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A B S T R A C T            

Background: The aim of this study is to investigate some pesticides, including organic 
phosphorus compounds and carbamates, on tobacco leaves, which are commonly used 
in agricultural activities to increase crop production around the world. Humans are 
exposed to pesticides through residues left in fields, which have harmful effects on the 
body. 
Methods: The study collected a total of ten samples of tobacco leaves, five from 
different cultivation areas in Iran and five from five different countries as imported 
samples. The collection was done three times to ensure that the results were reliable 
and consistent. To determine the residual concentration of organophosphorus and 
carbamate pesticides, we collected 210 samples using the QuEChER method to prepare 
the samples. The residual levels of 26 pesticides were measured using the GC-ECD and 
UHPLC-MS/MS methods. 
Results: Most samples had residual levels of pesticides below the detection limit. 
However, in Iranian samples, the highest average concentrations were found for 
Thiodicarb (μg/kg 525.2), Chlorpyrifos (μg/kg 499), Dichlorvos (μg/kg 260.3), 
Penconazole (μg/kg 208), Thiophanate-methyl pesticides (μg/kg 168.5). For imported 
samples, Thiodicarb (525.2 μg/kg) and Dichlorvos pesticides (260.3 μg/kg) had the 
highest average residual concentration.  
Conclusion: Despite severe restrictions on pesticide use in the sampled specimens, 
residual amounts of these chemicals persist, which can contribute to the adverse health 
effects of smoking. Therefore, more effective monitoring and surveillance measures are 
necessary.  

     
1. Introduction 

    Population growth and food shortage have always been 
serious issues for humans. Consequently, humans have used 
various methods, such as chemical pest control to increase 
the productivity of agricultural products [1]. A pesticide is 
any substance or mixture of substances used to kill, repel or 
reduce any pest [2]. Pests include insects, rodents, molluscs, 
other animals such as birds, weeds, fungi, or microorganisms 
such as bacteria and viruses [3]. According to the Food and 
Agriculture Organization (2019), Asia consumed the most 

pesticides (2.1 million tons) and Oceania consumed the least 
(0.1 million tons) [4]. The entry of pesticides into the human 
body can threaten health. Pesticide exposure can have a 
detrimental effect on non-target organisms, including 
humans. Depending on the amount of the substance (the 
dose) and the toxicity of the chemical, the severity of the 
hazard varies [5]. Pesticide exposure causes genetic damage, 
cancer, non-Hodgkin’s lymphoma, neuropsychiatric, 
immune system disorders, hormonal disorders, and human 
infertility [6]. Pesticides can decompose in two ways after 
they are released into the environment. Sunlight, water, 
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other chemicals, or microorganisms such as bacteria may 
decompose them. As a result, the decomposition process, less 
harmful products are usually formed. However, in some 
cases, toxic byproducts can be formed. Furthermore, some 
pesticides are resistant to degradation and remain 
unchanged in the environment for a long period. These 
pesticides, known as persistent pesticides, can travel longer 
distances, accumulate in living organisms, and pose a risk to 
human health and the environment [7]. Three important 
types of pesticides are organophosphates, organochlorines, 
and carbamates [8]. One of the most important groups of 
pesticides is organophosphates which are derived from 
phosphoric acid. They typically contain a central phosphorus 
atom and numerous side chains [7]. In addition to being 
insecticides, these compounds are also herbicides and 
fungicides [7, 9]. Compared to other pesticides, 
organophosphates have a milder effect and a shorter shelf 
life in nature. They are often used as alternatives to 
organochlorine pesticides, which are persistent and harmful 
to the environment [3, 7]. One of the most common effects of 
organophosphorus pesticides is the inactivation of 
Acetylcholinesterase (AChE), an enzyme required for the 
proper functioning of the nervous system in humans, 
vertebrates, and insects [7]. Carbamates are another type of 
pesticide that is relatively polar, highly soluble in water, and 
chemically reactive. Carbamates tend to hydrolyze easily, 
resulting in a low persistence level in soil and water. Similar 
to organophosphates, carbamates have an 
acetylcholinesterase inhibitory effect [10]. In contrast to 
organophosphate poisoning, carbamate poisoning occurs 
more rapidly because the inhibition of AChE by carbamates 
is reversible. Additionally, carbamates are metabolized more 
quickly [11]. Tobacco is a plant primarily cultivated for using 
its leaves, which contain a diverse array of chemical 
components. These components include cellulose products, 
starch, protein, sugar, alkaloids, hydrocarbons, phenols, fatty 
acids, isoprenoids, sterols, and minerals [12]. Tobacco is a 
plant belonging to the Solanaceae family and Nicotiana 
genus, which comprises 60 species divided into three 
subgenera: Rustica, Petunioides, and Tabacum. The majority 
of commercial tobacco belongs to the subgenus Tabacum [12, 
13]. Originally native to the American continent, it is now 
grown worldwide due to its significant commercial value 
[14, 15]. Tobacco cultivation occupies over 5 million hectares 
around the world, with an annual production exceeding 7 
million tons [16]. The largest tobacco producers in the world 
are China, Brazil, and India, with a combined production of 
3.2 million tons [17]. According to a recent report published 
by Iran’s Ministry of Agricultural Jihad, 9,563 hectares of 
tobacco is cultivated in Iran and produced 19,413 tons of 
tobacco in the 2017 crop year [18]. Tobacco is commonly 
used as a dried and fermented product [19]. However, 
tobacco plants are vulnerable to a range of pests [12]. Since 
tobacco products are susceptible to various types of fungi, 
insects, and viruses from the seed stage to the storage stage 
in warehouses [20], farmers and tobacco companies often 
use pesticides to improve the quality of the product. Tobacco 
plants absorb some of the chemicals, and the residues may 

remain in the final product [12]. In addition, tobacco leaves 
have a higher surface-to-weight ratio than other crops, and 
excessive pesticide use increases the probability of pesticide 
residue accumulation [21]. Tobacco can be consumed 
through non-smoking (in snuff) or smoking (in cigarettes, 
pipes, etc.) methods [22]. Studies show that smoking is the 
most common form of tobacco use worldwide [23]. However, 
it should be noted that pesticide residues can remain after 
harvesting and processing tobacco [20]. These residues can 
not only enter the body of smokers directly but also expose 
non-smokers to tobacco pesticides through inhaled cigarette 
smoke [24]. In most cases, cigarettes contain a blend of 
different types of tobacco [12]. Despite the well-documented 
health risks associated with tobacco use, little is known 
about the potential effects of pesticides on tobacco and 
tobacco products. There is currently a dearth of information 
on the levels of pesticide residues in tobacco samples 
consumed in Iran. The present study aimed to address this 
knowledge gap by determining the residual amount of 
organophosphorus and carbamate pesticides in tobacco 
samples. The findings of this study have the potential to shed 
light on the state of the tobacco used and any harmful effects 
on human health associated with pesticide residues [25]. 

2. Materials and Methods 

    Chemical materials were utilized in the preparation and 
measurement of the phosphorus and carbamate pesticides in 
tobacco samples. Acetonitrile (CH₃CN) and primary 
secondary amine (PSA) were obtained from CARLO ERBA Co. 
(CARLO ERBA, Milano, Italy) and Agilent Technologies Co. 
(Agilent Technologies, Santa Clara, the USA), respectively. 
Other materials required for the study, including graphitized 
carbon black, sodium chloride (NaCl), anhydrous magnesium 
sulfate (Mg SO₄), and sodium acetate (C2H3NaO2), were 
obtained from Merck Co. (Merk, Darmstadt, Germany). 

2.1 Data collection 

    In this study, we selected five varieties of Iranian and 
imported tobacco leaves, which were sampled three times 
from seven different parts of the mass of tobacco leaves, 
including the sides and center of an imaginary cube. The 
samples were mixed with equal weights, resulting in a total 
of 30 samples that were transported to the laboratory in 
closed containers for analysis. The average concentrations of 
pesticides were calculated and recorded for each type of 
tobacco at each time point. A limit of detection (LOD) of 0.5 
was considered for values below the LOD. 

2.2 Sample preparation 

    After grinding, the samples were homogenized. 5 g of the 
sample was added to 15 mL of deionized water and stirred 
using an incubator shaker at room temperature for 1 h. 
subsequently, 15 mL of acetonitrile containing 1% CH₃COOH 
was incorporated, and the resultant mixture was firmly 
shaken by hand for 1 min. Mg SO₄ (4 g), NaCl (1 g), and 
C2H3NaO2 (1.5 g) were added to the solution, and the solution 
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was mixed with a vortex machine for 1 min. The solution was 
then centrifuged at 3450 rpm for 5 min, yielding four distinct 
layers of supernatant, solid, water, and additional extractive 
salt from top to bottom. To remove any residual impurities, 
5 mL of the supernatant was mixed with 250 mg of PSA 
absorbent, 1.5 g of Mg SO₄, and 80 mg of GCB, followed by 
stirring with a vortex machine for 1 min. the resulting 
mixture was then centrifuged at 3450 rpm for 3 min, yielding 
two distinct layers. Finally, 1 mL of the obtained supernatant 
was filtered through a syringe head filter (PTFE) and injected 
into an analytical instrument.  

2.3 Gas Chromatography Device 

    In the present study, a Shimadzu-2010 gas 
chromatography system equipped with an HP-5MS column 
having a diameter of 0.32 mm and a stationary phase layer 
thickness of 0.25 mm was used, complemented by an 
Electron Capture Detection. Also, the carrier gas was selected 
as nitrogen, with a flow rate of 2.91 mL/min. The gas was 
subjected to split injection mode at a ratio of 5:1. The 
injection chamber was maintained at a temperature of 260 
°C, while the detector was operated at 280 °C. The 
temperature programming of the ECD-GC instrument 
involved a hold time of 1 min at 100°C, followed by an 
increase in temperature to 200°C at a gradient of 10°C per 
minute, and the system was held at 200 °C for 10 min. The 
overall duration of the sample analysis was 21 min. The 
compounds under investigation using this instrument were 
Chlorpyrifos, Bromophos. 

 2.4 Liquid Chromatography Device 

    The liquid chromatograph (Agilent 6410) was equipped 
with a triple quadrupole mass spectrometer consisting of an 
SL 1200 series binary pump with degasser and an Agilen 
1200 series autosampler. Liquid chromatography was 
performed on an Agilent-RR Zorbax Eclipse XDB-C18 column 
with a particle size of 1.8 μm, a diameter of 4.6 mm, and a 
length of 50 mm. The column temperature was maintained 
at 25°C, while the active phase consisted of acetonitrile (A) 
and an aqueous solution containing 0.1% formic acid (B). The 
washing program employed was as follows:  10% of phase A 
and 90% of phase B at min 0, 100% of phase A and 0 % of phase 
B at min 13, and 10% of phase A and 90% of phase B at min 
20. The injection volume was 10 μL and the temperature of 
the automatic sampling tray was 25 °C. The system had a 
maximum pressure of 400 bar, a flow rate of 0.6 ml/min, and 
a running time of 20 min. The mass spectrometer used an 
Agilent 6410 Triple Quadrupole system (Agilent 6410 Triple 
Quadrupole, the USA). The mass spectrometry parameters 
included a gas temperature of 350 °C, a gas flow of 6 L/min, a 
nebulizer pressure of  10ିହ psi, a capillary voltage of 4000 V, 
a dwell time of 70 ms, and an ESI-MS interface in positive ion 
mode. The pesticides analyzed using this device included 
Buprofezin, Carbaryl, Diazinon, Dichlorvos, Difenoconazole, 
Dimethoate, Fenitrothion, Iprodione, Kresoxim methyl, 
Malathion, Metribuzin, Penconazole, Phosalone, Pirimicarb,  

Pirimiphos-methyl, Propamocarb, Propargite, Propiconazole, 
Pymetrozine, Spiromesifen, Spirotetramat, Tebuconazole, 
Thiodicarb, and Thiophanate-methyl. 

2.5 Validation 

    The precision and accuracy of analysis methods were 
calculated using the relative standard deviation (RSD), 
recovery rate, limit of detection (LOD), and limit of 
quantitation (LOQ).  

3. Results and Discussion 

    Experiments conducted by GC-ECD device showed that 
Chlorpyrifos pesticide had the RSD of 7% and 12% for two 
concentrations of 10 µg/kg and 50 µg/kg, while Bromophos 
pesticide had RSD of 5% and 4%. The RSD of the analyzed 
pesticides by the LC-MS/MS device for Diazinon, Dichloros, 
Dimethoate, Fenitrothion, Malathion, Fuzalon, Primiphos 
methyl, Carbaryl, Primicarb, Propamocarb, Thiodicarb, 
Thiophanate methyl, Iprodione, Cresoxim methyl, P. 
metrozine, Spiromsifen, Spirotetramat, Penconazole, 
Metribozin, Propargit, Propiconazole, Tebuconazole, 
Difenoconazole, and Buprofezin were less than 10%. GC-ECD 
measurements revealed that the LOD for Chlorpyrifos and 
Bromophos pesticides was 0.3 µg/kg, while the LOQ was 1 
µg/kg. The LOD for Diazinon, Dichloros, Dimethoate, 
Fenitrothion, Malathion, Fuzalon, Primiphos methyl, 
Carbaryl, Primicarb, Propamocarb, Thiodicarb, Thiophanate 
methyl, Iprodione, Cresoxim methyl, Pmetrozine, 
Spiromsifen, Spirotetramat, Penconazole, Metribuzin, 
Propargit, Propiconazole, Tebuconazole, Difenoconazole, and 
Buprofezin pesticides measured by LC-MS/MS device was 2 
µg/kg, and the LOQ was 6 µg/kg. This study involved the 
analysis of 26 pesticides, including organophosphorus 
compounds, carbamates, triazoles, conazoles, and 
triazinones. The recovery rate for all pesticides was observed 
to be 80% and 120%, except for Bromophos, which had a 
recovery rate of 40%. Tables 1,2, and 3 display the average 
concentrations of pesticides in tobacco leaf samples. These 
tables represent pesticides with concentrations higher than 
the LOD at least in one sample, while samples falling below 
the LOD are shown with 0.5 LOD. This study found that the 
most toxic organophosphorus and carbamate pesticides 
were Chlorpyrifos (499 µg/kg) and Thiodicarb (525.2 µg/kg), 
respectively. Additionally, Panconazole has the highest 
concentration (208 µg/kg) among other pesticides. Table 3 
compares the levels of pesticides in Iranian and imported 
samples based on the Cooperation Centre for Scientific 
Research Relative to Tobacco (CORESTA) guidelines. 
Compared to imported samples, Iranian samples had a 
higher level of pesticides. Thiodicarb pesticide had the 
highest concentration among Iranian samples (525.2 µg/kg), 
while Dichloros pesticide had the highest concentration in 
imported samples (260.3 µg/kg). The results of the present 
study were consistent with Gedge et al.’s findings (2020) in 
the United States. They found that Chlorpyrifos had the 
highest concentration in one of the samples [26]. 
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Table 1: The average concentration of pesticides in Iranian samples in µg/kg  

Pesticides 

samples of Iranian tobacco leaves 

Average 
  

Province A  Province B  Province C  Province D  Province E  

Carbaryl  11.3  1  1  7.3  1  4.32 

Diazinon  1  2.7  1  1  19.2  4.98 

Dichlorvos  94  1  1  1  1  19.6 
Penconazole  1  53.7  77  208  1  68.14 
Propamocarb  2.3  8  7  1  14  6.46 

Propargite  1  1  11  1  1  3 

Propiconazole  1  11.3  1  1  1  3.06 

Pymetrozine  1  2  4.7  1  2.2  2.18 
Tebuconazole  3.7  1.3  1.3  2  1.8  2.02 

Thiodicarb  196.3  55.7  29.3  59  525.2  173.1 
Thiophanate-methyl  7  4  10  6.7  168.5  39.24 

Chlorpyrifos 52.8  0.5  0.5  0.3  499  110.62 

Table 2: Average concentration of pesticides in imported samples in µg/kg  

Pesticides  

samples of imported tobacco leaves Average  

Country A Country B Country C Country D Country E 

Diazinon  1  1  3  1  1  1.4 

Dichlorvos  1  260.3  1  102  88  90.46 

Difenoconazole  3.3  36.7  3  25.3  25.7  18.8 

Propamocarb  1  1  9.7  1  1  2.74 

Pymetrozine  1  1  2.3  3.3  1.7  1.86 

Tebuconazole  6  11.7  6  12.3  3.3  7.86 

Thiophanate-methyl  1  1  1  2  3  1.6 

Chlorpyrifos 0.2  0.2  0.3  0.2  0.3  0.24 

Table 3: Comparison of pesticides in Iranian and imported samples 
Pesticides  Average concentration range 

in Iranian samples 
)µg/kg(  

Average concentration range 
In imported samples  

)µg/kg(  

GRL 
aCORESTA 

)µg/kg(  

Examples close to GRL  

Chlorpyrifos  0.3-499  0.2-0.3  500  1 Iranian sample  

Carbaryl  1-11.3  1  500    

Diazinon  1-19.2  1-3  100    

Dichlorvos  1-94  1-260.3  100  2 imported samples and 1 
Iranian sample 

Difenoconazole  1  3-36.7  12000   

Penconazole  1-208  1  1000   

Pirimicarb  1-1.3  1-1.3  500   

Pirimiphos-methyl  1  1-1.3  100   

Propamocarb  1-14  1-9.7  13000   

Propargite  1-11  1  bND   

Propiconazole  1-11.3  1  ND   

Pymetrozine  1-4.7  1-3.3  100   

Tebuconazole  1.3-3.7  3.3-12.3  18000   

Thiodicarb  29.3-525.2  1  1000   

Thiophanate-methyl  4-168.5  1-3  2000  

a: Guidance Residue Level, Cooperation Centre for Scientific Research Relative to Tobacco 2021. 
b: ND stands for Not Defined. 
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    In addition, Daniel et al. (2019) investigated pesticide 
levels in six marijuana samples in Brazil. In their study, it was 
found that pesticide contamination is common in marijuana. 
In this study, 67% of the analyzed samples were 
contaminated with Metalaxyl, Buprofezin, metazachlor and 
imidacloprid. Buprofezin had the lowest level in the present 
study [27]. In a study, Hao et al. (2017) determined the 
residues of organophosphorus and organochlorine pesticides 
in raw tobacco and commercial cigarettes. They reported 13 
pesticides, including Phosphorus dimethoate, Chlorpyrifos, 
Diazinon, Methamidophos, and Epirubbenphos [28]. 
Bernardi et al. (2016) conducted research to determine the 
level of pesticide residues of 55 in tobacco in Brazil. The 
outcome showed that the pesticide residues in the samples 
were lower than the residue levels of the CORESTA 
guidelines, and residue amounts in the compounds of 
Primiphos methyl and Isofenphos were in the range of µg/ml. 
35-51. In the current study, the average residual 
concentration of most pesticides in the samples was lower 
than the residual levels of CORESTA guidance. However, the 
average residual concentration of Dichloros pesticide in two 
imported samples was higher than the residual levels of 
CORESTA guidance. Also, the average residual concentration 
of Chlorpyrifos and Dichloros in two Iranian samples was 
close to the residual levels of CORESTA guidelines [29, 30]. 
Schneider et al. (2014) identified seven pesticides in 
Luxembourg hemp plants, where fungicides were found to 
be the most toxic in the samples. In contrast, the present 
study found that insecticides were the most common 
pesticides [31]. In the same vein, Sullivan et al. (2013) 
investigated pesticide residues in cannabis in the United 
States. Their findings revealed that pesticide residues in 
cannabis were directly transferred to mainstream smoke and 
ended up in the consumer, which may pose a significant 
toxicological threat without adequate regulatory 
frameworks. This study highlights the high level of transfer 
of pesticides from cigarette smoke to humans, which may 
lead to more health complications in smokers [32]. 

4. Conclusion 

    The results of this study, along with similar studies, 
demonstrate that despite the pesticide ban on using 
pesticides in agriculture, residues of these compounds can 
still be found in tobacco and tobacco products. Thiodicarb 
insecticide from the carbamate category had the highest 
average residual concentration (525.2 µg/kg) in Iranian 
samples, while Dichloros from the organophosphorus 
category had the highest average residual concentration 
(260.3 µg/kg) in imported samples. These findings 
underscore the need for continued monitoring of pesticide 
residues in tobacco products and for strict enforcement of 
regulations to prevent exposure to these harmful chemicals. 
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