
Heliyon 9 (2023) e13174

Available online 24 January 2023
2405-8440/© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Potential health risk and bio-accessibility of metal and minerals in 
saltpetre (a food additive) 

Marian Asantewah Nkansah a,*, Mavis Korankye a, Godfred Darko a, Matt Dodd b, 
Francis Opoku a 

a Department of Chemistry, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana 
b School of Environment and Sustainability, Royal Roads University, Victoria, Canada   

A R T I C L E  I N F O   

Keywords: 
Saltpetre 
Heavy metals 
Exposure 
Health risk assessment 
Bio-accessibility 

A B S T R A C T   

Food additives are used to enhance freshness, safety, appearance, flavour, and texture of food. 
Depending on the absorbed dose, exposure method, and length of exposure, heavy metals in diet 
may have a negative impact on human health. The X-Ray Fluorescence (XRF) Analyzer from 
Niton Thermo Scientific (Mobile Test S, NDTr-XL3t-86956, com 24) was used in this work to 
measure the heavy metal content in saltpetre, a food additive that mostly contains potassium 
nitrate. The average essential metal concentrations in the samples were determined to be 
27044.27 ± 10905.18 mg kg− 1, 24521.10 ± 6564.28 mg kg− 1, 2418.33 ± 461.50 mg kg− 1, and 
4.615 ± 3.59 mg kg− 1 for Ca, K, Fe and Zn respectively. Toxic metals (As, Pb) were present in the 
saltpetre samples at 4.13 ± 2.47 mg kg− 1 and 2.11 ± 1.87 mg kg− 1 average concentrations. No 
traces of mercury or cadmium were detected. Studies on exposure, health risks, and bio- 
accessibility identified arsenic as a significant risk factor for potential illnesses. The need to 
monitor heavy metal content of saltpetre and any potential health effects on consumers is brought 
to light by this study.   

1. Introduction 

For centuries, several food additives have been developed and patronized by consumers due to their nutritional benefits, as well as, 
enhancing the stability of the food. According to the World Health Organization, any substance that is added to food to preserve the 
nutritional value and maintain the taste, appearance and texture of the food is referred to as a food additive [1]. The safety of food 
additive is evaluated by Joint FAO/WHO Expert Committee on Food Additives (JEFCA) and should meet the maximum permitted 
levels that has been established by the Codex Alimentarius Commission [2]. The safe levels of Potassium nitrite (E 249), potassium 
nitrate (E 252), sodium nitrite (E 250) and sodium nitrate (E 251) was confirmed by the European Food Safety Authority as authorized 
food additives in European union (EU) [3]. The addition of nitrates and nitrites of potassium and sodium to meat and other food 
products serve as a preservative against clostridium botulinium that produce harmful neurotoxin which cause food poisoning [4]. The 
reduction of nitrates to nitrites during the preservation and storage of curing meat [5] help in colour retention of the meat, hinder fat 
rancidity and enhance the flavour of the meat products [6]. Saltpetre is a natural mineral source obtained from complex geochemical 
reactions as a result of the conversion of nitrogeneous biological waste into nitrates (NO3) and nitrites (NO2) by nitrifying bacteria and 
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usually found in water, soil and plant materials. Saltpetre is mainly known as potassium nitrate (KNO3); however, calcium nitrate 
(CaCO3) and sodium nitrate (NaNO3) may be present in minute quantities when freshly extracted. Despite the beneficial use of 
saltpetre such as providing essential macro elements (K, Ca, Na) to the human body, saltpetre as a food additive may contain toxic 
substances which may have adverse effects on human health. Heavy metals may be present in saltpetre as a result of the complex 
processes involved in its formation. For example, after the nitrification process, the nitrates may penetrate the soil or may dissolve in 
rainwater which results in the evaporation of the deposits onto the surface to form the crude saltpetre. Heavy metals are ubiquitous in 
the environment, non-biodegradable and most of them are toxic or carcinogenic even at low concentration [7–9]. Human exposure to 
heavy metals occurs in the environment through different pathways such as ingestion of contaminated soil, water, food as well as 
through inhalation of air and dust. However, the greatest source of exposure to heavy metals is through diet [8]. Several researchers 
have determined the levels of heavy metals food sources such as fishes [10,11], rice grains [12–15], yam [16,17], canned fruits, 
vegetables [18–20] and meat products [21–24]. According to Makay et al. [6], heavy metals are highly stable and cannot be broken 
down during the processing of meat, and eventually bio-accumulates in the human tissues after consumption of the product. Heavy 
metals toxicity depends on the route of exposure, duration of exposure and absorbed dose. The toxicity of the heavy metals comes with 
several health risks which can interfere with metabolic processes and cause many disorders within the human body [25]. These metals 
have the potential to cause multiple organ damage even at low concentrations of exposure [8]. The high toxicity as well as its 
persistence in the environment make them high priority pollutants. To the best of our knowledge, this is the first research that uniquely 
investigated the levels and % bio-accessibility of heavy metals in saltpetre (a food addictive) despite extensive research on heavy 
metals in water bodies, sediment and soils in Ghana. This research aims to examine the essential and toxic metal content of saltpetre 
samples from a number of Kumasi Metropolitan markets using different analytical methods and assessing the potential human health 
risk associated with the consumption of saltpetre. The main objective for this research was to determine the potential health risk 
associated with the consumption of saltpetre within the Kumasi metropolis. This was achieved by.  

(i) Analysing the amounts of essential and toxic metals in saltpetre samples, (ii) Determination of human health risk factors by 
assessing targeted hazard quotient and cancer risk through the ingestion of saltpetre as a food addictive. (iii) Determination of 
bio-accessibility of the toxic heavy metals from saltpetre matrix through ingestion. 

2. Materials and methods 

2.1. Study area 

The Kumasi metropolis has a total land with 299 km2 area and a 71 elevation which extends between 250 and 300 m above sea 
level. It lies between longitude 1.30◦-1.37◦ and latitude 6.35◦-6.40◦. The metropolis has a tropical climate which is characterized by an 
average temperature of 26.3 ◦C throughout the year. The metropolis can boast of the largest market in West Africa, which is at the 
centre of distribution for most products to other markets in the metropolis and Ashanti Region as a whole [26]. A map of the study area 
is presented in Fig. X. 

2.2. Experimental procedures 

2.2.1. Sampling 
The sampling criteria for saltpetre samples within the Kumasi Metropolis were based on the availability of the saltpetre samples as 

well as the location of the various satellite markets within the metropolis. The samples were randomly procured by random walk and 
based on the availability of the saltpetre at those random locations within the market. This helps to simulate how a random person will 
likely purchase saltpetre from these markets. 

The sampling locations (the various market) are located at different positions on the map of the Kumasi Metropolis (ie North, East, 
South and West) which gives a good representation of the saltpetre samples in the Metropolis, especially with the levels of heavy metals 
obtained from this study, it will give an indication of how people are at risk after consuming the saltpetre samples that are sold on the 
various satellite market. Prior to analysis, samples were transported to the lab in labelled zip lock bags. Three composite saltpetre 
samples were procured at random from ten (10) large markets within the Kumasi metropolis constituting a sample size of thirty (30). 
The samples were obtained from the following markerts; Asafo, Abuakwa, Asuoyeoboah, Ayigya, Bantama, Kumasi Central Market, 
Kwadaso, Kwame Nkrumah University of Science and Technology (KNUST), Santasi and Tanoso. 

2.2.2. Sample preparation 
Samples of saltpetre procured from the markets were dried until a consistent weight was attained at room temperature. This was 

achieved by determining the weight after every 24 h of drying process. This was repeated until the same weight was obtained 3 
consecutive times. The crucible was used to crush the dried samples in turns and sieved through a 250 μm sieve. To avoid contami-
nation, the crucible and sieve were completely cleaned after preparing each sample. Prior to analysis, the prepared samples were put 
into tidy polythene bags, sealed, and labelled for identification. 

2.2.3. Determination of metals in saltpetre samples by X-ray fluorescence 
The Thermo scientific Niton XRF Analyser (Mobile Test S, NDTrXL3t-86956, com 24) was used to determine the concentration of 

heavy metals in the saltpetre samples. X-ray Fluorescence is a non-destructive analytical technique which is excellent for quantitative 
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and qualitative analysis of the composition of samples [27]. The analytical method measures the fluorescence x-ray emitted from a 
sample when it is excited by a primary source of x-ray and the individual elements present in the sample give rise to a set of char-
acteristic fluorescence x-ray which is specific for a particular element. The analysis used X-Ray Fluorescence Spectrometry (XRF) in 
accordance with USEPA Method 6200, for Field Portable X-Ray Fluorescence Spectrometry, in analysing the Concentrations of Ele-
ments in Soils and Sediments [28]. Reference material (OC USGS SAR-M 180–673) was used to calibrate the instrument. The sieved 
material was placed halfway (~3.0 g) into the polythene sample holder. A Mylar film was placed over and cupped the sample holder. 
To get the desired result, the sample which was cupped was then put in the XRF shroud and scanned for 180 s. The treatment of each 
sample was the same. 

2.2.4. Wet acid digestion of representative saltpetre samples for bio-accessibility studies 
Wet Digestion, an analytical technique was used to evaluate the elemental composition of the saltpetre samples at its aqueous state. 

In order to increase the solubility of the metals, this technique involves the chemical degradation of sample matrices in solution, 
typically with a mixture of acids. After obtaining the liquified sample solutions. After modified aqua regia digestion, a total of six (6) of 
the sieved saltpetre samples were chosen for this investigation and evaluated for total metals. A 3 mL combination of 1:1:1 HCl, HNO3, 
and water was prepared and an aliquot of 0.5 g of the sample was added. The mixture was digested in a heating block at 95 ◦C for 1 h. 
ICP-MS analysis was performed after the sample was made up to volume with diluted HCl. 

2.2.5. Extraction of saltpetre samples 
The EPA Method 9200.2-86, Standard Operating Procedure for an in-vitro bio-accessibility assay for Lead in soil served as the basis 

for the extraction process [29]. A method blank and a laboratory control sample were used for QA/QC. The sieved sample was weighed 
into a 125 mL acid cleaned HPDE container by difference (1.00 ± 0.05 g). The extraction fluid was measured out and added to the 
bottle in an aliquot of 100 ± 0.5 mL. A mass-to-fluid ratio of 1:100 for the sample was produced as a result. Measurements were made 
of the pH of the soil/extraction fluid mixture. The extraction solution was composed of concentrated HCl (Fisher Scientific, trace metal 
grade) and 30 g/L glycine (Calbiochem) that had been pH-adjusted to 1.5. In batches of eight, the sealed bottles were then put into the 
extractor and spun end over end in a 37 ± 2 ◦C water bath for 1 h. The bottles were taken out after the extraction was finished. Each 
extract was directly drawn with a luer slip into a disposable 20 ml plastic syringe (National Scientific). The extract was filtered into a 
clean 20 mL polyethylene scintillation vial using a 0.45 m cellulose acetate filter (25 mm diameter, Cole Palmer) (Wheaton). The 

Table 1a 
Concentration (mg kg− 1) of essential metals in saltpetre samples.  

Sample ID Ca K Fe Zn 

LOD 3.70 3.40 3.30 1.80 
ABU1 14437 ± 88.94 17455 ± 125.60 2679 ± 45.78 9.34 ± 3.23 
ABU2 32191 ± 148.85 19725 ± 155.70 2250 ± 41.20 4.45 ± 2.95 
ABU3 34934 ± 165.55 23776 ± 181.40 2021 ± 38.69 <LOD 
ASA1 24883 ± 138.11 31378 ± 198.30 2125 ± 39.87 4.75 ± 2.90 
ASA2 35082 ± 169.27 32325 ± 211.70 2227 ± 40.70 <LOD 
ASA3 27372 ± 147.5 11368 ± 131.2 2347 ± 39.62 <LOD 
ASY1 27517 ± 142.78 18759 ± 156.70 3094 ± 48.69 5.26 ± 3.09 
ASY2 19950 ± 124.65 22410 ± 170.60 2974 ± 45.83 8.90 ± 3.03 
ASY3 10632 ± 91.74 21328 ± 161.00 1546 ± 32.65 <LOD 
AYI1 18293 ± 119.51 27452 ± 185.18 1909 ± 36.85 5.57 ± 2.80 
AYI2 16236 ± 113.56 23590 ± 173.80 1920 ± 36.92 4.28 ± 2.75 
AYI3 30368 ± 153.02 26948 ± 188.40 2487 ± 42.36 4.41 ± 2.85 
BAN1 33360 ± 163.29 18801 ± 164.80 2614 ± 43.37 <LOD 
BAN2 18299 ± 116.47 25175 ± 173.80 2258 ± 40.90 <LOD 
BAN3 21155 ± 124.43 17922 ± 150.74 1913 ± 37.43 <LOD 
CEN1 16265 ± 115.53 36002 ± 210.20 2797 ± 44.20 6.26 ± 2.93 
CEN2 22863 ± 130.91 26156 ± 180.40 2371 ± 41.67 5.33 ± 2.92 
CEN3 21897 ± 131.48 22668 ± 173.60 2476 ± 41.80 7.38 ± 2.92 
KNU1 15870 ± 112.30 27913 ± 186.00 2327 ± 40.20 6.41 ± 2.84 
KNU2 29677 ± 153.12 20371 ± 168.50 3247 ± 50.41 8.57 ± 3.24 
KNU3 28539 ± 148.67 30658 ± 199.00 2647 ± 43.84 4.73 ± 2.92 
KWA1 26452 ± 145.11 26224 ± 187.70 2468 ± 41.85 4.91 ± 2.84 
KWA2 28837 ± 153.32 32382 ± 209.08 3522 ± 51.45 14.49 ± 3.35 
KWA3 22178 ± 132.93 40581 ± 223.40 2184 ± 41.25 8.44 ± 3.13 
SAN1 50701 ± 197.67 16135 ± 154.90 2047 ± 39.39 <LOD 
SAN2 19202 ± 122.63 27244 ± 185.50 2131 ± 38.66 7.16 ± 2.84 
SAN3 38487 ± 180.42 26552 ± 198.60 3384 ± 49.06 5.9 ± 2.92 
TAN1 27697 ± 146.17 31750 ± 201.30 2006 ± 39.03 5.82 ± 2.93 
TAN2 32558 ± 162.06 17273 ± 159.60 2043 ± 38.09 <LOD 
TAN3 65396 ± 234.84 15312 ± 161.10 2536 ± 44.28 6.09 ± 3.01 
AVERAGE 27044.27 ± 10905.18 24521.10 ± 6564.28 2418.33 ± 461.50 4.615 ± 3.60 

ABU = Abuakwa, ASA = Asafo, ASY = Asuoyeboah, AYI = Ayigya, BAN = Bantama, CEN = Central market, KNU =Knust campus, KWA=Kwadaso, 
SAN = Santasi, TAN = Tanoso. 
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filtered extract was then kept at 4 ◦C and subjected to an ICP-MS metal analysis. 

2.2.6. Determination of metals in extracts 
The United States Environmental Protection Agency (USEPA) SW846 Method 6020A, Inductively Coupled Plasma Mass Spec-

trometry, was used to conduct the metal analysis with an Agilent Model 7500ce Collision Cell ICP-MS [28]. 

2.2.7. Health risk assessment 
Exposure to toxicants such as heavy metals can have adverse effects on human health. As a result, it is important to evaluate the 

possibility of occurrence of any probable extent of adverse effects on human health over a specific period of time. In Ghana, there is no 
established limit for maximum non-carcinogenic and carcinogenic risks at present; therefore, to assess the potential health risks to 
consumers, USEPA threshold values were used. In this study, different health risk indicators such as non-carcinogenic risks (Targeted 
Hazard Quotient, Hazard Index) and the carcinogenic risks of the toxic metals (Pb and As) in the saltpetre samples were assessed. The 
potential acute or long-term hazards from exposure to Pb and As were examined via ingestion of saltpetre as food addictive. 

The estimated daily intake (EDI) of the toxic metals (Pb, As) was calculated using the method of Zeinali et al. [29] and Maky [6] and 
the results were presented in Table 3; 

EDI=
MC ∗ FDC

BW  

MC: Mean concentration of metal in food (ug g− 1), FDC: The daily intake of a specified food (for example meat) which is estimated to 
be 4 g/person/day [6,30], BW: The average body weight (60 kg). 

The probability of an individual experiencing health risks due to exposure to a carcinogen was estimated using the equation; Cancer 
risk = CDI*SF. 

3. Results and discussion 

3.1. Concentration of essential metals and toxic metals in saltpetre samples analysed using XRF 

X-ray fluorescence analysis of the saltpetre samples from separate markets have high concentrations of essential metals (Ca, Fe, K, 
Zn) as presented in Table 1a. According to the joint FAO/WHO expert consultation on human vitamins and minerals held in Bangkok 
(Thailand) in 2001 established the recommended daily intake of calcium for adolescents and adults to be 1000 mg/day and 750–800 
mg/day respectively. Also, the Food and Drug Administration and World Health Organization have also suggested the maximum 
values intake of essential metals such as iron, potassium, and zinc to be 15 mg/day, 3500 mg/day and 15 mg/day respectively. The 
estimated daily intake for both calcium and iron obtained from the two different analytical techniques was higher than the recom-
mended daily intake established by WHO/FAO and FDA as indicated in Table 1b and 6b. In spite of the critical biological functions, 
essential metals play in the human body such as acting as catalyst for enzymatic activity, promoting growth, enabling muscles to 
contract etc, high concentrations of essential metals can also be toxic and may have detrimental effects on human health [31]. For 
example, iron is an important element for human health which plays critical roles in cell division and differentiation, oxygen and 
electron transport as well as regulation of gene expression in the human body. However, the levels of iron in the human body tissues 
should be closely regulated due to its potential to form free radicals which can lead to tissue damage. Also, calcium is the most 
abundant essential metal in the body and is involved in broad functions such as muscle contraction, immune response, enzyme 
activation, neuronal activity and programmed cell death. High consumption of calcium could increase the risk of ischemic stroke, 
kidney stones and myocardial infarction. 

According to Plum et al. [33] and the Adamo and Oteiza [34], both low and high concentrations of zinc can cause apoptosis and 
result in neuronal death following brain injury, ischemia or epileptic seizures. Our findings indicate high concentrations of As and Pb in 
the saltpetre samples ranging between (1.8–9.36) mg kg− 1 and (2.46–5.41) mg kg− 1 respectively as shown in Table 1c contrary to the 
proposed general limit of heavy metals in food additive set by Joint FAO/WHO Expert Committee on Food Additives (JECFA) as 
indicated in Table 2a. Zeinali [29] suggested that the ingestion of heavy metals especially Pb and Cd can retard foetal growth and cause 
immunological dysfunction due to depletion of some essential micronutrients. Epidemiological studies have established that the 

Table 1b 
The concentration of essential metals in 4 g of processed food sample (meat) containing saltpetre as a food addictive analysed using XRF method 
compared to recommended daily intake.  

Sampling Site Recommended Daily intake (mg/day) 

Ca (1000 mg) K (3500 mg) Zn (15 mg) Fe (15 mg) 

ABU1 962 1164 0.6226 178.6 
ASA1 1658 2091 0.3166 141.7 
BAN1 2224 1253 – 174.3 
CEN1 1084 2400 0.4173 186.5 
KWA1 1763 1748 0.3273 164.5 
SAN1 3380 1076 – 136.5  
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accumulation of arsenic in the human body can cause deficits in verbal intelligence quotient, neurobehavioral changes and may alter 
cognitive function such as memory, especially in children [35,36]. However, levels of Hg and Cd in the saltpetre samples were below 
the limit of detection (LOD) of 1.70 and 1.90 mg kg− 1 respectively. 

3.2. Importance of the calculated estimated daily intake (EDI) of saltpetre samples 

The EDI of Pb and As in the saltpetre samples is less than the permitted maximum tolerable daily intake (PMTDI) reported by 
Nkansah et al. [26] and Ternes et al. [37] as shown in Fig. 1a and b and Table 2b. However, according to the World Health Orga-
nization, chronic arsenic poisoning, skin cancer and skin lesions are some characteristic effects that may occur from long term exposure 
to arsenic especially through ingestion of food and drinking water. Exposure to arsenic have been linked to diabetes, cardiovascular 
diseases and may have negative effects on cognitive development in children and increased deaths in adults [38]. The World Health 
Organization has established that Pb is a cumulative toxicant and has the potential to affect several organs in the human body. In fact, 
no blood-lead concentration can be considered to be safe. Long term exposure to lead can cause kidney damage, high blood pressure 
and reproductive failure [39,40]. 

Table 1c 
Concentration (mg kg− 1) of toxic metals in saltpetre samples.  

Sample ID As Cd Hg Pd 

LOD 1.8 1.9 1.7 1.7 
ABU1 5.23 ± 1.38 <LOD <LOD 2.62 ± 1.67 
ABU2 2.49 ± 1.28 <LOD <LOD 3.44 ± 1.66 
ABU3 3.2 ± 1.17 <LOD <LOD <LOD 
ASA1 3.36 ± 1.29 <LOD <LOD 3.52 ± 1.64 
ASA2 5.29 ± 1.32 <LOD <LOD 2.46 ± 1.60 
ASA3 <LOD <LOD <LOD <LOD 
ASY1 5.26 ± 1.43 <LOD <LOD 4.13 ± 1.79 
ASY2 2.94 ± 1.26 <LOD <LOD 3.38 ± 1.62 
ASY3 <LOD <LOD <LOD <LOD 
AYI1 4.09 ± 1.22 <LOD <LOD <LOD 
AYI2 3.37 ± 1.17 <LOD <LOD <LOD 
AYI3 3.61 ± 1.26 <LOD <LOD 2.58 ± 1.59 
BAN1 2.35 ± 1.2 <LOD <LOD <LOD 
BAN2 3.38 ± 1.29 <LOD <LOD 3.69 ± 1.64 
BAN3 <LOD <LOD <LOD <LOD 
CEN1 8.68 ± 1.41 <LOD <LOD 3.00 ± 1.60 
CEN2 5.95 ± 1.38 <LOD <LOD 3.88 ± 1.67 
CEN3 3.27 ± 1.31 <LOD <LOD 5.41 ± 1.69 
KNU1 4.9 ± 1.29 <LOD <LOD 3.32 ± 1.58 
KNU2 5.18 ± 1.47 <LOD <LOD 5.15 ± 1.86 
KNU3 9.36 ± 1.43 <LOD <LOD 2.48 ± 1.59 
KWA1 5.07 ± 1.29 <LOD <LOD 2.46 ± 1.80 
KWA2 7.87 ± 1.52 <LOD <LOD 5.11 ± 1.80 
KWA3 9.37 ± 1.52 <LOD <LOD 3.90 ± 1.75 
SAN1 2.65 ± 1.22 <LOD <LOD <LOD 
SAN2 3.05 ± 1.17 <LOD <LOD <LOD 
SAN3 6.92 ± 1.36 <LOD <LOD <LOD 
TAN1 3.17 ± 1.27 <LOD <LOD 2.84 ± 1.61 
TAN2 1.8 ± 1.13 <LOD <LOD <LOD 
TAN3 2.08 ± 1.21 <LOD <LOD <LOD 
AVERAGE 4.13 ± 2.47 <LOD <LOD 2.11 ± 1.87 

ABU = Abuakwa, ASA = Asafo, ASY = Asuoyeboah, AYI = Ayigya, BAN = Bantama, CEN = Central market, KNU =Knust campus, KWA=Kwadaso, 
SAN = Santasi, TAN = Tanoso. 

Table 2a 
Joint FAO/WHO Expert Committee on Food Additives (JECFA); Limit test for heavy metals in food 
additive specifications [32].  

Heavy metal Proposed general limit 

Arsenic None (except indicated by manufacturing method or source) 
Lead 2 mg kg− 1 (1 mg kg− 1 or lower in case of high consumption) 
Cadmium 1 mg kg− 1 

Mercury 1 mg kg− 1  
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Fig. 1. (a) The mean concentration of lead in 4 g of processed food sample (meat) containing saltpetre as a food addictive compared to permitted 
maximum tolerable daily intake (PMTDI).(b) The mean concentration of arsenic in 4 g of processed food sample (meat) containing saltpetre as a 
food addictive compared to permitted maximum tolerable daily intake (PMTDI). 

Table 2b 
Permitted Maximum Tolerable Daily Intake (PMTDI) values for some 
heavy metals in food additives [26,33].  

Heavy metal WHO/FAO PMTDI (ug/kg BW/day) 

Arsenic 3.0 
Lead 3.0 
Cadmium 0.6 
Mercury 0.3  
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3.3. Targeted hazard quotient (THQ) and hazard index (HI) 

The non-carcinogenic risk which is expressed as the targeted hazard quotient of the various metals in the saltpetre samples was 
estimated. The THQ is the ratio of exposure to harmful compounds to the chronic reference dose (RFD) of the toxin (mg kg − 1 d− 1). A 
THQ value less than 1 (THQ <1) indicates that it is unlikely that the exposed population will incur negative consequences, whereas a 
THQ value above 1 (HQ > 1) non-carcinogenic effect is likely, and as the value increases the likelihood increase [33,41]. The THQ 
values estimated for Pb and As from the different markets were ranged from 0.0033 to 0.0054 and 0.0424–0.1202 as indicated in Fig. 2. 
The THQ values of the estimated metals were less than 1 indicating that the probability of adverse effects through the ingestion of 
saltpetre as a food addictive is negligible. Exposure to different toxicants may result in similar adverse effects. The hazard index (HI) of 
the toxic metals (Pb, As) was estimated by adding the individual hazard quotients of the metals. The HI for the studied metals via 
ingestion of saltpetre as food addictive was found to be 0.7058. Although non-carcinogenic risks of Pb and As was less than unity, 
continuous ingestion as well as long term exposure to saltpetre as a food additive are of great concern [42]. 

3.4. Cancer risk 

Over the years, several researchers have investigated the risks associated with heavy metals exposure. Based on their findings, it 
was suggested that skin, kidney, lung and liver cancers can be linked to heavy metals exposure. The International Agency for Cancer 
research has classified As, Pb, Cd, Hg and Cr as a probable group 1 carcinogen [43,44]. 

Where the chronic daily intake of carcinogens (mg kg− 1 d− 1) is denoted by CDI and the slope factor of hazardous substances (mg 
kg− 1 d− 1) is denoted by SF. The cancer risk values for As and Pb in the saltpetre samples were found to be 4.470E-3 and 1.718E-5 
respectively as shown in Table 4. The cancer risk for As exceeded the level of 1E-06 to 1E-04 established by USEPA [45]. Based on 

Table 3 
Estimated daily intake of toxic metals (ug/day) in saltpetre samples.  

Sampling site Lead ± SD Arsenic ± SD 

ABU 0.202 ± 0.027 0.243 ± 0.077 
ASA 0.199 ± 0.035 0.288 ± 0.064 
ASY 0.250 ± 0.025 0.273 ± 0.077 
AYI 0.172 ± 0.000 0.246 ± 0.019 
BAN 0.246 ± 0.000 0.191 ± 0.034 
CEN 0.229 ± 0.029 0.397 ± 0.147 
KNU 0.282 ± 0.061 0.432 ± 0.136 
KWA 0.252 ± 0.088 0.496 ± 0.119 
SAN – 0.280 ± 0.128 
TAN 0.189 ± 0.000 0.1567 ± 0.039 

* Cadmium and mercury were below detection limit in almost all the saltpetre samples and are 
therefore not indicated in this table. 

Fig. 2. The targeted hazard quotient of arsenic and lead in the saltpetre samples.  
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the health risk assessment results, arsenic is the main contributor to heavy metal related risk among the four toxic metals. 

3.5. Inter-elemental correlation of essential and toxic metals in saltpetre samples 

Saltpetre is formed from the decomposition of organic matter by the action of bacterial enzymes [46]. The deposits are usually 
dissolved in rainwater and evaporated on the surface as crude saltpetre. Most of these heavy metals have low solubility and are usually 
immobilized in soils [47]. For example Zn can form complexes with the organic matter easily which can affect the activity of Zn2+ in 
the soil [48]. Also, high concentration in groundwater can precipitate arsenic and reduce its bioavailability. Inter-elemental re-
lationships of the heavy metals in the saltpetre samples were computed using Pearson Correlation Analysis and the results have been 
presented in Table 5 and Fig. 3. A significant positive correlation for K–As (r = 0.6753), Zn–Pb (r = 0.5309) and Zn–Fe (r = 0.548) at 
the level of p = 0.05 was obtained. Based on the correlation results, it can be suggested that the association between these metals likely 
indicate their shared or related sources. which may be affected by the soil forming materials. Also, the low solubility and immobili-
zation nature of Zn, Fe, Pb and As may have contributed to their inter-elemental relationships. 

3.6. Validation of analytical data for saltpetre samples from selected markets 

The heavy metals in saltpetre samples were analysed using the ICP-MS method and the results have been presented in Table 6a. To 
ensure reliable and accurate results, the ICP-MS method was validated using a certified reference material (OREAS45EA Standard 
Reference Material). 

The concentration of the heavy metals in the blank samples were below the detection limit which suggests a void contamination 
effect on the ICP-MS method. The concentrations of the essential metals (Ca, K, Fe, Zn) exceeded the expected concentrations of the 
Certified Reference Materials Table 6b. In the case of the toxic metals, the values obtained correlated well with the certified values as 

Table 4 
Cancer risks of lead and arsenic in saltpetre samples.  

Metal Estimated Daily intake (EDI) Cancer Slope Factor (CSF) Cancer Risk 

Arsenic 3.003E-3 1.490 4.470E-3 
Lead 2.021E-3 0.0085 1.718E-5  

Table 5 
Metal to metal correlation matrix for saltpetre samples (p = 0.05).   

As Pb Ca K Fe Zn 

As 1.0000      
Pb − 0.0070 1.000     
Ca − 0.2718 − 0.005 1.000    
K 0.6753 − 0.1664 − 0.3047 1.000   
Fe 0.4501 0.4622 0.1808 0.0597 1.000  
Zn 0.2896 0.5309 − 0.09299 0.1183 0.548 1.000  

Fig. 3. The inter-elemental relationship between the essential and toxic metals in the saltpetre samples.  
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indicated in Table 6c. 

3.7. Comparison of heavy metal concentrations of saltpetre samples using two different analytical methods (xrf and icp-ms) 

In this study, two different analytical techniques X-ray fluorescence spectroscopy (XRF) and Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS) were used to determine the concentrations of heavy metals in some selected saltpetre samples (ABU1, 
ASA1, BAN1, CEN1, KWA1, SAN1). Different concentrations of the same samples were obtained when quantified using XRF and ICP- 
MS. In the saltpetre sample analysis using ICP-MS, high concentrations of Arsenic (As) ranged from 2.7 to 11.1 mg kg− 1 were obtained 
for all samples as presented in Table 6a contrary to the XRF analysis. However, in the case of Lead (Pb), low concentrations were 
obtained for all samples analysed using ICP-MS. This may be attributed to the ability of lead to bind tightly to the soil organic matter 
thereby decreasing its availability. During the acid digestion step which is an important requirement of ICP-MS analysis does not 
dissolve the sample entirety but decompose them to separate the soluble from the insoluble matrix. Hence the low concentration of Pb 
obtained for the selected saltpetre samples is due to the incomplete dissolution of the samples which lowers the detection limits of the 
analytes and the dissolved solid concentrations as shown in Fig. 4 [49]. 

3.8. Significance of % bioaccessibility of metals 

In addition to quantifying the total concentration of heavy metals in the saltpetre samples, the actual fraction of the heavy metals 
that will be mobilized from the solid matrix (saltpetre as a food addictive) in the human gastrointestinal tract that becomes absorbed by 
the intestine is essential for risk evaluation. Bio-accessibility analysis was done in this study for the toxic metals (AS, Pb, Cd, Hg) and 
the % bioaccessibility values have been shown in Fig. 5. High % As bioaccessibility values ranging from 21 to 66% were obtained for 
the selected saltpetre samples. According to Yager et al. [50], food contributes to about 70% of human arsenic (As) consumption based 
on As bioaccessibility studies in dietary composites and specific foods, which is in agreement to our findings. Gersztyn et al. [51] 
established that solubility of arsenic in soils increased substantially in strongly acidic conditions.The high % As bioaccessibility levels is 
due to the hydrolysis of As during the acid digestion of the saltpetre samples resulting in the high solubilization.The %Pb 

Table 6a 
Concentration of essential and toxic metals in saltpetre samples analysed using ICP-MS.  

Sample ID Ca K Fe Zn As Cd Hg Pb 

LOD 100 100 100 0.1 0.1 0.01 0.005 0.01 
ASA1 24300 40800 2300 5.4 6.2 0.02 0.008 1.25 
ABU1 22800 31700 3100 10 8.1 0.01 0.008 2.36 
BAN1 35100 17800 2600 5.3 2.7 0.02  1.30 
CEN1 17700 52400 2900 6.7 11.1 0.02  1.34 
KWA1 23200 30900 2700 6.0 7.2 0.02  1.50 
SAN1 40700 16200 2300 4.6 3.5 0.02  0.85  

Table 6b 
The concentration of essential metals in 4 g of processed food sample (meat) containing saltpetre as a food addictive analysed using ICP-MS method 
compared to recommended daily intake.  

Sampling Site Recommended Daily intake (mg/day) 

Ca (1000 mg) K (3500 mg) Zn (15 mg) Fe (15 mg) 

ABU1 1520 2113 0.6667 206.7 
ASA1 1620 2720 0.3600 153.3 
BAN1 2340 1187 0.3533 173.3 
CEN1 1180 3493 0.4467 193.3 
KWA1 15467 2060 0.4000 180.0 
SAN1 2713 1080 0.30667 153.3  

Table 6c 
Validation method for quantitative analysis of essential and toxic metals in saltpetre samples.  

Sample OREAS45EA Standard Reference Material Measured value (mg kg− 1) 

Ca 360 17700–40700 
K 530 16200–52400 
Fe 235100 2300–3100 
Zn 31.40 4.6–10 
As 3.70 2.7–11.1 
Cd 0.03 0.01–0.02 
Hg 0.010 0.008 
Pb 14.30 0.85–1.25  
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bio-accessibility values for the saltpetre samples varied between 5.10 and 14.16%, however the values obtained for Hg and Cd were 
less than 1%. The bio-accesssibility values obtained in this study suggests that although the total heavy metal concentrstions for As 
were low, it is highly soluble and available for intestinal absorption when ingested into our body. Therefore such findings can be 
important in application to human health risk assessments due to the fact that exposure to arsenic has been linked to a wide range of 
health issues, from short-term toxicity to long-term, chronic disorders. 

3.9. Strengths and limitations of the study 

The main strengths of our study have been outlined as follows: First, saltpetre (mainly potassium nitrate) has been established by 
the European Food and Safety Authority as an authorised food additive. There is very limited data on heavy metal profile of saltpetre. 
As a result, determining the levels of essential and heavy metals in saltpetre samples is critical for ensuring consumer safety. 

Second, the levels of essential and toxic metals that are obtained from the analysis are important for assessing the potential health 
risks through its consumption, especially in the food industry where saltpetre is largely used for the preservation and storage of meat. 

Third, some scientists in Ghana focus their research on determining heavy metals in vegetables, fish, and tea samples; therefore, the 
findings of this study will provide insight into the levels of heavy metals in saltpetre and the need to consider other food additives in 

Fig. 4. The mean concentration (mg kg− 1) of Pb and As in saltpetre samples from selected markets using ICP-MS and XRF analysis.  

Fig. 5. The % bio-accessibility of toxic metals in saltpetre samples from selected markets.  
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their next research as well as a good source of information for the food industry. 
Fourth, XRF, a non-destruction analytical technique as well as wet digestion-ICPMS an analytical technique which involves the 

chemical degradation of the sample matrix were used in this study. The levels of metals that will be obtained from the analysis will give 
good indication and information on the extent of the contamination of the saltpetre samples and how these methods differ in their 
detection. 

Our study has some limitations: First, the estimated daily intake for the various metals was calculated by considering an average 
body weight of 60 kg which is specific for adults. Therefore, our study did not factor in the average body weights of children. 

Second, the Gbolal Burden of Disease (GBD) Diet Collaborators established the optimal intake range of (0–4) g for daily con-
sumption of meat preserved by curing, smoking, salting, or addition of chemical preservatives. Therefore, the highest value of 4 is used 
for the calculation of EDI. However, children and adults consume varying amounts of meat which may be lower or higher than the 
established optimal intake value by the GBD Diet Collaborators. 

4. Conclusions 

This study has offered insight into the heavy metal profile of saltpetre. Knowledge on heavy metal concentration in saltpetre which 
is used as a food addictive is limited, and the findings of this study have indicated the presence of essential and toxic metals in the 
saltpetre samples from selected markets within the Kumasi metropolis of Ghana. Although the estimated daily intake values of the toxic 
metals (As and Pb) were lower than the maximum tolerable daily intake, its cumulative effect is of concern. The bioaccessibility 
analysis and the health risk assessment data suggest arsenic (As) as the major contributor to potential health related problems among 
the two toxic metals present in the saltpetre samples. This research has provided insight into the levels of heavy metals in saltpetre 
samples a food addictive and an important source of information for the food processing industry where saltpetre is used for pres-
ervation of food especially meat products.The data obtained serves as baseline for future research. The findings have also informed 
consumer satefy and basis for policy response. 
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