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Abstract: Globally, there is growing concern over the presence of lead (Pb) in foods because it is a
heavy metal with several toxic effects on human health. However, monitoring studies have not been
conducted in Mexico. In this study, we estimated the concentrations of Pb in the most consumed
foods and identified those that exceeded the maximum limits (MLs) for Pb in foods established by
the International Standards. Based on the Mexican National Health and Nutrition Survey, 103 foods
and beverages were selected and purchased in Mexico City retail stores and markets. Samples were
analyzed twice using atomic absorption spectrophotometry. Values above the limit of quantification
(0.0025 mg/kg) were considered to be detected. The percentage of detected values was 18%. The high-
est concentration was found in infant rice cereal (1.005 mg/kg), whole wheat bread (0.447 mg/kg),
pre-cooked rice (0.276 mg/kg), black pepper (0.239 mg/kg), and turmeric (0.176 mg/kg). Among the
foods with detected Pb, the levels in infant rice cereal, whole wheat bread, pre-cooked rice, and soy
infant formula exceeded the MLs. The food groups with the highest percentages of exceeded MLs
were baby foods (18%) and cereals (11%). Monitoring the concentration of contaminants in foods is
essential for implementing food safety policies and protecting consumer health.

Keywords: lead; food safety; Mexico; baby foods; maximum limits

1. Introduction

Lead (Pb) is considered one of the major public health concerns worldwide for
food safety and security due to its severe detrimental effects on human health and the
environment [1]. According to the World Health Organization (WHO), there is no level
of Pb in the blood that can be considered risk-free, as this metal is toxic even at low
concentrations, affecting the function of every human organ and system in which it is
deposited [2].

The ingestion of food contaminated with Pb represents one of the most important hu-
man exposure routes for this toxic element. Pb, like other heavy metals, cannot decompose
and is non-degradable, so it can accumulate along the food chain, becoming a threat to
human health [3]. Its presence in food varies according to the different routes or sources
of contamination, defined as intrinsic and extrinsic factors. Intrinsic factors include the
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seasons, soil, water, atmospheric deposits, and animal feeding regimens [4], as well as
volcanic and vehicle emissions [5]. Extrinsic factors that contribute to food contamination
include food technological processes, packaging, transportation, storage [4], culinary proce-
dure tools, and cooking methods [6,7]. Once Pb is consumed through contaminated food,
children can absorb 40–50% of the Pb oral dose, compared to 3–10% for adults [2]. In this
sense, infants and children are considered the most vulnerable populations, particularly as
Pb is a neurotoxicant that affects the developing central nervous system [8–10].

The prevention and/or reduction of exposure to Pb from foods includes recommended
actions to avoid contamination of food along the food chain through good controls and prac-
tices during production, processing, distribution, and commercialization [11]. A key area
by which to reduce Pb exposure worldwide is food safety and food regulations, through
the monitoring of toxic heavy metal levels such as those of Pb in food [12]. However, these
types of monitoring studies and programs have not been conducted in many countries
like Mexico.

Therefore, the aim of this study was to determine the concentrations of Pb in the foods,
beverages, and spices most consumed by the Mexican population. As a secondary aim, we
compared the Pb concentrations obtained with the maximum limits (MLs) established by
the Codex Alimentarius Commission Food and Agriculture Organization of the United
Nations and the World Health Organization (FAO/WHO) for Pb in foods [13], and with the
MLs for candy according to the US Food and Drug Administration (FDA) [14], identifying
foods that exceed these reference limits.

2. Materials and Methods
2.1. Sample Collection

The foods and beverages most consumed by the Mexican population were identified
using data from the 24 h recall applied in the National Health and Nutrition Survey [15],
complemented with additional items previously identified as sources of Pb by our research
group [16].

We identified retail outlets in Mexico City that represent the most probable options
for food shopping and prioritized those that were easily accessible for our collectors to
efficiently purchase all the food samples. Mexico City was selected as the site for food
collection due to its prominence as the main and most densely populated city in Mexico [17].
From 12 April 2022 to 30 January 2023, a total of 103 food, beverage, and spice samples
were collected from retail outlets (i.e., markets, supermarkets, and pharmacies) located in
three counties: Iztapalapa, Benito Juárez, and Álvaro Obregón. Perishable foods such as
fruits, vegetables, and meats were purchased in the largest markets in the city (“Central
de Abastos” and “La Viga”); those markets are the main supply points for local markets.
Processed foods were bought at the principal supermarket chains (i.e., Walmart, Bodega
Aurrera, and San Pablo drug store). Detailed information about food items can be found in
Supplementary Table S1.

2.2. Chemicals and Reagents

Standard solutions for Pb atomic absorption spectroscopy (1000 µg/mL) were used as
certified calibration standards (Perkin Elmer, Norwalk, CT, USA). Bovine Liver Standard
NIST 1577c (Sigma-Aldrich, St. Louis, MO, USA) was used as the internal control. Nitric
acid (HNO3) 65% Suprapur® (Merck, Darmstadt, Germany) was used to prepare acid
digestions and calibration curves. Dibasic ammonium phosphate (Sigma-Aldrich, St. Louis,
MO, USA) and Triton X-100 (Sigma-Aldrich, St. Louis, MO, USA) were used to prepare
the matrix modifier. All solutions were prepared with deionized water obtained from a
Direct-Q 3 UV purification system (Millipore, Bedford, MA, USA).

2.3. Sample Analysis and Quality Control

Samples were transported to the Neurochemistry Laboratory at the National Institute
of Neurology and Neurosurgery in Mexico City for analysis. The system conditions were
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established following the recommendations of the equipment manual and digestion was
performed following the technique proposed by Sifou [18]. All samples were unpacked
and inspected, and samples that could decompose were stored at −20 ◦C until further
experimentation to avoid decomposition. Foods packaged in paper or cardboard, plastic,
or other containers were only cleaned with deionized water twice. Fruits were washed
with soap and deionized water (twice). Those with inedible peel (such as lemon, mango,
and orange) were peeled, and only the pulp was used for the next steps. In the case of fruits
like apples (commonly consumed with peel) the whole fruit was used. Meats (chicken,
beef, pork) and eggs (without shell) were not cooked and were sampled raw for the next
steps. Cereals and legumes were analyzed without processing (raw samples). Solid items
underwent dehydration at 80 ◦C for 72 h and liquid samples were processed in wet weight.
All solid items were ground using a house grinder and finally stored in polypropylene
tubes until analysis. The liquid and solid samples were weighed in duplicate (0.1–0.2 g for
solids or 1 mL for liquids) in test tubes, and 2 mL of 65% Suprapur® HNO3 was added.
The tubes were covered, mixed, and left at room temperature for 12 h. Subsequently, they
were placed in a water bath (Labline instrument, shaking water bath) at 60 ◦C until a clear
solution was obtained, and samples of 100 µL were taken for analysis.

During the development of the system validation tests, which were carried out fol-
lowing the recommendations established by the Commission for Analytical Control and
Expansion of Coverage (CCAYAC-CR-03/0), a repeatability test was performed. This test
involves evaluating the lower limit of quantification by five-fold (2.5 µg/L, lower value of
the calibration curve) and three concentration values located within the calibration curve:
low level 8 µg/L, medium level 25 µg/L, and high level 40 µg/L. For compliance with this
test, the values obtained should show a maximum coefficient of variation percentage of
20% for the limit of quantification and 15% for the rest of the determinations. The results
obtained were 8.9%, 4.8%, 2.8%, and 0.8%, respectively. Therefore, the proposed method
complied with the repeatability test. We considered compliance through validation of the
method used to perform duplicate testing.

The Pb levels were determined using an atomic absorption spectrophotometer (AAS)
(Perkin Elmer AAnalyst-600) equipped with a graphite furnace HGA-600 and coupled to
an AS800 autosampler. Calibration curve solutions were prepared each day of the analysis
was conducted by diluting a standard solution with 0.2% ultrapure HNO3; the coefficient
of determination was at least 0.99. The metal content was calculated using a calibration
curve in a concentration range 2.5 to 45 µg/L. A 1:1 dilution of the acid digestion was
performed with a matrix modifier containing 0.2 mL of dibasic ammonium phosphate,
0.5 mL of Triton X-100, and 0.2 mL of ultrapure HNO3 in 100 mL of deionized water. A
volume of 20 µL of the solution was injected into the equipment. Pb determination was
assessed in duplicate for each sample. As an internal control, on every day of analysis,
a solution of acid digestion of bovine liver standard (similar digestion as the samples)
equivalent to 3.5 µg/L of Pb was analyzed every 30 samples. From the controls analyzed,
a percentage recovery of 105.03 ± 9.01% was obtained. The lower limit of quantification
(LoQ) was 0.0025 mg/kg; values >LoQ were considered to be detected.

2.4. Statistical Analysis

Pb levels (mg/kg) were determined in duplicate in each sample and the average was
obtained (mean and standard deviation [SD]). The samples were classified into 13 groups:
(1) baby foods; (2) beverages; (3) candy and snacks; (4) cereals; (5) condiments and spices;
(6) dairy products; (7) fats and oils; (8) fruits; (9) legumes; (10) meats, sausages, and eggs;
(11) seafood; (12) soups; and (13) vegetables. Each food item was compared with its
corresponding MLs established for Pb by the FAO/WHO Codex Alimentarius Commission,
which are established only for some types of food groups such as vegetables, fruits, pulses,
cereal grain, infant formula, fish, meat, and alcohol products [19]. Because of the lack of
FAO/WHO MLs for the candy and snacks group, this group was compared with the US
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FDA’s recommended lead concentration in candy that is likely to be consumed frequently
by small children of 0.1 mg/kg (limit set for producers) [14].

Finally, the percentage of detected Pb levels (above the LoQ) and the percentage of
those that exceeded the MLs were estimated per food group.

3. Results and Discussion

The complete list of the 103 food and beverage samples evaluated is presented in
Table 1. The detection of Pb (>LoQ) in the total sample was 18% (n = 19), with the detected
levels ranging from 0.021 mg/kg to 1.005 mg/kg. The highest concentration of Pb was
found in infant rice cereal (brand 2) (1.005 mg/kg), whole wheat bread (0.447 mg/kg),
pre-cooked rice (0.276 mg/kg), black pepper (0.239 mg/kg), and turmeric (0.176 mg/kg).

The food groups with more detected Pb levels were as follows: (1) condiments and
spices with 45% (n = 5/11) of detected levels varying from 0.021 to 0.239 mg/kg; tea
sachets had the lowest levels, and black pepper had the highest Pb levels in this food
group; (2) meats, sausages, and eggs with 43% (n = 3/7) of detected levels varying from
0.026 mg/kg to 0.133 mg/kg corresponding to turkey sausages (brand 2) and beef liver,
respectively; (3) cereals with 33% (n = 6/18) of detected levels, with 0.030 mg/kg being the
lowest level identified in rice cake and 0.447 mg/kg being the highest level in whole wheat
bread; and (4) baby foods with 18% (n = 2/11) of detected values corresponding to infant
formula soy milk (brand 2) (0.035 mg/kg) and infant rice cereal (brand 2) (1.005 mg/kg).
The food groups with Pb levels < LoQ were beverages, dairy products, seafood, fruits, fats
and oils, soups, and vegetables.

Among the 19 food items with detected Pb levels in the present study, we identified
12 food items with FAO/WHO MLs established for Pb, and from these, only four food
items exceeded these MLs. These items were infant rice cereal (brand 2), whole wheat
bread, pre-cooked rice, and soy infant formula (brand 2). Finally, the food groups with the
highest percentages of samples that exceeded the FAO/WHO MLs for Pb were baby foods
(18%) and cereals (11%).

In Mexico, there are official standards aimed at regulating the levels of heavy metals
in food throughout the country. Among the foods with established Mexican MLs for Pb
are infant formulas (0.02 mg/kg), juices, nectars (0.3 mg/kg), vegetables (1.0 mg/kg),
meat products (1.0 mg/kg), dairy products (0.2 mg/kg), fish products (ranging from 0.5
to 2.0 mg/kg), and flour (0.5 mg/kg) [20–22]. In general, the concentrations obtained in
the present study were found to be below Mexican regulation levels, except for soy infant
formula with a Pb level of 0.035 mg/kg. However, the Mexican limits are above those
standards established internationally as the FAO/WHO MLs. Additionally, no limits were
updated in the Mexican regulations for foods such as cereals and fruits.

This is the first analysis that reports the Pb levels in the most common foods consumed
by the Mexican population. Eighteen percent of the food items analyzed had detectable Pb
levels. Products whose main ingredients are from rice and wheat presented the highest
concentrations of Pb (infant rice cereal (1.005 mg/kg), whole wheat bread (0.447 mg/kg),
pre-cooked rice (0.276 mg/kg)), and these same items are three of the four items that
exceeded the FAO/OMS MLs for Pb (0.2 mg/kg in cereals).

Our results are consistent with a previous review performed by our group, where
we summarized the existing evidence on heavy metal exposure in natural or minimally
processed foods for human consumption worldwide that included 152 articles. We found
that both cereals (rice and wheat) were reported in the literature as sources of Pb, especially
in Iran and China, where the Pb-reported levels for wheat exceed the FAO/OMS MLs [16].
Another study in China, which encompassed 1386 articles (n = 391,633 samples) published
between 2010 and 2020 in the country, evaluated concentrations of Pb in the edible parts
of grains, vegetables, meat, eggs, milk, and fruit, showing that Pb in foods ranged from
0.09 mg/kg to 0.30 mg/kg, and 87% of the Pb intake was contributed by grains, vegetables,
aquatic products, mushrooms, and meat [23]. This study agreed with ours, showing that
grains represent one of the food groups with major concentrations of Pb.
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Table 1. Lead (Pb) levels in the most consumed Mexican foods (n = 103) per food group and
comparison with the maximum levels (MLs) for Pb established by the FAO/WHO.

Food Groups and Food Items (n = 103) Pb Mean (SD)
Levels (mg/kg)

Detected Pb (%)
by Food Group

FAO/WHO MLs a

(mg/kg) Exceeds MLs (%)

Baby foods (n = 11)

Infant Formula Whole Milk (Brand 1) <LoQ

18%

0.01

18%

Infant Formula Soy Milk (Brand 1) <LoQ 0.01

Infant Formula Whole Milk (Brand 2) <LoQ 0.01

Infant Formula Soy Milk (Brand 2) 0.035 (0.008) 0.01

Apple Juice (Brand 1) <LoQ 0.03 ˆ

Carrot Puree <LoQ NI

Chicken, Vegetables, and
Rice Porridge <LoQ NI

Strawberry and Apple Snack <LoQ 0.20 ˆ

Rice Cereal (Brand 2) 1.005 (0.042) 0.20 ˆ

Infant Formula Whole Milk (Brand 3) <LoQ 0.02

Infant Grow and Gain
Strawberry Shake <LoQ 0.02

Beverages (n = 2)

Soluble Coffee (Brand 1) <LoQ
0%

NI
0%

Bottled Soft Drink (Brand 1) <LoQ NI

Candy and Snacks b (n = 16)

Cacao Powder (Bulk) 0.083 (0.032)

13%

0.10

0%

Chocolate Bar (Brand 1) <LoQ 0.10

Chocolate Powder (Brand 1) <LoQ 0.10

Chamoy Candy (Brand 1) <LoQ 0.10

Chewing Gum (Brand 1) <LoQ 0.10

Popsicle (Brand 1) <LoQ 0.10

Marzipan Candy (Brand 1) <LoQ 0.10

Poblano Candy “borrachito”
(Brand 1) <LoQ 0.10

Tamarind Poblano Candy (Brand 1) 0.050 (0.001) 0.10

Tamarind Popsicle (Brand 1) <LoQ 0.10

Tamarind Candy (Brand 1) <LoQ 0.10

Wheat Chips (Brand 1) <LoQ 0.20 *

Sweet Cookie (Brand 1) <LoQ 0.20 *

Jelly (Brand 1) <LoQ 0.10

Potato Chips (Brand 1) <LoQ 0.10 *

Potato Chips (Brand 2) <LoQ 0.10 *
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Table 1. Cont.

Food Groups and Food Items (n = 103) Pb Mean (SD)
Levels (mg/kg)

Detected Pb (%)
by Food Group

FAO/WHO MLs a

(mg/kg) Exceeds MLs (%)

Cereals (n = 18)

Rice Flour (Brand 1) <LoQ

33%

0.20

11%

Rice “Oryza Sativa” (Brand 1) <LoQ 0.20

Rice “Oryza Sativa”(Brand 2) <LoQ 0.20

Rice “Oryza Sativa” (Brand 3) <LoQ 0.20

Pre-cooked Rice (Brand 1) 0.276 (0.017) 0.20

Oat “Avena Sativa” (Brand 1) <LoQ 0.20

Breakfast Cereal (Brand 1) <LoQ 0.20 ˆ

Wheat Cookies (Brand 1) <LoQ 0.20 ˆ

Crackers (Brand 1) <LoQ 0.20 ˆ

Rice Cake (Brand 1) 0.030 (0.012) 0.20 ˆ

Corn Flour (Brand 1) <LoQ NI

White Bread (Brand 1) <LoQ NI

Sweet Bread (Brand 1) 0.123 (0.020) 0.20 ˆ

Whole Wheat Bread (Brand 1) 0.447 (0.192) 0.20 ˆ

Breadcrumbs (Brand 1) <LoQ 0.20 ˆ

Wheat Flour (Brand 1) 0.031 (0.009) 0.20 ˆ

Wheat Flour (Brand 2) 0.070 (0.007) 0.20 ˆ

Wheat Tortillas (Brand 1) <LoQ 0.20 ˆ

Condiments and spices (n = 11)

Chicken Broth Cubes (Brand 1) <LoQ

45%

NI

0%

Chili Powder (Brand 1) <LoQ NI

Ancho Chili “Capsicum annuum”
(Brand 1) <LoQ 0.05

Guajillo Chili “Capsicum annuum”
(Brand 1) 0.037 (0.000) 0.05

Fresh Green Chili (Bulk) “Capsicum
annuum ‘serrano’” <LoQ 0.05

Canned Green Chili (Brand 1) <LoQ 0.10

Turmeric “Curcuma longa” (Bulk) 0.176 (0.032) NI

Paprika “Capsicum” (Bulk) 0.092 (0.027) NI

Black Pepper “Piper nigrum L.” (Bulk) 0.239 (0.007) NI

Industrialized Sauce (Brand 1) <LoQ NI

Tea Sachet (Brand 1) 0.021 (0.003) NI

Dairy Products (n = 5)

Whole Liquid Milk (Brand 2) <LoQ

0%

0.02

0%

Whole Liquid Milk (Brand 1) <LoQ 0.02

Asadero Cheese (Brand 1) <LoQ 0.02

Manchego Cheese (Brand 2) <LoQ 0.02

Natural Yogurt (Brand 1) <LoQ 0.02
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Table 1. Cont.

Food Groups and Food Items (n = 103) Pb Mean (SD)
Levels (mg/kg)

Detected Pb (%)
by Food Group

FAO/WHO MLs a

(mg/kg) Exceeds MLs (%)

Fats and oils (n = 4)

Vegetable Oil (Brand 1) <LoQ

0%

0.08

0%
Vegetable Oil (Brand 2) <LoQ 0.08

Sour Cream (Brand 2) <LoQ 0.02

Mayonnaise (Brand 1) <LoQ 0.04

Fruits (n = 7)

Guava “Psidium guajava” <LoQ

0%

0.10

0%

Lemon “Citrus limon” <LoQ 0.10

Ataulfo Mango “Mangifera indica” <LoQ 0.10

Golden Yellow Apple “Malus
domestica ‘golden delicious’” <LoQ 0.10

Orange “Citrus sinensis L.” <LoQ 0.10

Grapefruit “Citrus Paradisi” <LoQ 0.10

Grape “Vitis vinifera” <LoQ 0.10

Legumes (n = 6)

White Bean “Phaseolus vulgaris”
(Brand 1) <LoQ

17%

0.10

0%

Black Canned Beans (Brand 1) <LoQ 0.10

Black Beans “Phaseolus vulgaris”
(Brand 1) <LoQ 0.10

Lentils “Lens culinaris” (Brand 1) <LoQ 0.10

Lentil Instant Soup (Brand 1) <LoQ 0.10

Soybean “Glycine max l. Merr.”
(Brand 1) 0.029 (0.013) 0.10

Meats, sausages, and eggs (n = 7)

Beef Liver (Brand 1) 0.133 (0.015)

43%

0.20

0%

Egg (Brand 1) <LoQ 0.05

Egg (Brand 2) <LoQ 0.05

Pork Ham (Brand 1) 0.062 (0.003) 0.15 ˆ

Chicken Breast (Bulk) <LoQ 0.10

Turkey Sausages (Brand 1) <LoQ 0.10 ˆ

Turkey sausages (Brand 2) 0.026 (0.010) 0.10 ˆ

Seafood (n = 3)

Canned Tuna (Brand 1) <LoQ

0%

NI

0%
Canned Tuna (Brand 2) <LoQ NI

Pacotilla Shrimp
“Litopenaeus vannamei” <LoQ 0.30 ˆ

Soups (n = 3)

Instant Pasta Soup (Brad 1) <LoQ

0%

0.20 ˆ

0%Canned Vegetable Soup (Brand 1) <LoQ 0.02

Pasta Soup to Prepare (Brand 1) <LoQ 0.20ˆ
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Table 1. Cont.

Food Groups and Food Items (n = 103) Pb Mean (SD)
Levels (mg/kg)

Detected Pb (%)
by Food Group

FAO/WHO MLs a

(mg/kg) Exceeds MLs (%)

Vegetables (n = 10)

White Onion “Allium cepa” <LoQ

0%

0.10

0%

Mushrooms “Agaricus bisporus” <LoQ 0.30

Chayote “Sechium edule” <LoQ 0.05

Coriander “Coriandrum sativum “ <LoQ 0.30

Cabbage “Brassica oleracea
car. capitata” <LoQ 0.10

Corn “Zea mays” <LoQ 0.05

Chard “Beta vulgaris var. cicla” <LoQ 0.30

Spinach “Spinacia oleracea” <LoQ NI

Nopal Cactus “Opuntia
ficus-indica (L.)” <LoQ 0.30

Carrot “Daucus carota subsp. sativus” <LoQ 0.10

Abbreviations: Pb: lead; MLs: maximum levels; <LoQ: below the limit of quantification (<0.0025 mg/kg); NI;
no information. a Comparisons were performed using the FAO and WHO Maximum Levels for Lead, General
Standard for Contaminants and Toxins in Food and Feed. b Comparisons were performed using the US FDA
Recommended Lead Concentration in Candy likely to be Consumed Frequently by small Children (0.1 mg/kg).
* These food items were categorized as candy and snacks but were compared with FAO/WHO MLs because of
their nature (cereal grains; root and tuber vegetables). ˆ These foods were grouped in this food group by their
nature, although FAO/WHO MLs do not specify these foods.

Other studies have reported concentrations of Pb in rice. A study in Spain that
determined the concentrations of toxic metals in cooked and digested rice in a total of
42 samples (evaluated 14 varieties by triplicate) found Pb mean levels (SD) of 0.14 (0.15)
mg/kg and 0.06 (0.04) mg/kg in cooked and digested rice, respectively [24]. Another
study determined Pb levels in white rice and brown rice grown in the US and other
countries (Thailand, India, and Italy) and found that Pb mean levels were 0.0056 mg/kg
(range 0.0002 mg/kg to 0.032 mg/kg) in US white rice, 0.0074 mg/kg (0.0014 mg/kg to
0.034 mg/kg) in US brown rice, and 0.014 mg/kg (range 0.002 mg/kg to 0.096 mg/kg) in
rice from other countries [25]. However, in contrast with our results, none of the samples
of both studies exceeded the FAO/OMS MLs set for Pb (0.2 mg/kg in cereals).

It was identified that a relevant source of Pb for rice and wheat crops is the atmospheric
deposition of Pb that can be transferred from leaves to grain [26]. Particularly for wheat,
the contribution rates of atmospheric deposition in wheat roots, stems, leaves, and grains
were 14%, 66%, 84%, and 77%, respectively [27]. In the case of rice, a high contribution of
atmospheric exposure to Pb levels in rice grain was also evaluated [26]. Notably, in our
analysis, the samples of rice in their natural form (n = 3) had Pb levels < LoQ, but the items
with Pb levels detected in the cereal groups (pre-cooked rice, rice cake, sweet bread, whole
wheat bread, and wheat flour) were rice- and wheat-based products. Additionally, with
respect to atmospheric deposition, in our results, an industrial process could be involved in
the Pb levels detected in these products.

In this study, infant rice cereal and soy infant formula were among the food items with
the highest Pb levels; these baby foods had the highest percentages exceeding FAO/WHO
MLs (18%). This result is not surprising, as a previous study by Healthy Babies Bright
Futures (HBBF), in which 168 baby foods were analyzed, identified that Pb was present in
94% of the samples; the content varied from 0.0031 to 0.0674 mg/kg in different infant rice
cereal brands and was 0.0078 mg/kg for soy infant formula [28]. In a systematic review
that evaluated Pb levels in foods consumed or produced in Brazil, a total of 77 articles
from 8466 food samples were found to have Pb levels ranging from 0.0004 mg/kg for nuts
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and cocoa products to 0.4842 mg/kg for infant food; this is consistent with baby foods
having the highest Pb levels [29]. The presence of heavy metals in baby and infant foods
has become so relevant that the US FDA agency has implemented a science-based strategy
called “Closer to Zero”. This initiative aims at reducing exposure to heavy metals to the
lowest possible levels in this kind of food [30]. Recently, as part of the plan, the FDA
updated the proposed levels for Pb in baby foods, intending to significantly reduce Pb
exposure from food while ensuring the availability of nutritious food [31].

In our study, condiments and spices were the group with a higher percentage of Pb
levels detected in 45% of the samples, ranging from 0.021 mg/kg to 0.239 mg/kg. However,
a comparison with the FAO/WHO MLs could not be performed because the FAO/OMS
has not established MLs for most of the food items in this group, such as turmeric, paprika,
and black pepper. A US Consumer Report in 2021 analyzed 15 types of dried herbs and
spices produced by national and private-label brands (n = 126) and identified that 40 tested
products had elevated toxic elements levels, including Pb, highlighting that in 31 products,
Pb levels were so high that they exceeded the maximum amount anyone should have
in a day [32]. The adulteration of spices with Pb is a topic of particular concern; there
is evidence that the consumption of turmeric contaminated with Pb is associated with
childhood lead poisoning cases. Between 2010 and 2014, cases of childhood lead poisoning
that were attributable to culinary spice consumption were reported in the US. Children’s
Hospital Boston analyzed Indian spices from cases of pediatric lead poisoning, finding
that 25% contained >1 mcg/g Pb, and concluded that chronic exposure to these spices can
increase blood Pb levels [33,34].

The meats, sausages, and eggs group in our study was another group with a higher per-
centage of detected Pb levels (43% of samples) in the range of 0.026 mg/kg to 0.133 mg/kg.
Although these levels were not above the MLs, similar findings were reported in Italy, where
the detected Pb levels in white meat (0.003189 mg/kg) and processed meat (0.00981 mg/kg)
were below the MLs [35], and also in Spain, where chicken, pork, and beef presented Pb
values of 0.00694 mg/kg, 0.005 mg/kg, and 0.00191 mg/kg, respectively [36].

Finally, our results show that Pb was present in soy (natural and industrialized);
the presence of Pb in isolated soy could be caused by contamination during processing
as this has previously been documented [37]. Foods can be contaminated by Pb during
different steps of production and processing. As mentioned previously, wheat and rice
can obtain Pb from contaminated water and soil, and in the case of soy, Pb can be derived
from the industrialized process. This reflects the multitude of factors that can modify the
concentration of contaminants in food, highlighting the urgent need to update Mexican
regulations and maintain continuous monitoring of food production.

In contrast with our results, where dairy products and vegetables were among the
food groups with non-detectable Pb levels, previous studies in Mexico demonstrated high
Pb levels in these food groups. One study determined Pb levels in milk and cheese samples
produced in an area irrigated with wastewater from Puebla state and found that the mean
Pb levels detected in milk, milk whey, and ranchero cheese were 0.03 mg/kg, 0.07 mg/kg,
and 0.11 mg/kg, respectively; all values were above the FAO/OMS MLs of 0.020 mg/kg for
milk and cheese [38]. Another study detected Pb levels in milk from cows fed with alfalfa
produced in soils irrigated with wastewater in Puebla and Tlaxcala; Pb levels were in the
range of 0.039 to 0.059 mg/kg and were also above the international MLs [38]. Notably,
these are among the Mexican states with the highest reported prevalence of Pb poisoning
in children, 46.6% and 35.6%, respectively [39].

Another study carried out in Zacatecas state evaluated Pb levels in the edible parts of
vegetables cultivated in agricultural soils contaminated by historical mining. The study
classified vegetables into root vegetables (carrot and garlic) and fruit vegetables (pepper)
finding Pb mean levels of 9.6 mg/kg and 4.8 mg/kg in fruit vegetables and root vegetables,
respectively; these levels exceeded the MLs established by the FAO/WHO of 0.05 mg/kg
(fruit vegetables) and 0.1 mg/kg (roots vegetables) [40].
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A review that evaluated the heavy metal and metalloid pollution status in soil, water,
and foods in Bangladesh reported elevated Pb concentrations in the vegetable food group,
comprising food items such as spinach (11.48 mg/kg), cabbage (22.09 mg/kg), and carrots
(0.006 mg/kg) [41]. In our study, all food items in the vegetable group were found to have
Pb levels < LoQ.

It is important to note that the studies mentioned above were carried out in areas
previously identified as contaminated. In our study, we could not determine whether food
items were cultivated in a highly contaminated area.

One of the key areas of focus in public health is food safety and food regulations. Total
diet studies (TDSs) are one of the most cost-effective tools for assessing dietary exposure to
elements such as Pb. Thirty-three countries have performed TDSs [12], such as the United
States (US), which has conducted these studies since 1961 through the Food and Drug
Administration (FDA) to monitor nutrients and contaminant levels in foods commonly
consumed by the US population [13]. Additionally, international agencies such as the
FAO/WHO have established standards for MLs for Pb and other toxic substances in food
to promote the safety of food production worldwide [19]. However, there is evidence
of the presence of heavy metals exceeding these limits throughout the world and in all
food groups, even in uncontaminated areas. Therefore, it is important that monitoring be
performed in each country and in key locations within the country, to assess compliance
with national and international standards. However, these types of monitoring studies and
programs have not been conducted in Mexico.

This first analysis of Pb levels in food is part of a risk communication action not only to
increase the awareness of consumers, food producers, the food industry, and stakeholders
but also to open a dialogue and suggest actions to promote the implementation of a
food monitoring system that is able to identify the sources of Pb (intrinsic or extrinsic
factors) and reduce them in the food chain. As an example, through the different Chinese
TDSs performed since 1990, the Pb levels in food as the daily dietary intake decreased from
86.3 µg to 34.4 µg [42]. In addition, in 2010, the joint FAO/WHO Expert Committee on Food
Additives (JECFA) established that no level of Pb intake is entirely safe [43] and suggested
that all countries should reinforce efforts to reduce Pb in foods. However, the presence of a
contaminant does not mean that food is unsafe for consumption. Although it is not possible
to eliminate these elements completely from food, we expect that the recommended action
levels will cause manufacturers to implement agricultural and processing measures to
reduce Pb levels in their food products, reducing the potential adverse effects associated
with exposure to Pb from food.

One of the limitations of this study is that all food samples were purchased in Mexico
City; therefore, regional variations in the sources of exposure could not be detected. Another
limitation is the small sample size of the food items analyzed in our study. Our results
should be interpreted with caution and may not be representative of the food groups
included in this sense, as very high values may be outliers. Despite the fact that we tried
to include the most representative foods of the Mexican diet, it is important to consider
conducting food monitoring studies on larger food samples given the high production of
foodstuffs. Lastly, the present study is not a systematic food monitoring study in Mexico
but rather an effort to call attention to the need for systematic monitoring, with replications
with national representativeness and variability in the geographical distribution.

In addition to recognizing that the main source of Pb exposure in the general Mexican
population is the use of lead-glazed ceramic for cooking or serving food [44], considering
all the evidence, particular attention must be focused on foods consumed since pregnancy,
as prenatal blood Pb concentrations as low as 1–5 µg/dL may affect neurodevelopment in
the developing fetus, especially language development [45]. In addition, during childhood,
Pb accumulates in the body and can cause adverse and permanent neurodevelopmental
consequences and other “silent consequences” [46]. This is especially relevant as Pb is
accumulated in the body for decades, and in adult life, it affects the reproductive system [47]
and cardiovascular system [48], among many others. In Mexico, the problem of Pb exposure
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is estimated to be one of the highest worldwide, as 17% of children (1–4 years of age) present
blood Pb levels above 5 µg/dL [39].

4. Conclusions

In this study, we determined the concentrations of Pb in the foods, beverages, condi-
ments, and spices most consumed by the Mexican population, and have contributed to
the limited evidence about Pb’s presence in Mexican food. Mexico has a food monitoring
system; however, the information is not made public or published regularly. Therefore, this
report is an effort to demonstrate the importance and need for constant food monitoring
concerning contamination with toxic elements, giving the population access to information
from which to make informed decisions with respect to food consumption.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/toxics12050318/s1, Table S1: Complete Data of Mexican Food Items analyzed
for Lead (Pb) levels (n = 103).

Author Contributions: Conceptualization, A.C., L.B.-R., S.C.-L. and M.M.T.-R.; methodology, A.C.,
B.A.G.-M., A.D.-R., L.B.-R., S.C.-L., M.M.T.-R. and H.L.-F.; software: H.L.-F., S.C.-L. and L.B.-R.;
validation, C.R.; formal analysis, B.A.G.-M., H.L.-F. and S.C.-L.; writing—original draft preparation,
A.C., L.B.-R. and S.C.-L.; writing—review and editing, M.M.T.-R., H.L.-F. and R.M.M.-M.; supervision,
M.M.T.-R. and A.C.; funding acquisition, A.C. All authors have read and agreed to the published
version of the manuscript.

Funding: The study received funding from the Pure Earth Mexico/Blacksmith Institute. Betanzos-
Robledo (#18593) and Collado-López (#556419) are supported by Consejo Nacional de Humanidades
Ciencias y Tecnologías (CONAHCYT) as research assistants.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors acknowledge the Pure Earth Mexico/Blacksmith Institute for fund-
ing the analysis of the samples. We thank Gabriel Velázquez Elizalde, Fernanda Reyna Cantoral, and
Luis Javier Villa Cervantes for their help with the food purchase and laboratory support. We also
thank Michel Baston Montes de Oca, who assisted with the English revision of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. WHO. 10 Chemicals of Public Health Concern. Available online: https://www.who.int/news-room/photo-story/photo-story-

detail/10-chemicals-of-public-health-concern (accessed on 1 January 2024).
2. Abadin, H.; Ashizawa, A.; Stevens, Y.-W. Toxicological Profile for Lead; Agency for Toxic Substances and Disease Registry: Atlanta,

GA, USA, 2020.
3. Boudebbouz, A.; Boudalia, S.; Bousbia, A.; Habila, S.; Boussadia, M.I.; Gueroui, Y. Heavy metals levels in raw cow milk and

health risk assessment across the globe: A systematic review. Sci. Total Environ. 2021, 751, 141830. [CrossRef]
4. Rather, I.A.; Koh, W.Y.; Paek, W.K.; Lim, J. The Sources of Chemical Contaminants in Food and Their Health Implications. Front.

Pharmacol. 2017, 8, 830. [CrossRef]
5. Parkpian, P.; Leong, S.T.; Laortanakul, P.; Thunthaisong, N. Regional monitoring of lead and cadmium contamination in a tropical

grazing land site, Thailand. Environ. Monit. Assess. 2003, 85, 157–173. [CrossRef]
6. Weidenhamer, J.D.; Kobunski, P.A.; Kuepouo, G.; Corbin, R.W.; Gottesfeld, P. Lead exposure from aluminum cookware in

Cameroon. Sci. Total Environ. 2014, 496, 339–347. [CrossRef]
7. Rojas-Lopez, M.; Santos-Burgoa, C.; Rios, C.; Hernandez-Avila, M.; Romieu, I. Use of lead-glazed ceramics is the main factor

associated to high lead in blood levels in two Mexican rural communities. J. Toxicol. Environ. Health 1994, 42, 45–52. [CrossRef]
8. Goyer, R.A. Transplacental transport of lead. Environ. Health Perspect. 1990, 89, 101–105. [CrossRef]
9. Hu, H.; Tellez-Rojo, M.M.; Bellinger, D.; Smith, D.; Ettinger, A.S.; Lamadrid-Figueroa, H.; Schwartz, J.; Schnaas, L.; Mercado-

Garcia, A.; Hernandez-Avila, M. Fetal lead exposure at each stage of pregnancy as a predictor of infant mental development.
Environ. Health Perspect. 2006, 114, 1730–1735. [CrossRef]

https://www.mdpi.com/article/10.3390/toxics12050318/s1
https://www.mdpi.com/article/10.3390/toxics12050318/s1
https://www.who.int/news-room/photo-story/photo-story-detail/10-chemicals-of-public-health-concern
https://www.who.int/news-room/photo-story/photo-story-detail/10-chemicals-of-public-health-concern
https://doi.org/10.1016/j.scitotenv.2020.141830
https://doi.org/10.3389/fphar.2017.00830
https://doi.org/10.1023/a:1023638012736
https://doi.org/10.1016/j.scitotenv.2014.07.016
https://doi.org/10.1080/15287399409531862
https://doi.org/10.1289/ehp.9089101
https://doi.org/10.1289/ehp.9067


Toxics 2024, 12, 318 12 of 13

10. Lanphear, B.P.; Hornung, R.; Khoury, J.; Yolton, K.; Baghurst, P.; Bellinger, D.C.; Canfield, R.L.; Dietrich, K.N.; Bornschein, R.;
Greene, T.; et al. Low-level environmental lead exposure and children’s intellectual function: An international pooled analysis.
Environ. Health Perspect. 2005, 113, 894–899. [CrossRef]

11. FAO; WHO. Code of Practice for the Prevention and Reduction of Lead Contamination in Foods; FAO: Rome, Italy, 2004.
12. EFSA; FAO; WHO. State of the Art on Total Diet Studies Based on the Replies to the EFSA/FAO/WHO Questionnaire on National Total

Diet Study Approaches; European Food Safety Authority: Parma, Italy, 2011.
13. FAO; WHO. General Standard for contaminants And Toxins in Food and Feed; FAO: Rome, Italy, 1999.
14. FDA. Lead in Candy Likely To Be Consumed Frequently by Small Children: Recommended Maximum Level and Enforcement Policy; FDA:

Silver Spring, MD, USA, 2006.
15. Gaona-Pineda, E.B.; Mejia-Rodriguez, F.; Cuevas-Nasu, L.; Gomez-Acosta, L.M.; Rangel-Baltazar, E.; Flores-Aldana, M.E. Dietary

intake and adequacy of energy and nutrients in Mexican adolescents: Results from Ensanut 2012. Salud Pública México 2018, 60,
404–413. [CrossRef]

16. Collado-Lopez, S.; Betanzos-Robledo, L.; Tellez-Rojo, M.M.; Lamadrid-Figueroa, H.; Reyes, M.; Rios, C.; Cantoral, A. Heavy
Metals in Unprocessed or Minimally Processed Foods Consumed by Humans Worldwide: A Scoping Review. Int. J. Environ. Res.
Public. Health 2022, 19, 8651. [CrossRef]

17. INEGI. Densidad de Población. Available online: https://cuentame.inegi.org.mx/poblacion/densidad.aspx?tema=P#:~:text=
Fuente:%20INEGI.,estado%20de%20M%C3%A9xico%20y%20Morelos (accessed on 10 March 2024).

18. Sifou, A.; Benabbou, A.; Ben Aakame, R.; Mahnine, N.; Antonopoulos, A.; Halim, M.; Zinedine, A. Trace Elements in Breakfast
Cereals and Exposure Assessment in Moroccan Population: Case of Lead and Cadmium. Biol. Trace Elem. Res. 2021, 199,
1268–1275. [CrossRef] [PubMed]

19. FAO; WHO. Information Paper on establishment of Codex Maximum Levels and Residues Limits for Feeding Stuffs and Foods; WHO:
Copenhagen, Denmark, 2002.

20. NOM-242-SSA1-2009; Norma Oficial Mexicana Productos y Servicios. Productos de la Pesca Frescos, Refrigerados, Congelados y
Procesados. Especificaciones Sanitarias y Métodos de Prueba. Ministry of Health: Mexico City, Mexico, 2009.

21. NOM-247-SSA1-2009; Norma Oficial Mexicana Productos y Servicios. Cereales y sus Productos. Cereales, Harinas de Cereales,
Sémolas o Semolinas. Alimentos a Base de: Cereales, Semillas Comestibles, de harinas, sémolas o semolinas o Sus Mezclas.
Ministry of Health: Mexico City, Mexico, 2009.

22. NOM-131-SSA-2012; Norma Oficial Mexicana Productos y Servicios. Fórmulas Para Lactantes, de Continuación y Para Necesi-
dades Especiales de Nutrición. Alimentos y Bebidas no Alcohólicas Para Lactantes y Niños de Corta Edad. Salud, S.d. (Ed.)
Ministry of Health: Mexico City, Mexico, 2012.

23. Zhang, X.; Wang, Z.; Liu, L.; Zhan, N.; Qin, J.; Lu, X.; Cheng, M. Assessment of the risks from dietary lead exposure in China.
J. Hazard. Mater. 2021, 418, 126134. [CrossRef] [PubMed]

24. Aguilera-Velázquez, J.R.; Calleja, A.; Moreno, I.; Bautista, J.; Alonso, E. Metal profiles and health risk assessment of the most
consumed rice varieties in Spain. J. Food Compos. Anal. 2023, 117, 105101. [CrossRef]

25. TatahMentan, M.; Nyachoti, S.; Scott, L.; Phan, N.; Okwori, F.O.; Felemban, N.; Godebo, T.R. Toxic and Essential Elements in
Rice and Other Grains from the United States and Other Countries. Int. J. Environ. Res. Public. Health 2020, 17, 8128. [CrossRef]
[PubMed]

26. Lin, Q.; Dai, W.; Chen, J.Q.; Jin, Y.; Yang, Y.; Wang, Y.Y.; Zhang, B.F.; Fan, J.M.; Lou, L.P.; Shen, Z.G.; et al. Airborne lead: A vital
factor influencing rice lead accumulation in China. J. Hazard. Mater. 2022, 427, 128169. [CrossRef] [PubMed]

27. Ma, C.; Liu, F.; Jin, K.; Hu, B.; Wei, M.; Zhao, J.; Zhang, H.; Zhang, K. Effects of Atmospheric Fallout on Lead Contamination of
Wheat Tissues Based on Stable Isotope Ratios. Bull. Environ. Contam. Toxicol. 2019, 103, 676–682. [CrossRef] [PubMed]

28. Houlihan, J.; Brody, C. What’s in my Baby’s Food? Healthy Babies Bright Futures: Charlottesville, VA, USA, 2019.
29. Vasconcelos Neto, M.C.; Silva, T.B.C.; Araujo, V.E.; Souza, S.V.C. Lead contamination in food consumed and produced in Brazil:

Systematic review and meta-analysis. Food Res. Int. 2019, 126, 108671. [CrossRef] [PubMed]
30. FDA. Closer to Zero. Available online: https://www.fda.gov/food/environmental-contaminants-food/closer-zero-reducing-

childhood-exposure-contaminants-foods (accessed on 10 March 2024).
31. FDA. Draft Guidance for Industry: Action Levels for Lead in Food Intended for Babies and Young Children; Center for Food Safety and

Applied Nutrition: College Park, MD, USA, 2023.
32. Consumer Reports. Your Herbs and Spices Might Contain Arsenic, Cadmium, and Lead. Consumer Reports, 9 November 2021.
33. Lin, C.G.; Schaider, L.A.; Brabander, D.J.; Woolf, A.D. Pediatric lead exposure from imported Indian spices and cultural powders.

Pediatrics 2010, 125, e828–e835. [CrossRef] [PubMed]
34. Cowell, W.; Ireland, T.; Vorhees, D.; Heiger-Bernays, W. Ground Turmeric as a Source of Lead Exposure in the United States.

Public Health Rep. 2017, 132, 289–293. [CrossRef]
35. Malavolti, M.; Fairweather-Tait, S.J.; Malagoli, C.; Vescovi, L.; Vinceti, M.; Filippini, T. Lead exposure in an Italian population:

Food content, dietary intake and risk assessment. Food Res. Int. 2020, 137, 109370. [CrossRef]
36. Gonzalez-Weller, D.; Karlsson, L.; Caballero, A.; Hernandez, F.; Gutierrez, A.; Gonzalez-Iglesias, T.; Marino, M.; Hardisson, A.

Lead and cadmium in meat and meat products consumed by the population in Tenerife Island, Spain. Food Addit. Contam. 2006,
23, 757–763. [CrossRef]

https://doi.org/10.1289/ehp.7688
https://doi.org/10.21149/8009
https://doi.org/10.3390/ijerph19148651
https://cuentame.inegi.org.mx/poblacion/densidad.aspx?tema=P#:~:text=Fuente:%20INEGI.,estado%20de%20M%C3%A9xico%20y%20Morelos
https://cuentame.inegi.org.mx/poblacion/densidad.aspx?tema=P#:~:text=Fuente:%20INEGI.,estado%20de%20M%C3%A9xico%20y%20Morelos
https://doi.org/10.1007/s12011-020-02265-x
https://www.ncbi.nlm.nih.gov/pubmed/32578138
https://doi.org/10.1016/j.jhazmat.2021.126134
https://www.ncbi.nlm.nih.gov/pubmed/34119975
https://doi.org/10.1016/j.jfca.2022.105101
https://doi.org/10.3390/ijerph17218128
https://www.ncbi.nlm.nih.gov/pubmed/33153201
https://doi.org/10.1016/j.jhazmat.2021.128169
https://www.ncbi.nlm.nih.gov/pubmed/34979386
https://doi.org/10.1007/s00128-019-02702-1
https://www.ncbi.nlm.nih.gov/pubmed/31471656
https://doi.org/10.1016/j.foodres.2019.108671
https://www.ncbi.nlm.nih.gov/pubmed/31732043
https://www.fda.gov/food/environmental-contaminants-food/closer-zero-reducing-childhood-exposure-contaminants-foods
https://www.fda.gov/food/environmental-contaminants-food/closer-zero-reducing-childhood-exposure-contaminants-foods
https://doi.org/10.1542/peds.2009-1396
https://www.ncbi.nlm.nih.gov/pubmed/20231190
https://doi.org/10.1177/0033354917700109
https://doi.org/10.1016/j.foodres.2020.109370
https://doi.org/10.1080/02652030600758142


Toxics 2024, 12, 318 13 of 13

37. Braude, G.L.; Nash, A.M.; Wolf, W.J.; Carr, R.L.; Chaney, R.L. Cadmium and Lead Content of Soybean Products. J. Food Sci. 1980,
45, 1187–1189. [CrossRef]

38. Castro-Gonzalez, N.P.; Calderon-Sanchez, F.; Castro de Jesus, J.; Moreno-Rojas, R.; Tamariz-Flores, J.V.; Perez-Sato, M.; Soni-
Guillermo, E. Heavy metals in cow’s milk and cheese produced in areas irrigated with waste water in Puebla, Mexico. Food Addit.
Contam. Part B Surveill. 2018, 11, 33–36. [CrossRef]

39. Tellez-Rojo, M.M.; Bautista-Arredondo, L.F.; Trejo-Valdivia, B.; Tamayo-Ortiz, M.; Estrada-Sanchez, D.; Kraiem, R.; Pantic, I.;
Mercado-Garcia, A.; Romero-Martinez, M.; Shamah-Levy, T.; et al. Analysis of the national distributionof lead poisoning in
1–4 year-old children.Implications for Mexican public policy. Salud Publica Mex. 2020, 62, 627–636. [CrossRef] [PubMed]

40. Salas-Muñoz, S.; Valdez-Valdez, E.; Mauricio-Castillo, J.A.; Salazar-Badillo, F.B.; Vega-Carrillo, H.R.; Salas-Luevano, M.A.
Accumulation of As and Pb in vegetables grown in agricultural soils polluted by historical mining in Zacatecas, Mexico. Environ.
Earth Sci. 2022, 81, 374. [CrossRef]

41. Islam, M.M.; Karim, M.R.; Zheng, X.; Li, X. Heavy Metal and Metalloid Pollution of Soil, Water and Foods in Bangladesh: A
Critical Review. Int. J. Environ. Res. Public. Health 2018, 15, 2825. [CrossRef]

42. Xiaowei, L.; Bing, L. The Total Diet Study: Changes in Food Safety Since the First TDS. J. Resour. Ecol. 2018, 9, 10. [CrossRef]
43. FAO/WHO. Expert Committee on Food Aditives. Seventy-Second Meeting Rome. Summary and Conclusions; World Health Organization:

Rome, Italy, 2010.
44. Tellez-Rojo, M.M.; Bautista-Arredondo, L.F.; Trejo-Valdivia, B.; Cantoral, A.; Estrada-Sanchez, D.; Kraiem, R.; Pantic, I.; Rosa-Parra,

A.; Gomez-Acosta, L.M.; Romero-Martinez, M.; et al. National report of blood lead levels and lead-glazed ceramics use in
vulnerable children. Salud Publica Mex. 2019, 61, 787–797. [CrossRef]

45. Farias, P.; Hernandez-Bonilla, D.; Moreno-Macias, H.; Montes-Lopez, S.; Schnaas, L.; Texcalac-Sangrador, J.L.; Rios, C.; Riojas-
Rodriguez, H. Prenatal Co-Exposure to Manganese, Mercury, and Lead, and Neurodevelopment in Children during the First Year
of Life. Int. J. Environ. Res. Public. Health 2022, 19, 3020. [CrossRef]

46. Naranjo, V.I.; Hendricks, M.; Jones, K.S. Lead Toxicity in Children: An Unremitting Public Health Problem. Pediatr. Neurol. 2020,
113, 51–55. [CrossRef]

47. Wu, H.M.; Lin-Tan, D.T.; Wang, M.L.; Huang, H.Y.; Lee, C.L.; Wang, H.S.; Soong, Y.K.; Lin, J.L. Lead level in seminal plasma may
affect semen quality for men without occupational exposure to lead. Reprod. Biol. Endocrinol. 2012, 10, 91. [CrossRef] [PubMed]

48. Vaziri, N.D. Mechanisms of lead-induced hypertension and cardiovascular disease. Am. J. Physiol. Heart Circ. Physiol. 2008, 295,
H454–H465. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1365-2621.1980.tb06517.x
https://doi.org/10.1080/19393210.2017.1397060
https://doi.org/10.21149/11155
https://www.ncbi.nlm.nih.gov/pubmed/33620961
https://doi.org/10.1007/s12665-022-10497-4
https://doi.org/10.3390/ijerph15122825
https://doi.org/10.5814/j.issn.1674-764x.2018.01.004
https://doi.org/10.21149/10555
https://doi.org/10.3390/ijerph192013020
https://doi.org/10.1016/j.pediatrneurol.2020.08.005
https://doi.org/10.1186/1477-7827-10-91
https://www.ncbi.nlm.nih.gov/pubmed/23137356
https://doi.org/10.1152/ajpheart.00158.2008
https://www.ncbi.nlm.nih.gov/pubmed/18567711

	Introduction 
	Materials and Methods 
	Sample Collection 
	Chemicals and Reagents 
	Sample Analysis and Quality Control 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

