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ABSTRACT. Herbicides are used to increase the yield of crops and pastures.
The herbicide 2, 4-D has high leaching potential in karstic environments
because it is water soluble, which causes that the herbicide has been found
in groundwater and submerged caves in the Yucatan Peninsula. We detected
the presence of the herbicide in groundwater in agricultural non-agricultural
zones in the northeaster of the Yucatén Peninsula by using the UV spectrum
obtained from HPLC-DAD as qualitative indicator. This finding supports the
notion that application of 2, 4-D before and during the wet season promotes
the presence of the herbicide in groundwater.
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RESUMEN. Los herbicidas se usan para aumentar el rendimiento de
cultivos y pastos. El herbicida 2, 4-D tiene un alto potencial de lixiviacién en
ambientes carsticos por ser soluble en agua, lo que provoca que el herbicida
haya sido detectado en agua subterrdnea y cuevas en la Peninsula de
Yucatan. En esta nota presentamos resultados de la deteccién del herbicida
en el agua subterranea en zona agricola y no agricola en el noreste de
la peninsula de Yucatan mediante el uso de espectro UV obtenido con
equipo HPLC-DAD como indicador cualitativo de su presencia en el acuifero.
Este hallazgo respalda la idea de que la aplicacion de 2, 4-D antes y
durante la estacion de lluvias fomenta la presencia del herbicida en el agua
subterranea.
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INTRODUCTION

The use of agrochemicals is aiming to increase
crop production; as population increases, so does the
demand for agricultural products; therefore, the appli-
cation of agrochemicals is becoming common prac-
tice for achieving larger crop yields (Odegard and
Van der Voet 2014). Most commercial agroecosys-
tems apply pesticides at various times of the crop
cycle. Herbicides are a group of pesticides used
to eliminate weeds from crops in agricultural lands
(Ekstrom and Ekbom 2011). The herbicide 2, 4-
Dichlorophenoxyacetic acid (2, 4-D) belongs to the
phenoxy compounds group; these compounds are
potentially toxic to humans causing damage to the
nervous system, kidney and liver (Boivin et al. 2005).
The 2, 4-D is used to control the growth of broadleaf
weeds. It is soluble at pH close to neutral (National
Pesticide Information Center 2008), it remains in the
soil from 40 to 60 days (Gaultier and Farenhorst 2007,
Gongora-Echeverria et al. 2019). lts degradation
varies according to the microbial population and soil
pore size among other factors (Kuwatsuka and Miya
1989, Boivin et al. 2005, Trivedi et al. 2015). The
herbicide has moderate leaching potential in karst
soils (Gongora-Echeverria et al. 2019); therefore, the
molecule of 2, 4-D and its degradation products can
move into the aquifer, generating residues in ground-
water due to its solubility and extended half-life (Cal-
das et al. 2011). This causes that 2, 4-D can be found
in groundwater in karstic areas and it can be used as
a tracer of contaminant within agricultural zones, es-
pecially in shallow aquifers (Carbo et al. 2008).

Groundwater in the Yucatan Peninsula is
vulnerable to contaminants as it is a permeable
limestone structure where thin soils are dominant,
making the aquifer vulnerable to contamination by the
leaching of residues (Bauer-Gottwein et al. 2011,
Polanco-Rodriguez et al. 2015, Lorenzo-Flores et
al. 2017). Groundwater in this region is the only
available fresh water resource; thus, is very impor-
tant ensuring that concentration of 2, 4-D does not
exceed the maximum permissible limit (30 ug L~')
in water for human consumption (SS 1994). 2, 4-
D in the Yucatan Peninsula is mostly used to main-

tain short term crop production and the recommended
application on pasturelands is 150 mg 2, 4-D active
ingredient ha~—! (INIFAP 2015). Sometimes, appli-
cation is greater because farmers apply it based on
experience on previous effectiveness and aggregated
value of crops that requires delicate care (Sanchez et
al. 2016).

Pacheco et al. (1997) detected 2, 4-D residues
in groundwater wells in Yucatan and Metcalfe et al.
(2010) found 2, 4-D at concentrations as high as 10.5
mg L~! in submerged caves, attributed to its use in
golf courses and gardens throughout touristic centers
along the Riviera Maya. In 2000, the European Union
classified 2, 4-D as substance that poses adverse
health effects; some health risks associated with the
exposure of 2, 4-D are possible cases of cancer, skin
irritation, respiratory disruption and damage to the
endocrine system (Vissers 2005). This note report re-
cent detection of 2, 4-D in groundwater samples from
the northeastern Yucatan Peninsula.

MATERIALS AND METHODS

The study area includes an agricultural
area and a non-agricultural area, located in the
northeastern Yucatan peninsula (Figure 1). The agri-
cultural area hereby considered, comprises three mu-
nicipalities of Yucatan (Tizimin, Sucild and Panabd),
the leading producer cattle zone in the state of Yu-
catan. It has an annual precipitation from 600 to 800
mm y~!, with a temperature ranging from 22-28 °C.
The non-agricultural area comprised the well fields
under the concession of the water operating body
in the municipality of Benito Juarez (Quintana Roo)
with an annual precipitation of 1 300 mm y~! and
annual temperature between 24-28 °C (INEGI 2017).
The geological structure is mainly composed of Neo-
gene and Quaternary platform with sedimentary cal-
cite and leptosols, cambisols and luvisols (INEGI
2009, Bautista et al. 2015).

In 1992, the herbicide 2, 4-D reached an
estimated amount of 323 t applied into fields,
representing 32% of the total of pesticides used in the
agroindustry (Alvarado-Mejia et al. 2010). According
to Gongora Echeverria et al. (2017), the herbicide 2,
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Figure 1. Study area in the Peninsula of Yucatan. Vectorial data form INEGI (2015).

4-D is amply used by farmers in the Yucatan Penin-
sula. The use of 2, 4-D in Quintana Roo is greater in
the south, where sugar cane is produced (Euan-Avila
et al. 2002); however, the herbicide is used in golf
courses.

Samplings were seasonal, representing cold
front (February 2018) and dry seasons (May 2018).
We sampled 14 wells in the agricultural zone and
four wells in the non-agricultural zone. Wells were
selected based on current use for irrigation or water
abstraction, not exposed to surface runoff (covered)
and within an estimated depth of 12-20 m. Wa-
ter samples were collected in 500 ml glass amber
bottles, previously washed with phosphate-free de-
tergent and rinsed with ethanol and acetone. Wa-
ter samples were preserved with H3PO4 at pH 3
and stored at 4°C before analyses. Additionally, we
applied semi-structured interviews to 10 farmers in
each municipality (n = 30), in order to acquire informa-
tion regarding application practices of this herbicide
such as the area of the ranch, season of application
of herbicide and hours of irrigation per day.

Extraction (SPE) and analysis were performed
following Caldas et al. (2010). A 2, 4-D stock so-
lution (2, 4-D Pestanal 31518, Sigma Aldrich, Lt#
SZBD352XV) was prepared in acetonitrile at a con-
centration of 1000 mg L~!. Extraction was performed
using cartridges Strata C 18-E (55 um, 70 A°), con-
ditioned with methanol (3 ml), followed by washing
with Type | water (1 mL), finally loading 250 mL of
sample. Elution was done with acetonitrile to a final
volume of 1 ml. Samples were then injected into the
HPLC-DAD (Agilent 1290 Infinity, column kromasil
100-5-C18, 150 mm length). Mobile phase was 50%
acetonitrile, 30% methanol, 20% distilled water at a
flow rate of 0.5 ml minute ~!. Quantification and UV
spectra were recorded in 200-210 nm range. With
these conditions, the 2, 4-D analytical standard had
a retention time of 1.78 min (Figure 2). Blank sam-
ples and spiked samples of a commercial formulation
(Tordon101'2) were prepared and analyzed as well.
The calibration curve was prepared with five stan-
dard concentrations (1, 2.5, 5. 7.5 and 10 mg 2, 4-D
L~). The curve equation was y = 8.28792 x 10~%
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Figure 2. Chromatograph and absorption spectrum of the analytical standard 2, 4-D. Please refer to HPLC-DAD conditions in Section

Materials and methods.

X -3.45848 (r* = 0.99093); the limit of quantification
(LOQ) for this curve was 1.0 mg 2, 4-D L~! and the
limit of detection (LOD) was assumed as half the de-
tection limit of the lowest standard (0.5 mg 2, 4-D
L=!). In cases where peak resolution was poor or
below LOD (< 0.5 mg 2, 4-D L™!), UV absorbance
spectra were used as qualitative supporting informa-
tion regarding the presence of 2, 4-D- herbicide in
samples.

RESULTS AND DISCUSSION

We detected the presence of the herbicide in
several samples (Table 1); however, most of them
were below detection limit (< 0.5 mg 2, 4-D L~1); thus,
peak resolution was not optimal and we were not able
to integrate an area for quantification (Figure 3). No
modifications on the mobile phase were performed
and better resolution was not achieved. We use the
UV spectra as a qualitative indicator of the presence
of the herbicide in the water samples collected.

During the cold front season sampling
(February 2018), we obtained evidence of presence
of 2, 4-D in three samples in the agricultural zone and
one sample in the non-agricultural zone (Table 1). In
the dry season (May 2018) five samples from the agri-
cultural zone showed presence of 2, 4-D below quan-
tification limit. In order to compare the commercial

formulation Tordon-101® with our field samples, the
spectrum of one spiked sample is showed in Figure
4,

Given that 2, 4-D starts to degrade in the soil
between 10 and 60 days and it was found during the
cold front season (February), it is possible that the
herbicide would have been applied during the post-
harvesting season, close to the end of the calendar
year (November - December). During the interviews,
we did not obtain any information regarding applica-
tion during this season. However, we cannot dis-
card longer persistence due to slower or little degra-
dation. The information acquired during interviews
with ranch owners or administrators, recorded that
87% of farmers use the herbicide Tordon 101(R); 60%
of them pointed to herbicide application before or
during the wet season. Applying 2, 4-D to crops be-
fore the rain could have implications on contamina-
tion of groundwater quality as rain it might cause the
deep infiltration of herbicide. During the dry season
sampling one site (R. Paraiso) showed physical evi-
dence of empty bottles of herbicides containing 2, 4-D
while conducting sampling; thus, suggesting its recent
use. (pers.obs.). Detection of a molecule similar to
dichlorophenol (2, 4-DCP) in the non-agricultural zone
suggests that herbicide use occurred nearby, we can
only speculate of herbicide use in the area for weed
clearing purposes around the extraction well or roads.

The presence of 2, 4-D in groundwater sam-
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Table 1. Presence of 2, 4-D in the agricultural (A) and non-agricultural (NA) zones during
the cold front and dry seasons. Coordinates in UTM units.

Landuse ID Site Season Concentration
1 INIFAP n.d.
2 Rancho Yokdzonot Cold Front <0.5mg2,4-DL"!
3 Rancho Las Trancas Dry <05mg2,4-DL!
g 4 Rancho Paraiso Dry <05mg2,4-DL!
E 5 Rancho San Gabriel n.d.
< 6 Rancho San Pedro Dry <05mg2,4-DL!
7 Rancho Justo Juez Cold Front <0.5mg 2, 4-D L!
8 Rancho San Gabino Dry <05mg2,4-DL!
9 Rancho San Francisco n.d.
10 Rancho San Francisco 2 n.d.
11 Rancho Cristal Dry <05mg2,4-DL!
12 Rancho Bendicién de Dios  Cold Front < 0.5 mg 2, 4-D L!
13 Rancho de Los Conde n.d.
14 Rancho Santa Rosa n.d.
S 15 ZC1P4 n.d.
3 16 ZGC2P11 n.d.
< 17 ZC4P11 nd
é 18 ZC5P1 Cold Front <0.5mg2,4-DL~!

ples suggests that water infiltrates at a local scale,
and that water likely mobilize several dissolved
substances (agrochemicals included) as a result of
irrigation or after precipitation. Mikesell and Boyd
(1985) found that most rapid degradative reaction ob-
served in 2, 4-D was removal of Cl atoms, yielding
dichlorophenol as the first stable degradation product
in agueous solution (Oturan 2000). Since the her-
bicides and some degradation products (metabo-
lites or by-products) have been found in groundwa-
ter (Pinheiro et al. 2010, McManus et al. 2014), it is
possible that some of these compounds are present
in the aquifer. Metabolites and by-products such
as chlorophenols can result from water potabilization
(Czaplicka 2004); yet, we do not consider that this is
the case in production wells region because chlori-
nation is made in pumping stations after extraction.
It is important to monitor such possibility given that
chlorination is the main disinfection practice in Quin-
tana Roo for water potabilization; further research

is needed regarding detection and quantification of
metabolites and by-products of 2, 4-D in the Yucatan
Peninsula such as adsorption and retention of herbi-
cides in the soil and the use of Liquid Chromatography
Mass Spectrometry (LC-MS) for accurate results.
Soil microbiota helps to increase degradation in
the soil (Serbent et al. 2019); it is likely that degrada-
tion in groundwater occurs at a different rate. 2, 4-D
residues are usually associated with organic matter,
which makes it prone to degradation by microbes
(Trivedi et al. 2015, Botero et al. 2017). Given the
residence time of 2, 4-D in the environment (as long
as 90 days) and the fact that photodegradation is the
most important degradation processes of chlorophe-
nols in the environment (Czaplicka 2004), the detec-
tion of the herbicide or degradation products serve as
an indicator of recent introduction of pesticides into
the aquifer, polluting the water at a local scale. Timely
and efficient application of herbicides will reduce the
risk of groundwater contamination; for instance, apply
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Figure 3. Chromatograph of agricultural sampling site (R. Para; 362983, 2340418) collected in May 2018 showing

detection of 2, 4-D but with resolution not suitable for quantification (missing area integration).
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Figure 4. Absorption spectrum of a sample from the agricultural zone (R. Paraiso, left) showing similarity to the spiked sample with the commercial

formulation Tordon 101> spectrum (right).

when there is minimum risk for runoff or aerial losses
(Baird et al. 2000). Method of application must con-
sider the type of soil and its properties because its
thickness, mineral and textural composition are indi-
cators of the feasibility of retention or infiltration of the
herbicide and might regulate the amount of substance
potentially remaining in the soil and the proportion of
the active ingredient that could infiltrate to groundwa-
ter (Boivin et al. 2005).

In conclusion, we detected herbicide 2, 4 in
groundwater in the northeastern Yucatan peninsula at
concentrations lower than 0.5 mg 2, 4-D L~!, most
prevalent in the agricultural zone in both dry and cold
front seasons. Good land management strategies
and water quality monitoring are needed in agricul-
tural zones as pesticides mobilization is impacting
groundwater quality.
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