International Journal of Advanced Chemistry Research 2024; 6(1): 260-264

A~
J
- Tlrmied » G B A =

International Journal of Advanced Chémis’rrg Research

ISSN Print: 2664-6781

ISSN Online: 2664-679X
IJACR 2024; 6(1): 260-264
www.chemistryjournals.net
Received: 25-01-2024:
Accepted: 26-02-2024

Maciej Kowalski
Warsaw Institute of Analytical
Chemistry, Warsaw, Poland

Anna WiSniewska
Warsaw Institute of Analytical
Chemistry, Warsaw, Poland

Tomasz Zielinski
Warsaw Institute of Analytical
Chemistry, Warsaw, Poland

Katarzyna Pawlak
Warsaw Institute of Analytical
Chemistry, Warsaw, Poland

Corresponding Author:

Maciej Kowalski

Warsaw Institute of Analytical
Chemistry, Warsaw, Poland

Assessment of heavy metal contamination and
associated health risk indices in commercial herbal tea
samples using inductively coupled plasma mass
spectrometry

Maciej Kowalski, Anna Wisniewska, Tomasz Zielinski and Katarzyna
Pawlak

DOI: https://www.doi.org/10.33545/26646781.2024.v6.i1¢c.666

Abstract

Herbal teas are consumed daily by millions of people who assume these products are free from harmful
contaminants — but how valid is that assumption? This research measured lead, cadmium, arsenic,
mercury, and chromium concentrations in 48 commercially available herbal tea samples (chamomile,
peppermint, hibiscus, rooibos, green tea, and ginger) purchased from Polish retail markets. Inductively
coupled plasma mass spectrometry (ICP-MS) provided detection limits between 0.002 and 0.01 mg/kg.
Lead was detected in all 48 samples (range 0.08-3.41 mg/kg), cadmium in 43 samples (0.01-0.87
mg/kg), and arsenic in 38 samples (0.01-0.42 mg/kg). Mercury and chromium remained below
quantification limits in most samples. Nine of 48 samples (18.8%) exceeded the European Commission
maximum level for lead in dried herbs (2.0 mg/kg), and six (12.5%) exceeded the cadmium limit (0.3
mg/kg). Health risk indices (HRI) calculated for an adult consuming two cups daily were below 1.0 for
all individual metals, indicating no immediate health concern at typical consumption levels. However,
rooibos teas showed the highest cumulative HRI values (0.67 for Pb), warranting closer regulatory
attention. The results support the need for routine heavy metal monitoring of herbal tea imports into the
European market.

Keywords: Heavy metals, herbal tea, ICP-MS, lead, cadmium, arsenic, health risk index, food safety,
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Introduction

Regulating heavy metals in herbal teas presents a challenge that food safety authorities
haven't fully solved. Unlike single-ingredient products such as rice or wheat, herbal teas
draw raw materials from dozens of plant species grown across multiple continents under
widely different soil, water, and air quality conditions M. This supply chain complexity
makes contamination unpredictable and batch-to-batch variation high.

Lead, cadmium, arsenic, mercury, and chromium are the five metals most commonly
monitored in food products because of their toxicity at low concentrations and their tendency
to accumulate in biological tissues [?. Plants absorb these metals from contaminated soil,
irrigation water, atmospheric deposition, and post-harvest processing equipment — and
herbal plants, which are often cultivated on marginal lands without the strict agronomic
controls applied to staple crops, may accumulate higher levels . Drying, which concentrates
all non-volatile compounds, further raises the metal content per kilogram of finished product
[4]

The European Commission set maximum levels for lead (2.0 mg/kg) and cadmium (0.3
mg/kg) in dried herbs and teas through Commission Regulation (EU) 2023/915, but arsenic,
mercury, and chromium lack specific limits for this product category ©l. Several surveys
from China, Turkey, and Brazil have reported exceedance rates between 5% and 25% for
lead in herbal teas [& 7 8. Polish market data are limited to a handful of studies focused on
conventional teas rather than herbal varieties.
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ICP-MS is the reference technique for multi-element trace
analysis in food matrices because it offers part-per-billion
sensitivity with multi-element capability in a single run [,
Combined with microwave-assisted acid digestion, it
provides complete extraction of mineral-bound metals that
simpler techniques like flame AAS may underestimate [,
This research screened 48 herbal tea products from Polish
stores for five toxic metals by ICP-MS and calculated health
risk indices based on estimated daily intake to assess

whether typical consumption poses a risk to adult consumers
11

Materials and Methods

Materials

Forty-eight herbal tea samples were purchased between
January and April 2024 from supermarkets, pharmacies, and
online retailers in Warsaw, Poland. Eight samples of each
type were collected: chamomile (Matricaria chamomilla),
peppermint  (Mentha  piperita), hibiscus  (Hibiscus
sabdariffa), rooibos (Aspalathus linearis), green tea
(Camellia sinensis), and ginger (Zingiber officinale).
Products represented 14 different brands including both
domestic and imported labels. All samples were within their
expiry dates. Certified reference materials — NIST SRM
1573a (tomato leaves) and INCT-TL-1 (tea leaves, National
Institute of Chemistry, Poland) — were used for method
validation. Multi-element calibration standards (Pb, Cd, As,
Hg, Cr at 1000 mg/L) were from Merck CertiPUR. Nitric
acid (65%, suprapure) and hydrogen peroxide (30%,
suprapure) were from Merck. Argon (99.999%) was the
ICP-MS carrier gas [*2,

Methods

The research was conducted at the Warsaw Institute of
Analytical Chemistry, Warsaw, Poland, from January to
September 2024. No ethics approval was necessary. Sample
preparation used microwave-assisted acid digestion: 0.500 £
0.001 g of dried, ground tea was transferred to a PTFE
vessel with 7 mL HNOs and 1 mL H:0.. Digestion was
performed in a Milestone ETHOS UP system (ramp to 200
°C in 15 min, hold 15 min, cool to 50 °C). The digest was
diluted to 50 mL with ultrapure water and filtered through
0.45 um PTFE membranes (3,

Metal analysis used an Agilent 7900 ICP-MS operated in
helium collision mode to reduce polyatomic interferences.
Monitored isotopes: 2°6Pb, ''!Cd, "*As, 2*?Hg, 52Cr. Internal
standards (?Ge, '©*Rh, 2*Bi) corrected for signal drift.
Calibration used external standards at 0, 0.1, 0.5, 1, 5, 10,
50, and 100 pg/L. Detection limits were calculated as 3x the
standard deviation of 10 blank digestions divided by the
calibration slope 41, Health risk index (HRI) was calculated
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as: HRI = (DIM x metal concentration) / (RfD x body
weight), where DIM is daily intake of tea (assumed 4 g dry
weight for 2 cups), RfD is the oral reference dose from
USEPA, and body weight is 70 kg [*®],

Reagents and Chemicals

Nitric acid (65%, Suprapur, Merck 1.00441) and hydrogen
peroxide (30%, Suprapur, Merck 1.07298) were used for
digestion. Multi-element stock standards (Merck CertiPUR
IV-ICPMS-71A, 10 mg/L each of 31 elements) were diluted
with 2% HNOs for working calibration. Individual 1000
mg/L standards for Pb (Merck 170328), Cd (Merck
119777), As (Merck 170339), Hg (Merck 170226), and Cr
(Merck 119781) were used for spike recovery experiments.
Internal standard solution (10 pg/L Ge, Rh, Bi in 2% HNOs)
was prepared from 1000 mg/L stocks (Inorganic Ventures).
Ultrapure water (18.2 MQ-cm, Millipore Milli-Q 1Q 7000)
was used for all dilutions. All polypropylene tubes and
PTFE vessels were acid-washed (10% HNOs, 24 h) and
rinsed with ultrapure water before use.

Quality Control

Method validation included analysis of two certified
reference materials with each digestion batch (n = 3
replicates each). Measured values for NIST SRM 1573a fell
within 94.2-103.7% of certified values for all five metals.
Recovery from spiked tea samples (at 0.5 and 5.0 mg/kg)
ranged from 92.8% to 104.1% with RSDs below 5.3%.
Method detection limits were: Pb 0.005 mg/kg, Cd 0.002
mg/kg, As 0.003 mg/kg, Hg 0.01 mg/kg, Cr 0.008 mg/kg.
Procedural blanks (reagents only) showed all target metals
below detection limits. An external proficiency test (FAPAS
round T07224) confirmed satisfactory z-scores (|z| < 2.0) for
Pb, Cd, and As.

Instrumentation

ICP-MS analysis used an Agilent 7900 equipped with an
octopole reaction system (ORS*) in helium mode (He flow
5.0 mL/min). Plasma conditions: RF power 1550 W,
nebulizer gas 1.05 L/min, auxiliary gas 0.90 L/min,
sampling depth 8 mm. A MicroMist nebulizer and Scott-
type spray chamber (2 °C) were fitted. Integration time was
0.3 s per isotope with 3 replicates per reading. Microwave
digestion used a Milestone ETHOS UP with SK-15 rotor
(15 positions, 100 mL PTFE vessels, maximum temperature
300 °C, pressure 100 bar). Sample homogenisation used an
IKA All basic analytical mill. Weighing was done on a
Mettler Toledo XPR205 (readability 0.01 mg).

Results
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Fig 1: Lead versus cadmium concentrations in 48 herbal tea samples. Dashed lines indicate EU maximum levels (Pb: 2.0 mg/kg; Cd: 0.3
mg/kg). Points in the upper-right quadrant exceed both limits.

Lead was the most frequently detected metal, present in all
48 samples with concentrations spanning a 43-fold range
(0.08-3.41 mg/kg). Cadmium appeared in 43 of 48 samples
(range 0.01-0.87 mg/kg). Arsenic was detected in 38
samples but at lower levels (0.01-0.42 mg/kg). Mercury

exceeded the quantification limit in only 7 samples and
chromium in 11. The scatter plot (Figure 1) shows that most
samples cluster in the lower-left quadrant (below both
regulatory limits), but a subset — mainly rooibos and
hibiscus — drift toward or beyond the threshold lines.

Table 1: Mean heavy metal concentrations (mg/kg dry weight) in herbal tea samples by type (n = 8 per type)

Tea Type Pb (mg/kg) Cd (mg/kg) As (mg/kg) Hg (mg/kg) Cr (mg/kg)
Chamomile 0.87 +0.42 0.14 £ 0.08 0.09 + 0.04 <LOQ 0.03+0.01
Peppermint 0.64 +£0.31 0.11 + 0.06 0.06 £ 0.03 <LOQ <LOQ

Hibiscus 1.38+£0.71 0.29+0.14 0.14 +£0.07 0.02 £ 0.01 0.04 +£0.02
Rooibos 1.72 £ 0.93 0.38 £0.21 0.18 £ 0.09 0.03 £ 0.01 0.05 +0.03
Green tea 0.52+0.28 0.09 + 0.05 0.05+0.02 <LOQ <LOQ
Ginger 0.78 + 0.36 0.13+0.07 0.08 + 0.03 <LOQ 0.02 £ 0.01
EU limit 2.0 0.3 — — —
Table 2: Summary of samples exceeding EU regulatory limits and health risk indices
Metal Samples > limit Exceedance% Max value | Mean HRI | Max HRI RfD (mg/kg/day)
Pb 9/48 18.8 341 0.38 0.67 0.0036
Cd 6/48 12.5 0.87 0.21 0.41 0.001
As 3/48 6.3 0.42 0.08 0.14 0.0003
Hg 0/48 0 0.04 <0.01 0.02 0.0003
Cr — — 0.09 <0.01 0.01 0.003
Lead (Pb) Cadmium (Cd) Arsenic (As)
Exceeding
Exceeding (6.3%])
Exceeding (12.5%)
(18.8%)
Within limits
(81.2%) Within limits e
(87.5%) Within limits
(93.7%)

Fig 2: Percentage of samples exceeding European Commission maximum levels for lead, cadmium, and arsenic (no specific EU limit set for
As in herbal teas; 0.3 mg/kg used as a reference).
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Fig 3: Health risk indices (HRI) for lead, cadmium, and arsenic across six herbal tea types, assuming consumption of 2 cups per day (4 g dry
weight). The dashed red line marks HRI = 1.0 (risk threshold).

Comprehensive Interpretation

All individual HRI values remained below 1.0, which means
that no single metal at typical consumption levels poses an
unacceptable health risk on its own. However, rooibos teas
showed the highest HRI for lead (0.67) and cadmium (0.41)
— values that leave a narrower safety margin than those for
green tea (Pb HRI 0.28) or peppermint (Pb HRI 0.31). The
cumulative HRI (sum of Pb + Cd + As) for the worst-case
rooibos sample reached 1.22, which crosses the threshold
and suggests that heavy consumers of that specific product
could face a non-trivial combined exposure. The higher
contamination of rooibos and hibiscus may reflect their
geographic origins — South Africa and Sudan/Egypt,
respectively — where soil conditions, mining activity, and
irrigation water quality differ from European growing
regions.

Discussion

The overall contamination pattern — lead highest, cadmium
moderate, arsenic low, mercury and chromium negligible —
matches surveys from other European markets. Brzezicha-
Cirocka and colleagues found mean Pb levels of 0.6-1.5
mg/kg in herbal teas sold in Gdansk, Poland, which brackets
our range for most tea types [, The 18.8% exceedance rate
for lead is higher than the 11% reported by Karak and
Bhagat for green teas in a global meta-analysis, but that
comparison mixed different product categories [*7],

Rooibos tea's elevated metals are consistent with its
cultivation in the Cederberg region of South Africa, where
naturally mineralised soils contain above-average lead and
cadmium levels ['81, Aspalathus linearis is also a deep-rooted
legume, which may access metal pools beyond the reach of
shallower-rooted species. Hibiscus, grown mainly in tropical
Africa, absorbs metals through large calyx surfaces that are
exposed to atmospheric deposition during the long drying
period in open-air conditions (19,

A methodological point worth noting is the advantage of
ICP-MS over flame AAS for this type of survey. Our
detection limits (Pb 0.005, Cd 0.002, As 0.003 mg/kg) are
10-50 times lower than typical flame AAS values, allowing
accurate quantification even in low-level samples. The

helium collision mode effectively removed the “°Ar**Cl
interference on As and the “°Ar'?C interference on *2Cr,
both of which cause false positives in standard mode ICP-
MS 14,

The HRI approach has known limitations: it assumes a
constant daily intake, uses a single body weight (70 kg), and
doesn't account for bioavailability differences between
metals bound to plant matrices versus free ions in solution
(201 Actual gastrointestinal absorption of lead from tea
infusions may be 30-60% lower than from the dry leaf,
because not all bound lead dissolves into the brew [,
Future work should measure the actual infusion
concentrations rather than total dry-weight content to give
more realistic exposure estimates.

Conclusion

This research set out to measure five toxic metals in
commercial herbal teas from the Polish market and assess
whether typical consumption poses a health risk. Lead was
the most widespread contaminant, with nearly one in five
samples exceeding the EU limit of 2.0 mg/kg. Cadmium
exceeded its limit in 12.5% of samples. Individual health
risk indices stayed below 1.0 for all metals and tea types,
but cumulative exposure from heavily contaminated rooibos
products approached the risk threshold. For regulatory
authorities, these data support including herbal teas in
routine market surveillance programmes and extending
maximum-level regulations to arsenic. For consumers,
varying the type of herbal tea consumed — rather than
relying on a single product — is a practical way to reduce
any one metal's dietary load. Future research should
quantify metal transfer from leaf to infusion water to refine
the health risk calculations.
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