e %y THE EUROPEAN SOCIETY OF MEDICINE
o y Medical Research Archives, Volume 13 Issue 2

Organochlorine pesticides contamination on the coastal waters of
Yucatan, Mexico. Risk for health

Durcy Verenice Ruiz-Ciau®, Angel Gabriel Polanco-Rodriguez®, Shirley Guadalupe Gémez-Manzanilla®

'Grupo de Investigacion en Quimica
Analitica y Ambiental. Laboratorio
de Cromatografia. Facultad de
Quimica de la Universidad
Auténoma de Yucatan. Calle 43 #
613 por 90, Colonia Inalambrica. C.
P. 97069. Mérida, Yucatan, México.
E-mail: polanco07@gmail.com

a OPEN ACCESS

PUBLISHED
28 February 2025

CITATION

Ruiz-Ciau, DV., Polanco-Rodriguez,
AG., et al., 2025. Organochlorine
pesticides contamination on the
coastal Yucatan,
Mexico. Risk for health. Medical
Research Archives, [online] 13(2).
https://doi.org/10.18103/mra.v13
i2.6361

waters  of

COPYRIGHT

© 2025 European Society of
Medicine. This is an open- access
article distributed under the
terms of the Creative Commons
Attribution License, which permits
unrestricted use, distribution, and
reproduction in any medium,
provided the original author and
source are credited.

DOI
https://doi.org/10.18103/mra.v13
i2.6361

ISSN
2375-1924

ABSTRACT

Coastal waters are currently a sink for pesticides and pollutants coming
from inland due to agricultural and industrial activities, which impact
marine ecosystems and pose high risks to human health. The objective of
the present study was to evaluate the concentration of organochlorine
pesticides in the rainy and dry seasons in seawater, estuary water and
drinking water from 6 coastal municipalities of Yucatan, Mexico: Progreso,
Chelém, Chuburna, Celestun, Dzilam de Bravo and Ria Lagartos. In the
study, a-lindane, B-lindane, y-lindane, o-lindane, heptachlor, aldrin,
heptachlor epoxide, endosulfan |, dieldrin, 4,4 -DDE, endrin, endosulfan
Il, 4,4-DDD, endrin aldehyde, endosulfan sulfate, and 4,4'DDT were
identified and quantified. Pesticide determination was carried out by gas
chromatography with an electron capture detector. The most frequently
found pesticides at the sampling sites were a-lindane, B-lindane, heptachlor,
and endosulfan sulfate. The highest concentrations of organochlorine
pesticides in rainy season were 0.573 mg/L of endosulfan sulfate, 0.487
mg/L of Aldrin, 0.468 mg/L of dieldrin, 0.446 mg/L of d-lindane; in dry
season 0.604 mg/L of Aldrin, 0.462 mg/L of dieldrin, 4.52 mg/L of
heptachlore, 0.405 mg/L of endosulfan. Zones with more high levels
detected on the coasts were Dzilam de Bravo and Progreso. The high
levels of organochlorine pesticides detected in coastal municipalities are
widespread, representing risks to the public health and marine species.

Keywords: Organochlorine pesticides, public health, seawater, drinking
water, estuarine water.
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1. Introduction

Organochlorine pesticide pollution remains an
emerging international threat to human health and
coastal ecosystems®. In coastal areas, there are
aquatic and terrestrial interactions since, on the
one hand, there is a drag of contaminants such as
pesticides from inland, and they flow directly into
coastal waters; the contaminants come from
different sources such as urban, industrial or
agricultural. On the other hand,
environments, especially semi-enclosed ones such
as bays, estuaries, or coastal lagoons, have a great
aptitude to accumulate pesticides and other
contaminants because dilution is limited by the
long residence times of the water and also because
the levels of adsorbent materials, primarily organic
carbon, are generally high. The spatial distribution
of OCP in water, sediments and species in coastal
areas internationally, such as South America, is
widespread, representing potential risks to human
health and coastal ecosystems?2,

coastal

Organochlorine pesticides are categorized as
Persistent Organic Pollutants (POPs) and
Contaminants of Emerging Concern (CEC). These
substances cause cancer risks in humans and
organisms in coastal waters. Cancer risks show the
urgent need to address the management of
persistent organic pollutants to prevent impacts on
marine species and human health. These pollutants
represent risks to human health due to their
neurotoxic and endocrine-disrupting effects as a
result of the mismanagement of waste from
anthropogenic activities in coastal ecosystems,
which requires monitoring, as well as the design of
management strategies for the protection of
coastal areas, their human populations and marine
species that depend on them®.

In developing countries, in particular, drinking
water sources are contaminated with pesticides
due to agricultural runoff, industrial wastewater
and a population lacking sanitary infrastructure.
Pesticides are carried mainly during rainfall,
filtering into groundwater and eventually reaching
the coasts®. Agrochemicals present in coastal

waters contaminate and affect the biota of the food
chain that serves as food for marine species,
producing an ecological imbalance since it
contaminates organic matter as a primary source of
food for aquatic organisms, with effects on human
health in epigenetic, developmental and immune
system aspects®. It has been confirmed that
agrochemicals can be related to various diseases,
such as neurological problems, heart disease,
reproductive problems, and various cancers’.

Organochlorine pesticides are of global concern
due to their effects on the environment and
humans. In the case of Yucatan, it is a karstic system
with highly stony soils that easily filter contaminants
into the underground aquifer, transporting them to
coastal areas.

In the particular case of coastal areas, the presence
of these pesticides causes various species of fish to
bioaccumulate them, hurting their life cycle and, on
the other hand, affecting the human health of
people who ingest them. Some studies show that
these compounds are toxic and can induce
mutagenesis (alteration of DNA or chromosomes),
teratogenesis (malformations in the embryo) and
alterations in various human metabolic and
reproductive functions®.

To date, various studies have generally
demonstrated the concentration of pesticides in
different regions of Yucatan, in cenotes, wells, and
drinking water®!®*, However, it is important to
monitor organochlorine pesticides in coastal
waters such as seawater, estuarine water, and
drinking water in coastal communities. Detailed
knowledge of the presence, distribution, and
effects of these pollutants in the Yucatan coastal
ecosystem is essential to taking appropriate

mitigation and control measures.

On the other hand, qualitative socio-environmental
studies have been carried out to understand the
use and management of agrochemicals in the state
of Yucatan, the point of view of Maya communities,
reporting
pesticides and glyphosate'#3,

excessive use of organochlorine
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Organochlorine pesticides contamination on the coastal waters of Yucatan, Mexico. Risk for health

1.1 COASTAL AREA OF YUCATAN

In Yucatan, groundwater serves as the primary
source of drinking water for various activities. Although
the region lacks surface water bodies such as rivers
or lakes, it contains underground rivers and is subject
to seawater inflows. The high permeability of the
geological materials in this area makes the aquifer

particularly vulnerable to contamination, especially
along the coast. The regional groundwater flow
map of the Yucatan Peninsula®, illustrates the
different outlet routes of the karst aquifer to the
Yucatan coasts, revealing the transport of various
contaminants resulting from agricultural-livestock
activities and population growth (Figure 1).
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Figure 1. Map of groundwater flow in the Yucatan Peninsula and its outlet in coastal areas. The arrows indicate the direction of
groundwater flow, showing how these flows go towards the coasts with contaminants.

1.2 Vulnerability of the coastal zone

Among the productive activities that affect
groundwater are agriculture and livestock, which
use pesticides and fertilizers, and the bottling
industry due to the over-extraction of water and
saline intrusion processes. Figure 2 shows the

vulnerability index map to groundwater

contamination and the karstic aquifer throughout
the state, considering the karstic soil and climate
factor. According to the Yucatan Karst Aquifer
Vulnerability Index map (IVAKY), the areas of
highest vulnerability to groundwater contamination
are shown in orange and red, and the vulnerability
is low or very low in the green areas™.
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Figure 2. Vulnerability index map of the karst aquifer to contamination in Yucatan
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1.3 IMPACT ON THE COASTAL WATER

Organochlorine pesticides affect the development
of organisms in the marine and estuarine
environment. Because they are hydrophobic, they
can accumulate in the adipose tissue of organisms
through contaminated biota. Pesticides in the
marine environment from inland farming activities
can have severe consequences for biota and
marine ecosystems of ecological importance, even
in protected natural areas'®. In addition to influencing
reproduction, some organochlorine pesticides
cause damage to different organs of fish, such as
the liver, kidney, brain, gills, muscle, intestine and
gonads. These pesticides affect marine species that
serve as bioindicators. Assessing organochlorine
pesticide levels in seafood allows organochlorine
pesticides (OCPs) to enter the fish's body,

negatively impacting public health®’.

1.4 BIOMONITORING OF PESTICIDES IN THE
BLOOD OF MAYAN WOMEN WITH CANCER IN
YUCATAN

A study of bioaccumulation of organochlorine
pesticides in the blood of Mayan women with
cervical cancer in 18 municipalities with highest
mortality of cancer in Yucatan®, revealed the
detection of pesticides in more than 70% of the
women, and concentrations of endosulfan | (7.35

pg/mL), aldrin (3.69 pg/mL), 4,4' DDD (2.33

Celestin Chuburna Chelém Progreso Dzila
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Figure 3. Coastal municipalities under study in the State of Yucatan.
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pg/mL), and 1.39 and 1.46u g/mL of A-HCH. In
another study of bioaccumulation of pesticides in
the breast milk of Mayan women were detected
high levels such as 18 mg/kg of heptachlore
epoxide, 1.92 mg/kg of endrin, 2.10 m/kg of
dieldrin, 0.103 mg/kg of heptachlor, 0.127 mg/kg
of endrin aldehyde, indicate a impact on women
and their newborn children from the gestational
period, as well as in their first year of life when fed
with breast milk with organochlorine pesticides,
which implies high risks for the health of children
related to congenital malformations and
neurological disorders?®.

2. Materials and Methods

2.1 WATER SAMPLING

Water samples were collected during the dry
season (march) and the rainy season (november) of
2022, obtaining 3 samples per zone (one zone from
the east and one from the west), one from drinking
water, one from the estuary and one from the
seawater, giving a total of 6 samples for each port
and for each season. Figure 3 and Table 1 show
the sampling sites and their coordinates.
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Table 1. Coordinates of sampling sites.

Place

Coordinates

East

West

Progreso

Seawater

21.289392, -89.654211

21.282952, -89.686693

Estuary

21.277788, -89.649086

21.276912, -89.683626

Drinking water

21.279756, -89.653797

21.278171, -89.683780

Chelem

Seawater

21.274424, -89.729872

21.271931, -89.740940

Estuary

21.263015, -89.706886

21.263696, -89.741388

Drinking water

21.274358, -89.726380

21.265342, -89.741892

Chuburna

Seawater

21.254855, -89.817692

21.250846, -89.843950

Estuary

21.251799, -89.807336

21.245910, -89.841327

Drinking water

21.252012, -89.816188

21.251429, -89.819580

Celestun

Seawater

20.867773, -90.397925

20.848985, -90.406934

Estuary

20.858323, -90.382376

20.854789, -90.396778

Drinking water

20.867875, -90.396462

20.852953, -90.400355

Dzilam de Bravo

Seawater

21.394841, -88.888130

21.391424, -88.903063

Estuary

21.395577, -88.880192

21.389390, -88.901721

Drinking water

21.392972, -88.889346

21.389671, -88.900895

Rio Lagartos

Seawater

21.614266, -88.175551

21.608615, -88.178835

Estuary

21.593044, -88.145945

21.594989, -88.161474

Drinking water

21.595569, -88.157543

21.594299, -88.159701

The sample type was simple and punctual. The
samples were collected in lliter amber glass
bottles previously washed with reagent-grade
hexane. They were transported and stored in the
laboratory at 4° C until analysis.

2.2 REAGENTS USED

The reagents used for this investigation were
HPLC-grade methanol (MeOH), HPLC-grade
methyl tert-butyl ether (MTBE), and MilliQ-grade
deionized water. For the internal standard, 4-
chlorophenyl-4-chlorobenzenesulfonate (Ovex)
from Fluka® Analytical brand was used, standard
grade, at a concentration of 2000 mg/L. J.T. Baker
C18 solid phase extraction cartridges with 500 mg
of stationary phase. 200 mg/L standard solution
containing the 16 OCs calibrated with MTBE, from
which working solutions were prepared with
concentrations of 0.5, 0.75, 1, 1.5 and 2 mg/L,
which were maintained at temperatures of 4°C and
Ovex (internal standard) was added at a
concentration of 20 mg/L.

2.3 SAMPLE PREPARATION
The solid-phase extraction (SPE) technique was
employed to separate organochlorine pesticides

from potential interferences, thereby reducing
factors that could introduce uncertainty in the
analysis. Initially, the samples were gravity-filtered
using Whatman® filter paper with a diameter of 24
cm. Next, the extraction cartridge was conditioned
by rinsing it with 5 mL of methanol, 5 mL of Methyl
Tertiary Butyl Ether (MTBE), and 3 mL of water.
Following this, 500 mL of the sample was passed
through the cartridge at a flow rate of 1 mL/min.
The cartridge was then rinsed with 10 mL of water,
and finally eluted with 2 mL of MTBE after allowing
it to dry for 30 minutes.

The determination was carried out using the Gas
Chromatography with Electron Capture Detector
(GC-ECD) TRACE 1310, chromatography
equipment equipped with an auto sampler model
AS 1310, in which the analyte pass in gaseous form
through the column dragged by a gaseous mobile
phase (helium BIP) with a splitless injection mode
with an injection volume at 7 pL gas flow carried at
1 mL/min. An HP-5MS column (95% dimethyl, 5%
difficult polysiloxane) of 30 m x 0.250 mm ID and
0.25 micrometres film thickness is used; the brand
used was Agilent Technologies.

© 2025 European Society of Medicine 5



The software used for chromatographic control was
Chromeleon 7 in version 7.2.2.666 2009-2015, and

Table 2. GC-ECD oven conditions

Microsoft Excel was used for data analysis. In Table
2 shows the oven conditions.

Velocity°C/min Temperatur °C Time min
1 0.00 90.0 2
10.00 210.0 14
3 5.00 310.0 35
ECD conditions are shown in Table 3.
Table 3. ECD conditions
Parameters Conditions
Base temperature detector 290 °C
Temperature detector 290 °C
Carrier gas flow 1 mL/min
2.4 QUALITY CONTROL PARAMETERS OF THE Slope variance (S2b)
METHOD o Syx
b =" (y.\2
Linearity x? = @Tx)

For this study, a calibration curve was prepared
with concentrations of 0.5, 0.75, 1, 1.5 and 2 mg/L
of the reference standard of the OCs with an
original concentration of 2000 mg/L. The analysis
was performed in triplicate and with the
chromatographic conditions mentioned above.

Once the data was obtained, a statistical analysis
was performed to determine the equation of the
regression line, the correlation coefficient and the
coefficient of determination.

Various equations were used to determine the
parameters:

Slope (b)

_ny_anZy

p=— N
sz_(erlc)z

Independent term (a)
Xy—bXx
a=—"
n
Correlation coefficient (R) and determination (R2)
_ Z(x - xm)(y - ym)
\/Z(x - xm)z Z(V - ym)z

Residual variance (S2 y,X)

2 _20- Ym)?
yix n-—2

(1-1%)

Variance of the independent term (S2a)
2 2y B X
Sa = () E-)

Where:

X: independent variable.

xm: total mean of the independent variable.
y: dependent variable.

ym: total mean of the dependent variable.
n: total number of tests performed.

Detection Limit (LD) and Quantification Limit (QL)
The calculation was performed using the ordinate
at the origin obtained from the calibration line,
obtained from the linearity.

To calculate the LD, the following equation was used:
LD=3.30/m

The equation used to calculate the QL for each
pesticide was:

LD=100/m

Where

o. standard deviation of the average

concentrations for each period.

m: slope of the equation of the straight line.

© 2025 European Society of Medicine 6



3. Results

Regardless of the season, the
concentration of organochlorine pesticides in

average

coastal waters showed a lower concentration of B-
lindane (0.025 mg/L) and a higher concentration of
heptachlor (5.64 mg/L).

The highest concentrations of organochlorine
pesticides were heptachlor in seawater (3.90
mg/L), estuary water (5.64 mg/L), the highest
concentration in the entire study, and drinking
water (3.14 mg/L).

Aldrin levels were high in seawater (0.540 mg/L),
estuary water (0.467 mg/L), and drinking water

(0.540 mg/L); endosulfan Il also showed high
pesticide concentrations in seawater (0.407 mg/L),
estuary water (0.401 mg/L), and drinking water
(0.422 mg/L); heptachlor in estuary water (5.64
mg/L); as well as 4,4'-DDD in seawater (0.407
mg/L), estuary water (0.403 mg/L), and drinking
water (0.403 mg/L).

The pesticides detected in all the coastal
municipalities sampled were o-lindane and
endosulfan sulfate. Although pesticides are banned
and restricted, high concentrations continue to be
found in various municipalities in Yucatan.

Table 4. Shows pesticide concentrations in coastal waters of Yucatan regardless of season.

Type of water (mg/L)

Pesticide
Seawater Estuarine Water Drinking Water

a-lindane 0.12390 0.2692 0.2168
B-lindane 0.0315 0.0540 0.0255
y-lindane 0.3651 0.3798 ND
d-lindane 0.4238 0.4228 0.4234
Heptachlore 3.9013 5.6443 3.1440
Aldrin 0.5408 0.4677 0.5405
Heptachlore epoxide 0.3172 0.3167 0.3226
Endosulfan | ND 0.0217 ND
Dieldrin 0.4548 0.4621 0.4535
4,4’ -DDE 0.2518 0.2579 0.3549
Endrin 0.1817 0.1892 0.1924
Endosulfan Il 0.4072 0.4010 0.4225
4,4'-DDD 0.4072 0.4036 0.4031
Endrin aldehido 0.3326 0.3353 0.3266
Endosulfan sulfate 0.3180 0.3660 0.5909
4,4DDT 0.0001 0.0329 0.0382

ND= No Detected

Table 5 shows the mean concentration of pesticides, with heptachlor having the highest concentration in

both seasons.

Table 5. Mean and standard deviation of the 16 pesticides for both seasons and all water samples.

Ports sampled (N=6)

Pesticides _

Detection Frequency X£DST (mg/L)
a-lindane 12 0.214+0.009
B-lindane 12 0.031+0.005
y-lindane 11 0.376+0.004

© 2025 European Society of Medicine 7



Ports sampled (N=6)

Pesticides _

Detection Frequency X£DST (mg/L)
d-lindane 12 0.432+0.009
Heptachlore 10 0.809+0.410
Aldrin 12 0.489+0.026
Heptacloro epo6xide 11 0.321+0.004
Endosulfan | 7 0.13+0.157
Dieldrin 6 0.461+0.003
4,4 -DDE 5 0.267+0.018
Endrin 5 0.294+0.0.109
Endosulfan Il 12 0.411+0.005
4,4-DDD 11 0.39+0.015
Endrin aldehido 4 0.343%+0.015
Endosulfan sulfate 12 0.449+0.037
4,4DDT 7 0.329+0.043

N= number of sampled ports; X = average concentration (mg/L); DST= standard deviation

3.1 QUANTIFICATION OF PESTICIDES IN DRY SEASONS.
The mean concentration and standard deviation during the dry season are given in Table 6

Table 6. Mean and standard deviation of pesticide concentrations for the dry season.

Sampled ports (N=6)

Pesticides —

X£DST
a-lindane 0.214+0.019
B-lindane 0.044+0.029
y-lindane 0.371+0.005
o-lindane 0.424+0.005
Heptachlore 3.7£0.615
Aldrin 0.529+0.055
Heptachlore epdxide 0.319+0.009
Endosulféan | 0.249+0.007
Dieldrin 0.459+0.003
4,4 -DDE 0.28+0.042
Endrin 0.187+0.0.008
Endosulfan i 0.411+0.013
4,4-DDD 0.402+0.018
Endrin aldehide 0.343+0.015
Endosulfan sulfate 0.031+0.102
4,4DDT 0.015+0.048

N= number of sampled ports; X mean concentration (mg/L); DST= standard deviation.
Heptachlore was the pesticide with the highest Table 7 shows the concentration of pesticides in
concentration during the dry season, and its the dry season by municipality.

presence was predominant in Dzilam de Bravo.

© 2025 European Society of Medicine 8



Table 7. Concentrations of pesticides in the dry season for the six municipalities

Ports sampled (N=6)

Pesticides Progreso Chelem Chuburnd Celestin Dzilam de Bravo Rio Lagartos
mg/L mg/L mg/L mg/L mg/L mg/L
a-lindane
) 0.232 0.186 0.203 0.22 0.242 0.203
B-lindane
lindane 0.024 0.025 0.023 0.022 0.095 0.0762
-li
Y . 0.367 0.368 0.381 0.372 ND 0.367
0-lindane
0.425 0.42 0.382 0.418 0.437 0.42
Heptachlore
Aldri 4.09 2.5 ND ND 4.52 ND
rin
0.516 0.604 0.493 0.5 0.602 0.455
Heptachlore
. 0.31 0.307 0.33 ND 0.31 0.316
epoxide
i ND 0.24 0.257 ND ND ND
Endosulfan |
L ND 0.453 0.46 ND ND 0.462
Dieldrin
] ND 0.354 0.26 0.257 ND 0.256
4,4-DDE
; ND 0.196 ND ND ND ND
Endrin
i 0.405 0.44 0.391 0.405 0.366 0.4
Endosulfan Il
] 0.42 0.4 0.389 0.37 0.4 0.42
4,4-DDD
] ) ND 0.326 0.363 0.329 ND 0.35
Endrin aldehido
i 0.328 0.34 0.189 0.164 0.452 0.384
Endosulfan sulfate
ND 0.064 ND ND ND 0.032

4,4DDT

N= number of sampled ports, ND= no detected

3.2 QUANTIFICATION OF PESTICIDES IN THE RAINY SEASON.

The results obtained for the mean concentration and standard deviation are recorded in Table 8.

Table 8. Mean and standard deviation of OC concentrations for the rainy season.

Ports sampled (N=6)

Pesticides
X+DST

a-lindane 0.213+0.012
B-lindane 0.025+0.001
y-lindane 0.376+0.007
d-lindane 0.437+0.019
Heptachlore 0.383+0.03
Aldrin 0.47+0.041
Heptacloro epoxide 0.322+0.006
Endosulfan | 0.225+0.015
Dieldrin 0.465x0.002
4,4'-DDE 0.229+0.015
Endrin 0.278+0.127
Endosulfan Il 0.377+0.077
4,4-DDD 0.342+0.062
Endrin aldehido ND
Endosulfan sulfate 0.537+0.12
4,4DDT 0.377+0.013

N= number of sampled ports;

= mean concentration (mg/L); DST= standard deviation.

© 2025 European Society of Medicine



Organochlorine pesticides contamination on the coastal waters of Yucatan, Mexico. Risk for health

The pesticide with the highest concentration
observed during this period is endosulfan sulfate,
with an average concentration of 0.537 mg/L detected
at all sampling sites. Most pesticides were found at
all sampling sites, except for 4,4'-DDE and endrin

aldehyde, which were the least frequently detected
in the coastal area of this study.

The Table 9 shows the concentrations of pesticides
during the rainy season for the municipalities.

Table 9. Concentrations of pesticides during the rainy season for the 6 municipalities

Coastal municipalities

Pesticides Progreso Chelem Chuburnd Celestun  Dzilam de Bravo Rio Lagartos
n=6 mg/L n=6mg/L n=6mg/L n=6mg/L n=6 mg/L n=5 mg/L
a-lindane
. 0.206 0.2 0.2 0.21 0.238 0.213
B-lindane
. 0.026 0.024 0.027 0.025 0.024 0.027
y-lindane
) 0.369 0.36 0.373 0.377 0.38 0.39
0-lindane
0.446 0.423 0.0426 0.476 0.426 0.423
Heptachlore
Aldri 0.37 0.36 0.366 0.38 0.37 0.45
rin
0.391 0.483 0.5 0.487 0.5 0.444
Heptachlore
. 0.331 0.31 0.319 0.319 0.332 0.322
epoxide
i 0.221 ND 0.237 0.238 0.196 0.234
Endosulfan |
o 0.468 ND 0.46 ND 0.465 ND
Dieldrin
] ND 0.25 ND ND ND ND
4,4 -DDE
] 0.252 0.21 ND 0.216 0.5 ND
Endrin
i 0.438 0.4 0.4 0.4 0.4 0.417
Endosulfan Il
] 0.4 0.358 0.365 0.356 0.365 ND
4,4-DDD
] . ND ND ND ND ND ND
Endrin aldehido
i 0.573 0.525 0.759 0.483 0.442 0.441
Endosulfan sulfate
0.376 0.4 0.371 0.367 0.369 ND

4,4DDT

n= samples number; ND= not detected

3.3 COMPARISON OF CONCENTRATIONS DURING
DRY AND RAINY SEASONS.

It is important to compare the rainy and dry
seasons to analyze which season has the highest
concentration of organochlorine pesticides and
which season is most frequent to find a variety of
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these. Figure 4 shows the frequency of OC
detection in each season, with Chelém being the
place where the highest frequency of OCs was
detected during the dry season and Progreso
together with DzilAm de Bravo during the rainy
season.

Chelem Chuburna Celestiin Dzilam de Rio

[l pry B Rain

Bravo Lagartos

Figure 4. Frequency of detection of pesticides found in each season.
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In most cases, greater amounts of pesticides are
found in rainy seasons. This may be due to the drag
of contaminants from the soil to the underground
aquifer generated by the rains in the region.
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Regarding the average global concentrations of
pesticides, Figure 5 shows that the dry season had
higher concentration values than the rainy season.

B Dry
Rain

Progreso Chelem Chuburnd Celestin Dzilam de

Bravo Lagartos

Coastal municipalities

Figure 5. Comparison of average global pesticide concentrations in dry and rainy seasons.

4. Discussion

The levels of organochlorine pesticides detected
on the coasts of Yucatan during the dry and rainy
seasons, in seawater, estuary water and drinking
water, are above the maximum permissible limits
of the Mexican Official Standard (NOM-127-SSA1-
2021). The global average of organochlorine
pesticide load in the dry season was from highest
to lowest: DzildAm Bravo (0.824 mg/L), Progreso
(0.711 mg/L), Chelém (0.451 mg/L), Ria Lagartos
(0.318 mg/L), Chuburna (0.317 mg/L), Celestin
(0.305 mg/L). These concentrations are above the
Mexican official standard and even higher than
international standards.

The global average of organochlorine pesticide
load during the rainy season was, from highest to
lowest: Dzilam Bravo (0.357 mg/L), Progreso (0.347
mg/L), Chuburna (0.339 mg/L), Ria Lagartos (0.336
mg/L), Celestan (0.333 mg/L), and Chelém (0.331
mg/L). These concentrations are also above the
official Mexican standard and even higher than
international standards.

The results of this study indicate high levels of
organochlorine pesticides in both periods on the

Yucatecan coasts, which puts human health and
marine biodiversity at risk.

During the dry season, higher levels of heptachlor
were also obtained in the municipality of Progreso
(4.09 mg/L), as well as high concentrations of aldrin
(0.604 mg/L in Chelém), (0.516 mg/L in Progreso),
(0.493 mg/L in Chuburnd), (0.50 mg/L in Celestun),
(0.60 mg/L in Dzilam Bravo), (0.455 mg/L in Ria
Lagartos); as well as 0.425 mg/L of d-lindane in
Progreso. During the rainy season, the pesticide
detected with the highest concentration was
endosulfan sulfate, with 0.759 mg/L in Chuburna
(northwest coastal area), 0.573 mg/L in Progreso
(central coastal area), 0.441 mg/L in Ria Lagartos
(eastern coastal area), which indicates high
geographically widespread contamination by
endosulfan sulfate in coastal waters of Yucatan,
implying risks.

In the dry season, as the temperature constantly
increases the water evaporates, decreasing the
amount of water and thus causing a higher
concentration of pesticides. The concentration of
pesticides may depend on factors such as
evaporation, adsorption, and leaching, depending
on the region's environmental conditions®. In the
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rainy season, because the sea level and estuary
level rise and there is also a constant movement of
currents, the concentrations are dispersed and
decrease as they are more distributed.

The results indicate that productive activities such
as agriculture and livestock from inland areas in
Yucatan are applying organochlorine pesticides
that end up on the Yucatan coast, putting human
health, marine biodiversity, and ecosystems at risk.
The levels of pesticides detected in marine water
in coastal municipalities put human health at risk due
to the ingestion of contaminated marine species?’.

In a study in Yucatan to determine organochlorine
pesticides in cenotes water, in the area of the
Cenote Ring, the highest concentration detected
was for heptachlor in the municipality of Dzildm
Gonzalez during the dry season (more than 13
mg/L). This municipality is adjacent to the coastal
municipality of Dzilam Bravo, where the highest
concentration of heptachlor (4.52 mg/L) was also
obtained during the dry season in the coastal
study. The results in this area coincide with the
geographic distribution of the Karstic Aquifer
Pollution Index (IVAKY), which shows high and
extreme vulnerability to contamination of the Karstic
Aquifer. Karst aquifers are highly vulnerable to
groundwater contamination due to the easy filtration
of contaminants such as organochlorine pesticides.

These contaminants are prohibited and/or
restricted for use globally due to their high impact
on public health. They are classified as carcinogenic
and neurotoxic endocrine disruptors and have
been linked to diseases such as congenital
malformations, Attention Deficit Hyperactivity
Disorder (ASD), autism, and Parkinson's disease,

among others?.

On the other hand, this area is one of high
deforestation and a high density of cenotes
(surface water bodies), which are a route for
contaminants to enter the underground aquifer.
The area also has a density of faults and fractures
in the soil, and agricultural activities are conducted
using agrochemicals. Both municipalities of
Yucatan are located in the northeast area of

groundwater discharge from the Cenote Ring to
the coastal area of Yucatan, which involves a drag
of contaminants, so it can be inferred that the levels
of contamination during the dry season are high in
these adjacent municipalities.

The National Institute of Statistics, Geography and
Informatics in Mexico (INEGI) reports that in the
coastal municipality of Progreso, which includes
the ports of Chelém, Chuburna and Chicxulub, the
percentage of the population with a disability due
to the limitation in activity was 13.40%%. In the
municipality of Celestin on the west coast, the
percentage of the population with a disability due
to limitation in activity in 2020 was 9.57%%*. On the
east coast of Yucatén, in the municipalities of
Dzilam Bravo, the percentage of the population
with some disability due to limitation in activity in
2020 was 9.63%%, and in Ria Lagartos, the
percentage of the population with some disability
due to limitation in activity in 2020 was 14.77%%.

Organochlorine pesticides as endocrine disruptors
have potential toxicological effects on humans,
such as mutagenicity and carcinogenicity?”32.

In Mexico in 2019, there were 222 thousand cases
of cancer and 105 thousand deaths in the general
population. The number of new cases and deaths
from cancer increased between 10% and 436%
from 1990 to 2019. Breast, cervical, and colorectal
cancers were the main causes of death among
women, while prostate, lung, and colorectal cancers
were the main causes of death among men. In
Mexico, these cancers were the third leading cause
of death in 2019%. In developing countries, cancer
in women, such as cervical cancer, is in the first
places of prevalence and mortality3.

Qualitative socio-environmental studies have been
carried out in the agricultural and livestock zones
on the use and management of carcinogenic
agrochemicals in the Mayan zone of Yucatan.
These studies report a high use of agrochemicals
and a low perception of health risks in pesticide
management. This is similar to a study on pesticide
use in farmers in Punjab, Pakistan, where farmers
are excessive users of pesticides and have the most
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perceived low levels of risk. This low-risk
perception can be improved with training in
educational programs*. Exposure to behavioural
and environmental risk factors will increase the
global cancer burden®,

Among the factors that influence the detection of
pesticides in aquifers are preferential underground
flows, variations in the year's seasons in dry and
rainy periods, types of aquifers, and land use. To
date, based on various research groups, it is
concluded that there is a clear need to implement
monitoring systems for organochlorine pesticides
in groundwater in the Latin American and
Caribbean regions to reduce the impacts on public
health and ecosystems®*.

In another study, we can see the impact of
pesticides on coastal waters, biota and marine
species, in which pesticides were measured in
marine species and zooplankton, in two fishes
(Harpadon nehereus and Pampus argenteus) and
shrimps (Penaeus indicus); the samples were
collected from three tidal creeks in the region of
India. The results detected contamination by
organochlorine pesticides in surface water:
hexachlorocyclohexane isomers (tHCH: 525-1581
ng I-1), dichlorodiphenyltrichloroethane metabolites
(:DDT: 188-377 ng |-1), endosulfan metabolite
((END: 687-1474 ng |-1), and other
organochlorine pesticides (512-1334 ng |-1). The
zooplankton community showed damage due to
pesticide bioaccumulation. Aldrin, heptachlor and
a-HCH levels in edible biota may cause cancer.
These contaminants disrupt the food chain, damaging
the structure of marine biota and various fish species®.
The bioaccumulation of contaminants in marine
species, which are seafood products consumed by
humans, causes potential risks to public health®®.
These can include various cancers and severe
effects on pregnant women, such as congenital
malformations, cognitive delay, and miscarriages.
On the other hand, some studies have shown a
relationship between pesticides and congenital
malformations due to consuming contaminated
food and water around agricultural areas®’.

Organochlorine pesticides are categorized as
chlorinated cyclodienes, chlorinated benzenes,
and cyclohexanes, and are of great international
concern due to their severe effects on the
environment and human health because they are
bioaccumulative in living beings. Data from a study
on fish from African coasts showed high
concentrations of pesticides, which indicates that
the regular consumption of these fish may indicate
possible development of cancer in humans®,.

In a study of bioaccumulation of organochlorine
pesticides in breast milk in women from the coast
of Chelém, Yucatan, located adjacent to the main
port of Progreso on the coast of Yucatan, high
levels of organochlorine pesticides were detected;
60.53% of samples exceeded the Acceptable Daily
Intake (ADI) value for heptachlors, and high levels
of p,p-DDE, y-chlordane, B-hexacyclohexane were
detected. 36% of the samples exceeded the
FAO/WHO acceptable daily intake (ADI)%*.

In the extensive study of organochlorine pesticide
bioaccumulation in the blood of Mayan women
with cervical cancer conducted in Yucatan in the 18
municipalities with the highest mortality, high
levels of endosulfan were detected in the blood of
Mayan women in the municipality of Tizimin, which
is adjacent to the coastal municipality of Dzilam
Bravo of this study. This area is highly vulnerable to
groundwater contamination. One of the coastal
municipalities studied in this study includes the
port of Progreso, Yucatan, where levels of 4.09
mg/L of heptachlor were detected.

The effects of pesticides in drinking water and
contaminated food on mothers during pregnancy
and the prenatal period represent risk to the health
of newborns*. A study on neural tube defects
carried out in Mexico during the period 1980-1997
reported an average mortality of 5.8/10,000 in live
births. Anencephaly was the most common
malformation with 37.7%, followed by spine bifida
with 31.6%. There are various factors related to
these defects which should continue to be studied,
such as genetic polymorphisms, exposure or
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bioaccumulation to pesticides, as well as social
factors of poverty and marginalization*.

The state of Yucatan is in third place nationally in
congenital malformations,
chromosomal abnormalities and ranked first with
the highest incidence of diseases related to tumors
(neoplasms)*2.

deformities and

The Ministry of Health, in its National
Epidemiological Bulletin (2023), reported for
Yucatan 448 cases of malignant breast tumours,
112 cases of cervical cancer, 145 cases of
leukaemia, 21 cases of microcephaly*3.

The results of this study indicate that coastal sea
waters, estuaries, and drinking water, contain
concentrations of organochlorine pesticides above
mexican standards and even higher than international
standards, which threatens the sustainability of
human health and the marine ecosystem.

Conclusions

The present study shows high levels of organochlorine
pesticide contamination in seawater, estuarine
water, and drinking water, in coastal municipalities
of the state of Yucatan. These pesticides are
prohibited and/or restricted for use at an
international level because they are carcinogenic
endocrine disruptors.

The soils' and karstic aquifers' high vulnerability
and the high use of pesticides in agricultural

activities inland easily filter into the groundwater,
which finally flows and empties into coastal waters.
It is recommended to establish agroecological
programs for sustainable agriculture.

The levels of organochlorine pesticides detected in
coastal waters bioaccumulate in marine species for
consumption, implying health and
biodiversity risks.

human

It is recommended that a surveillance program be
established to monitor levels of organochlorine
pesticides in coastal waters, that infrastructure be
improved to manage quality water for human
consumption, and that disease prevention
programs be established through participatory
research methodologies.
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