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Evaluation of Benzene Exposure and Early Biomarkers of
Kidney Damage in Children Exposed to Solvents Due to
Precarious Work in Ticul, Yucatán, México
Norma Pérez-Herrera‡, Lorena Díaz de León-Martínez†, Rogelio Flores-Ramírez*, Olivier
Barbier§, Manolo Ortega-Romero§, Fernando May-Euán‡, Kelvin Saldaña-Villanueva†, Javier
Perera-Rios‡ and Francisco Javier Pérez-Vázquez*
Background: The child labor situation has been associated with precarious job conditions and poor health
conditions because children are often exposed to unsafe work environments, stressful psycho-social work
conditions, scarce or no access to protective services, and heavy work burdens.
Objective: The aim of the study was to evaluate markers of exposure to benzene through the exposure
biomarker trans, trans-muconic acid (tt-MA), and biomarkers of early renal damage in children who work
in sites that are under precarious job conditions.
Method: Samples of urine were obtained from children (aged 6–12 years old) who resided in Ticul,
Yucatan, Mexico. Exposure to benzene was assessed through trans, trans-muconic acid (t,t-MA). Evaluated
renal damage biomarkers were: Cystatin-C (Cys-C), Osteopontin (OPN), α1-Microglobulin (α1-MG) and
Neutrophil Gelatinase-Associated Lipocalin (NGAL).
Findings: Children who live where the workplace is inside the dwelling presented higher mean levels of
tt-MA (0.59 mg/g creatinine) compared with those who live away from the workshops (0.19 mg/g creatinine). Likewise, mean levels of NGAL (4.7, 5.2 ng/ml), albuminuria (10, 10 ng/ml), Cys-C (11.8, 7.5 ng/ml),
OPN (224.4, 226.5 ng/ml) and α1-MG (96.6, 73.6 ng/ml) were found in children where the workplace was
inside the dwelling and outside, respectively.
Conclusion: Our data indicate that the children who work under precarious job conditions are exposed to
benzene, and they exhibit protein levels that suggest renal damage in a population in precarious working
conditions. Therefore, the child population should be considered as the most vulnerable and susceptible
to suffer adverse health effects.
Introduction
The International Labor Organization states that currently
218 million children between 5 and 17 years old are engaged
in economic production, of whom 152 million are participants in child labor; almost fifty percent of the children are
in a precarious work situation. Child labor is concentrated
in activities such as agriculture (71%), services (17%), and
the industry sector, particularly mining (12%) [1].
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In Mexico, approximately 3.2 million children aged 5
to 17 years carry out an economic activity, of which 88%
perform activities that represent high health risks [2]. The
child labor situation has been associated with precarious
work and poor health conditions because children are often
exposed to hazardous environments, stressful psycho-social
work conditions, scarce or no access to protective services,
and heavy work burdens [3]. In addition, one of the characteristics of precarious child labor is the lack of access to
health services. The seriousness also depends on the places
where the activities are carried out; this kind of population
is located in communities or neighborhoods, where the
work is located in the dwelling itself [4].
Footwear manufacturing is an activity where children’s
work takes place in an important manner [5] and working
conditions are reported to be dangerous [6]. According to
several studies, children participating in the process are
responsible for gluing the soles of the shoes or sewing the
pieces [5]. One of the biggest concerns of this activity is the
exposure to organic compounds that result from the use
of adhesives and paints, such as benzene, ethylbenzene,
toluene, and xylene [7]. In this context, long exposure to
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this chemical produces adverse effects on bone marrow
and has been associated with anemia and leukemia [8,
9]. In addition, epidemiological and experimental studies
have shown that this can cause non-cancerous alterations
to the renal immune system as well as alterations such as
tubular acidosis, hypokalemia, azotemia, hematuria, and
proteinuria [10, 11]. Therefore, assessment of benzene
exposure must be done in order to characterize the risk in
areas with potential air pollution.
Footwear manufacturing can be conceptualized as a
family nuclei of hazardous job conditions due to the inclusion of practically the whole family. However, children
disproportionately suffer adverse health effects due to
their relationship with the environment during their
development; in this period the child population is markedly different from adults’ due to their behavior and biology [12]. There is evidence of environmental stressors,
exposures to toxic substances, and certain environments
that specifically affect children’s health and development
throughout life [13–16].
Consequently, child labor becomes a public health
problem that not only affects families by increasing their
economic vulnerability, but also has an impact because
of the magnitude in the stability of health services, due
to the need to care for an increase in non-communicable
diseases (many contaminants affect the nervous system,
cardiovascular system, kidneys, lungs, endocrine system,
among others).
The difficulties of predicting diseases such those
affecting the renal system constitutes a heterogeneous spectrum of etiologies, pathological stages, and
genetic bases. Therefore, the need arises to identify new
biomarkers to establish health surveillance for the timely
detection of this disease. One of the limitations for the
renal function assessment is the use of non-sensitive and
non-specific biomarkers, such as serum creatinine (SCr)
[17]. In this regard, Kidney Injury Molecule 1 (KIM-1),
Neutrophil Gelatinase-Associates Lipocalin (NGAL), and
Cystatin C (Cys-C) have been shown to be more sensitive
than SCr and can detect specific tubular and glomerular
damage [18, 19].
Thus, strategies for the timely detection of kidney disease should be implemented in order to avoid or delay
the possible damage that these may cause. The use of
biomarkers as informative tools for the health assessment
has increased in occupational health because they can be
used to reveal occupational exposure and environmental
impact in communities by classifying and quantifying the
exposure related to work environments [20]. The main
objective of the study was to highlight the problems presented by child population in hazardous job conditions of
working in footwear manufacturing, evaluating exposure
to benzene and renal damage.
Methods

Study Population

The study area was the municipality of Ticul located in the
south of the state of Yucatan, Mexico. According to data
from the National Council for the Evaluation of Social

Development Policy (CONEVAL), 61% of the population of
Ticul lives in poverty [21] and more than 50% is of indigenous origin, reported by the National Population Council [22]. The National Institute of Geography and Statistics
mention that the main economic activity in this community is the footwear manufacturing industry, with an
estimated production of 453,600 pairs of shoes per year
from 135 shoemaker workshops [23]. The child population from 6 to 12 years old was evaluated through convenience sampling in footwear manufacturing, agricultural,
and municipal garbage dump areas. A total of 41 children
who met the inclusion criteria were included. One child
per house was assessed. Forty-four percent of the participating children lived in houses where a footwear manufacturing workshop was located. A questionnaire to record
age, sex, work, and workplace, among other population
characteristics and health habits, was given by trained
staff. Height was measured with a stadiometer; weight
and body mass index (BMI) were obtained by means of
a bioelectric impedance scale (Tanita BC-601F, USA). The
research methodology was carried out with the approval
of the Bioethics Committee of the Faculty of Medicine
from the Autonomous University of Yucatan (UADY).
Urine sample collection

Urine samples were obtained from the first-morning
micturition and were collected in sterile 50 mL bottles.
The samples were immediately stored at –20°C for preservation.
Urinary trans, trans-muconic acid determination

Trans, trans-muconic acid (tt-MA) in urine has been used
as a biomarker of benzene exposure. However, is necessary
to consider that tt-MA is also a metabolite of sorbic acid.
In this regard, the consumption of food and drinks such as
green tea, potato chips, bread, coffee, and wine or smoking
can result in an overestimation of urinary tt-MA and HA
concentrations and cause false-positive results during biological monitoring. Therefore, one of the main indications
was not to consume the aforementioned products two
days before the sampling. The determination of tt-MA was
performed based on the method described by Ducos et al.
[24] The urine samples were centrifuged at 2000 rpm for
15 min to separate the suspended material and filtered on
a 0.22 μm Millipore pore size filter to remove suspended
particles. One milliliter of urine was treated with 2.0 mL of
Trizma Buffer (pH 8.5); later an extraction was performed
with SAX cartridges previously conditioned with methanol, distilled water, and a buffer solution. The cartridges
were washed with a methanol/acetic acid solution (99: 1)
and eluted with methanol/acetic acid (80: 20). The solution was filtered through a Millipore 0.45 μm pore size
filter and transferred to a salinized vial. Quantification
was performed on a high-performance liquid chromatograph (Agilent Technologies 1260) coupled with a diode
array detector. The limit of detection was 0.03 mg/l and as
quality control, an IRIS ClinCal Recipe 9969 standard was
used (Munich, Germany). The recovery percentage was
98%. The urinary concentrations of tt-MA were adjusted
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using urinary creatinine levels determined from the Jaffe
colorimetric method [25].
Renal damage biomarkers assessment

Cystatin-C (Cys-C), Osteopontin (OPN), α1-Microglobulin
(α1-MG), and Neutrophil Gelatinase-Associated Lipocalin
(NGAL) were evaluated using a custom human magnetic
luminex® screening assay (R&D Systems, Inc., Minneapolis MN, USA), and concentrations of renal biomarkers
were obtained by means of a Luminex xMAP® Instrument (MAGPIX®, Luminex Corp., Austin TX, USA). The
measures were performed following the manufacturer’s
instructions and based on the methodology described by
Diaz de Leon et al. [26] All samples were analyzed in duplicates and the intra-assay CV was below 15%.
Statistics

The levels of tt-MA and renal disease biomarkers were
compared between children where the workplace was
inside the dwelling and outside the dwelling using the
Mann–Whitney U test to compare. We used JMP IN Start
Statistics Software 5.0 (North Carolina, USA) for all statistical analyses.
Results
Ticul is an indigenous community with 37,685 inhabitants, whose child population between 6 and 12 years
old is 5,601 and concentrates their school attendance
in eight schools [23]. In this community, population is
mainly engaged in footwear manufacturing, reflecting
the family’s precariousness, because all members of the
family, including children, are usually involved in different
activities for the development of footwear. Table 1 shows
the characteristics of the children evaluated in this study.
A total of 41 children dedicated to shoe manufacturing
processes were evaluated, with an average age of 8.5 ± 2.5
years with weight and height of 30.8 ± 9.8 kg and 129.4 ±
12.5 cm, respectively. Regarding BMI, only 6% of children
participating in the study were classified as overweight
and 65% were underweight. Also, the results showed
that 12% of the children presented chronic undernutrition according to the height-for-age scores (H/A Z-scores
< –2) based on the growth standards of the World Health
Organization (WHO) [27]. Moreover, 3% of children presented chronic severe undernutrition. Acute undernutrition (W/A z-scores < –2) occurred in 9% of the population and 33% were classified as overweight. On the other
hand, 100% of the visited workshops (n = 10) lacked security measures (no mask or gloves, inappropriate clothing,
etc., which compromises the inhalation route of exposure
to benzene). Additionally, children spent more than four
hours in these places (data not shown).
These scenarios are recurrent in children in a hazardous
environment. In addition, in these activities, there are
greater health risks due to low nutritional status. Also,
the workplaces are usually located in the dwelling; therefore, they can be exposed to different chemical compounds used in footwear manufacturing. For example,
the children who participated in the assembly of the shoe,
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which consists of shaping and adding ribbons or ornaments, are constantly involved in the use of adhesives.
Likewise, the finishing of the shoe is one of the activities
carried out by children, utilizing paints, cleaning with
solvents, gasoline, and lacquer; therefore, children may be
exposed to compounds released by these substances.
Table 2 shows the concentration of urinary tt-MA
found. It was observed that children who lived where
the workplace was inside the dwelling presented median
urinary t-t MA levels (0.59 mg/g creatinine) higher compared to those who lived outside the workshop (0.20 mg/g
creatinine); although there was no difference between the
two groups, there was a greater variation in those who
lived where the workshop was inside the dwelling than
the ones who outside the workshop (1.09–0.38 mg/g
creatinine, respectively). In the same way, the percentage of children over the biological exposure index (>0.5
mg/g Cr) [28] was higher in children where the workplace
was inside the dwelling (28%) than outside the dwelling
(17%).
On the other hand, renal function was assessed by
quantifying biomarkers of renal damage (Table 3). The
results indicate similar medians of NGAL in children who
lived where the workshop was located within the dwelling
(4.7 ng/ml) compared to those who lived outside the workshop (5.2 ng/ml). For albuminuria (10, 10 ng/ml), Cys-C
Table 1: Descriptive characteristics of children from Ticul.
Characteristics
Children (N)

41

Boys (%)

44
8.5 ± 2.5

Age (years)
Height (cm)

129.4 ± 12.5

Weight (Kg)

30.8 ± 9.8

BMI (Kg/m2) (%)
Underweight

65

Normal weight

29

Overweight

6

Height for age (Z-Score H/A) %
#

Moderate chronic undernutrition (<–2)

9

Severe chronic undernutrition (<–3)

3

Weight for age (Z-Score W/A) %
#

Overweight (>1)
Acute moderate malnutrition (<–2)

33
9

Child burden* (%)

15

Home/workplace° (%)

44

Drinking water (%)

20

Calculated by Z ranges of child growth standards proposed by
the World Health Organization (WHO).
* Children who study and work.
° Children whose workplace is inside the house they inhabit.
#

Art. 94, page 4 of 8

Pérez-Herrera et al: Evaluation of Benzene and Kidney Damage in Working Children

Table 2: Levels of benzene exposure.
Workplace

Mean

SD

P25

P50

P75

BEI&

Inside (N = 18)

0.59

1.09

<LOD

0.06

0.67

28

Outside (N = 23)

0.20

0.38

<LOD

0.00003

0.23

17

Units expressed in mg tt-MA/g creatinine. & BEI; Biological exposure index (0.5 mg/g creatinine), expressed as percentage. * Limit of
detection (LOD) for tt-MA was approximately 0.05 μg/L. SD (Standar Deviation), P25, P50 and P75 (percentile).

Table 3: Urinary levels of renal damage biomarkers of Ticul children.
Inside
(N = 18)
Parameters

Mean

SD

P25

Outside
(N = 23)
P50

P75

Mean

SD

P25

P50

P75

NGAL**

12.9

25.1

3.0

4.7

11.7

10.1

11.5

2.9

5.2

12.5

Albuminuria*

25.6

32.6

10.0

10.0

30.0

13.5

7.8

10.0

10.0

10.0

Cys-C**

12.9

10.9

3.7

11.8

19.5

9.2

6.4

3.9

7.5

13.6

OPN**

213.7

126.0

95.5 224.4 331.4

227.7

114.6

166.8

226.5

295.3

α1-MG**

115.2

65.6

95.2

58.2

50.5

73.6

144.9

63.6

96.6 176.0

NGAL: Neutrophil gelatinase-associated lipocalin. Cys-C: cystatin-C. OPN: Osteopontin. a1-MG: α1-Microglobulin. Mean, SD (Standar
Deviation), P25, P50 and P75 (percentile) as: * mg/l and ** ng/ml.

(11.8, 7.5 ng/ml), OPN (224.4, 226.5 ng/ml), and α1-MG
(96.6, 73.6 ng/ml) were observed in children (workshop
inside the house and outside the house, respectively).
Discussion
Currently in Mexico the labor and income conditions have
shown a great deterioration, as a result of the difficulties
in creating quality jobs; the population generates its own
employment through the implementation of micro-industries. However, they may be temporary, lacking social benefits, salary reduction, and dangerous job conditions [29].
This makes workers more vulnerable, and the scenario is
more worrying due to the inclusion of the entire family,
particularly the children.
Ticul is an example of the precarious work that is found
in Mexico. Footwear manufacturing processes have been
carried out for years in an artisanal way, involving precarious working conditions, such as scarce or no access to
health services, without protection, among other things.
Likewise, the whole family, including children, has been
involved in this activity.
Children who participated in the study showed an overweight percentage below that reported for the national
average in rural communities (16.5%) [30]. Also, the children who presented chronic malnutrition according to the
height-for-age scores showed values below the percentage
of the national average (16.9%) in rural communities of
Mexico [31].
Children who are engaged in these activities have
greater health risks due to low nutritional status, diseases
associated with the exposure to environmental chemical
compounds, and a higher prevalence of injuries [32, 33].
Families that have a footwear manufacturing workshop
inside their dwelling are constantly exposed to solvents
through inhalation. In this context, it has been found that

people who are engaged in this activity and who use adhesives or paint in the process of manufacturing footwear
are exposed to benzene, xylene, ethylbenzene, toluene,
and n-hexane [6].
Our results show that children are exposed to benzene,
through the determination of urinary tt-MA. Several studies suggest tt-MA as an exposure biomarker for evaluating
human exposure to low levels of environmental benzene.
However, when assessing urinary tt-MA as an exposure
biomarker in a non-occupationally exposed population
(as evaluated in this study), it is necessary to consider that
tt-MA is also a metabolite of ascorbic acid. For this reason, it was indicated that the children shouldn’t eat foods
such as potato chips, bread, and industrialized juices two
days before biological sampling. Our dates of tt-MA are
lower than other studies in different exposure scenarios.
For example, in an area of Nuevo Leon, Mexico, where
an oil refinery is located, higher levels of tt-MA (0.50–1.9
mg/g Creatinine) were found in children from 6 to 15
years old [34]. Moreover, a different scenario regarding
the combustion of biomass as a source of exposure that
studied children living in indigenous areas of communities from San Luis Potosi, Mexico showed higher values
of tt-MA than those found in the present work, with a
median of 0.47 mg/g Creatinine, respectively [35]. On the
other hand, it has been reported that 70–80% of a child
population living in a petrochemical area of the state of
Veracruz, Mexico, has lower levels of tt-MA (0.36–0.38
mg/g Creatinine) than the levels found in this study [36].
Other studies of children from marginalized urban areas
also showed lower median values of tt-MA (0.220–0.429
mg/g Creatinine [37]. Clearly, these differences are mainly
due to the exposure scenario.
Additionally, lower concentrations of benzene have
been associated with various toxic effects. For example,
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DNA oxidative damage (-oxo-7,8-dihydro-2’-deoxyguanosine) has been associated with mean levels of 0.048 mg/g
creatinine tt-MA [38]. Also, several studies indicate that
exposure to benzene is significantly associated with
hematological abnormalities, liver enzyme disorder, and
leukemia in children [36, 39, 40].
We have pointed out that children who live in a
hazardous work environment are exposed to chemical
substances. In addition, one of the main organs that can be
damaged is the kidney. This is of great relevance because
the state of Yucatan has increased the prevalence of urolithiasis, where different studies have been associated with
extreme hardness of water used for human consumption
[41]. In this regard, 20% of the population of this study
consumes tap water, representing an environmental risk
for the child population, so there is a current need for
the implementation of a risk communication program to
avoid tap water consumption.
Due to the fact that dangerous labor in Mexico is broad
and encompasses millions of people, this is a public
health problem for our country. However, there is a consensus on cumulative lifetime environmental exposure
in conjunction with other comorbidities, accelerating the
rate of deterioration of renal function which increases
the risk of kidney disease [42]. In our country, diabetes
mellitus, hypertension, and obesity are the most common
chronic diseases and are the main risk factors for generating chronic kidney disease [43, 44].
In this study, we evaluated proteins that indicate early
renal damage. With respect to NGAL, this is a protein
of the lipocalin family that has been observed to be
increased in chronic renal diseases and acute renal damage; it has also been implemented as a biomarker of early
effect to renal damage in children and adults [45]. Mean
levels of 9.92 ng/ml and 143.10 ng/ml in boys and girls
who lived in areas with presence of nephrotoxic pollutants in drinking water have been reported. The author
reported a higher difference between both sexes in NGAL
concentrations, possibly caused by pyuria found in girls;
[19] nevertheless, in this study only a slight increase was
observed in girls compared to boys (data not shown).
Cys-C is a protein from the family of cysteine protease
inhibitors; several studies have shown that it is an indicator of renal function [46]. In this context, some authors
have reported differences in Cys-C concentrations
between those who have kidney damage and healthy subjects [47]. Askenazi et al. detected higher median Cys-C
levels of 3889 ng/ml in children suffering from kidney
damage compared to 2150 ng/ml of Cys-C in healthy
children [48]. Concentrations of 590 ng/ml have also
been detected in adults with acute kidney damage, which
increased with the severity of the disease [49]. The concentrations found in our study were much lower; however, it should be noted that this was assessed in children
who did not present any apparent renal damage. In this
regard, the serum level of this protein rises earlier than its
urinary level and, in order for the Cys-C urine concentration to rise, tubular injury should occur [50]. The urine
levels of Cys-C shown in this study was low; therefore
there may not present tubular injury.
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Osteopontin is a cytokine that is produced by a variety of
tissues including the kidney. Evidence shows that urinary
OPN concentration was higher in low birth weight infants
with acute kidney injury (468 ng/ml) compared with children without acute kidney injury (217 ng/ml), suggesting
the utility of the OPN as a predictive biomarker of kidney
injury. Considering the previous, our results show similar OPN concentrations to infants without kidney injury.
However, several studies have shown that at this level of
mRNA, the OPN increase with respect to age [51].
Regarding α1-MG, it is a glycoprotein produced by the
liver, which under normal conditions is reabsorbed by
proximal tubular cells; [52] therefore any alteration of
the proximal tubular cells could increase the amount of
α1-MG in urine [53]. Some authors have found it increased
in renal damage; in children with idiopathic nephrotic
syndrome, it has been found with median values of 2000
ng/ml [54]. In our study, levels are below those previously
reported.
It is important to note that there are no cohort values
established of these proteins; however, although the values obtained showed that only OPN and NGAL are higher
compared to some reports, the presence of proteins prove
that there is renal damage.
Our study has presented some limitations, especially the
lack of data on environmental concentrations of benzene
(as it is done in occupational health); the biomarker of
exposure is for an occupational adult scenario and therefore it must be lower in children; and the lack of cohort
points in proteins of early renal damage. Nevertheless,
children that participated on the study could present risk
of renal damage, thus the precautionary principle must
be applied. Finally, no other nephrotoxics were evaluated.
Also, the evaluation of the exposure biomarker was measured in a spontaneous sample, so in subsequent studies it
will be necessary to perform a biomonitoring in the area
to establish with greater certainty the exposure values.
It is important to note, that at no time did the current
work aim to make the sample representative of the community, since it only sought to define the level of exposure to benzene, the percentage of affected population in
kidney health, and the implementation of intervention
strategies in working families in hazardous environments
(families in Ticul). In this context, these communities
could present higher health risks; therefore, they could
be more susceptible to toxic effects. It is important to
develop interventions to reduce pollutants based on the
precautionary principle [55], including benzene, and control the main source.
This is of great relevance because the state of Yucatan
has increased the prevalence of urolithiasis, where different studies have been associated with extreme hardness
of water used for human consumption [41]. In this regard,
20% of the population of this study consumes tap water,
representing an environmental risk for the child population, so there is a current need for the implementation
of a risk communication program to avoid tap water
consumption.
The new scheme proposed by the World Health
Organization through the world conference on primary
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health care of Astana points to health as a human right
[56]. In this sense, notable progress in the health coverage
is recognized; however, staying healthy is a challenge, especially for the poor and vulnerable. Efforts to solve problems of health care in the population are dedicated to the
treatment of non-communicable diseases (e.g., diabetes
mellitus, and hypertension) and in the analysis of the main
causal factors such as biological causes (obesity, sex, age,
etc.) and behavioral causes (alcoholism, sedentary lifestyle,
smoking, eating habits, etc.). In this context, the Astana
conference considers acting on social factors such as violence, war, and poverty and environmental factors such as
climate change and exposure to toxic substances for the
first time. Nevertheless, the context of precarious work has
not been considered. Given this new scenario in primary
health care, the child population should be considered to
be the most vulnerable and susceptible to suffer adverse
health effects. Therefore, the risk and exposure biomarkers
should be included to monitor exposure to environmental compounds and health in precarious family nuclei and
prevent the generation of this kind of diseases.
Conclusions
Our data indicate that children who work under job
insecurity conditions are exposed to benzene, and
they present levels proteins that prove renal damage in
populations with precarious working conditions according to the OIT. Therefore, the child population should
be considered as the most vulnerable and susceptible to
suffering adverse health effects.
Acknowledgements
The authors acknowledge the grant from the National
Council of Science and Technology to the Thematic
Network on Children’s Environmental Health. Grant
number 293450.
Competing Interests
The authors have no competing interests to declare.
References
1. International Labour Office (ILO). Global
estimates of child labour: Results and trends,
2012–2016. 2017; 1.
2. INEGI. Módulo de Trabajo Infantil. MTI 2017. Principales resultados. 2017.
3. Villalobos A, et al. Child labor and severe functioning difficulties and disability in Mexican
children and adolescents 5–17 years of age. Salud
Publica Mex. 2017; 59: 380–388. DOI: https://doi.
org/10.21149/8483
4. Flores-Ramirez R, et al. Children exposure to
lead in contaminated sites. Salud Publica Mex.
2012; 54: 383–392. DOI: https://doi.org/10.1590/
S0036-36342012000400008
5. Tiwari R. Child labour in footwear industry:
Possible occupational health hazards. Indian J
Occup Environ Med. 2005; 9: 7. DOI: https://doi.
org/10.4103/0019-5278.16034
6. Azari MR, et al. Evaluation of occupational exposure
of shoe makers to benzene and toluene compounds

7.

8.
9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

in shoe manufacturing workshops in East Tehran.
Tanaffos. 2012; 11: 43–9.
Spycher BD, et al. Parental occupational exposure to benzene and the risk of childhood cancer: A census-based cohort study. Env Int. 2017;
108: 84–91. DOI: https://doi.org/10.1016/j.
envint.2017.07.022
Snyder R. Leukemia and Benzene. Int J Environ Res
Public Health. 2012; 9: 2875–2893. DOI: https://
doi.org/10.3390/ijerph9082875
Carlos-Wallace FM, Zhang L, Smith MT and Rader
G, Steinmaus C. Parental, in utero, and early-life
exposure to benzene and the risk of childhood
leukemia: A meta-analysis. Am J Epidemiol. 2016;
183: 1–14. DOI: https://doi.org/10.1093/aje/
kwv120
Brautbar N, Wu MP, Gabel E and Regev L. Occupational kidney cancer: Exposure to industrial solvents. Ann NY Acad Sci. 2006; 1076: 753–764. DOI:
https://doi.org/10.1196/annals.1371.012
Moro AM, et al. Biomonitoring of gasoline station attendants exposed to benzene: Effect of
gender. Mutat Res Toxicol Environ Mutagen.
2017; 813: 1–9. DOI: https://doi.org/10.1016/j.
mrgentox.2016.11.002
de Zwart LL, et al. Role of biokinetics in risk assessment of drugs and chemicals in children. Regul Toxicol Pharmacol. 2004; 39: 282–309. DOI: https://doi.
org/10.1016/j.yrtph.2004.02.006
Gleason KM, et al. Stunting is associated with
blood lead concentration among Bangladeshi children aged 2–3 years. Env Heal. 2016; 15: 103. DOI:
https://doi.org/10.1186/s12940-016-0190-4
Moore RJH and Hotchkiss JL. The importance of
toxicity in determining the impact of hazardous
air pollutants on the respiratory health of children
in Tennessee. Env Pollut. 2016; 216: 616–623. DOI:
https://doi.org/10.1016/j.envpol.2016.06.022
D’Andrea MA and Reddy GK. Health risks
associated with benzene exposure in children: A systematic review. Glob Pediatr Heal.
2018; 5: 2333794X18789275. DOI: https://doi.
org/10.1177/2333794X18789275
Sughis M, Nawrot TS, Haufroid V and Nemery B.
Adverse health effects of child labor: High exposure
to chromium and oxidative DNA damage in children manufacturing surgical instruments. Env Heal
Perspect. 2012; 120: 1469–1474. DOI: https://doi.
org/10.1289/ehp.1104678
Fuchs TC and Hewitt P. Biomarkers for drug-induced
renal damage and nephrotoxicity—An overview for
applied toxicology. AAPS J. 2011; 13: 615–631. DOI:
https://doi.org/10.1208/s12248-011-9301-x
Jimenez-Cordova MI, et al. Evaluation of kidney
injury biomarkers in an adult Mexican population
environmentally exposed to fluoride and low arsenic
levels. Toxicol Appl Pharmacol. 2018; 352: 97–106.
DOI: https://doi.org/10.1016/j.taap.2018.05.027
Cardenas-Gonzalez M, et al. Environmental exposure to arsenic and chromium in children is associated with kidney injury molecule-1. Env Res. 2016;

Pérez-Herrera et al: Evaluation of Benzene and Kidney Damage in Working Children

20.

21.
22.
23.
24.

25.
26.

27.

28.

29.

30.
31.

32.

33.
34.
35.

150: 653–662. DOI: https://doi.org/10.1016/j.
envres.2016.06.032
Smolders R, et al. The use of biomarkers for
risk assessment: Reporting from the INTARESE/
ENVIRISK Workshop in Prague. Int J Hyg Environ
Health. 2010; 213: 395–400. DOI: https://doi.
org/10.1016/j.ijheh.2010.05.006
CONEVAL. Informa la evolución de la pobreza 2010–
2016. 2017.
CONAPO. Base de datos 2016. 2016.
INEGI. Anuario estadístico y geográfico de Yucatán
2017. Anuario Estadístico y Geográfico por Entidad
Federativa. 2017; INEGI.
Ducos P, et al. trans,trans-Muconic acid, a reliable
biological indicator for the detection of individual
benzene exposure down to the ppm level. Int Arch
Occup Environ Health. 1992; 64: 309–313. DOI:
https://doi.org/10.1007/BF00379538
Taussky HH. A microcolorimetric determination of
creatine in urine by the Jaffe reaction. J Biol Chem.
1954; 208: 853–861.
Díaz de León-Martínez L, et al. Evaluation of
emerging biomarkers of renal damage and exposure to aflatoxin-B1 in Mexican indigenous women:
A pilot study. Environ Sci Pollut Res; 2019. DOI:
https://doi.org/10.1007/s11356-019-04634-z
de Onis M, et al. Development of a WHO growth
reference for school-aged children and adolescents.
Bull World Health Organ. 2007; 85: 660–667. DOI:
https://doi.org/10.2471/BLT.07.043497
Hygienists, (ACGIH) American Conference of
Governmental Industrial. TLVs and BEIs: Threshold limit values for chemical substances and physical
agents and biological exposure indices. American
Conference of Governmental Industrial Hygienists,
2016.
Cruz JAP and Alvarez GIC. Measuring precariousness at work in Mexico from 2005 to 2015,
through Generalized Ordinal Logistic Model.
Noesis-Revista Ciencias Soc. Y Humanidades. 2019;
28: 109–135. DOI: https://doi.org/10.20983/
noesis.2019.1.6
ENSANUT. Encuesta Nacional de Salud y Nutrición
de Medio Camino 2016. 2016; ENSANUT.
Gutiérrez
JP,
Shamah-Levy
T,
Villalpando-Hernández S, et al. Encuesta Nacional
de Salud y Nutrición 2012. Resultados Nacionales.
2012; 1: 196.
Batomen Kuimi BL, Oppong-Nkrumah O,
Kaufman J, Nazif-Munoz JI and Nandi A. Child
labour and health: A systematic review. Int J Public Heal. 2018; 63: 663–672. DOI: https://doi.
org/10.1007/s00038-018-1075-9
Turner-Moss E. Child labour must be on the
post-2015 agenda. Lancet. 2013; 382: e52–3. DOI:
https://doi.org/10.1016/S0140-6736(13)61975-3
Ochoa-Martinez AC, et al. Exposure to benzene in
an urban infant population of northeastern Mexico.
Rev Int Contam Ambient. 2018; 34: 541–546.
Flores-Ramírez R, et al. Assessment of exposure to
mixture pollutants in Mexican indigenous children.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

Art. 94, page 7 of 8

Environ Sci Pollut Res. 2016; 23: 8577–8588. DOI:
https://doi.org/10.1007/s11356-016-6101-y
Pelallo-Martinez NA, Batres-Esquivel L,
Carrizales-Yanez L and Diaz-Barriga FM. Genotoxic and hematological effects in children
exposed to a chemical mixture in a petrochemical area in Mexico. Arch Env Contam Toxicol.
2014; 67: 1–8. DOI: https://doi.org/10.1007/
s00244-014-9999-4
Flores-Ramirez R, et al. Exposure to mixtures of
pollutants in Mexican children from marginalized
urban areas. Ann Glob Heal. 2018; 84: 250–256.
DOI: https://doi.org/10.29024/aogh.912
Andreoli R, et al. Urinary biomarkers of exposure
and of oxidative damage in children exposed to low
airborne concentrations of benzene. Env Res. 2015;
142: 264–272. DOI: https://doi.org/10.1016/j.
envres.2015.07.003
D’Andrea M, Mitter A and Reddy GK. Health consequences of benzene exposure among children following a flaring incident at petroleum refinery in
Texas City. Blood. 2013; 122. DOI: https://doi.org/1
0.3109/08880018.2013.831511
Whitworth KW, Symanski E and Coker AL. Childhood lymphohematopoietic cancer incidence and
hazardous air pollutants in southeast Texas, 1995–
2004. Env Heal Perspect. 2008; 116: 1576–1580.
DOI: https://doi.org/10.1289/ehp.11593
Medina-Escobedo M, Zaidi M, Real-de Leon E and
Orozco-Rivadeneyra S. Urolithiasis prevalence and
risk factors in Yucatan, Mexico. Salud Publica Mex.
2002; 44: 541–545. DOI: https://doi.org/10.1590/
S0036-36342002000600006
Kataria A, Trasande L and Trachtman H. The
effects of environmental chemicals on renal function. Nat Rev Nephrol. 2015; 11: 610–625. DOI:
https://doi.org/10.1038/nrneph.2015.94
Gutierrez-Padilla JA. et al. Screening for CKD and
cardiovascular disease risk factors using mobile
clinics in Jalisco, Mexico. Am J Kidney Dis. 2010;
55: 474–484. DOI: https://doi.org/10.1053/j.
ajkd.2009.07.023
Amato D, et al. Prevalence of chronic kidney
disease in an urban Mexican population. Kidney Int. 2005; 68: S11–S17. DOI: https://doi.
org/10.1111/j.1523-1755.2005.09702.x
Bolignano D, et al. Neutrophil gelatinase-associated
lipocalin (NGAL) and progression of chronic kidney
disease. Clin J Am Soc Nephrol. 2009; 4: 337–344.
DOI: https://doi.org/10.2215/CJN.03530708
Grubb A. Cystatin C is indispensable for evaluation
of kidney disease. EJIFCC. 2017; 28: 268–276.
Gheissari A, Rezaii Z, Merrikhi A, Madihi Y and
Kelishadi R. Association of neutrophil gelatinase
associated lipocalin and cystatin-C with kidney function in children with nephrotic syndrome. Int J Prev
Med. 2013; 4: 956–963.
Askenazi DJ, et al. Urine biomarkers predict acute
kidney injury and mortality in very low birth weight
infants. J Pediatr. 2011; 159: 907–U60. DOI: https://
doi.org/10.1016/j.jpeds.2011.05.045

Art. 94, page 8 of 8

Pérez-Herrera et al: Evaluation of Benzene and Kidney Damage in Working Children

49. Royakkers AANM, et al. Serum and urine cystatin C are poor biomarkers for acute kidney injury
and renal replacement therapy. Intensive Care Med.
2011; 37: 493–501. DOI: https://doi.org/10.1007/
s00134-010-2087-y
50. Tenstad O, Roald AB, Grubb A and Aukland K.
Renal handling of radiolabelled human cystatin C in
the rat. Scand J Clin Lab Invest. 1996; 56: 409–414.
DOI: https://doi.org/10.3109/00365519609088795
51. Hwang S-M, Denhardt DT, Wilson PD and Laskin
JD. Age and development-related changes in osteopontin and nitric oxide synthase mRNA levels in
human kidney proximal tubule epithelial cells: Contrasting responses to hypoxia and reoxygenation.
J Cell Physiol. 1994; 160: 61–68. DOI: https://doi.
org/10.1002/jcp.1041600108
52. Penders J and Delanghe JR. Alpha 1-microglobulin: Clinical laboratory aspects and application. Clin
Chim Acta. 2004; 346: 107–118. DOI: https://doi.
org/10.1016/j.cccn.2004.03.037

53. Kang J, et al. Urine alpha1-microglobulin is a better marker for early tubular dysfunction than beta2microglobulin among tenofovir-exposed human
immunodeficiency virus-infected men who have sex
with men. Brazilian J Infect Dis. 2015; 19: 410–416.
DOI: https://doi.org/10.1016/j.bjid.2015.05.004
54. Chehade H, et al. Urinary low-molecular-weight
protein excretion in pediatric idiopathic nephrotic
syndrome. Pediatr Nephrol. 2013; 28: 2299–2306.
DOI: https://doi.org/10.1007/s00467-013-2569-6
55. Valdivia-Rivera
S,
Martínez-Cano
AK,
Aguirre-García G and Lizardi-Jiménez MA.
Hydrocarbon water-pollution related to chronic
kidney disease in Tierra Blanca, a perfect storm.
Environ Int. 2018; 121: 1204–1209. DOI: https://
doi.org/10.1016/j.envint.2018.10.036
56. WHO/UNICEF. Global Conference on Primary
Health Care. From Alma-Ata towards universal
health coverage and the Sustainable Development
Goals; 2018.

How to cite this article: Pérez-Herrera N, Díaz de León-Martínez L, Flores-Ramírez R, Barbier O, Ortega-Romero M, May-Euán F,
Saldaña-Villanueva K, Perera-Rios J and Pérez-Vázquez FJ. Evaluation of Benzene Exposure and Early Biomarkers of Kidney Damage
in Children Exposed to Solvents Due to Precarious Work in Ticul, Yucatán, México. Annals of Global Health. 2019; 85(1): 94, 1–8.
DOI: https://doi.org/10.5334/aogh.2482
Published: 03 July 2019
Copyright: © 2019 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution
4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

Annals of Global Health is a peer-reviewed open access journal published by Ubiquity Press.

OPEN ACCESS

