Tinggi et al. J. Environ. Expo. Assess. 2025, 4, 26 H
DOI: 10.20517/jeea.2025.10 JOUErnal Of EnXIronmenta:
Xposure Assessmen

Research Article Open Access

'.’ Check for updates

Heavy metal analysis in commercial spices and
herbs by inductively coupled plasma mass
spectrometry (ICP-MS) and estimated dietary
exposure

Ujang Tinggi"?, Madeleine Farrell', Jayde Porter’, Sarah Mitchell’, Sharon Jurd®

'Department of Health, Public Health and Scientific Services, Brisbane, Queensland 4108, Australia.
?School of Medical Sciences, Griffith University, Gold Coast, Queensland 4222, Australia.
3Queensland Health, Public Health Unit, Gold Coast, Queensland 4211, Australia.

Correspondence to: Assoc. Prof. Ujang Tinggi, Department of Health, Public Health and Scientific Services, 39 Kessels Road,
Coopers Plains, Brisbane, Queensland 4108, Australia. E-mail: ujang.tinggi@health.gld.gov.au

How to cite this article: Tinggi, U.; Farrell, M.; Porter, J.; Mitchell, S.; Jurd, S. Heavy metal analysis in commercial spices and herbs
by inductively coupled plasma mass spectrometry (ICP-MS) and estimated dietary exposure. J. Environ. Expo. Assess. 2025, 4, 26.
https://dx.doi.org/10.20517/jeea.2025.10

Received: 14 Feb 2025 First Decision: 28 May 2025 Revised: 24 Jul 2025 Accepted: 11 Aug 2025 Published: 27 Aug 2025

Academic Editor: Stuart Harrad Copy Editor: Shu-Yuan Duan Production Editor: Shu-Yuan Duan

Abstract

Spices and herbs are widely used food ingredients with both cultural and dietary importance, but there is a concern
that these products contain heavy metal contaminants. In this study, the levels of heavy metals (aluminium,
arsenic, cadmium, chromium, lead, mercury, nickel, strontium) were investigated in dried spice and herb samples
(n=69) (basil, chilli, cinnamon, paprika, black pepper, sesame seeds, turmeric). These imported spice and herb
products from different countries were purchased from markets in Queensland, Australia. For comparison, dried
organic turmeric (n = 7) and conventional turmeric (n = 13) were also analyzed. This study aimed to assess the
distribution of heavy metal levels in spices and herbs, evaluate whether their concentrations may cause dietary
exposure concern, and compare levels among different countries of origin. The concentrations of heavy metals
were analyzed by inductively coupled plasma mass spectrometry after microwave digestion, and appropriate
standard reference materials were used for quality control and method validation. The results revealed a wide
variation in heavy metal content across samples. Elevated aluminium concentrations were detected in cinnamon (<
0.1-920 mg/kg), while high strontium levels (260-290 mg/kg) were found in basil. Mercury levels were low (<
0.005-0.059 mg/kg) as were those of arsenic (0.007-1.7 mg/kg), cadmium (0.008-3.7 mg/kg), chromium (<
0.01-4.0 mg/kg), nickel (0.28-4.8 mg/kg), and lead (< 0.005-7.0 mg/kg). Organic and non-organic
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(conventional) turmeric samples also showed wide variation in metal content, with statistically significant
differences observed for nickel (P < 0.01) and chromium (P < 0.05). Overall, estimated dietary exposure to heavy
metals from the consumption of these spices and herbs was below levels of public health concern.

Keywords: Spices, herbs, heavy metals, dietary exposure, inductively coupled plasma mass spectrometry

INTRODUCTION

The use of spices and herbs in cooking, food preservation, and flavoring has a long history in human diets
and nutrition. The global spice trade was valued at US $ 4.3 billion in 2016, and continues to grow
annually”. However, the increasing global demand for high-quality spices and herbs has also caused a rise
in fraudulent practices, including adulteration and fortification. Beyond their culinary value, spices and
herbs are recognized for their potential health benefits, including protective effects against cardiovascular
and neurodegenerative diseases, cancer, and diabetes”*. These health-promoting properties are largely
attributed to bioactive substances such as polyphenols and flavonoids, which exhibit antioxidant, anti-
inflammatory, and antibacterial activities'”®. Despite these benefits, spices and herbs may also contain
hazardous contaminants such as mycotoxins, aflatoxins, pesticides, and carcinogenic heavy metals*.
Heavy metal contamination in spices and herbs can occur through plant uptake from contaminated soil and
water"", or during processing via contact with equipment and packaging materials">"”. Chronic dietary
exposure to toxic metals such as lead, cadmium, and mercury is associated with serious health risks,
including kidney damage, neurodevelopmental impairment, and organ dysfunction"*'*. To mitigate such
risks, several countries have established permissible limits for heavy metals in spices and herbs. In
Bangladesh, for example, the Bangladesh Standards and Testing Institution sets the maximum allowable
lead concentration in turmeric at 2.5 mg/kg"”. In the United States, high levels of lead detected in imported
ground turmeric have led to product recalls, with many of the affected products originating from Asian
countries""". Although the U.S. Food and Drug Administration (FDA) has the authority to regulate and
restrict contaminated products, it has not yet established specific legislative limits for heavy metals in spices
and herbs"®. Other countries have also reported heavy metal levels in various spice and herbal products and
the monitoring of metal exposure from consumption of spices and herbs in a population™****". In Europe,
the Commission Regulation (EU) No. 1881/2006 and subsequent amendments (No. 1317/2021) have set
maximum permissible levels of lead at 0.80 mg/kg in fresh turmeric and ginger, and 2.0 mg/kg in dried bark
spices. For cadmium, the limit is 0.20 mg/kg in fresh herbs (amendments No. 1323/2021)*". In contrast,
there is limited information available on heavy metal contamination in commercial spices and herbs in
Australia. In this study, the concentrations of heavy metals in spices and herbs were analyzed using
inductively coupled plasma mass spectrometry (ICP-MS). The objectives were: (1) to determine heavy metal
levels in a wide range of imported and locally produced spice and herb products; (2) to provide data for
inclusion in the Australian Food Composition Database; and (3) to assess the contribution of spices and
herbs to dietary heavy metal exposure.

EXPERIMENTAL

Sample collection

Dried powdered samples of commercial spices and herbs (n = 69; basil, chilli, cinnamon, paprika, black
pepper, sesame seeds, and turmeric) imported from different countries were purchased from selected
markets and outlets in Queensland, Australia. A description of the spice and herb samples by country of
origin is shown in Table 1. In addition, dried samples of organic turmeric (n = 7) and non-organic turmeric
(n = 13) were obtained from local markets.
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Table 1. Samples of spices and herbs

Spices and herbs Scientific name Country Number of samples

Basil Ocimum basilicum Egypt 1
Unknown* 1

Chilli Capsicum frutescens China 1

o

India
Malaysia
Unknown
Cinnamon Cinnamomum verum China
India
Sri Lanka
Vietnam
Unknown
Paprika Capsicum annuum China
India
Malaysia
Spain
Unknown
Black pepper Piper nigrum China
India
Malaysia
Sri Lanka
Vietnam

Sesame seeds Sesamum indicum India

= 0N = = BN N DB W = N = B NN = =W W

Unknown

Turmeric Curcuma longa Bangladesh
India
Malaysia
Fiji

Total samples

- o g =

(o))
O

*Unknown country of origin

Heavy metal analysis

The concentrations of heavy metals - aluminium (Al), cadmium (Cd), chromium (Cr), lead (Pb), mercury
(Hg), nickel (N1i), strontium (Sr) - and the metalloid arsenic (As) were determined using ICP-MS (8800
ICP-MS Triple Quad, Agilent Technologies, Tokyo, Japan) following microwave-assisted digestion (CEM
MARS 6, USA). For consistency in discussion, As is referred to as a heavy metal throughout the text.
Standard reference materials (ERM CE-278K Mussel Tissue, NIST SRM 1547 Peach Leaves) were used for
quality control and validation of the analytical method. Further details of the procedure have been reported
elsewhere"!. Briefly, 0.3-0.5 g of dried sample was weighed and digested with 5 mL of high-purity nitric acid
(69%, Seastar Chemicals, Canada). Following acid addition, the samples were left to stand overnight to allow
gradual digestion and gas release. Microwave-assisted digestion was then performed using a three-step
program: Step 1 - 400 W, ramp 7 min to 85 °C, hold 5 min; Step 2 - 800 W, ramp 10 min to 110 °C, hold 10
min; Step 3 — 1,600 W, ramp 7 min to 165 °C, hold 10 min. The digested solutions were diluted to 40 mL
with high-purity deionized water (Aqua Cure, Burscough, UK) prior to ICP-MS analysis. The ICP-MS
system was equipped with an Agilent SPS 4 autosampler, and samples were introduced via the Integrated
Sample Introduction System (ISIS) (Agilent Technologies, Victoria, Australia). The operating conditions are
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summarized in Table 2. Standard reference materials were subjected to the same preparation and analytical
procedure as the test samples. Limits of detection (LOD) were established from 20 blank measurements and
calculated as three times the standard deviation of the blanks. Limits of reporting (LOR) were determined as
ten times the standard deviation of the blanks.

Statistical analysis

Descriptive statistics and non-parametric analysis (Mann-Whitney test) were performed using IBM SPSS
Statistics (version 29.0.2; IBM Corporation, USA). Boxplots of heavy metal concentrations in spices were
generated using R version 4.0.4 (R Foundation for Statistical Computing). For statistical purposes, metal
concentrations below the LOR were replaced with the LOR values and treated as minimum values.

RESULTS AND DISCUSSION

Method validation and quality control

Sample digestion in sealed Teflon digestion vessels using a microwave digestion system was found to be
both efficient and rapid, with no evidence of carry-over or cross-contamination. The optimized operating
conditions of the ICP-MS provided high sensitivity for detecting trace levels of heavy metals in spice
products [Table 2]. Calibration curves were linear across the concentration range of 0.1-100 pg/L, with
correlation coefficients (r) of 0.9997 or higher. Scandium, rhodium, and iridium were used as internal
standards. Method accuracy was validated by analyzing heavy metal concentrations in standard reference
materials (SRMs) as quality controls. Recoveries were within the certified ranges for all elements except
aluminium, which showed a recovery of 68.5%. This lower recovery is likely attributable to a matrix effect
caused by the high aluminium content in the reference sample. The LOD, LOR, and recoveries of metals
from SRMs are presented in Table 3. Our laboratory also regularly participates in the proficiency testing
program organized by the National Measurement Institute (NMI), Australia, for trace metal analysis in food

[25]

products. Consistently, our results fall within the assigned reference values and Z-scores”.

Levels of heavy metals in spices and herbs

Arsenic, cadmium, mercury and lead

The concentrations of heavy metals in spices and herbs varied widely, with broad distribution ranges
[Table 4 and Figure 1]. Arsenic levels were generally low, with a mean concentration of 0.11 + 0.21 mg/kg
and a range of 0.007-1.7 mg/kg. The highest arsenic level (1.7 mg/kg) was found in a black pepper sample,
which is considerably higher than values reported from other countries [Supplementary Table 1].
Nevertheless, the mean arsenic concentration in black pepper in this study is comparable to values reported
elsewhere [Supplementary Table 1]. Higher arsenic levels in black pepper (2.8 + 0.05 mg/kg) have been
documented in Pakistan”. Elevated arsenic levels in spices (2.42 mg/kg) and herbs (1.5 mg/kg) have also

been reported in European markets, although the specific spice types were not identified””.

Cadium levels in this study were generally low, with the exception of one sample containing 3.7 mg/kg
[Table 4]. High cadmium levels in cinnamon (2.43 + 0.38 mg/kg) have previously been reported in Egypt™®.
Numerous studies on mercury in spices and herbs, including herbal medicines, have consistently shown
levels below analytical detection limits">'"”. In this study, mercury was detected at low levels in several
samples, with approximately 75% of samples falling below the method’s reporting limit (0.005 mg/kg)
[Table 4]. Mercury accumulation in plants typically occurs through soil uptake in contaminated or polluted
environments”*. Therefore, the low mercury levels observed here and in other studies may reflect
cultivation in relatively unpolluted soils, resulting in minimal uptake by the plants. Lead concentrations in
this study were also relatively low. However, higher levels of lead in cinnamon from India (2.5 mg/kg)
and Vietnam (7.0 mg/kg) were found in this study [Supplementary Table 1] High levels of lead have also
been reported from Pakistan (7.6-8.4 mg/kg) and Vietnam (2.26-2.92 mg/kg)®*. Particularly
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Table 2. ICP-MS Operating conditions (Agilent 8800)
Parameters
Cones Platinum
RF power (W) 1550
RF matching (V) 1.80
Sample depth (mm) 8.0
Argon flow rate (L/min) 15
Auxiliary gas flow rate (L/min) 0.9
Nebulizer gas flow rate (mL/min) 0.99
Nebulizer pump (rps) 0.1
Spray chamber temp. (°C) 2.0
Sample uptake rate (mL/min) 0.1
Number of replicates 3
Integration time (s) 0.30-3.0
He flow rate (mL/min) 5.0
O, flow rate (%) 30
No gas mode: 'Li >3,400 counts/0.Isec/1ug/L
Sensitivity %y 13,000 counts/0.1sec/Ing/L
?95T| > 4,800 counts/0.1sec/1pg/L
Oxides ece0’/*°Ce" < 1%
He gas mode:
Sensitivity **Co > 1,500 counts/0.1sec/Tug/L
O, gas mode:
Sensitivity 89y 105y >700counts/0.1sec/Tug/L
Table 3. LOD, LOR, and recoveries of heavy metals from SRMs
This QC311 ERM - CE278k This QC320 NIST SRM 1547
study mussel tissue study peach leaves
Elements LOD LOR M " Recovery M " Recovery
(mg/kg) A= Certified ) €N = Certified (%)
SD Uncertainty SD Uncertainty
_ values _ values
(n=8) (n=5)
Aluminium 0.04 01 55.6 + *- - - 1705+ 2489 6.5 68.5
25 4.8
Arsenic 0.001 0.005 6.51+ 6.7 0.4 97.2 0.066+ 0.062 0.014 105.7
0.88 0.013
Cadmium 0.001 0.005 032+ 0.336 0.025 94.6 0.025+ 0.0261 0.0022 95.6
0.04 0.004
Chromium 0.006 0.01 054+ 0.73 0.22 73.5 0.65+ - - -
0.06 0.04
Lead 0.002 0.005 2.04+ 218 0.18 93.5 0.789+ 0.869 0.018 90.8
0.20 0.34
Mercury 0.001 0.005 0.065+ 0.071 0.007 92.0 0.026 £+ 0.0317 0.0043 82.8
0.018 0.002
Nickel 0.003 0.01 0.62+ 0.69 0.15 90.1 0.55+ 0.689 0.095 80.4
0.07 0.05
Strontium 0.003 0.01 169+17 19 12 88.9 54.8 + 53 5.0 103.4
4.7

*The dash (-) indicates that no certified reference values were provided by the SRM suppliers. LOD: Limits of detection; LOR: limits of reporting;
SRM: standard reference material; SD: standard deviation.

concerning are reports of turmeric powders from Bangladeshi markets containing elevated lead levels (37.3
+ 7.5 mg/kg), far exceeding the allowable limit of 2.5 mg/kg set by the Bangladesh Standards and Testing
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Table 4. Levels of heavy metals in spices and herbs

Spices & Metal concentration (mg/kg), mean + SD (range)
herbs Al As cd Cr Hg Ni Pb Sr
Basil (n=2) 365 (330- 0.14 (0.13-0.15) 0.024 (0.023- 0.72 (0.61- (0.007- 1.0 (1.0- 0.475(0.47- 275 (260-
400) 0.025) 0.83) 0.012) 1.0) 0.48) 290)
Chilli (n=14) 97.0+47.4 0.076 £ 0.056 0.080+0.071 0.381+ (< LOR- 0.97 + 0.11+0.046 124 +
(16-150) (0.034-0.24) (0.027-0.3D) 0.376 0.023) 0.43 (0.04-0.19) 4.38
(0.05-1.6) (0.48- (3.7-18)
21
Cinnamon (n= 308.1+289.1 0.09+0.13 0.59+1.10 0.85+117 (<LOR- 0.70+ 1.60+2.07 57.8+
10) (11-920) (0.012-0.45) (0.046-3.7) (0.04-4.0) 0.059) 0.52 (0.15-7.0) 20.2
(0.28- (29-83)
2.0)
Paprika (n =11) 185.6 +93.7 0.16 £ 0.09 0.054 +£0.02 0.96+0.70 (<LOR- 1.01+ 0.22+0M 28.6+
(81-430) (0.047-0.31) (0.037-0.1) (0.25-2.8) 0.008) 0.40 (0.09-0.46) 14.6
(0.71- (12.0-61)
2.0)
Black pepper (n 144.2+144.7 0.18+0.46 0.026 +0.02 0.56+0.70 (<LOR- 2.08+ 0.13+0.09 26.5+12.5
=13) (29-540) (0.007-1.7) (0.008-0.067) (0.05-2.7) 0.017) 1.07 (0.016-0.37) (1-46)
(0.85-
4.8)
Sesame seeds ( 16.6 +32.1 0.032+0.010 0.025+0.007 0.071+ (<LOR) 0.73+ 0.018 £0.016 36.9+439
n=9) (0.1-100) (0.018-0.047) (0.017-0.038) 0.094 0.28 (0.005-0.05) (6.2-110)
(0.01-0.31) (0.42-
1.1
Turmeric(n= 310+178 0.07+0.060 0.05+0.061 0.82+0.51 (<LOR- 0.92+ 0.24+0.27 1.8+2.02
10) (110-630) (0.019-0.22) (0.01-0.20) (0.32-1.9) 0.007) 0.47 (0.033-0.90) (8.4-15)
(0.48-
1.7)
Total (n=69) 178.8+178.6 0.11+£0.21 0.13+0.45 0.61£0.70 (<LOR- IRIES 0.36+0.92 350+
(0.1-920) (0.007-1.7) (0.008-3.7) (0.01-4.0)  0.059) 0.76 (0.005-7.0) 48.2
(0.28- (3.7-290)
4.8)

LOR: Limits of reporting; SD: standard deviation.
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Figure 1. Boxplots of heavy metal distribution (arsenic, cadmium, lead, chromium, nickel, strontium, aluminium) in spices and herbs (bas
= basil, chi = chilli, cin = cinnamon, pap = paprika, pep = black pepper, ses = sesame seeds, tur = turmeric). Outlier values for arsenic
(pap), cadmium and lead (cin), and strontium (bas) are not shown in the graphs but are listed in Table 4.
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Institution”. In Australia, the Food Standards Australia and New Zealand (FSANZ) has established a

[31]

maximum permitted level of lead in fruits, vegetables, and spices, including herbs, at 0.1 mg/kg

Aluminium, chromium, nickel and strontium

The high levels of aluminium detected in spice and herb samples are not unexpected, given that aluminium
utensils and containers used in food processing and packaging can serve as sources of contamination”>*”!. In
addition, some plants and vegetables readily accumulate aluminium, which is stored in plant tissues and
subsequently consumed as food or dietary supplements”**.. In this study, high aluminium concentrations
(300-400 mg/kg) were found in dried basil. Similarly, another study reported high aluminium levels (160
mg/kg) in basil from Australian markets”. Leaching and migration of metals from stainless steel equipment

[34,35

may also contribute to chromium and nickel contamination during food production, including spice
processing” ). In this study, chromium levels in spices and herbs were generally low, typically below 1.0
mg/kg. The highest chromium concentration (4.0 mg/kg) was detected in cinnamon from Vietnam, which
also contained elevated levels of aluminium (920 mg/kg), nickel (2.0 mg/kg), and lead (7.0 mg/kg). High
chromium levels (2.36 + 0.029 mg/kg) in Vietnamese cinnamon have also been reported previously".
Nickel concentrations were generally low (around 1.0 mg/kg), though higher levels were observed in chilli
(2.1 mg/kg) and black pepper (4.8 mg/kg). Other studies have similarly reported high nickel levels in chilli
(4.75-5.25 mg/kg) from Pakistan and in basil (6.7 + 0.1 mg/kg) from Turkey”**". The present study also
identified high strontium concentrations in basil (260-290 mg/kg), although limited information on
strontium levels in basil is available. In other spices, strontium levels ranged widely (3.7-110 mg/kg) but
were generally high. Notably, relatively elevated strontium concentrations were found in cinnamon from Sri
Lanka (61-81 mg/kg) and Vietnam (31-57 mg/kg). High strontium levels in cinnamon have also been
reported in Brazil (68.5 + 25.0 mg/kg) and Vietnam (50.6 + 0.127 mg/kg) ">*.

Heavy metal levels in organic and non-organic (conventional) turmeric

The study has also shown wide variation in heavy metal content across both organic and conventional
turmeric products [Table 5 and Figure 2]. High levels of aluminium were detected in both product types,
ranging from 78 to 1,400 mg/kg.

There is limited information on heavy metal levels in organic spices, including turmeric. However, high
aluminium levels have previously been reported in conventional spices such as chilli (795 + 342 mg/kg) and
black pepper (1,770 + 17 mg/kg) from Bangladesh™. In the present study, arsenic, cadmium, and lead
concentrations in turmeric were generally low, mostly below 0.5 mg/kg, consistent with earlier reports"**.
Strontium levels were relatively higher than chromium and nickel, although little prior data exist on
strontium in turmeric. Chromium and nickel levels observed here are comparable with those of other
studies'*’. Overall, organic turmeric contained higher heavy metal concentrations than conventional
turmeric [Figure 2]. However, no significant differences were found for aluminium, arsenic, lead, or
strontium [Table 5]. Significant differences were observed for chromium (P < 0.05) and nickel (P < 0.01),
with higher levels in organic products. Organic foods, including spices, are widely perceived as healthier and
of superior quality, leading to increasing consumer demand. Nonetheless, based on heavy metal content,
our findings suggest that organic turmeric is not superior to conventional turmeric. It should be noted that
the sample size in this study was small, and larger studies are needed to confirm these findings. Finally,
mercury concentrations in all turmeric products were consistently below the method reporting limit (0.005
mg/kg), consistent with previous studies showing mercury levels in turmeric typically fall below detection

15]

limits!
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Table 5. Heavy metal concentrations in non-organic (conventional) and organic turmeric spices

Metals Concentration (mg/kg), mean + SD (range)
Non-organic turmeric (n =13) Organic turmeric (n =7) *Pvalue All turmeric products (n = 20)
Aluminium  211.5+68.1 425.4+ 4435 286.4+275.7
(110-300) (78-1400) (78-1,400)
Arsenic 0.022 +0.007 0.048 +0.041 0.031+0.027
(0.011-0.039) (0.014-0.13) (0.011-0.13)
Cadmium 0.026+0.020 0.041+0.048 0.032+0.032
(0.007-0.078) (0.006-0.14) (0.006-0.14)
Chromium  0.59+0.36 1.56 £1.91 P<0.05 0.93+1.21
(0.27-1.5) (0.38-5.8) (0.27-5.8)
Mercury <LOR <LOR <LOR
Nickel 0.65+0.22 1.42+0.97 P<0.01 0.92+0.68
(0.40-1.1) (0.69-3.5) (0.4-3.5)
Lead 0.10 £ 0.085 0.19+0.14 0.13+0Mm
(0.034-0.33) (0.031-0.45) (0.031-0.45)
Strontium 1.8+2.83 131+ 4.81 12.2+3.58
(7.7-18) (7.3-21) (7.3-21)

*Statistical differences were analyzed using the Mann-Whitney test. Significant differences between non-organic and organic turmeric are
indicated at P < 0.05 and P < 0.01. LOR: Limits of reporting; SD: standard deviation.
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Figure 2. Boxplots showing the distribution of heavy metals (arsenic, cadmium, lead, chromium, nickel, strontium, aluminium) in non-
organic (non-org) and organic (org) turmeric.

Estimation of heavy metal exposure from dietary spice intake

Spices are widely used not only as key ingredients in food but also in pharmaceuticals and dietary
supplements, such as turmeric, which is valued for its health benefits*>*. Due to cultural differences, daily
spice consumption varies widely across countries and ethnic groups. Spice blends are commonly used in
cooking; in India, adult daily intake has been estimated at 8-10 g, while in Bangladesh it ranges from 3.5-10
g/day*>”"\. In contrast, spice consumption in Western countries is generally lower, averaging 0.5-2.7 g/day in
Europe, 1.0 g/day in New Zealand, and 4 g/day in the United States"***). Data on spice and herb
consumption in Australia are limited. A recent study indicated that Australian adults frequently consume
spices and herbs, with approximately two-thirds reporting daily intake of 1-2 times over the past year'™.
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However, this study did not quantify the actual amounts consumed. Another Australian survey, part of a
market basket study in Western Australia, reported an average daily intake of 1.9 g of spices and herbs™.

In the present study, exposure to heavy metals from spice and herb consumption was assessed using health-
based guidance values (HBGVs) established by the European Food Safety Authority (EFSA)®". The average
concentrations of each heavy metal across all spices and herbs were used to estimate exposure from daily
consumption. The estimated tolerable weekly intake (TWI), tolerable daily intake (TDI), and benchmark
dose lower confidence limit (BMDL) were calculated as follows:

Intake of spices or herbs (g/day) x Metal concentration (mg/kg)

TWI, TDI, or BMDL = By wat okt () (1)

For this estimation, a daily spice intake of 1.9 g and an adult body weight of 70 kg were assumed (metal
concentration expressed in mg/kg unit is equivalent to pg/g unit).

The percentage of metal intake relative to HBGV was calculated as:

Estimated weekly or daily intake x 100

Percentage of HBGV (%) = TWI.TDI or BMDL

(2)

Table 6 summarizes the estimated heavy metal intake from spices and herbs and their contributions,
expressed as percentages of the relevant HBGVs.

Based on the average Al content of 179 mg/kg across all spices in this study, it is estimated that the
contribution of spices and herbs to Al intake is approximately 3.4% of the TWI established by EFSA®,
which is considered low [Table 6]. EFSA has provided a BMDL value only for inorganic As, not for total
arsenic. Accordingly, this study used the inorganic As BMDL value to estimate dietary arsenic exposure
from the consumption of spices and herbs. Inorganic As (III) and As (V) are known to accumulate in plant
tissues due to the uptake of soluble inorganic arsenic species from the soil by plant roots”®”. The
contribution of spices and herbs to arsenic intake was estimated to be low, ranging from approximately
0.038% to 1.0 % of the BMDL [Table 6]. Similarly, for chromium, EFSA" has provided TDI values only for
inorganic Cr species, Cr (III) and Cr (VI), which are the common forms present in food. Cr (III) is
considered an essential element due to its possible role in insulin regulation and glucose tolerance factor;
however, its physiological mechanisms are not fully understood and remain equivocal®*.. In contrast, Cr
(V1) is toxic, and chronic exposure may lead to adverse health effects, including cancer™’. Total Cr levels in
food are generally low (< 0.02 mg/kg), and the levels of Cr (III) or Cr (VI) are expected to be similarly
low"*"”!, In this study, Cr exposure from spices and herbs was assessed against the BMDL value for Cr (VI)
due to its toxicity. The contribution of spices and herbs to Cr dietary exposure was low (0.002 % of the
BMDL, Table 6). Previous reports have identified high lead and chromium levels in turmeric products,
raising concerns that some products may be adulterated with lead chromate to enhance color and
appearance!®. This study also found that the estimated contributions of spices and herbs to the intake of Ni,
Pb, Cd, and Sr were generally low [Table 6]. While exposure to Pb and Cd is a health concern due to their
high toxicity, Ni and Sr are less toxic and thus pose a lower risk. Notably, turmeric (Curcuma) from Sri
Lanka has been reported to contribute significantly to Pb intake (approximately 263% of MBDL,,), and
about 33% for turmeric from India®’. Cinnamon from Vietnam has been reported to contribute to high Cd
intake (about 151% of TWI), and cinnamon from Indonesia contributes about 94% of TWI. Although
strontium is considered non-toxic, its biological role in humans remains unknown. At high exposure levels,
strontium can incorporate into bone and replace calcium, potentially causing bone demineralization and
deformities***. In this study, the estimated contribution of spices and herbs to daily strontium exposure
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Table 6. Estimated heavy metal exposure from dietary intake of spices and herbs

Mean

. Daily intake Exposure (ug/kg HBGV Percentage (%) of
Element comsentration (' (ug/day)*  bw/dayorweek) type  Vale Reference 1\y1/BMDL/TDI
Al 179 340 34* T™WI 1,000 ug/kg  EFSAP? 3.4
bw/week 2008
As** 0.1 0.21 0.003 BMDL,, 0.3-8pug/kg EFSAP” 0.038-1.0
iAs bw/day 2014
cd 0.13 0.25 0.025* TWI 2.5 ug/kg EFSAL 1.0
bw/week 2009
cr* 0.61 115 0.016 BMDL,, 1000 pug/kg EFSA®? 0.002
Cr(Vl)  bw/day 2014
Ni 1 2.1 0.03 DI 13 ng/kg EFSAl4 0.23
bw/day 2020
Pb 036 0.68 0.0097 BMDLy, 15 pg/kg EFSA™? 0.65
bw/day 2010
Sr 35 66.5 0.95 TDI 130 pg/kg WHO™ 073
bw/day 2010

M tal trati X 1.9 g/ds .
Can melq” concen ;ghwn (ug/g) glday g, weekly exposure, multiply
g

this value by 7. * Values for weekly intake are calculated by dividing by body weight (70 kg) and multiplying by 7. **Inorganic As (iAs) BMDL,, is
used, as no value is set for total As. iy (VI) BMDL value is used, as no value is set for total Cr. Hg is excluded due to its low levels (< LOD) in
spices and herbs. HBGV: Health-based guidance value; TWI: tolerable weekly intake; BMDL: benchmark dose lower confidence limit; TDI:
tolerable daily intake; LOD: limits of detection.

*The daily intake is calculated as: Metal exposure (pg/kg bw/day) =

was low, at approximately 0.73% of the TDI set by the World Health Organization™ [Table 6].

CONCLUSIONS

This study revealed a wide variation in heavy metal content among dried culinary spices and herbs,
providing data on heavy metal levels in spices and herbs not previously reported in Australia. The estimated
contributions of spices and herbs to heavy metal exposure from daily intake were generally low, indicating
no significant public health risks. A wide variation in heavy metal content was also observed between
organic and conventional (non-organic) turmeric products, with organic turmeric showing significantly
higher levels of Cr and Ni compared to conventional products. A limitation of this study is the small sample
size, with spices and herbs collected only from Queensland markets, which may not represent those
available across Australia. Future studies should include a larger sample size across all Australian states and
conduct detailed assessments of spice consumption to better evaluate health risks. Additionally, regular
monitoring of heavy metals in imported spices and herbal products is recommended to detect potential
contaminants or adulteration and safeguard consumer health and confidence.
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