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Abstract

The worldwide use of semi-persistent organophosphate pesticides has be-
come increasingly frequent and notorious. Their presence is registered in
both continental and coastal waters; the latter ones are known for their subtly
balanced environmental richness, difficult to recover once lost. These xeno-
biotics compounds reach the coastal zone through rivers that have crossed
human settlements, as well as through peripheral runoff water used to exter-
minate agricultural pests. In Mexico, a developing country, the use of pesti-
cides for several decades has not been adequately regulated, which is why
various coastal ecosystems are the accumulation areas of these agrochemicals
used in the continent. In the Gulf of Mexico, one of the coastal systems of
high fishing importance for many years is the lagoon of Alvarado and rece-
ives the discharges of two great rivers, Blanco, Limén and Papaloapan, which
travel more than 200 km from its source to the sea, crossing large extensions
of farmland where there are also livestock activities and the use of these pesti-
cides. For this reason, the objective of this work was to determine the pres-
ence of organophosphate pesticides in the Alvarado lagoon at the Gulf of
Mexico as a potential aspect of high impact contamination. Five pesticides
have been identified in the lagoon sediments, of which the most important
and highest concentrations are Dimethoate and Chlorpyrifos, with 75.65 -
79.0 ng/g and 0.17 - 0.23 ng/g respectively, both internationally classified as
moderately toxic. These concentrations were comparable to levels in other
world regions with intense agricultural activity and vector control like the
Mediterranean Sea and the lagoon of Alvarado was evidenced as a hot spot
for the accumulation of these organophosphates with the high risk for the
benthic organisms and for the human health when consuming these fishery
products.
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1. Introduction

Organophosphate pesticides (OPs) are the chemical compounds most used in
the world, representing between 30% and 40% of insecticide sales in the planet
[1] [2]. These compounds less persistent than organochlorine pesticides have a
higher acute toxicity, with their biocide action affecting a larger diversity of organ-
isms, and have a low cost, all of which favors their use to control various species
that affect food-relevant crops as well as some vectors that represent risks to hu-
man health. In the Mexican agriculture areas have been used since the 1950s. Their
main compounds are Chlorpyrifos, Dimethoate, Parathion and Malathion, which
can degrade and produce “oxo analogues”, often more toxic or persistent than the
original molecules [3] [4]. The coastal zone is the final reservoir of much anthropic
waste and the presence of this type of xenobiotics in tropical coastal ecosystems,
particularly in coastal lagoons and estuaries, causes environmental stress and
death in the biological communities that inhabit these natural areas and reflect
the impact of urban, industrial and agricultural human activities [5]. The lagoon
systems of the Gulf of Mexico are a clear example of highly productive ecosys-
tems polluted by human residual contributions that cause biological damage [6]
[7] [8] [9], often irreversible given the presence of complex mixtures of waste,
such as organophosphate pesticides. In recent years, very complete reviews have
been made of the presence of pesticides in Mexico, mainly from the group of
organochlorines in coastal organisms [10] and the national situation of these
compounds, including aspects of the use and effects of these compounds both in
the environment and in health, concluding that there is a lot of information on
organochlorine pesticides in coastal ecosystems and that there is a lack of data
on other groups of pesticides such as organophosphates in these coastal sites
despite being the most sold compounds in the Mexican territory; in addition, it
has been reported that the most commonly used active ingredients are Chlorpy-
rifos, Methamidophos and Parathion-methyl belonging to this chemical group
[11]; derived from this panorama, the purpose of this paper is, therefore, to pro-
vide the initial data on the content of organophosphate pesticides in sediments
of the Ramsar site Alvarado lagoon at the Gulf of Mexico as a first approach to
the presence of these agrochemicals and the potential risk they represent to the
benthic community, to contribute with recent information that allows modifying
the current legislation and to restrict or prohibit the pesticides considered highly

hazardous by diverse international agencies [12] [13] [14].

Study Area

The geographic coordinates of the Alvarado lagoon are: 18°43'51" and 18°52'40"N -
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95°4223" and 95°57'25"W, with an area of 4452.5 ha, and a maximum depth of
2.6 m. It connects with the Gulf of Mexico through a marine mouth and a 0.4
km wide barrier. The great Alvarado Lagoon System (SLA for its initials in
Spanish) is constituted by interconnected lagoons as Buen Pais and Camaronera
and large number of interior lagoons like Tlalixcoyan, among others; and the
Blanco, Camarén, Acula, Palma Real and Papaloapan rivers (Figure 1). This
system was designated Ramsar Site number 1355 in 2004, in the International
Important Wetland category. Sediments are dominantly silty with clays, poor in
organic matter and carbonates, less than 2%, and between 1% and 7%, respec-
tively [15]. Near the marine mouth which connects to the sea, the sand can reach
up to 50%. The edge of the lagoons is dominated by red mangroves, and the
ecosystem harbors endangered species such as the manatee and certain threat-

ened migratory birds [16].

2. Materials and Methods

Samples of surface sediments were collected using a van Veen dredge to obtain
the first 5 cm of the sedimentary column in 10 lagoon sites (Figure 1) in March
2016, which corresponds to the transition from the northern winds to the dry
season, the temperature of the samples remaining at 4°C until they were ana-
lyzed in the laboratory. Sediment extraction was done with an Anton Paar 3000
microwave equipment according to the Environmental Protection Agency 3546
method with a hexane:acetone mixture 1:1 v/v. The extract was cleaned as indi-
cated in the Environmental Protection Agency 3620C method using Florisil and
an elution sequence of the mixture ethyl-ether in hexane at 6%, 15%, 50% and
100% to obtain four fractions and a recovery percentage between 80% and 100%.
1-Bromo-2nitrobenzene was used as internal standard (50 pg/pL), the final
analysis was done with a gas chromatograph coupled to an Agilent Technologies
(6890) mass spectrometer, with an automatic injector and quadrupole with neg-
ative chemical ionization (5973N) and a DB-35MS capillary column (60 m x
0.25 mm x 0.25 pm). The carrier gas was helium grade 5.0 with a 1 ml/min flow
rate. For quality control we analyzed, blank reactive, reference material and for-
tified samples. Detection limits are shown in Table 1, found in <0.4 pg/uL in-

terval for Diazinon to <8.3 pg/uL for Dimethoate.

3. Results and Discussion

Table 1 shows the results of the sediment analysis in which 12 organophosphate
pesticides were determined. We obtained data above the detection limits of only
five compounds: Chlorpyrifos, Chlorpyrifos methyl, Dimethoate, Ethion and
Fenchlorphos, or 41.7% of the xenobiotics we were looking for. The total con-
centration of the quantified OPs had a maximum value of 79,824.4 pg/g in site 9,
and site 10 had a similar value (79,265.5 pg/g) since both sampling points are
near the village and Port of Alvarado which are directly influenced by the Gulf of
Mexico through the area where both bodies of water join (Figure 1). The total
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Figure 1. Study area and sampling sites in Alvardo lagoon, Gulf of Mexico.

Table 1. Concentration in pg/gdry weight of organophosphate pesticides in sampling sites of surface sediments in the Alvarado

lagoon, mean *
organophosphate pesticides; the organochlorine p, p-DDT is used as reference.

standard deviation and physical and chemical properties related to the environmental persistence of

Sampling sites of surface sediments

Water
Organophosphate Molecular
£anopaosp 2 3 4 5 6 7 8 9 10 Mean + SD ° LogK,, solubility
pesticides (OPs) weight
(mg/L)
Chlorpyrifos 203.8 215.0 167.8 1654 199.6 207.4 224.0 209.4 2255 195.7 201.4 +20.7 350.6 45-53 03-14
Chlorpyrifos methyl <2.0*  <2.0* <2.0* <2.0% <2.0f <2.0f <2.0% <2.0* 43.9 <2.0 <LOD 322.5 4.3 4.0
Diazinon <0.4* <0.4* <0.4* <0.4* <04* <04* <04* <04* <0.4 <0.4 <LOD 304.3 3.8 <1.0
Dimethoate <8.3* <83* <83* <83* <83* <83* <83* <83* 78,999.6 78,651.7 78,825.7 + 246.0 229.2 0.8 1-10.0
Dioxanthion <1.0*  <1.0* <1.0* <1.0* <1.0* <1.0* <1.0* <1.0* <1.0* <1.0* <LOD 456.5 3.0 <0.1
‘EPN <74% <74 <74 T4 T4 T4 T4 <74 <74 <7.4* <LOD 323.3 4.8 Insoluble
Ethion <1.9*  <1.9* <1.9* <1.9* <1.9* <1.9* <1.9* <1.9* 5554 418.1 486.8 + 97.1 384.5 5.1 2.0
Fenchlorphos 489 280 31.0 389 <03* <03* 368 <0.3* <0.3* <0.3* 36.7 + 8.1 321.5 5.1 1.0
Malathion <6.6* <6.6* <6.6* <6.6% <6.6* <6.6* <6.6* <6.6% <6.6* <6.6* <LOD 330.3 24 143.0
Parathion <2.2% <2.2% <22% <22% <22* <22 Q2% <22* <22* <2.2* <LOD 291.2 3.8 11.0
Parathion methyl <1.8* <1.8* <1.8* <1.8* <1.8* <1.8* <1.8* <1.8* <1.8* <1.8* <LOD 263.2 29 37.7
Terbufos <0.5* <0.5* <0.5* <0.5* <0.5* <0.5* <0.5* <0.5* <0.5* <0.5* <LOD 288.4 4.5 5.1
2OPs 252.7 243.0 1988 2043 199.6 207.4 260.8 209.4 79,824.4 79,265.5 16,086.6 + 33,445.8 NR NR NR
p p-DDT
(organochlorine 354.5 6.4-6.9 Insoluble
pesticide)

*Detection limits (LOD) (pg/pL); EPN (Ethyl p-nitrophenyl benzenethiophosphonate); NR: Not Reported.
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concentrations of stations 7, 1, 2, in descending order, were 260.8, 252.7 and
243.0 pg/g respectively, followed by sites 4, 6 and 8 with contents between 204
and 209 pg/g and finally, stations 3 and 5 with levels between 198 and 199 pg/g.
Except for the maximum contents of points 9 and 10, the results determined in
the rest of the analyzed sediments at the level of total concentration had a com-
parable magnitude between 198.8 and 260.8 pg/g which would mean that these
agrochemicals are used in the surrounding areas of the lagoon, and that the ur-
ban and agricultural area of Alvarado is the main pollutant source which ex-
plains the high records found.

One of the few phosphorus compounds reliably quantified was Chlorpyrifos,
which was determined in all samples and had a concentration range between
165.4 (station 4) and 225.5 (station 9) pg/g; its methylated form was only de-
tected in site 9 with a content bellow (43.9 pg/g). Dimethoate was exclusive of
the sediments of the marine interaction zone (stations 9 and 10) with the maxi-
mum values already mentioned (>7000 pg/g) same as Ethion, with unique con-
centrations in these sampling stations, with levels of 555.4 and 418.1 pg/g re-
spectively. The last organophosphate pesticide found in the sedimentary matrix
of the Alvarado lagoon was the Fenchlorphos in sites 1 to 4 and 7, with contents
ranging from 28.0 (station 2) to 48.9 (station 1) pg/g. It is important to highlight
the absence of this compound in the area inside the Tlalixcoyan lagoon (stations
5 and 6), as well as in the region of Port of Alvarado and the lagoon marine
mouth (sites 8, 9 and 10) (Figure 1 and Figure 2).

Some of the main physicochemical characteristics of the evaluated molecules
provide information on their degree of persistence. Table 1 compares the mole-
cular weights, the partition coefficient octanol-water (Log K,,) and the aqueous
solubility of the organophosphates discussed in this paper, and a classical orga-
nochlorine, p, p-DDT. The solubility in water and the lipophilicity capacity are
determinant for the permanence or degradation/biogeochemical transformation
of pesticides in the environment, in such a way that, considering the behavior of
DDT that has been studied since the mid-20th century up to the present day, its
environmental persistence has been scientifically documented between 20 and 30
years.

As can be seen, Dimethoate has a Log K, < 1 and can be considered the least
persistent of the group of evaluated organophosphates. Malathion and Para-
thion-methyl with Log K, < 3 would follow, contrasting with the environmental
behavior of Chlorpyrifos, Ethion, EPN and Fenchlorphos, since their octa-
nol-water partition coefficient is between 4.8 and 5.27 as well as their aqueous
solubility, with values from insoluble to 2 mg/L, and it is these molecular cha-
racteristics that could favor their permanence for longer periods of time in the
environmental matrixes, resulting high degree of persistence at the sediment
with harmful effects on the benthic community.

In Mexico there is no established regulation that mentions the highest allowed

limits of pollutants in coastal and marine sediments. In the case of pesticides, the
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Figure 2. Individual molecular pattern of organophosphate pesticides in sediments of the
Alvarado lagoon.

2016 Official Pesticide Catalog, issued by the Federal Commission for the Pro-
tection against Sanitary Risks (COFEPRIS for its initials in Spanish), an entity
subordinated to the Ministry of Health, should be considered [17]. This Catalog
indicates that the authorized pesticides in Mexico are those registered before this
Ministry and included in this Catalog. It should be noted that the Catalog's last
update took place after twelve years without government information regarding
the registration of these agrochemicals that are distributed, marketed and used
in the country, as the previous version dates from 2004. The Catalog does not
include the organophosphate pesticides Dioxathion, EPN, Fenchlorphos and
Parathion, and it only considers Parathion-methyl. Of the remaining pesticides,
it only includes basic physicochemical information, general uses, environmental
and health effects, toxicity, risks, first aid and use and management recommen-
dations. Table 2 shows the most relevant Mexican information found in the
2016 Official Pesticide Catalog regarding the xenobiotics dealt with in this study.
The acute toxicological category is one of the main criteria and can be compared
internationally since it is consistent with the Global Harmonized System (GHS)
to weigh the risks derived from the presence and quantity of certain pesticides as
consider in a standardize Official Mexican Standard [18].

Terbufos is category 1 since its median lethal dose (LDy), ingested orally by
rats as test animals, is 1.3 mg/kg, and dermally, by rabbits, is 0.87 mg/kg, it is
therefore classified as extremely hazardous, belonging to the class Ia according
to the World Health Organization classification [14]. This pesticide, in the sedi-
ments of the Alvarado lagoon, was found to be below the analytical detection

limit (<0.5 pg/pL). In general terms, the uses established in the official Mexican
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Table 2. Uses, lethal dose 50% (LD, acute toxicity), environmental effects and guide concentrations of environmental quality
issued by NOAA for some organophosphate pesticides (OPs) evaluated in this study [17] [19].

Surface waters (ug/L)

Acut Mari
. LD,, N cute ) Effects on the Ground . _a rine Soils
Pesticides Uses toxicologic . Fresh Marine sediments
(mg/kg) environment water (ug/L) (ng/g)
category (ng/g)
Acute Chronic Acute Chronic
Agricultural,
Chlorpyrifos sricu 1Tra 96 (Rats/oral) .
domestic, Very toxic to fish, . . . N
(ethyl and . >2000 (rats/ 3 . 30.0 0.083 0.041 0.011 0.0056 NR NR
cattle-ranching, birds and bees
methyl) A : dermal)
urban, industrial
Agricultural,
d tic, 1250 (Rats/oral
L Omes 1c. (Rats orfa ) Highly toxic to birds,
Diazinon cattle-ranching, > 2020 (rabbit/ 4 20.0 0.17 0.17 0.82 0.82 1.9 NR
i A fish and bees
urban, industrial, dermal)
gardening
Moderate to high
Agricultural, 235 (Rats/oral) Toxicity to aquatic 6.2CA
Dimethoate gardening, >400 (rats/ 3 organisms and birds. 6.0 NR o .ISNZ NR NR NR 218.0M
industrial dermal) Extremely toxic :
to bees
Agricultural,
cattle-ranching, . i
) ) . 23 - 64 Very toxic to aquatic
Dioxathion domestic, 2 X NR NR NR NR NR NR NR
. (Rats/oral) organisms
gardening,
urban, industrial
Agricultural,
cattle-ranching, 17.8 (Rats/oral) A R
. . Very toxic to aquatic
EPN domestic, 30 (rabbit/ 2 X NR NR NR NR NR NR NR
. organisms
gardening, dermal)
urban, industrial
. 21 (Rats/oral) Highly toxic to fish
X Agricultural, R . .
Ethion . 838 (rabbit/ 2 and birds. Not toxic NR NR NR NR NR NR NR
cattle-ranching
dermal) to bees
1250 (Rats/oral)
Agricultural, 1000 - 2000 Very toxic to aquatic
Fenchlorphos X . 4 X NR NR NR NR NR NR NR
gardening (rabbits/ organisms
dermal)
Slightly t
Agricultural, 5500 sy ?
. extremely toxic to
X cattle-ranching,  (Rats/oral) >
Malathion K 8 4-5 fish. Moderately 190.0 NR 0.1 NR 0.1 0.67 NR
gardening, 2000 (rabbits/ toxic to birds. highl
urban, industrial dermal) . > ghly
toxic to bees
Parathion . Toxic to aquatic and
K Agricultural, 6 (Rats/oral) 66 X b b b
(parathion h K 2 terrestrial 50.0 NR 0.065 0.013 NR NR 0.34V
industrial (rat/dermal) i
methyl) organisms
Extremely toxic to
1.3 (Rats/oral) birds, mammals,
Terbufos Agricultural 0.87 (rabbits/ 1 reptiles, fish and NR NR NR NR NR NR NR
dermal) other aquatic
organisms

“only for Chlorpyrifos; "only for Parathion; NR: Not Reported; CA: Canadian Water Quality Guidelines; NZ: quality criteria for epicontinental waters in
Australia and New Zealand; M: Toxicity towards mammals; V: Toxicity towards plants.

document for this group of pesticides are the same, from the agricultural to the

industrial, including domestic and gardening uses. Likewise, the qualitative de-

scription of its toxicity indicates a gradient going from slightly toxic for fish

(Malathion), to extremely toxic for bees, birds, fish and mammals (Dimethoate
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and Terbufos) [17].

Regarding the compounds detected in this study, for Chlorpyrifos in its ethyl
and methyl forms, the Mexican Catalog reports oral and dermal LDy, of 96
and >2000 mg/kg and classifies it as acute toxicological category 3, while WHO
includes it in the group of moderately hazardous (class II), being very toxic for
bees, birds and fish. Dimethoate has a lower number of established uses, being
and authorized for agricultural, industrial and landscaping purposes, not for
domestic and livestock related uses, with a toxicity classification of 3, moderately
hazardous like Chlorpyrifos, with different LDs,, 235 and >400 mg/kg for oral
and dermal intake in rats, respectively.

The Pesticide Official Catalog of Mexico establishes two uses for Ethion, agri-
cultural and livestock-related, belonging to group 2 due to its acute toxicity, with
LD,, of 21 and 838 mg/kg in tests, oral in rats and dermal in rabbits, and highly
toxic for fish and birds, but not for bees. Fenclorfos has few registered uses,
mainly in agriculture and gardening, with median lethal dose of 1250 mg/kg
orally in rats, and 1000 - 2000 mg/kg dermally in rabbits; it belongs to highly
toxic category 4, very toxic to aquatic organisms (Table 2).

Even though we did not quantify levels above the limits of detection in most
of the organophosphate pesticides in the lagoon, it is important to mention the
discrepancies regarding the acute toxicity and the danger of classifying these
compounds considering what has been established in a standardize [17], which
is included in the 2016 Mexican Pesticide Official Catalog, and the 2009 WHO
classification. For example, EPN, Parathion and Parathion-methyl are cataloged
in the class that groups the extremely hazardous pesticides [14] while the na-
tional document places them in category 2. Chlorpyrifos, Dimethoate, Diazinon
and Ethion belong to class IT of WHO, classified as moderately hazardous, while
in Mexico, the first two are placed in the toxicological category 3, the third one
in category 4, and the last in category 2, which highlights the variability that can
occur depending on the reference criteria considered and, therefore, the actions
or restrictions that may be established for their general management and/or
their definitive ban.

Another fundamental aspect affecting the presence, accumulation and effects
of these and other pesticides in Mexican ecosystems—including coastal ones
such as the Alvarado lagoon—is the number of commercial entities with official
records from the COFEPRIS for their distribution and use. In Annex 2 of the
2016 Official Pesticide Catalog there are, for Chlorpyrifos only its ethyl and me-
thyl forms, 171 records out of a total of 5524 (3.1%), most of indeterminate va-
lidity, which allows their continuous use. Dimethoate has 79 records (1.4%) all
of them with no expiration date. For Ethion there are only eight registers
(0.14%) and, just as in the previous cases, with indeterminate validity. Officially,
these three pesticides have an insecticide-acaricide use. It is worth mentioning
that Fenchlorphos, found in this study, is not registered with COFEPRIS, which
means it is not authorized in Mexico [17].

Thanks to scientific efforts of the highest quality, mainly from developed
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countries both in America and Europe, there are today environmental quality
criteria for diverse ecosystem matrixes whose purpose is to provide reference of
contaminant concentrations which can damage water, sediments and soil. The
National Oceanic and Atmospheric Administration of the American Depart-
ment of Commerce in the USA (NOAA), has gathered all this information and
created the well-known Screening Quick Reference Tables or SQuiRTs [19], that
allow to weigh the magnitude of the concentrations registered in the various
compartments of the ecosystems under study in the absence of a complete, con-
sistent and comparable global environmental regulation.

For most of the organophosphate pesticides found in this study there is no
ecotoxicological reference data from NOAA for marine sediments; however, we
consider that it is important to present guide concentrations of possible effects
established for groundwater, continental and marine surface water, soils and the
average lethal dose (acute and chronic toxicity) that this environmental agency
has available from some OPs analyzed in this work. These criterion concentra-
tions are presented in Table 2 and it can be observed that the threshold concen-
trations in marine sediments of Diazinon and Malathion to cause harmful effects
in the benthos are 1.9 and 0.67 ng/g, respectively. For Chlorpyrifos, the highest
level of contamination in groundwater is 30 ug/L, established by the US Envi-
ronmental Protection Agency (USEPA), even used in Canada for sources of
drinking water, like WHO. In epicontinental waters, concentrations of this same
organophosphorus that cause acute and chronic risk have been estimated at
0.083 and 0.041 pg/L, respectively, and in seawater they vary from 0.011 to
0.0056 pg/L respectively, causing acute and chronic conditions (Table 2).

In studies of this nature, with not much background information on records
of these pesticides, we need to compare our results with others from similar
coastal environments with similar problems caused by the intensive use of these
agrochemicals. Table 3 shows a compilation of recently published data on the
presence of some OPs in river, lacustrine and lagoon sediments. In general, there
are few papers reporting the ZOPs and, in this case, data of this study can be
compared with those of the Guan River in China [20] and with the estuary of the
Tiber River in Italy (one of the 20 longest rivers in Italy and most polluted) [2],
not a pleasant fact when compared to data from the Alvarado lagoon.

Within the specific framework of individual organophosphate compounds,
Chlorpyrifos is the pesticide with more data to compare; concentrations found
in this study were similar to the lowest reported ranges in sediments of the Zigo
River in Togo, Africa [21], of the Guadalquivir and Llobregat rivers in Spain [22]
[23] and the already mentioned Tiber River in Italy [2]. Another OP included in
this comparison is Dimethoate, not detected in sediments of the African river,
nor in the Spanish rivers Llobregat-Anoia, Turia-Jucar [24] [25] or the Tiber,
remarkably contrasting with the concentrations in the Alvarado lagoon, which
were high (78 - 79 ng/g). In addition, other OP like Diazinon and Malathion
were checked, but they were not detected during this study (<0.4 and <6.6 pg/pL,
respectively) although the first of these was found in sediments of Zumpango
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Table 3. Comparison of the concentrations of organophosphate pesticides in sediments of several coastal areas of the world. Val-

ues in ng/g dry weight.
Area 2OPs Chlorpyrifos Dimethoate Diazinon Malathion Reference
Africa
Zigo River, Togo 0.82 -26.93 ND ND ND [21]
Asia
Guan River, China 0.0 -2.18 [20]
America
Zumpango Lake, Mexico 5120.0 110.0 [26]
Europa

Portuguese rivers 11.5-19.2 (4]

Arc River, France 0.01 - 0.02 [30]

Guadalquivir River, Spain 0.7 -15.9 0.2 -175.5 [22]

Mediterranean Sea

Damietta Channel, Egypt 303.8 279.0 5.12 [27]

Llobregat & Anoia rivers, Spain ND 0.09 - 1.29 ND [24]

Llobregat River, Spain 03913097 0.04 - 2.53 [23]

Berre Lagoon, France ND [31]

Turia & Jucar rivers, Spain 4.51 - 55.95 ND ND ND [25]

Tiber River, Italy 1.42 - 68.5 0.26 - 32.85 ND 0.18 - 0.54 ND [2]
Alvarado Lagoon, Mexico 0.2-79.8 0.17 - 0.23 78.7 - 79.0 ND ND This study

ND: Not Detected (<LOD).

Lake, Estado de Mexico, with 110 ng/g [26] and in marine sediments of the Da-
mietta Canal in Egypt, 279 ng/g [27]. Regarding Malathion, there is only piece of
information corresponding to the area of the Egyptian channel, a concentration
of 5.12 ng/g (Table 3).

The insecticide Dimethoate inhibits the acetylcholinesterase enzyme which
causes the accumulation of the neurotransmitter acetylcholine and increases the
cholinergic synapse. The effect of this organophosphate is similar in insects and
mammals, the main difference being the way it is eliminated, as mammals are
more efficient eliminating it through urine (87% - 90%) [28] [29]. Crustaceans
like shrimp and crabs, important elements in the ecology and economy of coast-
al ecosystems in the Gulf of Mexico, are likely to be affected by OPs since they
are similar to insects, the target of these biocides, as they are part of the same
large biological group, the arthropods.

Organophosphate pesticides are found in the complex assembly of agrochem-
icals in coastal sediments; here, organochlorines and pollutants of industrial ori-
gin like the polychlorinated biphenyls, can cause a combined exposure from the
intrinsic sedimentary toxicity involving unknown or poorly documented inte-

ractions causing high impact damage [2]. In recent years, these types of sub-
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stances have been studied to learn more about their acute and chronic effects
and there is sufficient evidence to classify them as toxic to aquatic organisms, as
well as to birds, and their effect on bees and other pollinators has now been ana-
lyzed [32].

This information is a first approach to the presence of OPs in sediments of the
Alvarado lagoon; there are many studies from this coastal area of the Gulf of
Mexico regarding biological, geological, fishing, hydrodynamic, socioeconomic
and, to a lesser extent, environmental factors, that focus mainly on metals, sani-
tary microbiology, organochlorine pesticides, water quality, change in geochem-
ical signals of sedimentary accumulation due to important historical modifica-
tions in the basin, among others [7] [8] [15] [33] [34] [35]. Our study, therefore,
constitutes one of the first ones recording the presence of OPs. These
semi-persistent compounds can come largely from the urban area of the Port of
Alvarado. In addition, there is an important contribution from the Blanco,
Limén and Papaloapan rivers due to the transport of agrochemicals from the
fields in their more than 200 km of route from their origin to the Gulf of Mexico;
these rivers pick up diverse dissolved and suspended substances when crossing
large agricultural [36] and industrial areas, and then pour their water into this
lagoon which then becomes; on the one hand, a coastal reservoir of substances
and materials necessary for the right ecological processes with nutrients and
good quality organic matter and, on the other, of xenobiotics of high risk to the

environment and to human health such as the organophosphates [9] [37].

4. Conclusion

Five organophosphate pesticides were recorded in the sediments of the Alvarado
lagoon. Chlorpyrifos was recorded in all analyzed sites, with low concentrations
when compared to reports from several coastal environments around the world.
Fenchlorphos was recorded in half of the analyzed samples, mainly in the cen-
tral-northern region of the study area. Ethion and Dimethoate were registered in
the influence area in the Port of Alvarado in connection with the Gulf of Mexico.
Our study found that Dimethoate was the organophosphate compound with the
highest concentration, with levels like those reported for polluted rivers that
discharged into the Mediterranean Sea and this represented a high risk for ben-
thos. Therefore, it can be classified to the Laguna de Alvarado, in particular to
the area under the influence of the Port of Alvarado, as a hot spot site by orga-
nophosphate pesticides. The presence of these compounds in sediments consti-
tutes scientific evidence of the impact of human settlements and their activities
such as agriculture and livestock around the study area reaches it mainly
through river runoff. These pesticides are used to control vectors, such as insect
pests in order to avoid health problems from tropical diseases such as malaria
and dengue fever, despite the risk of chemical contamination to the benthic or-
ganisms and long-term ecological disturbances on this biological community of

great relevance to coastal ecosystems. Without enough studies of this type, there
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is not enough reliable data to define more effective control policies, with less en-

vironmental and human health consequences.
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