Organochlorine Pesticides Contamination and Health Risk Assessment of Herbal Teas in Abuja, Nigeria.
[bookmark: _Hlk194311745]ABSTRACT
Aim: This study aimed to quantify the levels of organochlorine insecticide residues present in packaged herbal teas sold within the Federal Capital Territory (FCT), Abuja, Nigeria, and to assess the potential human health risks associated with their consumption.
[bookmark: _Hlk194312702]Methodology: Twelve different brands of herbal tea products were procured from Abuja market stores. The tea samples were purposively selected to reflect variations in brand, plant composition, formulation, and geographic origin to ensure a representative consumer exposure assessment. The herbal tea samples were extracted and cleaned up according to the QuEChERS-AOAC 2000 method, and organochlorine pesticides (OCPs) quantification was performed using Gas chromatography Mass Spectrometer (GC-MS). Health risk assessment was conducted by calculating the Estimated Daily Intake (EDI) and Hazard Quotient (HQ) for 20 organochlorine pesticides (OCPs) commonly monitored due to their persistence and potential toxicity. The EDI was computed using an average adult body weight of 60 kg and a daily herbal tea intake of 0.0016 kg/day. The resulting HQ values were benchmarked against internationally accepted Acceptable Daily Intake (ADI) values and a threshold limit of 100%. HQ values exceeding 100% indicate potential health risks.
[bookmark: _Hlk194069924]Result: The lowest percentage recovery was 95.2% in δ-BHC, confirming the suitability and appropriateness of the extraction procedure and the GC-MS analyses employed. All the tea samples were contaminated with the 20 OC insecticide, except for endosulfan sulphate in the Lipton tea. Among the tea samples, heptachlor concentration was the highest (1.641 mg kg-1), followed by Aldrin (0.802 mg kg-1), a cyclodiene among the banned insecticides worldwide. The concentration of alpha-BHC was notably higher in Mango, Lem-Gin, and Highland teas, reaching up to 0.356 mg kg-1, against the EU MRL of 0.005 mg kg-1. Delta. The HRI of residues of Alpha-BHC, p,p’-DDE, p,p’-DDD, Endosulfan II, p,p’-DDT, endosulfan sulphate, methoxychlor and endrin ketone HQ in the herbal teas were far above the threshold limit of 100. The OCPs that exhibited the lowest HRI were Endosulfan sulphate (7.337) and Methoxychlor 
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1. INTRODUCTION
The production and consumption of herbal supplements are growing rapidly in Nigeria. Unfortunately, the raw materials are often sourced from localities or countries with inadequate Good Agricultural Practices (GAPs) and quality control regarding pesticide application on the farm and during storage. Herbal teas, crafted from various plant blends and packaged in convenient containers and bags, offer aromatic and refreshing beverages and therapeutic and medicinal benefits (Zohora et al., 2022; Aguilar-Pérez et al., 2023). 
Organochlorine (OC) pesticide residues in food commodities have been associated with numerous adverse health effects, including endocrine disruption, reproductive and developmental abnormalities, cognitive impairments, cancer, nervous system toxicity, and kidney damage. (Kolakowski et al., 2020; Hoque et al., 2022; Fagbohun et al., 2023). Lentini et al. (2017) and Fernandes et al. (2023) reported multi-residue OCP contamination and associated health risks in edible vegetables. Similarly, Akande et al. (2020) evaluated organophosphate insecticide residues in post-harvest cowpea from Gwagwalada, Abuja. Idowu et al. (2022) identified organochlorine residues in cocoa pods and beans in Nigeria, while Fagbohun et al. (2024) detected several OCP residues in cowpea grains from Abuja.
Despite these findings, herbal teas widely consumed in Nigeria for their perceived medicinal and therapeutic benefits have received little attention concerning contamination by persistent organic pollutants like OCPs. These compounds, such as DDTs, BHC isomers, and aldrin derivatives, are known for their environmental persistence, bioaccumulation potential, and toxic effects, leading to their regulation under the Stockholm Convention. Studies from China (Zhang et al., 2022), India (Sarkar et al., 2021), and Ghana (Boateng et al., 2021) have also revealed concerning levels of OCPs in medicinal plants and teas.
To ensure consumer safety, international regulatory bodies such as the Codex Alimentarius Commission, FAO/WHO, and the European Union have established maximum residue limits (MRLs) for pesticides in food. However, in Nigeria, enforcement by the National Agency for Food and Drug Administration and Control (NAFDAC) and the Standards Organisation of Nigeria (SON) remains limited. There is a notable paucity of current data on OCPs contamination in retailed packaged herbal teas in Abuja, Federal Capital Territory (FCT), Nigeria. The outcomes of a surveillance study like this can aid in the advancement of comprehensive policies on food safety as well as the improvement of control policies on the quality of crop-based products.
This study, therefore, aims to assess the levels of OCPs residues in commercial herbal teas sold in Abuja and assess the potential human health risks. The findings could provide health awareness on herbal tea contamination among the consumers, beverage manufacturers and a baseline data to inform regulatory action and public health interventions.
2.1 Sample Collection
Twelve herbal tea products were procured from market stores in the Gwagwalada and Kuje area Councils of the FCT, Abuja. These different brands of tea beverages were packaged as Green, Guava, Moringa, Beetroot, Mango, Lipton, Top Tea, Mint, Highland, Fat Reduction, and Eyebright teas. The collected samples were coded and swiftly transported to the Chemistry Advanced Research Centre, Sheda Science and Technology Complex (SHESTCO), Abuja. They were then kept in a  -20 oC freezer pending analytical determination.  
2.2 Reagents and Materials 
The chemicals used include organochlorine pesticide (OCPs) standard, acetonitrile, acetone, and methanol; all solvents are 99.90 % HPLC grade and purchased from Sigma-Aldrich USA. Besides, Sodium sulphate (Na₂SO4), Magnesium sulphate anhydrous fine powder (MgSO4), graphitized carbon black (GCB), primary, secondary amine (PSA), disodium hydrogen citrate sesquihydrate (C6H6Na2O71.5H2O), trisodium citrate dehydrate (C6H2Na3O7.2H2O), sodium chloride (NaCl), Solid phase extraction tubes (SPE), ceramic discs, were all purchased from Bioccomma Limited, Hong Kong. 
2.3 Sample Extraction and Clean-up
The Quick, Easy, Cheap, Efficient, Rapid, and Safe (QuEChERS) method and dispersive liquid-liquid micro-extraction (DLLME) were used for sample extraction as previously described by AOAC Official method, 2007-01 (Huertas-Pérez et al., 2024). Ten grams of finely pulverised sub-sample was transferred into a polypropylene centrifuge tube (50 mL) and 10 mL of water was added for hydration and vortexed for two minutes. Followed by the addition of 15 mL acetonitrile, the mixture was again vortexed vigorously for 5 minutes. Further, 0.5 g disodium hydrogen citrate sesquihydrate, 1g trisodium citrate dihydrate, 4 g anhydrous magnesium sulphate, and 1 g sodium chloride were added, and the mixture was immediately vortexed again for another five minutes, then centrifuged at 4500 rpm for 5 min. At this stage, an optional low-temperature clean step was performed before dispersive-SPE for the most complex matrices, such as herbal tea. For this, an aliquot of the supernatant was transferred into a glass test tube and stored in a freezer for five minutes (−20 oC). The extract was then separated from the precipitates by simple decantation. An aliquot of the extract was transferred into a solid-phase extraction tube containing 100 mg anhydrous magnesium sulphate, 75 mg GCB, and 20 mg PSA per mL acetonitrile extract. The extract was eluted into a GC vial by the gravity method and acidified by adding 15µL of 5 % (v/v) formic acid in acetonitrile per mL of extract and analysed for OCPs using GC-MS.  
2.4 Gas Chromatography-Mass Spectrometry
The concentrations of OCPs in the sample extracts were determined using an Agilent HP-5-60 to 325 oC GC column (30 m × 320 μm x 0.25 m film thickness) attached to a gas chromatograph (6890N Agilent Technologies) and a mass selective detector (Agilent 5975B) (GC-MS). The volume of the sample injected in the splitless mode was 1µL. The initial oven temperature was maintained at 100 oC for 2 minutes, then increased to 180 oC at a rate of 15 oC/minute, ramped up to 300 oC at a rate of 3 oC/minute, and held for 9 minutes. The carrier gas was helium with a 0.8 mL/min flow rate. The operation mode of the mass spectrometer was electron impact ionisation with the use of automatic gain control. The storage window was programmed at full scan mode in the range of m/z 200–500, and the selected ion monitoring (SIM) mode was employed in acquiring data by Agilent Chemstation software. 
2.5	Quality Control Measures
 All the glassware used was washed and rinsed with Milli-Q water and acetone before use. The calibration curves were obtained by injecting eight different concentrations of the pesticide standards in a 4-300 ng mL range. The concentrations of OCPs in the samples were quantified using the external calibration method according to AOAC (2007).  
The limit of determination (LODs) of the OCP compound ranged from 0.03 to 0.20 ng g-1.  Limits of detection (LOD) and limits of quantification (LOQ) of the method were measured by spiked serial dilution of working standards prepared for calibration curves. This was calculated by considering a value of 3 and 10 times of background noise, respectively. LOD was determined by considering it to be 3 times the signal-to-noise ratio, while LOQ was determined to be 10 times the signal-to-noise ratio. This means that LOD and LOQ were determined as the lowest concentrations, yielding a signal-to-noise (S/N) ratio of 3 and 10, respectively (Liao et al., 2018; Barriga-Vélez et al., 2023). 
 The accuracy of the developed method was evaluated by measuring the extraction recovery of the spiked tea as the herbal tea sample was spiked with a solution containing a mixture of the 20 OCP pesticide standards. A pesticide standard was spiked into a laboratory blank sample to give 0.25 mg g-1, and recovery was based on 4 replicates. The spiked samples were left for 1 hour before extraction to allow the insecticide residue to partition into the matrices, and the percentage recovery was obtained as shown in equation 1 according to (Quesada et al., 2023).
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2.6 Human Health Risk Assessment 
To assess the potential human health risks associated with the consumption of organochlorine pesticide (OCP) residues in packaged herbal teas sold in the Federal Capital Territory (FCT), Abuja, a structured Health Risk Assessment (HRA) approach was employed involving male and female adult population of ≥40 years that commonly consume the herbal teas in the study area. This method was based on internationally recognised procedures, incorporating contaminant concentrations, estimated daily intake (EDI), and hazard quotient (HQ) calculations.
a)	Estimation of Daily Intake (EDI)
The Estimated Daily Intake (EDI) of each pesticide was calculated to determine the amount of each OCP that a consumer may ingest daily through herbal tea consumption. The EDI was computed using the following equation, as recommended by Antoine et al. (2017):
……..Eqn ii
Where:
· C = Mean concentration of each pesticide residue in the herbal tea (mg/kg dry weight)
· FIR = Food ingestion rate of herbal tea in Nigeria (kg/person/day)
· BW = Average body weight of an adult (60 kg)
The FIR was calculated based on the national average annual consumption of herbal tea in Nigeria, which is approximately 0.6 kg/person/year (Bhawan, 2022). This value was divided by 365 days to derive a daily intake of 0.0016 kg/person/day.
b)	Calculation of Health Risk Index (Hazard Quotient, HQ)
The Hazard Quotient (HQ) was then calculated to assess the potential non-carcinogenic risk associated with long-term exposure to the detected pesticide residues. The HQ was determined using the equation:
 ………….Eqn iii
Where:
· EDI = Estimated daily intake of each pesticide (mg/kg/day)
· ADI = Acceptable Daily Intake of the pesticide (mg/kg/day), as provided by FAO/WHO or other regulatory agencies
A HQ > 100% indicates a potential health risk, while a HQ ≤ 100% suggests no significant risk (Bhawan, 2022; Oshatunberu, 2023).
c)	Pesticides Assessed
The assessment covered 20 commonly monitored OCPs of health significance:
Alpha-BHC, beta-BHC, gamma-BHC, delta-BHC, heptachlor, aldrin, heptachlor epoxide, gamma-chlordane, alpha-chlordane, endosulfan I, endosulfan II, p,p'-DDE, p,p'-DDD, p,p'-DDT, dieldrin, endrin, endrin aldehyde, endrin ketone, endosulfan sulfate, methoxychlor.
The concentrations of these OCPs were determined analytically (GC-ECD), and their average concentrations were input into the EDI and HQ formulas.
d)	Risk Characterisation
· An HQ > 100% for any pesticide residue was interpreted as indicating a potential non-carcinogenic health concern from chronic exposure via herbal tea consumption.
· The outcome of this analysis enables the identification of pesticides posing the highest risk and supports regulatory actions or awareness campaigns.
2.7 Statistical analysis
Elements of descriptive statistics of samples generated included mean, range, minimum, maximum, and standard deviations, which were analysed using Microsoft Excel and Statistical Package for the Social Sciences. (SPSS) version 21. The concentration of organochlorine insecticide residues in herbal samples was graphically represented and compared with the Maximum Residual Limit (MRL) recommended by the European Food Safety Authority (EFSA) Regulation EC No. 396/2005 (Authority et al., 2022). 
3. RESULTS 
3.1 Recoveries of Organochlorine Compounds
[bookmark: _Hlk185390741]The percentage recoveries of each organochlorine compound for the percentage recoveries as presented in Table 1, ranged from 96.04 % (Alpha-Chlordane) to 99.24 % (Endosulfan II), confirming the suitability and appropriateness of the extraction procedure and the GC-MS analyses employed. The Fortification concentration used was 25.00 µg/kg. The linear regression's correlation coefficient (r2) values obtained from the plot of known concentrations of OCPs against their peak areas ranged between 0.9997 and 0.9999.
	Table 1: Percentage Recovery of OCPs in Herbal Tea from Abuja, Nigeria
	Tea/OCP (mg kg¹)
	Max
	Min
	Mean
	SD (approx.)

	Alpha-BHC
	0.356
	0.004
	0.161
	0.08800

	Beta-BHC
	0.368
	0.010
	0.214
	0.08950

	Gamma-BHC
	0.020
	0.001
	0.015
	0.00475

	Heptachlor
	1.641
	0.020
	1.832
	0.40525

	Delta-BHC
	0.567
	0.010
	0.378
	0.13925

	Aldrin
	0.802
	0.050
	0.901
	0.18800

	Heptachlor Epoxide
	0.589
	0.020
	0.546
	0.14225

	Gamma-Chlordane
	0.772
	0.010
	0.854
	0.19050

	α-Chlordane
	0.101
	0.010
	0.075
	0.02275

	Endosulfan I
	0.261
	0.005
	0.333
	0.06400

	p,p’-DDE
	0.092
	0.003
	0.037
	0.02225

	Dieldrin
	0.050
	0.002
	0.017
	0.01200

	Endrin
	0.214
	0.010
	0.127
	0.05100

	p,p’-DDD
	0.099
	0.010
	0.117
	0.02225

	Endosulfan II
	0.159
	0.012
	0.094
	0.03675

	p,p’-DDT
	0.086
	0.004
	0.068
	0.02050

	Endrin aldehyde
	0.060
	0.006
	0.052
	0.01350

	Endosulfan sulphate
	0.050
	0.001
	0.014
	0.01225

	Methoxychlor
	0.021
	0.002
	0.016
	0.00475

	Endrin ketone
	0.084
	0.011
	0.082
	0.01825


3.2 Profile of Organochlorine residues in Herbal teas in Abuja, Nigeria 
Figure 1 depicts the total OCP residues found in the tea samples from the FCT, Abuja. The highest combined OCPs residue was in lemon ginger tea (4.318 mg kg-1). This was closely followed by the residue in Eyebright (4.172 mg kg-1). The least range of the OCP residue was found in Top tea (1.963 mg kg-1) and Mint tea (2.027 mg kg-1), respectively. Also, Figure 2 shows the concentration of organochlorine residue in all the herbal tea brands from FCT, Abuja, where heptachlor residue had the highest occurrence in the herbal teas.
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Figure 1: Cumulative Organochlorine Residue per Herbal Tea Brand from the FCT, Abuja
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Figure 2: Profile of Organochlorine Residues in 10 Herbal Tea brands from FCT, Abuja
Among the tea samples, heptachlor concentration was found to be the highest (1.641 mg kg-1), followed by Aldrin (0.802 mg kg-1), a cyclodiene that is among the banned insecticides worldwide (Table 2). The lowest residual concentrations in the herbal teas were Gamma BHC and Endosulfan sulphate (0.001 mg kg-1), respectively. The mean concentration was also highest in the Heptachlor and the lowest in the endosulfan sulphate.
 
 
 
Table 2: Maximum, Minimum and Mean Concentration of 20 organochlorine residues in 	Herbal teas in Abuja, Nigeria 
	Tea/OCP (mg kg-1 )
	Max
	Min
	Mean

	Alpha-BHC
	0.356
	0.004
	0.161

	Beta-BHC
	0.368
	0.010
	0.214

	Gamma-BHC
	0.020
	0.001
	0.015

	Heptachlor
	1.641
	0.020
	1.832

	Delta-BHC
	0.567
	0.010
	0.378

	Aldrin
	0.802
	0.050
	0.901

	Heptachlor Epoxide
	0.589
	0.020
	0.546

	Gamma-Chlordane
	0.772
	0.010
	0.854

	α-Chlordane
	0.101
	0.010
	0.075

	Endosulfan I
	0.261
	0.005
	0.333

	p,p’-DDE
	0.092
	0.003
	0.037

	Dieldrin
	0.050
	0.002
	0.017

	Endrin
	0.214
	0.010
	0.127

	p,p’-DDD
	0.099
	0.010
	0.117

	Endosulfan II
	0.159
	0.012
	0.094

	p,p’-DDT
	0.086
	0.004
	0.068

	Endrin aldehyde
	0.060
	0.006
	0.052

	Endosulfan sulphate
	0.050
	0.001
	0.014

	Methoxychlor
	0.021
	0.002
	0.016

	Endrin ketone
	0.084
	0 .011
	0.082


The data presented in Table 3 show that all the tea samples were contaminated with the 20 OCP insecticides except for endosulfan sulphate in the Lipton tea. The OCPs were classified as benzene hexachloride, cyclodienes, chlorodane, endosulfans, pp’ and its isomers, and methoxychlor. European Union (EU) Maximum Residue Limits (MRLs) in the Table provide insights into the degree to which these pesticide residues exceed international safety standards. Ten of the 12 tea brands violated the EU MRLs. The concentration of alpha-BHC was notably higher in Mango, Lem-Gin, and Highland teas, reaching up to 0.356 mg kg-1, against the EU MRL of 
0.005 mg kg-1. Among the Benzene Hexachloride (BHC) isomers detected in the herbal teas, Delta-BHC recorded the highest concentration in Green Tea, while Gamma-BHC showed the lowest concentration in Lipton Tea. All BHC residues were present across the tea samples, indicating widespread contamination with this class of organochlorine pesticides as reported in Table 1 above.
Cyclodiene compounds, including aldrin, heptachlor, heptachlor epoxide, dieldrin, endrin, endrin aldehyde, and endrin ketone, were found with varied and relatively high concentrations that exceeded the EU MRLs. Aldrin residual concentration was highest in fat reduction tea (0.802 mg kg-1). This was followed by lemon ginger tea (0.765 mg kg-1) and then Beetroot tea (0.707 mg kg-1); Lipton tea had the lowest residual OCPs concentration (0.286 mg kg-1). Among the cyclodines, dieldrin appeared to have the lowest concentration range (0.012 mg kg-1) in Top tea to (0.002 mg kg-1) in mint tea in this study.
All the tea samples analysed were contaminated with heptachlor and its metabolite. The residual concentration of heptachlor epoxide in the tea samples was higher than the EU MRLs of 0.0001 mg kg-1. Moringa tea had the highest contamination residue of heptachlor1.641 mg kg-1), followed by highland tea (1.639 mg kg-1) and Eyebright tea (1.576 mg kg-1), while mint tea (0.040 mg kg-1) had the lowest OCPs residue of heptachlor. Heptachlor epoxide, a metabolite of heptachlor, displayed a consistently elevated concentration across the samples, such as mint (0.589 mg kg-1), beetroot (0.442 mg kg-1), and Lemgin (0.438 mg kg-1).
Endrin and its metabolites, including endrin aldehyde and ketone, exceeded their respective MRLs. Zhang et al. (Xie et al., 2019) reported a mean Endrin residue of 0.5 mg kg-1 in dry weight in herbal teas. The values recorded for Alpha and Gamma chlordane in the sample teas were also higher than the EU MRLs.  The two alpha and gamma chlordane residual concentrations ranged between 0.010-0.101 mg kg-1 and 0.01 - 0.772 mg kg-1, respectively. In lemon green tea, the highest concentration of Gamma-chlordane (0.772 mg kg-1) occurred, while the lowest concentration of residue (0.043 mg kg-1) was found in mint tea. Also, the highest concentration of Alpha-chlordane (0.101 mg kg-1) was found in lemon ginger, while the least residual concentration (0.010 mg kg-1) was found in guava tea.
All the herbal teas were contaminated with endosulfan sulphate except Lipton tea. These values were within the EU limit except in highland tea (0.008 mg kg-1). The values obtained for endosulfan I ranged between 0.005 mg kg-1 (beetroot) to 0.261 mg kg-1 (Lipton). Guava had the highest Endrin ketone residue (0.084 mg kg-1). For Endrin aldehyde, residual concentrations in the herbal tea ranged from 0.006 mg kg-1 in (highland tea) to 0.06 mg kg-1 (beetroot tea).  
The pp’ DDE, a metabolite of pp’ DDT, was contaminated in the range of 0.003 to - 0.092 mg kg-1. The pp’ DDE residue in all the tea samples was below EU's MRLs except for in Lemon gin tea at 0.092 mg kg.  The concentration of pp’ DDD in all the samples was above the EU MRL except in the Top tea (0.010 mg kg-1). All the tea samples were contaminated with pp’DDT with the maximal concentration of 0.086 mg kg-1 in beetroot. Methoxychlor insecticide was also detected in concentrations above the EU limit of 0.005 mg kg-1 in teas like Guava (0.011 mg kg-1), Moringa (0.017 mg kg-1) and Beetroot (0.013 mg kg-1). Methoxychlor concentration ranged between 0.002 -0.021 mg kg-1. The concentration of methoxychlor in Mango tea, Highland tea, Fat reduction tea, and Eyes bright tea was all below the EU standard. 







	Table 3: Concentration Profile of Organochlorine Residues in the Herbal Tea brands from FCT, Abuja, compared with EU MRL

	OCP (mg kg-1)
Subclass
	Green Tea
	Guava  
	Moringa
	Beetroot 
	Mango 
	Lipton 
	Lem-Gin
	Top tea 
	Mint 
	High land 
	Fat red 
	Eyes bright 
	EU MRL (mg kg-1)

	Benzene Hexachloride

	Alpha-BHC
	0.219
	0.004
	0.259
	0.123
	0.160
	0.120
	0.356
	0.047
	0.151
	0.195
	0.058
	0.242
	0.005

	Beta-BHC
	0.076
	0.038
	0.028
	0.099
	0.267
	0.066
	0.368
	0.110
	0.061
	0.119
	0.062
	0.125
	0.003

	Gamma-BHC
	0.009
	0.006
	0.015
	0.012
	0.004
	0.001
	0.006
	0.004
	0.006
	0.009
	0.02
	0.008
	0.0003

	Delta-BHC
	0.567
	0.102
	0.067
	0.064
	0.265
	0.082
	0.517
	0.274
	0.065
	0.222
	0.098
	0.222
	0.005

	Cyclodienes 

	Dieldrin
	0.005
	0.004
	0.005
	0.006
	0.006
	0.003
	0.005
	0.012
	0.002
	0.008
	0.012
	0.006
	0.0001

	Endrin
	0.094
	0.061
	0.058
	0.025
	0.106
	0.058
	0.025
	0.085
	0.01
	0.052
	0.214
	0.033
	0.0002

	Aldrin
	0.502
	0.487
	0.453
	0.707
	0.478
	0.286
	0.765
	0.331
	0.518
	0.397
	0.802
	0.605
	0.0001

	Endrin aldehyde
	0.025
	0.033
	0.051
	0.060
	0.028
	0.031
	0.030
	0.016
	0.011
	0.006
	0.015
	0.026
	0.0002

	Endrin ketone
	0.032
	0.084
	0.044
	0.059
	0.013
	0.063
	0.011
	0.033
	0.068
	0.025
	0.078
	0.041
	0.0002

	Heptachlor
	1.189
	1.345
	1.641
	1.252
	1.524
	1.567
	0.432
	0.025
	0.04
	1.639
	0.681
	1.576
	0.0001

	Heptachlor Epoxide
	0.239
	0.298
	0.203
	0.442
	0.212
	0.161
	0.438
	0.336
	0.589
	0.173
	0.332
	0.369
	0.0001

	Chlordane

	γ-Chlordane
	0.436
	0.498
	0.512
	0.493
	0.623
	0.674
	0.772
	0.372
	0.043
	0.737
	0.362
	0.495
	0.0005

	α-Chlordane
	0.014
	0.010
	0.014
	0.023
	0.025
	0.055
	0.101
	0.044
	0.068
	0.053
	0.06
	0.039
	0.0005

	Endosulfan

	Endosulfan I
	0.214
	0.180
	0.233
	0.005
	0.234
	0.261
	0.246
	0.162
	0.18
	0.256
	0.129
	0.244
	0.005

	Endosulfan II
	0.064
	0.159
	0.036
	0.032
	0.020
	0.027
	0.014
	0.075
	0.07
	0.052
	0.012
	0.036
	0.008

	Endosulfan sulphate
	0.005
	0.004
	0.001
	0.006
	0.002
	BDL
	0.001
	0.004
	0.001
	0.008
	0.006
	0.006
	0.006

	DDT and its isomers

	pp’- DDE
	0.010
	0.012
	0.009
	0.008
	0.008
	0.003
	0.092
	0.016
	0.02
	0.012
	0.012
	0.008
	0.02

	pp’-DDD
	0.083
	0.053
	0.069
	0.055
	0.083
	0.086
	0.067
	0.010
	0.086
	0.099
	0.042
	0.072
	0.02

	pp’-DDT
	0.053
	0.006
	0.054
	0.086
	0.054
	0.013
	0.052
	0.004
	0.023
	0.068
	0.013
	0.017
	0.02

	Methoxychlor
	0.003
	0.011
	0.017
	0.013
	0.002
	0.010
	0.021
	0.003
	0.015
	0.002
	0.005
	0.002
	0.005

	Sum
	3.838
	3.395
	3.769
	3.57
	4.114
	3.567
	4.318
	1.963
	2.027
	4.132
	3.013
	4.172
	-



BDL Below the Detection  

3.3 Health Risk Assessment of 20 Organochlorine Residues in Herbal Teas in Abuja, Nigeria 
Table 4 depicts the long-term risk exposure of consumption of contaminated herbal teas with OCP insecticides. The residues of Alpha-BHC, p,p’-DDE, p,p’-DDD, endosulfan II, p,p’-DDT, endosulfan sulphate, methoxychlor, and endrin ketone EDI in the herbal teas were all lower than their respective ADIs, as their HRI values were far above the threshold limit of 100. The OCPs that exhibited the lowest HRI were endosulfan sulphate and methoxychlor, with HRI of 9.805 and 7.337, respectively. The EDIs of the other 12 OCPs were higher than their respective ADIs, indicating their long-term risk exposure. 
Table 4: Estimated Daily Intake, Acceptable Daily Intake, and Health Risk Index of        Organochlorine Residue in Herbal Teas in Abuja, Nigeria 
	OCP in teas
	EDI ((mg kg-1 )
	ADI
	HQ

	Alpha-BHC
	0.00495
	0.005
	99.179

	Beta-BHC
	0.00659
	0.003
	219.897

	Gamma-BHC
	0.00047
	0.0003
	157.265

	Heptachlor
	0.05637
	0.0001
	56375.385

	Delta-BHC
	0.01163
	0.005
	232.492

	Aldrin
	0.02772
	0.0001
	27721.026

	Heptachlor Epoxide
	0.01681
	0.0001
	16806.154

	Gamma-Chlordane
	0.02629
	0.0005
	5257.846

	α-Chlordane
	0.00230
	0.0005
	460.718

	Endosulfan I
	0.01025
	0.005
	205.087

	p,p’-DDE
	0.00115
	0.020
	5.764

	Dieldrin
	0.00051
	0.0001
	508.718

	Endrin
	0.00391
	0.0002
	1954.872

	p,p’-DDD
	0.00361
	0.020
	18.041

	Endosulfan II
	0.00288
	0.008
	35.974

	p,p’-DDT
	0.00209
	0.020
	10.482

	Endrin aldehyde
	0.00158
	0.200
	125.9

	Endosulfan sulphate
	0.00044
	0.006
	7.337

	Methoxychlor
	0.00049
	0.005
	9.805

	Endrin ketone
	0.00254
	0.200
	78.895



 
This study assessed the Health Risk Assessment (HRA) of 20 organochlorine insecticide residues in herbal teas marketed in Abuja. Heptachlor exhibited the highest HRI (56375.385) against the threshold limit of 100. Aldrin followed this with an HRI of 27721.026. The third OCP with high HRI was heptachlor epoxide (16806.154). From this study, Beta-BHC, Delta-BHC, dieldrin, and Alpha-chlordane all had moderate to high-risk OCPs, p,p’-DDE and p,p’-DDD, endosulfan I and II had relatively lower relative risk. Endrin and endrin ketone had an HRI of 1,954.872, while endrin ketone showed an HRI of 1,267.692, indicating high risk from both compounds. 
4. DISCUSSION
[bookmark: _Hlk194072639]The detection of OCP residues in herbal tea samples indicated significant contamination of several classes, many of which exceeded EU standards. This contamination might be due to using OCPs during cultivation or in storage (Yigit and Velioglu, 2020; Taiwo, 2019).  These residues raise concerns about potential health risks for consumers, especially chronic exposure. Similar studies on OCP residues in Nigeria have detected pesticides in herbal teas, medicinal plants, and food products above regulatory limits. For instance, Taiwo (Alani et al., 2023) reported high levels of OCPs, including aldrin, endrin, and heptachlor, in agricultural and medicinal plants from Northern Nigeria. Values were often in the 0.05–0.20 mg kg-1 range, similar to the relatively high concentrations of OCP residues found in Abuja herbal teas. Studies by Alani et al. (2023) also highlighted the high prevalence of aldrin, dieldrin, and endosulfan residues above EU standards in various food products across Lagos, Nigeria, with levels reaching 0.100 mg kg-1 - 0.800 mg kg-1. Kumar et al. (2025) reported an aldrin residue of 0.06–0.100 mg kg-1 dry weight in therapeutic teas, 
International Research on herbal teas and traditional medicines in India, such as by Chaudhuri et al. (2019), also identified alpha-BHC and endrin contamination at levels comparable to those in Abuja samples. Concentrations reached up to 0.300 mg kg-1, notably in chlordane and BHC isomers, underscoring the global persistence of these compounds. Chlordane’s toxicity and long-term environmental persistence make these findings particularly concerning for public health. 
Benzene was detected at a concentration similar to what was obtained in the current study, at a range of 0.015 – 0.378 mg kg-1.  González-Hernández et al. (2022) found Alpha-BHC levels between 0.002 mg kg-1 and 0.032 mg kg-1 in herbal teas, and Zhang et al. (2019) reported Beta-BHC values were 0.015 mg kg in black tea. Wang et al. 2019 reported a mean concentration of 0.164 ug/kg dry weight in green tea. These values were all significantly lower than those found in this study. This study’s values reflect a concerning trend of higher pesticide residues, likely due to continued field or storage contamination despite restrictions on their use. Benzene hexachloride is a fumigant pesticide used in the early 1960s and was later banned by the WHO for its acute toxicity and as an endocrine disruptor. 
Previous research in the EU and North America reports much lower OCPs levels in herbal products, possibly due to stringent regulations. Studies by Emoyan et al. (2022) found that most OCP residues were either non-detectable or within the permissible range (< 0.01 mg kg-1), showing the effectiveness of strict regulatory oversight. This revelation underscores the need for increased monitoring, policy enforcement, and public awareness to mitigate health risks associated with OCP residues.
Aldrin was detected from 0.025 mg kg-1 in Mint tea to 0.802 mg kg-1 (Fat Red), well above the EU limit of 0.0001 mg kg-1. Opuni et al. (2021) reported dieldrin residues in maize and grains up to 0.011 mg kg-1, and endrin levels ranged from 0.002 mg kg-1 to 0.045 mg kg-1, aligning closely with the lower end of the concentrations found in this study. The elevated levels of aldrin and endrin found in this study reflect the continued contamination from their use. Adenuga et al. detected Heptachlor residues of 0.004 - 0.008 mg kg-1 dry weight in Indian herbal teas, and Xie et al. (2019) reported a mean concentration of 0.012 mg kg-1 dry weight in tea, which is much lower than those found in this study. Thus, there is a potential risk for significant exposure to Heptachlor through herbal tea consumption in Abuja, Nigeria. 
Gamma-chlordane with an HRI of 5,257.846 suggests substantial toxicity. Chronic exposure has been linked to immune suppression and carcinogenic potential. The compound’s bioaccumulative nature exacerbates long-term risks. Gamma chlordane ranged from 0.043 mg kg-1 (Mint) to 0.772 mg kg-1in Lem-Gin, exceeding the EU limit of 0.0005 mg kg-1 in all samples. Alpha-chlordane was found at levels between 0.010 mg kg-1 (Guava) and 0.101 mg kg-1 (Lem-Gin), surpassing the EU standard of 0.0005 mg kg-1 in all samples. (Tarawneh, 2022) reported γ-Chlordane values of 0.002–0.054 mg kg-1 in herbal tea samples, significantly lower than the concentrations found in this study. Endosulfan Sulphate ranged from 0.001 mg kg-1 to 0.008 mg kg-1, with most levels being within the EU standard of 0.006 mg kg-1. Yang et al. (2022) reported Endosulfan I residues between 0.012–0.045 mg kg-1 in cereals, which aligns with the lower range of concentrations in this study. The detection of Endosulfan I and II at levels exceeding the EU standards in this study 
Mukasa et al. (2022) detected p,p’-DDT at 0.001–0.045 mg kg-1 in Kenya, which is consistent with the low to moderate levels found in this study. The detection of pp’-DDE and other pp’-DDT metabolites requires for more constant surveillance study on this beverage in Nigeria. Methoxychlor was detected in concentrations of 0.001 mg kg-1 in Lipton to 0.021 mg kg-1 in Lem-Gin, exceeding the EU limit of 0.005 mg kg-1 in the tea samples. Adenuga et al. (2022) found methoxychlor residues at a range of 0.050–0.300 ng/g tea dry weight, highlighting the level of methoxychlor contamination in Nigeria’s food, as opined in this current study. The ability of these pesticides to act as endocrine disruptors, methoxychlor contamination in food, warrants attention and stricter quality control measures, even at low levels (Lokesha et al., 2017). The presence of methoxychlor suggests potential misuse or contamination during production and storage, even though its use has been largely phased out.
With an HRI of 219.897 of Beta-BHC, it indicated significant neurotoxic potential. Prolonged exposure could disrupt hormonal and nervous system functions. Delta-BHC presented an HRI of 232.492, significantly exceeding the acceptable limit. Its bio accumulative nature and endocrine-disrupting effects pose a notable risk to public health (Oshatunberu, 2023).
[bookmark: _Hlk200385050][bookmark: _Hlk200385094] Dieldrin's HRI of 508.718 indicated its high health risk. It is a known neurotoxin and carcinogen, with chronic exposure causing liver and kidney damage (Trivedi et al., 2025). Alpha-Chlordane exhibited an HRI of 460.718, with a potential for long-term effects on the immune system (Ansari et al., 2024). Although less potent than Gamma-chlordane, Alpha-chlordane’s cumulative effects cannot be ignored. p,p’-DDE and p,p’-DDD metabolites of DDT had relatively low HRIs (5.764 and 18.041, respectively) compared to other compounds in the sampled teas, 
The Health Risk Assessment (HRA) indicates that certain OCPs in herbal teas exceed safety thresholds by several orders of magnitude. Agricultural Organisation (FAO), the World Health Organisation (WHO), and the CODEX Alimentarius Commission (CODEX) have previously set Maximum Residue Limits (MRLs) and Acceptable Daily Intake (ADI) for insecticide residues on various foods, including herbal tea. These MRLs are based on scientific studies and aim to ensure that insecticide residues in food products remain below the threshold deemed safe for human consumption. Notably, heptachlor, aldrin, heptachlor epoxide, and Gamma-chlordane pose the most immediate and severe health risks, underscoring the urgent need for regulatory intervention. The high HRI values associated with these compounds suggest a critical public health risk, especially in cases of frequent or prolonged consumption.
Cyclodienes such as aldrin and dieldrin have been classified by the International Agency for Research on Cancer (IARC) as possibly carcinogenic to humans (Group 3), with studies suggesting an association with cancers of the liver, pancreas, and brain (IARC, 2018). Recent studies have also shown that cyclodienes can disrupt the endocrine system, potentially affecting thyroid and reproductive hormones. Previous studies have documented an association between high levels of dieldrin and heptachlor in pregnant women and altered fetal development outcomes (Soman et al., 2024).
Many detected OCPs (e.g., aldrin, dieldrin, endrin) are associated with neurotoxicity and potential carcinogenicity. Chronic exposure to these compounds, even at low concentrations, can lead to irreversible health impacts, including developmental and reproductive toxicity. Compounds like Beta-BHC, Delta-BHC, and endosulfan are endocrine disruptors. Even at low levels, their presence can have far-reaching effects on hormonal regulation, potentially impacting reproductive health, growth, and development.  Several OCPs detected (e.g., heptachlor epoxide, endosulfan I and II) can bioaccumulate in human tissue, and because they are lipophilic, this can increase the risk of adverse health effects. Even low-level exposure can lead to harmful concentrations in body tissues over prolonged periods. 
5. CONCLUSION
It was revealed from this study that all twelve samples of tea brands in the FCT, Abuja, were contaminated with the 19 OC insecticide residues.  In the Lipton tea, endosulfan sulphate was below the detectable level.  Among the tea samples, heptachlor concentration was the highest, followed by Aldrin, a cyclodiene that is among the banned insecticides worldwide. The concentration of alpha-BHC was notably higher in Mango, Lem-Gin, and Highland teas, and where above the EU MRL of 0.005 mg kg-1.  
The HRI of residues of Alpha-BHC, p,p’-DDE, p,p’-DDD, Endosulfan II, p,p’-DDT, endosulfan sulphate, methoxychlor, and endrin ketone HQ in the herbal teas were far above the threshold limit of 100, suggesting their carcinogenic potential at long-term consumption. The OCPs that exhibited the lowest HRI were Endosulfan sulphate and Methoxychlor. Strict regulations, routine monitoring, and Good Laboratory Practices are essential to control OCPs levels and safe food, including herbal teas and other beverages, in Nigeria. Further studies should emphasise the clinical implications of pesticide residues in beverages consumed in Abuja, Nigeria. 
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