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ABSTRACT 
 

Background and Objective: Coffee is one of the common drinks in Middle Eastern countries 
including Saudi Arabia due to its desirable aroma, taste and putative positive physiological 
functions. The concentration of metals is commonly present in coffee powder. The presence of 
heavy metal concentration in different brands of coffee powder available in Saudi Arabia market 
has been analyzed. 
Methods: Thirteen different coffee brands were selected in different markets, all assessment was 
carried out in advanced instruments such as Inductively Coupled Plasma and Atomic Absorption 
Spectroscopy. There are 14 metals which divide into seven non toxic and seven toxic metals were 
analyzed. Non toxic metals are calcium (Ca), iron (Fe),magnesium (Mg), Magnese (Mn), 
Potassium (K), phosphorus (P), sodium (Na), and toxic metals are arsenic (Ar), zinc (Zn), 
chromium (Cr), nickel (Ni), lead (Pb), antimony and cadmium (Cd). 
Results: The mean and standard deviation of non-toxic and toxic metals concentration in different 
samples of coffee were as follows: Ca, Fe, K, Mg, Mn, P and Na were 24.87±6.76, 6.670±4.88, 
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235.98±100.05, 407.02±22.56, 8.63±10.14, 0.01±0.01, 333.86±247.35 respectively. Toxic metals 
concentration were as Al, Cd, Cu, Ni, Pb, Si, Zn were   11.04±10.03, 0.80 ±2.52, 2.43±3.02, 
0.07±0.11, 7.57±9.26,  23.48±27.32  and 1.853±1.66 respectively. These concentration values 
were high compared to threshold limit values (TLVs) of metals. 
Conclusion: It was concluded from the study that coffee powder had high concentration of heavy 
toxic metals which is the major public health problem. Thus, quality control for food safety 
recommended during production of coffee. 
 

 

Keywords: Coffee; daily intake; concentration; metals; toxic. 
 
1. INTRODUCTION 
 

Coffee originates from the plant Camellia 
sinensis, a tree that may grow up to 52 feet in 
height unless cultivated [1]. Tea plants require 
significant rainfall of 50 inches a year and grow in 
acidic soil. Contaminants may vary in the soil, air, 
or water in which the plants are grown. Acidic soil 
may result in excess available aluminum and 
fluoride [1]. An acid or alkali soil pH also 
enhances leaching of toxic heavy metals from 
the soil [2]. Increasing pH with soluble calcium 
would reduce the absorption of fluoride [1]. 
Environmental pollutants such as fluoride and 
aluminum have been found in tea in part due to 
the tea plants absorption and deposition and 
concentration of these compounds in the leaves 
[3]. The drinking of more than 5 liters of tea per 
week may result in dental or skeletal fluorosis [4]. 
Mercury, lead, arsenic, and cadmium as well as 
other toxic elements have been found in tea 
leaves as described in the literature [5, 6]. Lead, 
arsenic, and cadmium have also been found in 
brewed black tea [7]. These soil and air 
contaminants may be directly related to the use 
of coal fired power plants [8].  
 
There is an abundance of literature 
demonstrating the adverse health effects of 
various heavy metal and metalloid elements on 
the human organism [9]. By numerous 
mechanisms, including endocrine disruption [10], 
cytotoxicity [11], mitochondrial dysfunction [12], 
and oxidative stress [13,14], a spectrum of toxic 
elements is able to disturb cellular and metabolic 
homeostasis and induce clinical illness. The 
literature is replete with many common disease 
processes such as carcinogenesis [15], insulin 
resistance [16], neurodegeneration [17], and 
immune dysregulation [18,19]. Rather than 
isolated incidents of single exposures, it is 
apparent that toxic metal contact is a widespread 
phenomenon [20] with many potential sources 
including tainted food and drink, contaminated 
skin products, and contaminated air. Many toxic 
metals such as cadmium and lead have very 

long half-lives and thus are classified as 
persistent toxicants [21]. As some toxic elements 
appear to persist because of enterohepatic 
recycling [22,23], even smaller levels of exposure 
can bioaccumulate and effect long-term harm. 
 
The toxic elements such as lead, mercury, 
aluminum, and cadmium commonly present in 
coffee..The extremely low levels of lead accepted 
in Proposition 65 during the prenatal period come 
from our knowledge of the accumulation in the 
brain and resultant impairment of cognitive 
development [24,25]. 

 
Most evidence on the relation between coffee 
and blood pressure stems from cross-sectional 
studies. This evidence, however, is inconsistent. 
Some of these studies showed a positive relation 
[26], no relation [27], or even an inverse relation 
[28]. Such cross-sectional studies have important 
limitations with respect to causal inference.  
 
In Saudi Arabia, different brands of coffee 
available and coffee is one of the most common 
drink in the population. All the coffee beans were 
imported from different countries except the 
Arabic coffee. There is no previous study to 
determine the concentration of heavy metals in 
different brands of coffee which is the knowledge 
gap, this study results will help the food 
administration authority to check the all brands of 
coffee for heavy metals concentration and it also 
help the awareness among community for health 
conscious regarding coffee consumptions. The 
objective of study to determine the concentration 
of heavy metals present in different brands of 
coffee in Saudi Arabia market. 
 
2. MATERIALS AND METHODS 
 
Sampling method and Study setting: Coffees 
samples were taken from different markets in city 
of Damamm and Khobar and analyzed for heavy 
metal content using Inductive Couple Plasma 
OES. There are total 13 different types of coffees 
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with different colors were selected through 
random sampling method. 
 
Sample Preparation (Experiment): After 
collection of Samples were collected by using 
stratified random methods. All the samples were 
in the form of powder. First sample was dried 
before the measurement of metals. Standard 
solutions were prepared according to the 
Shimazdu Perkin Elmer Pure Atomic 
Spectroscopy Standards guidelines (NIST 
traceable CRM, Perkin Elmer Corporation, USA 
and Merck ‐ Germany). Working standard 
solutions were prepared by diluting the stock 
solution with 0.1 M nitric acid for checking the 
linearity. The final residue was dissolved in 0.1 M 
HNO3 solution and make up to 50 ml.  
 
The glassware and polyethylene containers used 
for analysis. First washed with tap water, then 
soaked overnight in 6N HNO3 solution and rinsed 
several times with ultrapure water to eliminate 
absorbance due to detergent. Accurately 
weighed (1 g) plant samples were transferred 
into a silica crucible and kept in a muffle furnace 
for ashing at 450. 

 
Analytical Procedure for coffee: One gram 
(1gm) coffee samples were digested using 12 
cm

3
 of a mixture 5 ml v/v) of concentrated HCl 

and HNO3 acids. Analar grade reagents were 

used for the preparation of the standard solutions 
of these metals using their nitrate salts (Ca, K, 
Na Mg, Mn, Pb, Cu, Fe, Na, K  and Zn) The 
diluted digests were analyzed by using 
Inductively Coupled Plasma (ICP-OES) was 
used for Mg, Mn, Ca, Pb, Cu, Fe and Zn. The 
metal concentrations in the coffee samples were 
read from standard curves by extrapolation. Also, 
the soluble samples of coffees were diluted and 
determine the physic and chemical parameters 
and compare between the two types of samples 
according to trace elements and physical 
constituents so the determination of physic- 
chemical characteristics and parameters of 
preserving teas and coffees in two steps and 
these parameters which are used for soluble 
coffees according to its high degree of solubility 
such as: 
 

1. The physical parameters: such as pH, 
Conductivity, TDS, and temperature. 

2. The chemical parameters: Ammonia, 
Nitrate, Nitrite, Sulfate, Sulfide, and 
Phosphate, the determination of physic- 
chemical characteristics and parameters of 
preserving coffees in two steps and these 
parameters which are used for soluble 
coffees according to its high degree of 
solubility such as physic and chemical 
analysis for samples solutions according to 
the following Tables: 

 

1- The physical parameters: 
 

No Parameters Unit Instrument References 
1 pH ----------- pH meter (electrode method) Standard Method for 

the Examination of 
water and waste 
water 

2 Conductivity ms/cm Conductivity meter (electrode method) 
3 TDS mg/L Conductivity meter (electrode method) 
4 Temperature ºF pH meter (electrode method) 

 

2- The chemical parameters: 
 

No Parameters Unit Instrument References 
1 Ammonia mg/L  

 
 
Spectrophotometer (HACH) 

Standard Method 
for the Examination 
of water and 
wastewater 

2 Nitrate mg/L 
3 Nitrite mg/L 
4 Sulfate mg/L 
5 Sulfide mg/L 
6 Phosphate mg/L 
7 Total trace elements ppm ICP-OES and AAS  

 

Toxic limit and safe intake of heavy metals 
 

Heavy metal Toxic limit Recommended intake/Safe intake 
Arsenic 3 mg/day 15 - 25 μg/day 
Cadmium 200 μg/kg 15 -50 μg/day 
Lead > 500 μg/L 20 - 280 μg/day 
Zinc 150 μg/day 15μg/day 



Heavy metal Toxic limit
Chromium 
Nikel 
Copper 

>1000 μg/day
>1mg/day 
>1000 μg/day

 
3. RESULTS 
 
A- Physical and chemical analysis: 
and standard deviation of different brands of 
coffee as PH 4.68±0.57, Temperature 
19.58±0.09, sulfate concentration 25±5.08, 
phosphate 40.13± 28.10, nitrate 45.53
 
B- Heavy metals: Nontoxic heavy metals 

concentrations in different coffee samples
 
Concentration levels of non-toxic metals: The 
average level concentration of calcium was 
ranged between 8.94 and 32.09 mg/kg, Iron was 
 

Table 1. Physical and 
 

ParameterS. no 
  Physical properties

PH 1 
Conductivity ms/cm2 
TDS mg/L3 
Temperature4 
Color CU5 
Turbidity NTU6 
Degree of color7 
Chemical   
Sulfate SO4 mg/L1 
Sulfide mg/L2 
Phosphate PO4 mg/L3 
Ammonia NH4 mg/L4 
Nitrate 5 
Nitrite NO2 mg/L6 

The mean values of samples as Ph 4.68 with SD0.57, conductivity 0.85, TDS 419.92, temperature 19.58 C, 
sulfate concentration 25, phosphate 40.3, ammonia 3.07, Nitrate 45.53.(Table 1)

 
Fig. 1. Average level concentrations of phosphate, ammonia and nitrate between different 
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limit Recommended intake/Safe intake
>1000 μg/day 

 
>1000 μg/day 

1000 μg/day 
 1mg/day 
  1000 μg/day 

Physical and chemical analysis: The mean 
and standard deviation of different brands of 
coffee as PH 4.68±0.57, Temperature 
19.58±0.09, sulfate concentration 25±5.08, 

40.13± 28.10, nitrate 45.53±36.58. 

Nontoxic heavy metals 
concentrations in different coffee samples  

toxic metals: The 
average level concentration of calcium was 
ranged between 8.94 and 32.09 mg/kg, Iron was 

ranged between 1.27 and 14.35
potassium was ranged between 21.31 and 
306.71mg/kg, magnesium was ranged between 
43.18 and 767.62mg/kg, manganese was ranged 
between 0.702 and 24.35 mg/kg, sodium was 
ranged between 6.84 and 556.5 mg/kg, copper 
was ranged between 0.133 and 4.06 mg/kg, and 
zinc was ranged between 0.153 and 3.83 mg/kg, 
(Table 2). 
 
Toxic heavy metals concentrations in 
different coffees samples: Concentration levels 
of toxic metals: silver was ranged between 0 and 
2.423 mg/kg, aluminum was ranged between

Physical and chemical properties of coffee samples (n=13) 

Mean ±SD Parameter 
Physical properties 

4.68±0.57 
0.85±0.36 Conductivity ms/cm 
419.92±177.35TDS mg/L 
19.58±0.09 Temperature ºC 
6856.54±2999.06Color CU 
32.20±27.09 Turbidity NTU 
Deep/Faint Degree of color 
 Chemical properties 
25±5.08 Sulfate SO4 mg/L 
1.20±1.42 Sulfide mg/L 
40.13±28.10 Phosphate PO4 mg/L 
3.07±3.20 Ammonia NH4 mg/L 
45.53±36.58 Nitrate NO3 mg/l 
0.23±0.255 Nitrite NO2 mg/L 

The mean values of samples as Ph 4.68 with SD0.57, conductivity 0.85, TDS 419.92, temperature 19.58 C, 
sulfate concentration 25, phosphate 40.3, ammonia 3.07, Nitrate 45.53.(Table 1)

 

concentrations of phosphate, ammonia and nitrate between different 
coffee samples 

5 6 7 8 9 10 11 12 13

Coffee Samples

Phosphate PO4 mg/L
Ammonia NH4 mg/L
Nitrate NO3 mg/l
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ranged between 1.27 and 14.35 mg/kg, 
potassium was ranged between 21.31 and 
306.71mg/kg, magnesium was ranged between 
43.18 and 767.62mg/kg, manganese was ranged 
between 0.702 and 24.35 mg/kg, sodium was 
ranged between 6.84 and 556.5 mg/kg, copper 

and 4.06 mg/kg, and 
zinc was ranged between 0.153 and 3.83 mg/kg, 

Toxic heavy metals concentrations in 
Concentration levels 

of toxic metals: silver was ranged between 0 and 
.423 mg/kg, aluminum was ranged between

 

419.92±177.35 

6856.54±2999.06 

The mean values of samples as Ph 4.68 with SD0.57, conductivity 0.85, TDS 419.92, temperature 19.58 C, 
sulfate concentration 25, phosphate 40.3, ammonia 3.07, Nitrate 45.53.(Table 1) 

 

concentrations of phosphate, ammonia and nitrate between different 

Phosphate PO4 mg/L
Ammonia NH4 mg/L
Nitrate NO3 mg/l



Fig. 2. Non toxic heavy metals concentrations in different coffees samples
 

Table 2. Concentration of non toxic metal 
concentration in coffee samples 

 
Metals Mean and SD Range
Ca 24.87±6.76 6.76
Fe 6.67±4.88 0.82
K 235.98±100.05 21.31
Mg 407.02±226.56 43.18
Mn 8.63±10.14 0.48
Mo 0.01±0.01 0-
Na 333.86±247.35 6.84
Se 0.271±0.22 0-
V 0.93±0.36 0.34

 
Table 3. Concentration of toxic 

concentration in coffee
 
Metals Mean and SD mg/kg 
Al 11.04±10.03 
Cd  0.80±2.52 
Cu  2.43±3.02 
Ni  0.07±0.11 
Pb  7.57±9.26 
Si  23.48±27.32 
Sr  9.09±14.39 
V  0.75±0.42 
Zn  1.85±1.66 

 
0.82 and 31.76 mg/kg, arsenic was ranged 
between 0 and 0.107 mg/kg, cadmium was 
ranged between 0 and 0.011, chromium was 
ranged between 0.0225 and 1.19, nickel was 
ranged between 0 and 0.258, lead was ranged 

0

10

20

30

40

50

60

1 2 3 4

H
e

av
y 

m
et

al
s 

co
n

c 
p

p
m

Omer et al.; AJACR, 3(3): 1-8, 2019; Article no.

 
5 
 

Non toxic heavy metals concentrations in different coffees samples

non toxic metal 
coffee samples (n=13) 

Range 
6.76-32.09 
0.82-14.35 
21.31-427.84 
43.18-767.62 
0.48-28.69 
-0.04 

6.84-564.74 
-574 

0.34-1.60 

toxic metal 
coffee 

Range 
0.87-31.76 
0.00-8.01 
0.13-10 
0.00-0.25 
0.00-23.88 
0.52-88.83 
0.00-33.78 
0.34-1.60 
0.00-4.59 

and 31.76 mg/kg, arsenic was ranged 
between 0 and 0.107 mg/kg, cadmium was 
ranged between 0 and 0.011, chromium was 

.19, nickel was 
between 0 and 0.258, lead was ranged 

between 0 and 21.45 mg/kg and antimony was         
ranged between 0.0086 and 0.133 mg/kg    
(Table 3). 
 

4. DISCUSSION 
 
Results of the study found that toxic heavy metal 
concentration were high in different brands of 
Coffee .these metals were hazards to various 
health effects on human body. 
 
The different metals were found high 
concentration in different samples of coffee. The 
reason for this high concentration is that the soil 
where coffee plant grow and environmental 
conditions which effect the concentration. [
31]. There are different factors which effect the 
concentration such as fertilizer used with 
different chemical compositions, coffee species 
and fertilized land where crop were grow. [3
33]. Previous studies found that the metal 
concentrations in coffee beans are important 
indicator to differentiated between different 
coffee variety [34,35].  
 
The pH of a coffee has been found to correlate 
with the perceived acidity in coffee and that is 
resulted in correlation between pH values and 
type of coffees. The pH values were ranged 
between 3.81 to 5.42 it is highly acidic in some 
samples that may lead to affecting on digestion 
of the food and performance of stomach. This 
result is consistent with the previous study [3

5 6 7 8 9 10 11 12 13

Samples
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which showed that pH values ranges between 2-
4 which is acidic in nature that affected the 
digestion problem and may lead to stomach 
cancer. It is well known throughout the coffees 
industry that decaffeinated coffee is more acidic 
than regular coffee due to the fact that 
decaffeinated coffee is made from Robusta 
beans. Robusta beans have a higher 
concentration of caffeine and more acidic than 
other beans. This is problematic for people      
with health problems such as acid reflux,    
GERDS and ulcers making them          
susceptible to detrimental effect of high         
levels of acidity also we found that there are 
variation in concentration of total dissolved 
solids. 
  
According to the correlation between the heavy 
metals and types of coffees in the study results 
shows that some heavy metals were high 
concentrations of metals such as Ca, Fe, K, Mg, 
Mn  and Na. The maximum concentrations of Ca  
was 32.09, Fe concentration (mg/kg) the 
maximum was 14.357, the third metals K 
concentration (mg/kg) the maximum 
concentration was 427.84. These results were 
consistent with other previous studies results 
which showed that these metals concentrations 
were high [37].  
 
Toxic heavy metals such as Al, As, Cd, Cr, Ni, 
Pb, Sb, and As also found high in the study 
results such as Al concentration (mg/kg) the 
maximum concentration was 31.769, As 
concentration (mg/kg) the maximum 
concentration was 0.107 Cd concentration 
(gm/kg) the maximum concentration was 0.0119, 
Cr concentration (mg/kg) the maximum 
concentration was 1.1997. These results also 
consistent with other study results in which the 
concentration these toxic metals were found high 
[38].  
 

5. CONCLUSION 
 
The study result found that significant 
concentration of toxic heavy metals present in all 
samples of coffee which are hazardous to human 
health. There is need to develop the health 
promotion programme for awareness among 
community.  
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