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Abstract. Wheat and other cereal crops are agricultural products of strategic importance for the food supply of 

the world's population. Against the background of population growth and increasing demand for food, it is im-

portant not only to increase the productivity of grain crops but also to ensure the safety of grain products. The 

aim of this structured literature review is to assess, on the basis of published scientific and regulatory sources, 

the impact of the main chemical contaminants found in wheat and grain products – pesticide residues, nitrates 

and nitrites, heavy metals, mycotoxins and other toxic substances – on food safety, and to determine the role of 

agrochemical monitoring. The reviewed evidence indicates that agrochemical control systems applied along the 

soil–plant–grain chain help to keep the content of hazardous substances in wheat products within regulatory 

limits and to minimize potential risks to human health. Maximum levels of contaminants, health-based guidance 

values (ADI, TDI, ARfD) and exposure-based risk indicators (EDI, HQ, HI, CR) are identified in the literature 

as the main criteria for assessing the food safety of wheat products. 
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Introduction 
Wheat (Triticum aestivum L.) is one of the most strategic agricultural crops on a glob-

al scale and plays an important role in ensuring food security. According to FAO, approxi-

mately 20% of the daily energy needs of the world population and a significant part of its pro-

tein needs are met by wheat [22]. Sustainable development of wheat production while main-

taining high product safety is therefore one of the priorities of modern agricultural science. In 

recent decades, rapid population growth, increasing demand for food and agricultural intensi-

fication have led to the widespread use of mineral fertilizers, pesticides and other agrochemi-

cals to increase productivity [35, 39]. However, irrational use of these inputs, industrial and 

transport pollution, the use of poor-quality irrigation water and technological violations dur-

ing storage and processing can lead to the accumulation of various toxic substances in cereal 

products [4, 33]. This poses serious risks to the hygienic quality and safety of food. The mod-

ern concept of food safety requires that a product not only has high nutritional value but is 

also free from chemical, biological and physical contaminants that may threaten human health 

[37]. Determining the content of pesticide residues, nitrates and nitrites, heavy metals, myco-

toxins and other xenobiotics in cereal products is therefore of particular importance [7, 25], 

since exceeding regulatory limits can cause toxic, mutagenic, teratogenic and carcinogenic 

effects in the human body [20, 31]. 

Agrochemical research plays a key role in ensuring food safety. The study of the cy-

cling of substances in the soil–plant–crop system, the assessment of the migration and accu-

mulation of contaminants and the determination of their impact on product quality are the 

main directions of agrochemical monitoring [34, 36]. These studies serve to increase the safe-

ty of agricultural products, protect the environment and build sustainable food systems. The 

scientific literature contains numerous studies on the occurrence of contaminants of various 

origins in wheat and other cereals [28]; however, a comprehensive assessment of the interac-

tion between soil properties, fertilization systems and the accumulation of contaminants in the 

crop from the standpoint of food safety remains relevant. The aim of this structured literature 

review is to characterize the main chemical and biological contaminants of wheat and other 
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cereal crops, to assess their potential risks to human health and to determine the role of agro-

chemical monitoring in ensuring food safety. 

Material and Method.  
This article is a structured literature review (narrative synthesis). It is theoretical in na-

ture and is based on the results of fundamental and applied research in agrochemistry, soil 

science, agroecology, food safety, toxicology and sanitation, as well as on international regu-

latory documents; the authors did not generate new experimental or field data. Such a multi-

disciplinary approach allows a comprehensive assessment of the mechanisms by which con-

taminants form and accumulate in agricultural products [36]. 

The conceptual framework of the review is based on the theories of biogeochemical 

cycling of substances in the soil–plant–crop–human chain and of the migration and bioaccu-

mulation of contaminants, in line with the systems approach widely used to assess the cycling 

of substances in agroecosystems [6, 34]. Internationally accepted methodological approaches 

to food safety risk assessment were used in interpreting the reviewed data [19, 20, 38]. 

The object of the review is the sources of chemical and biological contamination aris-

ing at the stages of cultivation, harvesting, processing, storage and consumption of wheat and 

other grain products. The subject of the review is the scientific assessment of the migration, 

transformation and bioaccumulation of contaminants of various origins (heavy metals, pesti-

cides, nitrates/nitrites, mycotoxins and other xenobiotics) in the soil–plant–product system 

and of their impact on product quality and human health [25]. 

Articles, monographs, official reports and regulatory documents indexed in Scopus, 

Web of Science, ScienceDirect and other international scientific databases, as well as docu-

ments published by FAO, WHO, the Codex Alimentarius Commission, EFSA and the Euro-

pean Commission, were analyzed. Sources were selected according to their relevance to the 

topic, scientific reliability and methodological soundness. Priority was given to works pub-

lished in the last 10 years; earlier fundamental studies and national (Azerbaijani) recommen-

dations that form the theoretical basis of the topic were also taken into account. A full PRIS-

MA procedure (a registered protocol, predefined search strings, the numbers of records identi-

fied, screened, excluded and finally included, and a flow diagram) was not applied. For this 

reason, the work is presented as a structured literature review rather than a systematic review; 

the PRISMA 2020 statement [30] was used only as a reference for transparent reporting of the 

source selection criteria. 

The selected literature was analyzed in four thematic blocks: (1) the dynamics of ni-

trogen compounds in soil and plants under mineral fertilization and the potential accumulation 

of nitrates in the crop [29, 39]; (2) the application of pesticides, their degradation kinetics and 

the persistence of residues in the crop [8, 33]; (3) the conditions of mycotoxin formation in 

the field and during storage, including the effects of temperature, humidity and climate 

change [26, 27, 32]; and (4) the behavior of heavy metals in the soil–plant system depending 

on sorption–desorption processes, soil pH, humus content and irrigation-water quality [6, 9, 

29]. 

To assess contaminants from the standpoint of food safety, internationally accepted 

toxicological parameters were considered: median lethal dose (LD₅₀), acceptable daily intake 

(ADI), tolerable daily intake (TDI), acute reference dose (ARfD), no-observed-adverse-effect 

level (NOAEL) and maximum residue limit (MRL), together with the exposure-based indica-

tors EDI, HQ, HI and CR (Table 3). Possible synergistic or antagonistic effects of simultane-

ous exposure to several contaminants (mixture toxicity) were also taken into account [16]. 

Comparative analysis, analytical–synthetic evaluation and inductive and deductive reasoning 

were used to compare the results of different authors and to identify common patterns and 

differences. The regulatory basis of the review comprised the maximum levels set by the Co-

dex Alimentarius Commission and the European Union, the recommendations of FAO and 

WHO, the risk assessment methodologies of EFSA and USEPA, and the carcinogenicity clas-
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sification of IARC [10, 17, 19, 38]. 

Results and Discussion. 

Main sources of contamination of wheat products. The safety of wheat and other 

grain products is formed by the interaction of physical, chemical and biological processes in 

the soil–plant–crop system. The reviewed literature shows that contamination of grain can 

occur at every stage of the production chain – from soil preparation to delivery of the product 

to the consumer [25, 28]. In intensive farming systems, the use of mineral fertilizers and pes-

ticides at scientifically unfounded rates disturbs the balance of substances in soil, increases 

the concentration of toxic compounds in the soil solution and, consequently, their uptake by 

plants. Excessive nitrogen fertilization leads to the accumulation of nitrate nitrogen in soil and 

in the vegetative and generative organs of wheat [39], while long-term use of some phospho-

rus fertilizers adds cadmium and other heavy metals to the soil profile [4, 9]. Pesticide resi-

dues in grain increase when application rates and pre-harvest intervals are not observed, and 

persistent compounds can remain in soil for a long time and enter the soil–plant–human chain 

[8]. 

Contamination is not limited to agrochemical inputs. Irrigation with water polluted by 

industrial and domestic wastewater introduces heavy metals, nitrates and other toxic sub-

stances into soil, from which they pass to the plant through the root system [29]. Lead, cad-

mium, mercury and arsenic originating from industrial and vehicle emissions and atmospheric 

deposition are retained in soil for a long time and are absorbed by plants under favorable con-

ditions [4, 31]. Violations of technological regimes during harvesting, transportation, pro-

cessing and storage create conditions for fungal growth and mycotoxin formation [32]. The 

main contaminant groups, their sources, routes of transfer, health effects and reference values 

are summarized in Table 1. Contamination of wheat is thus a multifactorial process, and its 

control requires comprehensive agrochemical monitoring of the soil–plant–crop system rather 

than final-product testing alone. 

 

Table 1. 

Major Contaminants in Wheat Products: Sources, Routes of Transfer, Health Effects 

and Reference Values 

 

Contaminant 

group 

Main sources Route of transfer 

to the product 

Effects on human 

health 

Reference values (ex-

amples) 

Pesticide resi-

dues 

Herbicides, insecti-

cides, fungicides; 

non-observance of 

application rates and 

pre-harvest intervals 

Through soil and 

plant surfaces 

Neurotoxic effects; 

some active substances 

are mutagenic or car-

cinogenic 

Substance-specific 

MRLs; ADI and ARfD 

for each active sub-

stance [8, 21] 

Nitrates and 

nitrites 

Nitrogen fertilizers, 

organic manures 

Through the root 

system 

Methemoglobinemia; 

formation of N-nitroso 

compounds 

ADI: nitrate 3.7 mg/kg 

bw/day; nitrite 

0.07 mg/kg bw/day [14, 

15] 

Mycotoxins Fusarium, Aspergillus 

and Penicillium fungi 

Field infection 

during the grow-

ing season; stor-

age 

Hepatotoxic, ne-

phrotoxic, immunotox-

ic and carcinogenic 

effects 

EU MLs, e.g. DON 

1000 µg/kg in unpro-

cessed common wheat 

(see Table 2) [18] 

Heavy metals Phosphorus fertilizers 

(Cd), industrial and 

vehicle emissions, 

contaminated irriga-

tion water 

Soil – root – grain Chronic toxicity and 

bioaccumulation 

Cd: 0.10 mg/kg (EU, 

cereal grains), 

0.2 mg/kg (Codex, 

wheat); Pb: 0.2 mg/kg 

(Codex, cereal grains) 

[10, 17] 

Radionuclides Technogenic (anthro-

pogenic) sources 

Through soil and 

water 

Genetic damage and 

mutagenic alterations 

Codex guideline level 

for ¹³⁴Cs + ¹³⁷Cs: 

1000 Bq/kg [10] 



Texnika və Aqrar elmləri 

2026-cı il, № 2 (15), səh. 35-45 
 Technical and Agrarian sciences 

2026, № 2 (15), pp. 35-45 

 

38 

 

Source: compiled by the authors based on [4, 8–10, 14, 15, 17, 18, 21, 27, 31]. bw – body 

weight; ML – maximum level; MRL – maximum residue limit. 

Influence of soil and climatic factors. The physicochemical properties of soil are 

among the main factors determining the mobility and bioavailability of contaminants. In acid-

ic soils, the solubility and plant uptake of cadmium, zinc and lead increase significantly, 

whereas in alkaline soils these elements are more strongly bound to soil colloids and their 

bioavailability decreases. High contents of humus and organic matter increase the sorption 

capacity of soil for pesticides and heavy metals and limit their transfer to plants. These pro-

cesses are closely related to the cation exchange capacity (CEC): high CEC values enhance 

the retention of contaminants in soil and reduce the risk of leaching [4, 6]. 

Climate change adds further dynamics to this system. Rising temperatures and uneven 

precipitation alter the rate of chemical reactions in soil and the kinetics of pesticide degrada-

tion and increase the risk of mycotoxin formation: warm and humid conditions favor the 

growth of Fusarium species, whereas drought causes physiological stress that disrupts nitro-

gen metabolism and promotes nitrate accumulation [26, 27]. A ten-year analysis of European 

wheat (2010–2019) showed persistent and high single- and multi-mycotoxin contamination 

with changing temporal and geographical patterns [24]. Integrated (mineral + organic) fertili-

zation systems are generally considered more favorable for soil health and crop safety than 

the one-sided use of mineral fertilizers, although incorrectly applied organic fertilizers do not 

eliminate the risk of nitrate leaching. 

Risk factors in the irrigated grain-growing areas of Azerbaijan. 
Irrigated lands, including those of the Kur–Araz lowland and the Mugan Plain, are im-

portant for grain production in Azerbaijan [2, 23]. On the basis of the available national rec-

ommendations and published studies [1–3, 23], the following risk factors for the safety of 

wheat can be specified: 

– Soil salinization. Under irrigation with insufficient drainage, salts accumulate in the 

upper soil layer; surface salt accumulation has been documented in the soils of the 

Mugan Plain [23]. Salinity causes physiological stress in wheat, disturbs the nutrient 

balance and nitrogen metabolism and can thus increase nitrate accumulation in plant 

tissues. 

– Fertilization. Unbalanced or suboptimal application of nitrogen and phosphorus ferti-

lizers on irrigated soils [2, 3] increases the risk of nitrate accumulation in the crop and 

of cadmium input with phosphorus fertilizers. 

– Irrigation water and anthropogenic emissions. Surface soils of the Mugan Plain 

showed contamination with chromium, nickel and lead and a potential ecological risk 

from arsenic; fossil-fuel combustion associated with heating and vehicle traffic was 

identified as the main source [23]. The quality of irrigation water should therefore be 

monitored together with soil. 

– Grain storage. Wheat can be stored safely for 2–3 months at a grain moisture content 

of 14%, whereas storage for 4–12 months requires moisture of 13% or below [5]. 

Where grain is stored on farms without drying, aeration and moisture control, these 

conditions are difficult to maintain, and storage becomes a significant factor of myco-

toxin risk [5, 32]. Published data on mycotoxin occurrence in stored grain in Azerbai-

jan are scarce in the international literature, which in itself indicates the need for sys-

tematic national monitoring. 

Mycotoxins in wheat. 
Mycotoxin contamination of wheat in the field is mainly associated with Fusarium 

head blight (FHB). Infection occurs mainly at flowering and is accelerated by high humidity 

and temperature. Deoxynivalenol (DON), zearalenone (ZEA) and T-2 toxin produced by 

Fusarium species are the most common mycotoxins in wheat [24, 27]. The main mycotoxins, 

their producers and reference values are given in Table 2 
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    Table 2. 

Major Mycotoxins in Wheat and Cereal Products: Producers, Toxic Effects and Refer-

ence Values 

 

Mycotoxin Producing 

fungi 

Commonly 

contaminated 

products 

Primary toxic 

effects 

Health-based 

guidance value 

EU maximum 

level in unpro-

cessed cereals 

Aflatoxin 

B₁ (AFB₁) 

Aspergillus 

flavus, A. para-

siticus 

Maize, rice, 

wheat 

Potent carcinogen-

ic and hepatotoxic 

effects 

Not established 

(genotoxic carcino-

gen; MOE ap-

proach) 

2.0 µg/kg 

(AFB₁); 

4.0 µg/kg (sum of 

aflatoxins) 

Deoxyniva-

lenol (DON) 

Fusarium gra-

minearum, F. 

culmorum 

Wheat, barley, 

maize 

Gastrointestinal 

disorders, immu-

notoxic effects 

Group TDI 1 µg/kg 

bw/day [12] 

1000 µg/kg 

(common wheat); 

1500 µg/kg (du-

rum wheat) 

Zeara-

lenone 

(ZEA) 

Fusarium spp. Cereal grains, 

maize 

Estrogenic activity 

and reproductive 

disorders 

TDI 0.25 µg/kg 

bw/day [11] 

100 µg/kg (cere-

als other than 

maize) 

Ochratoxin 

A (OTA) 

Aspergillus 

ochraceus, Pen-

icillium verru-

cosum 

Wheat, cere-

als, feed grains 

Nephrotoxic, im-

munotoxic and 

potentially car-

cinogenic effects 

Not established 

(MOE approach) 

[13] 

5.0 µg/kg 

Fumonisins 

(FB₁, FB₂) 

Fusarium verti-

cillioides 

Mainly maize 

and maize 

products 

Hepatotoxic and 

nephrotoxic effects 

– 4000 µg/kg (un-

processed maize 

only) 

Source: compiled by the authors based on [11–13, 17, 18, 24, 27, 32]. MOE – margin of ex-

posure, the approach applied to genotoxic and carcinogenic substances instead of a TDI; bw – 

body weight. 

Contamination that begins in the field can persist and increase after harvest. Storage at 

20–30 °C and relative humidity above 70% promotes the growth of Aspergillus and Penicilli-

um species and additional mycotoxin contamination [27]; this is particularly relevant where 

storage infrastructure is poor. In the European Union, the maximum levels of DON in unpro-

cessed common wheat and durum wheat are 1000 and 1500 µg/kg, respectively; the maxi-

mum level of ZEA in unprocessed cereals other than maize is 100 µg/kg, and that of ochra-

toxin A (OTA) in unprocessed cereal grains is 5 µg/kg [17, 18]. The Codex Alimentarius sets 

maximum levels for DON of 2000 µg/kg in cereal grains destined for further processing and 

1000 µg/kg in wheat flour [10]. EFSA has established a group TDI of 1 µg/kg body weight 

(bw) per day for DON and its acetylated and modified forms [12] and a TDI of 0.25 µg/kg bw 

per day for ZEA [11]. 

Pesticide residues and their behavior in soil. The persistence of pesticides in soil is 

characterized by their half-life (DT₅₀), which varies widely with environmental conditions. 

Soil bacteria and fungi degrade pesticides through hydrolysis, oxidation and mineralization; 

higher temperature and microbiological activity shorten DT₅₀, whereas reduced microbial ac-

tivity can lead to long-term persistence of residues. The movement of pesticides in soil is con-

trolled mainly by sorption–desorption: in soils rich in organic matter sorption is high and bio-

availability is reduced, whereas in soils with low humus content leaching and migration to 

groundwater increase. Soil reaction also matters: some herbicides are more stable in alkaline 

soils, while hydrolytic degradation may accelerate in acidic soils [8, 33]. Monitoring data con-

firm the value of residue control: in the 2022 EU monitoring program, 96.3% of 110,829 food 

samples were within legal limits, 3.7% exceeded the MRL and 2.2% were non-compliant after 

measurement uncertainty was taken into account [21]. Integrated pest management (IPM) is 

considered an effective approach to optimizing pesticide use and reducing residue risks [8]. 

Nitrate and nitrite formation and related risks. The nitrogen cycle is one of the main 
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biogeochemical processes in wheat agroecosystems. During nitrification ammonium is con-

verted to nitrate, and during denitrification nitrate is reduced to gaseous nitrogen; both pro-

cesses depend on soil moisture, temperature and aeration. Nitrate leaching increases under 

intensive fertilization and high precipitation, especially in sandy soils, and results in ground-

water contamination [39]. In the human body nitrate can be converted to nitrite, which causes 

methemoglobinemia and can contribute to the formation of N-nitroso compounds. The ADI is 

3.7 mg/kg bw per day for nitrate [15] and 0.07 mg nitrite ion/kg bw per day for nitrite [14]. 

Behavior and bioaccumulation of heavy metals in the wheat system. The behavior of 

heavy metals in the soil–plant system is determined by their bioavailability. The transfer fac-

tor (TF) and bioaccumulation factor (BAF) are used to quantify the transfer of elements from 

soil to plants, while the enrichment factor (EF) and pollution index (PI) characterize the de-

gree of anthropogenic soil contamination. Cadmium enters soil mainly with phosphorus ferti-

lizers, and lead accumulates through atmospheric deposition and industrial emissions; a de-

crease in soil pH increases the mobility of these elements and their accumulation in plants [9, 

31]. In the EU, the maximum level of cadmium is 0.10 mg/kg for cereal grains, including 

common wheat, and 0.18 mg/kg for durum wheat [17]; the Codex Alimentarius sets 

0.2 mg/kg for cadmium in wheat and 0.2 mg/kg for lead in cereal grains [10]. Phytoremedia-

tion and immobilization methods are considered promising approaches to reducing the mo-

bility of heavy metals in contaminated soils [6]. 

Toxicological assessment and risk analysis. Health-based guidance values (ADI, TDI, 

ARfD) define the intake of a substance considered safe over a lifetime or within one day, 

while NOAEL and LOAEL characterize the thresholds of toxic effects in experimental studies 

from which these values are derived [38]. For quantitative risk assessment, the estimated daily 

intake (EDI = C × IR / BW, where C is the contaminant concentration in grain, IR is the daily 

intake of the product and BW is body weight) is compared with the reference dose (RfD). A 

hazard quotient (HQ = EDI / RfD) greater than 1 indicates a potential non-carcinogenic risk, 

and the hazard index (HI = ΣHQ) characterizes the combined effect of several contaminants. 

For carcinogenic substances, cancer risk (CR = EDI × CSF, where CSF is the cancer slope 

factor) is calculated; values between 10⁻⁶ and 10⁻⁴ are usually regarded as the acceptable 

range and values above 10⁻⁴ as high risk [23, 29, 31]. The LD₅₀ provides information only on 

acute toxicity and is not sufficient for a comprehensive assessment of food safety risk. The 

definitions and fields of application of these indicators are given in Table 3. 

Table 3. 

Toxicological and Risk Indicators Used in Food Safety Assessment 

 

Indicator Full term Definition Application and interpretation 

LD₅₀ Median lethal dose Dose expected to cause death in 50% of 

the experimental population 

Classification of acute toxicity; 

not sufficient for dietary risk 

assessment 

NOAEL / 

LOAEL 

No / lowest observed 

adverse effect level 

Highest dose without, and lowest dose 

with, observed adverse effects in exper-

imental studies 

Point of departure for deriving 

ADI and TDI (divided by uncer-

tainty factors, usually 100) 

ADI Acceptable daily 

intake 

Amount of an intentionally used sub-

stance (pesticide, food additive) that 

can be ingested daily over a lifetime 

without appreciable health risk 

Pesticide residues, nitrates and 

nitrites; expressed in mg/kg 

bw/day 

TDI Tolerable daily in-

take 

Amount of a contaminant that can be 

ingested daily over a lifetime without 

appreciable health risk 

Mycotoxins and heavy metals 

(for some metals expressed as 

weekly intake) 

ARfD Acute reference dose Amount of a substance that can be 

ingested within 24 hours or less without 

appreciable health risk 

Short-term (acute) exposure to 

pesticide residues 
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Indicator Full term Definition Application and interpretation 

MRL / 

ML 

Maximum residue 

limit / maximum 

level 

Highest legally permitted concentration 

of a pesticide residue (MRL) or con-

taminant (ML) in food 

Regulatory control and compli-

ance assessment of grain (Co-

dex, EU) 

EDI Estimated daily 

intake 

EDI = C × IR / BW Exposure estimate compared 

with ADI, TDI or RfD 

HQ / HI Hazard quotient / 

hazard index 

HQ = EDI / RfD; HI = ΣHQ HQ or HI > 1 indicates a poten-

tial non-carcinogenic risk 

CR Cancer risk CR = EDI × CSF 10⁻⁶–10⁻⁴ – acceptable range; > 

10⁻⁴ – high risk 

Source: compiled by the authors based on [16, 23, 29, 31, 38]. C – contaminant concentration; 

IR – daily intake of the product; BW – body weight; RfD – reference dose; CSF – cancer 

slope factor. 

Role of agrochemical practices in ensuring the safety of wheat products. Ensuring 

the safety of wheat products is not limited to laboratory testing of the final product; it requires 

an agrochemical management system that starts with the soil and covers fertilization, plant 

protection, irrigation, storage and product quality control (Table 4). Agrochemical certifica-

tion of soils is the initial stage: determining soil pH, humus reserves, nutrient supply and the 

concentration of potential contaminants makes it possible to assess the actual agroecological 

condition of a field and to develop optimal fertilization and land-reclamation strategies. Ferti-

lization adapted to the biological needs of plants prevents excessive nitrogen accumulation 

and limits the transfer of nitrates into grain. Pesticide residue monitoring prevents MRL ex-

ceedances, and analysis of irrigation water identifies the sources of heavy metals and salts 

entering the agroecosystem. Laboratory control is the final stage that evaluates the effective-

ness of all agrochemical measures and confirms compliance with national and international 

standards [10, 17, 38]. 

Table 4. 

Role of Agrochemical Practices in Ensuring Food Safety of Wheat Products 

 

Agrochemical prac-

tice 

Objective Expected outcome Assessment criteria and 

references 

Agrochemical soil 

assessment and certi-

fication 

Evaluation of soil fertility 

and contamination status 

Reduction of contamina-

tion risks and sustainable 

soil management 

pH, humus, CEC, heavy 

metals (EF, PI) [4, 6] 

Balanced and site-

specific fertilizer 

application 

Prevention of excessive 

nitrate accumulation and 

optimization of plant nu-

trition 

Improved grain quality 

and safer wheat produc-

tion 

Nitrogen balance; nitrate 

ADI [15, 39] 

Pesticide residue 

monitoring 

Determination of pesticide 

residue levels and compli-

ance with regulatory limits 

Production of safe and 

high-quality wheat prod-

ucts 

MRL, ADI, ARfD [21] 

Irrigation water 

quality assessment 

Identification of chemical 

contaminants and pollu-

tion sources 

Reduced risk of heavy 

metal, salt and chemical 

contamination 

Heavy metals, salinity [23, 

29] 

Grain storage con-

trol 

Maintaining grain mois-

ture at 13–14% or below 

and controlling tempera-

ture 

Prevention of mycotoxin 

formation during storage 

Grain moisture; EU MLs for 

mycotoxins [5, 18] 

Laboratory quality 

control and monitor-

ing 

Evaluation of food safety 

indicators and contami-

nant levels 

Compliance with national 

and international food 

safety standards 

Codex and EU MLs; EDI, 

HQ [10, 17] 

Source: compiled by the authors based on [4–6, 10, 15, 17, 18, 21, 23, 29, 39]. CEC – cation 

exchange capacity; EF – enrichment factor; PI – pollution index. 

Conclusion. Main scientific conclusion. The reviewed literature shows that the safety 
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of wheat products is formed along the whole soil–plant–grain–storage chain. The accumula-

tion of pesticide residues, nitrates, heavy metals and mycotoxins in grain is determined by soil 

properties (pH, humus content, CEC), fertilization and plant protection practices, irrigation-

water quality, climatic conditions and storage regimes; therefore, final-product testing alone 

cannot guarantee the safety of wheat products. 

Practical significance. An agrochemical monitoring system that combines soil certifi-

cation, balanced fertilization, pesticide residue control, irrigation-water analysis, storage con-

trol and laboratory testing of grain, with results interpreted against Codex and EU maximum 

levels and health-based guidance values (ADI, TDI), makes it possible to identify risks at an 

early stage and to optimize decision-making in the agricultural sector. For Azerbaijan, soil 

salinization, fertilization practices, irrigation-water quality and farm-level storage conditions 

should be priority areas of such monitoring. 

Future research directions. Further research is needed on the occurrence of mycotox-

ins, pesticide residues and heavy metals in wheat grown in the main grain-growing areas of 

Azerbaijan, on exposure-based risk assessment (EDI, HQ, HI, CR) for the national popula-

tion, on the combined effects of multiple contaminants and on the impact of climate change 

on contamination risks. 
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BUĞDA MƏHSULLARININ QİDA TƏHLÜKƏSİZLİYİNİN TƏMİN EDİLMƏSİNDƏ 

AQROKİMYƏVİ MONİTORİNQİN ROLU 

 

Qoşqаr Məmmədov 

Əli Bаğırlı 
Bаkı Dövlət Universiteti, Bakı, Azərbaycan  

 

Xülasə. Buğda və digər taxıl bitkiləri dünya əhalisinin ərzaq təminatında strateji əhəmiyyət daşıyan kənd 

təsərrüfatı məhsullarıdır. Əhalinin artması və ərzağa olan tələbatın yüksəlməsi fonunda yalnız taxıl bitkilərinin 

məhsuldarlığının artırılması deyil, həm də taxıl məhsullarının təhlükəsizliyinin təmin edilməsi mühüm 

əhəmiyyət kəsb edir. Bu strukturlaşdırılmış ədəbiyyat icmalının məqsədi dərc olunmuş elmi və normativ 

mənbələr əsasında buğda və taxıl məhsullarında rast gəlinən əsas kimyəvi çirkləndiricilərin – pestisid 

qalıqlarının, nitrat və nitritlərin, ağır metalların, mikotoksinlərin və digər toksik maddələrin qida təhlükəsizliyinə 

təsirini qiymətləndirmək və aqrokimyəvi monitorinqin rolunu müəyyən etməkdir. Nəzərdən keçirilmiş elmi 

mənbələr göstərir ki, torpaq–bitki–dən zənciri boyunca tətbiq olunan aqrokimyəvi nəzarət sistemləri buğda 

məhsullarında təhlükəli maddələrin miqdarını normativ hədlər daxilində saxlamağa və insan sağlamlığı üçün 

potensial riskləri minimuma endirməyə imkan verir. Ədəbiyyatda çirkləndiricilərin yol verilən maksimum 

səviyyələri, sağlamlığa əsaslanan istinad göstəriciləri (ADI, TDI, ARfD) və məruzqalmaya əsaslanan risk 

göstəriciləri (EDI, HQ, HI, CR) buğda məhsullarının qida təhlükəsizliyinin qiymətləndirilməsində əsas meyarlar 

kimi göstərilir. 

Аçаr sözlər: buğdа,  tаxıl, pestisidlər, mikotoksinlər, metаllаr,  monitorinq 

 

РОЛЬ АГРОХИМИЧЕСКОГО МОНИТОРИНГА В ОБЕСПЕЧЕНИИ ПИЩЕВОЙ 

БЕЗОПАСНОСТИ ПРОДУКЦИИ ИЗ ПШЕНИЦЫ 

 

Гошгар Мамедов 

Али Багирли  
Бакинский государственный университет, Баку, Азербайджан 

 

Аннотация. Пшеница и другие зерновые культуры являются сельскохозяйственной продукцией 

стратегического значения для продовольственного обеспечения населения мира. В условиях роста 

численности населения и увеличения потребности в продовольствии важно не только повышать 

урожайность зерновых культур, но и обеспечивать безопасность зерновой продукции. Цель настоящего 

структурированного обзора литературы – на основе опубликованных научных и нормативных 

источников оценить влияние основных химических загрязнителей пшеницы и зерновой продукции 

(остатков пестицидов, нитратов и нитритов, тяжёлых металлов, микотоксинов и других токсичных 

веществ) на пищевую безопасность и определить роль агрохимического мониторинга. Рассмотренные 

данные свидетельствуют о том, что системы агрохимического контроля, применяемые на всех звеньях 

цепи «почва – растение – зерно», позволяют поддерживать содержание опасных веществ в пшеничной 

продукции в пределах установленных нормативов и минимизировать потенциальные риски для здоровья 

человека. В литературе в качестве основных критериев оценки пищевой безопасности пшеничной 

продукции рассматриваются максимально допустимые уровни загрязнителей, ориентировочные 

показатели безопасности для здоровья (ADI, TDI, ARfD) и показатели риска, основанные на оценке 

экспозиции (EDI, HQ, HI, CR). 

Ключевые слова: пшеница, зерно, пестициды, микотоксины, металлы, мониторинг 
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