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ABSTRACT 

In this study inductively coupled plasma optical emission spectrometer (ICP-OES) used to develop analytical method for 
determination of Pb, Cd, Sb, Fe, Zn, Cr, Mn, Sn, Co, Ni and Cu in some canned and homemade baby food samples collected 
from Giza. The method showed that the limit of detection varied between 0.001 and 0.249 mg/kg and the average 
recoveries varied between 78.1 and 117.2 %. The method accuracy was confirmed by using certified reference materials 
from FAPAS. The results showed that all analyzed samples were free from any detectable amount of Pb, Co and Sb. The 
range of the investigated Fe, Zn, Mn and Cd in different canned samples were < LOQ - 5.64, < LOQ - 2.6, < LOQ - 0.007 and 
< LOQ - 2 mg/kg, respectively, while the range of Fe and Zn in different homemade samples were < LOQ – 2.62 and < LOQ 
– 4.57 mg/kg, respectively. The daily intakes of detected elements for children through baby food samples have also been 
estimated, and all were below the recommended tolerable levels. 
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INTRODUCTION 
Trace elements play an important role in human biology, because they are either adequately synthesized 
or not synthesized in the body. Trace amounts of some metals, manganese, copper, zinc, for example, are 
essential micro nutrients and have a variety of biochemical functions in all living organisms. While these 
elements are essential, they can be toxic when taken in excess. In addition, some metals like lead do not 
occur naturally in the body and their presence, usually as a result of occupational or pollution-related 
exposure, is detrimental to health and children are more sensitive to these metals than adults [1- 4].Most 
essential trace elements which present in infant formula have very little attention. For example, for (8) 
out of the (11) essential elements regulated in formula and the risk assessment data which required for a 
science- based of infant exposure is currently lacking [5]. Moreover, infant formula and foods may be hold 
toxic elements as a result of food processing or from their natural presence in raw materials which be 
used. For example, baby food products which based on rice were recently reported to contain 
concentrations levels of arsenic above permissible limits [6, 7].  
Exposure to metals during growth can result in acute and long-term effects on the children health 
because of their bodies are developing and because they generally consume more food on a per body 
weight basis than adults. Children exposures to chemical hazards in foods are at risk of illness. Moreover, 
developing organs and tissues are more susceptible to the toxic effects of these chemicals. For example, 
exposure to lead during pregnancy or early childhood will cause serious damage to the  brain growth with 
the consequent loss of intellectual potential, while an adult experiencing the same exposure will not have 
any effect in her/his intellectual capacity [8, 9]. On the other hand, chromium, copper, iron, zinc and 
manganese are essential for human health whereas zinc deficiency can cause to decrease immune system 
delayed in growth and may be cause hypogonadism. Either  copper  deficiency,  accompanied  by  failures  
in  collagen,  elastin  reticulation and problems in tissues, especially  in  arteries.  Its excess can cause to 

Research Journal of Chemical and Environmental Sciences  
Res J. Chem. Environ. Sci. Vol 4 [5] October 2016: 01-07 
Online ISSN 2321-1040  
CODEN: RJCEA2 [USA] 
©Academy for Environment and Life Sciences, INDIA 
Website: www.aelsindia.com/rjces.htm 

RRRJJJCCCEEESSS   
 



RJCES Vol 4 [5] October 2016                     16 | P a g e      © 2016 AELS, INDIA 

diarrhea, nausea, vomiting, cirrhosis and anemia [10-12] .However, for micronutrients metals, there is 
specified allowed levels for adequate dietary intake whereas at high concentrations, chromium, zinc and 
copper cause nephritis, extensive lesions in kidneys and anuria [13]. So we need to develop analytical 
method to assess the concentrations levels of essential and toxic elements in baby food samples.  
In this study development of analytical method for determination of some essential and toxic elements in 
some canned and homemade baby food samples by using inductively coupled plasma and then 
monitoring of investigated elements in the baby food samples which collected from the different 
pharmacies and markets in Giza, Egypt was carried out. Also carried out compassion between the 
concentrations levels in test canned and homemade baby food samples and finally dietary intakes and 
risk assessment were estimated by evaluated estimated provisional tolerable daily intake (EPTDI) and 
estimated provisional tolerable weekly intake (EPTWI) and compared to the relevant toxicological 
reference values acceptable provisional tolerable weekly intake (APTWI) [14, 15].    
 
MATERIALS AND METHODS 
Instrument 
A PerkinElmer Optima 8300 inductively coupled plasma optical emission spectrometer equipped with 
ultrasonic nebulizer U5000 AT+ (CETAC), auto sampler S10, whisper cool (Poly science) and air 
compressor was used for determination of elements. Plasma flow (12 L/min), auxiliary flow (0.2 L/min),  
nebulizer flow (0.35 L/min), pump flow rate (2.5  L/min), RF power (1400 Watt), view distance ( 15 cm), 
axial plasma view and the basic wavelengths were (205.56, 230.786, 238.204, 227.02, 202.548, 189.927, 
257.61, 327.393, 214.44, 206.836 and 220.353 nm) for Cr, Co, Fe, Ni, Zn, Sn, Mn, Cu, Cd, Sb and Pb, 
respectively. Milestone high pressure microwave (Model: Ethos Up) was used for samples digestion. 
Thermo Scientific M6 series graphite furnace atomic absorption spectrometer (GF95Z) equipped with 
auto sampler (FS95), background correction system (deuterium Lamp and Zeeman) and hollow cathode 
lamps (HCL) specific for each element (Pb and Cd) was used to confirm the concentrations levels of lead 
and cadmium in the monitored samples. Slit band pass ( 0.5 nm), electro thermal as heating source , argon 
gas  as Inert gas and measurements at wavelengths (288.8 and 217) for Cd and Pb, respectively .Water 
Purification System (Millipore – Q ® integral 5 (A10 ®) / Model ZRXQ005T0). Top bench balance Mettler 
Toledo has range from 0.1 mg to 210 gm. Electrical apparatus for sample homogenization (e.g. Bamix). 
Reagents and standard solutions 
All reagents were pro analyzing quality and the highest purity was used. Concentrated nitric acid (69% 
HNO3) purchased from (Merck). Hydrogen peroxide (30% H2O2) purchased from (Merck). Deionized 
water from water purification system (Millipore – Q® integral 5 (A10®) / Model ZRXQ005T0). Nitric acid 
(2%) was prepared by dilute 29 ml conc. nitric acid to (1) litter with deionized water which used for 
standard preparations. Nitric acid (2 mole / L) was prepared by dilute 130 ml conc. nitric acid to (1) litter 
with deionized water which used for cleaning of digestion vessels and glassware. Metal stock standard 
solutions (1000 mg/L) for Pb, Cd, Sb, Cu, Zn, Fe, Cr, Mn, Sn, Lu, Co, and Ni were purchased from (Merck) 
and intermediates standard solutions (100 mg/L, 10 mg/L, 1 mg/L and 0.1 mg/L) were prepared from 
metal stock by using (2%) nitric acid solution then working solutions were prepared from intermediates 
standard solutions. 
Baby food samples and certified reference materials 
A total of fourteen samples of commercially available canned baby food "Gerber" were collected from the 
different pharmacies and markets in Giza, Egypt. All the samples belonged to seven different brands 
(mixed fruits, mixed vegetables, rice and chicken, apple, prunes, yoghurt with fruits and mixed fruits with 
cereals) were purchased in duplicates. All the samples were stored in refrigerator in their original 
packages. 
Fresh fruits, vegetables and chicken, commercially available yoghurt, rice and honey were collected from 
the different markets in Giza, Egypt. All the samples were subjected to home processing to prepare ready 
to eat samples of (mixed fruits, mixed vegetables, rice and chicken, apple, yoghurt with fruits, yoghurt 
with honey and mixed vegetables with rice). Each sample was cooked in 100 ml water for 15 minutes 
then homogenized using Electrical apparatus and prepared in duplicates. All the samples were stored in 
refrigerator.  
Accuracy was evaluated by analysis certified reference materials of different matrix like (Bread Powder, 
Soya Flour, Sugar, Grape juice, Milk Powder, Vegetable puree and Fruit juice) which were purchased from 
FAPAS. 
General procedure 
The samples were digested in closed vessels in high performance and pressure microwave oven using 
mixture of conc. nitric acid and hydrogen peroxide then the digested solutions was diluted with deionized 
water. In case of inductively coupled plasma optical emission spectrometer (ICP-OES) the diluted 
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samples injected to through ultrasonic nebulizer which convert liquid samples to very fine aerosol. The 
sample aerosol then carried into the center of the plasma by the inner nebulizer argon flow. The first 
function of the high temperature plasma was to remove the solvent from the aerosol usually leaving the 
sample as microscopic salt particles. The next steps involved decomposing the salt particles into a gas of 
individual molecules that were then dissociated into atoms then atoms were excited as a result of 
collisions of sample atoms with energetic electrons after that emission process was take place and the 
emitted light by the excited atoms in the plasma was measured. In case of graphite furnace atomic 
absorption spectrometer (GFAAS) 20µl of the diluted samples +10µl of (NH4H2PO4+Mg (NO3)2x 6H2O) as 
matrix modifier which used with Cd and Pd injected inside extension time life cuvette. Furnace program 
for Cd were Drying temperature at 130 0C, Ashing temperature at 600 0C, Atomization temperature at 
1800 0C and Cleaning temperature at 2500 0C, While Furnace program for Pd were Drying temperature at 
130 0C, Ashing temperature at 800 0C, Atomization temperature at 1700 0C and Cleaning temperature at 
2500 0C. Absorption process was take place and the absorbed light by the atoms in the carbon cuvette 
was measured. 
Preparation of samples for analysis  
Weigh up to 1 g of sample into the microwave digestion vessel. In case of dry samples add 4-5 drops of 
deionized water to decrease the nitrous fumes resulting from the matrix digestion. Add (8 ml) conc. nitric 
acid to the digestion vessel and shake gently then add (2 ml) of hydrogen peroxide. Seal the vessel 
carefully according to the manual instructions and place it in its holder in the microwave oven. Introduce 
the thermocouple probe in the reference vessel and close the door. Adjust the microwave oven program 
at power (1800 watt) for 15 minutes until temperature reach 200 0C then still at these conditions to set 
this temperature (200 0C) for another 15 minutes. After the heating cycle has been completed, allow 
several minutes cooking time of the vessel inside microwave cavity then remove the thermocouple probe 
from the reference vessel to allow the vessels to cool down in a water bath for about 30 min then open 
the vessels carefully. Transfer the residual solution in 50 ml volumetric flask and completed it with 
deionized water to the marked volume. The sample should be kept in polypropylene tubes until analyzed 
by ICP-OES and GFAAS. Treat the reagent blank with the same way. 
 
RESULTS AND DISCUSSION  
Development of analytical method for determination of some essential and toxic elements in canned and 
homemade baby food samples by using inductively coupled plasma. 
The selected parameters for method validation were mainly taken from Eurachem (2014) and Eurachem 
/ CITAC (2012) guidelines [16, 17].       
Recovery tests 
The recovery tests were performed using eight replicates at four concentration levels. The tested spiking 
levels for recovery were 1, 2, 5 and 10 mg/kg for Cr, Co, Fe, Ni, Zn, Cu, Mn and Sn, 0.4, 0.8 and 1.6 mg/kg 
for Sb while 0.2, 0.4, 0.8 and 1.6 mg/kg for Pb and Cd. The average recoveries of tested elements at 
different levels varied between 78.1 and 117.2 % with coefficient of variation expressed as relative 
standard deviation ranged from 1.8% to 16.8%. Recovery was calculated by using the following equation:               

 

 Recovery (%) =  
�����

��
 

C1 = concentration determined in fortified sample. 
C2 = concentration determined in unfortified sample. 
C3 = concentration of fortification. 
The results of (Mean recovery ± Standard deviation (S)) and coefficient of variation (CV) of the test 
elements at different levels of fortifications (n=8) for baby food samples showed in table (1). 
Limit of detection (LOD) 
Limit of detection was calculated by measuring ten independent sample blanks. The limits of detection 
were found to be 0.01, 0.001, 0.009, 0.206, 0.09, 0.044, 0.145, 0.061, 0.055, 0.098 and 0.249 mg/kg for Pb, 
Cd, Sb, Fe, Zn, Cr, Mn, Sn, Co, Ni and Cu, respectively by using calculated standard deviations 0.0034, 
0.0003, 0.0029, 0.0687, 0.0301, 0.0148, 0.0483, 0.0204, 0.0183, 0.0326 and 0.083 mg/kg for Pb, Cd, Sb, 
Fe, Zn, Cr, Mn, Sn, Co, Ni and Cu, respectively. 
Limit of Quantification (LOQ) 
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The practical minimum concentration of analyzed elements in the tested samples that can be determined 
with acceptable precision, repeatability and accuracy were performed by analyze eight replicates at (1 
mg/kg) for Cr, Co, Fe, Ni, Zn, Cu, Mn and Sn and at (0.4 mg/kg) for Sb while at (0.2 mg/kg) for Pb and Cd. 
The coefficient of variation expressed as relative standard deviation for Pb, Cd, Sb, Fe, Zn, Cr, Mn, Sn, Co, 
Ni and Cu were found to be  12.41%, 7.69%, 6.29%, 10.86%, 16.83%, 7.48%, 3.84%, 6.62%, 4.3%, 8.09% 
and 9.43 %, respectively . 
Linearity 
The linear range found to be from 1 up to 0.1ug/l for Pb, Cd and Sb, while from 0.05 up to 6 mg/l for Fe, 
Zn, Cr, Mn, Sn, Co, Ni and Cu and correlation coefficients of the linear calibration curves were greater than 
0.995. The method linearity was checked to be linear from limit of quantification 1 mg/kg, 2, 5 and 10 
mg/kg for Cr, Co, Fe, Ni, Zn, Cu, Mn and Sn and from 0.4, 0.8 and 1.6 mg/kg for Sb, while checked from 0.2, 
0.4, 0.8 and 1.6 mg/kg for Pb and Cd. 
Accuracy 
Accuracy expresses the closeness of a result to a true value. Accuracy was normally studied as two 
components (trueness and precision). 
Trueness 
The method trueness was confirmed by using certified reference materials (CRM) from FAPAS. The found 
concentrations were compared with the assigned value and satisfactory range for the certified reference 
material which set by FAPAS. Also the Z-scores were calculated by FAPAS, where Z-score is a statistical 
measure that quantifies the distance (measured in standard deviations) a data point is from the mean of a 
data set. Accepted Z-score: -2≤ Z-score ≤ 2. All Z-score of the tested (CRM) were in the accepted criteria 
(See table 2). 
Z-score could be calculated using the following equation 

Z − score =  
��������� − ������

�
 

Precision 
Precision is a measure of how close results are to one another. The method precision was confirmed by 
measuring repeatability and reproducibility. 
Repeatability 
The repeatability performed by analyzing eight replicates of fortified sample by the same operator and 
short intervals of time. The repeatability expressed as relative standard deviation of  Pb, Cd, Sb, Fe, Zn, Cr, 
Mn, Sn, Co, Ni and Cu were 6.77%, 4.52%, 5.75%, 8.97%, 6.65%, 5.93%, 5.68%, 5.91%, 5.16%, 6.19% and 
6.78 %, respectively. 
Reproducibility 
In this study intra-laboratory reproducibility will only be considered. Recovery samples were analyzed by 
different analysts on several days. The reproducibility of this method was carried out at different types of 
sample matrixes like fresh (mix vegetables), fatty food (fish) and dry (wheat with milk powder). 
Reproducibility was estimated by pooling the variances of the three reproducibility of the different matrix 
then using pooled standard deviation and pooled relative standard deviation for calculations. The pooled 
reproducibility expressed as pooled relative standard deviation of  Pb, Cd, Sb, Fe, Zn, Cr, Mn, Sn, Co, Ni and 
Cu were 3.69%, 4.08%, 3.41%, 6.23%, 4.76%, 2.28%, 2.21%, 2.9%, 2.41%, 2.69% and 3.3%, respectively. 
Measurement Uncertainty 
The uncertainty component due to reference standard preparation for Cr, Co, Fe, Ni, Zn, Cu, Mn, Sn, Pb, Cd 
and Sb was found to be 0.82 % and the uncertainty component due to sample processing from codex 
guidelines was a default value of 10 % [18]. The measurement uncertainty expressed as expanded 
uncertainty in terms of pooled relative standard deviation at 95% confidence level for all elements were 
21.44%, 21.74%, 21.24 % , 23.76%, 22.34%, 20.60 %, 20.57 %, 20.93 %, 20.66 %, 20.82 % and 21.23% 
for Pb, Cd, Sb, Fe, Zn, Cr , Mn, Sn,  Co, Ni and Cu respectively. 
3.1.7. Quality Assurance 
Quality assurance of this method was followed by constructed control charts. The results of control 
samples are recorded on the control chart. In case of individual point falls outside the stated limits, the 
source or sources of error must be identified and corrected. If the source of error has obviously affected 
the analysis results of the real samples, these results must be corrected (usually by repeating sample 
analysis). All results of this method were in control. 
Performance of Graphite Furnace Atomic Absorption Spectrometer (GFAAS). 
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GFAAS was used to confirm the concentration levels of lead (Pb) and cadmium (Cd) in baby food samples. 
GFAAS have limit of quantifications for Cd (0.005 mg/kg) and Pb (0.03 mg/kg) lower than ICP-OES (0.2 
mg/kg) so it can detect a small value of these toxic elements. The method performance was checked at 
different concentrations of spiking levels. The recovery tests were performed using eight replicates at 
(0.005, 0.03, 0.06, 0.1 and 0.2 mg/kg) for cadmium (Cd) while for lead (Pb) spiking at (0.03, 0.04, 0.1, 0.2 
and 0.5 mg/kg). The average recoveries of Cd and Pb at different levels varied between 87 and 114% % 
with coefficient of variation expressed as relative standard deviation ranged from 3 % to 13%. The results 
of (mean recovery ±S) and coefficient of variation of the test elements at different levels of fortifications 
(n=8) for baby food samples showed in table (3).   
Metals determination in canned and homemade baby food samples using ICP-OES and GFAAS 
The results showed that all analyzed canned baby food samples were free from any detectable amount of 
lead (Pb), cobalt (Co) and antimony (Sb), however iron (Fe), zinc (Zn), tin (Sn), copper (Cu), nickel (Ni), 
cadmium (Cd), chromium (Cr) and manganese (Mn) were detected in all analyzed samples. The mean 
concentrations of (Fe) in Mix fruits with cereals > Mix vegetables > Mix fruits > Prunes > Rice and chicken 
> Apple > Yoghurt fruit where the highest concentration of (Fe) was found in Mix fruits with cereals (5.64 
± 0.15 mg/kg), while Yoghurt fruit have the lowest concentration of (Fe) which less than limit of 
quantification. The highest concentration of (Zn) was found in Rice and chicken (2.6 ± 0.14 mg/kg), while 
Apple and Prunes have the lowest concentration of (Zn) which less than limit of quantification where the 
mean concentrations of zinc in Rice and chicken > Yoghurt fruit > Mix fruits > Mix fruits with cereals > 
Mix vegetables > Apple and Prunes. All detected (Ni), (Cr), (Cu) and (Sn) were less than limits of 
quantifications in all analyzed samples. The mean concentrations of cadmium in Mix vegetables was 0.007 
± 0.0004 mg/kg but the other detected samples were less than limits of quantifications, while Mix fruits 
with cereals and Mix fruits have mean concentrations of manganese (2 ± 0.04 and 1.01 ± 0.05 mg/kg), 
respectively (Table 4). 
Our results are in agreement with those obtained by (Amany, A.S. et al. 2004) [19] who analyzed a total of 
60 samples of canned baby foods randomly collected from Kalubia and Gharbia Governorates for their 
content of cadmium and cupper. Various concentrations of Cd and Cu have been recorded in the examined 
samples.   
The results in table (5) showed that all analyzed homemade (ready to eat) samples were free from any 
detectable amount of (Pb), (Cr), (Co) and (Sb). On the other hand (Fe), (Zn), (Mn), (Cd), (Cu), (Sn) and (Ni) 
were detected in all analyzed samples. The mean concentrations of (Zn) in Yoghurt honey > Rice and 
chicken > Mix vegetables > Yoghurt fruit > Mix vegetables with rice > Apple and Mix fruits, while the mean 
concentrations of (Fe) in Mix vegetables > Mix vegetables with rice > Yoghurt fruit > Yoghurt honey > Mix 
fruits. All detectable amounts of (Mn), (Cd), (Ni), (Cr), (Cu) and (Sn) in all analyzed samples were less 
than limits of quantifications. 
From the results in Tables (4 and 5) we found that canned baby food samples contain concentrations 
levels of manganese and iron were higher than homemade baby food samples, while concentrations levels 
of zinc in homemade baby food samples higher than canned baby food samples. Also we observed all 
canned samples were contaminated with tin, while only two types of homemade samples which 
contained concentrations levels of tin this is may be due to food contact materials for canned samples and 
homemade samples which containing packed yoghurt but all this tin levels were less than limit of 
quantification. 
Estimation of dietary intakes and risk assessment  
Dietary exposure assessment combines food consumption data with data on the concentration of 
chemicals in food. In the chronic (long-term) risk assessment, the estimated provisional tolerable daily 
intake (EPTDI) and estimated provisional tolerable weekly intake (EPTWI) of detected metals was 
compared to the relevant toxicological reference values, i.e. acceptable provisional tolerable daily intake 
(APTDI) and acceptable provisional tolerable weekly intake (APTWI) which was derived after a full 
hazard characterization of the compound. The consumer is considered to be adequately protected if the 
estimated provisional tolerable daily intake of detected metals does not exceed the acceptable provisional 
tolerable daily intake [20]. 
The estimation of the exposure to metals in the Egyptian baby foods was performed, using recent data 
generated the samples which collected from the different pharmacies and markets in Giza, Egypt during 
period from October 2014 to January 2016 and food consumption data which expressed the consumption 
of "Food for infants and small children" from (G06 in g/day) were 0.4 g/day [21] and average body 
weight for infants and small children were 9.33 kg [22, 23]. The calculated Theoretical (EPTWI) was 
compared with the (APTWI) and expressed as % APTWI. 

% APTWI =
EPTWI

APTWI
 X 100 
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 The results showed that the intake of (Fe), (Zn), (Cd) and (Mn) didn't exceed the APTWI in canned and 
homemade samples. The estimated exposure APTWI as percentage of APTWI were 0.0006%, 0.0016%, 
0.0043% and 0.0300% for (Fe), (Zn), (Mn) and (Cd), respectively in canned samples, while The estimated 
exposure APTWI as percentage of APTWI in homemade samples for (Fe) and (Zn) were 0.0003% and 
0.0028% (Table 6). 

 
Table (1): The recovery test of elements in baby food samples by using ICP-OES, number of replicates =8 

Element Spiking Level (mg/kg) Mean Recovery (%) ± Standard deviation CV% 

Cr 

1 87.57 ± 6.6 7.48 

2 89.25 ± 3.5 3.97 

5 104.01 ± 6.2 5.93 

10 96.25 ± 2.4 2.47 

Mn 

1 105.46 ± 4 3.84 

2 103.93 ± 2 1.96 

5 109.44 ± 6.2 5.68 

10 104.97 ± 2.4 2.28 

Fe 

1 89.7 ± 9.3 10.41 

2 101.6 ± 7.6 7.51 

5 103.7 ± 8.6 8.32 

10 103.76 ± 3.2 3.04 

Cu 

1 106.06 ± 10 9.43 

2 85 ± 11 12.94 

5 112.65 ± 7.6 6.78 

10 117.15 ± 3.3 2.8 

Zn 

1 99.63 ± 16.8 16.83 

2 110.13 ± 12 10.94 

5 113.25 ± 7.5 6.65 

10 113.27 ± 2.2 1.92 

Co 

1 108.46 ± 4.7 4.3 

2 106.1 ± 3.6 3.4 

5 107.34 ± 5.5 5.16 

10 102.49 ± 2.3 2.29 

  
Continue table (1)  

Element Spiking Level (mg/kg) Mean Recovery (%) ± Standard deviation CV% 

Ni 

1 99.41 ± 8 8.09 

2 100.55 ± 3.8 3.77 

5 114.38 ± 7.1 6.19 
10 112.03 ± 2.7 2.42 

Cd 

0.2 112.47 ± 8.6 7.69 

0.4 109.22 ± 3.2 2.94 

0.8 111.82 ± 5.1 4.52 

1.6 106.57 ± 1.9 1.81 

Pb 

0.2 86.14 ± 10.7 12.41 

0.4 78.08 ± 5.3 6.76 

0.8 78.72 ± 5.3 6.77 

1.6 86.55 ± 2.3 2.67 

Sb 

0.4 97.87 ± 6.2 6.29 

0.8 97.42 ± 5.6 5.75 

1.6 94.55 ± 2.5 2.61 

Sn 

1 112.31 ± 7.4 6.62 

2 104.94 ± 3.4 3.23 

5 110.2 ± 6.5 5.91 

10 106.2 ± 2.5 2.31 
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Table (2): Result of different certified reference material from FAPAS by using ICP-OES 

CRM  Type Elements Found Assigned value  Satisfactory Range  Units Z-score  

     Concentration from FAPAS from FAPAS   
 

T1857  Iron 17.1 17.9 14.2  –  21.6 mg/kg -0.43 

Bread Powder Zinc 6.58 6.32 4.79  –  7.86 mg/kg 0.34 

T0756 (CRM5)  Cadmium 207 224 134  –  314 µg/kg -0.38 

Soya Flour Lead 478 494 318  –  670 µg/kg -0.18 

T0796   Lead 271 285 175  –  396 µg/kg -0.25 

Sugar Copper < LOQ 554 360  –  748 µg/kg 
 

7232 Cadmium 179 188 110  –  265 µg/kg -0.23 

Grape juice Lead 290 236 142  –  330 µg/kg 1.15 

  Iron 3.79 4.99 3.74  –  6.25 mg/kg -1.90 

  Tin 158 153 130  –  176 mg/kg 0.43 

7166 Cadmium 327 319 198  –  440 µg/kg 0.13 

 Soya Flour Lead 663 503 325  –  681 µg/kg 1.80 

7120 Cadmium 256 266 162  –  370 µg/kg -0.19 

Milk Powder Lead 200 144 82  –  205 µg/kg 1.84 

7229 Cadmium 156 192 113  –  271 µg/kg -0.91 

Vegetable puree Lead 267 252 153  –  351 µg/kg 0.30 

7227 Cadmium 202 229 137  –  320 µg/kg -0.59 

Fruit juice Lead 297 292 180  –  405 µg/kg 0.09 

  Iron 9.55 9.45 7.29  –  11.61 mg/kg 0.09 

  Tin 98.55 104.4 87.8  –  121 mg/kg -0.70 

          < LOQ: Less than limit of quantification. 
 

Table (3): Performance of Graphite Furnace Atomic Absorption Spectrometer (GFAAS), number of replicates =8 

Element Spiking Level (mg/kg) Mean Recovery (%) ± Standard deviation CV % 

Cd 

0.005 101 ± 6.1 6 

0.03 89 ± 2.7 3 

0.06 102 ± 6.1 6 

0.1 114 ± 3.4 3 

0.2 106 ± 3.2 3 

Pb 

0.03 87 ± 11.3 13 

0.04 101 ± 7.1 7 

0.1 93 ± 10.2 11 

0.2 92 ± 8.3 9 

0.5 95 ± 5.7 6 

 
Table (4): Metals concentrations in canned baby food samples by using ICP-OES and GFAAS (Mean concentrations in mg/kg 

± Standard deviation, number of replicates =2) 
Eleme

nt 
Mix fruits 

Mix 
vegetables 

Mix fruits with 
cereals 

Rice and 
chicken 

Apple Prunes 
Yoghurt 

fruit 
Cr N.D < LOQ < LOQ N.D N.D N.D N.D 

Mn 
1.01 ± 
0.05 

< LOQ 2 ± 0.04 < LOQ < LOQ < LOQ < LOQ 

Fe 
3.89 ± 
0.37 

5.39 ± 0.45 5.64 ± 0.15 2.39 ± 0.21 1.69 ± 0.32 
2.96 ± 
0.41 

< LOQ 

Cu < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ N.D 

Zn 
1.81 ± 
0.14 

1.56 ± 0.02 1.58 ± 0.16 2.6 ± 0.14 < LOQ < LOQ 2.41 ± 0.01 

Co N.D N.D N.D N.D N.D N.D N.D 
Ni < LOQ < LOQ < LOQ < LOQ < LOQ N.D N.D 

Cd < LOQ* 
0.007* ± 
0.0004 

< LOQ* < LOQ* N.D* N.D* N.D* 

Pb N.D* N.D* N.D* N.D* N.D* N.D* N.D* 
Sb N.D N.D N.D N.D N.D N.D N.D 
Sn < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ < LOQ 
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N.D: Not Detected. 
< LOQ: Less than limit of quantification. 
*: This is conformed results from graphite furnace atomic absorption spectrometer. 
 
Table (5): Metals concentrations in homemade baby food samples by using ICP-OES and GFAAS (Mean concentrations in 
mg/kg ± Standard deviation, number of replicates =2) 
Elemen

t 
Mix 

fruits 
Mix 

vegetables 
Mix vegetables with 

rice 
Rice and 
chicken 

Appl
e 

Yoghurt 
fruit 

Yoghurt 
honey 

Cr N.D N.D N.D N.D N.D N.D N.D 

Mn <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Fe <LOQ 2.62 ± 0.022 2.01 ± 0.21 <LOQ <LOQ 1.95 ± 0.11 1.66 ± 0.26 
Cu <LOQ <LOQ <LOQ N.D <LOQ N.D N.D 

Zn < LOQ 2.94 ± 0.1 2.51 ± 0.16 3.5 ± 0.051 
< 

LOQ 
2.69 ± 0.031 4.57 ± 0.21 

Co N.D N.D N.D N.D N.D N.D N.D 

Ni N.D <LOQ <LOQ <LOQ N.D N.D N.D 

Cd N.D* <LOQ* N.D* N.D* N.D* <LOQ* <LOQ* 

Pb N.D* N.D* N.D* N.D* N.D* N.D* N.D* 
Sb N.D N.D N.D N.D N.D N.D N.D 
Sn N.D N.D N.D N.D N.D < LOQ < LOQ 

N.D: Not Detected. 
< LOQ: Less than limit of quantification. 
*: This is conformed results from graphite furnace atomic absorption spectrometer. 
 
 
Table (6): Chronic dietary exposure assessments for maximum metals concentrations in canned and homemade baby food 

samples 

baby 
food 

Tested 
 Concentration 

in 
Food 

consumption 
EPTDI EPTWI EPTWI APTWI EPTWI 

types 
elemen

ts 
mg/kg g/day 

mg/child/d
ay 

mg/child/ 
week 

mg/kg 
bw/week 

mg/kg 
bw/week 

as a percentage of 
APTWI 

C
a

n
n

e
d

 s
a

m
p

le
s Fe  5.64 0.4 0.002256 0.015792 0.001692605 280 0.0006% 

Zn  2.6 0.4 0.00104 0.00728 0.000780279 49 0.0016% 

Mn  2 0.4 0.0008 0.0056 0.000600214 14 0.0043% 

Cd  0.007 0.4 0.0000028 0.0000196 2.10075E-06 0.007 0.0300% 

H
o

m
e

m
a

d
e

 s
a

m
p

le
s 

Fe  2.62 0.4 0.001048 0.007336 0.000786281 280 0.0003% 

Zn  4.57 0.4 0.001828 0.012796 0.00137149 49 0.0028% 

EPTDI: estimated provisional tolerable daily intake. 
EPTWI: estimated provisional tolerable weekly intake. 
APTWI: Accepted provisional tolerable weekly intake. 

    
CONCLUSION 
 Fast microwave assistant digestion method was suitable for digestion and determination of Pb, Cd, Sb, Fe, 
Zn, Cr, Mn, Sn, Co, Ni and Cu in different types of baby food samples by using ICP-OES. The basic 
wavelengths were selected according to the highest sensitivity, lowest relative standard deviations, no 
spectral interference and have sharp peaks. At these basic wavelengths and under optimize conditions 
the method showed excellent recoveries, precision, linearity and accuracy. Using GFAAS was enhances 
efficiency of this method in case of Pb and Cd because of obtained LOQ’s were significantly lower in 
comparison with those obtained by ICP-OES. The result of monitoring of canned and homemade baby 
food samples showed that for adequate nutrition of children we shouldn’t rely on one type of food, 
whether canned or homemade this due to a variation in concentrations of essential and toxic elements 
inside these food, in spite of hazards characterization were in control via estimated dietary exposure 
expressed as EPTDI and EPTWI and all calculated values were below acceptable provisional tolerable 
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intakes so children haven’t any health risk expected from the consumption of toxic metals in these food. 
On the other hand food materials need to fortify with essential elements such as Cu, Zn and Fe in order to 
meet the nutritional needs of children growing.  
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