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A B S T R A C T   

There are growing concerns for food safety due to the risks associated with heavy metal 
contamination of culinary herbs and spices in developing countries like Bangladesh. The objective 
of the present cross-sectional study is to determine the concentrations of the heavy metals Lead 
(Pb), Cadmium (Cd), Chromium (Cr), Copper (Cu), and Iron (Fe) in the branded and non-branded 
spices collected from the Noakhali district by Atomic absorption spectrophotometry method, as 
well as to assess the health hazard risk associated with heavy metals intake via consumption of 
spices. The findings revealed that the greatest concentrations of Pb (15.47 ± 1.93), Cd (1.65 ±
0.011), Cr (31.99 ± 3.97), Cu (18.84 ± 1.97), and Fe (9.29 ± 1.71) were found in Cardamom, 
Coriander leaf, Bay leaf, Dried chili, and Black pepper respectively. Around 37 % of Cr and 5 % of 
Fe Estimated Daily Intake (EDI) were greater than reference doses (RfD). All spices had Total 
Hazard Quotient (THQ) values for Pb, Cd, Cu, and Fe that were below acceptable, and 37 % of all 
spices had Total Target Hazard Quotient (TTHQ) values for Pb, Cd, Cu, and Fe that were over the 
standard range, suggesting adverse health impacts for consumers. Green chili, ginger, coriander 
leaf, and all kinds of chili powder and turmeric powder have been reported to have exceptionally 
high TTHQ levels of Cr. The estimated carcinogenic risk for chromium in non-branded coriander 
leaf was found to be higher than safe levels. This study provides valuable insights into the 
commonly consumed spices in Bangladesh and their potential health risks associated with heavy 
metal contamination. The findings of this study can be used by regulatory authorities to develop 
effective strategies and actions to mitigate these risks and safeguard public health.   

1. Introduction 

Globally, food safety is a top priority for the public. Researchers have focused on the hazards associated with consuming 
contaminated foodstuffs, such as pesticides, heavy metals, or toxins in vegetables and spices, in response to the rising demand for food 
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and food safety [1]. Due to their abilities as a taste enhancer, color imparter, texture developer/improver, palatability, and medicinal 
effects, spices are natural ingredients in nearly all traditional cuisines around the world [2–4]. More than a hundred distinct spices are 
grown across the world, with Asia being the primary producer [5]. The global trade of spices is around USD 3 billion, while the re-
ported per capita daily intake of spices is around 5 g [6]. 

Heavy metals are one of the severe pollutants in the environment due to their toxicity, persistence, and bioaccumulation problem. 
Heavy metal refers to heavy metallic chemical elements that have relatively high density and are toxic or poisonous at low concen-
trations [7]. They include essential and non-essential elements such as Mercury, Cadmium, Chromium, Copper, Zinc, Manganese, 
Lead, etc. These heavy metals come in contact with over bodies via food, drinking water, and air. They are unsafe as they tend to 
bioaccumulate (increase in concentration in biological cells over time) [8]. The toxicity can cause a variety of health problems, 
including kidney diseases, neurobehavioral and developmental abnormalities, high blood pressure, and cancer [9,10]. 

Human exposure to harmful heavy metals has grown as a result of rising populations, which places greater strains on infrastructure 
and buildings. Soils that may be utilized to raise crops are contaminated by industrial spills and inadequate handling of chemical waste 
[11]. Human activities such as mining, fertilizer-based agriculture (including aquaculture), and chemical fishing also lead to the 
transport and deposition of heavy metals in soils and water [12]. 

Global concern is growing regarding the widespread contamination of culinary herbs and spices such as curry powder, oregano, 
black pepper, and turmeric with heavy metals such as lead [13]. As a matter of fact, spices are one of the top five food items that are 
most frequently contaminated [14,15]. Markets in the United States, Europe, and other regions with well-resourced regulatory au-
thorities nevertheless report cases of contamination of culinary herbs and spices, despite strict regulation. Recently, excessive amounts 
of lead were found in several brands of turmeric sold in the United States, drawing attention to the potential health risks posed by 
consuming certain culinary herbs and spices [16]. The consequences of investigations by the FDA caused these turmeric brands to be 
removed from the shelves [13]. 

Regulatory organizations in developing countries such as Bangladesh do not sample spices on the market on a regular basis to assess 
their safety, maybe because these heavy metals are not deemed a hazard. But, very little research has been directed to evaluate heavy 
metal-related risk assessment in spices in Bangladesh. Rahman, M.A. et al. found twice the amount above the acceptable value of lead 
in unbranded turmeric samples collected from Dhaka city using atomic absorption spectroscopy [17]. Akter, S. et al. found similar 
result using the Ion Beam Analysis Technique in Pakistan [18]. Another study, conducted in Chattogram, Bangladesh, merely assessed 
heavy metals in three spice samples [19]. No other study has been conducted to determine the heavy metal content of the overall spices 
consumed by consumers in Bangladesh. Additionally, the potential carcinogenic and non-carcinogenic health risks from the con-
sumption of spices have not been studied in Bangladesh. Besides, even in the global context, where heavy metals-induced risk 
assessment has been studied, it has been done randomly from local markets, not on the basis of consumption [19–21]. Moreover, in 
those studies, they assessed the health risk by considering average spice consumption and average human body weight based on the 
existing literature [20,22,23]. 

In the context of Bangladeshi cuisine, the utilization of a wide array of spices is prevalent due to the strong preference for spicy 
flavors among the majority of individuals in this geographical area, consumers of Noakhali coastal region are not different from 
national dietary habit. Besides, coastal areas like Noakhali are more prone to heavy metal accumulation and, subsequently, to human 
health risks [24]. Moreover, there are very limited studies regarding heavy metal concentration in spices, and any studies that assessed 
heavy metal-induced health assessments due to spice consumption are not available, although more than 2.6 % of the total cultivated 
land in Bangladesh is used for spice production [25]. 

So, the key objectives of our current study were to select the spices on the basis of consumption and ascertain the levels of heavy 
metals on the basis of consumption, specifically lead, cadmium, chromium, copper, and iron, in both branded and non-branded spices 
obtained from the study area. Additionally, we sought to evaluate the potential health risks associated with the consumption of these 
spices in relation to heavy metal intake in terms of actual household members consumption frequencies and their actual body weight. 

2. Methods and materials 

2.1. Study design and sampling 

This study was a cross-sectional observational study that was designed by following a study conducted by Kasozi et al. and Dare 
et al. [26,27]. A multi-stage probability sampling method was used to collect data on spice consumption frequency from 180 
households. A household survey was conducted in six different clusters from three stratified locations. There were two small towns, 
two paurashavas, and two unions among these six. The six clusters are marked in Fig. S1, and these are identified as Chowmuhani, 
Maijdee, Bashurhat, Kabirhat, Noakhali Union, and Underchar Union (See Supplementary Fig. S1). 

2.2. Data collection 

Respondents were asked a set of relevant questions using a structured questionnaire with the remaining three sections, which 
included household information, demographic & anthropometric information, and consumption frequency of spices. 

2.3. Exclusion or inclusion criteria 

Only those families whose heads gave their oral and/or written informed consent to participate in the study had their data 
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collected. Anthropometric data were also omitted for members of the family who did not ingest spice-containing foods. 

3. Sample collection and preparation 

3.1. Sample collection 

Based on the consumption patterns observed in the surveyed households, a total of nineteen samples of spices, ranging in 
commercially available sizes from 50g to 125g, were collected from the Sonapur and Maijdee marketplaces in the Noakhali District of 
Bangladesh. Non-branded spice samples (n = 15) and branded spice samples (n = 4) were acquired at random from open markets (See 
Supplementary Table S1). 

3.2. Wet digestion of samples 

Wet digestion was carried out using a 1:4 concentrated mixture of HNO3 and H2S04 adapted from two different studies conducted in 
Malaysia and Pakistan [20,21]. The mixture was heated to 130 ◦C using a thermostat-controlled heating block for 1 h and was allowed 
to cool gradually. Each digestion mixture received 2 ml of H2O2, and the contents were returned to the oven for further heating. This 
step was replicated unless a colorless solution was generated. Following filtration, the clear solution was transferred to a 50 ml 
volumetric flask tube and topped up to the maximum with deionized water. 

3.3. Heavy metal determination with atomic absorption spectroscopy (AAS) 

The heavy metal determination was performed with a PerkinElmer Inc. PinAAcleTM 900H Atomic Absorption Spectrometer (AAS) 
with dual beam optics continuum source double-beam background correction using a high-intensity deuterium arc lamp (See lamp 
specifications at Supplementary Table S2). The heavy metal assessment methodology was modified following three distinct studies 
conducted in Uganda [26–28]. The equipment was calibrated with a linear calibration through zero using a standard solution and a 
blank solution containing known concentrations of the heavy metals under investigation. The AAS was performed in triplicate on 
digested clear solutions for each sampled spice. The linearity (R2) ranges from 0.9897 to 0.9983 for the standards. The limit of 
detection (LOD) was set at 0.001 μg/g following a Malaysian study conducted by Nordin and Selamat [21], and the standard measuring 
time for accurate determination was 3 s [29]. 

3.4. Calculation of weekly and daily consumption frequencies 

The aforementioned computation has been executed by adhering to a series of sequential stages. Initially, homes were queried on a 
weekly basis on the specific types and quantities of spices that were documented by equation no. 1. 

Weekly consumption of a spice by a household (g)= sum of seven days consumption (i.e.,Day 1+Day 2+Day 3+Day 4+Day 5
+Day 6+Day 7)

(1) 

Furthermore, the total weekly intake quantity has been translated into a daily consumption rate, with the data given in grams. 
Additionally, the ingestion rate was determined by dividing the gross values by the total number of household members by the 
equation no. 2, resulting in per-person consumption (g) per day [30]. 

Per day consumption of that spice (g)=Consumption in a week / 7 (2)  

3.5. Exposure to heavy metals, ingestion rate (IR), and approximate spices consumption 

Data from a sample of 180 households was gathered using a specific convenience sampling technique to determine how frequently 
members of the household consume spices on a daily basis by following the method described above. Participants were asked about 
their daily and weekly spice consumption, with a focus on the amount in grams. In addition, the weight of each household member was 
recorded. The daily consumption, i.e., ingestion rate, was then estimated based on the body weight of each family member by 
following equation no. 3 [30]. 

Ingestion rate (IR), g=Per − day consumption of a specific spice / household members of that particular household (3)  

3.6. Human health risk assessment 

Following the equations and methods described (See equation (4)), the Estimated Daily Intake (EDI) of selected heavy metals was 
estimated for each household member to assess the estimated health risk associated with consuming heavy metal contaminants [30]. 

EDI=(Cmetal x IR) / BW (4)  

where, Cmetal implies the concentration of the metals in mg/kg, IR or ingestion rate expressed in gram per day per person, and BW is 
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average body weight of the household members in kg. 
Total Hazard Quotient (THQ) was used to assess the non-carcinogenic risks associated with long-term heavy metal exposure. Total 

Hazard Quotient (THQ) is the ratio of a substance’s levels of exposure over such a specific duration to a reference dose (RfD) (See 
equation (5)). Exposure levels below a certain level (<1) indicate a lower risk of adverse health effects. Consumption of tainted spices, 
on the other hand, may cause health hazards if the calculated value of THQ is equal to or greater than 1 (≥1) [20]. 

THQ=EDI / RfD (5) 

The RfD values for Pb, Cd, Cr, Cu, and Fe are 0.0035, 0.0005, 0.0003, 0.040, and 0.007 mg per kg per day, respectively [31–33]. 
The Total Target Hazard Quotient (TTHQ) was used to estimate the overall non-carcinogenic risk to human health from exposure to 

various heavy metals (See equation (6)) [20]. The population may experience adverse health effects if the TTHQ value exceeds 1 
[34–36]. 

TTHQ=THQ (Pb) + THQ (Cu) + THQ (Cd) + THQ (Fe) + THQ (Cr) (6) 

Cancers risk refers to an individual’s increased likelihood of developing cancer due to contact with hazardous carcinogenic 
compounds such as Pb, Cd, and Cr (See equation (7)) [37]. 

Cancer Risk=EDI × CSF (7)  

where CSF (Cancer Slope Factor) is presented in mg/kg/day. 
The US Environmental Protection Agency recognizes a cancer risk in the range of 1 × 10− 6 to 1 × 10− 4 as appropriate for risk 

management purposes [38]. 

3.7. Statistical analysis 

The heavy metal concentrations in the spices were recorded in Microsoft Excel in order to calculate the carcinogenic and non- 
carcinogenic risk parameters. The mean concentration of heavy metals in each sample was analyzed using SPSS software version 
26. Normality of data were measured using Kolmogorov–Smirnov test. A one-way analysis of variance (ANOVA) was conducted to 
assess the statistical significance of the differences in means among all spice samples. The significance level chosen for this analysis was 
set at less than 0.05. The LSD test was employed to conduct multiple comparisons among means. 

4. Result and discussion 

4.1. Socio-demographic, anthropometric information and consumption frequency of the study population 

There were 180 respondents and 728 household members (including respondents) in the study location; the average household 
members were 4.03 ± 1.17. Among the 180 respondents, 72.22 % were female, whereas among the 728 household members, 404 
(55.5 %) were female. For both respondents and household members, the average age was 36.70 ± 12.96 and 26.40 ± 17.70. Most of 
the respondents who participated in the study completed their primary (35 %) and secondary education (38.3 %), while only 8.3 % 

Table 1 
Heavy metals concentrations (mg/kg) in analyzed spices collected from Noakhali district of Bangladesh (mean ± SD).  

Sample ID Lead (Pb)* Cadmium (Cd)* Chromium (Cr)* Copper (Cu)* Iron (Fe)* 

S-1 0.50 ± 0.08 0.80 ± 0.04 21.32 ± 2.24 15.34 ± 2.28 24.52 ± 2.39 
S-2 1.04 ± 0.02 1.48 ± 0.03 19.68 ± 1.41 3.81 ± 0.69 18.31 ± 2.01 
S-3 1.27 ± 0.02 0.86 ± 0.02 20.40 ± 2.23 12.62 ± 1.62 33.99 ± 3.18 
S-4 1.34 ± 0.00 1.43 ± 0.01 15.83 ± 1.91 5.50 ± 1.23 20.93 ± 2.83 
S-5 1.03 ± 0.01 0.70 ± 0.04 17.25 ± 1.26 BDL 34.17 ± 3.94 
S-6 0.46 ± 0.03 0.73 ± 0.02 12.34 ± 1.23 17.82 ± 1.97 11.16 ± 1.86 
S-7 10.32 ± 1.22 1.18 ± 0.02 25.44 ± 2.26 12.43 ± 0.90 13.34 ± 1.62 
S-8 0.43 ± 0.01 0.53 ± 0.01 15.22 ± 1.92 8.92 ± 1.57 19.73 ± 2.12 
S-9 0.24 ± 0.02 0.47 ± 0.01 20.77 ± 3.03 7.80 ± 0.92 38.34 ± 4.75 
S-10 1.12 ± 0.03 0.57 ± 0.01 10.91 ± 1.99 7.55 ± 1.43 27.08 ± 2.54 
S-11 3.46 ± 0.12 0.99 ± 0.01 19.13 ± 0.69 7.42 ± 1.20 28.84 ± 3.80 
S-12 15.14 ± 1.93 0.09 ± 0.01 15.73 ± 2.41 BDL 11.66 ± 2.23 
S-13 0.58 ± 0.05 0.44 ± 0.01 12.23 ± 0.59 7.53 ± 1.06 19.19 ± 3.00 
S-14 0.85 ± 0.03 0.53 ± 0.01 11.22 ± 1.60 3.50 ± 0.45 16.33 ± 2.76 
S-15 0.88 ± 0.05 0.81 ± 0.00 17.56 ± 1.05 7.47 ± 0.64 21.38 ± 2.21 
S-16 0.56 ± 0.01 0.63 ± 0.01 17.07 ± 2.41 13.30 ± 2.38 32.18 ± 3.54 
S-17 1.33 ± 0.04 1.65 ± 0.01 27.23 ± 1.50 8.85 ± 0.90 29.59 ± 3.09 
S-18 0.61 ± 0.02 0.31 ± 0.00 31.20 ± 3.97 2.03 ± 0.49 31.41 ± 4.12 
S-19 0.13 ± 0.00 0.19 ± 0.01 10.93 ± 2.59 BDL 9.51 ± 1.72 

Here, BDL means Below the Detection Limit. Besides, the asterisk (*) indicates highly significant differences (i.e., P = 0.000) among the mean of all 
sample spices based on the one-way ANOVA test statistic. 
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were higher educated. In the case of spice consumption, we can see that each household usually consumes on average 8.72 ± 1.96 
types of spices per week. Besides, they consumed 6.90 ± 6.58 g of mean spices per household per day, whereas the per person per day 
value is 1.70 ± 1.13 (See Supplementary Table S3). 

4.2. Concentrations of selected heavy metals in sampled spices 

Table 1 summarizes the concentrations of selected heavy metals, i.e., Pb, Cd, Cr, Cu, and Fe, in the samples selected for this study. It 
was discovered that the levels of heavy metals in various spices varied substantially. The findings of this investigation are compared to 
international regulatory requirements and published literature. 

Lead (Pb) is considered as a non-essential metal, and it mainly damages the kidneys and liver of the body [39]. Toxicity of lead (Pb) 
can cause mental retardation, birth defects, autism, allergies, weight loss, hyperactivity, paralysis, brain damage, and even death [40]. 
Cardamom had the highest Pb content (15.47 ± 1.93) mg/kg, followed by cinnamon (10.05 ± 1.22) mg/kg. When compared to studies 
done in other countries, we find that concentrations in Pakistan, Romania, and Iraq, respectively, ranged from 4.44 to 15.88 mg/kg 
[20], 0.04–1.28 mg/kg [41], and 3.21–6.98 mg/kg [42]. Chili powder has been shown to contain the highest levels of lead in Pakistan 
and Iraq [20,42]. 

Consumption of cadmium can cause severe diseases even at low concentrations by accumulating in the kidneys and liver [43,44]. 
The highest concentration of Cd was found in coriander leaf (1.65 ± 0.01) mg/kg, non-branded turmeric powder (1.49 ± 0.02) mg/kg, 
and branded turmeric powder (1.43 ± 0.01) mg/kg. Most Cd was found in Garam Masala, coriander, and curry powder in Pakistan, 
South Korea, and Iraq, respectively [20,42,45]. 

A high concentration of Cr can cause damage to the kidney, liver, and blood cells, although its deficiency causes hyperglycemia and 
elevated fat levels. Some findings also showed that chromium cause DNA damage in various ways [46]. Among the studied spices, we 
found that the greatest Cr levels were found in bay leaf (31.99 ± 3.97) mg/kg, coriander leaf (27.58 ± 1.50) mg/kg, and cardamom 
(25.19 ± 2.26) mg/kg. In Ethiopia [47] and Bangladesh [19], the uppermost Cr concentration was discovered in coriander. In Saudi 
Arabia [48] and Iraq [42], it was found in cinnamon and curry powder, respectively. Copper (Cu) is an important trace element that 
plays a vital role in some biological processes of the human body; however, at high concentrations, it can damage the kidneys and 
blood cells [49]. 

Copper (Cu) is essential element for human health, however, toxicity of copper can cause anemia, liver and kidney damage, 
irritation in stomach and intestine etc. [40]. The most significant Cu concentrations were found in dried chili (18.84 ± 1.97) mg/kg, 
non-branded chili powder (15.36 ± 2.28) mg/kg, and branded cumin (13.81 ± 2.38) mg/kg, respectively. The highest copper level 
was found in black pepper in Saudi Arabia [48], Turkey [50], and Iraq [42], as well as in turmeric powder in Bangladesh [19]. 

In the present study, the concentration of chromium and iron in spices were relatively higher than other metals. Black pepper had 
the greatest iron content, at 9.29 ± 1.72 mg/kg, followed by green chili and branded chili powder, with concentrations of 35.46 ±

Table 2 
Ingestion Rate (IR) of spices (kg bw/day/person) and EDI (mg/kg bw/day) of selected heavy metals through each sampled spice.  

Sample Id IR of each spice EDI of Pb EDI of Cd EDI of Cr EDI of Cu EDI of Fe 

IR and EDI of Non-Branded Spices 
S-1 0.00282 0.00003 0.00005 0.00128 0.00090 0.00142 
S-2 0.00234 0.00005 0.00007 0.00097 0.00018 0.00088 
S-5 0.00413 0.00009 0.00006 0.00149 0.00000 0.00303 
S-6 0.00029 0.00000 0.00000 0.00008 0.00011 0.00007 
S-7 0.00010 0.00002 0.00000 0.00005 0.00003 0.00003 
S-9 0.00009 0.00000 0.00000 0.00004 0.00001 0.00007 
S-10 0.00071 0.00002 0.00001 0.00017 0.00011 0.00040 
S-11 0.00148 0.00011 0.00003 0.00060 0.00024 0.00089 
S-12 0.00058 0.00019 0.00000 0.00018 0.00000 0.00014 
S-13 0.00058 0.00001 0.00001 0.00015 0.00009 0.01435 
S-14 0.00057 0.00001 0.00001 0.00013 0.00004 0.00019 
S-15 0.00045 0.00001 0.00001 0.00016 0.00007 0.00021 
S-17 0.00403 0.00011 0.00014 0.00230 0.00083 0.00242 
S-18 0.00018 0.00000 0.00000 0.00012 0.00001 0.00012 
S-19 0.00073 0.00000 0.00000 0.00017 0.00000 0.00014 
IR And EDI of Branded Spices 
S-3 0.00178 0.00005 0.00003 0.00074 0.00047 0.00125 
S-4 0.00139 0.00004 0.00004 0.00045 0.00016 0.00060 
S-8 0.00085 0.00001 0.00001 0.00028 0.00017 0.00034 
S-16 0.00041 0.00000 0.00001 0.00015 0.00012 0.00027 
Total consumption  0.00076 0.00048 0.00951 0.00354 0.02682 
RfD (mg/kg/day)  0.0035a 0.0005a 0.0003a 0.04b 0.007a 

MPL (mg/kg/day)  0.1a 0.1a 0.1/0.25a,c 50c 300c 

*MPL = Maximum Permissible Limit. 
a U.S. Environmental Protection Agency [52]. 
b Muhseen, Hameed et al. [53]. 
c World Health Organization [54]. 
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3.94 mg/kg and 34.02 ± 3.18 mg/kg, respectively. Compared to comparable research conducted in Iraq, it was shown that the ranges 
of Red pepper (791.66 ± 6.57) mg/kg and curry powder (830.091 ± 11.54) mg/kg had the greatest quantities of elemental Iron [50]. 

4.3. Estimated daily intake (EDI) of selected heavy metals 

The estimated daily intake of heavy metals from spices is presented in Table 2. EDI of Cr in some spices such as chili Powder (NB), 
Turmeric Powder (NB), Chili Powder (B), Turmeric Powder (B), Green Chili, ginger, and coriander leaf exceeded the reference dose 
(RfD) levels; however, none of the heavy metals exceeded the maximum permissible limits (MPL). The EDI of heavy metals through 
consumption of spices were in order of Fe > Cr > Cu > Pb > Cd. A study discovered an elevated EDI of Cr (0.070) for turmeric [51]. Due 
to the absence of permissible tolerable daily intake (PTDI) of heavy metals from the consumption of spices, we could not compare the 
EDI with standard PTDI. 

4.4. Non-carcinogenic risk for selected heavy metals 

To assess the risk of heavy metals in the Bangladeshi population, THQ and TTHQ were estimated and presented in Table 3. All THQ 
values except Cr for chili powder (NB), turmeric powder (NB), chili powder (B), turmeric powder (B), green chili, ginger, and coriander 
leaf were lower than 1, indicating low health risk although the THQ values only provide the risk of value of each metal due to exposure 
[55]. The mean THQ value for Pb was found to be lower than those from Nigeria (0.125) and Pakistan (0.281) [9,20]. The TTHQ values 
(considering all the metals) in the studied spices ranged from 0.135 to 8.328. The TTHQ values in some spices were >1, indicating 
potential health risk. Extremely high TTHQ values of Cr have been found in Green Chili, ginger, coriander leaf, and all forms of chili 
powder and turmeric powder. Our research had a higher TTHQ score than previous studies conducted in Poland, Pakistan, Egypt, and 
Nigeria [9,20,56,57]. 

4.5. Cancer risk (CR) of selected heavy metals 

Fig. 1 shows the total cancer risk of heavy metals in spices commonly found in local Bangladeshi markets. The cancer risk of only Cr 
in coriander leaf was higher than 10− 4, indicating that this spice was not safe for human consumption. In this case, the rest of the spice 
samples were free from cancer risk, i.e., the risk was between 10− 6 and 10− 4. Please see Table S4 in the Supplement for a more 
thorough comparison with studies from other countries. 

Our current study has certain limitations. We have analyzed a limited number of samples that were available at that specific point 
in time based on consumption records by the study population. Our study only presents the amount of specific heavy metal contents 
present in our sample but does provide information on the source of contamination. Furthermore, the ingestion rate of the households 
was computed based on each household’s daily or weekly spice usage. Along with some limitations, the present study provided new 
data regarding the consumption rate of spices and the health risks associated with the consumption of metals from the spices. The 
prospective studies will be done to assess sources of contamination by metals in the spices with a large sample size and more metal 
analysis. 

Table 3 
THQ and TTHQ of heavy metals through consumption of each sampled spice.  

Sample ID THQ of Pb THQ of Cd THQ of Cr THQ of Cu THQ of Fe TTHQ of Each Sample 

THQ of Non-Branded Spices 
S-1 0.00832 0.09381 4.26516* 0.02241 0.20306 4.59277** 
S-2 0.01449 0.14395 3.22698* 0.00451 0.12506 3.51499** 
S-5 0.02511 0.12094 4.97085** 0.00000 0.43296 5.54986** 
S-6 0.00079 0.00874 0.25235 0.00280 0.01016 0.27483 
S-7 0.00591 0.00486 0.17275 0.00063 0.00402 0.18817 
S-9 0.00013 0.00176 0.12275 0.00034 0.01009 0.13506 
S-10 0.00480 0.01621 0.55454 0.00276 0.05736 0.63567 
S-11 0.03025 0.05970 1.98521* 0.00608 0.12778 2.20902** 
S-12 0.05300 0.00216 0.61160 0.00000 0.02033 0.68709 
S-13 0.00206 0.01066 0.50582 0.00224 0.03322 0.55400 
S-14 0.00283 0.01227 0.43371 0.00101 0.02696 0.47678 
S-15 0.00239 0.01510 0.52625 0.00180 0.02973 0.57526 
S-17 0.03168 0.27452 7.65557* 0.02066 0.34627 8.32869** 
S-18 0.00066 0.00241 0.40542 0.00018 0.01708 0.42575 
S-19 0.00057 0.00562 0.57965 0.00000 0.02010 0.60594 
THQ of Branded Spices 
S-3 0.01341 0.06332 2.45549* 0.01186 0.17888 2.72296** 
S-4 0.01100 0.08206 1.51352* 0.00411 0.08566 1.69635** 
S-8 0.00213 0.01860 0.92180 0.00416 0.04803 0.99471 
S-16 0.00135 0.01063 0.50666 0.00292 0.03918 0.56073 

*THQ and **TTHQ values for these samples are greater than the standard limit (>1). 

M.S. Islam et al.                                                                                                                                                                                                        



Heliyon 9 (2023) e21746

7

5. Conclusion 

The present study revealed the concentration of heavy metals in commonly consumed spices in the Noakhali region of Bangladesh. 
The concentrations of heavy metals were higher in Chili powder, turmeric powder, green chili, coriander leaves, ginger, and fenugreek. 
The cumulative risk of studied heavy metals in spices (TTHQ) exceeded >1, indicating a health risk for human consumption. This 
research will assist regulatory organizations in increasing and improving heavy metal monitoring and evaluation procedures in spices, 
as well as ensure public health safety in relation to these food commodities. However, an extensive study is necessary to detect more 
elements in all consumed spices as well as the growing environment and supply chain, such as agricultural soil, water, packaging, etc., 
to find the source of contamination using a large sample size that represents the regional consumption patterns. 
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