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Abstract 

Chocolates are among the sweet food items consumed by all age groups particularly children in Nepal.  However, 

this foodstuff may be contaminated with heavy metals from the raw ingredients, production, and packaging 

methods, which could bring serious health issues. Therefore, this study aimed to determine cadmium (Cd), nickel 

(Ni), and lead (Pb) by Flame Atomic Absorption Spectrophotometer (FAAS) in a total of thirty-seven different 

brands of milk-based, cocoa-based, and sugar-based chocolates available in local grocery shops of Kathmandu 

city, Nepal and to evaluate associated health risks in children and adults using USEPA deterministic approaches. 

The results revealed concentrations of Cd, Ni, and Pb in the range of 0.021 – 0.585, 1.90 – 7.24, and 0.57 – 4.29 

mg/kg respectively in studied chocolates and an overall mean concentration of 0.199, 4.22, and 1.94 mg/kg 

respectively. The observed concentrations exceeded the maximum permissible limits set by FAO/WHO (2001). A 

higher concentration of all studied metals was found in cocoa-based chocolate compared to milk-based and sugar-

based chocolates. The positive and significant correlations (p < 0.05) among Cd, Ni, and Pb in studied chocolates 

indicate the possibility of contamination from common sources. Similarly, the estimated ADDing values were 

higher for all metals in cocoa-based chocolate for both children and adults. However, children were more prone to 

metals exposure than adults since their dietary intake was higher than adults. Cocoa-based chocolate in this study 

posed a non-carcinogenic risk to both children and adults since their hazard index (HI) values exceeded the 

acceptable limit (>1.0). In addition, Cd and Ni posed carcinogenic risks to both receptor groups through the 

consumption of all three categories of chocolate. Therefore, this study suggested the use of less contaminated raw 

materials in chocolates as well as regular monitoring of the production chain as an attempt to ensure the quality 

and safety of the food products.  
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Introduction 

Chocolates are one of the most important 

confectionery products in the human diet and can be 

eaten at any time of the day. They are the favorite 

food items for children and are also gifted as an 

expression of love and fondness from family and 

friends on several occasions [1]. In addition, they are 

nutritious, easy to digest, compact in size, affordable, 

and can be stored for a long time. A variety of 

chocolates and candies with different tastes and 
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flavors are easily available everywhere in local 

grocery shops and departmental stores. The 

composition of several types of chocolates depends on 

the ingredients used and the manufacturing process 

employed. Some basic ingredients used in chocolates 

are cocoa solids, milk, sugar, liquor, cocoa butter, 

glucose, vegetable oil, emulsifiers, buffering agents, 

etc [2]. Chocolates are a good source of 

carbohydrates, saturated fatty acids, proteins, sugar, 

vitamins, and minerals such as zinc, magnesium, 

phosphorous, calcium, potassium, and iron [3]. Due to 

the presence of flavonoids and alkaloids such as 

theobromine and phenyl ethyl amine in chocolates, 

they have antioxidant, anti-inflammatory, anti-

depressant, and stimulant properties that help to lower 

blood pressure [4]. 

Despite having nutritional and medicinal values, 

contamination of chocolate products by heavy metals 

is, however becoming an unavoidable problem and 

emerging as a serious global concern [5]. All the 

confectionery manufacturers are inclined to a highly 

competitive market so they intend to attract 

consumers by using different colorful packages, 

wrappers, flavors, and different attractive colors and 

shapes in chocolates. Heavy metals may reach the 

chocolate products through several pathways such as 

raw ingredients like cocoa powder used in sweets [6], 

manufacturing process, manufacturing vessels, unsafe 

storage [7], colorful printing inks [8], and colorful 

packaging and wrappers [9]. Children are the most 

targeted groups so they are at high potential risk due 

to heavy metal toxicity as the metals are easily and 

effectively absorbed in children causing different bio-

toxic effects [10].  

Heavy metals are the most ubiquitous, non-

biodegradable, and persistent environmental 

contaminants [11]. The levels of heavy metals are of 

great significance in foodstuffs because they are either 

essential or toxic to human health and cause different 

toxic effects upon exceeding the maximum 

permissible limits [12]. They make their path to the 

human body by different routes such as food, water, 

air, and dermal contact. Some heavy metals such as 

Pb, Cd, Cr, Ni, Fe, Cu, and Zn are commonly found in 

small concentrations in foods which may be bio-toxic 

to humans if present more than safe limits [13,14]. 

These contaminated food products contribute to 

human dietary intake and can accumulate gradually in 

the human body tissue over time which can damage 

different organs such as the kidney, liver, lungs, and 

central nervous system [15]. They also cause physical, 

muscular, and neurological degenerative diseases. 

Besides, the toxicity of metals could be neurotoxic, 

carcinogenic, mutagenic, or teratogenic [7]. 

Heavy metal contamination in chocolate products can 

arise at any stage from the chain of production till it 

reaches the consumers. The chain of foodstuff 

production includes the use of raw materials, 

processing method, packaging, transportation, 

delivery, storage, or marketing [16]. It is, therefore 

necessary to monitor regularly the concentration of 

metals in these food items in order to ensure that the 

metals do not cause any detrimental effect on human 

health. Children are the most susceptible age group to 

toxic metal intake from the consumption of such food 

items and hence, they are often at high risk than 

adults. The concentrations of heavy metals in selected 

brands of chocolates and candies have been carried 

out by many researchers around the world. Some of 

the literature includes studies in countries like India 

[2], Pakistan [17], Iran [18], Nigeria [19], Brazil [20], 

and Saudi Arabia [21]. However, the studies 

conducted on the concentration of heavy metals in 

chocolate products and their associated health risks to 

the human population in Nepal are still scanty in the 
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literature. For this reason, this study aimed to 

determine the concentration of heavy metals (Cd, Ni, 

and Pb) in different brands of chocolates available in 

local grocery shops in Kathmandu and evaluate non-

carcinogenic and carcinogenic health risks in children 

and adults. In light of this event, the findings of the 

present work would serve as a piece of baseline 

information for public awareness as well as helps 

support further investigation in the related area in the 

future.  

 

Experimental 

Sample collection 

A total of thirty-seven different brands of chocolate 

samples that are most commonly favored by 

consumers were randomly selected and purchased 

from local grocery shops located in Kathmandu. The 

collected samples were grouped into three categories 

of chocolates viz., milk-based, cocoa-based, and 

sugar-based based on their labeling and ingredients 

used. Among the analyzed samples were 15 different 

brands of milk-based, 10 cocoa-based, and 12 sugar-

based. For the sake of convenience in analysis, the 

milk-based, cocoa-based, and sugar-based samples 

were coded as MBC, CBC, and SBC respectively. 

Three replicates of each brand product with different 

batches and packing dates were chosen randomly to 

observe possible variations in the elemental 

concentrations. The collected samples were dried at 

70 
0
C for 2 hours. The dried samples were 

homogenized to powder in a stainless-steel blender 

and stored in plastic bottles at -4 
0
C till further 

analysis.  

 

Analytical reagents and chemicals  

All reagents used in the analysis were of analytical 

grade. Standard stock solutions (1000 ppm) for Cd, 

Ni, and Pb were certified and purchased from E. 

Merck, Germany. These solutions were diluted 

carefully to the required concentrations with doubly 

distilled water to prepare the calibration standards. 

Concentrated nitric acid (65%), and hydrogen 

peroxide (30%) were of analytical grade and used 

without further purification. All apparatus including 

the glassware and plastic vessels were treated with 

dilute (1:1) nitric acid for 24 h and then rinsed with 

distilled water before use. Doubly distilled water was 

used throughout the experiment. 

 

Sample preparation 

A standard protocol as described by Jalbani et al. [22] 

was followed for sample digestion and preparation of 

sample solution for metal analysis. Accordingly, 0.5 g of 

each brand of the homogenized samples was taken in a 

digestion tube. The content of the tube was treated with 

10 mL of conc. HNO3 (65 %, v/v) and 4 mL of H2O2 

(30%, v/v) for the decomposition of organic matter. The 

mixture was placed in a chemical hood overnight so as 

to ensure complete dissolution and prevent foaming 

during the subsequent digestion process. The sample was 

digested at 80 
0
C, for 2-3 hours using a block digestor 

(Hanon SH420F Kjedahl) till the solution became 

completely clear. After complete digestion and sufficient 

cooling, the digested solution was filtered into a 25 mL 

volumetric flask using filter paper (Whatman 42). The 

digestion tube was rinsed with distilled water again and 

transferred the solution into the same volumetric flask. 

Then, the final volume was made with distilled water 

through homogeneous mixing. Solutions of all the 

samples were prepared in an analogous way and in 

triplicate. The blanks (without samples) were prepared in 

the same manner as the samples. 
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Instrumentation and metal analysis 

The concentrations of Cd, Ni, and Pb in the digested 

samples were determined by Flame Atomic 

Absorption Spectrophotometer (Perkin Elmer 

AAnalyst 800) using air-acetylene flame [23]. 

Standard solutions were prepared in series using the 

reference metals and then standard calibration curves 

were constructed at specific wavelengths for detecting 

the metals under study. The instrumental parameters 

were used as described by the manufacturer. The 

operating parameters of FAAS include wavelengths of 

228.8, 232.0, and 228.3 nm for Cd, Ni, and Pb 

respectively, cathode lamp current as 7.5 mA for Cd, 

10.0 mA for Ni and 7.5 mA for Pb and slit-width as 

1.3 nm in Cd and Pb, and 0.2 nm in Ni. 

At least three samples were selected from each 

category of the collected samples for the spike 

analysis of each analyte. A known quantity of analyte 

was added to 1.0 g of selected samples. Standard 

reference materials traceable to NIST manufactured 

by Merck, Germany were used to prepare fortified 

samples. Fortified samples were treated as per the 

sample and the heavy metal level in the fortified 

samples was identified by FAAS. The average percent 

recovery for Cd, Ni, and Pb was 99.6, 97.8, and 98.2 

respectively. The standard deviation for the pretested 

samples was calculated to be 2.0, 2.5, and 2.8 % for 

Cd, Ni, and Pb respectively. The calculated detection 

limits were 9.0, 3.0, and 9.0 µg/L for Cd, Ni, and Pb 

respectively. 

Health Risk Assessment 

Health risk assessment estimates the total exposure to 

heavy metals (HMs) in humans through three different 

pathways viz., ingestion, dermal absorption, and 

inhalation. However, ingestion is the main pathway of 

HMs exposure in the present study. For risk 

assessment of HMs in two receptor groups (children 

and adults) through the consumption of chocolates, 

equations (1-4) were used. The equation and receptor 

parameters (Table 1) used in the present study are 

based on US Environmental Protection Agency 

(USEPA) [24,25]. 

 

Average Daily Dose (ADDing): 

The average daily dose of each heavy metal through 

the consumption of chocolates was calculated using 

Eq. 1. 

ADDing  = C ×
IRing × EF × ED

× 10-3

BW  ×  AT
Eq. (1)

 

Where, ADDing is the average daily dose of ingestion 

(mg/day/kg bw); C is the concentration of heavy metal 

(mg/kg) in a chocolate sample; IRing is the ingestion 

rate of the chocolate sample (g/day); EF is the 

exposure frequency (days/year); ED is the exposure 

duration (years); BW is the average bodyweight (kg) 

and AT is the averaging time for non-carcinogens 

(days) and 10
-3 

is the conversion factor. The receptor 

parameters are summarized in Table 1. 

Table 1. Receptor parameters used for characterization 

of human exposure to HMs from chocolates. 
 

Parameter Units Child Adult 

Age year 6-12 21-70 

Ingestion rate 

(IRing) 

g/day 30.0 50.0 

Exposure 

frequency (EF) 

days/year 320 365 

Exposure 

duration (ED) 

year 7.0 70 

Avg. body 

weight (BW) 

kg 30.0 60.0 

Average time 

(AT) 

days (365 

days/year × 

ED) 

(365 

days/year × 

ED) 

Reference dose (RfD) and cancer slope factors (SF) for 

HMs 

Parameter Heavy metals (HMs) 

Cd Ni Pb 

RfD (mg/kg/day) 1.0 ×10
-3

 2.00 × 10
-2

 3.5 ×10
-3

 

SF (mg/kg/day)
-1

 6.3 4.4 8.5 ×10
-3
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Non-carcinogenic Health Risk  

The methodology for the estimation of non-

carcinogenic risks in children and adults was applied 

in accordance with the provision of USEPA [25]. 

Hazard Quotient (HQ): 

The non-carcinogenic risk for each heavy metal was 

assessed using the hazard quotient (HQ), which is the 

ratio of a single metal exposure level over a specified 

time period to a reference dose (RfD) for that metal 

derived from a similar exposure period. Eq. (2) was 

used for estimating HQ as follows: 

ADDing
HQ  = Eq. (2)

RfD  

Where ADDing is the average daily dose of ingestion 

(mg/day/kg) and RfD is the reference oral dose for 

heavy metals (mg/kg/day). The oral reference doses 

(RfD) for HMs are given in Table 1. 

Hazard Index (HI): 

In order to assess the overall potential for non-

carcinogenic effects from more than one heavy metal, 

a hazard index (HI) is used. Since different heavy 

metals can cause similar adverse health effects, HI is 

calculated as the sum of hazard quotients (HQs). The 

index is based on the Guidelines for Health Risk 

Assessment of Chemical Mixtures of the US 

Environmental Protection Agency (USEPA) [24] and 

calculated using Eq. (3) as follows: 

ADDing
HI  = Eq. (3)

RfD
HQ = 

 

In the event of HI≤1, adverse health 

effects would be unlikely to occur. 

However, potential non-carcinogenic 

effects would occur when HI>1 as this 

indicates a significant non-carcinogenic 

risk posed to human health. 

Lifetime Cancer Risk (CR)  

Lifetime cancer risk (CR) is the lifetime probability of 

an individual developing any type of cancer due to 

carcinogenic daily exposure to a contaminant over a 

lifetime. Eq. (4) was used to estimate lifetime cancer 

risk [24]. 

×ADDingCR Eq. (4)= SF  

Where ADDing is the average daily dose of ingestion 

(mg/day/kg) and SF is the oral carcinogenic slope 

factor (mg/kg/day)
-1

. The SF values for HMs are given 

in Table 1.  

In general, the excess cancer risks with a CR value 

lower than 1.0 ×10
−6

 are considered to be negligible, a 

CR value above 1.0 × 10
−4

 is considered unacceptable, 

and a CR value lying between 10
−6

 and 10
−4

 is 

generally considered an acceptable range. 

Statistical analysis  

Data processing and statistical analysis were carried 

out on IBM-PC computer using EXCEL spreadsheets. 

Descriptive statistics (frequency, mean, range, 

standard deviation, etc.) were performed after the 

elemental analysis. Pearson's correlation coefficient 

was used to evaluate the correlation among the metals 

along with a significance test. 

Results and discussion 

Concentrations of heavy metals (HMs) in 

chocolates 

The collected three different categories of chocolate 

samples were analyzed for Cd, Ni, and Pb, and their 

Table 2. Concentration (mg/kg) of heavy metals in chocolates. 

*Sample 

code 

Statistical 

parameter 

Heavy metals 

Cd Ni Pb ∑3HMs 

SBC 

(n = 12) 

Mean ± SD  0.060 ± 0.012 2.51 ± 0.64 1.23 ± 0.53 3.80 

Range 0.021- 0.102 1.90 - 3.73 0.57- 1.96 - 

CBC 

(n = 10) 

Mean ± SD 0.375 ± 0.098 5.66 ± 1.09 3.09 ± 0.94 9.13 

Range 0.193 - 0.585 3.89 - 7.24 2.00 - 4.21 - 

MBC 

(n = 15) 

Mean ± SD 0.161 ± 0.047 4.49 ± 0.95 1.51 ± 0.46 6.16 

Range 0.076 - 0.289 3.72- 5.75 0.70- 2.54 - 

Overall mean 0.199 4.22 1.94 6.36 

**MAC (FAO/WHO, 2001) 0.05 0.1 - 0.5 0.1 - 

 

*SBC: Sugar-based chocolate; CBC: Cocoa-based chocolate; MBC: Milk-based chocolate; 

**MAC: Maximum allowable concentration 
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observed concentrations are depicted in Table 2.  

The analytical results revealed variations in elemental 

concentrations among the three analyzed categories. It 

was found that concentrations of Cd, Ni, and Pb were 

in the range of 0.021 – 0.585, 1.90 – 7.24, and 0.57 – 

4.29 mg/kg in studied chocolate samples respectively. 

In comparison to milk-based (MBC) or sugar-based 

(SBC), cocoa-based (CBC) chocolate had higher 

metal content. Accordingly, CBC measured 

comparatively the highest (9.13 mg/kg) and SBC the 

lowest concentration (3.80 mg/kg) of ∑3HMs in the 

present study (Table 2). The findings of the present 

study are in agreement with Katiyar et al. [26] who 

also found relatively high metal levels in cocoa-based 

chocolates followed by milk-based and fruit-flavoured 

candies. Besides, all three categories of chocolate 

showed their overall mean concentrations in the 

descending order of Ni (4.22 mg/kg) > Pb (1.94 

mg/kg) > Cd (0.199 mg/kg). However, all these mean 

values were found to exceed the maximum allowable 

concentration (MAC) recommended by FAO/WHO 

[27]. The sources of metal contamination in 

chocolates may be attributed to raw materials used, 

production processes, leaching from the vessels for 

storage or wrappers, packing, and also contamination 

from the environment [22]. Duran et al. [6] and Ochu 

et al. [7] also reported higher levels of metals in 

chocolate samples from unsafe storage conditions or 

during the production chain that involves the use of 

raw materials, processing, packaging, transportation, 

storage, or marketing. Besides, batch-batch 

discrepancies in production, differences in brand 

production methods as well as pollution from 

exogenous sources may equally contribute to metal 

contamination [27]. Thus, the chocolates provide a 

great contribution to the dietary intake of toxic metals, 

due to the high concentration observed. Moreover, 

dark chocolate reportedly contains a higher content of 

cocoa providing a reliable indicator of antioxidant 

activity along with an excellent nutritional source of 

Cu, Mn, Fe, and Mg [28].   

 

Cadmium (Cd) 

The mean concentration of Cd in SBC, CBC, and 

MBC was found 0.060, 0.375, and 0.161 mg/kg 

respectively (Table 2). Accordingly, CBC measured 

the highest concentration of Cd followed by MBC and 

SBC. The observed concentration of Cd in each 

category of chocolate samples was also higher than 

the FAO/WHO [27] recommended safe limit of 0.05 

mg/kg. Elevated Cd content in cacao and cocoa-based 

chocolates brings a serious health risk in humans 

although a recent threshold of 0.8 mg/kg has 

reportedly been established in some regulations [29]. 

Cocoa beans can accumulate Cd through cocoa plants 

naturally from soil, and hence, its concentration could 

vary significantly in chocolates [30]. The source of Cd 

in soils is from rock phosphate fertilizer, weathering 

of rocks, mining, and smelting. Besides milk and 

sugar, cocoa is a main ingredient in chocolate and 

hence the ingredient used could be a potential source 

of metal contamination in food products [22]. 

Cadmium is a non-essential metal and highly toxic. 

Therefore, the metal could be detrimental to living 

organisms even at low concentrations [31]. It could 

lead to the death of cells or increase their proliferation 

[16]. Cadmium is classified as a group IA human 

carcinogen by the International Agency for Research 

on Cancer (IARC) [32] due to its toxic nature. 

Chronic exposure to Cd results in lung, liver, kidney, 

and prostate cancer, skeletal damage, inhibits DNA 

repair enzymes, causes an inflammatory response and 

disturbance in calcium metabolism, and fragile bones 

[33]. 
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Nickel (Ni) 

Among HMs in the present study, Ni content was 

measured as highest in all analyzed categories of 

chocolate samples (Table 2) in contradiction with the 

findings of Alamgir et al. [34] who reported higher Pb 

content than Ni in studied chocolate samples. 

Accordingly, the mean concentration of Ni in SBC, 

CBC, and MBC was found to be 2.51, 5.66, and 4.49 

mg/kg respectively. These mean values were found to 

cross the maximum allowable concentration (0.1 – 0.5 

mg/kg) for Ni in the food product set by FAO/WHO 

[27]. The variations in the metal concentration among 

the samples could be due to the variation in raw 

ingredients [2]. Dahiya et al. [35] in their study 

reported the manufacturing process as a source of Ni 

contamination in chocolates when the metal is used as 

a catalyst. Similarly, Duran et al. [6] also reported 

processing methods and cocoa beans accumulated 

with Ni as the possible sources of Ni contamination in 

chocolates. Nickel is an essential trace element that 

plays an important role in enzyme activation for 

biological function in our body. But its presence 

above the permissible limit causes different toxic 

effects in humans such as contact dermatitis, 

headache, gastrointestinal disorder, lung fibrosis, 

nasal cancer, and respiratory problem [36]. The 

International Agency for Research on Cancer (IARC) 

[37] has determined metallic nickel and some nickel 

compounds as carcinogenic to humans. 

 

Lead (Pb) 

Lead is a serious cumulative body poison that enters 

into the body system through the air, water, and food 

[12]. Like Cd and Ni in the present study, Pb was 

found to contaminate all analyzed chocolate samples 

in descending order of CBC > MBC > SBC. The 

mean concentration of Pb ranged from 1.23 mg/kg 

(SBC) to 3.09 mg/kg (CBC). It was observed that Pb 

levels in these samples crossed the safe limit of 0.1 

mg/kg recommended by FAO/WHO [27] suggesting 

these foodstuffs as Pb contaminated that might pose a 

risk to humans. Reportedly high Pb level in CBC is 

most likely due to soil texture contaminated with Pb 

from the injudicious use of agrochemicals and 

fertilizers during cocoa farming [38]. Rankin et al. 

[39] reported atmospheric emissions of leaded 

gasoline as a potential source of Pb contamination in 

chocolates as cocoa bean shells have a higher capacity 

to absorb Pb during the fermentation and sun-drying 

of unshelled beans at cocoa farms. Similarly, Kim et 

al. [9] in their report attributed the source of Pb 

contamination to chocolate packaging as the 

packaging materials contained significantly higher 

levels of Cr and Pb. The higher Pb content in the case 

of green and yellow-coloured packaging materials or 

wrappers might have originated from the Pb-based 

coloured ink used to print the packaging. Besides, 

heavy metal migration from packaging or wrappers to 

foodstuffs by direct or indirect contact has also been 

reported in some studies [40, 41]. Lead, like that of 

Cd, is a non-essential and highly toxic element that is 

associated with neurotoxicity, nephrotoxicity, and a 

variety of other health disorders [42]. Lead has been 

classified as a group IIA human carcinogen by IARC 

[37] due to its toxic nature. High bioaccumulation of 

Pb in the human body results in respiratory, 

neurological, urinary, and cardiovascular disorders 

and causes inflammatory responses in different body 

organs [43].  

 

Correlation of HMs in chocolate samples 

Correlation analysis is a valuable tool utilized in HMs 

data analyses for studying the inter-relationship of 

paired data [44]. The inter-relationship of metals can 

provide significant information about their pathways 
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and sources of origin [45]. In this study, Pearson's 

correlation coefficient analysis among the studied 

HMs in all three categories of chocolate samples was 

applied and is depicted in Table 3. In SBC, Cd was 

strongly and positively related with Ni (r = 0.819, p < 

0.05), and Pb (r = 0.948, p < 0.05), indicating a 

similar source of origin. Likewise, Ni was 

significantly and positively correlated with Pb (r = 

0.943, p < 0.05). For CBC, Cd was positively 

correlated with Ni (r = 0.736, p < 0.05) and Pb (r = 

0.635, p < 0.05) while Ni was strongly and 

significantly correlated with Pb (r = 0.949, p < 0.05). 

Similar to SBC, MBC also showed Cd positively and 

strongly correlated with Ni (r = 0.918, p < 0.05), and 

Pb (r = 0.825, p < 0.05) indicating a common source 

of origin. Also, Ni was strongly and significantly 

linked with Pb (r = 0.979, p < 0.05) in the same 

sample. 

The positive and significant correlations among Cd, 

Ni, and Pb indicate the possibility of contamination 

from common sources such as raw materials, 

processing methods, packaging, wrappers, storage, 

transportation, and also from the environment 

[6,7,22].   

   

Comparison of HMs in chocolate samples with 

previous literature  

A comparative overview of heavy metal levels in 

chocolate samples reported from different countries 

across the globe is displayed in Table 4. 

 

The mean concentrations of Cd, Ni, and Pb observed 

in this study are compared against those reported data 

(Table 4). Accordingly, the level of Cd (0.199 mg/kg) 

in this work was comparable with the chocolate 

samples available in India but higher than those 

available in Malaysia, Iran, Nigeria, Brazil, and Saudi 

Arabia (Table 4). Among the countries under the 

present comparison, Pakistan reported the highest 

concentration of Cd (1.438 mg/kg) in the marketed 

chocolate samples. 

For Ni, Nigeria 

reported the 

highest 

concentration 

(15.78 mg/kg) 

among the 

countries. The level of Ni (4.22 mg/kg) in this work 

was, however higher in comparison to those reported 

for chocolate samples available in Pakistan, India, and 

Saudi Arabia. Likewise, the level of Pb (1.94 mg/kg) 

in this study was found to be higher than those 

reported for Pakistan, India, Brazil, and Saudi Arabia 

but less than for Iran and Nigeria. The variations 

among the concentration reported by various 

researchers (Table 4), could be due to the variation in 

raw ingredients. Moreover, water and milk are basic 

raw ingredients, and their level also varies naturally. 

Hence, it may be assumed that the variation in the 

Table 3. Correlation of heavy metals in chocolate samples 
 

Sugar-based chocolate (SBC) Cocoa-based chocolate (CBC) Milk-based chocolate (MBC) 

 Cd Ni Pb  Cd Ni Pb  Cd Ni Pb 

Cd 1.000 *0.819 *0.948 Cd 1.000 0.736 0.635 Cd 1.000 *0.918 *0.825 

Ni *0.819 1.000 *0.943 Ni 0.736 1.000 *0.949 Ni *0.918 1.000 *0.979 

Pb *0.948 *0.943 1.000 Pb 0.635 *0.949 1.000 Pb *0.825 *0.979 1.000 
*Correlation is significant at p < 0.05 
 

 

Table 4. Comparison of heavy metal concentrations 

(mg/kg) in chocolate samples reported from different 

countries. 

Country Cd Ni Pb References 

Nepal 0.199 4.22 1.94 Present study 

India 0.170 0.84 2.00 [2] 

Pakistan 1.438 0.22 1.42 [17] 

Iran 0.012 - 2.61 [18] 

Nigeria - 15.78 7.39 [19] 

Brazil 0.029 - 0.05 [20] 
Saudi Arabia 0.014 0.98 0.07 [21] 

Malaysia 0.070 - - [46] 
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metal concentration in chocolates could be due to their 

geographical origin [13].  

Health risk assessment  

Average daily dose (ADDing) of heavy metals   

The ADDing of heavy metals depends on both the 

metal concentration in the food products and the 

associated ingestion rate. Our preliminary survey 

revealed 30 and 50 g/day of chocolates as ingestion 

rates for children and adults respectively. The 

ingestion rates for the target receptors were assumed 

on the basis of the weight and frequency of chocolate 

consumption. Additionally, body weight can also 

influence tolerance to contaminants. Therefore, an 

average body weight of 30 and 60 kg was considered 

for children (6-12 years) and adults (21-70 years) 

respectively in this study. Details on receptor 

parameters for the estimation of ADDing are given in 

Table 1. 

 

The estimated ADDing of metal value through the 

products studied is shown in Table 5. Results revealed 

that the ADDing values for the samples ranged from 

0.05 – 0.33 (Cd), 2.20 – 4.96 (Ni), and 1.08 – 2.71 

mg/day/kg (Pb) for children while for adults 0.05 – 

0.31 (Cd), 2.09 – 4.71 (Ni), and 1.02 – 2.57 

mg/day/kg (Pb). The trend of estimated ADDing in all 

three chocolate categories was observed in the 

descending order of Ni >Pb> Cd for both children and 

adults. This indicates comparatively higher ingestion 

of Ni compared to Pb and Cd. Although the ADDing 

values between the two receptor groups were found to 

be almost comparable; children however showed 

slightly higher ADDing values compared to adults. 

Besides, the foodstuff studied showed their ADDing 

values in the descending order of CBC > MBC > SBC 

for both receptor groups. The overall mean ADDing 

values of Cd, Ni, and Pb for children were 0.17 × 10
-3

, 

3.70 × 10
-3

, and 1.70 × 10
-3 

mg/day/kg respectively, 

and for adults 0.16 × 10
-3

, 3.51 × 10
-3

, and 1.61 × 10
-3

 

mg/day/kg respectively. The Joint FAO/WHO Expert 

Committee on Food Additives (JECFA) [47] has 

established Provisional Tolerable Daily Intake (PTDI) 

of 1.0, 5.0, and 3.6 µg/day/kg bw for Cd, Ni, and Pb 

respectively. Accordingly, all chocolate products in 

this study showed their respective ADDing values 

below the tolerable intake limits issued by JECFA 

[47]. In general, children can absorb metals more 

easily than adults. For instance, adults can absorb 10% 

of Pb through the gastrointestinal tract 

whereas 40-50% of the metal has been 

reported for children [48]. The 

susceptibility of young children to the 

adverse effects of toxic metals is 

reported to be higher than adults [49]. 

Therefore, the level of toxic 

contaminants in these food products and 

the raw materials used for their production are a 

matter of great concern for public health as well as 

food safety.  

  

Non-carcinogenic and carcinogenic health risks  

All three HMs (Cd, Ni, and Pb) were included for 

estimating the health risk because of their potential 

toxicity to humans [50]. The non-carcinogenic and 

carcinogenic health risks of these HMs were estimated 

for children (6-12 years) and adults (21-70 years). The 

human health risk of HMs through consumption of all 

Table 5. Average daily dose (ADDing) of heavy metals (mg/day/kg 

bw) from consumption of chocolates by children and adults. 

 

Sample 

code 

Average daily dose (ADDing) (×10
-3

) 

Cd  Ni   Pb  

Children Adult  Children Adult  Children Adult 

SBC 0.05 0.05  2.20 2.09  1.08 1.02 

CBC 0.33 0.31  4.96 4.71  2.71 2.57 

MBC 0.14 0.13  3.94 3.74  1.32 1.26 

Overall 

mean 

0.17 0.16  3.70 3.51  1.70 1.61 
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three categories of studied chocolates was estimated 

separately and is presented in Tables 6 and 7. The 

estimated hazard quotient (HQ) and hazard index (HI) 

for non-carcinogenic risk representing both receptor 

groups are presented in Table 6.  

 

The results showed HQ values for both children and 

adults close to each other. The estimated HQ values 

for both receptor groups are less than 1 in all 

chocolate samples. Jia et al. [51] also reported a THQ 

value of less than 1 for Cd in different brands of 

chocolate samples in China. The HI value represents 

the cumulative effect of all the concerned metals on 

the consumption of foodstuff. In this study, only CBC 

showed a higher HI value (>1) for both children and 

adults (1.352 and 1.279, respectively), while SBC and 

MBC had comparatively lower HI values for both 

receptor groups. This suggests a significant non-

carcinogenic risk of cocoa-based chocolate (CBC) for 

both children and adults in this study area in 

agreement with the findings of Salama [21] who also 

obtained non-carcinogenic risk from cocoa products. 

However, the higher HI value for children than adults 

suggested that children were more vulnerable to non-

carcinogenic risk than adults due to CBC 

consumption.  

The carcinogenic risk (CR) estimated for both 

children and adults is depicted in Table 7.  It was 

found that the CR values for both receptor groups 

were close to each other in all studied chocolates. The 

CR values of Cd for both children and adults (3.15 × 

10
-4 

- 2.08 × 10
-3 

and 

3.15 × 10
-4 

- 1.95 × 

10
-3

, respectively) in 

all studied samples 

of chocolate 

exceeded the 

acceptable level of carcinogenic risk for human (1.0 × 

10
-6 

– 1.0 × 10
-4

). Similarly, the CR values of Ni for 

children and adults (9.68 × 10
-3

 - 2.18 × 10
-2 

and 9.20 

× 10
-3 

- 2.07 × 10
-2

, respectively) also exceeded the 

acceptable level. Therefore, it may be suggested that 

both Cd and Ni can pose a lifetime cancer risk on the 

consumption of all studied categories of chocolate. 

The CR values for Pb in all samples were, however 

within the acceptable range indicating no carcinogenic 

risk for both receptor groups. Hence, it is required to 

check raw materials including milk and milk products 

used in chocolates for residual metal levels and assess 

their possible health impacts for maintaining 

consumer safety [52]. 

 

Conclusions 

In this study, concentrations of Cd, Ni, and Pb were 

investigated in three different categories of chocolate 

viz., sugar-based, cocoa-based, and milk-based 

chocolate; and evaluated their associated health risks 

in children 

and adults. 

The analytical 

results 

confirmed that 

cocoa-based 

Table 6. Non-carcinogenic risk of heavy metals in children and adults from consumption of 

chocolates. 

Sample 

code 

Hazard quotient (HQ)  Hazard index (HI) 

Cd  Ni   Pb     

Children Adult  Children Adult  Children Adult  Children Adult 

SBC 0.050 0.050  0.110 0.104  0.308 0.291  0.468 0.445 

CBC 0.330 0.310  0.248 0.235  0.774 0.734  1.352 1.279 

MBC 0.140 0.130  0.197 0.187  0.377 0.360  0.714 0.677 

Table 7. Carcinogenic risk of heavy metals in children and adults from consumption of 

chocolates. 

Sample 

code 

Lifetime cancer risk (CR) 

Cd  Ni   Pb  

Children Adult  Children Adult  Children Adult 

SBC 3.15 × 10
-4

 3.15 × 10
-4

  9.68 × 10
-3

 9.20 × 10
-3

  9.18 × 10
-6

 8.67 × 10
-6

 

CBC 2.08 × 10
-3

 1.95 × 10
-3

  2.18 × 10
-2

 2.07 × 10
-2

  2.30 × 10
-5

 2.18 × 10
-5

 

MBC 8.82 × 10
-4

 8.19 × 10
-4

  1.73 × 10
-2

 1.65 × 10
-2

  1.12 × 10
-5

 1.07 × 10
-5
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chocolate is a notable source of these metals as 

compared to milk-based and sugar-based chocolates. 

The higher concentration of studied metals in cocoa-

based chocolate may be attributed to the metal-

contaminated raw materials such as cocoa beans, 

cocoa solids, and cocoa butter used for their 

production. Among the metals, the highest 

concentration of Ni was observed in all chocolate 

types followed by Pb and Cd; all exceeding the 

maximum allowable concentrations set by FAO/WHO 

for the foodstuff. The positive and significant 

correlations (p < 0.05) among Cd, Ni, and Pb in 

studied chocolates indicate the possibility of 

contamination from common sources. Similarly, the 

ADDing values were estimated to be higher for Ni in 

cocoa-based chocolate for both children and adults; 

however, all values estimated for metals were below 

the maximum permissible limits issued by JECFA. 

Besides, children were also observed more prone to 

HMs exposure than adults since their ADDing values 

were found slightly higher than adults. This study also 

confirmed that cocoa-based chocolate posed a non-

carcinogenic risk to both children and adults since 

their HI values exceeded the safe limit of 1. Likewise, 

Cd and Ni posed carcinogenic risks to both receptor 

groups through the consumption of all three categories 

of chocolate. Hence, to reduce dietary exposure to the 

human population, raw materials contaminated with a 

lower content of these metals should be used in 

chocolates, in addition to regular monitoring of the 

production chain to ensure the quality and safety of 

food products. 

 

Conflict of interest  

The authors declare that there is no conflict of interest 

pertinent to this work.  

 

Author contributions  

J. Maharjan: sample collection, investigation, data 

interpretation and analysis, writing original draft, and 

reviewing; P. R. Shakya: supervision, resources, 

conceptualization, data interpretation, and analysis, 

writing-reviewing, and editing. Both authors have 

read and agreed to the final version of the manuscript. 

  

Acknowledgments 

The authors are very much grateful to the Department 

of Chemistry, Padmakanya Multiple Campus, 

Tribhuvan University, Kathmandu for providing the 

lab facility. 

 

References 

1.  A. K. Salama and M. A. Radwan. Heavy metals (Cd, Pb) and trace elements (Cu, Zn) contents in some 

foodstuffs from the Egyptian market. Emirates Journal of Food and Agriculture, 2005, 34-42. 

(https://doi.org/10.9755/ejfa.v12i1.5046) 

2. P. Devi, V. Bajala, V. K. Garg, S. Mor and K. Ravindra. Heavy metal content in various types of candies 

and their daily dietary intake by children, Environmental Monitoring and Assessment, 2016, 188:86. 

(https://doi.org/10.1007/s10661-015-5078-1) 

3.  S. Munjal, H. Mathur, L. Lodha and A. Singh. The chemistry of chocolate. International Journal of 

Innovative Research and Growth, 2019, 8(10), 106-109. (https://doi.org/10.26671/IJIRG.2019.10.8.101) 

https://doi.org/10.9755/ejfa.v12i1.5046
https://doi.org/10.1007/s10661-015-5078-1
https://doi.org/10.26671/IJIRG.2019.10.8.101


58                                 https://www.nepjol.info/index.php/JNCS 

4. D. Lippi. Chocolate in history: food, medicine, medi-food. Nutrients, 2013, 5(5), 1573-1584. 

(https://doi.org/10.3390/nu5051573) 

5. S. Orecchio and V. Papuzza. Levels, fingerprints, and daily intake of polycyclic aromatic hydrocarbons 

(PAHs) in bread baked using wood as fuel. Journal of Hazardous Materials, 2009, 164(2-3), 876-883. 

(https://doi.org/10.1016/j.jhazmat.2008.08.083) 

6. A. Duran, M. Tuzen and M. Soylak. Trace metal contents in chewing gums and candies marketed in 

Turkey. Environmental Monitoring and Assessment, 2009, 149, 283-289. (https://doi.org/10.1007/s10661-

008-0202-0) 

7. J. O. Ochu, A. Uzairu, J. A. Kagbu, C. E. Gimba and O. J. Okunola. Evaluation of some heavy metals in 

imported chocolate and candies sold in Nigeria. Journal of Food Research, 2012, 1(3), 169-177. 

(https://doi.org/10.5539/jfr.v1n3p169) 

8. E. L. Bradley, L. Castle, T. J. Dines, A. G. Fitzgerald, P. Gonzalez Tunon, S. M. Jickells, S. M. Johns, E. S. 

Layfield, K. A. Mountfort, H. Onoh and I. A. Ramsay. Test method for measuring non-visible set-off from 

inks and lacquers on the food-contact surface of printed packaging materials. Food Additives and 

Contaminants, 2005, 22(5), 490-502. (https://doi.org/10.1080/02652030500129253) 

9. K. C. Kim, Y. B. Park, M. J. Lee, J. B. Kim, J. W. Huh, D. H. Kim, J. B. Lee and J. C. Kim. Levels of 

heavy metals in candy packages and candies likely to be consumed by small children. Food Research 

International, 2008, 41(4), 411-418. (https://doi.org/10.1016/j.foodres.2008.01.004) 

10. S. Kocak, O. Tokusoglu and S. Aycan. Some heavy metal and trace essential element detection in canned 

vegetable foodstuffs by differential pulse polarography (DPP). Electronic J. Environ. Agric. Food Chem, 

2005, 4, 871-878. 

11. K. Niroula, M. Shrestha, B. Adhikari, S. Shakya, B. Shakya, A. R. Pradhananga, B. D. Shakya, D. R. Pant 

and P. R. Shakya. Contamination and Ecological Risk Assessment of Heavy Metals in different Land-use 

Urban Soils of Kathmandu District, Nepal. Progress in Chemical and Biochemical Research, 2022, 5(3), 

262-282. (https://doi.org/10.22034/pcbr.2022.351156.1229) 

12. A. Sharma, B. Adhikari, M. Shrestha, D. R. Pant, B. D. Shakya, A. R. Pradhananga, S. Shakya and P. R. 

Shakya. Evaluation of Heavy Metals in Vegetables from Contaminated Agricultural Soils of 

MadhyapurThimi, Bhaktapur District, Nepal, and their Potential Health Risk Assessment. International 

Journal of Applied Sciences and Biotechnology, 2022, 10(3), 149-163. 

(https://doi.org/10.3126/ijasbt.v10i3.48703) 

13. P. C. Onianwa, I. G. Adetola, C. M. A. Iwegbue, M. F. Ojo and O. O. Tella. Trace heavy metals 

composition of some Nigerian beverages and food drinks. Food Chemistry, 1999, 66(3), 275-279. 

(https://doi.org/10.1016/S0308-8146(98)00257-X) 

14. M. Gopalani, M. Shahare, D. S. Ramteke and S. R. Wate. Heavy metal content of potato chips and biscuits 

from Nagpur city, India. Bulletin of Environmental Contamination and Toxicology, 2007, 79, 384-387. 

(https://doi.org/10.1007/s00128-007-9256-x) 

15. S. Bathla and T. Jain. Heavy metals toxicity. International Journal of Health Sciences and Research, 

2016, 6(5), 361-368. 

https://doi.org/10.3390/nu5051573
https://doi.org/10.1016/j.jhazmat.2008.08.083
https://doi.org/10.1007/s10661-008-0202-0
https://doi.org/10.1007/s10661-008-0202-0
https://doi.org/10.5539/jfr.v1n3p169
https://doi.org/10.1080/02652030500129253
https://doi.org/10.1016/j.foodres.2008.01.004
https://doi.org/10.22034/pcbr.2022.351156.1229
https://doi.org/10.3126/ijasbt.v10i3.48703
https://doi.org/10.1016/S0308-8146(98)00257-X
https://doi.org/10.1007/s00128-007-9256-x


https://www.nepjol.info/index.php/JNCS              59               

16. C. M. Iwegbue, F. I. Bassey, G. O. Tesi, L. C. Overah, S. O. Onyeloni and B. S. Martincigh. Concentrations 

and health risk assessment of metals in chewing gums, peppermints and sweets in Nigeria. Journal of Food 

Measurement and Characterization, 2015, 9(2), 160-174. (https://doi.org/10.1007/s11694-014-9221-4) 

17. M. Amjad, S. Hussain, Z. U. R. Baloch and A. Raza. Determination of heavy metals in locally available 

chocolates in Lahore region. Turkish Journal of Agriculture-Food Science and Technology, 2021, 9(6), 

1144-1153. (https://doi.org/10.24925/turjaf.v9i6.1144-1153.4262) 

18. S. Sobhanardakani. Heavy metals health risk assessment through consumption of some foodstuffs marketed 

in city of Hamedan, Iran. Caspian Journal of Environmental Sciences, 2019, 17(2), 175-183. 

(http://doi.org/10.22124/cjes.2019.3414) 

19. I. Garba and M. Mustapha. Assessment of some heavy metals contamination in some brands of chocolates 

and chewing gum available in Kano Metropolitan. International Journal of Recent Research in Physics and 

Chemical Sciences, 2018, 5(1), 10-17.  

20. I. E. Villa, R. R. Peixoto and S. Cadore. Cadmium and lead in chocolates commercialized in Brazil. Journal 

of Agricultural and Food Chemistry, 2014, 62(34), 8759-8763. (http://doi.org/10.1021/jf5026604) 

21. A. K. Salama. Health risk assessment of heavy metals content in cocoa and chocolate products sold in Saudi 

Arabia. Toxin Reviews, 2018, 38(4), 1-10. (https://doi.org/10.1080/15569543.2018.1471090) 

22. N. Jalbani, T. G. Kazi, H. I. Afridi and M. B. Arain. Determination of toxic metals in different brands of 

chocolates and candies, marketed in Pakistan. Pakistan Journal of Analytical & Environmental Chemistry, 

2009, 10(1 & 2), 48-52. 

23. B. Welz. Atomic Absorption Spectrometry. VCH Verlagsgesellschaftmbh, Germany, 1985. 

24. USEPA. Risk assessment guidance for superfund, Vol. I: Human Health Evaluation Manual. EPA/540/1–

89/002. Washington, D.C: Office of Solid Waste and Emergency Response, 1989. 

25. USEPA. United States Environmental Protection Agency, USEPA Regional Screening Level table, 2010. 

26. R. Katiyar, M. Sankhla, V. Mishra, S. Jadhav, K. Parihar and D Patel. Evaluation of toxicological metal 

profiling in different varieties of candies from the local market of Lucknow City, India. Natural Resources 

for Human Health, 2022, 2(2), 182–193. (https://doi.org/10.53365/nrfhh/144255) 

27. FAO/WHO, Codex Alimentarius Commission. Food additives and contaminants. Joint FAO/WHO Food 

Standards Programme, & World Health Organization. Codex Alimentarius: General requirements (food 

hygiene). 2001, ALINORM 01/12A: 1-289.  

28. S. Jaćimović, J. Popović-Djordjevic, B. Sarić, A. Krstić, V. Mickovski-Stefanović and N. Đ. Pantelić. 

Antioxidant activity and multi-elemental analysis of dark chocolate. Foods, 2022, 11(10), 1445. 

(https://doi.org/10.3390/foods11101445) 

29. J. Wade, M. Ac-Pangan, V. R. Favoretto, A. J. Taylor, N. Engeseth and A. J. Margenot. Drivers of 

cadmium accumulation in Theobroma cacao L. beans: A quantitative synthesis of soil-plant relationships 

across the Cacao Belt. PLoS ONE, 2022, 17(2), e0261989. (https://doi.org/10.1371/journal.pone.0261989) 

30. S. M. Ross. Sources and forms of potentially toxic metals in soil-plant systems. Toxic Metals in Soil-Plant 

Systems, 1994, pp. 3–25.  

https://doi.org/10.1007/s11694-014-9221-4
https://doi.org/10.24925/turjaf.v9i6.1144-1153.4262
http://doi.org/10.22124/cjes.2019.3414
https://doi.org/10.1021/jf5026604
https://doi.org/10.1080/15569543.2018.1471090
https://doi.org/10.53365/nrfhh/144255
https://doi.org/10.3390/foods11101445
https://doi.org/10.1371/journal.pone.0261989


60                                 https://www.nepjol.info/index.php/JNCS 

31. G. Ambedkar and M. Muniyan. Analysis of heavy metals in water, sediments and selected freshwater fish 

collected from Gadilam River, Tamilnadu, India. International Journal of Toxicology and Applied 

Pharmacology, 2012, 2(2), 25-30.  

32. International Agency for Research on Cancer (IARC). Cadmium and cadmium compounds. Monographs on 

Evaluation of Carcinogenic Risks to Humans, 1993, 58, 119-237. 

33. P. Richter, O. Faroon and R. S. Pappas. Cadmium and cadmium/zinc ratios and tobacco-related 

morbidities. International Journal of Environmental Research and Public Health, 2017, 14(10), 1154. 

(http://doi.org/10.3390/ijerph14101154)  

34. A. Alamgir, N. Fatima, U. Naz, A. Muntaha and E. Malik. Estimation of heavy metals in unbranded 

chocolates sold in Karachi with comparison to other places around the world. International Journal of 

Biology and Biotechnology, 2022. 19(4), 493-502.  

35. S. Dahiya, R. Karpe, A. G. Hegde and R. M. Sharma. Lead, cadmium and nickel in chocolates and candies 

from suburban areas of Mumbai, India. Journal of Food Composition and Analysis, 2005, 18(6), 517–522. 

(http://doi.org/10.1016/j.jfca.2004.05.002)  

36. G. Genchi, A. Carocci, G. Lauria, M. S. Sinicropi and A. Catalano. Nickel: Human health and 

environmental toxicology. International Journal of Environmental Research and Public Health, 

2020, 17(3), 679. (http://doi.org/10.3390/ijerph16030679)  

37. International Agency for Research on Cancer (IARC). IARC Monographs on the Evaluation of 

Carcinogenic Risks to Humans; World Health Organization International Agency for Research on Cancer: 

Lyon, France, 2012, 100C, 121–145.  

38. E. Aikpokpodion Paul. Assessment of heavy metals pollution in fungicide treated Cocoa plantations in 

Ondo state, Nigeria. Journal of Applied Biosciences, 2010, 33, 2037–2046.  

39. C. W. Rankin, J. O. Nriagu, J. K. Aggarwal, T. A. Arowolo, K. Adebayo and A. R. Flegal. Lead 

contamination in cocoa and cocoa products: isotopic evidence of global contamination. Environmental 

Health Perspectives, 2005, 113(10), 1344-1348. (https://doi.org/10.1289/ehp.8009)  

40. E. Duffy, A. P. Hearty, A. Flynn, S. Mccarthy and M. J. Gibney. Estimation of exposure to food-packaging 

materials. 2: Patterns of intakes of packaged foods in Irish children aged 5–12 years. Food Additives and 

Contaminants, 2006, 23(7), 715-725. (https://doi.org/10.1080/02652030600577906)  

41. S. Laoubi and J. M. Vergnaud. Theoretical treatment of pollutant transfer in a finite volume of food from a 

polymer packaging made of a recycled film and a functional barrier. Food Additives & Contaminants, 1996, 

13(3), 293-306. (https://doi.org/10.1080/02652039609374411) 

42. J. A. Dauda, E. M. Ameha, O. S. Usmana, A. D. Jacoba, A. S. Abdullahia, C. T. Area, O. A. Daniela, O. 

Olupinyob, and A. H. Jiyac. Determination of heavy metals in different brands of chocolates, marketed in 

Anyigba, KogiState.Journal of Science and Technology Research, 2021, 3(3), 22 – 27.  

43. M. Balali-Mood, K. Naseri, Z. Tahergorabi, M. R. Khazdair and M. Sadeghi. Toxic mechanisms of five 

heavy metals: mercury, lead, chromium, cadmium, and arsenic. Frontiers in Pharmacology, 2021, 12, 1-19. 

(https//doi.org/10.3389/fphar.2021.643972)  

http://doi.org/10.3390/ijerph14101154
http://doi.org/10.1016/j.jfca.2004.05.002
http://doi.org/10.3390/ijerph16030679
https://doi.org/10.1289/ehp.8009
https://doi.org/10.1080/02652030600577906
https://doi.org/10.1080/02652039609374411


https://www.nepjol.info/index.php/JNCS              61               

44. G. R. Bradford, A. C. Change, A. L. Page, D. Bakhtar, J. A. Frampton and H. Wright. Background 

Concentrations of Trace and Major Elements in California Soils. Kearney Foundation of Soil Science, 

Division of Agriculture and Natural Resources, University of California, Riverside, 1996, pp. 1-32.  

45. J. A. Rodriguez, N. Nanos, J. M. Grau, L. Gil and M. Lopez-Arias. Multiscale analysis of heavy metal 

contents in Spanish agricultural topsoils. Chemosphere, 2008, 70(6), 1085-1096. 

(https://doi.org/10.1016/j.chemosphere.2007.07.056) 

46. S. Sharif, R. Mohamed, B. H. Zainudin and A. S. Yaakob. Cadmium levels in cocoa powder and chocolate 

and their conformity to national and international regulations. Malaysian Cocoa Journal, 2022,14, 195-200.  

47. JECFA (Joint FAO/WHO Expert Committee on Food Additives). Evaluation of certain contaminants in 

food: seventy-second report of the joint FAO/WHO expert committee on food additives. WHO Technical 

Report Series; Rome: JECFA, 2011, No. 959–960.  

48. A. R. Flegal and D. R. Smith. Measurements of environmental lead contamination and human 

exposure. Reviews of Environmental Contamination and Toxicology: Continuation of Residue Reviews, 

1995, 1-45. (https://doi.org/10.1007/978-1-4612-2542-31)  

49. U. Divrikli, N. Horzum, M. Soylak and L. Elci. Trace heavy metal contents of some spices and herbal plants 

from western Anatolia, Turkey. International Journal of Food Science & Technology, 2006, 41(6), 712-716. 

 (https://doi.org/10.1111/j.1365-2621.2005.01140.x)  

50. USEPA. Integrated Risk Information System (IRIS). USEPA, 2016. Available at: 

https://cfpub.epa.gov/ncea/iris/search/index.cfm.keyword. (Accessed December 2022).  

51. H. Jia, X. Li, G. Lan, Z. Wang, L. Feng, and X. Mao. Fast Detection of Cadmium in Chocolate by Solid 

Sampling Electrothermal Vaporization Atomic Absorption Spectrometry and Its Application on Dietary 

Exposure Risk Assessment. Molecules, 2022, 27(19), 6197. (https://doi.org/10.3390/molecules27196197)  

52. V. E. Okpashi. Health Risk of Ingested Heavy Metals in Fluidized Canned Milks: Are We Drinking Heavy 

Metals? Journal of Food Quality, 2022, Article ID 2683095. (https://doi.org/10.1155/2022/2683095) 

https://doi.org/10.1016/j.chemosphere.2007.07.056
https://doi.org/10.1007/978-1-4612-2542-31
https://doi.org/10.1111/j.1365-2621.2005.01140.x
https://doi.org/10.3390/molecules27196197
https://doi.org/10.1155/2022/2683095

