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Occurrence and risk assessment
of organochlorine pesticide
residues in tea and herbal
products in Spain
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Organochlorine pesticides (OCP) are persistent pollutants well known for their
ability to bioaccumulate. So, food contamination with these compounds is of
concern for human health. The levels of nine OCP were determined in 60 samples
of black tea and two herbal products (chamomile and linden) commercially
available in Spain. The analysis was carried out by gas chromatography coupled
with electron capture detector (GC-ECD), and confirmed by gas chromatography-
mass spectrometry (GC-MS). The linearity, accuracy, precision, and limits of
quantification and detection of the method were validated. OCP residues were
detected in 66.7% of the samples at low levels, being always below the European
maximum residue limits (MRL). No OCP was found in black tea samples, and only
four pesticides were present in linden and chamomile products: 2,4’-DDD was
the most frequently OCP detected, followed by aldrin, endrin, and 4,4’-DDD. The
health risk assessment indicated that the presence of OCP in black tea and the
two herbal products does not pose any risk to consumers.
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1 Introduction

Tea and herbal products are popular worldwide beverages, and have been traditionally
considered part of the human diet for both therapeutic and pleasure purposes. In fact, and
together with water, tea is the most consumed beverage in the world. Their specific aromas
and pleasant tastes, as well as their presumed benefits for human health, may explain their
popularity among consumers. The global tea market (including herbal teas) was worth
USD 63.5 billion in 2023, with an annual increase of 6.3% from 2024 to 2032 (Zion Market
Research, 2024). In Europe, a total of 228869.10 t of tea (86% black tea) were imported
into the European Union (EU) in 2018 (Tea & Herbal Infusions Europe, 2023a), and
64,493 t of herbal and fruit infusions were sold in 2020 in 10 EU countries (Tea & Herbal
Infusions Europe, 2023b). Related to their potential health benefits, the World Health
Organization (WHO) fostered to strengthen the role of traditional medicines, including
herbal products, in its 2014-2023 strategy (World Health Organization, 2013). The Dutch
dietary guidelines recommended some years later to daily drink three cups of green or
black tea to reduce high blood pressure and the risk of stroke (Kromhout et al., 2016).
Likewise, the Chinese Nutrition Society encouraged Chinese population to drink plain
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water or tea (Chinese Nutrition Society, 2017). This underlines the
importance of these products among the population worldwide.

Nevertheless, consumption of tea and herbal products may
eventually represent a potential source of human exposure to various
hazardous chemicals such as organochlorine pesticides (OCP). These
compounds have been used for more than 80 years to control pests in
agriculture as well as prevent vector borne diseases. It has been
estimated that about 7-10% of tea crops were lost by pests and disease
attacks (Alnawaiseh et al., 2021). Despite their advantages, OCP tend
to accumulate in living organisms due to their lipophilicity, low
biodegradability, and high persistence in the environment, as well as
their ability to transport far-off (Jayaraj et al., 2016; Ma et al., 20205
Olisah et al., 2019). Consequently, trace amounts of these substances
may enter the food chain, and cause chronic health problems
in humans.

According to the WHO, OCP pesticides are of concern for human
health (World Health Organization, 2010), and the Stockholm
Convention (United Nations Environment Programme, 2001)
considered these compounds as priority hazardous pollutants.
Moreover, the Agency for Toxic Substances and Disease Registry
(ATSDR) indicated that these substances have developmental,
endocrine, hepatic, neurological, and reproductive detrimental effects
(Agency for Toxic Substances and Disease Registry, 2024). For all
these reasons, most countries have banned or severely restricted their
use, although they are still present in the environment, as well as in
some foods and water sources (Ma et al., 2020; Ma et al., 2022). In
addition, importing countries or institutions such as the EU have set
maximum residue limits (MRL) in different foods, including tea or
other herbal products, in order to protect consumers health.
Restrictions set by regulatory agencies have made multi-residue
analysis of OCP in teas and herbal products increasingly important.
To monitor them, analysis is usually carried out in several steps,
including target extraction from sample matrix, clean-up,
pre-concentration, and chromatographic determination. Gas
chromatography-mass spectrometry (GC-MS) has become very
popular in pesticide residue analysis to identify and confirm the
results obtained.

Therefore, a continuous assessment of the presence of OCP
should be carried out in view of the high and increasing
consumption rate of tea and herbal products, as well as the adverse
effects of OCP residues on the health of consumers of these
products, especially with regard to chronic health. Several studies
have monitored the potential hazards of herbal products usually
consumed as infusions related to the presence of OCP residues
(Taha, 2020; Rai et al., 2008; Drumea et al., 2018; Siraj et al., 2021;
Szpyrka and Stowik-Borowiec, 2019; Uner et al., 2018), as a way of
minimizing their potential risk for human health and improving
their safety. Nevertheless, in the EU these studies are scarce and
sometimes outdated (Fernandez et al., 1993; Fontcuberta et al.,
2008; Witczak et al., 2018). In a previous survey carried out 30 years
ago (Fernandez et al., 1993), OCP concentrations were evaluated by
this research group in the same type of products (black tea,
chamomile, and linden). The study presented here may serve as
comparison to assess the evolving trend in the occurrence of several
OCP compounds, which is of great relevance from a public health
point of view, even if the levels determined are below the established
acceptable limits (Fattore, 2002). Thus, the objective of this study
was to estimate the content of OCP residues in several commercial
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tea and herbal products usually consumed in Spain, and evaluate
their potential health risks.

2 Materials and methods
2.1 Sample collection

A total of 60 black tea and herbal samples (chamomile and
linden) were analyzed (20 of each type). They were obtained
commercially in supermarkets from Leon (Spain), in boxes with
20-25 infusion bags containing 1-2 g of the product. Samples were
collected among the most popular brands available in this country
according to expiration date (2023 and 2024), acquiring two boxes
with different batches for each year. After purchase, each sample
was coded to blind recognition of the brand name. The boxes
containing the bags were stored in their outer plastic wrapping at
room temperature in a dry place until analysis.

2.2 Chemicals

OCP:
(y-hexachlorocyclohexane), heptachlor epoxide, aldrin, dieldrin,
endrin, 4,4-DDE, 2,4’-DDD, 4,4’-DDD, and 4,4’-DDT. These OCP
compounds were selected as they had been also determined in a

Samples  were screened for nine lindane

previous study carried out by this research group 30 years before
(Fernandez et al., 1993). Certified standards (purity > 96.5%) were
purchased from Dr. Ehrenstorfer GmBH (Ausburg, Germany).
Individual standard solutions of each compound were prepared in
hexane at 1000 pg/mL. A stock solution containing 100 pg/mL of
4,4-DDT and 10 pg/mL of the other eight OCP was then prepared in
hexane. Working standard solutions were obtained by dilution in
hexane to desired concentration levels. Solutions were stored in dark
at 4°C. All reagents were pesticide residue quality grade, and acquired
from VWR Chemicals (Leuven, Belgium). High-purity Florisil was
obtained from Sigma-Aldrich (Steinheim, Germany).

2.3 Sample preparation

The content of three bags from the same box and batch were
thoroughly combined, and an aliquot of 1 g taken. Extraction and
clean-up were performed according to a method described previously
(Stahr, 1977) with slight modifications. Briefly, 1 g sample was
extracted with 2.5 mL acetonitrile, repeating extraction twice more.
Subsequently, the collected supernatants were centrifuged at
1,500 rpm for 1 min, transferring acetonitrile to another glass tube.
7.5 mL of 2% aqueous sodium sulfate solution was then added, and
mixed in a rotary mixer for 1 min. After triple extraction with 2 mL
hexane each, the three organic phases were combined and
concentrated to approximately 0.5 mL. Clean-up of the hexane
extract was carried out with a glass column containing activated
florisil and anhydrous sodium sulphate, by using 12 mL hexane and
24 mL 3% methanol in hexane. Extracts were first evaporated in a
rotary evaporator at 60°C and then to dryness under a gentle stream
of nitrogen. Finally, the dried residue was reconstituted with 1 mL
hexane, and an aliquot transferred for GC analysis.
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2.4 Chromatographic conditions

2.4.1 Gas chromatography-electron capture
detector

Chromatographic separation and quantification of the nine
OCP was performed according to conditions previously described
(Fernandes et al, 2012), using a Shimadzu GC2010 gas
chromatograph equipped with an electron capture detector (ECD)
and an AOC-20 autoinjector. A TRB-5 fused capillary column
(30 m x 0.25 mm i.d., 0.25 pm film thickness, Teknokroma) was
employed as the analytical column. The carrier gas was helium at a
1.3 mL/min flow, and nitrogen was used as make-up gas (purity
>99.999%) at a flow rate of 30 mL/min. A volume of 8 pL extract
was injected in splitless mode. The column temperature was
programmed from an initial temperature of 65°C (held for 2 min)
to 160°C at 8°C/min, then to 235°C at 2°C/min, and finally to
250°C at 15°C/min. Injection port and detector temperatures were
250°C and 300°C, respectively. The total run time was 53 min. Each
sample was injected into the gas chromatography-electron capture
detector (GC-ECD) system in duplicate.

2.4.2 GC-MS/MS identification

Confirmation of OCP residues was carried out following a
protocol established before (Fernandes et al., 2012). In this case, an
Agilent 7010B triple quadrupole gas chromatograph mass
spectrometer (GC-MS) was employed, equipped with a TR-5MS
column (30 m x 0.25 mm id., 0.25pum film thickness, Thermo
Scientific). The mass spectrometer operated in the electron ionization
mode, and the MS/MS option was used. The following mass
spectrometric settings were established: electron jonization mode was
set at 70 eV, 250°C ion source temperature, 250°C transfer line
temperature, and 250°C injector temperature. The injector operated in
the splitless mode, and helium was also used as a carrier gas at a flow
rate of 1.3 mL/min. The column temperature was initially held at 40°C
for 2 min, ramped to 220°C at a rate of 30°C/min (held for 5 min), and
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to 270°C at 10°C/min (held for 1 min). OCP were identified by
comparing their mass spectra with those of the NIST library, and their
corresponding retention times were established. Afterwards, the most
appropriate precursor and product ions were selected to confirm each
compound. Table 1 shows the precursor and product ions used to
identify each compound. Total run time of GC-MS/MS analysis
was 19 min.

2.5 Quality assessment of GC-ECD
methodology

Working solutions were used to plot calibration curves as a
function of peak area vs. concentrations of the nine selected OCP. The
concentration range was 1-100 pg/kg for 4,4-DDT and 0.1-5 pg/kg
for the other eight compounds. The following parameters were studied
to assess the validity of the methodology: linearity, precision, limits of
detection (LOD) and quantification (LOQ), and recovery. The lowest
detectable concentrations were defined as 3 times the standard
deviation of the blank, whereas the lowest concentration level in
calibration line was set as LOQ. Recoveries were established over LOQ
(five replicates) on spiked blank matrices, which were analytically
confirmed to have undetectable levels of pesticides. Precision was also
assessed with 10 times LOQ. No matrix interference was detected in
chromatograms for targeted OCP.

2.6 Estimated daily intake and risk
assessment

Once residue concentrations have been established, it is
necessary to assess if exposure to these compounds may involve a
human health risk associated via tea and herbal product
consumption. The most widely approach used is the estimation of
daily intake (EDI), and its comparison with the acceptable daily

TABLE 1 List of target OCP, chromatographic retention times in GC-ECD and GC-MS/MS, analytical features of the GC-ECD method (linearity range,
LOD, LOQ, and recovery), and selected m/z values for selective ion monitoring mode (GC-MS/MS).

Pesticide GC-ECD GC-MS/MS

Tr Linearity LOD LOQ Recovery (%) Precision (%) Tr Precursor = Product

(min) range (ng/kg)  (pa/kg) (min)  ion (m/z) ion (m/z)
(pglag) ha/kg Horkg Intra-  Inter- Intra- Inter-
day day day day

Lindane

23.1 0.1-5 0.06 0.1 92.1 87.5 2.7 2.6 9.74 218.9 182.9
(y-HCH)
Aldrin 30.2 0.1-5 0.06 0.1 101.4 106.5 6.4 6.7 11.65 262.9 192.9
Heptachlor

333 0.1-5 0.07 0.1 98.8 93.9 6.2 5.9 12.70 352.9 262.8
epoxide
Dieldrin 38.2 0.1-5 0.06 0.1 103.3 108.5 5.4 5.7 14.68 2429 173
4,4'-DDE 38.6 0.1-5 0.08 0.1 103.5 98.3 4.6 4.4 14.40 318 248
2,4'-DDD 39.2 0.1-5 0.04 0.1 94.4 99.1 3.8 4.0 14.64 235 165.1
Endrin 39.9 0.1-5 0.07 0.1 95.5 90.7 8.9 8.5 15.32 244.9 173
4,4-DDD 42.1 0.1-5 0.08 0.1 105.2 107.5 43 4.5 15.67 235 165.1
44'-DDT 452 1-100 0.50 1.0 94.7 90.0 6.9 6.6 16.64 235 165.1
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intake (ADI), together with the estimation of carcinogenic and
noncarcinogenic risks. EDI calculations were based on the OCP
concentrations in the tea or herbal products consumed every day,
following the equation:

EDI:M

where Cocp is OCP concentration (mg/kg) in tea/herbal
product, D means daily intake of the food (kg/day), and W refers
average body weight (kg), which was considered 70 kg for adult
people. To calculate the EDI, an average consumption of 0.1 cups
of tea has been reported in Spain (Landais et al., 2018). A daily
consumption of one tenth of a linden/chamomile bag (0.00011 kg/
day for chamomile and 0.00012 kg/day for linden) has
been considered.

Hazard Index (HI) was calculated as the ratio between EDI and
acceptable daily intake (ADI) (mg/kg) as:

HI=EDI/ADI

ADI values have been fixed by the WHO (World Health
Organization, 2021), and if this quotient does not exceed 1, it is
considered that the consumer would be adequately protected.

When possible, health risk of exposure was also evaluated
according to the approaches described by US-EPA (Agency for Toxic
Substances and Disease Registry, 2022). Noncarcinogenic risks were
assessed by calculating hazard quotient (HQ) as:

HQ=EDI/RfD

being RfD the recommended dose of oral exposure (United States
Environmental Protection Agency, 2024). Again, if HQ values are
smaller than 1, no chronic risk is likely to occur from the exposure and
consumption of these products. In those compounds for which there
may be carcinogenic risks, the lifetime cancer risk (LCR) (Agency for
Toxic Substances and Disease Registry, 2022) was calculated as equation:

LCR :(EDIxSF)x(EJ
LY

where SF is the oral slope factor (United States Environmental
Protection Agency, 2024), ED the exposure duration in years (a period
of 60 years was considered, since the age of majority onwards), and LY
the lifetime in years (78 years).

2.7 Statistical analysis

The results obtained from the chromatographic analysis were
summarized using descriptive statistics (mean, standard deviation,
and percentages). Differences between concentrations were
assessed for each product and year, when possible. The Shapiro-
Wilk test was used to assess the normality of the data. If normal,
data were then compared using the unpaired ¢ test; if not, the
Mann-Whitney U test was applied. In all cases, a value of p < 0.05
was considered significant.
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3 Results and discussion

3.1 Linearity, LOD, LOQ, precision, and
recovery

OCP concentrations were plotted against peak areas at 6-8
calibration levels, depending on the compound considered.
Correlation coeflicients (R*) were always greater than 0.96 for the nine
compounds, indicating good linearity for the analyzed substances. The
temperature GC-ECD program eluted the nine OCP between 23 and
45 min. Their retention times are shown in Table 1 and Figure 1.
Table 1 also includes LOD and LOQ for all OCP residues, showing the
high sensitivity of the analysis performed. LODs were in the range of
0.04-0.5 pg/kg, whereas LOQs ranged from 0.1 to 1 pg/kg. All LOD
were also far lower the maximum residue limits (MRL) stipulated by
the EU (European Commission, 2024) for these compounds, and they
were low enough to accurately determine OCP concentrations in
samples. OCP recoveries were within the analytical acceptable range
(70-110%), and inter- and intra-day precision was always < 15%.
Figures 1, 2 show chromatograms after GC-ECD and GC-MS/MS
analysis, respectively.

3.2 Occurrence of pesticide residues in
samples

Results of the OCP residues analysis in tea and herbal products
are summarized in Tables 2, 3. OCP residues were detected in 40
samples (66.7%). Only four of the nine compounds assessed were
found in the samples (aldrin, endrin, 2,4’-DDD, and 4,4’-DDD).
2,4-DDD was the most frequently compound detected. No pesticide
was identified in any black tea sample, whereas co-occurrence of the
four OCP previously described was observed in chamomile samples.
Only two of these latter compounds (2,4’-DDD and 4,4-DDD) were
determined in linden samples. No significant differences were found
between both expiration years for either chamomile (aldrin, endrin,
and 2,4’-DDD) or linden (2,4-DDD) (unpaired ¢ test, p > 0.05). When
2,4-DDD concentrations were compared between both herbal
products (chamomile and linden), no significant differences were
revealed (Mann-Whitney U test, p > 0.05).

Figure 3 shows mean values per year for each compound. The
OCP with the highest mean concentration in all samples was endrin
(4.58 pg/kg, ranging from 0.75 to 6.14 pg/kg), followed by aldrin
(3.43 pg/kg, ranging from 0.80 to 6.14 pg/kg). These two compounds
were detected only in chamomile samples. The two other OCP (2,4'-
DDD and 4,4’-DDD) were determined in lower concentrations, which
tended to be similar in both chamomile and linden samples: mean of
1.17 pg/kg (range 0.37-1.43 pg/kg) and 1.30 pg/kg (range from 0.32
to 4.27 pg/kg) for 2,4-DDD in chamomile and linden samples,
respectively; and 0.80 pg/kg (0.53-0.95 pg/kg) and 0.64 pg/kg (range
from 0.13 to 1.05 pg/kg) for 4,4’-DDD, respectively.

On the other hand, half of the samples positive to the OCP
screened contained only one compound. Two pesticides were noted
in three samples (7.5%), three different OCP were found in eight
samples (20%), and a combination of the four identified OCP were
present in the other nine samples (22.5%). Those samples containing
three or four different OCP residues were always chamomile ones.
Moreover, residue patterns are different in the three types of products
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FIGURE 1
Representative GC-ECD chromatogram of (A) standard OCP mixture (5 pg/L) and (B) chamomile sample. Peak identification is in order of increasing
retention time: (1) lindane; (2) aldrin; (3) heptachlor epoxide; (4) dieldrin; (5) 4,4’-DDE; (6) 2,4’-DDD; (7) endrin; (8) 4,4’-DDD; (9) 4,4’-DDT.

evaluated (black tea, chamomile, and linden): as mentioned above, no
pesticide has been detected in black tea, whereas DDT metabolites are
present in linden samples, and DDT metabolites, endrin, and aldrin
were found in chamomile.

The results of the current study show that, despite their ban,
residues of these compounds are still detected. Nevertheless, and
compared with a similar study carried out 30 years before (Fernandez
etal., 1993), OCP levels were mostly lower, which shows the success
of the legal measures taken. In this sense, the nine OCP were detected

Frontiers in Sustainable Food Systems

in those samples, whereas at present only four compounds were
determined. On the other hand, as in the current study, chamomile
and linden samples were also more contaminated than those of
black tea.

Most recent studies have also reported their presence in tea and
herbal products, with results quite variable, probably related with the
country where the study was conducted. In Ethiopia (Siraj et al.,
2021), OCP levels found were clearly higher than ours in domestic
commercial teas (not imported) for aldrin (146.5 pg/kg), endrin
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(306.7 pg/kg) and DDT (204.4 pg/kg), whereas no dieldrin,
4,4’-DDE and 4,4’-DDT in rooibos samples were detected in
South Africa (Areo et al,, 2022). High concentrations of 4,4’-DDE
(1.44-7.76 pg/L) were also reported in teas of Jordania (Alnawaiseh
etal., 2021).

Low levels of lindane (36 pg/kg), 4,4"-DDE (1-18 pg/kg) and
4,4-DDT (1-87 pg/kg) were also determined in commercial black tea
in the United States (Hayward et al., 2015). As in our study, aldrin was
detected in all samples assessed in Nigeria (Adenuga et al., 2022), but
at higher levels than ours (10.6-96.5 pg/kg). Endrin was also found in
this latter study, mostly at concentrations <0.8 pg/kg, but in two
samples they raised to 8.5 and 24.6 pg/kg. Moreover, 4,4-DDT
(<0.06-647 pg/kg) and lindane (<0.4-69.8 pg/kg) were present. They
also reported residues of 4,4"-DDE (<0.5-14.5 pg/kg) and 4,4-DDD
(<0.8-48 ug/kg). In Poland, as in our study, low levels were found in
black tea and herbal leaves for lindane (3.68 and 6.27 ng/g,
respectively), aldrin (2.29 and 2.11 ng/g), dieldrin (1.36 and 1.16 ng/g),
endrin (0.16 ng/g in black tea), 2,4’-DDD (0.74 and 0.24 ng/g), and
4,4-DDT (0.67 and 0.62 ng/g) (Witczak et al., 2018), whereas OCP
levels were much higher than ours in linden flowers and leaves in
Turkey (Uner et al., 2018). In view of the global restrictions on their
use and the current evolution of agricultural practices, it is expected
that OCP contamination in these and other edible products will tend
to decrease. This reduction may be due to their substitution by other
pesticides that are less persistent but not free of chronic health risks,
or through the use of safer and more sustainable alternatives such as
Integrated Pest Management or other sustainable agricultural practices.
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As explained before, OCP residue levels are low in the samples
assayed, and only four of the nine substances assessed were
detected. Tables 2, 3 also shows the MRL set by the EU legislation
in dried samples for the OCP evaluated (European Commission,
2024). All the analyzed samples were far below the MRL fixed by
the EU, indicating a low-risk accumulation in tea and herbal
products. It should be noted that no indication regarding the
geographical origin (national, European or from third countries)
of the plant samples was given on the labels of the commercial
products acquired. At present, the companies that manufacture
these products are usually international, and tend to import the
raw material from various countries. Thus, it was not possible to
establish their country of origin, but it is well known that China,
India and Kenya are the world’s largest tea-producers (Chang,
2015; Food of Agriculture Organization of the United Nations,
2024). The low levels detected may reflect either a good agricultural
practice in the country of origin, the effect of OCP ban worldwide,
or the need to comply with the EU MRL to import these products.
In the case of DDD isomers, their presence may indicate historical
rather than recent use of DDT, which decomposes over time in the
soil to DDE and DDD, and may be present in the environment for
many vyears (Szpyrka and Stowik-Borowiec, 2019; Garrido
et al., 1994).

As for the potential source of OCP, pesticides can reach the plants
not only from soil, but also through the air, falling on leaves and
flowers, from where they may penetrate or remain adsorbed on the
surfaces (Uner et al., 2018). Thus, it is not impossible that, even if they
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TABLE 2 Concentrations of the organochlorine pesticide residues in chamomile samples (ug/kg).

Year/sample Lindane Aldrin Dieldrin Endrin Heptachlor 2.4/~ 4.4- 4.4- 4.4-
epoxide DDD DDD  DDE DDT
1 — 4.44 — 573 — 121 — — —
2 — 451 — 5.00 — 1.36 — — —
3 — 3.12 — 4.82 — 1.32 — — —
4 — 440 — 573 — 1.43 — — —
5 — 1.63 — 3.09 — 1.04 0.63 — —
2023 6 — 321 — 347 — 1.27 0.95 — —
7 — 525 — 478 — 1.25 — — —
8 — 3.69 — 5.93 — 1.27 — — —
9 — 1.97 — 4.04 — 1.28 0.80 — —
10 — 239 — 3.83 — 1.13 0.87 — —
X — 3.46 — 4.64 — 1.26 0.81 — —
11 — 0.80 — 5.44 — 1.18 0.86 — —
12 — 1.84 — 4.85 — 1.28 0.90 — —
13 — 4.50 — 5.06 — 1.19 0.83 — —
14 — 523 — — — — — — —
15 — 2.58 — — — — — — —
2024 16 — 291 — 5.11 — 0.61 — — —
17 — 6.14 — 6.14 — 1.30 — — —
18 — 5.97 — 4.15 — 1.40 0.87 — —
19 — 2.94 — 0.75 — 116 0.53 — —
20 — 1.02 — — — 0.37 — — —
X — 3.39 — 4.50 — 1.06 0.80 — —
Total X — 343 — 4.58 — 117 0.80 — —
MRL (pgrkg) 10 20° 100 100° — 500°

MRL, maximum residue limit; X, mean.

*Sum of aldrin and dieldrin.

Sum of heptachlor and heptachlor epoxide.

“Sum of 4,4’-DDT, 2,4-DDT, 4,4"-DDE, and 4,4’-DDD.

have not been used in tea or herbal crops, their presence may be due
to agricultural activities in neighbouring cultivation areas.

Regarding those differences observed in the OCP concentrations
among the three products evaluated, they may be related to several
reasons. In the case of black tea, leaves, leaf buds and tender stems are
used, whereas in linden and chamomile mainly flowers are employed.
Moreover, the essential oil present in chamomile flowers may help to
explain concentrations detected in this herbal product. In the case of
tea, and unlike other crops, leaves are harvested several times a year,
which reduces the time between pesticide application and harvesting
(Feng et al,, 2015). Differences in post-harvest processing may also
contribute, as chamomile and linden are picked and dried, whereas
black tea is picked, withered, rolled, fermented and dried. Sood et al.
(2004) pointed out that pesticide concentrations can be reduced in
all steps involved in the conventional manufacture of black tea.
Agricultural practices in cultivation areas can also change from one
product to another.

On the other hand, the main route of human exposition to
OCP is through food intake. Although in this study the presence
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of OCP has been detected at very low concentrations, long-term
ingestion of low levels of these residues may accumulate in body
tissues over time and pose a potential health risk. For this reason,
and in order to understand the magnitude of exposure and
potential health risk associated via tea and herbal product
consumption, the EDI were calculated and noncarcinogenic and
carcinogenic risks established. As shown in Table 4, the upper
levels of EDI based on 95th percentile were far below both ADI and
RfD values, being HI and HQ clearly lower than 1 for all the
samples in which OCP residues were detected.

For those OCP compounds with carcinogenic risk (aldrin and
4,4’-DDD), values calculated did not exceed the EPA thresholds
of 107-107¢ (United States Environmental Protection Agency,
2009), indicating that these foods should not cause carcinogenic
effects in the human body when chronically consumed.
Nevertheless, it should be also borne in mind that these beverages
contribute only with a small part to the potential daily exposure
to pesticides, and they would be considered in addition to other
foods and drinking water.
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TABLE 3 Concentrations of the organochlorine pesticide residues in linden samples (ug/kg).

Lindane Aldrin Dieldrin

Year/sample

Endrin

Heptachlor 2.4/~ 4.4 4,4'- 4,4 -
epoxide DDD DDD DDE DDT
2 — — — — — 1.19 — — —
3 — — — — — 0.93 — — —
4 — — — — — 0.86 — — —
5 — — — — — 0.78 — — —
2023 6 — — — — — 1.68 — — —
7 — — — — — 0.38 — — —
8 — — — — — 0.32 0.13 — —
9 — — — — — 1.85 — — —
10 — — — — — 1.93 — — —
X — — — — — 1.08 0.13 — —
11 — — — — — 0.78 — — —
12 — — — — — — 1.05 — —
13 — — — — — 1.59 — — —
14 — — — — — 1.57 — — —
15 — — — — — 0.60 — — —
2024 16 — — — — — 0.46 — — —
17 — — — — — 4.27 0.75 — —
18 — — — — — 1.66 — — —
19 — — — — — 1.25 — — —
20 — — — — — 1.62 — — —
X — — — — — 1.53 0.90 — —
Total X — — — — — 1.30 0.64 — —
MRL (pg/kg) 10 20° 100 100° — 500°

MRL, maximum residue limit; X , mean.

*Sum of aldrin and dieldrin.

Sum of heptachlor and heptachlor epoxide.

“Sum of 4,4’-DDT, 2,4-DDT, 4,4"-DDE, and 4,4"-DDD.

Finally, it should be also taken into account that OCP residues were
assessed in this study in dried samples, in order to compare with the MRL
established in the EU legislation, which are fixed in desecated product
(European Commission, 2024). Thus, the residue transfer during brewing
was not tested in this study. In the scientific literature different studies
have evaluated OCP contamination in dried tea and herbal products (Siraj
etal, 2021; Areo et al,, 2022; Hayward et al., 2015; Adenuga et al., 2022),
but others that did the same in brewed samples (Witczak et al., 2018; Lino
and Silveira, 1997; Jeong et al., 2012; Jaggi et al., 2001), as actual exposure
depends on the quantity of the residues leached into the brew finally
consumed. In this latter case, OCP actual transfer were negligible (Jaggi
etal., 2001),10-30% (Lino and Silveira, 1997; Jeong et al.,, 2012) or 0-86%
(Witczalk et al., 2018). Moreover, health estimation was made assuming
the total absorption of residues by the body, which may potentially
overestimate OCP exposure. Another limitation is that we have tested
only nine OCP in order to compare with a previous study carried out
30 years before. Thus, other potential contaminants with systemic or
carcinogenic health risks (other OCP, organophosphate or pyrethroids
pesticides, among others) have been excluded.
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4 Conclusion

The occurrence of nine organochlorine pesticides in 60
samples of commercial black tea, chamomile and linden was
assessed. Approximately two thirds of the analyzed samples
showed low OCP concentrations, and no OCP compound was
detected in black tea samples. Contamination pattern was slightly
different in chamomile and linden samples. In chamomile, four
compounds were determined, with aldrin, dieldrin and 2,4"-DDD
present in almost all the samples and 4,4-DDD in nearly the half,
whereas in linden 2,4’-DDD was again present in most of them,
and 4,4-DDD only in a more sporadic way. In all cases
concentrations were clearly below both EU MRL and the ADI
also highlights that
commercial black tea and herbal products consumed in Spain

established. Health-risk assessment

cannot be considered a serious threat to human health with
respect to those OCP analyzed, and that OCP levels in these
products have declined over time in this country. However, they
should regularly monitor pesticides to ensure public health safety.
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FIGURE 3
Mean concentrations per year detected for each OCP in chamomile and linden samples.

TABLE 4 Admissible daily intake (ADI) set by the Joint Meeting on Pesticide Residues (JMPR) of the Food and Agriculture Organization (FAO)/WHO
(World Health Organization, 2021), reference dose for oral exposure (RfD) and oral slope factor (SF) fixed by the US-EPA (United States Environmental
Protection Agency, 2024), and calculated health risk assessments due to OCP residues present in chamomile and linden products when consumed by
adults.

Lindane Aldrin Dieldrin Endrin Heptachlor 44’-DDD 44'-

epoxide DDE
ADI (mg/kg bw) 0-0.005 0.0001%¢ 0.0002¢ 0.0001%¢ — — 0.01°¢
RfD (mg/kg day) 3% 107 3%107° 5x107° 3% 107 13x107° — — 5x 107
SF (mg/kg day)™" — 1.7 x 10" 1.6 x 10 — 9.1 2.4 %107 3.4x107" 3.4x 107"
5.0 x 10°C 7.6 x 10°C 2.4%107°C
50th — — — —
EDI 1.9x 10°L
(mg/kg day) 9.4%107°C 9.4%107°C 3.5x107°C
95th — _ _ _
3.6 x 10°L
5.0 x 10°C 3.8x107°C 24x107°C
50th — — — — —
Hazard 1.9 x 107°L
Index (HI) 9.4x107°C 4.7 x107°C 3.5x 107°C
95th — — — — —
3.6 x 107°L
Hazard 50th — 1.7 x 10C — 2.5%x107°C — — — —
Quotient
95th — — — — — —
(HQ) 3.1x107*C 3.1x107°C
6.5x 107°C 2.5x107°C
50th — — — — o — —
Cancer risk 24x107"L
(LCR) 1.2x107C 2.7 x107°C
95th — — — — — —
3.2x107°L

EDI, estimated daily intake; C, chamomile; L, linden; 50th, 50th percentile of values; 95th, 95th percentile of values.

*Sum of aldrin and dieldrin.

"Mixture of 4,4’- and 2,4’-DDT, DDE, and DDD isomers.

4,4’-DDT.

“Heptachlor/heptachlor epoxide.

‘PTDI, provisional tolerable daily intake.

Liver was the target organ/system to which RfD and SF were developed for the 9 OCP, as well as the urinary system for lindane and nervous system for endrin.
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