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Determination of Heavy Metals of Com-
mercial Bottled Water In Indonesia By 
ICP/MS  
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Abstract. Heavy metals and toxic elements four brands of commercial 

bottled water from Indonesia market were analyzed with an Inductive 

Couple Plasma-Mass Spectrometer (ICP-MS). The heavy metals and toxic 

elements to be analyzed were copper (Cu), iron (Fe), lead (Pb), cadmium 

(Cd), chromium (Cr), arsenic (As), selenium (Se) and manganese (Mn). The 

results are the heavy metals and toxic elements from all commercial water 

samples were below the permissible level of the World Health Organization 

(WHO) and Standar Nasional Indonesia (SNI). Hence, this determination 

clarify no risk about quality and safety of commercial bottled water for 

public drinking water.  
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Introduction 

 Commercial bottled water is a water pro-
duced from nature with treatment in the indus-
try to reduce and remove bacteria and other tox-
ic substances [1]. Ideally, commercial bottled wa-
ter should not contain bacteria, heavy metals, 
and other toxic elements. Although, there is also 
a possibility a branded names of bottled water 
may be counterfeited and the suspect is water 
source. 

Heavy metals are high molecular weight 
metals. Heavy metals such as Cu, Fe, and Mn play 
important roles in human life, and these compo-
nents are coenzymes in human metabolism [2]. 
In the other side, heavy metals and toxic sub-
stances with exceeding concentration are gener-
ally dangerous dan toxic for human health such 
as Pb and Cd [3]. This study suggests that expo-
sure of heavy metals and toxic elements may be 
of concern because they are associated with can-
cer [4]. The accumulation of heavy metals and 
toxic elements also depends on the chemical 
form. For example, only 15% inorganic Pb can be 
ingested, while 80% of organic Pb was absorbed 
[5]. The metal concentration in commercial 
bottled water may vary from the condition of 
production and the place of the water had been 
taken. The reality of possibility of having differ-
ent metal concentration in commercial bottled 
water can be happen bound to the conditions of 
production area. Hence, the commercial bottled 
water needs to be monitored routinely of heavy 
metal and other elements in trace and ultra-trace 
levels. 

In this paper, the results of determina-
tion of heavy metals and toxic elements from 
four brands of commercial bottled water were 
analyzed by using ICP-MS to clarify the concerns 
about the quality and safety of public drinking 
water. Inductively coupled plasma-mass spec-
trometry (ICP-MS) was selected as a method be-
cause it have good sensitivity, a little sample size, 
and provides to perform rapid multi-elemental 
analyses [6]. The study was compared the con-
centration of heavy metals and toxic elements 
that analyzed with permissible limit from WHO 
and SNI guideline values. To our best knowledge, 
determination of heavy metals dan toxic ele-
ments of commercial bottled water in Indonesia 
have not yet been reported. 

 

Experimental 

Materials 

HNO3 (pa Merck) and Standard Solution of Copper 
(Cu), Iron (Fe), Lead (Pb), Cadmium (Cd), Chromium 
(Cr), Arsenic (As), Selenium (Se) and Manganese 
(Mn) (each standard solution contains 1000 ppm of 
each heavy metals and toxic elements). Commercial 
bottled water samples from Indonesia market. A 
total of 4 samples were taken and keep stored at 2 
to 4 °C. Inductive Coupled Plasma-Mass Spectrome-
try (ICP-MS) Perkin Elmer Elan DRC II was used to 
analyze samples. 

 

ICP-MS analysis 

The heavy metals and other toxic elements analysis 
were carried out by using ICP-MS (Perkin Elmer Elan 
DRC II) with parameters in Table 1. ICP-MS is a mass 
spectrometer with coupled ion plasma . 

 

 

 

 

 

Preparation of commercial bottled sample for ICP-
MS analysis 

In this study, total 8 elements (Cu, Fe, Pb, Cd, Cr, 
Mn, As and Se) were determined in four brands of 
commercial bottled water by using ICP-MS analysis. 
Approximately, about 100 ml of each sample was 
filtered using Whatman filter paper no. 41 and add-
ed with HNO3 [6]. 

 

Results and Discussion 

Analytical results 

The results of analysis of calibration curve 
of each metal elements exhibited good linearity 
within the working range (1 – 100 µg/kg, 1 – 160 
µg/kg, 1 – 250 µg/kg, and 1 – 100 µg/kg) with R2 
values higher than 0.9900 (Figure. 1). All data of 
linearity and regression equation values were 
showed in Table 2.  

Vacuum pressure 6.6 x 10-7 torr 

Nebulizer gas flow (NEB) 0.95 L/min 

ICP Rf Power 1350 w 

Lens voltage 8 v 

Analog stage voltage -1750 v 

Pulse stage voltage 900 v 

Table 1. Operating parameters optimize  
for ICP-MS (Perkin Elmer Elan DRC II) 
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Heavy metals and toxic elements analysis 

Four commercial bottled water samples 
with different brands were analyzed by using ICP-
MS.  In a previous study, content of heavy metals 
and other toxic elements had been at low or ul-
tra-trace levels and these problems can be over-
come with methods and instruments that have 
good sensitivity and one of these instruments 
was ICP-MS [8].   

According to the results (Table. 3), Cu, 
Pb, and Cd in the samples are below detection 
limit. Previous studies have shown Pb contamina-
tion and concentration above permissible limit 
from WHO can adverse health effect. The source 
of Pb in nature are mainly in aquatic environ-
ment from smelters, battery manufacturing, and 
sewage effluent [7]. Pb toxicity cause nervous 
system especially with children which may dam-

age their brain tissue [8]. 

Cu is metal which play important role in hu-
man but in high concentration these metals may 
cause stomach distress, liver, and kidney damage. 
Iron (Fe) found to be 40.67, 42.4, 52.94, and 3.48 
µg/kg for sample a, b, c, and d, respectively. Toxicity 
of iron can cause vomiting, hemorrhage, cardiac 
depression and metabolic acidosis. Large quantity of 
Fe in human body can be caused a condition known 
as hemochromatosis as a result of damage tissue 
[8]. Cr and Mn elements are found had concentra-
tion minimum at 0.08 µg/kg in sample d and maxi-
mum at 2.26 µg/kg in sample b. In principle, Cr is 
not toxic for human but, chemical form of Cr6+ is 
more toxic than Cr3+ due to its high adsorption rate 
through the intestinal tracts [9]. Mn is knowing as 
essential coenzyme for metabolism. Although, very 
large concentration of Mn can cause diseases and 
damage in liver [10]. For As element, concentration 
in sample c and d are below detection limit where 
sample a and b had concentration 0.01 and 0.75, 
respectively. Selenium (Se) was below detection 
limit in sample d and 0.19, 0.19, and 0.02 for sample 
a, b, and c, respectively.  

The results of heavy metals and toxic ele-
ments in commercial bottled water indicated each 
element was very low concentration and do not 
contain any risk if they are consumed. The concen-
tration of each metal was analyzed also below the 
WHO and SNI guideline values. Therefore, the com-
mercial bottled water comply with the standards 
with respect to heavy metal and toxic substances 
[8], [11].  

Table 2. The regression equation and working range  
of the studied elements 

Ele-
ments 

Regression equation 
Working range 

(µg/kg) 

  

 

Cu y = 3752x + 18466 1 - 300  

Fe y = 317.72x + 8629 1 - 250  

Pb y = 17193x + 246012 1 - 300  

Cd y = 1577.3x + 8188.6 1 - 300  

Cr y = 8900.6x + 68199 1 - 200  

Mn y = 12887x + 64398 1 - 100  

As y = 1109.8x + 8894.1 1 - 300  

Se y = 148.01x + 424.95 1 - 300  

Table 3. Concentration of different trace elements in commercial bottled water 

Metals (µg/
kg) 

Sample Acceptable 
level of WHO 

(µg/kg) 

Acceptable 
level of SNI 

(µg/kg) a b c d 

Cu < d.l. < d.l. < d.l. < d.l. max. 50 max. 500 

Fe 40.67 42.4 52.94 3.48 max. 100 max. 100 

Pb < d.l. < d.l. < d.l. < d.l. max. 10 max. 5 

Cd < d.l. < d.l. < d.l. < d.l. max. 3 max. 30 

Cr 2.16 2.26 2.06 0.08 max. 70 max. 50 

Mn 1.43 0.65 0.62 0.89 max. 100 max. 50 

As 0.01 0.75 < d.l. < d.l. max. 10 max. 10 

Se 0.19 0.19 0.02 < d.l. max. 10 max. 10 

< d.l. : below detection limits 
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Figure 1. Calibration curve of each heavy metals and trace elements 
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Conclusion 

In this work, four different brands of 
commercial bottled water were analyzed by ICP-
MS and the results showed concentration of 
heavy metals and toxic elements was very low 
and below guideline values of WHO and SNI. Al-
so, the results indicated no risk concern to quali-
ty and safety for commercial bottled water espe-
cially in Indonesia market. 
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