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Abstract 

The presence of heavy metals in infant formula has become a global concern. The most 

common method to determine heavy metals is AAS. However, as this technique is lacking 

in several aspects, including the instrument’s low sensitivity, a more sensitive instrument 

such as ICP-MS is necessary. The Inductively Coupled Plasma Mass Spectrometry (ICP-

MS) was used in accordance with the standard method AOAC 2015.01 with modifications 

on the microwave condition and the addition of hydrochloric acid (HCl) during the sample 

digestion process. The modified standard method requires a validation process. This 

research aimed to validate the method of analysis for the determination of Pb, Cd, Hg, As 

in infant formula using ICP-MS and its application in formula milk. This research consists 

of five stages: 1) instrumental performance; 2) homogeneity test; 3) method orientation; 4) 

method validation; and 5) the application of the validated method to other products. The 

findings in the research were: the method linearity was confirmed at working 

concentration 5-30 µg/kg for all the heavy metals with R2 value of nearly 1,000; the 

method limits of detection (LOD) were 0.74 µg/kg (Pb), 0.41 µg/kg (Cd), 0.08 µg/kg 

(Hg), 0.50 µg/kg (As), while the method’s limits of quantification (LOQ) were 2.48 µg/kg 

(Pb), 1.36 µg/kg (Cd), 0.27 µg/kg (Hg), 1.67 µg/kg (As); the method was found precise 

with Relative Standard Deviation (RSD) below 2/3 RSD Horwitz and all the recovery 

values were found to fall within the acceptable range (60–115%); the % RSD intra-lab 

reproducibility was below RSD Horwitz; and the method was robust, indicating that it was 

unaffected by small changes in its variables. The validated method can be applied 

routinely to determine heavy metals in infant formula and formula milk. 

1. Introduction 

Infant formula is a breast-milk substitute specially 

formulated to meet infants’ nutritional needs during their 

first few months until they are introduced to suitable 

complementary foods. It is formulated to contain 

proteins, fats, carbohydrates, vitamins, minerals, trace 

elements, etc. (CAC, 2007). To date, a total of 38 

microelements and trace elements have been reported 

found in the fresh milk from cows in the Silesian region 

(Dobrzański et al., 2005). Microelements such as copper 

(Cu), iron (Fe), selenium (Se), and zinc (Zn) are essential 

for human growth. However, heavy metals such as lead 

(Pb), cadmium (Cd), mercury (Hg), and arsenic (As) are 

toxic and have cumulative effects (Martino et al., 2000; 

Onianwa et al., 1999; Aslam et al., 2011). Children 

under five years are proven to be more sensitive to Pb 

and Cd than adults (Tripathi et al., 1999). Due to their 

lipophilic nature, heavy metals in milk cannot be easily 

removed (Girma et al., 2014).  

Infants are under the age group vulnerable to heavy 

metal exposure because the consumption of infant 

formula is relatively high and they have low body 

weight, making even the smallest heavy metal exposure 

affects their health. The Indonesian FDA has set 

regulations on maximum limits for heavy metal 

contaminations, the Regulation of the Head of 

Indonesian FDA No. 5/2018. Based on the regulation, 

the maximum level for Pb, Cd, Hg, and As in infant 
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formula is 10–20 µg/kg (Indonesian FDA, 2018). The 

European Commission Regulation (EC) No. 1881/2006 

and Commission Regulation (EC) No. 488/2014 

recommend the maximum level for Pb and Cd in infant 

formula are 20 µg/kg and 10 µg/kg (EC, 2006; EC, 

2014). 

Various testing techniques have been developed to 

determine the concentration of heavy metals in food 

products, such as atomic absorption spectrophotometry 

(AAS). However, the technique is lacking in several 

aspects, including the instrument’s low sensitivity to 

detect heavy metals in very small concentrations and 

relatively lengthy testing time (Helaluddin et al., 2016). 

Therefore, a more sensitive instrument, i.e. inductively 

coupled plasma mass spectrophotometry (ICP-MS), is 

necessary to detect heavy metals, particularly in infant 

formula (Khan et al., 2014).  

The ICP-MS was used in accordance with the 

standard method AOAC 2015.01 with several 

modifications, i.e. in the microwave conditions and the 

addition of HCl during sample digestion. In the standard 

method, Au, whose function is the same as HCl, to 

stabilize Hg, is to be added during sample digestion 

(Briscoe et al., 2015). However, the addition of HCl 

should be taken into careful account for other element 

analyses, particularly As, as it can lead to polyatomic 

interference. A suitable analysis mode can minimize 

such interference. Helium or Hydrogen modes are often 

used to remove polyatomic interference such as 40Ar35Cl 

and 40Ar16O, either through collision or reaction 

mechanism (Thomas, 2013).  

The modified standard method requires a validation 

process to ensure that the method is valid and, therefore, 

applicable for routine testing in the laboratory with 

accountable analysis results. The steps of an analysis 

method validation process are: preparing a validation 

protocol; testing the instrument’s performance; 

performing validation experiments using several 

parameters such as method’s linearity, method’s LOD 

and LOQ, precision (both repeatability and 

reproducibility), accuracy, recovery test, and robustness; 

developing a Standard Operating Procedure (SOP) for 

executing the method in routine analysis, and 

documenting the validation experiments and results 

(Magnusson and Ornemark, 2014). This research aimed 

to validate the analysis method for the determination of 

simultaneous Pb, Cd, Hg, and As in infant formula using 

ICP-MS and its application in formula milk. 

 

2. Materials and methods 

2.1 Materials 

This research used ERM BD 150 “Skimmed Milk 

Powder” from European Commission, Belgium; infant 

formula; follow up a formula for infant (6-12 months); 

follow up a formula for young children (12-36 months); 

ultra-pure water (18.2 MΩ) from Milli-Q Ultrapure 

Water System Merck; high purity HNO3 (65%, 

Suprapur); 37% HCl for analysis; acetic acid (glacial) 

100% anhydrous for analysis; and H2O2 from Merck Co. 

(Darmstadt, Germany). All the standard solutions used 

were also from Merck Co. (Darmstadt, Germany), 

Certipur lead, cadmium, mercury and arsenic ICP 

Standard 1000 mg/L. Other than that, 100 µg/mL mixed 

internal standard solution (Bi, Ge, In, Li, Lu, Rh, Sc, Tb) 

from Agilent was also used. 

2.2 Instrumentation 

The elements were analyzed using ICP-MS (Thermo 

Scientific iCAP RQ, Germany); sample digestion was 

carried out using a microwave digestion system (CEM 

MARS Xpress), and the sample was weighed using an 

analytical balance from Mettler Toledo. For sample 

preparation, all the plastic labware were new or had been 

cleaned by soaking them first for 24 hrs in 10% HNO3 

for analysis and then in ultra-pure water. 

2.3 Instrumental performance for heavy metals analysis 

by ICP-MS 

During this step, standard solutions were injected 

without sample matrices. Several instruments, linearity 

(n=3), detection and quantification limits (n = 10), and 

the precision of the intensity ratio between each analyte 

and the internal standard (n = 6), were evaluated. To 

determine the instrument’s linearity, a calibration curve 

was made at concentrations 0–5 ng/mL, each in three 

replications. EURACHEM guideline was used as the 

reference for analyzing the results of the evaluation 

(Magnusson and Ornemark, 2014). 

2.4 Homogeneity test  

Each of the infant formula samples in the same batch 

was put in a large plastic ware and shaken until 

homogeneous. The samples were then put in at least 10 

small containers and was tested for their moisture 

content (n=10), each in two replications. The moisture 

content analysis was carried out following Indonesian 

National Standard (2015), while the sample homogeneity 

was analyzed according to Sunanti et al. (2013). 

2.5 Method orientation 

In this step, the test was carried out following the 

standard method AOAC 2015.01 (Briscoe et al., 2015) 

with modifications in the microwave conditions and the 

addition of 37% HCl during sample digestions using a 

microwave. In addition, during this step, the isotopes for 
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quantifying the analysis results were also selected.  

2.5.1 Sample preparation (Standard method AOAC 

2015.01) 

A total of 0.25 g sample aliquot was weighed and put 

into a microwave digestion vessel, and 4 mL 

concentrated HNO3, 1 mL H2O2, 0.1 mL of the 50 mg/L 

Au + Lu solution were then added. The solution was then 

left to stand for a while before the vessel was capped off 

securely and put into a microwave digester. The sample 

was digested at a minimum of 180℃ for at least 10 mins. 

Ramp time and cool down time were adjusted in 

accordance with the type and model of the microwave 

digestion system. The vessel was let to cool down to 

room temperature before the cap was removed slowly. 

The sample solution was then transferred into a 

centrifuge tube and diluted with ultra-pure water (18.2 

MΩ) until the final volume was 20 mL. In addition, an 

internal standard made in acetic acid solution was then 

added using the second channel of the peristaltic pump. 

2.5.2 Modification method 

Approximately 0.5 g sample was weighed precisely 

and put into a vessel, and 5 mL 65% HNO3 Suprapur, 1 

mL 37% HCl, and 1 mL H2O2 were then added. The 

mixture was left to stand until the initial reaction 

subsided, and the vessels were capped off securely. The 

vessels were put into a microwave digester chamber and 

the sample was digested at a minimum of 150℃ for at 

least 5 mins. The vessels were let to cool down and open 

carefully. The digested solutions were transferred into a 

50 mL PP centrifuge tube, and ultra-pure water (18.2 

MΩ) was added, followed by 1 mL acetic acid and 0.25 

mL mixed internal standard solution in 0.5 µg/mL 

concentration. The mix was then diluted with ultra-pure 

water (18.2 MΩ) to the final volume of 50 mL.  

2.5.3 Calibration standards 

The standard curve for the heavy metals (Pb, Cd, Hg, 

and As) analysis was prepared using the stock solutions 

(1000 mg/L). Fresh calibration standards were prepared 

every day, or as deemed necessary, in 0, 0.05, 0.1, 0.25, 

0.5, 1, 2.5, and 5 ng/mL concentrations for each analyte. 

2.5.4 The instrumentation and the condition of ICP-

MS 

Heavy metals in the digested solutions were 

determined using the ICP-MS instrument (Thermo 

Scientific iCAP RQ, Germany) with the KED (Kinetic 

Energy Discrimination) mode using helium as collision 

gas to decompose ArCl interfering ion at m/z 75. See 

Table 1 for the analytical conditions. 

 

2.5.5 Determining heavy metals using ICP-MS 

The peak intensities of the analyte and internal 

standard were measured. The concentrations of analyte 

were calculated based on the intensity ratio between each 

analyte and the internal standard.  

2.6 Method validation 

The evaluated parameters were the method’s 

linearity, the method’s limit of detection (LOD) and limit 

of quantification (LOQ), precision and accuracy using 

CRM, precision and accuracy using recovery testing, 

intralab reproducibility and robustness (Magnusson and 

Ornemark, 2014; AOAC, 2016). The method’s linearity 

test was carried out using infant formula matrices spiked 

in stages with the standard solutions after the weighing 

and prior to the sample digestion process. The analytes 

were added in 5, 10, 15, 20, 25, 30 µg/kg concentrations, 

each in three replications. Determining the linearity 

value of the method requires a calibration curve that 

shows the relationship between the analyte 

concentrations in the spiked samples (µg/kg) and the 

intensity value (CPS) as the analysis response. From the 

calibration curve, the slope, the intercept values and the 

coefficient of determination were obtained. To determine 

the limit of detection (LOD) value, samples containing 

no analytes (blank samples) or samples in concentrations 

near or below the estimated LOD were used. The LOD 

of the method was determined using non-spiked samples 

that were analyzed in minimum six replications, and the 

SD were then calculated. The LOD of the method was 

calculated using the formula      , while the LOQ        . 

The precision and accuracy were determined using 

ERM BD 150 “Skimmed Milk Powder” from the 

European Commission, Belgium in concentrations 

known for Pb, Cd, and Hg analytes and the spiked 

samples at the required limit based on the Regulation of 

the Head of Indonesian FDA No. 5/2018 (n = 6). Mean, 

standard deviation (SD), relative standard deviation 

(RSD), and recovery values were calculated. The intralab 

reproducibility was determined by evaluating the 

Parameter Value 

Peristaltic Pump Speed 40 rpm 

RF Power 1550 W 

Cool Gas Flow 14 L/min 

Auxiliary Gas Flow 0.8 L/min 

Nebulizer Gas Flow 0.97 L/min 

Number of Sweeps 20 

Dwell Time 0.001–0.02 ms 

Replicate per Analysis 3 

Signal Stabilization Time 15 s 

Fast Sample Loop 0.5 mL 

Fast Uptake Time 3 s 

Fast Rinse Time 1+3 s 

Table 1. The Conditions of ICP-MS 
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analysis results using the same instrument, samples, and 

personnel at different times. The testing was carried out 

for 3 consecutive weeks using samples spiked with 20 

µg/kg standard solutions (n = 3). The evaluated 

parameters were the RSD analysis in the 3 different 

weeks. The last parameter for the method’s validation 

was robustness, and it was determined by making a small 

change in the 65% HNO3 Suprapur volume for the 

sample digestion process. In the standard method AOAC 

Official Method 2015.01, the volume of 65% HNO3 

Suprapur is 5 mL, while in this robustness test the 

volume was changed to 4.5 mL (n=3).  

2.7 The application of the validated method in other 

products with similar matrices 

The validated method was applied to analyze heavy 

metals in four formula milk samples. The results of the 

analysis were compared with the levels specified in the 

applicable regulation, the Regulation of the Head of 

Indonesian FDA No. 5/2018, the Commission 

Regulation (EC) no 488/2014 and Commission 

Regulation (EC) no 1881/2006. 

2.8 Statistical analysis 

Microsoft Excel 2016 Professional Plus was used to 

calculate the heavy metal contents in infant formula and 

their descriptive statistics, including t-test for robustness 

parameter. In addition, the parameter of intralab 

reproducibility was statistically calculated using the One-

Way ANOVA parametric test and Kruskal-Wallis non-

parametric test, followed by Tukey HSD and Mann 

Whitney tests using SPSS version 23. To determine 

statistical significance, a probability value of 0.05 was 

used. 

 

3. Results 

3.1 Instrumental performance of ICP-MS for heavy 

metals analysis 

To determine the instrument linearity, a calibration 

curve was made at concentrations 0–5 ng/mL, showing 

the relation between the analyte concentration (ng/mL) 

on the x-axis and the intensity value (Counts per Second) 

as the analysis response on the y-axis. The linear 

equation was eventually generated with R2 were 

respectively 0.9999, 0.9997, 0.9997, 0.9998 for the 

analytes Pb, Cd, Hg, and As and based on the results, 

ICPMS have good linearity indicated by R² ≥ 0.990 

(AOAC, 2013). 

The other test parameters for the instrument 

performance were instrument limit of detection (LOD) 

and limit of quantification (LOQ). The instrument LOD 

for the analytes Pb, Cd, Hg, and As were respectively 

0.014, 0.015, 0.011, and 0.012 ng/mL, while the 

instrument LOQ were respectively 0.046, 0.048, 0.037, 

and 0.038 ng/mL.  

The next test parameter for the ICP-MS performance 

was the precision of the analysis response. The results 

showed that the RSD of the analytes Pb, Cd, Hg, and As 

at the LOQ concentration (0.03 ng/mL) were 

respectively 0.19, 1.23, 1.59, and 1.87% and this value 

was still below 2%. 

3.2 Sample homogeneity 

The mean moisture content in infant formula was 

2.32±0.04% (wet basis). The results of the homogeneity 

test showed that the mean square within (MSW) and the 

mean square between (MSB) were respectively 0.0015 

and 0.0029. The formula F-statistic =       was used, and 

the result showed that the F-statistic (1.96) < F-table 

(3.02), indicating that the infant formula samples in this 

research were homogeneous. 

3.3 Method orientation 

3.3.1 Determining the microwave condition 

The digestion method using microwave was 

developed based on the method from AOAC Official 

Method 2015.01 (Briscoe et al., 2015) and the 

experiences in our laboratory. See Table 2 for the three 

microwave conditions selected to validate the method of 

analysis. The microwave conditions based on the 

experience in our laboratory (condition 3) were selected 

for the method validation processes. These conditions 

were highly dependent on the brand and the condition of 

the microwave itself when being used for the digestion 

process.  

 

Condition Stage Max. Power Power (%) Ramp (min) Temp (℃) Hold (min) Reference 

Condition 
1  

(1) 800 W 100 10:00 180 10:00 AOAC Official 
Method 2015.01 (2) 800 W 100 10:00 200 20:00 

Condition 
2 

(1) 800 W 100 10:00 180 10:00  Experience in our 
laboratory (2) 800 W 100 10:00 200 25:00 

Condition 
3 

(1) 1600 W 60 15:00 150 5:00 
Experience in our 
laboratory 

(2) 1600 W 60 5:00 180 5:00 

(3) 1600 W 60 5:00 200 25:00 

Table 2. Microwave condition for sample digestion 
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3.3.2 Isotopes selection 

In this research, several isotopes from the analyzed 

analytes were screened, except for As which only has 

one isotope. The selected isotopes were 206,208Pb, 
110,111Cd, 200,201,202Hg, and 75As. The samples used were 

spiked with standard solutions prior to preparation and 

injection into the ICP-MS instrument. The isotopes for 

the method validation process were selected based on the 

recovery values that meet the AOAC requirements 

(AOAC, 2016). The results showed that the recovery 

values of all the isotopes were found to meet the 

requirements. As such, another aspect should also be 

considered, the abundance in nature. The abundance 

value is related to the sensitivity where low abundance 

results in low sensitivity (Wilschefski and Baxter, 2019). 

Therefore, isotopes with the highest abundance values 

were selected for the method validation process, i.e. 

isotopes 208Pb, 111Cd, 202Hg, and 75As with the abundance 

values of 52.4, 12.8, 29.86, and 100%, respectively. 

3.4 Method validation for heavy metals analysis 

3.4.1 Method’s linearity 

The method was found linear for Pb, Cd, Hg, As in 

working range 5–30 µg/kg with R² were respectively 

1.000, 1.000, 1.000, 0.998 (Table 3). The results 

indicated that the analysis method was able to generate 

responses proportional to the increase in the 

concentrations of the analyte in the samples.  

3.4.2 Method’s LOD and LOQ 

Based on the results, the method’s LOD for the 

analytes Pb, Cd, Hg, As were 0.74, 0.41, 0.08, 0.50 µg/

kg, while the LOQ 2.48, 1.36, 0.27, 1.67 µg/kg. The 

values were not confirmed further as the concentrations 

of the analytes in the samples were already close to the 

LOD values.  

3.4.3 Precision and accuracy using CRM 

The CRM was prepared and injected into ICP-MS, 

the same as the treatment to the test samples. A good 

precision is confirmed when the RSD analysis <2/3 RSD 

Horwitz (Magnusson and Ornemark, 2014). In this 

research, the results of the analysis using CRM (n = 8) 

revealed that the RSD analysis for the analytes Pb, Cd, 

and Hg were respectively 10.68, 2.52, and 3.28%. The 

RSD analysis was below 2/3 RSD Horwitz for the 

elements, 19.30, 20.90, and 16.49%, respectively (Table 

4).  

The accuracy is deemed to meet the acceptable 

requirements when the analysis results of all the eight 

replications fall within the concentration range in the 

CoA and the recovery values are also within the required 

range (AOAC, 2016). The results revealed that the mean 

concentrations for the analytes Pb, Cd, and Hg were 

respectively 19.47, 11.37, and 55.30 µg/kg. The 

concentrations were still within the concentration range 

for the analytes in the CoA, i.e. respectively 19.0±4, 

11.4±2.9, and 60±7 µg/kg. In addition, the recovery 

values for the analytes Pb, Cd, and Hg were respectively 

102.68, 99.75, and 92.17% (Table 4). All the recovery 

values in this research met the acceptable requirement in 

AOAC (2016), i.e. to fall within the range of 60–115%. 

3.4.4 Precision and accuracy using spiked samples 

The samples spiked at concentration 10 µg/kg were 

prepared and injected into ICP-MS. A good precision is 

confirmed when the RSD analysis <2/3 RSD Horwitz. 

Based on the results, the RSD analysis for the analytes 

Pb, Cd, Hg, and As were respectively 9.81, 2.60, 7.18, 

and 4.56% (Table 5). The RSD analysis was below 2/3 

RSD Horwitz for the elements, i.e. 21.93, 21.50, 21.92, 

and 21.38%, respectively. 

The accuracy value was determined by calculating 

the recovery value of each replication (at least 6 

replications). Based on the results, the mean recovery 

values for the analytes Pb, Cd, Hg, and As were 

respectively 83.92, 96.04, 84.44, and 98.99% (Table 5). 

The values met the acceptable requirement in AOAC 

(2016), i.e. to fall within the range of 60–115%.  

3.4.5 Intra-lab reproducibility 

The testing was carried out for 3 consecutive weeks 

Parameter 
Analyte 

208Pb 111Cd 202Hg 75As 

Method 

linearity 
        

Slope 0.0031 0.0003 0.0004 0.0140 

Intercept 0.0756 0.0020 0.0033 0.0447 

R2 1.000 1.000 1.000 0.998 

Table 3. The method linearity of 208Pb, 111Cd, 202Hg, 75As, 
119Sn 

Analyte 
Concentration (µg/kg) Range 

CoA 

Recovery (%) RSD 2/3 RSD 
Horwitz (%) Range Mean Range Mean (%) 

Pb 16.27–21.67 19.47 19.0±4 85.64–114.06 102.47 10.68 19.3 

Cd 11.04–11.83 11.37 11.4±2.9 96.37–103.80 99.75 2.52 20.9 

Hg 53.76–58.12 55.3 60±7 89.59–96.86 92.17 3.28 16.49 

Table 4. The precision and the accuracy of Pb, Cd, Hg using CRM (n = 8) 

RSD: Relative Standard Deviation, CoA: Certificate of Analysis 
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using samples spiked with 20 µg/kg standard solutions. 

The evaluated parameters were the RSD analysis in the 3 

different weeks. As all the RSD analyses were smaller 

than RSD Horwitz, the acceptable requirements for 

precision were met (Table 6). 

The differences in the levels of analytes Pb, Cd, Hg, 

As in weeks 1, 2, and 3 of testing were statistically 

calculated using One-Way ANOVA parametric analysis 

for Pb, Cd, As and Kruskal-Wallis non-parametric 

analysis for Hg, followed by Tukey HSD and Mann 

Whitney tests. Based on the results of the analysis, there 

was no significant difference among each data group, 

indicated by the p-value being greater than the α (0.05) 

(Table 6). This means, partially there was no difference 

in the data values of the analytes Pb, Cd, Hg, and As in 

weeks 1, 2, and 3 of testing. 

3.4.6 Robustness 

In this research, the parameter robustness was 

determined by making a small change in the HNO3 

volume for the sample digestion process. In the standard 

method AOAC Official Method 2015.01, the volume of 

HNO3 is 5 mL, while in this robustness test the volume 

was changed to 4.5 mL. The results of the analysis were 

then compared using the t-test parametric method. 

The results of the t-test showed that the p-values of 

all the data groups were greater than 0.05 (Table 7), 

indicating that the data groups were not significantly 

different. This means, there was no difference in the 

results of the analysis on Pb, Cd, Hg, and As between the 

addition of 5 mL and 4.5 mL HNO3 Suprapur. Therefore, 

the analysis method was found robust as it was unaffected 

by the small change in its variable, 65% HNO3 Suprapur 

volume. 

3.5 The application of the validated method to other 

products with similar matrices 

The analysis was carried out using non-spiked 

samples with three replications each. The results of the 

analysis were then compared with the heavy metal levels 

specified in the applicable regulations. Based on the 

results, all formula milk products contained heavy metals 

but the concentrations did not exceed the maximum 

acceptable levels by the Regulation of the Head of 

Indonesian FDA No. 5/2018, 10–20 µg/kg and the 

Commission Regulation (EC) no 488/2014, Commission 

Table 5. The precision and the accuracy of the method to analyze Pb, Cd, Hg, As using spiked samples (n = 6) 

RSD: Relative Standard Deviation. 

Analyte 
Concentration (µg/kg) Concentration 

added (µg/kg) 

Recovery (%) 
RSD (%) 

2/3 RSD 
Horwitz (%) Range Mean Range Mean 

Pb 7.76–9.93 8.33 10 77.85–99.59 83.92 9.81 21.93 

Cd 9.23–9.83 9.51 10 92.57–102.33 96.04 2.6 21.5 

Hg 7.78–9.33 8.36 10 78.07–97.08 84.44 7.18 21.92 

As 9.11–10.39 9.87 10 91.51–104.18 98.99 4.56 21.38 

Week 
Concentration±SD (µg/kg) 

208Pb 111Cd 202Hg 75As 

1 19.75 ± 1.97 20.37±0.06 21.41±0.52 20.95±0.70 

2 18.12±0.54 21.11±0.68 19.83±0.18 19.13±1.07 

3 20.19±0.34 20.49±1.73 20.54±0.25 20.73±1.90 

Mean 19.35±1.09 20.66±0.40 20.59±0.79 20.27±0.99 

P value > 0.05 

RSD (%) 5.64 1.91 3.84 4.9 

RSD Horwitz (%) 28.97 28.69 28.7 28.77 

Table 6. The result of intralab reproducibility testing of heavy metals in infant formula with spiked (n=3) 

RSD: Relative Standard Deviation. 

Analyte Variable Mean±SD (µg/kg) RSD (%) P-value Conclusion 

Pb 
HNO3 5 mL 19.75±1.97 9.99 

0.395* 
There was no 
difference HNO3 4.5 mL 19.37±1.11 5.75 

Cd 
HNO3 5 mL 22.10±0.60 2.72 

0.265* 
There was no 
difference HNO3 4.5 mL 22.46±0.70 3.11 

Hg 
HNO3 5 mL 21.41±0.52 2.4 

0.091* 
There was no 
difference HNO3 4.5 mL 20.66±0.62 2.98 

As 
HNO3 5 mL 20.95±0.70 3.32 

0.287* 
There was no 
difference HNO3 4.5 mL 21.47±1.26 5.87 

Table 7. Comparison of analysis results of heavy metals in the addition of 5 mL and 4.5 mL HNO3 with spiked (n = 3) 

*t-test 
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Regulation (EC) no 1881/2006, i.e. 10-20 µg/kg for Pb, 

Cd (Table 8). Pb was found greater than the LOQ in one 

formula milk only, while analyte Hg was undetected in 

all tested samples. In addition, varied concentrations 

were found in analytes Cd and As, where Cd 

concentrations ranged from 1.54 to 8.34 µg/kg and As 

concentrations ranged from 2.29 to 7.91 µg/kg. 

 

4. Discussion 

Heavy metals analysis was conducted in accordance 

with the standard method AOAC 2015.01 with some 

modifications on the microwave condition and the 

addition of 37% HCl during the digestion process. The 

digestion was microwave-assisted carried out in closed 

vessels under pressure where the samples were 

decomposed using nitric acid and HCl with the addition 

of H2O2 as an oxidizing agent. The sample solution was 

then transferred to a centrifuge tube, followed by 0,25 

mL internal standard solution, 1 mL acetic acid and 

diluted using ultra-pure water to the final volume of 50 

mL.  

Condition 3 based on our experience in the 

laboratory was selected for the method validation 

process because the recovery of the analysis results was 

found to meet the requirements under the AOAC (2016), 

60–115%. Temperature, time, and volume of strong 

acids used extremely affect the efficiency of a sample 

digestion process using a microwave (Momen et al., 

2007). A complete digestion process is indicated by the 

formation of a clear solution. In conditions 1 and 2 

(Table 2) (with 800 W pressure), the microwave 

temperature was failed to be reached. This was 

presumably why the recoveries in both conditions were 

not good for some metals, and therefore, in condition 3 

the pressure was raised to 1600 W and eventually the 

temperature was reached. High pressure in vessels 

increases the boiling point of nitric acid and, therefore, 

the oxidation power, which eventually accelerates 

reactions (Solihat et al., 2018).  

The sample digestion process generally uses HNO3 

with the addition of H2O2 as an oxidizing agent to 

increase the oxidizing power of HNO3 during sample 

destruction and to increase the process of breaking down 

organic matters in the sample. Some of the times, HNO3 

and H2O2 mix is unable to dissolve all the materials in 

the sample, and therefore the recovery cannot be 

reached. It is necessary to add and combine HCl with 

HNO3 and H2O2, particularly for samples that are 

difficult to digest (Momen et al., 2007). 

The HCl was also added particularly for Hg analysis. 

Several aspects that should be of concern on the Hg 

analysis are among others: Hg has an extremely high 

first ionization energy (10.44eV), resulting in its low 

degree of ionization; has numerous isotopes (7 isotopes) 

and all their abundances are below 30%, causing Hg to 

have a low sensitivity for its every isotope, and is 

volatile, making it easily lost when the vessels are 

opened after the sample digestion using a microwave. 

Therefore, it has a relatively lower recovery. One of the 

aspects being considered to increase the sensitivity of Hg 

was the addition of chemicals to stabilize Hg. In this 

study, the addition of HCl in a low concentration was 

used to form HgCl4
2- which is more stable (Korn et al., 

2008; Casey et al., 2018). On the contrary, the standard 

method AOAC 2015.01 uses Au whose function is the 

same as HCl, i.e. to stabilize Hg and Lu to avoid analytes 

from being lost during the sample digestion process 

(Briscoe et al., 2015). 

The addition of HCl must be observed closely for the 

analysis of the other metals because the process may 

cause polyatomic interferences. Polyatomic ions are 

formed in the plasma due to the imperfect atomization 

process. They can be from sample matrices, reagents for 

sample preparation, and/or argon gasses. For example, 
35Cl- and 40Ar+ form 40Ar35Cl+ that has m/z 75 and 

therefore may overlap with isotope As that also has m/z 

75 (Wilschefski and Baxter, 2019). This will cause the 

response of As analysis to be greater than it should be 

due to the addition from the polyatomic ions that have 

the same mass as As. To minimize the interference, this 

research used KED (Kinetic Energy Discrimination) 

mode in the ICP-MS system. This mode uses Helium as 

the collision gas that will remove polyatomic 

Brand 
Concentration of analyte (µg/kg) 

208Pb 111Cd 202Hg 75As 

A ND 1.78±0.16 ND 2.29±0.25 

B ND 2.06±0.30 ND 3.20±0.24 

C Trace (2.38±0.18) 1.54±0.08 ND 3.63±0.20 

D 4.12±0.37 8.34±0.61 ND 7.91±0.64 

Regulation of the Indonesian FDA 
(µg/kg) 

10 10 10 20 

Commission Regulation (EC) no 
488/2014, (EC) no 1881/2006 

20 10 - - 

Table 8. Concentration of heavy metals in four formula milk samples analyzed by ICP-MS 

ND: Not Detected, Trace: higher than the method’s LOD, but still lower than the method’s LOQ 



218 Maulidyah et al. / Food Research 5 (6) (2021) 211 - 220 

 
eISSN: 2550-2166 © 2021 The Authors. Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

interferences before going to the mass analyzer (Thomas, 

2013).  

Carbon elements in sample solutions from the CO2 

decomposition during the sample digestion or from the 

remaining insoluble organic compounds can also become 

a problem in analysis using ICP-MS, they make the 

analyte response higher. The most affected element is As 

due to its low degree of ionization. The carbon will 

increase the effectivity of As ionization in the plasma, 

and without the addition of carbon-source elements into 

the standard solutions, the analyte level will be 

unnecessarily higher. To avoid such a response, in this 

research, acetic acid was added as the carbon source after 

the sample digestion process into the sample, standard, 

and blank solutions in the same volume. Acetic acid was 

added to increase As sensitivity because based on the 

previous studies, the addition is able to increase As 

intensity up to 2.8 times (Nishimura et al., 2010; Briscoe 

et al., 2015). 

Sample matrices greatly influence the reading of the 

analysis responses. Using internal standards is effective 

to correct the signal’s declining responses due to the 

matrix effect and the instrument drift (Vanhaecke et al., 

1992; Evans and Giglio, 1993; Wilschefski and Baxter, 

2019). The most suitable internal standard should also be 

taken into account. The mass and the potential ionization 

of the internal standards should be as close as possible to 

the target analyte’s so that the treatments in the plasma 

will be the same; stable; non-reactive to the sample 

matrix and analyte and should not be in the samples to be 

analyzed (Evans and Giglio, 1993; Martino et al., 2000; 

Martino et al., 2001; Nishimura et al., 2010; Thomas, 

2013; Wilschefski and Baxter, 2019). Using an internal 

standard whose mass number is close to the target 

analyte’s will increase precision (Vanhaecke et al., 

1992). The internal standards should be added into the 

sample, standard, and blank solutions at the same 

concentrations (Wilschefski and Baxter, 2019). This 

research used internal standards 209Bi, 103Rh, and 73Ge. 

Bismuth was used to correct the analytes Pb and Hg, 

Rhodium for Cd, and Germanium for As.  

The instrument ICP-MS was found to have a great 

performance in analyzing heavy metal contents in infant 

formula because it was able to generate intensity values 

that were proportional with the increase in the analyte 

concentration as its analysis responses. This step aimed 

to ensure that all the systems in the ICP-MS performed 

well before they were used for the validation process. 

Well-performing instruments affect the results of 

analysis method validations. All the parameters of the 

method validation, i.e. the method’s linearity, the 

method’s LOD and LOQ, precision and accuracy using 

CRM and recovery testing, intralab reproducibility, and 

robustness, were found to meet the acceptable 

requirements with the method’s LOD for the analytes Pb, 

Cd, Hg, and As respectively 0.74, 0.41, 0.08, and 0.50 

µg/kg, and the LOQ 2.48, 1.36, 0.27, and 1.67 µg/kg, 

respectively.  

Another research using the same instrument and 

matrices was found to have similar to higher LOD and 

LOQ, 2, 0.8, and 1 µg/kg (LOD) and 6, 1, and 2 µg/kg 

(LOQ) for Pb, Cd, and As, respectively. The accuracy of 

the heavy metal analysis method differed slightly, i.e. 83

–98% in this research and 97–102% in the other research 

(Lo Dico et al., 2015). A slight difference in LOQ was 

also found in another research i.e. 4, 1, 3, and 2 µg/kg for 

Pb, Cd, Hg, and As (Briscoe et al., 2015). Such 

differences were due to different sample preparation 

procedures. In this study, the sample digestion process 

used 5 mL HNO3, 1 mL HCl, and 1 mL H2O2, while Lo 

Dico et al. (2015) used 3 mL HNO3 and 5 mL ultrapure 

water and Briscoe et al. (2015) used 4 mL HNO3, 1 mL 

H2O2, and 0.1 mL Au 50 mg/L + Lu solution. 

The validated analysis method was then used to 

analyse heavy metals in formula milk. The analysis was 

carried out on a non-spiked sample, each in 3 

replications. Several differences were found in the results 

of analysis on heavy metals in formula milk carried out 

in another research, presumably because the researchers 

used different analysis mode. This research used KED 

(Kinetic Energy Discrimination) mode with Helium as 

the collision gas for all analytes, while the other research 

used Dynamic Reaction Cell (DRC) mode for As with 

Hydrogen as reaction gas and standard mode for Pb and 

Cd. In addition, the other research used isotope 114Cd, 

while this research used isotope 111Cd. The internal 

standard used for analyte Pb and As were also different, 

i.e. Bi and Ge in this research and Lu and Rh in the other 

research (Sorbo et al., 2014). 

 

5. Conclusion 

All the parameters of the analysis method for 

simultaneous determination of the levels of Pb, Cd, Hg, 

and As in infant formula using ICP-MS in accordance 

with the AOAC Official method 2015.01 with several 

modifications were found to meet the acceptable 

requirements. The ICP-MS was found to have acceptable 

linearity for all the tested analytes (Pb, Cd, Hg, and As) 

with R2 respectively nearly 1.0000. The method’s LOD 

for the analytes Pb, Cd, Hg, and As were respectively 

0.74, 0.41, 0.08, and 0.50 µg/kg, while the LOQ 2.48, 

1.36, 0.27, and 1.67 µg/kg, respectively. This analytical 

method can be applied to analyze heavy metals in 

formula milk with the analysis results meet the 

acceptance requirements based on the regulation of the 
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