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SUMMARY

Water pollution has emerged as a consequence of
human settlements, as well as from specific
agricultural, forestry and industrial activities within a
region. It is known that increasing use of nitrogen
fertilizers also increases water pollution. Nitrates and
nitrites that are dissolved in groundwater used for
human consumption cause adverse health effects, such
as production of nitrosamines (a cause of cancer) and
decrease of oxygen carrying capacity of the blood,
known as blue baby syndrome. The aim was to
determine the relationship between concentration of
dissolved nitrates and nitrites in drinking water, and
the incidence of esophagus and stomach cancer in
population living close to agricultural areas. The
maximum concentration of nitrates (NOs-) in water for
human consumption was 7.5 mg L™. A total of 45
cases of esophagus and stomach cancer were
identified, distributed in six agricultural municipalities
studied. A weak correlation (r = 0.46, p < 0.05) was
found between rational use of nitrogen in sugarcane
cultivation and the number of cancer cases recorded in
the area of study.
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RESUMEN

La contaminacién de las aguas emerge como
consecuencia de los asentamientos humanos y las
actividades agricolas, silvicolas e industriales en una
region. Se conoce que al incrementarse el uso de
fertilizantes  nitrogenados, se produce mayor
contaminaciéon en las aguas. Los nitratos y nitritos
disueltos en agua subterranea destinada al consumo
humano ocasionan efectos negativos en la salud, tales
como produccién de nitrosaminas (causa de cancer) y
disminucién de la capacidad de transporte de oxigeno
en sangre, conocida como sindrome del bebé azul. El
objetivo fue determinar la relacion entre la
concentracién de nitratos y nitritos disueltos en agua
de consumo humano, y la incidencia de céancer de
eséfago y estémago en la poblacion aledafia a zonas
agricolas. La concentracién maxima de nitratos (NOs-)
en agua de consumo humano fue 7.5 mg L™ Se
identificaron 45 casos de cancer de esofago y
estémago, distribuidos en seis municipios agricolas. Se
encontrd una correlacion de r=0.46 (p < 0.05) entre el
uso racional de nitrégeno en el cultivo de cafia de
azucar y el nimero de casos de cancer registrados en
la zona de estudio.

Palabras clave: Agroecosistemas; fertilizantes
nitrogenados; contaminacion del agua; cancer.
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INTRODUCTION

Water is a resource essential for life, base of economic
and social development of any country. Nowadays,
availability of water is low in Mexico, ranking 81st
worldwide. Seventy percent of the water available is
used in agricultural and livestock activities, and the
rest is for public and industrial use (INEGI, 2006).
Veracruz is one of the states with the greatest
biological and social diversity, rich in population,
territory, natural resources, and livestock, agricultural
and fishing activities (Borja et al., 1995). However,
agricultural sewage and wastewater (either untreated
or partially treated) are collected by bodies of water,
with high levels of minerals and organic compounds,
besides pesticides and fertilizers residues (EPA, 2004).

According to Stigter et al. (2005), the impact of
agriculture on the quality of surface water and
groundwater can be determined by the amount of
fertilizers used, which together with irrigation cause
salinization and nitrate pollution of water. The degree
of groundwater pollution depends on hydrogeological
factors and intensity of agricultural practices. The
threat of groundwater pollution increases in irrigated
sandy soils, as nitrates (NO3-) are easily leached. The
amount of nitrates in agriculture is not only due to
application of nitrogen fertilizers, but also to
mineralization of organic nitrogen (Richards et al.,
1996). The environmental polluting potential of this
activity has been confirmed in several studies, where
the more intense the agricultural activity, the more
pollution of the surface water and groundwater (Lucey
and Goolsby, 1993; Richards et al., 1996).

Mobilization and concentration of nitrates in the soil
affects human and environmental health. The effect on
human health can be assessed through the study of
abiotic, biotic, cultural and social indicators, based on
the purpose of each productive activity (Bertollo,
1998). Therefore, the aim of this study was to
determine the relationship between the concentration
of dissolved nitrates (NO5") and nitrites (NO,) in water
for human consumption, derived from inadequate
management of nitrogen fertilizers used in sugarcane
cultivation, and the incidence of esophagus and
stomach cancer cases in the population living near to
the sugarcane-production areas of the Irrigation
Module I-1 La Antigua, Veracruz.

MATERIALS AND METHODS
Seven sampling points were randomly established

within the Irrigation Module I-1 La Antigua, Veracruz,
located in Tolome, Loma Fina-El Tejon, Carretas,
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Faisén, La Vibora, Salmoral and La Posta, in Veracruz,
Mexico. In each locality, samples of bottled water for
human consumption were collected.

Diagnosis of the study area

A survey was applied based on a questionnaire, given
to a sample of 130 rural producers, from a population
of 1677 users. The sample size was calculated using
the equation: n = Ns¥[(N-1)b%/4+s?], where n is the
sample size, N is the population size, s* the variance
and b the error (Scheaffer, 1987). The questionnaire
provided information concerning the sources of water
supply for human consumption, weekly consumption,
sugarcane agroecosystem management, and type,
amount and frequency of fertilizer used.

Monitoring periodicity

Three samplings were carried out on each season
prevailing from March to December 2009: dry season
(March-June), rainy season (July-October) and windy
season (November-February) (Farias, 1991).

Sample collection

In glass flasks, 500 ml of bottled water of each of
different commercial brands were collected, according
to the procedures described in the Official Mexican
Standard (Norma Oficial Mexicana) NOM-014-SSA1-
1993, which establishes the “Sanitary procedures for
the sampling of water for human use and consumption,
in public and privater water supply systems”. The
samples were stored at 4 °C until analyzed.

Analysis protocol

In each water sample the concentration of nitrates
(NOg3) and nitrites (NO,") was determined, according
to the techniques described in the Mexican Standards
NMX-AA-079-SCFI-2001 and NMX-AA-099-20086,
respectively. To evaluate the contamination level of the
different water samples analyzed, the Official Mexican
Standard NOM-127-SSA1-1994, which regulates the
maximum levels allowed of the contaminants
analyzed, was used as reference (SSA, 1994).

Statistical information on human health

Information related to cancer cases in population
living in the surroundings of the study area, was
provided by the Sanitary Jurisdiction VIII data base, at
the Veracruz state Secretary of Health and Assistance.
Information is organized by year of detection, patient's
municipality of origin, and type of cancer. For this
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research, cases of malignant tumors (cancer) in
esophagus and stomach were processed, to relate them
with long-time ingestion of nitrates and nitrites.

Statistical analysis

An analysis of variance was used to determine the
relationship  between concentration of analytes
dissolved in water for human consumption and the
types of cancer. Spearman's correlation non-parametric
test was used to measure the association between the
number of esophagus and stomach cancer cases
recorded and results obtained from laboratory analysis
and the survey.

RESULTS AND DISCUSSION
Diagnosis of the study area

Eighty eight percent of producers' families drink their
water bottled in local or within-the study area water-
purifying companies; 9 % drink tap water and the
remaining 3 % drink well water. Brand names of
bottled water for human consumption produced and/or
distributed in the study area are Artico, Ciel, Santorini,
Bonafont, Isabel, Xallapan, San Carlos, Santa
Catalina, Acuabella, Arizona, Ideal, Fuente de Vida
and Ameyali. Average weekly water consumption per
family is greater than 35 L. This is in agreement with
the National Association of Producers and Distributors
of Purified Water, who indicates that approximately 77
% of Mexican households have access to potable water
and consume around 40 L of bottled water per week
(El Financiero, 2008).

In the case of sugarcane management, producers use
different amounts and types of fertilizer. Thirty-five
percent of them use Triple 17 (N-P-K), 29 % combine
it with urea, and 12 % use urea as the only source of
nitrogen. A lower percentage of producers use a
mixture 20-10-20 (N-P-K), as well as a mixture 10-20-
20, ammonium sulfate, and 4 % of the producers use
organic fertilizer. Selection of N sources used in the
sugar mill supplying areas, basically depends on
regional availability and fertilizers price. Thus, the
criteria related to the chemical-edaphic environment
must be used, since any ammonium-releasing fertilizer
(ammonium sulphate and nitrate, urea, among others),
will have an acid residual effect on the soil. In areas
with neutral or alkaline soils, applying ammonium
increases the risk of N volatilization due to
transformation of ammonium into ammonia gas. This
might represent significant N losses if the fertilizer is
left exposed on the land surface (PRONAC, 2009b).
Organic fertilizer is characterized by its low solubility,
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releasing more slowly the nutrients to the plants, but
having a longer duration effect, diminishing its loss
due to leaching (Neely et al., 1991; Coronado, 1997;
Cordoba, 2009); in addition, its varied nutrient
composition meets the plants' needs (Narea and
Valdivieso, 2002), which according to Gross (1986),
improves soil tillage, fertility and productivity.

Dosage of N fertilizer in sugarcane is delivered in a
single application by 59.2 % of growers, and divided
in two applications by the remaining 40.8 % (Figure
1). According to PRONAC (2009, b), during rainy
season in the supplying areas of La Gloria and El
Modelo sugar mills, it is recommended to apply 1/3 of
the fertilizer dose at the time of planting or at the start
of sprouting, and the remaining 2/3 during the first
cultivation labor. In areas where the beginning of the
cycle is in April or May, half of the dose can be
applied at the beginning of the cycle and the rest at the
first labor. Fertilizer dosage and application periods
are not delivered exactly as recommended by both
sugar mills. Fertilizer applied per year ranges from 50
to 1570 kg ha™ of N, with an average of 379.8 kg ha™.
This amount of N applied is higher than that
recommended for irrigated areas (200 kg ha™ of N,
approximately), in supplying sugar mill areas of La
Gloria and EI Modelo (PRONAC, 2009a, b).

Using huge amounts of N fertilizer have agronomic
disadvantages: inorganic fertilizers are partially used
by plants during a relatively short time, in relation to
the cultivation cycle, representing great losses due to
leaching caused by rain and evaporation caused by
high temperature. Economically, this amount of N
applied to secure the maximum use by the plant,
increases production costs and decreases the benefit-
cost ratio (Ascanio and Hernandez, 2008).

Determination of nitrates (NOs-) and nitrites
(NO,-) in water for human consumption

Nitrates concentration in bottled water of several
brands was below the maximum level allowed (10 mg
L of NO;z-). No statistical differences were found
among brand names (ANOVA, P < 0.05), or seasons.
Local brand names Artico, Isabel and Santa Catalina
contained higher nitrate concentrations, with values of
7.5, 6.65 and 5.99 mg L™ (NOs-), respectively (Figure
2). Water of these brand names is bottled in the
localities of Cardel, Zempoala and Ursulo Galvan,
Veracruz. Among commercial brand names, Xallapan
had the highest nitrate concentration (5.46 mg L™);
this water is bottled in the municipality of La Antigua,
\eracruz.
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Figure 1. Dosage periods and fertilization frequency used in sugarcane produced in the Irrigation Module I-1 La
Antigua, Veracruz. Mexico.
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Figure 2. Maximum concentrations of nitrates (NO; mg L™) present in different bottled water brands, distributed in
localities from the Irrigation Module I-1 La Antigua, Veracruz. Mexico.
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A lower nitrate concentration was found in Ciel (4.91
mg L™), Santorini (2.0 mg L™) and Bonafont (1.05 mg
L™), however, the last two bottling plants are located
outside the study area.

According to the Council for the Defense of Natural
Resources (Consejo para la Defensa de los Recursos
Naturales), bottled water is not necessarily cleaner or
safer to drink, compared with tap water.

Some brand names might commercialize water
contaminated with synthetic organic chemicals,
bacteria and arsenic; a few brands even exceed the
limit allowed by official standards, or by the bottled
water industry (NRDC, 2007). The presence of
contaminants in bottled water is also due to deficient
purification processes. Nitrates in low concentrations
can be retained by reverse osmosis (Riechmann,
2004), but this technology is not used in the local
water bottling-purifying plants, using methods such as
chlorination, ozonation and UV ray irradiation, which
do not eliminate salts such as nitrates, nitrites,
asbestos, among others.

Nitrite concentrations were not detectable in different
localities, neither were they during different seasons.
Besides being nitrate concentrations in water for
human consumption, below national and international
maximum level allowed, recent studies indicate that
concentrations ranging from 0.1 to 870 mg L™ nitrates
in groundwater are mainly caused by fertilization of
agricultural lands. These levels of nitrates in water for
human consumption are frequently the cause of
methemoglobinemia and acute infections in the
respiratory airway, not only in children under one year
of age, but in people of any age (Subramaniyan, 2004;
Mondal et al., 2008).

Cancer cases

In Mexico, 514,420 deceases were recorded in the year
2007, 55.4 % were males and 44.6 % females, with
malignant tumors being third place among main causes
of death, having a total of 68,815 cases (13.4 %).
Malignant tumor cases in esophagus and stomach were
considered, due to their previous association with
long-term consumption of water contaminated with
nitrates and nitrites (Zaldivar and Robinson, 1973;
Peter and Clough, 1983; Morales et al., 1995; Sandor
et al., 2001). The Sanitary Jurisdiction VI, located in
the city of Veracruz, Mexico, reported 338 cases of
esophagus and stomach cancer in the Sotavento region
from 2004 to 2009. Of these, 45 cases (13.3 %) were
located in the area corresponding to the Irrigation
Module I-1, distributed in the municipalities of La
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Antigua, Manlio F. Altamirano, Paso de Ovejas,
Puente Nacional and Ursulo Galvan (Figure 3).

Statistical correlation

Based on the level of N application practiced by
sugarcane growers, two statistically different
categories were obtained (P < 0.05), which helped to
classify the level of N fertilizer use into: high rational
use (69.23 %; UR), given by the producers who apply
a lower amount of N fertilizer, and low rational use
(30.77 %), given by those who apply a higher amount
of N. With this, the sugarcane UR factor in the area of
study was correlated with the number of esophagus
and stomach cancer cases recorded in the surrounding
localities. Resulting correlation was r = 0.46 (P <
0.05), which although gives no evidence of statistical
relationship between both variables during the years
2004 to 2009 in the area of Irrigation Module I-1 La
Antigua, Veracruz, it also does not exclude this
relationship. Cases of esophagus and stomach cancer
are presented indistinctly in areas where a low or high
RU is practiced, explained by fact that all the area is
supplied by the same aquifer (CNA, 2009).

CONCLUSION

Nitrogen concentration as nitrates, in water for human
consumption in the period and area of study did not
exceed the maximum level allowed by international
standards (10 mg L™). No sufficient evidence was
found to attribute or exclude the incidence of
esophagus and stomach cancer in the residents living
in the surroundings of the Irrigation Module 1-1 La
Antigua, Veracruz, to the excessive use and deficient
management of N fertilizer in sugarcane and by its
contaminant impact in the water for human
consumption.

ACKNOWLEDGEMENTS

To Colegio de Postgraduados for the support granted
through the Campus Veracruz and the “Linea de
Investigacién en Agroecosistemas Sustentables”. To
the Instituto Tecnolégico de Boca del Rio (ITBOCA).

REFERENCES

Ascanio, G. M. O., Hernandez, J. A. 2008. Factores
limitantes que afectan la productividad cafiera
en el estado de \eracruz, México.
http//:atamexico.com.mx/ponencias_atam200



Tropical and Subtropical Agroecosystems, 13 (2011): 381-388

Ursulo
Galvan

Puente
Macional [6]

Paso de Ovejas

Soledad de
Doblado
Jamapa |

Cotaxtla

MF: Manlio Fabio Altamirano

8/Jueves%2011%20en%20el%20Ulua%203/
MIGUEL_OSVALDO_ASCANIO/2.%20Fac
tores%20Limitantes%20Agroproductivos%20
%28ATAM%202008%29.pdf  (Consultado:
17/03/2010).

13| La Antigua

Yeracruz

Tlalixcoyan

Bertollo, P. 1998. Assessing ecosystem health in
governed landscapes: A framework for
developing core indicators. Journal of
Ecosystem Health. 4(1): 33-51.

Figure 3. Number of esophagus and stomach cancer cases by municipality, detected in residents of the Sotavento
region and the Irrigation Module 1-1 La Antigua, Veracruz, Mexico. Years 2004-2009.

Borja, C. E., Carrillo, D. 1., Lépez, D. V. 1995. Sector
agropecuario y forestal. Tomo I. In: Aguilera
Mejia, M. L. Veracruz: Cifras y Perfiles.
1970-1990. IIESES-UV. México.

CNA. 2009. Comisiébn Nacional de Agua. Plan
Director para la modernizacién integral del
riego del Distrito de Riego 035, La Antigua,
\eracruz.

Cordoba, V. C. A. 2009. Efecto de dos tipos de
compost 'y un Dbiofertilizante  sobre
poblaciones microbianas edaficas en un
cultivo de hortalizas en Risaralda, Colombia.
Revista Brasileira de Agroecologia. 4(2):
1159-1162.

Coronado, M. 1997. Agricultura orgéanica versus
agricultura convencional. Primer encuentro:
Abonos organicos vs. fertilizantes quimicos.
CIED. http//:

386

www.ciedperu.org/articulos/organico.htm
(Consultado: 01/10/2003).

El Financiero. 2008. Agua casi regalada para una
industria casi regulada. URL:
http//:www.elfinanciero.com.mx.
(Consultado: 22/07/2008).

EPA. 2004. Salud Ambiental Infantil. Séptimo Informe
de la Junta Ambiental del Buen Vecino. EPA
130-R-04-001.
http//:www.epa.gov/ocem/gneb.htm
(Consultado: 23/06/2010).

Farias, S. J. A. 1991. Ecology, culture and utilization
of the mussel Brachiodontes recurvus
(Rafinesque), in the context of an integrated
management approach to Boca del Rio-
Mandinga estuarine  system, Veracruz,
Meéxico. Tesis doctoral. Universidad de
Stirling, Escocia.



Tropical and Subtropical Agroecosystems, 13 (2011): 381-388
Gross, A. 1986. Abonos. Guia practica de la
fertilizacién Edicién Mundi-Prensa. Madrid,
Esparia.

INEGI. 2006. Estadisticas a propdsito del dia mundial
del agua. Datos nacionales.
http//:www.inegi.gob.mx/inegi/contenidos/esp
anol/prensa/default.asp?c=269&e
(Consultado: 23/09/2010).

Lucey, K. J., Goolsby, E. 1993. Effects of climatic
variations over 11 years on nitrate-nitrogen
concentrations in the Raccoon River, lowa.
Journal of Environmental Quality. 22(1): 38-
46.

Mondal, N. C., Saxena, V. K., Singh, V. S. 2008.
Occurrence  of  elevated nitrate in
groundwaters of Krishna Delta, India. African
Journal of Environmental Science and
Technology. 2(9): 265-271.

Morales, S. V., Llopis, G. A., Tejerizo, P. M. 1995.
Impact of nitrates in drinking water on cancer
mortality in Valencia, Spain. European
Epidemiology Journal. 11(1): 15-21.

Narea, G., Valdivieso, C. 2002. Agricultura orgénica.
Situacion actual, desafios y técnicas de
produccion. Servicio Agricola y Ganadero,
Departamento  de  Proteccion  Recursos
Naturales Renovables. Chile.

Neely, C. L., Beare, M. H., Hargrove, H. W., Coleman,
D. C. 1991. Relationships between fungal and
bacterial ~ substrate-induced respiration,
biomass and plant residue decomposition.
Soil Biology and Biochemistry. 23: 947-954.

NRDC. 2007. El agua embotellada. La onda verde de
NRDC. Recursos Naturales. Consejo Para la
Defensa de los Recursos Naturales.
http//:www.nrdc.org/laondaverde/water/drinki
ng/gbw.asp#1 (Consultado: 11/02/2010).

Peter, W., Clough, L. 1983. Nitrates and gastric
carcinogenesis. Environmental Geochemistry
and Health. 5(2-3): 91-95.

PRONAC. 2009a. “Digitalizaciéon del campo cafiero
en Meéxico para alcanzar la agricultura de
precision de la cana de azacar”, Desarrollo de
un modelo integral de sistema de informacion
geografica y edafica como fundamento de la

387

agricultura de precision en la cafia de azlcar
en México. Etapa I. Ingenio EI Modelo S.A.
http://siazucar.siap.gob.mx/materiales/suelos/
09 _Ingenio_Central_Progreso.pdf
(Consultado: 09/04/2010).

PRONAC. 2009b. Digitalizacion del campo cafiero en
México para alcanzar la agricultura de
precision de la cafia de azucar. Desarrollo de
un modelo integral de sistema de informacion
geografica y edafica como fundamento de la
agricultura de precision en la cafia de azlcar
en México. Etapa I. Ingenio La Gloria S.A.
http://siazucar.siap.gob.mx/materiales/diagnos
tico.pdf (Consultado: 09/04/2010).

Richards, R. P., Baker, D. B., Creameer, N. L.,
Kramer, J. W., Ewing, D. E., Merryfield, B.
J., Wallrabenstein, K. L. 1996. Well water
quality, well vulnerability, and agricultural
contamination in the Midwestern United
States. Journal of Environmental Quality. 25:
384-402.

Riechmann, J. 2004. Etica ecoldgica. Propuestas para
una reorientacion. Ed. Nordan-Comunidad.
Montevideo, Uruguay. 186 p.

J., Kiss, I, Farkas, O., Ember, I. 2001.
Association between gastric cancer mortality
and nitrate content of drink water: Ecological
study on small area inequalities. European
Journal of Epidemiology. 17(5): 443-447.

Sandor,

Scheaffer, R. L. 1987. Elementos de Muestreo. Grupo
Editorial Iberoamérica, Espafia.

SSA. 1994. Secretaria de Salud. NOM-127-SSA1l-
1994. Salud ambiental, agua para uso y
consumo humano. Limites permisibles de
calidad y tratamientos a los que debe
someterse el agua para su potabilizacion.
Meéxico.

Stigter, T. VY., Ribeiro, L., Carvalho, H. A. 2005.
Evaluation of an intrinsic and specific
vulnerability ~ assessment  method in
comparison with groundwater salinisation and
nitrate  contamination levels in  two
agricultural regions in the south of Portugal.
Journal of Hydrogeology. 14: 79-99.

Subramaniyan, V. 2004. Water quality in South Asia.
Asian Journal of Water Environmental and
Pollution. 1: 41-54.



Tropical and Subtropical Agroecosystems, 13 (2011): 381-388

Zaldivar, R., Robinson, H. 1973. Epidemiological
investigation on stomach cancer mortality in
Chileans: Association with nitrate fertiliser.
Journal of Cancer Research and Clinical
Oncology. 80(4): 289-295.

Submitted February 16, 2011 — Accepted June 20, 2011
Revised received July 15, 2011

388



