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Abstract
Agrochemicals serve critical roles in guaranteeing both food security and food safety. They are essential 

components in agricultural production and are used to manage or prevent illnesses, insects, and weeds. However, it 
was impossible to ignore the harm that contemporary synthetic pesticides caused to both people and the environment. 
To assure the commercial product’s quality and safety for both human and environmental health, the manufacture, 
registration, application, and monitoring of pesticides should be rigorously regulated. The analytical chemistry used 
in quality control (QC) testing for commercial formulations, residue analysis, dietary risk assessment, and pesticide 
regulation prospects is summarised in this paper. The fundamental ideas and components of analytical chemistry 
for pesticides are thoroughly introduced and examined. The specifications and standards of the pertinent guidelines 
from various organisations are also covered. The research frontiers and future trends for the development of new 
generations of agrochemicals, registration and enforcement, market surveillance, and pesticide risk management are 
finally discussed.
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Introduction
Pesticides are substances made up of chemically or biologically 

active elements that prevent, repel, eliminate, or control pests or govern 
plant growth. They are now primarily referred to as agrochemicals. 
According to estimates from the Food and Agriculture Organization 
of the United Nations (FAO), plant pests and diseases annually reduce 
crop output by 20% to 40% over the world. The contemporary [1] 
pesticide industry’s development history is depicted in Prior to the 
1940s, the majority of those pesticides were natural and inorganic 
substances, like limestone powder, sulphur, and bordeaux combination. 
Since the introduction of dichloro-diphenyl trichloroethane (DDT) 
and hexachlorocyclohexane (HCH) signalled that the pesticide 
business entered the era of organic synthesis, significant changes have 
been made in crop protection. One of the most important strategies 
for managing pests in agricultural production nowadays is the use 
of pesticides. There are already more than 1500 pesticides on the 
market worldwide, which are used to reduce crop losses and hence 
continue to play crucial roles in agriculture, forestry, residential areas, 
and other areas. However, since the 1960s, there has been a serious 
concern about the effects of pesticide exposure on humans and other 
organisms. Pesticide formulation, physical-chemical qualities, and 
pesticide residues are all included in a wide sense in pesticide analysis. 
To clarify the composition and quality of pesticide products, pesticide 
formulation analysis includes qualitative and quantitative examination 
of the active ingredient and traces of pertinent impurities of pesticide 
technical material and formulations. The technical material batch 
analysis, technical material and formulation quality control, and [2] 
physical and chemical property analysis of pesticide pure substance are 
all included. Analyzing pesticide residues in agricultural output, food, 
the environment, and biological samples entails doing both qualitative 
and quantitative [3-6] analyses. The toxic metabolites of the parent 
pesticides, their hazardous byproducts, or both, as well as minute 
amounts of contaminants from chemical reactions or byproducts 
of degradation during production or storage may all be considered 
residual indicators. In the three stages of pesticide registration 
management, comprising pesticides R&D, manufacture, registration, 
application, monitoring and evaluation, etc. illustrates the necessary 
scientific experiments or important parts. The analysis of pesticides is 
crucial to all of the aforementioned factors.

Materials and Methods
Pesticide analysis in agrochemicals discovery and registration

The technical material’s components should be understood 
during the discovery and registration processes for pesticides in 
order to further regulate any production impurities and evaluate their 
nutritional impact. Technical material’s active ingredient, pertinent 
impurities, and other impurities with a level more than 0.1% are all 
subject to qualitative and quantitative batch examination. 5 These 
indicated components’ combined content must range between 98% 
and 102%. Typically, data generation should involve the analysis of at 
least 5 typical batches of technical material samples. Relevant impurities 
are substances that are more harmful than the active component, raise 
toxicological questions, result in phytotoxicity, or contaminate food 
products. Additionally, these contaminants may alter formulations’ 
physical characteristics and leave unfavourable residues in the 
environment and on food. For instance, anilines, modified anilines, 
and dimethyl sulphate may be harmful to the environment or human 
health, or even both. Impurities are mostly produced by by-products 
of side reactions as well as intermediates formed during the reactions 
of the raw components. Degradation, isomerization, hydrolysis, 
oxidation, over-substitution, and rearrangement reactions make up 
the majority of the side reactions. Iprodione, for instance, may go 
through ring opening isomerization in both primary and secondary 
alcohols. Water content and insoluble materials may also function as 
important contaminants in some formulations, which should be noted 
in pesticide specifications, according to the Joint Meeting on Pesticide 
Specifications (JMPS) guideline. 9 In general, nuclear magnetic 
resonance (NMR), infrared spectroscopy (IR), mass spectrometry 
(MS), ultraviolet (UV) and X-ray, etc. are used to identify the structure 
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of the contaminants. During the typical batch analysis of technical 
materials, the composition of the active ingredients and impurities [7-
10] could be clarified. These technical materials could also be subjected 
to toxicological testing, formulation processing for residue field 
tests, environmental fate studies, etc. to assist with registration and 
compliance checking for future market products.

Quality control analysis of pesticide products

In recent years, certain European nations have also mandated 
the quality and safety evaluation of the adjuvants in the pesticide 
formulation analysis. Depending on the qualities of the product, 
different formulations call for different corresponding parameters. 
For instance, it is necessary to measure the suspension rate, dispersion 
stability, dry sieving/wet sieving test, dust amount, wear resistance, and 
mobility, and tablet integrality and disintegration time for suspension 
concentrate (SC).

Discussion
Physical-chemical properties analysis of pesticide products

Pesticides’ physical and chemical characteristics influence how 
they behave as residues and how they interact with the environment. 
These facts could aid in predicting their environmental behaviour and 
assessing the accuracy and objectivity of data on pesticide residues. 
Partition coefficient (logKow), hydrolysis, photolysis, melting point, 
boiling point, solubility, vapour pressure, etc. are a few of the parameters 
that are frequently measured. Pesticides’ melting, boiling, and solubility 
points can be used to [9] choose a processing formulation and assess 
the technical material’s purity. The dispersion and bioaccumulation of 
pesticides in the environment and animal fat tissues can be inferred 
using the solubility and partition coefficient, which can also be used 
to assess the safety of products. 10 According to Zhang et al., average 
field biota-soil accumulation factor (BSAF) values for organochlorine 
pesticides with log Kow values of 6.2–7.6 were higher than 1, showing 
that these chemicals had bioaccumulation in loaches. The metabolism 
and behaviour of residues in field trials, rotational crop trials, food 
processing, etc., can be predicted or explained using hydrolysis and 
photolysis data. When choosing a formulation for a pesticide product, 
as well as during the manufacture, storage, and transportation 
procedures, the flash point, explosibility, and flammability all play 
important roles.

Equivalence of pesticide products

Equivalent products are those whose quality and safety (without 
higher risk features) are on par with those of the original specification 
as determined by the examination of the entire package of data. In 
accordance with FAO JMPS criteria, equivalence is often assessed 
using a two-tiered methodology. However, when used in actual fields, 
comparable goods might not guarantee the same efficacy. Equivalence 
simply indicates that the two items meet the same fundamental quality 
requirements and have a comparable level of risk.

Pesticide residues analysis

Studies on pesticide metabolism can identify the primary 
breakdown products and their relationships to occurrence, reaction/
formation, and decomposition, among other things. In order to 
track and measure the degradation components as far as possible in 
metabolism investigations, the active ingredient of pesticides should 
be isotopically labelled. The most commonly used isotopes for studying 
metabolism include 14C, 31P, 3H, etc.; they can also be used to 

research food processing and hydrolysis/photolysis. The main method 
utilised in recent years to determine the chemical composition of the 
elution peaks is LC-MASS spectroscopy in conjunction with liquid 
scintillation detection (LSD) detections. Thin layer chromatography 
(TLC) and offline LSD detection were employed in the early stages of 
the isotope experiments. 

Plant metabolism

Studies on pesticide metabolism can identify the primary 
breakdown products and their relationships to occurrence, reaction/
formation, and decomposition, among other things. In order to 
track and measure the degradation components as far as possible in 
metabolism investigations, the active ingredient of pesticides should 
be isotopically labelled. The most commonly used isotopes for studying 
metabolism include 14C, 31P, 3H, etc.; they can also be used to research 
food processing and hydrolysis/photolysis. The main method utilised 
in recent years to determine the chemical composition of the elution 
peaks is LC-MASS spectroscopy in conjunction with liquid scintillation 
detection (LSD) detections. Thin layer chromatography (TLC) and 
offline LSD detection were employed in the early stages of the isotope 
experiments. Higher dosages [6-10] might be necessary to identify the 
metabolites when crop residue levels are extremely low at the highest 
advised dose. To define residues and suggest maximum residue limits, 
the JMPR states that metabolic studies should be reported for each type 
of at least three of the five representative crop categories (MRLs). In 
studies on plant metabolism, crops are grouped into five groups: root 
crops, leafy crops, fruits, pulses and oilseeds, and cereals. A minimum 
of three sample crops from each of the aforementioned five classes 
should be the subject of metabolic research in order to extrapolate a 
pesticide’s metabolic data to all crops. The metabolism studies of the 
other two groups are not required if the metabolic pathways of the 
three representative crops are similar.  

Metabolism in livestock

Animals that have been exposed to pesticides directly or through 
their feed may have pesticide residues in their bodies. The major 
metabolites found in animal tissue and excrement is identified by 
livestock metabolism studies, and the studies also clarify the metabolic 
pathway used by pesticides in livestock. These studies provide evidence 
for residue definitions of pesticides, including whether the metabolites 
are fat-soluble or not. Animals that are lactating such as goats, cows, 
and chicks are chosen for investigations on metabolism. It is advised to 
use one ruminant and 10 chicken each experiment, with administration 
times of at least five days and seven days, respectively. It is important 
to measure the total radioactive residue (TRR) in all organs (meat, 
liver, kidney), excrement, milk, and eggs. Please refer to the testing 
recommendations, such as the Guidelines for the Testing of Chemicals 
(No. 503: Metabolism in Livestock), issued by the Organization for 
Economic Cooperation and Development, for specific instructions on 
how to conduct experiments (OECD).

Conclusions
An expansion and addition to the GAC concepts now supported in 

analytical chemistry is the WAC concept put out in this article, together 
with the RGB 12 algorithm as a specific tool for method evaluation.
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