girisha and Ragavendra 2009; Chu et al. 2019). 

 

In this way, concentrations of As and Pb in the agricultural soil showed heterogeneity and irregular
distribution, indicating contamination, not uniform, and a strong in�uence by historical mining in the selected
sites. These �ndings could have caused variability from layers of soil enriched with metals of different
concentrations accumulated in the sediments originated by the historical mining that formed the topography
of the agricultural valley. Because due to redistribution of the PTE in farmland during centuries by wind and
water erosion processes. Resulting in a variable zone of enrichment and contamination of As in most
farmland soils and lower risk of Pb in sites studied. Therefore, these results agree with those reported by Ha
et al. (2011), where high PTE concentrations soil has been continuous dispersal downstream from the
tailings mining. Renshaw et al. (2006) showed that erosion of contaminated soil is signi�cant in the
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dispersion of As and metals within drainage basins. According to Nedelescu et al. (2017), a detailed analysis
of the distribution of metals in a site requires a higher number of locations and samples to understand the
possible patterns of this signi�cant heterogeneity. 

 

The PTE in soils are derived from lithogenic source and various anthropogenic sources. Many different
anthropogenic sources of heavy metals contamination affect both agricultural and urban
soils (Alloway 2013). For example, geological and geochemical studies have revealed that As is released
from both natural and anthropogenic activities (Bundschuh et al. 2011). The natural dispersion of As in the
environment is governed by a combination of region and site-speci�c biogeochemical and hydrological
factors (Smedley and Kinniburgh 2002). Likewise, PTE in the soils may be associated with their natural
concentration, which tends to be elevated in mining areas (De Gregori et al. 2003). The mining of gold and
base metals, frequently associated with sul�de mineralization, has induced or exacerbated localized As
contamination (Williams 2001; Garelick et al. 2009). On the other hand, various sources of toxic elements
input may also contribute to increasing PTE in agricultural soils (Gupta et al. 2012; Amin et
al. 2013); including mineral fertilizers (Nziguheba and Smolders 2008). The PTE concentrations con�rming
that the rock phosphates are the primary source of these elements in mineral fertilizers (Nziguheba and
Smolders 2008; Kratz et al. 2011). In this regard, Molina et al. (2009) found that the long-term use of these P-
fertilizers in some agricultural systems may increase the concentration of PTEs in soil. 

 

In Mexico is little published information on the presence of PTE in fertilizers and its impact on agriculture.
Also, in the region, there are no studies on the use of fertilizers. However, approximately 30-35% of vegetable
producers apply P-bearing fertilizers, N-bearing fertilizers, S-bearing fertilizers and micronutrients. Possibly,
although the use of fertilizers is not very widespread in the study region, long-term use of mineral fertilizers to
high doses may affect soil and groundwater geochemistry as they are potentially enriched whit PTE and
can be contributing to the increased levels of As and other PTE in agricultural soils (Kratz et al. 2016;
Papazotos et al. 2019). 

 

As and Pb concentration in vegetables 

 

In 1993, the World Health Organization reduced its recommended criteria for drinking water from 50 to 10 mg
of As/L (WHO 1984; 2006). Nevertheless, the WHO evaluates its quality and provides international norms for
water quality used as the basis for regulation and standard settings targeted to protect human health. These
guidelines are adopted by many countries as national guidelines, even if they are not necessarily enforceable
by law (UNEP 2008). Also, the regulations related to As levels in food are complex, which varies in each
country and over time (Henke 2009). Likewise, this is re�ected in the values established by the Codex
Alimentarius for various products (FAO-WHO 2019). Although WHO and Codex Alimentarius are not
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regulators the power to set standards and enforce them, its recommended criteria regarding As are included
in the regulations of various countries (WHO 2006), among them Mexico. 

 

HERE GOES FIGURE 2 

 

The average concentration of total As and Pb (mg kg−1 dw) in the selected vegetables is listed in Table 2.
According to their edible parts, vegetables were classi�ed into root vegetables (carrot and garlic) and fruit
vegetables (pepper). The results show variable levels of As and Pb in each vegetable. Also showed
accumulation factor and agricultural soil degree of contamination. As concentration between root vegetable
and fruit vegetable they were similar, fruit vegetable average was higher (95.66 mg kg−1 dw) and root
vegetable (92.33 mg kg−1 dw). Whereas Pb concentration between root vegetable and fruit vegetable varied,
fruit vegetable average was higher (9.6 mg kg−1). Although in two samples were not detected. While Pb
concentration in roots vegetable was 4.8 mg kg−1 but in one sample was not detected. Between A. sativum
and C. annuum, �nd highest As concentration in C. annuum was 111 mg kg−1 site nine, and Pb concentration
was the highest D. carota 9.9 mg kg−1 site �ve. 

 

In this context, all edible parts of species vegetables analyzed in this work showed concentrations of As far
exceeded maximum permissible level (MPL) of Latin American countries. For example, the maximum level
allowed by Chilean legislation for cereals, legumes, and leguminous plants (1 µg g−1 of ww) and the food
group “other solid products” (Muñoz et al. 2002). The limit established by Argentine Food Code (1 mg/kg)
(CAA 2020). The MPL for inorganic contaminants in food proposed by the Brazilian Ministry of Health (limit:
1 mg kg−1) (MS 2013). Likewise, the limit of 1.0 mg kg−1 (ww) for the classi�cation of the concentrations for
edible plants in Mexico (Osuna-Martínez et al. 2021). Also, results on the analyzed concentrations of As in
vegetable were signi�cantly higher than the maximum level set in EU legislation, as well as by Codex
Alimentarius-FAO/WHO standards for cereals and vegetables (FAO/WHO 2011). Likewise, these results far
exceeded the MPL of Europe permissible limit for As in fodder crops is generally between 2 and 4 mg of As
per kg (moisture content 12%) (Gulz et al. 2005); for food plants, the statutory limit for total As in edible fruits
and vegetables is set up at 1 mg As kg−1 fresh weight exists, e.g., in Spain (BOE 1978; Lario et al. 2002)
and other European countries (Feldmann et al. 2000). Australian and New Zealand Food Standards Code
(FSANZ 2019) includes to MPL level in cereal grains and milled cereal products of 1.0 mg kg−1 total As. The
China food safety quality standard for a maximum of contaminants in foods (GB 2762-2012), exceed the
Chinese standards for total As 0.5 mg kg−1 (f.w.) in vegetables (MHPRC 2013). The Centre for Food Safety
(2018) of the Hong Kong Government has established an MPL of 1.4 mg kg−1 (ww) total As in all foods.
Based on these results, the As levels detected in vegetables in this study were signi�cantly higher than those
found in vegetables grown in areas highly contaminated with As in India, Northern Vietnam, China and
Bangladesh (Bhattacharya et al. 2010; Rahman et al. 2013; Bui et al. 2016; Li et al. 2017). 
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On the other hand, all edible vegetal parts analyzed in this work showed Pb levels with ranges from 2.06 –
 9.82 mg/kg−1; these dates were higher than those recommended (standard level of 0.1 mg/kg in root and
tuber vegetables) by European Union (2006); the Food and Agricultural Organization (FAO)/World Health
Organization (WHO) CODEX (2011); the Chinese Ministry of Health (CMH 2005); Chilean standards for food
as 0.5 µg/g (Gonzalez 1998) and the maximum limit established (0.1 mg/kg) by MERCOSUR (2014). In
Mexico, although there is an o�cial standard NOM-117-SSa1-1994, it does not mention the permissible limit
take as reference to the standards established by the Codex Alimentarius and the European Union. Other
countries with serious Pb contamination problems and with levels lower than those reported in this study are
Bangladesh (Alam et al. 2003; Islam et al. 2016), China (Zhuang et al. (2009b), Egypt (Eissa and
Negim 2018), and Romania (Lăcătuşu and Lăcătuşu 2008; Roba et al. 2016; Harmanescu et al. 2011).
Concerning the absorption capacity, Kabata-Pendias (2011) highlighted that forms of the anthropogenic
trace metals, availability to plants are higher than those of natural origin. In this work, differences observed
in As and Pb concentrations could be due to the variable uptake capacity of the crops and the accumulation
of toxic elements (Pandey and Pandey 2009). 

 

As accumulation in vegetables 

 

The As concentration in vegetable species is shown in Table 2. In general terms, As concentration in
vegetables recorded similar concentration from the nine sampled sites belonging the communities El Bordo,
El Lampotal, La Era, and Santa Rita (89 ± 9.7, 91 ± 8.7, 90 ± 9.1, 105 ± 12.5 mg kg−1 dw, respectively). The As
concentration average of vegetables was 93.44 mg/kg−1 value, which was higher than the maximum limit
established by international standards (1.0 mg/kg−1), permitted in many countries, including Mexico (Osuna-
Martínez et al. 2021). The highest As concentrations were found in C. annum and A. sativum (111 ± 11.97
and 100 ± 13.04, respectively, site nine from Community La Era). The communities of Santa Rita, El Bordo,
and Lampotal registered similar concentrations, with an average of 90 ± 9.09 mg kg−1 dw, in all sites. 

 

The As concentration soil samples average of 109.22 mg/kg−1, which did exceed the critical level (22 
mg/kg−1) Mexican Standard for agricultural soil (NOM-147-SEMARNAT/SSAI-2004) and permissible limit for
As in agricultural soil 0.5 mg/kg according to WHO (2004). These results indicated that vegetables
accumulate As. Therefore, this implied that the vegetables that are grown in these soils absorb more As. 

 

HERE GOES TABLE 2 
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Plant As concentration tends to increase with increasing soil As and then stabilize at some maximal value at
higher concentrations in soil (Tasrina et al. 2015). Thereby, McBride et al. (2015) indicated that vegetable As
concentration increase with increasing soil total As. The As uptake by vegetables is related to its
concentration in the respective soil (Ramirez-Andreotta et al. 2013; Khan et al. 2018). Elevated concentrations
of As, were higher than the FAO/WHO permissible limits, shower this element toxic might represent risk by
consumption these vegetable species. 

 

A. sativum: In the present study, the As concentration observed in garlic bulbs was 87 mg/kg, and all
vegetables were the lowest concentration. These results showed that all vegetable samples exceeded the
maximum concentration of As recommended by EU (2006) and WHO/FAO (2011). Additionally, these results
revealed that As concentration was higher than those found in previous studies on As in garlic bulbs. For
example, Muñoz et al. (2002) in Northern Chile (0.238 µg g); Bhattacharya et al. (2010) in West Bengal, India
(0.126 mg/kg−1); Alam et al. (2016) in India (0.25 mg/kg−1) and Rehman et al. (2016) in Pakistan (0.04
mg/kg−1) and Aguilar et al. (2018) central Chile under the limit of detection. D. carota: In study, average
concentration As observed in carrots was 93.4 mg/kg−1. These results showed that it exceeded the
maximum As concentration recommended by EU (2006) and CODEX (2011). Thereby, As concentration
was higher than those found in previous studies on As in carrots. For example, Muñoz et al (2002) in
Northern Chile (0.132 ± 0.001 µg g); Garcia-Rico et al. (2012) in Mexico (0.041 mg kg−1); Rahaman et al.
(2013) in West Bengal, India (0.235 ± 0.004 mg/kg−1); Tasrina et al. (2015) in Bangladesh (<0.1 mg/kg−1)
and Zhou et al. (2016) in China (0.188 ± 0.030 mg/kg). C. annuum: According to the results obtained average
As concentration observed in pepper fruits was 95.6 mg/kg−1. This result showed that exceed the maximum
concentration of As recommended by the EU (2006) and CODEX (2011). This value indicates a
comparatively higher value than other studies on As in fruits pepper reported by Castro-Larragoitia et
al. (1997) in San Luis Potosí, Mexico (3.0 mg/kg); Roychowdhury et al. (2003) in West Bengal, India (68.24
µg/kg); Prieto-García et al. (2005) in Zimapán mining areas, Mexico (6.26 mg/kg−1); Ramirez-Andreotta et al.
(2013) in Arizona, USA Solanaceae (bell pepper, green chili, jalapeno, and tomato) range from 0.00132–
0.0100 mg kg−1. Similarly, in this work, As concentrations between root vegetables and fruit vegetables were
comparable. However, this result differs from those reported by Cao and Ma (2004) suggested that direct soil
contact by root vegetables leads to higher concentrations than leafy vegetables, which must translocate As
from roots to shoots. Therefore, As concentrations in garlic and carrot roots tissues and pepper fruits were
positively proportional to As levels in soil. 

 

Pb accumulation in vegetables 

 

A. sativum: The found mean concentration for Pb in garlic was 3.0 mg/kg−1. The MPL Pb in bulb vegetables
is 0.1 mg/kg (FAO/WHO 2014). Therefore, this value was higher than those found in previous studies (Song
et al. 2009). Also, con�rm comparable Pb values than those of literature reported in garlic (Guerra et al. 2012;
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Rehman et al. 2016; Roba et al. 2016). However, the results of this study were lower than those founded by
Türkdogan et al. (2003), Maleki and Zarasvand (2008) and Senila (2014). D. carota: The mean concentration
found of Pb to carrot was 5.0 mg/kg−1. The permissible limit of Pb in carrots is 0.1 mg/kg (EU 2006;
FAO/WHO 2014). Therefore, this value exceeded MPL in carrots (Knapp et al. 2013; Islam et al. 2016;
Rehman et al. 2016; Shaheen et al. 2016; Zhou et al. 2016). Also, they were comparable with the found by
Banerjee et al. (2010) and Pančevski et al. (2014). However, concentration was lower than the studied by
Senila (2014). C. annuum: The found mean concentration for Pb in pepper fruits was 9.6 mg/kg−1. These
�ndings indicate that Pb levels were higher than those reported in other research Antonious and Kochhar
(2009), Guerra et al. (2012), Islam and Hoque (2014), Mirecki et al. (2015), Islam et al. (2016), and Antoine et
al. (2017). However, concentration was comparable with Ahmad and Goni (2010). 

 

Regarding pH value, it was close to 8.0. These results corroborate Merry et al. (1986), who report that
increasing soil pH decreased Pb concentrations in the plants, an effect that was more remarkable in highly
contaminated soils. In this way, Singh et al. (2010) a�rmed that Pb concentration varied among vegetables
re�ect the difference in their uptake capabilities and their further translocation to the edible portion of the
plants. Thus, the content of Pb in various plant organs can vary with plant species (Sharma and
Dubey 2005). Therefore, our results agree with Alexander et al. (2006) and McBride (2013) who highlight the
general observation on the barrier to the translocation of Pb from the stem to the fruits in highly
contaminated soil. In particular, C. annum samples where Pb concentration no was detected. Also, our results
agree with Cai et al. (2020), who found C. annuum has Pb tolerance ability indicating that it can effectively
absorb Pb in soil. 

 

In general terms, according to Manzoor et al. (2018) presence of PTE in vegetables might be due to the
higher uptake from soil. The uptake of As and Pb in plants is regulated by chemical speciation,
biogeochemical characteristics, other physic-chemical parameters of the soil, microbial activity by
mycorrhization in soils and plant factors (Davies 1995; Feleafel and Mirdad 2013; Abbas et
al. 2018). Thereby, apart from PET content in the soil, the physic-chemical properties of soil also affect the
degree of contamination of vegetable crops (Singh and Kumar 2006). The spatial difference in the
contamination Pb of As and Pb in plants was possibly due to different levels of contamination and the
previously mentioned in the literature (parameters of soil, biogeochemical, microbial, and plant factors).
Therefore, the plants absorbed As and Pb from the contaminated soil and possibly, those deposited in plants
exposed to dust from the polluted environment (Kachenko and Singh 2006; Singh and Kumar 2006). 

 

Pollution load index 
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The use of a pollution index indicates whether soil quality is suitable for agricultural use and whether
vegetables grown can be consumed eaten safely. Therefore, should further assess the soil of agricultural use
to determines the environmental risk caused by contaminated soils (Li et al. 2006). The environmental
quality index of the As and Pb in the vegetables is presented (Table 2). The pollution index to As followed a
similar trend in all soils. The use of a PLI indicates whether soil quality is suitable for agricultural use and
whether vegetables can be consumed safely. 

 

The pollution index to As followed a similar trend in all soils. The calculated Pi values for all soil samples
of As and two soil samples of Pb were higher than 1, con�rming that these sample soils were highly polluted.
On the other hand, the PLI of the rest of the soil samples of Pb were relatively low than 1, indicating that Pb
did not pollute the vegetables. However, the PLI values for As were lower than those reported by Khan et al.
(2017b). Therefore, soil samples were classi�ed as polluted and indicated that the studied area is highly
contaminated (Li et al. 2006). It also showed that the contamination index by As is high and persists a
greater possibility of causing health and food safety problems (Khan et al. 2017a). According to the high PLI
for As, farmers should not grow agricultural foods such as edible vegetables in this area. Based on these
�ndings, we can assure that soil quality is not suitable for agricultural use and, vegetables harvested in this
area can not be consumed safely (Li et al. 2006). 

 

The elevated As and Pb concentration in farmland are attributed to the geogenic origin and anthropogenic by
wastes of historical mining activities. Also, the study does not consider other pollution matrices such as
abandoned tailing, the processing company, and new tailing ponds. The tailing ponds or impoundments are
excavations of highly variable sizes located within farmland. Local processing companies dig and extract
the historical mining waste dragged through the streams. Subsequently, tailings ponds were �lled with
processed waste have a high level of PTE that seep over time and migrate through the soil pro�le to the
deeper layer. Nowadays, in these new tailing ponds are grow various crops. The new mine ponds are
recklessly managed and do not exist mechanisms to oblige the tailings processing company to obey the
environmental laws and regulations (González et al. 2012). 

 

Also, new tailings ponds found inside farmland probably represent a risk of contamination of the aquifer and
a grave health hazard. In this regard, previous studies have found high levels of As and Pb in groundwater
extraction wells that supply Guadalupe municipality (Castro et al. 2003; Gonzalez 2011). Also, heavy metal
contaminated crops could aggravate human health risks when consumed along PTE contaminated drinking
water (Zavala and Duxbury 2008; Brammer and Ravenscroft 2009). Regarding a survey conducted among
the population of the area, 18.48% of the respondents reported at least one household member with dark
spots on the hand palms (Arsenicosis symptom) (Gonzalez (2013). The results of this study support the
proposal that setting As standards for food is urgent and bene�cial in combination with existing As water
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standards for protecting public health (Peralta-Videa et al. 2009; Meharg and Raab 2010) and ful�ll the
commitments on agri-food safety standards with WHO. 

 

Soil-vegetable bioaccumulation factor 

 

The bioconcentration factor (BCF) is one of the key components of human exposure to metals through the
food chain. Also, it is a criterion to assess global human health concerns (Woldetsadik et
al. 2017). According to BCF value of plants can be are characterized as excluders (<1.0), and
hyperaccumulators (> 1.0 - 10.0), respectively (Ma et al. 2001). The BCF values of As and Pb to vegetables
are presented in Table 2. These values varied between vegetable species and sites. However, the trend
of BCF was similar to the order of the As and Pb. The highest BCF value was for As, ranging from 2.33 to
0.64, and the average for all samples was 1.01. This value clearly indicates that the As has a higher capacity
for As accumulation in the edible parts in root vegetables (carrot and garlic) and fruit vegetable (pepper)
compared with Pb. Likewise, root vegetables show the highest BCF. This suggests that these species pose a
higher health risk due to consumption by human beings for a longer time (Alam et al. 2016). The highest
BCFs were recorded in A. sativum (2.33), D. carota (1.22), and C. annuum (1.21). These might be due to
higher mobility of the As with a natural occurrence in soil (Alam et al. 2003) and its lower retention in the soil
than other toxic cations (Zurera et al. 1987). Therefore, a high BCF value indicates a higher accumulation
potential of metals in the vegetable (Cui et al. 2004). 

 

Also, these data implicated that vegetables are hyperaccumulators (>1.0), and those with values close to 1.0
like accumulators of As. While the Pb that recorded the lowest values BCF in all vegetables showed a
relatively low potential for Pb accumulation in agricultural soil studied. However, reduced uptake of PTE is
one of the plant's adaptation strategies to avoid metal toxicity (Baker and Walker 1990). Therefore, these
results agree with Bui et al. (2016), who found that soil pH slightly alkaline was very similar across sites; we
rule out pH as a signi�cant driver of BCF differences in our study. In addition, the results of this study have
revealed that the responses of vegetables to exposure to As and Pb are complex due to the heterogeneous
tolerance and the various relationships between the concentration of As and Pb in the soil and the plants
(Kabata-Pendais et al. 1993). Based on these �ndings, results agree with Chang et al. (2014), who highlight
that the BCF values of PTE in vegetables from soils impacted by mining are obviously high. Also, it
suggested a relatively high potential for PTE accumulation in agricultural soils, possibly due to historical
mining activities in the region. 

Conclusions
This study brings recent evidence on assessing and accumulating As and Pb in vegetables cultivated in soils
contaminated by historical mining activities. According to results found, the most relevant �ndings are
agricultural soils are highly contaminated with As and remain available under conditions moderately
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alkaline. These results indicate that agricultural soils exceed ML safety standards for As and Pb. The
concentrations of As compared to the ML in soils for agricultural use in other areas close to mining activities
were registered. Also, the founded concentration of vegetable crops cultivated in the area exceeds ML safety
standards for As and Pb of health and food safety standards national, various countries, and various
international standards. Among vegetables, the highest concentration of As and Pb was recorded in fruit
vegetables. The As highest concentration was observed to be pepper followed by carrot. Therefore, the
vegetables polluted by PTE not be regarded as safe for human consumption. According to the high PLI for
As, farmers should not grow agricultural foods such as edible vegetables in this area. Also, if vegetables are
grown, recommend those with low BCF values. The BCF for garlic, carrot, and pepper reveals attributes as
tolerant and hyperaccumulators of As. Based on our �ndings, it has been shown that soil quality is not
suitable for agricultural use, and vegetables are grown in these areas can not be consumed safely. Therefore,
high pollution index shows the need to perform permanent monitoring because As and Pb are potentially
toxic elements and could be bioaccumulated to human beings through the food chain, and avoid potential
problems that could be dangerous to the population. It is recommended that community members living
around sources of pollution take steps to prevent public health. Also, the other routes of exposure in the
study area should be the subject of future studies to assess their speci�c contribution to the food chain and
the agrosystems.

References
1. Abbas Z, Ali S, Rizwan M, Zaheer IE, Malik A et al (2018) A critical review of mechanisms involved in the

adsorption of organic and inorganic contaminants through biochar. Arab J Geosci 11:448

2. Aguilar M, Mondaca P, Ginocchio R, Vidal K, Sauvé S (2018) Comparison of exposure to trace elements
through vegetable consumption between a mining area and an agricultural area in central Chile. Environ
Sci Pollut Res 25:19114–19121. https://doi.org/10.1007/s11356-018-2116-x

3. Ahmad JU, Goni A (2010) Heavy metal contamination in water, soil, and vegetables of the industrial
areas in Dhaka, Bangladesh. Environ Monit Assess 166:347–357

4. Alam MG, Snow ET, Tanaka A (2003) Arsenic and heavy metal contamination of vegetables grown in
Samta village, Bangladesh. Sci Total Environ 308:83–96

5. Alam MO, Chakraborty S, Bhattacharya T (2016) Soil arsenic availability and transfer to food crops in
Sahibganj, India with reference to human health risk. Environ Process 3:763–779. DOI 10.1007/s40710-
016-0184-9

�. Alexander P, Alloway B, Dourado A (2006) Genotypic variations in the accumulation of Cd, Cu, Pb and Zn
exhibited by six commonly grown vegetables. Environ Pollut 144:736–745.
doi:10.1016/j.envpol.2006.03.001

7. Alloway BJ (2013) Sources of heavy metals and metalloids in soils. In: Alloway BJ (ed) Heavy metals in
soils. Environ Pollut, vol 22. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-4470-7_2

�. Aluko M (2016) Moringa oleifera leaf extract on the growth and yield of pepper (Capsicum annuum).
ARPN J Agric Biol Sci 11(3):107–109



Page 18/33

9. Amin NU, Hussain A, Alamzeb S, Begum S (2013) Accumulation of heavy metals in edible parts of
vegetables irrigated with waste water and their daily intake to adults and children, District Mardan,
Pakistan. Food Chem 136:1515–1523

10. Andrews J (1995) Peppers: The domesticated capsicums. University of Texas press Austin, TX

11. Antoine JMR, Fung LAH, Charles GN (2017) Assessment of the potential health risks associated with the
aluminum, arsenic, cadmium and lead content in selected fruits and vegetables grown in Jamaica.
Toxicol Rep 4:181–187

12. Antonious GF, Kochhar TS (2009) Mobility of heavy metals from soil into hot pepper fruits: A �eld study.
Bull Environ Contam Toxicol 82:59–63

13. Ashraf MA, Maah J, Yusoff MJ I (2011) Heavy metals accumulation in plants growing in ex tin mining
catchment. Int J Environ Sci Tech 8(2):401–416

14. ATSDR (2021) The ATSDR 2021 Substance Priority List. Division of Toxicology and Environmental
Medicine. Agency for Toxic Substances and Disease Registry http://www.atsdr.cdc.gov/SPL/index.html.
Accessed 15 Jan 2021

15. Bagdatlioglu N, Nergiz C, Ergonul PG (2010) Heavy metal levels in leafy vegetables and some selected
fruits. J Verbr Lebensm 5:421–428

1�. Baig JA, Kazi TG (2012) Translocation of arsenic contents in vegetables from growing media of
contaminated areas. Ecotoxicol Environ Saf 75:27–32

17. Baker AJM, Walker PJ (1990) Ecophysiology of metal uptake by tolerant plants. In: Jonathan Shaw A
(ed) Heavy metal tolerance in plants: evolutionary aspects. CRC Press, Inc, Boca Raton

1�. Banerjee D, Kuila P, Ganguly A, Ray L (2010) Market basket survey for chromium, copper, lead and
cadmium in some vegetables from different shopping malls in Kolkata, India. Elec J Environ Agricult
Food Chem 9(7):1190–1195

19. Barringer JL, Barringer TH, Lacombe PJ, Holmes CW (2001) Arsenic in soils and sediments adjacent to
Birch Swamp Brook in the vicinity of Texas Road, Monmouth County, New Jersey. Water-Resources
Investigations Report 00-4185. West Trenton, NJ

20. Berglund M, Lind B, Sörensen S, Vahter M (2000) Impact of soil and dust lead on children's blood lead in
contaminated areas of Sweden. Arch Environ Health 55(2):93–97

21. Bhattacharya A, Routh J, Jacks G, Bhattacharya P, Mörth M (2006) Environmental assessment of
abandoned mine tailings in Adak, Västerbotten district (northern Sweden). Appl Geochem 21:1760–1780

22. Bhattacharya P, Samal AC, Majumdar J, Santra SC (2010) Arsenic contamination in rice, wheat, pulses,
and vegetables: A study in an arsenic affected area of West Bengal, India. Water Air Soil Pollut 213:3–
13. DOI 10.1007/s11270-010-0361-9

23. Boletín O�cial del Estado, 1978, Reglamentación Técnico- Sanitaria para la Elaboración y Venta de
Conservas Vegetales. Real Decreto 2420/1978, June 2

24. Brammer H, Ravenscroft P (2009) Mitigation of arsenic contamination in irrigated paddy soils in South
and South-east Asia. Environ Int 35:647–654

25. Bui ATK, Nguyen HTH, Nguyen MN, Tran T-HT, Vu TV et al (2016) Accumulation and potential health
risks of cadmium, lead and arsenic in vegetables grown near mining sites in Northern Vietnam. Environ



Page 19/33

Monit Assess 188:525. DOI 10.1007/s10661-016-5535-5

2�. Bui TKA, Dang DK, Tran VT, Nguyen TK, Do TA (2011) Phytoremediation potential of indigenous plants
from Thai Nguyen province, Vietnam. J Environ Biol 32:257–262

27. Bundschuh J, Nath B, Bhattacharya P, Liu CW, Armienta MA et al (2011) Arsenic in the human food
chain: the Latin American perspective. Sci Total Environ 429:92–106

2�. CAA (Código Alimentario Argentino) (2020) Capítulo III Artículos: 155 al 183 - De los Productos
Alimenticios. Updated to 08/2020. . Accessed 06 Dec 2020

29. Cai X, Yu X, Lei L, Xuan B, Wang J et al (2020) Comparison of lead tolerance and accumulation
characteristics of fourteen herbaceous plants. Nat Environ Pollut Technol 19(4):1547–1555

30. Cao X, Ma LQ (2004) Effects of compost and phosphate on plant arsenic accumulation from soils near
pressure-treated wood. Environ Pollut 132:435–442. doi:10.1016/j.envpol.2004.05.019

31. Cao H-C, Luan Z-G, Wang J-D, Zhang X-L (2009) Potential ecological risk of cadmium, lead and arsenic
in agricultural black soil in Jilin Province, China. Stoch Environ Res Risk Assess 23:57–64. DOI
10.1007/s00477-007-0195-1

32. Cao S, Duan X, Zhao X, Ma J, Dong J et al (2014) Health risks from the exposure of children to As, Se, Pb
and other heavy metals near the largest coking plant in China. Sci Total Environ 472(15):1001–1009

33. Castro A, Torres L, Iturbe R (2003) Risk of aquifers contamination in Zacatecas, Mexico due to mine
tailings. In: Tailings and Minewaste ’03. Swets and Zeitlinger B.V., Lisse

34. Castro-Larragoitia J, Kramar U, Puchelt H (1997) 200 years of mining activities at La Paz, San Luis
Potosi, Mexico - consequences for environment and geochemical exploration. J Geochem Explor 58:81–
91

35. Centre for Food Safety (2018) The Government of the Hong Kong Special Administrative Region. Part V
(food and drugs) of the public health and municipal services ordinance.

3�. Chakraborti D, Rahman MM, Murrill M, Das R, Siddayya et al (2013) Environmental arsenic
contamination and its health effects in a historic gold mining area of the Mangalur greenstone belt of
Northeastern Karnataka, India. J Hazard Mater 262:1048–1055. doi:10.1016/jhazmat.2012.10.002

37. Chang CY, Yu HY, Chen JJ, Li FB, Zhang HH, Liu CP (2014) Accumulation of heavy metals in leaf
vegetables from agricultural soils and associated potential health risks in the Pearl River Delta, South
China. Environ Monit Assess 186:1547–1560

3�. Cheng S (2007) Heavy metal pollution in China: Origin, pattern and control—a state-of-the-art report with
special reference to literature published in Chinese journals. Environ Sci Pollut Res 14:489–489

39. Chu HTT, Vu TV, Nguyen TKB, Nguyen HTH (2019) Accumulation of arsenic and heavy metals in native
and cultivated plant species in a lead recycling area in Vietnam. Minerals 9(2):132.
https://doi.org/10.3390/min9020132

40. Clemente R, Paredes C, Bernal MP (2007) A �eld experiment investigating the effects of olive husk and
cow manure on heavy metal availability in a contaminated calcareous soil from Murcia (Spain). Agr
Ecosyst Environ 118:319–326

41. CMH (Chinese Ministry of Health) (2005) Maximum Levels of Contaminants in Foods. GB2762–2005.
Beijing, China



Page 20/33

42. CODEX (2011) Joint FAO/WHO food standards programme codex alimentarius commission. Report of
the �fth session of the codex committee on contaminants in foods (REP11/CF) The Hague, The
Netherlands, 21–25 March 2011

43. Codling EE, Chaney RL, Green CE (2015) Accumulation of lead and arsenic by carrots grown on lead-
arsenate contaminated orchard soils. J Plant Nutr 38:509–525

44. Conesa HM, Faz Á, Arnaldos R (2007) Initial studies for the phytostabilization of a mine tailing from the
Cartagena-La Union Mining District (SE Spain). Chemosphere 66(1):38–44

45. Coob GP, Sands K, Walters M, Wixson BG, Dorward-King E (2000) Accumulation of heavy metals by
vegetables grown in mine wastes. Environ Toxicol Chem 19(3):600–607

4�. Cui YJ, Zhu YG, Zhai RH, Chen DY, Huang ZH et al (2004) Transfer of metals from soil to vegetables in
an area near a smelter in Nanning, China. Environ Int 30:785–791

47. Ćwieląg-Drabek M, Piekut A, Gut K, Grabowski M (2020) Risk of cadmium, lead and zinc exposure from
consumption of vegetables produced in areas with mining and smelting past. Sci Rep 10:3363.
https://doi.org/10.1038/s41598-020-60386-8

4�. Das HK, Mitra AK, Sengupta PK, Hossain A, Islam F (2004) Arsenic concentrations in rice, vegetables,
and �sh in Bangladesh: A preliminary study. Environ Int 30:383–387

49. Davies BE (1995) Lead. Heavy metals in soils, 2nd edn. Blackie Academic & Professional, London

50. De Gregori I, Fuentes E, Rojas M, Pinochet H, Potin-Gautier M (2003) Monitoring of copper, arsenic and
antimony levels in agricultural soils impacted and non-impacted by mining activities, from three regions
in Chile. J Environ Monit 5:287–295

51. Du Y, Luo K, Ni R, Hussain R (2018) Selenium and hazardous elements distribution in plant–soil–water
system and human health risk assessment of Lower Cambrian, Southern Shaanxi, China. Environ
Geochem Health 40:1–21

52. Dudka S, Adriano DC (1997) Environmental impacts of metal ore mining and processing: a review. J
Environ Qual 26:590–602

53. Eissa MA, Negim OE (2018) Heavy metals uptake and translocation by lettuce and spinach grown on a
metal-contaminated soil. J Soil Sci Plant Nutr 18(4):1097–1107

54. EU (European Union) (2006) Commission regulation EC. No. 1881/2006 of 19 December setting
maximum levels for certain contaminants in foodstuffs, O�cial Journal of European Union L364/5

55. FAO-WHO (2019) Codex Alimentarius. General Standard for Contaminants and Toxins in Food and Feed
CXS 193–1995 Adopted in 1995 Revised in 1997, 2006, 2008, 2009 Amended in 2010, 2012, 2013, 2014,
2015, 2016, 2017, 2018, 2019

5�. FAO/UNESCO (1975) Soil map of the world 1: 5 000 000 Volume III Mexico and Central America. Food
and Agriculture Organization of the United Nations, United Nations Educational, Scienti�c and Cultural
Organization, Unesco - Paris

57. FAO/WHO (2001) Codex Alimentarius. Joint FAO/WHO food standards programme codex alimentarius
commission. Report of the Thirty-third Session of the Codex Committee on Food Additives and
Contaminants (ALINORM 01/12A) Geneva, Switzerland, 2–7 July 2001



Page 21/33

5�. FAO/WHO (2014) Codex Alimentarius. General standards for contaminants and toxins in food and feed.
CODEX STAN, pp 193–1995

59. Feldmann J, John K, Pengprecha P (2000) Arsenic metabolism in seaweed-eating sheep from Northern
Scotland. Fresenius J Anal Chem 368:116–121

�0. Feleafel MN, Mirdad ZM (2013) Hazard and effects of pollution by lead on vegetable crops. J Agric
Environ Ethics 26:547–567

�1. Filippi M, Goliáš V, Pertold Z (2004) Arsenic in contaminated soils and anthropogenic deposits at the
Mokrsko, Roudný, and Kašperské Hory gold deposits, Bohemian Massif (CZ). Environ Geol 45:716–730

�2. Flora G, Gupta D, Tiwari A (2012) Toxicity of lead: a review with recent updates. Interdiscip Toxicol 5:47–
58

�3. Flores CE (2003) Los procesos de la fundición de metales argentíferos en la minería novohispana del
siglo XVIII. Dim Antropol 36:42–62

�4. FSANZ (2019) Food Standards Australian New Zealand. Arsenic. 25th Australian total diet study (ATDS)
key �ndings

�5. Gałuszka A, Migaszewski ZM, Dołęgowska S, Michalik A, Duczmal-Czernikiewicz A (2015) Geochemical
background of potentially toxic trace elements in soils of the historic copper mining area: a case study
from Miedzianka Mt., Holy Cross Mountains, south-central Poland. Environ Earth Sci 74:4589–4605.
doi:10.1007/s12665-015-4395-6

��. Garcia-Rico L, Tejeda-Valenzuela L, Velez D, Montoro R (2012) Content of selenium, total and inorganic
arsenic and bioaccessibility of arsenic in children diets of Mexico. J Sci Food Agric 92:1725–1731. DOI
10.1002/jsfa.5538

�7. Garelick H, Jones H, Dybowska A, Valsami-Jones E (2009) Arsenic pollution sources. In: Reviews of
environmental contamination, Volume 197. Reviews of environmental contamination and toxicology
(Continuation of residue reviews), vol 197. Springer, New York. https://doi.org/10.1007/978-0-387-
79284-2_2

��. Girisha ST, Ragavendra VB (2009) Accumulation of heavy metals in leafy vegetables grown in urban
areas by using sewage water and its effect. Arch Phytopathol P�anzenschutz 42(10):956–959

�9. Gisbert C, Clemente R, Navarro-Aviñó J, Baixauli C, Ginér A et al (2006) Tolerance and accumulation of
heavy metals by Brassicaceae species grown in contaminated soils from Mediterranean regions of
Spain. Environ Exp Bot 56:19–27

70. Gonzalez C (1998) Nuevo Reglamento Sanitario de los Alimentos, D.S. No 977. Editora Juridica,
Santiago

71. González DOG (2011) Water arsenic and �uoride contamination in Zacatecas Mexico: An exploratory
study. 8th International conference “developments in economic theory and policy.” The University of the
Basque Country, Spain. Available http://www.conferencedevelopments.com/�les/Gonzalez_Davila.pdf

72. González DOG (2013) Groundwater contamination and contingent valuation of safe drinking water in
Guadalupe, Zacatecas, Mexico. SOAS Department of Economics Working Paper Series, No. 180, The
School of Oriental and African Studies



Page 22/33

73. Gonzalez DOG, Gomez-Bernal JM, Ruiz-Huerta EA (2012) Plants and soil contamination with heavy
metals in agricultural areas of Guadalupe, Zacatecas, Mexico. In: Srivastava JK (ed), Environmental
Contamination, InTech, Rijeka

74. Guerra F, Trevizam AR, Muraoka T, Chaves MN, Canniatti-Brazaca SG (2012) Heavy metals in vegetables
and potential risk for human health. Sci Agric 69(1):54–60 ()

75. Gulz PA, Gupta SK, Schulin R (2005) Arsenic accumulation of common plants from contaminated soils.
Plant Soil 272:337–347. doi:10.1007/S11104-004-5960-Z

7�. Gupta N, Khan DK, Santra SC (2012) Heavy metal accumulation in vegetables grown in a long-term
wastewater-irrigated agricultural land of tropical India. Environ Monit Assess 184:6673–6682

77. Ha NTH, Sakakibara M, Sano S, Nhuan MT (2011) Uptake of metals and metalloids by plants growing in
a lead–zinc mine area, northern Vietnam. J Hazard Mater 186(2–3):1384–1391.
doi:10.1016/j.jhazmat.2010.12.020

7�. Harmanescu M, Alda LM, Bordean DM, Gogoasa I, Gergen I (2011) Heavy metals health risk assessment
for population via consumption of vegetables grown in old mining area; a case study: Banat County,
Romania. Chem Central J 5:64

79. Henke K (2009) Regulation of arsenic. In: Henke K (ed) A brief survey and bibliography. Arsenic
Environmental Chemistry, Health Threats and Waste Treatment. John Wiley & Sons

�0. Hood E (2006) The apple bites back: claiming old orchards for residential development. Environ. Health
Perspect. 114. https://doi.org/ehp0114-a00470 [pii]\rehp0114-a00467

�1. Horneck DA, Sullivan DM, Owen JS, Hart JM (2011) Soil test interpretation guide. EC 1478, Oregon State
University Extension Service. Oregon State University, Corvallis

�2. Hussain R, Luo K, Liang H, Hong X (2019) Impact of the coal mining-contaminated soil on the food
safety in Shaanxi, China. Environ Geochem Health 41(3):1521–1544. doi:10.1007/s10653-018-0233-6

�3. Islam MS, Hoque MF (2014) Concentrations of heavy metals in vegetables around the industrial area of
Dhaka city, Bangladesh and health risk assessment. Int Food Res J 21:2121–2126

�4. Islam S, Ahmed K, Mamun H-A, Raknuzzaman M, Ali MM, Eaton DW (2016) Health risk assessment due
to heavy metal exposure from commonly consumed �sh and vegetables. Environ Syst Decis 36:253–
265. DOI 10.1007/s10669-016-9592-7

�5. Itanna F (2002) Metals in leafy vegetables grown in Adis Ababa and toxicological implications. Ethiop J
Health Dev 16:295–302

��. Janzen HH (1993) Soluble salts. In: Carter MR (ed) Soil sampling and methods of analysis. CRC Press,
Boca Raton

�7. Jolly YN, Islam A, Akbar S (2013) Transfer of metals from soil to vegetables and possible health risk
assessment. Springerplus 2(1):385. doi:10.1186/2193-1801-2-385

��. Kabata-Pendias A (1993) Behavioural properties of trace metals in soils. Appl Geochem 8:3–9.
https://doi.org/10.1016/S0883-2927(09)80002-4

�9. Kabata-Pendias A (2011) Trace elements in soils and plants, 4th edn. CRC Press, Boca-Raton



Page 23/33

90. Kachenko AG, Singh B (2006) Heavy metals contamination in vegetables grown in urban and metal
smelter contaminated sites in Australia. Water Air Soil Pollut 169:101–123

91. Khan A, Khan S, Khan MA, Aamir M, Ullah H H, et al (2018) Heavy metals effects on plant growth and
dietary intake of trace metals in vegetables cultivated in contaminated soil. Int J Environ Sci Technol.
https://doi.org/10.1007/s13762-018-1849-x

92. Khan S, Cao Q, Zheng YM, Huang YZ, Zhu YG (2008) Health risks of heavy metals in contaminated soils
and food crops irrigated with wastewater in Beijing, China. Environ Pollut 152(3):686–692

93. Khan ZI, Ahmad K, Akram NA, Mehmood N, Yasmeen S (2017a) Heavy metal contamination in water, soil
and a potential vegetable garlic (Allium sativum L.) in Punjab, Pakistan. Pak J Bot 49(2):547–552

94. Khan ZI, Ahmad K, Yasmeen S, Akram NA, Ashraf M et al (2017b) Potential health risk assessment of
potato (Solanum tuberosum L.) grown on metal contaminated soils in the central zone of Punjab.
Pakistan Chemosphere 166:157–162

95. Klein CS, Rodriguez-Concepcion M (2015) Carotenoids in carrot. In: Chen C (ed) Pigments in fruits and
vegetables. Springer Science Business media New York

9�. Knapp L, Sangster J, Bartelt-Hunt SL (2013) The in�uence of lead hyperaccumulators on the uptake of
lead by vegetables. Int J Serv Learn Eng 8(2):1–7

97. Koleli N, Halisdemir B (2005) Distribution of chromium, cadmium, nickel and lead in agricultural soils
collected from Kazanli-Mersin, Turkey. Int J Environ Pollut 23(4):409–416.
https://doi.org/10.1504/IJEP.2005.007603

9�. Komárek M, Chrastný V, Mihaljevič M (2008) Lead isotopes in environmental sciences: A review. Environ
Int 34:562–577

99. Kratz S, Godlinski F, Schnug E (2011) Heavy metal loads to agricultural soils in Germany from the
application of commercial phosphorus fertilizers and their contribution to background concentrations in
soils. In: Merkel B, Schipek M (eds) The new uranium mining boom — challenges and lessons learned.
Springer Verlag, Berlin Heidelberg

100. Kratz S, Schick J, Schnug E (2016) Trace elements in rock phosphates and P containing mineral and
organo-mineral fertilizers sold in Germany. Sci Total Environ 542:1013–1019

101. Kumar A, Maiti SK (2015) Assessment of potentially toxic heavy metal contamination in agricultural
�elds, sediment, and water from an abandoned chromite-asbestos mine waste of Roro hill, Chaibasa,
India. Environ Earth Sci 74:2617–2633. DOI 10.1007/s12665-015-4282-1

102. Kumar PBAN, Dushenkov V, Motto H, Raskin I (1995) Phytoextraction: the use of plants to remove heavy
metals from soils. Environ Sci Technol 29:1232–1238

103. Lăcătuşu R, Lăcătuşu AR (2008) Vegetable and fruits quality within heavy metals polluted areas in
Romania. Carpth J Earth Environ Sci 3:115–129

104. Lanphear BP, Hornung R, Khoury J, Yolton K, Baghurst P et al (2005) Low-level environmental lead
exposure and children’s intellectual function: an international pooled analysis. Environ Health Perspect
113:894–899

105. Lario Y, Burlo F, Aracil P, Martinez-Romero D, Castillo S et al (2002) Methylarsonic and dimethylarsinic
acids toxicity and total arsenic accumulation in edible bush beans, Phaseolus vulgaris. Food Addit



Page 24/33

Contam 19:417–426. doi:10.1080/02652030110101828

10�. Li J, Xie ZM, Xu JM, Sun YF (2006) Risk assessment for safety of soils and vegetables around a
lead/zinc mine. Environ Geochem Health 28:37–44

107. Li L, Hang Z, Yang W-T, Gu J-F, Liao B-H (2017) Arsenic in vegetables poses a health risk in the vicinity of
a mining area in the southern Hunan Province, China. Hum Ecol Risk Assess Int J 23(6):1315–1329

10�. Liu CP, Luo CL, Gao Y, Li FB, Lin LW, Li CA XD (2010) Arsenic contamination and potential health risk
implications at an abandoned tungsten mine, southern China. Environ Pollut 158:820–826

109. Liu WX, Liu JW, Wu MZ, Li Y, Zhao Y et al (2009) Accumulation and translocation of toxic heavy metals
in winter wheat (Triticum aestivum L.) growing in agricultural soil of Zhengzhou, China. Bull Environ
Contam Toxicol 82(3):343–347

110. Luo C, Liu C, Wang Y, Liu X, Li F et al (2011) Heavy metal contamination in soils and vegetables near an
e-waste processing site, south China. J Hazard Mater 186:481–490

111. Ma LQ, Komar KM, Tu C, Zhang W, Cai Y et al (2001) A fern that hyper accumulates arsenic. Nature
409:579–582

112. Maleki A, Zarasvand MA (2008) Heavy metals in selected edible vegetables and estimation of their daily
intake in Sanandaj, Iran. Southeast Asian J Trop Med Public Health 39(2):335–340

113. Manzoor J, Sharma M, Wani KA (2018) Heavy metals in vegetables and their impact on the nutrient
quality of vegetables: A review. J Plant Nutr. DOI:10.1080/01904167.2018.1462382

114. Martínez-Sánchez MA, García-Lorenzo ML, Pérez-Sirvent C, Bech J (2012) Trace element accumulation
in plants from an aridic area affected by mining activities. J Geochem Explor 123:8–12

115. Masto RE, Ram LC, George G, Selvi VA, Sinha AK et al (2011) Impacts of opencast coal mine and mine
�re on the trace elements’ content of the surrounding soil vis-a`-vis human health risk. Toxicol Environ
Chem 93:223–237. https://doi.org/10.1080/02772248.2010.510922

11�. McBride MB, Shayler HA, Russell-Anelli JM, Spliethoff HM, Marquez-Bravo LG (2015) Arsenic and lead
uptake by vegetable crops grown on an old orchard site amended with compost. Water Air Soil Pollut
226(8):265. doi:10.1007/s11270-015-2529-9

117. McBride MB, Simon T, Tam G, Wharton S (2013) Lead and arsenic uptake by leafy vegetables grown on
contaminated soils: effects of mineral and organic amendments. Water Air Soil Pollut 224(1):1378.
doi:10.1007/s11270-012-1378-z

11�. McCauley A, Jones C, Olson-Rutz K (2017) Soil pH and organic matter. Nutr Manag Mod 8:1–16

119. McLean EO (1982) Soil pH and lime requirement. In: Page AL et al (ed) Methods of soil analysis, Part 2,
2nd edn. Agron Monogr 9 ASA and SSSA, Madison

120. MDEP (1995) Numerical ranking system scoresheet. 310 CMR 40.1511, Bureau of waste site cleanup
Boston. Massachusetts Department of Environmental Protection, MA

121. Medina GG, Zegbe DJA, Mena CJ, Gutiérrez LR, Reveles HM et al (2009) Potencial productivo de
especies agrícolas en el distrito de desarrollo rural Zacatecas, Zacatecas. Publ Téc No 3, INIFAP-
CIRNCCEZ



Page 25/33

122. Meharg AA, Raab A (2010) Getting to the bottom of arsenic standards and guidelines. Environ Sci
Technol 44:4395–4399

123. Mendoza-Amézquita EM, Armienta-Hernández MA, Ayora C, Soler A, Ramos-Ramírez E (2006) Potencial
lixiviación de elementos traza en jales de las minas La Asunción y Las Torres, en el Distrito minero de
Guanajuato, México. Rev Mex Cien Geol 23:75–83

124. MERCOSUR (2014) Reglamento Técnico MERCOSUR sobre los límites máximos de contaminantes
inorgánicos en alimentos. (1):1–5 Available in: http://www.puntofocal.gov.ar/doc/r_gmc_12-11.pdf.
Accessed 03 Nov 2020

125. Merry RH, Tiller KG (1986) The effects of soil contamination with copper, lead and arsenic on the growth
and composition of plants. Plant Soil 95:255–269

12�. Meza-Montenegro MM, Gandol� J, Santana-Alcántar ME, Klimecki WT, Aguilar-Apodaca MG et al (2012)
Metals in residential soils and cumulative risk assessment in Yaqui and Mayo agricultural valleys,
northern Mexico. Sci Total Environ 433(1):472–481. https://doi.org/10.1016/j.scitotenv.2012.06.083

127. MHPRC (2013) Ministry of Health of the People's Republic of China. National Standard of the People's
Republic of China, GB 2762 – 2012. National Food Safety Standard Maximum Levels of Contaminants
in Food . Accessed 03 Nov 2020

12�. Miller WP, Miller DM (1987) A micro-pipette method for soil mechanical analysis. Commun Soil Sci Plant
Anal 18:1–15

129. Ministry of the Environment Finland (2007) Government decree on the assessment of soil contamination
and remediation needs (214/2007). Accessed 12 Oct 2019

130. Mirecki N, Rukie A, Šunić L, Milenković L, Ilić ZS (2015) Transfer factor as indicator of heavy metals
content in plants. Fresenius Environ Bull 24(11c):4212–4219

131. Molina M, Aburto F, Calderón R, Cazanga M, Escudey M (2009) Trace element composition of selected
fertilizers used in Chile: Phosphorus fertilizers as a source of long-term soil contamination. Soil
Sediment Contam 18:497–511

132. MS (Ministério da Saúde) (2013) Agência Nacional de Vigilância Sanitária. Resolução - RDC Nº 42, de
29 de agosto de 2013. Dispõe sobre o Regulamento Técnico MERCOSUL sobre Limites Máximos de
Contaminantes Inorgânicos em Alimentos.
http://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2013/rdc0042_29_08_2013.html. Acceded 05 Jan
2021

133. Muñoz O, Diaz OP, Leyton I, Nuñez N, Devesa V et al (2002) Vegetables collected in the cultivated andean
area of northern Chile: total and inorganic arsenic contents in raw vegetables. J Agric Food Chem
50(3):642–647

134. Nawab J, Farooqi S, Xiaoping W, Khan S, Khan A (2018) Levels, dietary intake, and health risk of
potentially toxic metals in vegetables, fruits, and cereal crops in Pakistan. Environ Sci Pollut Res
25:5558–5571

135. Nedelescu M, Baconi D, Neagoe A, Iordache V, Stan M et al (2016) Environmental metal contamination
and health impact assessment in two industrial regions of Romania. Sci Total Environ 580:984–995



Page 26/33

13�. Ngole-Jeme VM, Fantke P (2017) Ecological and human health risks associated with abandoned gold
mine tailings contaminated soil. PLOS ONE |. DOI:10.1371/journal.pone.0172517

137. NOM (Norma O�cial Mexicana) NOM-147-SEMARNAT/SSAI-2004: Que establece criterios para
determinar las concentraciones de remediación de suelos contaminados por arsénico, bario, berilio,
cadmio, cromo hexavalente, mercurio, níquel, plata, plomo, selenio, talio y/o vanadio. Diario O�cial, 02
de marzo de 2007

13�. Norma O�cial Mexicana NOM-117-SSa1-1994, Bienes y Servicios. Método de prueba para la
determinación de cadmio, arsénico, plomo, estaño, cobre, �erro, zinc y mercurio en alimentos, agua
potable y puri�cada por espectrometría de absorción atómica Available in:
http://www.salud.gob.mx/unidades/cdi/nom/117ssa14.html

139. Norton G, Deacon C, Mestrot A, Feldmann J, Jenkins P et al (2013) Arsenic speciation and localization in
horticultural produce grown in a historically impacted mining region. Environ Sci Technol 47(12):6164–
6172. doi:10.1021/es400720r

140. Nziguheba G, Smolders E (2008) Inputs of trace elements in agricultural soils via phosphate fertilizers in
European countries. Sci Total Environ 390:53–57. doi:10.1016/j.scitotenv.2007.09.031

141. OECD (1993) Risk reduction, monograph No. 1: LEAD—background and national experience with
reducing risk. OECD/GD(93)67 Environment directorate, Environmental health and safety division, Paris.
Accessed 17 Dec 2019

142. Ogura T, Ramírez-Ortiz J, Arroyo-Villaseñor ZM, Hernández-Martínez S, Palafox-Hernández JP et al
(2003) Zacatecas (México) companies extract Hg from surface soil contaminated by ancient mining
industries. Water Air Soil Pollut 148:167–177

143. ÖNORM L 1075 (1990) Ausgewählte richtwerte von anorganischen schadelementen in
landwirtschaftlich und gärtnerisch genutzten Böden, guideline, Austrian Institute for Standardization, Ed.,
Vienna, Austria Accessed 17 Dec 2019

144. Ortega-Larrocea M, Xoconostle-Cázares B, Maldonado-Mendoza IE, Carrillo-González R et al (2010) Plant
and fungal biodiversity from metal mine wastes under remediation at Zimapan, Hidalgo, Mexico.
Environ Pollut 158:1922–1931

145. Osuna-Martínez CC, Armienta MA, Bergés-Tiznado ME, Federico Páez-Osuna F (2021) Arsenic in waters,
soils, sediments, and biota from Mexico: An environmental review. Sci Total Environ 752:142062.
https://doi.org/10.1016/j.scitotenv.2020.142062

14�. Pančevski Z, Sta�lov T, Bačeva K (2014) Distribution of heavy metals in lettuce and carrot grown in the
vicinity of lead and zinc smelter plant. Contributions Sec Nat Math Biotech Sci 35(1):25–36

147. Pandey J, Pandey U (2009) Accumulation of heavy metals in dietary vegetables and cultivated soil
horizon in organic farming system in relation to atmospheric deposition in a seasonally dry tropical
region of India. Environ Monit Assess 148:61–74

14�. Papazotos P, Vasileiou E, Perraki M (2019) The synergistic role of agricultural activities in groundwater
quality in ultrama�c environments: the case of the Psachna basin, central Euboea, Greece. Environ Monit
Assess 191:317. https://doi.org/10.1007/s10661-019-7430-3



Page 27/33

149. Patrick L (2006) Lead toxicity, a review of the literature. Part 1: exposure, evaluation, and treatment.
Altern Med Rev 11:2–22

150. Peralta-Videa JR, Lopez ML, Narayan M, Saupe G, Gardea-Torresdey J (2009) The biochemistry of
environmental heavy metal uptake by plants: Implications for the food chain. Int J Biochem Cell Biol
41:1665–1677

151. Prieto-García F, Callejas HJ, Lechuga M, Gaytán JC, Barrado EE (2005) Accumulation in vegetable
weavings of arsenic originating from water and �oors of Zimapán. Hidalgo State Mexico Bioagro
17(3):129–136

152. Prieto-García F, Méndez-Marzo MA, Martínez-Pezina FH, Prieto-Méndez J (2007) Presencia de metales
pesados en cultivos del Valle del Mezquital, México. Rev Latinoam Recur Nat 3(2):100–110

153. Rahaman S, Sinha AC, Pati R, Mukhopadhyay D (2013) Arsenic contamination: a potential hazard to the
affected areas of West Bengal, India. Environ Geochem Health 35:119–132. DOI 10.1007/s10653-012-
9460-4

154. Rahman MA, Hasegawa H, Rahman MM, Rahman MA, Miah MAM (2007) Accumulation of arsenic in
tissues of rice plant (Oryza sativa L.) and its distribution in fractions of rice grain. Chemosphere
69(6):942–948

155. Rahman MM, Asaduzzaman M, Naidu R (2013) Consumption of arsenic and other elements from
vegetables and drinking water from an arsenic-contaminated area of Bangladesh. J Hazard Mater
262:1056–1063

15�. Ramirez-Andreotta MD, Brusseau ML, Beamer P, Maier RM (2013) Home gardening near a mining site in
an arsenic-endemic region of Arizona: Assessing arsenic exposure dose and risk via ingestion of home
garden vegetables, soils, and water. Sci Total Environ 454–455:373–382

157. Ramos-Arroyo YR, Siebe-Grabach CD (2006) Estrategia para identi�car jales con potencial de riesgo
ambiental en un distrito minero: estudio de caso en el Distrito de Guanajuato, México. Rev Mex Cienc
Geol 23:54–74

15�. Randle WM, Lancaster JE (2002) Sulphur compounds in Allium in relation to �avor quality. In:
Rabinowitch HD, Currah L (eds) Allium crop science: Recent advances. CABI, New York

159. Rehman ZU, Khan S, Brusseau ML, Shah MT (2017) Lead and cadmium contamination and exposure
risk assessment via consumption of vegetables grown in agricultural soils of �ve-selected regions of
Pakistan. Chemosphere 168:1589–1596

1�0. Rehman ZU, Khan S, Qin K, Brusseau ML, Shan MT et al (2016) Quanti�cation of inorganic arsenic
exposure and cancer risk via consumption of vegetables in southern selected districts of Pakistan. Sci
Total Environ 550:321–329

1�1. Renshaw CE, Bostick BC, Feng X, Wong CK, Winstin ES et al (2006) Impact of land disturbance on the
fate of arsenical pesticides. J Environ Qual 35:61–67

1�2. Roba C, Roşu C, Piştea I, Ozunu A, Baciu C (2016) Heavy metal content in vegetables and fruits
cultivated in Baia Mare mining area (Romania) and health risk assessment. Environ Sci Pollut Res
23:6062–6073. DOI 10.1007/s11356-015-4799-6



Page 28/33

1�3. Rout TK, Masto RE, Padhy PK, George J, Ram LC et al (2014) Dust fall and elemental �ux in a coal
mining area. J Geochem Explor 144:443–455

1�4. Roychowdhury T, Tokunaga H, Ando M (2003) Survey of arsenic and other heavy metals in food
composites and drinking water and estimation of dietary intake by the villagers from an arsenic affected
area of West Bengal, India. Sci Total Environ 308:15–35

1�5. Saint-Laurent D, Hähni M, St-Laurent J, Baril F (2010) Comparative assessment of soil contamination by
lead and heavy metals in riparian and agricultural areas (Southern Québec, Canada). Int J Environ Res
Public 7(8):3100–3114. doi:10.3390/ijerph7083100

1��. Salari K, Watkins H, Ashley EA (2012) Personalized medicine: hope or hype? Eur Heart J 33(13):1564–
1570. https://doi.org/10.1093/eurheartj/ehs112

1�7. Salas-Luevano MA, Vega-Carrillo HR (2016) Environmental impact in a rural community due to a lead
recycling plant in Zacatecas, Mexico. Environ Earth Sci 75(5):408

1��. Salas-Luévano MA, Mauricio‐Castillo JA, González‐Rivera ML, Vega‐Carrillo HR, Salas‐Muñoz S (2017)
Accumulation and phytostabilization of As, Pb and Cd in plants growing inside mine tailings reforested
in Zacatecas, Mexico. Environ Earth Sci 76:806. doi.org/10.1007/s12665-017-7139-y

1�9. Santos–Santos E, Yarto–Ramírez M, Gavilán–García I, Castro–Díaz L, Gavilán–García A et al (2006)
Analysis of arsenic, lead and mercury in farming areas with mining contaminated soils at Zacatecas,
Mexico. J Mex Chem Soc 50(2):57–63

170. Senila M (2014) Real and simulated bioavailability of lead in contaminated and uncontaminated soils. J
Environ Health Sci Engin 12:108

171. Shaheen N, Irfan NM, Khan IN, Islam S, Islam MS et al (2016) Presence of heavy metals in fruits and
vegetables: Health risk implications in Bangladesh. Chemosphere 152:431–438

172. Sharma P, Dubey RS (2005) Lead toxicity in plants. Braz J Plant Physiol 17:1–19.
http://dx.doi.org/10.1590/s1677-04202005000100004

173. Sharma RK, Agrawa M, Marshall F (2007) Heavy metal contamination of soil and vegetables in
suburban areas of Varanasi, India. Ecotoxicol Environ Saf 66(2):258–266

174. Singh A, Sharma RK, Agrawal M, Marshall FM (2010) Risk assessment of heavy metal toxicity through
contaminated vegetables from waste irrigated area of Varanasi, India. Trop Ecol 51(2S):375–387

175. Singh S, Kumar M (2006) Heavy metal load of soil, water and vegetables in peri-urban Delhi. Environ
Monit Assess 120:79–91. DOI:10.1007/s10661-005-9050-3

17�. Smedley PL, Kinniburgh DG (2002) A review of the source, behaviour and distribution of arsenic in
natural waters. Appl Geochem 17(5):517–568

177. Song B, Lei M, Chen T, Zheng Y, Xie Y et al (2009) Assessing the health risk of heavy metals in
vegetables to the general population in Beijing, China. J Environ Sci 21(12):1702–1709.
https://doi.org/10.1016/S1001-0742(08)62476-6

17�. Stetefelt CA (1895) The lixiviation of silver-ore with hyposulphite solutions with special reference to the
Russell process. The Tutle Morehouse & Taylor, New Haven

179. Tasrina RC, Rowshon A, Musta�zur AMR, Ra�qul I, MP Ali ( (2015) Heavy metals contamination in
vegetables and its growing soil. J Environ Anal Chem 2:3. http://dx.doi.org/10.4172/jreac.1000142 )



Page 29/33

1�0. Topuz A, Ozdemir F (2007) Assessment of carotenoids, capsaicinoids and ascorbic acid composition of
some selected pepper cultivars (Capsicum annuum L.) grown in Turkey. J Food Compos Anal 20:596–
602

1�1. Tóth G, Hermann T, Da Silva MR, Montanarella L (2016) Heavy metals in agricultural soils of the
European Union with implications for food safety. Environ Int 88:299–309

1�2. Türkdoğan MK, Kilicel F, Kara K, Tuncer I, Uygan I (2003) Heavy metals in soil, vegetables and fruits in
the endemic upper gastrointestinal cancer region of Turkey. Environ Toxicol Pharmacol 13(3):175–179

1�3. U.S. EPA (1993) Selecting remediation techniques for contaminated sediment, National service center for
environmental publications (NSCEP), USEPA-823-B93-001

1�4. U.S. EPA (1996a) SW-846 Method 3050B: Acid digestion of sediments, sludges, and soils. In: Test
methods for evaluating solid waste, physical/chemical methods. U.S. Environmental protection agency,
O�ce of solid waste and emergency response, Washington, DC

1�5. U.S. EPA (1996b) Soil screening guidance: technical background document. EPA/540/ R-95/128. O�ce
of solid waste and emergency response, Washington, DC, pp A-5

1��. UNEP (United Nations Environment Programme) (2008) Water quality for ecosystem and human health,
Global environment monitoring system. GEMS)/Water programme

1�7. Vahidnia A, van der Voet GB, de Wolff FA (2007) Arsenic neurotoxicity – A review. Human Exp Toxicol
26:823–832

1��. Walkley A, Black IA (1934) An examination of the Degtjareff method for determining soil organic matter,
and a proposed modi�cation of the chromic acid titration method. Soil Sci 37(1):29–38.
doi.org/10.1097/00010694-193401000-00003

1�9. Wang XL, Sato T, Xing BS, Tao S (2005) Health risks of heavy metals to the general public in Tianjin,
China via consumption of vegetables and �sh. Sci Total Environ 350:28–37

190. WHO (1984) Guidelines for Drinking Water Quality. Recommendations. World health organization.
http://apps.who.int/iris/bitstream/10665/252072/1/9241541687-eng.pdf?ua=1. Accessed 06 Jan 2021

191. WHO (1993) World Health Organization. Guidelines for drinking-water quality, 2nd edn.
Recommendations, WHO, Geneva

192. WHO (2004) Task group on environmental health criteria for arsenic and Arsenic Compounds 18, World
health organization, Geneva, Switzerland 1–174

193. WHO (2006) Guidelines for drinking-water quality: incorporating �rst addendum. Recommendations.
World health organization.
https://apps.who.int/iris/bitstream/handle/10665/43428/9241546964_eng.pdf. Accessed 06 Jan 2021

194. Wiegleb G, Felinks B (2001) Predictability of early stages of primary succession in post-mining
landscapes of Lower Lusatia, Germany. Appl Veg Sci 4:5–18

195. Williams M (2001) Arsenic in mine waters: an international study. Environ Geol 40:267–278

19�. Woldetsadik D, Drechsel P, Keraita B, Itanna F, Gebrekidan H (2017) Heavy metal accumulation and
health risk assessment in wastewater-irrigated urban vegetable farming sites of Addis Ababa, Ethiopia.
Int J Food Contam 4:9. DOI 10.1186/s40550-017-0053-y



Page 30/33

197. Yang QW, Li H, Long FY (2007) Heavy metals of vegetables and soils of vegetable bases in Chongqing,
southwest China. Environ Monit Assess 130:271–279

19�. Zavala YJ, Duxbury JM (2008) Arsenic in rice: I. Estimating normal levels of total arsenic in rice grain.
Environ Sci Technol 42(10):3856–3860

199. Zhong T, Xue D, Zhao L, Zhang X (2018) Concentration of heavy metals in vegetables and potential
health risk assessment in China. Environ Geochem Health 40(1):313–322. doi:10.1007/s10653-017-
9909-6

200. Zhou H, Yang W-T, Zhou X, Liu L, Gu J-F et al (2016) Accumulation of heavy metals in vegetable species
planted in contaminated soils and the health risk assessment. Int J Environ Res Public Health 13:289

201. Zhuang P, McBride MB, Xia H, Li N, Li Z (2009b) Health risk from heavy metals via consumption of food
crops in the vicinity of Dabaoshan mine, South China. Sci Total Environ 407:1551–1561.
doi:10.1016/j.scitotenv.2008.10.061

202. Zhuang P, Zou B, Li NY, Li ZA (2009a) Heavy metal contamination in soils and food crops around
Dabaoshan mine in Guangdong, China: implication for human health. Environ Geochem Health 31:707–
715

203. Zurera G, Estrada B, Rincón F, Pozo R (1987) Lead and cadmium contamination levels in edible
vegetables. Bull Environ Contam Toxicol 38:805–812

Tables
Table captions
 
Table 1. Arsenic and lead concentration agricultural soil impacted by historical mining in
Zacatecas, Mexico. 
 
Table 2. The average concentration of total arsenic and lead in vegetables, pollution load index
of agricultural soil and, bioaccumulation factor of the vegetables. 
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Communities
/site

pH EC
(dS m-1)

OMC
(%)

Particle size 
(%)

Heavy metal 
(mg/kg-1)

Sand Loam Clay As Pb
Santa Rita                
Site (1)  7.65 4.94 3.30 65 22 13 135 ± 20.18   179 ± 27.32
Site (2)  7.77 4.12 3.11 43 36 21  39 ± 6.99 90 ± 4.5
El Bordo                
Site (3) 7.89 3.58 2.06 37 24 39  75 ± 6.43     63 ± 3.40
Site (4) 8.18 3.87 2.22 45 24 31   91 ± 8.50     72 ± 6.47
Site (5) 8.18 1.97 3.34 37 38 25 141 ± 19.21 1201 ± 130.24
Lampotal                
Site (6)  7.95 2.60 2.72 53 30 17 138  ± 8.43     25 ± 3.83
Site (7) 7.78 3.88 2.70 47 28 25   70  ± 9.22   185 ± 13.5
La Era                
Site (8)  8.07 2.64 3.24 57 22 21 127 ± 14.4   177 ± 19.32
Site (9)  8.44 1.52 3.16 43 26 31 165 ± 7.37 1206 ± 155
Mexican
Standard

            22 400

          

 
Table 2. 
 

Communities Heavy metal 
(mg/kg-1dw)

Bioaccumulation 
factor (BAF)

Pollution load index (Pi)
Santa Rita
Site Vegetable As Pb As Pb As Pb

1 Garlic 87 ± 7.38  3.0 ± 0.78 0.64 0.01 6.13  0.44 
2 Pepper 91 ± 11.9   2.33   1.77 0.22

El Bordo            
3 Carrot 92 ± 8.28   1.22   3.40 0.15
4 Carrot 85 ± 7.34 2.1 ± 0.05 0.93 0.02 4.13 0.18
5 Carrot 95 ± 10.42 9.9 ± 1.48 0.67   6.40 3.00

El Lampotal            
6 Carrot 95 ± 10.91 3.6 ± 1.18 0.68 0.14 6.27 0.06
7 Pepper 85 ± 7.40 9.6 ± 0.25 1.21 0.05 3.18 0.46

La Era            
8 Carrot 100 ± 13.04 5.4 ± 2.14 0.78 0.03 5.77 0.44
9 Pepper 111 ± 11.97   0.67   7.5 3.01

Figures



Page 32/33

Figure 1

The map of the sampling sites of soil and vegetables are grown in Guadalupe and Vetagrande municipality
at the state of Zacatecas in Mexico.
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Figure 2

View of the processing company tailing around the crop and communities Guadalupe and Vetagrande
municipality at the state of Zacatecas in Mexico.


