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ABSTRACT 
Pesticide usage is rampant, especially in developing countries, and poses a major safety concern for people. Pesticide 
levels are regulated in all countries by the respective FDAs due to safety concerns. In the study, products of five Indian 
plants which comprised 38% of the total volume of herbal products, which are exported from India, and are widely 
used as dietary ingredients were selected for screening for the presence of pesticides in these samples. A total of 1125 
samples including raw material, dried aqueous extracts, and alcoholic extracts were collected over three years and 
subjected to pesticide analysis using a validated multi-residue method. Pesticide residues were not observed in aqueous 
extracts whereas 14.7% of raw materials and 5.9% of alcoholic extracts samples exceeded the current EU MRL for 
pesticide residues. Results from risk assessment indicate the possibility of adopting higher default maximum residue 
limits (MRLs) since the hazard quotient was less than one in the majority of the cases indicating no health risk. The 
study recommends manufacturers carry out hazard analysis taking agricultural practices and manufacturing process 
into consideration to ensure product safety and adherence to current regulations. 
Keywords: Pesticides, Dietary ingredients, Risk assessment, Food safety, Hazard Quotient.  
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INTRODUCTION 
The use of herbal products for general health is becoming more popular in society. By 2025, it is expected 
that the worldwide market, which was valued at $133.1 billion in 2016, would have doubled in size. In the 
fiscal year 2020–21, India exported herbal products worth $540 million, a gain of nearly 2.5 times the 
turnover in 2015–16.1 Most of the products of plant origin used as dietary supplements are in dosage forms 
which include capsules, tablets, syrups, gummies, granules, etc. Through using pesticides or fumigants 
indiscriminately to shield crops from pests and diseases throughout cultivation and storage, or by absorbing 
them inadvertently from environmental sources such as land and water bodies, organic pollutants enter the 
food chain in several ways. Almost every stage of the production process, including the growing 
environment, open-air drying, preservation, manufacturing, and storage, might result in the contamination 
of herbal products. Plant products are subjected to regulations to safeguard the health of consumers in all 
countries. The USA and Europe are the major importers of herbal products for use as dietary supplements. 
The USA has implemented regulation 40 CFR part 1802 and the EU has regulation EC 396/2005 which lists 
down the MRLs for pesticide residues.3 The MRLs for the pesticides are commodity-specific and are set 
based on the toxicity and allowable daily dietary intake data. These regulations are amended from time to 
time as the understanding of the safety of pesticides is evaluated and published. The dietary supplements 
section of various also has defined the pesticide limits which need to be adhered to by the dietary 
supplements which act as a reference for the industry.4-6 In most of the countries, for the commodities or 
pesticides which are not listed in the published MRL database, the zero-tolerance limits, or default MRLs 
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are applied. The limit of 0.01 mg/Kg is applied as per 40 CFR part 180 in the USA and EC regulation 
396/2005 in Europe as default MRL. The applicability of zero tolerance or default MRLs for commodities 
that are not specified in the regulations is subject to debate since the rationale of these limits is based on the 
limit of quantification possible by current analytical techniques rather than safety data. The need for 
chemical residue-specific, commodity-based maximum residue levels was studied by Adams R.E. et al.7 
and the outcome of this study concluded that reliance on zero tolerance limits can be avoided by utilizing 
the safety data published by WHO, USFDA, and other regulatory agencies. This can be effectively applied 
to all the products including dietary ingredients as well as other commodities for which MRL is not set. An 
example was the case study of Tricyclazole, which is a fungicide and used extensively in paddy cultivation. 
Bacopa monneiri is a botanical ingredient that is cultivated or collected from areas near paddy fields, due 
to which the raw materials are often contaminated with tricyclazole. As per 40cfr180.678, the tolerance for 
tricyclazole in rice grain is set at 3 mg/Kg.8 Since botanical ingredients (both powdered herb as well as 
extracts) derived from Bacopa monneiri are not part of the crop group of a rice grain, a default MRL of 
0.01 mg/Kg is applicable. Daily dietary intake of rice by the human population will be much higher than a 
dietary supplement and consequently, intake of tricyclazole will be much higher. Yet, the interpretation of 
regulation implies that rice is safe for consumption up to 3 mg/Kg levels of tricyclazole whereas the dietary 
supplement of Bacopa monneiri is considered not safe. This emphasized need for utilizing current safety 
data in deriving science-based MRL’s for commodities instead of adopting default MRLs. To warn the 
authorities of non-compliances, several nations have set up regular monitoring programs for human and 
animal foods produced or cultivated on their territories as well as those imported from other territories. The 
Rapid Alert System of Food and Feed (RASFF) of the European Commission system in the EU, the Positive 
List system from Japan, and the import alert 99-08 list from the USFDA are a few examples of such 
monitoring and notifying processes. These systems continuously check those different commodities adhere 
to the required rules. These agencies routinely publish the report of compliance, which aids in understanding 
and gauging the seriousness of the problem by regulators, importers, manufacturers, and the public. The 
FDA pesticide residue monitoring program report posted in October 2021 for FY 2019 indicated that 98.7% 
of domestic and 89.1% of imported human foods were compliant with US federal standards. Out of 89.1% 
compliant import foods, 49.4% were having no pesticide residues and 10.9% was the overall violation rate. 
There were 333 import violated samples, of which 308 have defaulted MRL violations and 68 had 
exceeding MRL violations; 43 samples had both default MRL and exceeding MRL violations for different 
pesticides contained in the same sample. Imidacloprid, boscalid, azoxystrobin, carbendazim, cypermethrin, 
chlorpyriphos, etc. were some of the pesticides which were commonly detected by USFDA laboratories 
while testing the import samples. The maximum number of samples for evaluation were taken from 
consignments originating from Mexico (1221 samples) followed by India (221 samples), Canada (211 
samples), and China (197 samples).9 The 2019 European Union report on pesticides residues in food 
published in February 2021 indicated that 53% of food products tested were having pesticides residues 
below quantification levels, 45% showed the presence of pesticides within the MRLs, whereas 2% of 
samples tested contained pesticide’s residues which exceeded the MRL levels. The pesticides, which were 
not approved in the EU such as acephate, carbofuran, chlorpropham, dichlorvos, clothianidin, etc., were 
found in the samples tested. The pesticides which exceeded the MRLs most frequently were chlorpyriphos, 
lambda-cyhalothrin, deltamethrin, tebuconazole, etc.10 Since India is one of the major exporters of herbal 
products and there have been several instances of import alerts raised in the USFDA and RASFF portal of 
EU on the products from India, a survey was conducted to reveal the occurrence of pesticide residues in the 
products of five plants, collected over 3 years. Risk assessment based on hazard quotient was also conducted 
to assess the health risk to consumers of these products. Herbal raw materials, alcoholic extracts, and 
aqueous extracts of Andrographis paniculata (Burm f.) Wall ex Nees leaves, Bacopa monneiri (L.) Pennell 
whole plant, Curcuma longa L. rhizomes, Glycyrrhiza glabra L. roots, and Ocimum sanctum L aerial parts 
were selected based on the export data from India. In 2020, about 38% of total exports of herbal products 
from India occurred with products derived from these five species.1 The study was performed using a 
validated method employing GC-MSMS and LC-MSMS and sample preparation involving gel permeation 
chromatography coupled with solid-phase extraction. The pesticide content in the samples tested was 
compared with the EU MRLs. 
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EXPERIMENTAL 
Chemicals and Reagent 
Pesticide standards of purity >95% were procured from Sigma Aldrich, Germany, and LGC Standards, 
United Kingdom. LC-MS grade acetonitrile and methanol were procured from J T Baker (USA), and 
cyclohexane and ethyl acetate were procured from Rankem (India). HPLC grade water was collected from 
the Sartorius Arium Pro HPLC water purification system. 
 
Plant Material 
Seventy-five samples each of raw materials, aqueous extracts, and alcoholic extracts of Andrographis 
paniculata (Burm f.) Wall ex Nees leaves, Bacopa monneiri (L.) Pennell whole plant, Curcuma longa L. 
rhizomes, Glycyrrhiza glabra L roots, and Ocimum sanctum L aerial parts were collected over a period of 
three years (2017-2020). The raw materials were collected from 12 herbal raw material traders from 
different states in India, while the aqueous and alcoholic extracts were collected from 7 different herbal 
extract manufacturers in India. All the samples were of Indian origin and representative of commercial 
consignments from these organizations. Sampling was performed on these lots as described in USP general 
chapter <561>.6  
 
Determination of Pesticides Residues in the Samples 
The standard and test samples were prepared and analyzed using a validated method published by the same 
authors.11 5g of each test sample was accurately weighed and subjected to extraction with 20 mL of 
cyclohexane: ethyl acetate (1:1) followed by clean-up in GPC. SPE clean-up was performed on the GPC 
cleaned-up sample using florosil cartridges. This solution was injected directly in GC-MSMS for testing 
while for pesticide testing using LC-MSMS, the known volume of the solution was blown to dryness with 
nitrogen gas, and the residue was dissolved with the same volume of 20% acetonitrile followed by filtration 
using 0.2μm PES syringe filter. GC-MSMS analysis was carried out using Agilent 7010B triple quadrupole 
mass spectrometer with Agilent 7890 GC fitted with two serially connected HP-5ms capillary columns, 
15m x 0.25mm x 0.25μm (Agilent J&W, USA) with backflush. LC-MSMS analysis was carried out using 
Thermo TSQ Quantum Access Max triple quadrupole mass spectrometer and Shimadzy Prominence HPLC 
fitted with Phenomenex Luna C18, 100 x 2.1 mm, 3 μm (Phenomenex, USA) HPLC column.  
 

Risk Assessment 
The acute and chronic risks associated with the consumption of the dietary supplements were quantified 
using the Hazard quotient (HQ) approach as described by Omwenga et al.12 for the pesticides which were 
detected in the study. The dietary exposure (Estimated short-term intake (ESTI) and Estimated daily intake 
(EDI)) to pesticides was determined by multiplying residue concentration in food (mg/Kg) with food 
consumption per day (g/person/day) further dividing by body weight (Kg). For dietary exposure assessment, 
a bodyweight of 70 kg for adults (aged above 18 years) was applied as recommended by the European Food 
Safety Authority.13 For ESTI, the highest level of pesticide residue concentration in food was taken for 
calculation whereas for EDI, average pesticide residue concentration was taken. Acute reference dose 
(ARfD) and acceptable daily intake (ADI) levels were obtained from the chemicals hazard database, 
OpenFoodTox, and the pesticides database of the Food and Agriculture organization.14, 15 The acute hazard 
quotient (aHQ) was calculated by dividing ESTI by the ARfD. Where ARfD data was not available, ADI 
was used to calculate the aHQ. The chronic hazard quotient (cHQ) was calculated by dividing the EDI by 
the ADI. Calculated values of aHQ and cHQ when exceeded 1, indicated possible health risk. The 
recommended daily doses of the products to calculate HQ were obtained from the Food Safety and 
Standards (Health Supplements, Nutraceuticals, Food for Special Dietary Use, Food for Special Medical 
Purpose, Functional food, and Novel food) amendment Regulations, 2018.16 
 

RESULTS AND DISCUSSION 
Pesticide Content in Tested Samples  
The percentage of samples that tested positive for pesticide residues is summarized in Fig.-1. Out of the 
126 pesticides tested, 13 pesticides were found to be present in 207 samples out of 1125 samples. On 
average, at least one pesticide residue was detected in 26.4% of the raw materials and 28.8% in the alcoholic 
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extracts tested. 14.7% of the raw materials and 5.9% of the alcoholic extracts tested were having pesticide 
residues above MRLs set by the EU. Better pesticide residue compliance percentage for alcoholic extracts, 
when compared with the raw materials, indicated that process intervention to remove pesticides was being 
adopted by manufacturers of these products. Table-1 summarizes the levels of each pesticide found in raw 
materials and alcoholic extracts of the plants except Curcuma longa. The raw materials and alcoholic 
extracts of Curcuma longa were found to be free from pesticide residues.  
 

 
Fig.-1: Summary of pesticides content in the tested samples 

 
Table-1: Average and maximum Pesticides content (mg/Kg) found in raw materials and alcoholic extracts (n=75 
each) of the plants under consideration*. (1) β-Cyfluthrin; (2) Chlorpyrifos; (3) Cypermethrin and isomers; (4) 

Dieldrin; (5) Endosulfans; (6) Fenpropathrin; (7) Fenvalerate; (8) Hexachlorocyclohexane; (9) λ-Cyhalothrin; (10) 
Pendimethalin; (11) Permethrin; (12) Profenophos; (13) Total DDT 

Pesticides  (1) (2) (3) (4) (5) (6) (7) 
Limit of detection (mg/Kg) 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
EU MRL (Herbal Infusions)  

(mg/Kg) 
0.1 0.01 0.1 0.02 0.1 0.02 0.1 

Andrographis 
paniculata raw 

material  

Max - 0.07 0.33 - - 0.22 0.22 
Average - 0.01 0.08 - - 0.03 0.03 
%>LOD - 12.0 28.0 - - 12.0 12.0 
%> MRL - 6.7 10.7 - - 5.3 5.3 

Andrographis 
paniculata 

alcoholic extract  

Max 0.08 - 0.10 - - 0.09 0.09 
Average 0.01 - 0.05 - - 0.02 0.02 
%>LOD 6.7 - 36.0 - - 10.7 10.7 
%> MRL 0.0 - 0.0 - - 0.0 0.0 

Bacopa monneiri 
raw material 

Max - 0.015 0.27 - 0.08 0.08 0.08 
Average - 0.01 0.06 - 0.01 0.02 0.02 
%>LOD - 12.0 22.7 - 2.7 10.7 10.7 
%> MRL - 9.3 6.7 - 0.0 0.0 0.0 

Bacopa monneiri 
alcoholic extract 

Max 0.02 0.05 0.09 - 0.02 0.05 0.05 
Average 0.01 0.01 0.05 - 0.01 0.01 0.01 
%>LOD 5.3 12.0 38.7 - 1.3 9.3 9.3 
%> MRL 0.0 6.7 0.0 - 0.0 0.0 0.0 

Glycyrrhiza 
glabra raw 

material 

Max - 0.03 0.05 - - 0.06 0.06 
Average - 0.01 0.01 - - 0.02 0.02 
%>LOD - 1.3 4.0 - - 18.7 18.7 
%> MRL - 1.3 0.0 - - 0.0 0.0 

Glycyrrhiza 
glabra alcoholic 

extract 

Max - 0.06 0.06 - - 0.07 0.07 
Average - 0.01 0.02 - - 0.01 0.01 

%>LOD - 4.0 13.3 - - 8.0 8.0 

Samples with no 
pesticides 
detected

82%

No. of samples 
exceeding EU 

MRL
7%

No. of samples 
exceeding LOQ, 
but within MRL

11%

Summary of pesticides content in samples tested
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%> MRL - 2.7 0.0 - - 0.0 0.0 

Ocimum sanctum 
raw material 

Max - 0.07 0.21 0.016 0.09 - - 
Average - 0.01 0.05 0.01 0.01 - - 
%>LOD - 12.0 18.7 2.7 2.7 - - 
%> MRL - 8.0 5.3 0.0 0.0 - - 

Ocimum sanctum 
alcoholic extract 

Max - 0.09 0.12 - 0.02 - - 
Average - 0.01 0.04 - 0.01 - - 
%>LOD - 10.7 24.0 - 4.0 - - 
%> MRL - 6.7 1.3 - 0.0 - - 

Pesticides  (7) (8) (9) (10) (11) (12) (13) 
Limit of detection (mg/Kg) 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
EU MRL (Herbal Infusions)  

(mg/Kg) 
0.1 0.01 0.01 0.05 0.1 0.05 0.5 

Andrographis 
paniculata raw 

material  

Max 0.22 - 0.10 0.08 1.05 1.54 0.21 
Average 0.03 - 0.01 0.01 0.14 0.09 0.03 
%>LOD 12.0 - 14.7 6.7 5.3 10.7 12.0 
%> MRL 5.3 - 8.0 5.3 5.3 6.7 0.0 

Andrographis 
paniculata 

alcoholic extract  

Max 0.09 - 0.09 0.05 - 0.05 0.09 
Average 0.02 - 0.02 0.01 - 0.01 0.01 
%>LOD 10.7 - 10.7 10.7 - 6.7 6.7 
%> MRL 0.0 - 8.0 0.0 - 0.0 0.0 

Bacopa monneiri 
raw material 

Max 0.08 - 0.03 - 0.21 - 0.05 
Average 0.02 - 0.01 - 0.01 - 0.01 
%>LOD 10.7 - 4.0 - 1.3 - 5.3 
%> MRL 0.0 - 2.7 - 1.3 - 0.00 

Bacopa monneiri 
alcoholic extract 

Max 0.05 - 0.02 - 0.05 0.03 0.04 
Average 0.01 - 0.01 - 0.01 0.01 0.01 
%>LOD 9.3 - 4.0 - 12.0 21.3 4.0 
%> MRL 0.0 - 2.7 - 0.0 0.0 0.0 

Glycyrrhiza 
glabra raw 

material 

Max 0.06 0.014 0.03 - 0.27 - 0.06 
Average 0.02 0.01 0.01 - 0.03 - 0.01 
%>LOD 18.7 2.7 1.3 - 4.0 - 8.0 
%> MRL 0.0 2.7 1.3 - 4.0 - 0.0 

Glycyrrhiza 
glabra alcoholic 

extract 

Max 0.07 - 0.01 0.06 0.04 0.02 0.04 
Average 0.01 - 0.00 0.01 0.01 0.01 0.01 
%>LOD 8.0 - 1.3 4.0 4.0 6.7 5.3 
%> MRL 0.0 - 1.3 1.3 0.0 0.0 0.0 

Ocimum sanctum 
raw material 

Max - - 0.11 0.09 0.65 - 0.19 
Average - - 0.02 0.02 0.06 - 0.02 
%>LOD - - 8.0 14.7 9.3 - 8.0 
%> MRL - - 8.0 9.3 5.3 - 0.0 

Ocimum sanctum 
alcoholic extract 

Max - - 0.07 0.05 0.10 0.03 0.05 
Average - - 0.01 0.01 0.03 0.01 0.01 
%>LOD - - 1.3 8.0 17.3 1.3 8.0 
%> MRL - - 1.3 0.0 0.0 0.0 0.0 

*Data for aqueous extracts of all plants as well as raw material and alcoholic extracts of Curcuma longa are not 
tabulated since no pesticides were detected. 
Aqueous extracts samples from all the plants selected were also found to be free from any pesticide residues. 
The absence of pesticides in aqueous extracts was attributed to the fact that most of the pesticides were non-
polar and may not dissolve in the aqueous layer during the manufacturing process for the aqueous extracts. 
In the raw materials tested, pesticides with non-compliance to EU MRL were found to be chlorpyriphos 
ethyl (4.8%) followed by cypermethrin (4.5%), and λ-cyhalothrin (4.0%), permethrin (2.9%) and 
pendimethalin (3.2%). In the alcoholic extracts tested, chlorpyriphos ethyl (3.2%) followed by λ-
cyhalothrin (2.7% in alcoholic extracts), and cypermethrin, fenpropathrin, and pendimethalin (0.3% each) 
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were found to be the major EU non-compliant pesticides. The highest pesticide levels observed were for 
profenofos (1.54 mg/Kg) and permethrin (1.05 mg/Kg) in Andrographis paniculata raw material. The 
average content of these pesticides in Andrographis paniculata raw materials was 0.09 mg/Kg and 0.14 
mg/Kg respectively against EU MRLs of 0.05 mg/Kg for profenofos and 0.1 mg/Kg for permethrin. 
Similarly, in alcoholic extracts, the highest pesticide levels observed were 0.12 mg/Kg of cypermethrin and 
0.10 mg/Kg each of permethrin in Ocimum sanctum and permethrin in Andrographis paniculata. Ocimum 
sanctum alcoholic extract had an average content of 0.03 mg/Kg for permethrin and 0.04 mg/Kg for 
cypermethrin whereas in Andrographis paniculata alcoholic extract, the average content of cypermethrin 
was 0.08 mg/Kg against EU MRLs of 0.1 mg/Kg for both pesticides. Table-2 summarizes the percentage 
of samples with a number of pesticide residues present in them. Though aqueous extracts were found to be 
compliant and safe in terms of pesticide residue, usage of organic solvents was unavoidable in the products 
where the secondary metabolites like glycosides, diterpene, triterpenoids, alkaloids, flavonoids, etc. needed 
to be enriched. Fig.-2 summarizes the number of different pesticide residues, percentage of samples with at 
least 1 pesticide residue, and percentage of samples exceeding MRL for each sample matrix.  

 
Fig.-2: Occurrences of the number of pesticides residues in the samples tested (n=75 for each commodity) 

 

Table-2: Percentage of samples with number of pesticide residues present@ 
Sample ID Percentage of Pesticides above LOD Percentage of Pesticides above EU MRL 
No. of pesticides in sample 1  2  3  >3  Total 1  2  3  >3  Total 
Raw materials of           
 Andrographis paniculata  6.7 16.0 8.0 8.0 38.7 17.3 9.3 4.0 0.0 30.7 
Bacopa monneiri  16.0 12.0 4.0 1.3 33.3 18.7 0.0 0.0 0.0 18.7 
Curcuma longa  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Glycyrrhiza glabra  17.3 5.3 4.0 0.0 26.7 6.7 1.3 0.0 0.0 8.0 
Ocimum sanctum  9.3 12.0 6.7 5.3 33.3 4.0 5.3 5.3 1.3 16.0 
Average 9.9 9.1 4.5 2.9 26.4 9.3 3.2 1.9 0.3 14.7 
Alcoholic extracts of           
Andrographis paniculata  12.0 16.0 6.7 5.3 40.0 9.3 0.0 0.0 0.0 9.3 
Bacopa monneiri  12.0 13.3 14.7 8.0 48.0 4.0 2.7 0.0 0.0 6.7 
Curcuma longa  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Glycyrrhiza glabra  9.3 2.7 10.7 0.0 22.7 5.3 0.0 0.0 0.0 5.3 
Ocimum sanctum  8.0 14.7 6.7 4.0 33.3 6.7 1.3 0.0 0.0 8.0 
Average 8.3 9.3 7.7 3.5 28.8 5.1 0.8 0.0 0.0 5.9 

@ Data for aqueous extracts of all plants are not tabulated since no pesticides were detected. 
The higher occurrence of pesticide residues above LOD in alcoholic extracts was attributed to the fact that 
alcoholic extracts tend to solubilize and enrich most of the pesticides present in the herbal raw materials 
including those, which may be present below detection levels when tested in raw materials. The fact that 
non-compliance levels of pesticide residue content in herbal raw materials were higher when compared to 
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the alcoholic extracts indicated that the leading herbal extract manufacturers were aware of the potential 
hazards associated with pesticide residue and had mitigation strategies implemented to avoid this hazard. 
Most of these mitigation strategies included either sourcing of pesticide-free raw materials or adopting a 
suitable manufacturing process that is capable of selectively removing the detected pesticides from the 
product to a level below MRL. Feedback obtained from leading dietary ingredient manufacturers from India 
indicated that the chemical hazard due to pesticide residues was part of their food safety plan. Appropriate 
corrective actions and preventive controls were identified and documented to ensure product safety and 
compliance. 
 

Risk Assessment for Pesticides  
The potential exposure to pesticides due to dietary intake from the raw material, aqueous extract, and 
alcoholic extract samples of all plants was evaluated by calculating the HQ. Table-3 summarizes the aHQ 
and cHQ calculated along with the acceptable daily intake values used in the risk assessment. In all the 
instances except two, it was observed that the HQ was less than 1, which indicated that no health risk was 
associated with the consumption of dietary supplements from these plants, especially for the supplements 
prepared with aqueous extracts or alcoholic extracts of the selected plants. cHQ exceeded 1 due to dieldrin 
content in Ocimum sanctum aerial parts with maximum content observed at 0.016 mg/Kg against EU MRL 
of 0.02 mg/Kg, and aHQ exceeded 1 due to hexachlorocyclohexane content in Glycyrrhiza glabra roots 
with maximum content observed at 0.014 mg/Kg against EU MRL of 0.01 mg/Kg. There were no instances 
where aHQ and cHQ exceeded 1 for alcoholic extracts and aqueous extracts. 
Based on the risk assessment data, the default MRLs of 0.01 mg/Kg set by both 40CFR part 180 and EC 
396/2005 regulations can be reconsidered for commodities for which MRLs are not set. It is ideal to have 
default MRLs be set based on risk assessment (aHQ and cHQ) for the pesticides, instead of setting it 
depending on the lowest limit of quantification. Adequate discussions on this topic in scientific forums 
should be initiated involving all stakeholders like regulators, industry, technical experts, etc. to bring in 
consensus. Due to the significant presence of pesticide residues at levels near and above MRLs in these 
products, continuous monitoring is required to ensure compliance with the current regulations. 
 

Table-3: Hazard quotient estimation for the detected pesticides#. (1) β-Cyfluthrin; (2) Chlorpyrifos; (3) 
Cypermethrin and isomers; (4) Dieldrin; (5) Endosulfans; (6) Fenpropathrin; (7) Fenvalerate; (8) Hexachlorocyclo 

hexane; (9) λ-Cyhalothrin; (10) Pendimethalin; (11) Permethrin; (12) Profenophos; (13) Total DDT. 
Pesticides  (1) (2) (3) (4) (5) (6) (7) 

Andrographis 
paniculata raw 

material  

ARfD 0.01 0.005 0.050 0.003 0.020 0.03 0.0125 
ESTI - 0.003 0.014 - - - 0.009 
aHQ - 0.56 0.28 - - - 0.74 
ADI 0.01 0.001 0.2 0.0001 0.006 0.03 0.0125 
EDI - 0.001 0.003 - - - 0.001 
cHQ - 0.51 0.02 - - - 0.11 

Andrographis 
paniculata 

alcoholic extract 

ARfD 0.01 0.005 0.050  0.020 0.03 0.0125 
ESTI 0.00029 - 0.00034 - - 0.00018 0.00031 
aHQ 0.03 - 0.01 - - 0.01 0.02 
ADI 0.01 0.001 0.2  0.006 0.03 0.0125 
EDI 0.000032 - 0.00016 - - 0.00002 0.000060 
cHQ <0.01 - <0.01 - - <0.01 0.01 

Bacopa monneiri 
raw material 

ARfD 0.01 0.005 0.050 0.003 0.020 0.03 0.0125 
ESTI 0.001 0.002 0.038 - 0.011 - 0.012 
aHQ 0.06 0.43 0.76 - 0.57 - 0.95 
ADI 0.01 0.001 0.2 0.0001 0.006 0.03 0.0125 
EDI 0.001 0.001 0.008 - 0.001 - 0.003 
cHQ 0.06 0.90 0.04 - 0.20 - 0.24 

Bacopa monneiri 
alcoholic extract 

ARfD 0.01 0.005 0.050  0.020 0.03 0.0125 
ESTI 0.0003 0.001 0.001 - 0.0003 - 0.001 
aHQ 0.03 0.15 0.03 - 0.02 - 0.06 
ADI 0.01 0.001 0.2  0.006 0.03 0.0125 
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EDI 0.0001 0.0001 0.001 - 0.00006 - 0.0001 
cHQ 0.01 0.11 <0.01 - 0.01 - 0.01 

Glycyrrhiza 
glabra raw 

material 

ARfD 0.01 0.005 0.050 0.003 0.020 0.03 0.0125 
ESTI - 0.004 0.007 - - - 0.009 
aHQ - 0.74 0.14 - - - 0.72 
ADI 0.01 0.001 0.2 0.0001 0.006 0.03 0.0125 
EDI - 0.001 0.001 - - - 0.003 
cHQ - 0.68 0.01 - - - 0.23 

Glycyrrhiza 
glabra alcoholic 

extract 

ARfD 0.01 0.005 0.050  0.020 0.03 0.0125 
ESTI - 0.001 0.001 - - - 0.001 
aHQ - 0.16 0.02 - - - 0.08 
ADI 0.01 0.001 0.2  0.006 0.03 0.0125 
EDI - 0.0001 0.0003 - - - 0.0002 
cHQ - 0.09 <0.01 - - - 0.01 

Ocimum sanctum 
raw material 

ARfD 0.01 0.005 0.050 0.003 0.020 0.03 0.0125 
ESTI - 0.003 0.009 0.001 0.004 - - 
aHQ - 0.61 0.18 0.23 0.19 - - 
ADI 0.01 0.001 0.2 0.0001 0.006 0.03 0.0125 
EDI - 0.001 0.002 0.0002 0.0004 - - 
cHQ - 0.50 0.01 2.01 0.06 - - 

Ocimum sanctum 
alcoholic extract 

ARfD 0.01 0.005 0.050  0.020 0.03 0.0125 
ESTI - 0.0006 0.0009 - 0.0002 - - 
aHQ - 0.12 0.02 - 0.01 - - 
ADI 0.01 0.001 0.2  0.006 0.03 0.0125 
EDI - 0.00008 0.00025 - 0.00004 - - 
cHQ - 0.08 <0.01 - 0.01 - - 

Pesticides  (7) (8) (9) (10) (11) (12) (13) 

Andrographis 
paniculata raw 

material  

ARfD 0.0125 0.001 0.005 0.300 0.05 1.000 0.01 
ESTI 0.009 - 0.004 0.003 0.045 0.066 0.009 
aHQ 0.74 - 0.83 0.01 0.90 0.07 0.89 
ADI 0.0125 0.005 0.0025 0.125 0.05 0.03 0.01 
EDI 0.001 - 0.001 0.001 0.006 0.004 0.001 
cHQ 0.11 - 0.20 <0.01 0.12 0.13 0.13 

Andrographis 
paniculata 

alcoholic extract 

ARfD 0.0125  0.005 0.300 0.05 1.000 0.01 
ESTI 0.00031 - 0.00032 0.00018 - 0.00018 0.00034 
aHQ 0.02 - 0.06 <0.01 - <0.01 0.03 
ADI 0.0125  0.0025 0.125 0.05 0.03 0.01 
EDI 0.000060 - 0.000056 0.000035 - 0.000037 0.000043 
cHQ 0.01 - 0.02 <0.01 - <0.01 <0.01 

Bacopa monneiri 
raw material 

ARfD 0.0125 0.001 0.005 0.300 0.05 1.000 0.01 
ESTI 0.012 - 0.004 - 0.030 0.001 0.007 
aHQ 0.95 - 0.89 - 0.60 0.00 0.70 
ADI 0.0125 0.005 0.0025 0.125 0.05 0.03 0.01 
EDI 0.003 - 0.001 - 0.002 0.001 0.001 
cHQ 0.24 - 0.32 - 0.03 0.02 0.11 

Bacopa monneiri 
alcoholic extract 

ARfD 0.0125  0.005 0.300 0.05 1.000 0.01 
ESTI 0.001 - 0.0003 - 0.001 0.0005 0.001 
aHQ 0.06 - 0.06 - 0.01 <0.01 0.06 
ADI 0.0125  0.0025 0.125 0.05 0.03 0.01 
EDI 0.0001 - 0.0001 - 0.0001 0.0002 0.0001 
cHQ 0.01 - 0.03 - <0.01 0.01 0.01 

Glycyrrhiza 
glabra raw 

material 

ARfD 0.0125 0.001 0.005 0.300 0.05 1.000 0.01 
ESTI 0.009 0.002 0.004 0.001 0.039 0.001 0.009 
aHQ 0.72 2.00 0.89 <0.01 0.78 <0.01 0.91 
ADI 0.0125 0.005 0.0025 0.125 0.05 0.03 0.01 
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EDI 0.003 0.001 0.001 0.001 0.004 0.001 0.001 
cHQ 0.23 0.13 0.28 <0.01 0.09 0.02 0.13 

Glycyrrhiza 
glabra alcoholic 

extract 

ARfD 0.0125  0.005 0.300 0.05 1.000 0.01 
ESTI 0.001  0.0002 0.001 0.001 0.0003 0.001 
aHQ 0.08  0.04 <0.01 0.01 <0.01 0.06 
ADI 0.0125  0.0025 0.125 0.05 0.03 0.01 
EDI 0.0002  0.0001 0.0001 0.0001 0.0001 0.0001 
cHQ 0.01  0.02 <0.01 <0.01 <0.01 0.01 

Ocimum sanctum 
raw material 

ARfD 0.0125 0.001 0.005 0.300 0.05 1.000 0.01 
ESTI - - 0.005 0.004 0.028 0.00017 0.008 
aHQ - - 0.97 0.01 0.56 <0.01 0.82 
ADI 0.0125 0.005 0.0025 0.125 0.05 0.03 0.01 
EDI - - 0.001 0.001 0.002 0.00017 0.001 
cHQ - - 0.38 0.01 0.05 0.01 0.08 

Ocimum sanctum 
alcoholic extract 

ARfD 0.0125  0.005 0.300 0.05 1.000 0.01 
ESTI - - 0.0005 0.0004 0.0007 0.0002 0.0004 
aHQ - - 0.10 <0.01 0.01 <0.01 0.04 
ADI 0.0125  0.0025 0.125 0.05 0.03 0.01 
EDI - - 0.00004 0.00005 0.00021 0.00004 0.00007 
cHQ - - 0.02 <0.01 <0.01 <0.01 0.01 

# HQ was not calculated for aqueous extracts of all plants as well as raw material, aqueous extracts, and alcoholic extracts of 
Curcuma longa since no pesticides were detected. ARfD – Acute reference dose (mg/kg bw/day); ESTI = Estimated short-term 
intake (mg/kg bw); ADI = Acceptable daily intake (mg/kg bw/day); EDI = Established daily intake (mg/kg bw); HQ exceeding 1 
indicating health risk upon exposure is highlighted in bold font. 
 

CONCLUSION 
This study revealed the presence of 13 different pesticide residues in the raw material biomass and their 
alcoholic extract while no pesticide residue was detected in the aqueous extract samples collected from 
India. Calculation of HQ indicated that there is no major acute as well as chronic risk to consumers of these 
products. Implementation of default MRLs based on the lowest limit of quantification may act as a 
significant trade barrier for innovations and new product introductions in the market. It will be in the interest 
of all stakeholders if the concerned industry and academic institutions collaborate and publish more data 
on pesticide residue content for all plant products used in commerce to have more insights into the pesticide 
levels in dietary ingredients and supplements. Separate dietary supplements commodity group is required 
to be incorporated into the regulations to remove the application of default MRLs. In the current scenario, 
it is recommended that manufacturers carry out routine monitoring of pesticides in herbal raw materials and 
their alcoholic extracts to avoid health hazards and adherence to the regulatory requirements. Educating the 
farmers and collectors on herbal materials pesticides and associated hazards are also equally important. 
Further, it is also recommended that chemical hazards due to pesticide content in herbal products should be 
addressed by the manufacturer in their food safety plan where the contamination source is identified, and 
appropriate preventive controls and corrective actions are identified to mitigate the associated risk. Similar 
studies need to be carried out on other contaminants such as heavy metals, mycotoxins, dioxins and furans, 
polycyclic aromatic hydrocarbons, phthalates, etc. in botanical ingredients to ascertain the associated risk. 
 

ACKNOWLEDGMENT 
The authors are thankful to the National Medicinal Plants Board, Ministry of Ayush, and the Government 
of India for partial financial support (Project no. R&D/KR-05/2016-17) in carrying out this study. The 
authors are also thankful to Natural Remedies Pvt Ltd. Bangalore for providing facilities to carry out this 
project. 

REFERENCES 
1. DGCIS, Kolkata, Department of Commerce, Ministry of Commerce and Industry, Government of 

India. System on Foreign Trade Performance Analysis (FTPA) Version 3.0, 
https://tradestat.commerce.gov.in/ftpa/comgrpq.asp [accessed on 24 August 2021] 



 
 Vol. 15 | No. 3 |2032-2041| July - September | 2022 

2041 
PESTICIDE RESIDUES IN HERBAL DIETARY INGREDIENTS                                                                                              Rojison Koshy et al. 

2. Environmental Protection Agency. Electronic Code of Federal Regulations; Title 40: Protection of 
Environment, PART 180—Tolerances and exemptions for pesticide chemical residues in food, 
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-E/part-180 [accessed on 24 August 2021] 

3. Regulation (EC) No 396/2005 on maximum residue levels of pesticides in or on food and feed of plant 
and animal origin, https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02005R0396-
20160513 [accessed on 24 August 2021] 

4. European Pharmacopoeia 9.0, Chapter 2.8.13 Pesticides Residues, pp.242-243 (2018) 
5. The Ayurvedic Pharmacopoeia of India (Part I, Volume IX), Chapter 3.3 Pesticide Residue, pp.127-

129 (2016) 
6. United States Pharmacopeia and National Formulary (USP 43-NF 38). Chapter <561> Articles of 

Botanical Origin, https://online.uspnf.com/uspnf/document/1_GUID-E8A1366F-9657-41FC-9EDC-
C20F4BE473B6_5_en-US?source=Search%20Results&highlight=%3C561%3E  [accessed on 24 
August 2021] 

7. R.E. Adams, J.A. Brickel, and V.S. Bhat, Food Chemical Toxicology, 123, 511(2019), 
https://doi.org/10.1016/j.fct.2018.11.045  

8. Electronic Code of Federal Regulations, Title 40: Protection of Environment, PART 180 .678 
Tricyclazole; tolerances for residues, https://www.ecfr.gov/current/title-40/chapter-I/subchapter-
E/part-180/subpart-C/section-180.678 [accessed on 24 August 2021] 

9. U.S. Food and Drug Administration, (2021) Pesticide Residue Monitoring Program Fiscal Year 2019 
Pesticide Report, https://www.fda.gov/media/153142/download [accessed on 19 January 2022] 

10. EFSA, L.C. Cabrera, and P.M. Pastor, EFSA Journal, 19(4), 6491(2021), 
https://doi.org/10.2903/j.efsa.2021.6491  

11. R. Koshy, S. Yadav, R, Rajeshkumar, V.K. Singh, M.M. Setty, B. Murali, and A. Agarwal, Journal of 
AOAC International, Article in Press, qsab153 (2021), https://doi.org/10.1093/jaoacint/qsab153  

12. I. Omwenga, L. Kanja, P. Zomer, J. Louisse, M.C.M.I. Rietjens, and H. Mol, Food Additives and 
Contaminants: Part B Surveillance, 14(1), 48(2021), https://doi.org/10.1080/19393210.2020.1861661  

13. EFSA Scientific Committee. EFSA Journal, 10(3), 2579(2012), 
https://doi.org/10.2903/j.efsa.2012.2579  

14. Chemical Hazards Database: OpenFoodTox, 
https://www.efsa.europa.eu/en/microstrategy/openfoodtox [accessed on 24 August 2021] 

15. International food standards. Pesticides Database, https://www.fao.org/fao-who-
codexalimentarius/codex-texts/dbs/pestres/en/ [accessed on 24 August 2021] 

16. Food Safety and Standards (Health Supplements, Nutraceuticals, Food for Special Dietary Use, Food 
for Special Medical Purpose, Functional Foods and Novel Foods) Regulations, 2016, Amendments F. 
No. Stds/Nutra(DCGI)/FSSAI/2017 (Pt 1), https://archive.fssai.gov.in/dam/jcr:82196a3a-c40d-461c-
a9a1-caf07c0d7ba4/Implementation_Health_Suppliments_29_12_2017.pdf [accessed on 24 August 
2021] 

17. Guidance document on analytical quality control and method validation procedures for pesticide 
residues Analysis in Food and Feed (SANTE/11813/2017.), https://www.eurl-
pesticides.eu/userfiles/file/EurlALL/SANTE_11813_2017-fin.pdf [accessed on 24 August 2021] 

[RJC-7005/2022] 


