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Abstract: A review of pesticide residues detected in shrimp species of the Mexican Pacific and Gulf of Mexico 

coasts is presented. Most studies focus on monitoring organochlorine (OC) and organophosphate (OP) 

pesticides. The evaluated areas are mainly located in the northwestern zone of Mexico. Studies analyzing 

pesticides levels in shrimp of Mexico correspond to commercially important species, such as: Penaeus vannamei, 

Penaeus stylirostris, Farfantepenaeus duorarum, and Trachypenaeus similis pacificus. Extraction methods (sample 

preparation, extraction technique, solvent, and clean-up procedures) are presented, as well as chromatography 

and detector type used to quantify the analytes in the shrimp samples from the different ecosystems evaluated. 

Given that there is an under-evaluation of pesticides residues presence, there was a greater contribution of 

studies directed to geographical areas in the northwest of the country, with a monitoring gap in the Gulf of 

Mexico, as well as in the southern zone, considering that there are states that are among the main shrimp-

producing entities. Hence, it is necessary to carry out recent evaluations, since the most current information is 

17 years out of date, so presented data may not be a reflection of the current situation in the country. 

Keywords: pesticides; organochlorines; organophosphates; chromatography; shrimp; food safety; 

seafood; pollution 

 

1. Introduction 

1.1. Shrimp farming in Mexico an Overview 

White shrimp (Peneaus vanameii) is naturally distributed from the Gulf of Mexico to Peru, 

inhabiting estuaries, marshes, and oceans [1]. Globally, P. vanameii is the most produced shrimp 

species, reaching 53% of the harvest [2]. In Mexico, shrimp farming is practiced semi-intensively in 

ponds for 8-9 months; this production system gives a yield of one ton per hectare, although the 

industry continues to promote technification to increase yields [3]. In Mexico, white shrimp 

production is mainly dominated by the northwestern states of Sinaloa, Sonora, and Nayarit (Figure 

1).  
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Figure 1. Shrimp production (tons) in Mexico in 2022. 

Shrimp production in Mexico represented 270,000 tons in 2020, this activity is carried out 

through capture in estuaries and sea, as well as in shrimp farms, the latter being the most important 

since it represents 79.25% of the total [4]. In 2021, 262,000 tons were produced, leaving an economic 

impact of 277 million dollars for exports, reaching the 7th place in world production [5]. 

The beginnings of experimental shrimp farming in Mexico date back to the 1970s in Sonora, then 

it escalated to commercial farming in the 1980s, with white shrimp being farmed in the Pacific and 

Gulf of Mexico [6]. Subsequently, there has been an increase in the demand for land to establish 

shrimp farms, and this economic sector has grown at a significant rate of 5.5% per year [5].  

Shrimp farming is carried out in areas where it competes with activities such as urban areas, 

industry, tourism, and agriculture. Therefore, land use in coastal areas is a phenomenon that 

inevitably overlaps, since the optimal locations for shrimp farms have not been historically selected, 

leading to environmental problems. As a result, the organism is exposed to pollutants such as 

pesticides, heavy metals, and water discharges with high organic matter load, becoming a risk for 

consumers [7]. 

2. Pesticides 

Pesticides are any substance or mixture of substances, chemical or biological, used to repel, 

destroy or control pests. The word "pesticide" is a broad-term that includes insecticides, herbicides, 

fungicides, rodenticides, molluscicides, wood preservatives, and various other substances used for 

pest control. Pesticides also include plant growth regulators, defoliants, and desiccants [8, 9]. 

Pesticides can be classified according to several criteria such as functional groups, mode of 

action, toxicity, and chemical structure. In line with this, according to the type of target pest there are 

fungicides, insecticides, herbicides, and rodenticides [10, 11]. Besides, these substances are also 

categorized by source, either as chemical pesticides or biopesticides. Chemical pesticides are further 

divided into organochlorines (OC), organophosphates (OP), carbamates, pyrethroids, 

neonicotinoids, among others [8, 12].  

It is generally accepted that pesticides play an important role in agricultural development since 

they can reduce agricultural products losses and improve affordable food yield and quality [11]. 

Pesticide use in agriculture goes back thousands of years, but pesticides have been used more widely 

since the 1940s due to the growth of synthetic chemical pesticides and the rapid development of 
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biopesticides in the last decade. Today, there are more than a thousand pesticides on the market 

(including chemical, microbial, semi-chemical, and botanical pesticides) [13].  

In addition, global pesticide production has increased at a rate of approximately 11% per year, 

from 0.2 million tons in the 1950s to more than 5 million tons in 2000 [12]. The use of pesticides has 

increased dramatically over the past 75 years and continues to increase. Approximately 2300 millions 

tons of pesticides are used annually worldwide [14]. Globally, the total pesticide use in agriculture 

will remain stable at 2.7 million tons of active ingredients in 2020. The global pesticide application 

rate per hectare of cropland was 1.8 kg/ha. Total trade in pesticides reached about 7.2 tons of 

formulated products with a value of USD 41.1 billion in 2020 [13]. 

Agriculture is the largest consumer (about 85% of world production) of pesticides for chemical 

pest control. In addition, pesticides are also used in public health activities to control vector-borne 

diseases (e.g., malaria and dengue), and unwanted plants (e.g., grasses and weeds) in ornamental 

landscaping, parks, and gardens [10].  

Pesticides have different modes of action or ways of controlling target pests. Some herbicides 

can mimic the function of plant growth regulators, while others can effectively control the ability to 

convert light into food in plants. Similarly, a fungicide may interfere with cell division, while others 

may effectively slow the formation of certain compounds in the fungus. While a fungicide is used to 

control the growth of fungi, miticides, insecticides, and herbicides are used to control mites, insects, 

and weeds, respectively. Insecticides are capable of killing insects by direct contact (dermal entry), 

oral, and/or respiratory entry. Herbicides are used to kill plants by direct contact and/or by killing 

weeds when absorbed through the leaves, stems, or roots. Some pesticides are capable of moving into 

untreated tissues after being absorbed by plants or animals. Such insecticides or fungicides can enter 

treated plants to kill specific insects or fungi. Other pesticides have also been developed to affect the 

nervous system or act on the endocrine or hormonal systems of pests [10, 15].  

Once pesticides are applied to a target crop or disposed of, these substances have the potential 

to enter the environment. Then, in the environment, pesticides can undergo processes such as transfer 

(or movement) and degradation. Pesticides move from the target site to other environmental media 

or non-target plants through transfer processes such as adsorption, leaching, volatilization, spray 

drift, and runoff [11]. The large amounts of pesticides that are left behind penetrate or reach non-

target plants and environmental media. However, only 1% of all pesticides are effectively used to 

control insect pests on target crops [14].  

The different types of chemicals show specific differences in environmental fate, for example, 

OC compounds such as DDT have low acute toxicity but show a significant ability to accumulate in 

tissues and persist to cause long-term damage [11]. Residues of OC are also generally transferred up 

the food chain, with implications for human health. The development of pest resistance to these 

chemicals urged for replacement with new and less persistent chemicals, such as OP, carbamate, and 

pyrethroid compounds, which are perceived to be more specific in pest control [12]. However, OP 

have been reported to be highly toxic to arthropods in general, which include insects but also shrimp, 

crabs, and other crustaceans, as well as vertebrates [16]. In addition, pyrethroids also have effects on 

insects and vertebrates [12]. 

In particular, pesticides accumulation in shrimp causes biochemical and physiological changes 

such as osmoregulation and enzymatic processes, decreased respiration rates, glycogen, and protein 

synthesis [17-19]. Similarly, Bamber et al. [20] observed a significant increase in the intensity of 

swimming activity in Pandalus borealis shrimp exposed to deltamethrin and azamethiphos. In other 

words, exposure to these OPs altered the mobilization capacity, which can be attributed to the 

mechanism of action of OPs through inhibition of the enzyme acetylcholinesterase, causing excessive 

accumulation of the neurotransmitter acetylcholine and cholinergic overstimulation [21]. Therefore, 

there is a risk that repeated pesticide discharges over time may lead to the displacement of shrimp 

populations [20].  

In addition to the above, the physicochemical parameters of the environment can influence the 

toxicity of these compounds. In this sense, water salinity is a determining factor in the exposure of 

shrimp to pesticides, since in the case of diazinon (OP), it has been observed that the higher the 
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salinity, the greater vulnerability of shrimp to the effects of this pesticide, which is observed by a 

limitation in the spatial distribution of organisms [22]. On the other hand, low salinity levels induce 

significantly higher toxicity of OP such as dimethoate and chlorpyrifos in postlarvae and juveniles of 

P. vannamei [23]. This situation must be taken into consideration because pesticide exposure is 

associated with various diseases such as cancer, hormone disruption, asthma, allergies, 

hypersensitivity, and neurodegenerative diseases [10, 24]. In this way, the contamination of aquatic 

systems by pesticide residues around the world has also repeatedly endangered aquatic food 

resources, fisheries, and aquaculture. As a result, pesticide contamination has polluted the 

environment and caused adverse human health effects [12].  

3. Pesticide studies in shrimp in Mexico 

Studies on pesticide prevalence of shrimp in Mexico are scarce and the most recent reports are 

from 2006. Most studies focus on monitoring OC and OP pesticides. The evaluated areas are mainly 

located in the northwestern zone of Mexico (Figure 1), among the ecosystems where the presence of 

pesticides in shrimp is reported are lagoon and/or estuarine systems in this zone, including coastal 

lagoons: Yavaros and La Atanasia-Santo Domingo in Sonora, Huizache-Caimanero, Teacapán, Santa 

María Bay, Altata-Ensenada de Pabellón, and Ohuira Bay in Sinaloa and the estuarine systems of San 

Cristóbal and Pozo-Rey in Nayarit [18, 25-32]. Reports from the southern part include the 

Tehuantepec Lagoon Complex in the state of Oaxaca and the Carretas-Pereyra and Chantuto-

Panzacola in the state of Chiapas [33, 17,19]. Studies corresponding to the Gulf of Mexico are limited 

to the Palizada River area in the state of Campeche [34]. 

3.1.1. Organochlorine Pesticides Reported in the Mexican Pacific Ocean 

Studies evaluating OC levels in shrimp from the Mexican Pacific correspond to commercially 

important species such as P. vannamei, P. stylirostris, and T. s. pacificus. These analyses date from 1983 

to 2006, in which the following OC were reported: hexachlorobenzene (HCB), hexachlorocyclohexane 

(HCH) and its α, β, γ and δ isomers, heptachlor, heptachlor epoxide, endosulfan and its α, β isomers, 

endosulfan sulfate, aldrin, dieldrin, endrin, endrin aldehyde, alachlor-1254, chlordane, and 

dichlorodiphenyltrichloroethane (DDT) and its metabolites (Table 1).  

Table 1. OC pesticide concentration in shrimp species from lagoon and/or estuarine systems in 

Mexico. 

Pesticide 
Concentration 

(ng g-1) 
Shrimp Location Reference 

HCH 1 

P. stylirostris 

(without head and 

shell) 

Huizache-Caimanero Lagoon, 

Sinaloa (Jan/ 1981) 

[25] 

heptachlor 

epoxide 0.34 

dieldrin  1.06 

DDT 0.55 

HCH 0.6 

P. vannamei (without 

head and shell) 

Huizache-Caimanero Lagoon, 

Sinaloa (Oct/ 1980) 

aldrin  0.68 

heptachlor 

epoxide 1.1 

dieldrin  1.88 

endrin 0.21 

DDT 0.33 

HCB 9 

P. vannamei 
Altata-Ensenada del Pabellón 

Lagoon, Sinaloa (1989) 
[28] 

p,p´-DDE 1.1 

dieldrin  1.1 

endosulfan sulfate 3 
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aroclor-1254 2.7 

HCB 0.1 

Altata-Ensenada del Pabellón 

Lagoon, Sinaloa (1991) 

β-HCH 1.3 

γ-HCH  0.08 

α- endosulfan  0.7 

p,p´-DDE 6 

dieldrin  1 

p,p´-DDT 0.5 

aroclor-1254 1.3 

DDMU 0.1 

heptachlor 19.6 

P. vannamei 
Altata-Ensenada del Pabellón 

Lagoon, Sinaloa (Dec/ 1997) 

[18] 

 

endosulfan sulfate 127.5 

DDE 20.5 

aldrin  2.6 

P. vannamei 
Altata-Ensenada del Pabellón 

Lagoon, Sinaloa (Sep/ 1998) 
α endosulfan 1.07 

endosulfan sulfate  1.9 

heptachlor 70.6 

P. vannamei 
Santa Maria Bay, Sinaloa (Dec/ 

1997) 

dieldrin  15.6 

endrin  45.6 

endosulfan sulfate 106.8 

DDE 2.1 
P. vannamei 

Santa Maria Bay, Sinaloa (Sep/ 

1998) endosulfan 11.67 

γ-HCH  BDL-132.0 

Penaeus sp Ohuira Bay, Sinaloa 

[29] 

 

 

δ-HCH 48.8-127.0 

heptachlor 18.0-127.0 

heptachlor 

epoxide  BDL-58 

α- endosulfan  47.0-2000.5 

DDE 19.0-29.0 

α- endosulfan 210.01 
P. vannamei 

Ohuira Bay, Sinaloa. Station 

2(Sep/ 1996) 

[27] 

 

 

DDE 29.03 

heptachlor 126.04 

P. vannamei 
Ohuira Bay, Sinaloa. Station 4 

(Sep/ 1996) 
α- endosulfan 200.44 

DDE 19 

γ-HCH  
125.03 

P. vannamei 
Ohuira Bay, Sinaloa. Station 1 

(Nov/ 1996) 

heptachlor 121.04 
P. vannamei 

Ohuira Bay, Sinaloa. Station 2 

(Nov/ 1996) α- endosulfan 57.93 

γ-HCH  48.02 

P. vannamei 
Ohuira Bay, Sinaloa. Station 5 

(Nov/ 1996) 
heptachlor 107.03 

α- endosulfan 194.14 

heptachlor 
17.05 

P. vannamei 
Ohuira Bay, Sinaloa. Station 1 

(Jan/ 1997) 

chlordane 
112.51 

P. vannamei 
Ohuira Bay, Sinaloa. Station 3 

(Jan/ 1997) 

γ-HCH  132.05 

P. vannamei 
Ohuira Bay, Sinaloa. Station 3 

(Jan/ 1997) 
heptachlor 95.06 

α- endosulfan 59.73 
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HCH 0.23 

P. stylirostris 

(without head and 

shell) 

Moroncarit Lagoon, Sonora (Jul/ 

1980) 

[25] 

 

 

heptachlor 

epoxide 0.67 

dieldrin  3.87 

DDT 2 

HCH 1.71 

P. vannamei (without 

head and shell) 

Moroncarit Lagoon, Sonora (Jul/ 

1981) 

aldrin  0.68 

heptachlor 

epoxide 1.1 

dieldrin  1.88 

endrin  0.21 

DDT 1.33 

HCH 0.11 

P. stylirostris 

(without head and 

shell) 

Yavaros Lagoon, Sonora (Oct/ 

1980) 

heptachlor 

epoxide  0.21 

dieldrin  3.87 

DDT 0.85 

HCH 0.46 

P. stylirostris 

(without head and 

shell) 

Yavaros Lagoon, Sonora (Oct/ 

1981) 

heptachlor 

epoxide  0.89 

dieldrin  0.62 

endrin  0.4 

DDT 0.8 

HCH 0.78 T. s. pacificus 

(without head and 

shell) 

Yavaros Lagoon, Sonora (Oct/ 

1981) 
heptachlor 

epoxide  1.24 

dieldrin  1.06 

α - HCH  1 

Penaeus sp 
Pozo Rey Estuary, Nayarit ( 

1996-1997) 

[32] 

 

 

β-HCH 2.9 -7.9 

δ-HCH 15.37 

aldrin  0.9 

heptachlor 

epoxide 18.89 

α- endosulfan  9.54-13.33 

p,p´-DDE 0.98 

dieldrin  1.11 

endrin  9.24-12.25 

β- endosulfan  8.14 

p,p´-DDD 0.98- 25.45 

endrin aldehyde 2.45 

endosulfan sulfate 1.70- 8.99 

p,p´-DDT 3.02 

α - HCH  0.14 

Penaeus sp 
San Cristobal Estuary, Nayarit ( 

1996-1997) 

β -HCH 9.0-33.49 

δ-HCH 0.7-13.49 

aldrin  4.05 

α- endosulfan 3 

p,p´-DDD 0.84-22.76 

endrin aldehyde  0.57 
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DDT 1.53 

γ-HCH  0.2 

P. vannamei 

Sta. Rosa 1. Oaxaca 

[33] 

 

 

α- HCH  0.57 

Sta. Rosa 2. Oaxaca 

γ-HCH  1.54 

δ-HCH 0.61 

heptachlor 0.2 

endosulfan sulfate  1.8 

α- HCH  1.5 

Jaltepec 1. Oaxaca 

γ-HCH  6.71 

δ-HCH 2.77 

dieldrin  0.49 

endosulfan sulfate 2.27 

α - HCH  0.89 

Jaltepec 2 A. Oaxaca 
γ-HCH  2.11 

δ-HCH 1.98 

heptachlor 1.83 

α- HCH  1.44 
Jaltepec 2 B. Oaxaca 

γ-HCH  4.64 

heptachlor 5 
P. vannamei (tissue) 

Carreteras–Pereira Lagoon, 

Chiapas 

 

 

[17] 

 

 

p,p´-DDE 2 

HCH 2 P. vannamei 

(exoskeleton) p,p´-DDE 0.5 

δ-HCH 2.18 
P. vannamei 

(exoskeleton) 

Chantuto-Panzacola Lagoon, 

Chiapas (Feb/ 1995) 

[19] 

 

 

heptachlor 3.3 

p,p´-DDE 15.94 

heptachlor 4.66 
P. vannamei (tissue) 

Laguna Carretas- Pereyra 

Lagoon, Chiapas (Apr/ 1994) 

p,p´-DDE 1.97 

δ-HCH 1.54 P. vannamei 

(exoskeleton) p,p´-DDE 0.55 

BDL = below detection limit. 

Most of the studies on the determination of OC in the Mexican Pacific correspond to the lagoon 

and/or estuarine systems of Sinaloa state (Figure 2). In the Huizache-Caimanero Lagoon, the presence 

of HCH, heptachlor epoxide, dieldrin, and DDT has been reported in P. stylirostris and P. vannamei 

species [25]. Galindo-Reyes et al. [26] analyzed shrimp from the Teacapan Estuary, where no OC 

residues were found. In Ohuira bay, there are two reports of OC analysis; on the one hand, Galindo-

Reyes et al. [18] detected the following OC in shrimp samples DDE, HCH γ, chlordane, endosulfan 

α, and heptachlor, the latter two being the most abundant, and Osuna-Flores & Riva [29] also reported 

the occurrence of endosulfan α, heptachlor, DDE and HCH γ in the shrimp samples analyzed. 
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Figure 2. Reported sampling points for Sinaloa state. 

In the Altata-Ensenada del Pabellón Lagoon system (Sinaloa), the following OC were detected 

in shrimp samples: HCB, β-HCH, γ-HCH, endosulfan α, p,p´-DDE, p,p´-DDT, dieldrin, and Aroclor-

1254 [28], in addition to heptachlor, endosulfan sulfate, heptachlor epoxide, and DDE [18].  

In Sonora, specifically in the Yavaros and Moroncarit lagoon systems (Figure 3), Rosales & 

Escalona. [25] reported: HCH, heptachlor epoxide, dieldrin, and DDT in three shrimp species (P. 

stylirostris, P. vannamei, and T. s. pacificus). Meanwhile, in the Atanasia-Santo Domingo Estuary, 

Burgos-Hernandez et al. [31] reported the presence of γ-HCH, dieldrin, endrin, and p,p´-DDD.  

 

Figure 3. Reported sampling areas for Sonora state. 

In the evaluation of the Pozo Rey and San Cristóbal estuaries in the state of Nayarit (Figure 4), 

OC were found in shrimp samples only in the Pozo Rey Estuary. There, 14 pesticide residues were 
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detected (isomers α, β, y, δ of HCH, aldrin, heptachlor epoxide, endosulfan α, β, p,p´-DDE, p,p´-DDT, 

p,p´-DDD, dieldrin, endrin, endrin aldehyde, endosulfan sulfate) [32]. 

 

Figure 4. Reported sampling areas for Nayarit state. 

Regarding southern Mexico, there are records of OC in shrimp from the Tehuantepec Lagoon 

Complex in Oaxaca state, specifically in the area of the western lagoon system of Jaltepec de la Mar 

and in the Lagartero de Santa Rosa de San Francisco de la Mar (Figure 5). At these sites, Bozada & 

Bejarano [33] reported the α, γ, and δ isomers of HCH, heptachlor, dieldrin, and endosulfan sulfate.  

 

Figure 5. Reported sampling areas for Oaxaca state. 

In the Carretas-Pereyra and Chantuto-Panzacola lagoons (Figure 6) located at Chiapas state, 

Rueda et al. [19] reported the presence of heptachlor and p,p´-DDE in the muscle and exoskeleton of 

shrimp from the Carretas-Pereyra Lagoons, while only HCH and p,p´-DDE were present in the 
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exoskeleton. In the Chantuto-Panzacola Lagoon, OC was found only in the exoskeleton. 

Subsequently, in the same lagoon complex, Botello et al. [17] reported OC only in the exoskeleton, 

which is consistent with previous reports. While for the Carretas-Pereira Lagoon, the pesticides 

detected in muscle were heptachlor and p,p´-DDE and in exoskeleton δ-HCH and p,p´-DDE. 

 

Figure 6. Reported sampling areas for Chiapas state. 

3.1.2. Organophosphate pesticides reported in the Mexican Pacific Ocean 

Regarding the presence of OPs in shrimp in the Mexican Pacific, the following have been 

reported: methyl parathion, chlorpyrifos, phorate, disulfoton, parathion, diazinon, malathion, and 

famphur (Table 2).  

These studies correspond to shrimp samples from Ohuira Bay, Sinaloa, in which the pesticides 

methyl parathion, chlorpyrifos, and disulfoton, were detected [27,30]. The same is found in shrimp 

samples from the Atanasia-Santo Domingo Estuarie in Sonora, where chlorpyrifos, malathion, and 

parathion were reported [31]. 

Table 2. OP concentration in shrimp species from lagoon and/or estuarine systems in Mexico. 

Pesticide 
Concentration 

(ng g-1) 
Shrimp Location Reference 

methyl 

parathion 
98.62 P. vannamei Ohuira Bay, Sinaloa (Sep/ 1996) 

[27] 

 

methyl 

parathion 
113.81 P. vannamei Ohuira Bay, Sinaloa (Jan/ 1997) 

methyl 

parathion  
103 P. vannamei Ohuira Bay, Sinaloa (Oct/ 1997) 

chlorpyrifos 100-400 

Penaeus sp Ohuira Bay, Sinaloa 
[30] 

 

disulfoton BDL-900 

phorate 

sulfoxide 
BDL-400 

famfur BDL-300 

chlorpyrifos 13 Penaeus sp Atanasia-Santo Domingo Estuarie, Sonora 
[31] 

 

BDL = below detection limit. 
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3.2. Pesticides in the Gulf of Mexico 

Information on OCs reported for shrimp species in the Gulf of Mexico is scarce. Information has 

been recorded from the state of Campeche, where the presence of these contaminants is evaluated in 

Farfantepenaeus duorarum, in which 11 OCs were found: α, γ, and δ isomers of HCH, Heptachlor, 

methoxychlor and DDTs (o,p´-DDD, o,p´-DDE, o,p´-DDT, p,p´-DDD, p,p´-DDE, p,p´-DDT) [35], and in 

Penaeus setiferus from the Palizada River the presence of Aroclor-1254 was detected [24]. 

4. Methods of extraction and identification of pesticides in shrimp in studies reported in Mexico 

The studies carried out for the identification of pesticides are very old and use traditional 

extraction techniques that are currently rarely used and have been replaced by others that are simpler 

to perform and consume less time and reagents. In addition to being environmentally friendly due 

to the generation of less waste; on the other hand, although specific and/or selective detectors are still 

used today, the trend is the use of multi-residue methods coupled with mass spectrometry detectors 

in the different existing modalities because they allow more accurate identification of the 

contaminants to be evaluated under this method and the range of types of compounds that can be 

analyzed is wider. 

Table 3 summarizes the extraction methods (sample preparation, extraction technique, solvent, 

and clean-up procedure), as well as the type of chromatography and detector used to quantify the 

analytes in the shrimp samples from the different ecosystems evaluated. In general, the samples 

undergo a drying process at 60 to 65 °C or freeze-drying with subsequent crushing for 

homogenization in a mortar and subsequent extraction with hexane for a period ranging from 4 to 8 

hours. The extract is subjected to a clean-up procedure that consists of passing eluents through a 

column packed with various adsorbent materials used for the elimination of interferents, including 

silica gel (silicon dioxide), alumina (aluminum oxide), florisil (magnesium silicate), and anhydrous 

sodium sulfate, which are used alone or mixed in various proportions. Regarding the separation 

technique used, since these are volatile organic compounds, the one reported in the quantification of 

these pollutants is gas chromatography coupled to electron capture detectors (ECD) for 

organochlorine pesticides and to flame photometric detectors (FPD) and nitrogen-phosphorus 

detectors (NPD) for organophosphates; in addition, sometimes the use of mass spectrometry detector 

(MS) as a confirmation method is used. 

This indicates the need for monitoring studies of pesticide residues in organisms from coastal 

ecosystems in Mexico, including shrimp, by using extraction and quantification techniques that allow 

the identification of pesticides of different chemical classes, considering both volatile and non-volatile 

pesticides and not only limiting them to those that can be determined by gas chromatography but 

extending them to the use of high-resolution liquid chromatography so that the current panorama of 

contamination of this type of agrochemicals in ecosystems of economic, social, and environmental 

importance in Mexico can be known. 
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Table 3. Methods of extraction and identification of pesticides in shrimp tissues. 

Sample Analyte 
Area 

(location) 

Extraction Detection Reference 

Extraction 

type 
Solvent Clean-up 

Type of 

chromatograp

hy 

Column Detector  

Shrimp 

(Penaeus 

vannamei and 

Penaeus 

stylirostris) 

whole 

(without head 

and 

exoskeleton) 

OC 

Lagoon 

systems in 

northwester

n Mexico 

Soxhlet Hexane 

1st deactivated alumina 

> Hexane 

2nd Deactivated silica > 

Hexane + 10% diethyl 

ether 

GC 

Chromosorb W/HP 

80/100, 8% DC-200 

y 6% QF-I 

ECD 63Ni [25] 

 OC 

Teacapan 

Estuary 

Sinaloa 

(south) 

Dry 60-65 

°C 

Anhydrous 

sodium 

sulfate 

milling 

Soxhlet 

Hexane 
1st alumina, 2nd silica-

gel and metallic copper 
GC 

4% OV-101 phase 

packed glass 

columns (2 mm x 2 

m) 

ECD [26] 

Shrimp 

(Penaeus 

vannamei) 

OC and 

OP 

Santa María 

Bay and 

Ensenada 

de Pabellon, 

Dry 40-45 

°C 

Soxhlet 

Hexane 

Silica gel/aluminum 

oxide/fluorisil/anhydro

us sulfate column 

GC 

Restek-5x (fused 

silica, 30 m x 0.32 

mm) 

FID> OP 

ECD> OC 

[18] 

Shrimp 

(Penaeus 

vannamei) 

Pesticide

s 

Ohuira Bay, 

California 

gulf, 

Sinaloa, 

(northwest) 

Freeze-

drying 

 Soxhlet 

Hexane 
Silica gel/aluminum 

oxide/florisil column 
[27] 

Shrimp 

(Peneaus spp) 
OC Ohuira Bay 

Dry 

Soxhlet 
Hexane 

Alumina column/ silica 

gel deactivated/ sodium 

sulfate 

GC 

Restek-5x (fused 

silica, 30 m x 0.32 

mm) 

ECD [29] 

P
re

p
rin

ts
 (w

w
w

.p
re

p
rin

ts
.o

rg
)  |  N

O
T

 P
E

E
R

-R
E

V
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W
E

D
  |  P

o
s
te

d
: 8

 M
a
y
 2

0
2
3
                   d

o
i:1

0
.2

0
9

4
4
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p
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2
0
2
3
0
5

.0
4
6

0
.v

1
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Shrimp 

(peneaus 

vannamei) 

OC and 

OP 

Altata-

Ensenada 

de Pabellon 

Sinaloa 

Lagoons, 

México 

Soxhlet Hexane Inactivated Florisil GC Capillary column 

ECD> OC 

 

FPD, NPD 

> OP 

 

Confirmat

ion> MS 

[28] 

Shrimp 

(Peneaus spp) 
OP Ohuira Bay 

Dry 

(60-65 °C) 

Mortar 

grinding 

Soxhlet 

Hexane 

Alumina column, 

silica/sodium 

sulfate/silica gel 

GC 

Restek RTX-5. 5 % 

diphenyl-95% 

dimethylpolysiloxa

ne (30 m x 0.25 

mm) 

FID [30] 

Aquaculture 

shrimps 
OC 

Laguna La 

Atanasia-

Santo 

Domingo, 

Cajeme, 

Sonora, 

Mexico 

Dry 

(60-65 °C) 

Soxhlet 

Hexane 

Silica gel/aluminum 

oxide/fluorisyl/anhydro

us sodium sulfate 

column 

GC 
Durabon 608 (30 

mm × 0.32 mm) 
ECD [31] 

 OC 

Estuarine 

system (San 

Cristóbal 

and Pozo-

Rey) San 

Blas coast, 

Nayarit, 

Mexico 

Dry (60 °C) 

 Mortar 

grinding 

Soxhlet 

Hexane 

Florisil column and 

anhydrous sodium 

sulfate 

GC 

Capillary column 

SPB-5 (30 m × 0.25 

mm x 0.25 μm) 

ECD 63Ni [32] 

Shrimp 

(Penaeus 

setiferus). 

OC 

Palizada 

River, 

Campeche, 

Mexico 

(Gulf of 

Mexico) 

Soxhlet 

(8h) 

Kuderna-

Danish 

concentrat

or 

Freeze-

drying 

Hexane Florisil column GC 

Capillary column 

SE-54 (30 m×200 

μm) 

ECD [34] 

Shrimp 

(Farfantepenae

us duorarum) 

OC 
Campeche, 

Mexico 

 Soxhlet 

(8h) 

Hexane/Dichlorometha

ne 

Column 

chromatography with 
GC ND ECD [35] 

P
re

p
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(Gulf of 

Mexico) 

Kuderna-

Danish 

concentrat

or 

silica gel and alumina. 

Size exclusion column. 

Gas Chromatography (GC). Flame Ionization Detectors (FID). Electron Capture Detector (ECD), Photometric Flame Detector (FPD). Nitrogen-phosphorus detector (NPD). Mass 

spectrometry detector with electron impact detection and chemical ionization (MS), Not described (ND).
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5. Conclusions 

The present review may not be a reflection of the current situation in the country, because there 

is an under-evaluation of the presence of pesticides, since there was a greater contribution of studies 

directed to geographical areas in the northwest of the country, with a lack of monitoring in the Gulf 

of Mexico, as well as in the southern zone, considering that there are states that are among the main 

shrimp-producing entities (Baja California, Baja California Sur, and Colima). In addition, it is 

necessary to carry out recent evaluations, since the most current information is 17 years out of date. 

Likewise, information on the toxic effect of pesticides on this type of crustacean is scarce, so it is 

necessary to carry out toxicity studies concerning the effects of growth, immunocompetence, and 

bioaccumulation/biomagnification in these organisms, as well as considering the environmental 

conditions in which they grow (temperature, salinity, pH, dissolved oxygen, among others).  

Given the economic importance of shrimp, it is necessary to analyze the presence of pesticides, 

and the location of new shrimp farms should be carefully studied to avoid the use of water containing 

residues of these contaminants, thus preventing an economic disaster for shrimp farming, as well as 

exposing the population to pesticide residues ingested in the diet through their consumption, since 

one of the main routes of exposure is ingestion, which is a cause for concern for their presence in 

food. 
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