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Analysis of Elements in 
Snack Foods: A Closer Look  
at Pepperoni, Rice Noodles, 
Frozen Dinners, and Pizza 

A set of food samples with different per-
centage compositions of fats, proteins, 
and carbohydrates were digested in a 
single microwave digestion batch and 
analyzed to determine elemental con-
centrations using inductively coupled 
plasma–mass spectrometry (ICP-MS) and 
ICP-optical emission spectroscopy (OES) 
using the U.S. Food and Drug Adminis-
tration (FDA) Elemental Analysis Manual 
(EAM) 4.7 (for ICP-MS) and FDA EAM 4.4 
(for ICP-OES). Built-in software tools were 
used to streamline the analytical workflow, 
which is especially useful for new or less 
experienced users running these methods. 
Processed foods often contain high con-
centrations of some elements and trace 
amounts of others, so a wide analytical 
range is required. The ICP-MS method 
used to analyze the varied samples in this 
work was new. To ensure optimum setup 
of the ICP-MS method, semi-quantitative 
results were used to assess the solid 
content of the food digests before the 
sample preparation dilution was finalized.  
The same food samples were analyzed 
using ICP-MS and ICP-OES and the two 
methods were compared. 

Elaine Hasty, Macy Harris, Leanne Anderson, Jenny Nelson, and Greg Gilleland 

Agricultural food samples con-
tain a wide variety of trace and 
minor elements, which can vary 

depending on several factors, including 
the geographical location, soil type, agricul-
tural practices, and crop type. Along with 
the elements that have been monitored for 
decades, newly emerging contaminants 
may also be present in agricultural soil and 
other chemicals and additives that enter the 
food chain. Important emerging contami-
nants include the technology critical ele-
ments (TCEs), such as rare earth elements 
(REEs) that are used in advanced materials, 
renewable energy, batteries, consumer 
electronics, and life science applications. 
The mining, refining, use, and disposal of 
these elements may cause environmental 
contamination, which can ultimately lead to 
food contamination. 

Snack foods contain multiple ingredi-
ents and are often highly processed, with 
each ingredient and process represent-
ing a potential source of contamination.  
Although cases are rare, especially if manu-
facturers adhere to Current Good Manufac-
turing Practices (cGMP) (1), processed foods 
can become contaminated at any point dur-
ing the production, packaging, and distri-

bution process. Typically, the chemicals that 
are controlled in foodstuffs include organic 
contaminants, such as pesticide residue, 
and inorganic contaminants. According 
to the general standard for food and feed 
outlined in the Codex Alimentarius (2) pub-
lished by the Food and Agricultural Organi-
zation (FAO) and World Health Organization 
(WHO), the most concerning elements in-
clude arsenic (As), cadmium (Cd), lead (Pb), 
and mercury (Hg). The maximum levels 
(MLs) of each of these elements depend 
on the type of food, as shown in Table I.  
Codex MLs ensure food does not contain 
contaminants at levels which could threaten 
human health. Many countries base legisla-
tion on Codex standards and related texts.

To ensure foods are safe and comply with 
United States regulations and laws, the U.S. 
Food and Drug Administration (FDA) de-
velops and publishes works that describe 
analytical methods that manufacturers or 
importers can use in their laboratories. Ex-
amples include the FDA Elemental Analysis 
Manual (EAM) 4.4 for inductively coupled 
plasma–optical emission spectroscopy 
(ICP-OES) and EAM 4.7 for ICP–mass spec-
trometry (MS) (3,4). Both ICP-OES and ICP-
MS are well-established techniques, and 
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because of their multielement and high 
sample throughput capabilities, both are 
widely used in the routine measurement 
of trace elements in a wide range of sam-
ples, including foods and beverages (5–11).  
EAM 4.4 and 4.7 outline how to determine 
multiple elements in food digests prepared 
using microwave-assisted acid decomposi-
tion. The methods also outline a series of 
quality control (QC) tests to ensure instru-
ment performance and data accuracy.

To assist busy analysts who run the EAM 
methods using ICP-OES or ICP-MS, software 
tools can speed up method development, 
improve the usability of both techniques, 
and provide confidence in the results.  
Many laboratories that analyze unknown 
samples or handle a wide variety of samples 
use semi-quantitative analysis to gain a bet-
ter understanding of the sample before de-
veloping the quantitative method. Knowing 
more about the samples is useful for all ana-
lysts, but software tools that reduce some of 
the uncertainty of using ICP techniques are 
especially useful for new users.

Acquiring a full ICP-MS or ICP-OES 
spectrum adds only a few seconds to the 
quantitative measurement, but the extra 
data collected can provide valuable ad-

ditional information on the samples. As a 
technique, ICP-MS can acquire semi-quan-
titative results for as many as 78 elements in 
each sample, which provide a more com-
plete overview of the sample composition 
and confirmation of the quantitative results.  
The additional information provides cer-
tainty and confidence in the results, pre-
venting the need for remeasurements, po-
tentially saving time and resources over the 
course of the analytical sequence. 

Processed foods often contain high con-
centrations of calcium (Ca), iron (Fe), potas-
sium (K), magnesium (Mg), sodium (Na), 
phosphorus (P), manganese (Mn), copper 
(Cu), and zinc (Zn), whereas trace elements 
such as As, chromium (Cr), Cd, Pb, nickel (Ni), 
molybdenum (Mo), selenium (Se), and Hg are 
required analytes in most regulated meth-
ods, so a wide analytical range is required. 

Materials and Methods
Samples and Sample Preparation
A set of food samples with different per-
centage compositions of fats, proteins, 
and carbohydrates were measured in this 
study, including pepperoni, rice noodles, 
frozen dinner, and frozen pizza bought from 
a supermarket in North Carolina (Figure 1).

The food samples were digested 
as received, except the frozen pizza 
and frozen dinner, which were homog-
enized in a blender before sampling. 
The samples were prepared for analysis 
according to the digestion procedure 
outlined in the EAM method using a 
MARS 6 iWave closed-vessel micro-
wave digestion system (CEM Corpo-
ration). After accurately weighing the 
samples (approximately 0.5 g of food or 
SRM) into 75 mL PFA MARSXpress ves-
sel liners, 8 mL of nitric acid (HNO3) and 
1 mL of hydrogen peroxide (H2O2) were 
added to the vessel liners. Duplicates 
of the samples, standard reference ma-
terials (SRMs), and spiked samples were 
then digested in a single batch using 
the heating program shown in Table 
II. Each digestion batch can accom-
modate up to 40 varied food sample 
matrices, with a single program being 
used for all sample types. Finally, 0.5 
mL concentrated hydrochloric acid 
(HCl) was added to the digests, fol-
lowed by deionized water (DIW) to a 
final weight of 100 g. 

Analytical Sequence
Calibration standards for both ICP-MS 
and ICP-OES methods were prepared 
in 1% HNO3 and 0.5% HCl using stan-
dard solutions (environmental calibration 
standard, multielement calibration stan-
dard-1, and 1000 μg/mL single calibration 
standard for Hg, Agilent Technologies).  
For ICP-MS analysis, most elements were 
calibrated from 0.1 to 25 ppb, and Cu, Zn, 
and Mn were calibrated up to 250 ppb, 
whereas Hg was calibrated from 0.01 to 
2.5 ppb. For ICP-OES analysis, standards 
were prepared from 10 ppb to 10 ppm for 
all elements, with a 100-ppm standard for 
Ca, K, Mg, Na, and P.

For ICP-MS analysis, an internal standard 
(ISTD) solution containing 2 ppm scandium 
(Sc), germanium (Ge), rhodium (Rh), indium 
(In), terbium (Tb), lutetium (Lu), and bismuth 
(Bi) was prepared in a solution consisting 
of 1% HNO3, 0.5% HCl, and 10% isopropa-
nol (IPA). The IPA was added to ensure a 
consistent level of carbon (C) in the digests 
and calibration standards. This approach 
alleviated the concern of signal variability 

% Carbohydrate
% Fat

% Protein

100
0 10 20 30 40 50 60 70 80 90 100

90

80

70

60

50

40

30

20

10

0 100

90

80

70

60

50

40

30

20

10

0
Rice Noodles

Pizza

Non-Fat Milk Powder SRM
1549

Frozen Dinner

Slurried Spinach SRM 2385

Meat Homogenate SRM 1546a

Pepperoni

FIGURE 1: Nutritional composition plot for foods and standard reference ma-
terials (SRM) analyzed in this study.
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(a) (b)

Initial Calibration
0.1 – 25 ppb for trace elements

0.1 – 250 ppb for Cu, Zn, Mn
0.01 – 2.5 ppb for Hg

Initial QC
IDL check, ICV

MBK1-3, RM, FMB

Periodic QC
(run after every 10 samples)

CCV, CCB

Samples
Sample duplicates

Sample FAP
Sample FAP duplicates

Initial Calibration
standard blank and at least 3 standard

solution concentration levels for AI, As, 
Ba, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, 
Mn, Mo, Ni, P, K, Na, Sr, Th, V, and Zn

Initial QC
IDL check, ICS
MBK1-3, RM

Periodic QC
(run after every 10 samples)

CCV, CCB

Samples
Sample duplicates

Sample FAP
Sample FAP duplicates

FIGURE 2: Analytical sequence for (a) ICP-MS and (b) ICP-OES.

that could occur for some poorly ionized 
analytes (such as As and Se) because of 
ionization enhancement in the presence 
of C. The ISTD solution was added auto-
matically to the sample and standard solu-
tion at a ratio of approximately 1:16 using a  
T-connector fitted to the sample uptake 
line that directly lead to the nebulizer. 

The ICP-OES ISTD consisted of a 2 
mg/L solution of yttrium (Y) in 2% HNO3, 
which was added in-line at a dilution of 
~1:8. The sample peristaltic pump tub-
ing was white-white (1.03 mm i.d.), and 
the internal standard was orange-green 
(0.38 mm i.d.). The standard sample in-
troduction system was used, consisting 
of a glass-concentric nebulizer and a 
double-pass, glass cyclonic spray cham-
ber. An independent check solution 
(ICS) and standard blank were analyzed 
after calibration, and a check standard 
and standard blank were analyzed every  
10 samples thereafter. 

The analytical sequences of calibration 
standards, samples, and QC solutions for 
both techniques are shown in Figure 2. 
Each EAM method specified a minimum 
number of QC samples to be analyzed 
with each batch of sample. These QC 
samples include reference materials (RM), 
fortified analytical portions (FAP), fortified 
analytical solutions (FAS), method blanks 
(MBK), fortified method blanks (FMB),  
and the number of replicates to be in-
cluded in each analytical run.

Instrumentation
The accuracy of the semi-quantitative anal-
ysis of complex sample matrices by ICP-MS 
is vastly improved if all elements are ac-
quired using helium collision cell mode to 
control polyatomic interferences. Helium 
collision cell mode is widely used to re-
move polyatomic interferences in multiele-
ment quantitative analysis. Because helium 
is a nonreactive gas, no new interferences 
are formed in the cell, whereas common 
matrix-based polyatomic interferences are 
removed using kinetic energy discrimina-
tion (KED). This makes helium mode ideally 
suited to the quantitative and semi-quanti-
tative analysis of samples with complex and 
variable major element compositions (12). 
In this study, a single quadrupole ICP-MS 

instrument (7850, Agilent Technologies) fit-
ted with an octopole-based collision–reac-
tion cell (Octopole Reaction System CRC) 
and Ultra High Matrix Introduction (UHMI) 
aerosol dilution technology was used. 

Although polyatomic ions were 
successfully removed using helium 

cell mode, some other spectral over-
laps required a different approach.  
The REEs have relatively low second 
ionization potentials, so they can 
form a small percentage of doubly 
charged ions (M2+) in the plasma along 
with the normal single-charged (M+) 
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Analyte: Mn(259.372)
Con�dence: very weak

Interference: Fe(259.373)
Con�dence: very strong

FIGURE 3: Information for manganese (Mn) in a beef jerky sample. The ICP-
OES IntelliQuant data automatically produces a star ranking system for wave-
lengths. This information enables the analyst to easily identify the best wave-
lengths and what wavelengths to avoid.

Darkest red: >100 ppm

Dark red: 1 to 100 ppm

Red: 10 ppb to 1 ppm

Light red: <10 ppb

Pink: Concentration below minimum
count rate cut off

Grey: ISTD or unmeasurable
elements 

FIGURE 4: Periodic table heat map view of ICP-MS semiquantitative data ac-
quired for powdered doughnut, showing a high concentration of titanium.
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ions. Doubly charged ions appear 
at half their true mass in the ICP-MS 
mass spectrum because the quadru-
pole mass filter separates ions based 
on their mass-to-charge ratio (m/z).  
Therefore, REEs, such as neodymium 
(Nd), samarium (Sm), gadolinium (Gd), 
and dysprosium (Dy), which have iso-
topes at masses 150, 156, and 160, will 
form M2+ ions at m/z 75, 78, and 80, re-
spectively. If the REEs are present at a 
high enough concentration in a sam-
ple, these REE2+ ions can interfere with 
the measurement of the normal ana-
lytical isotopes of As and Se. The EAM 
4.7 ICP-MS method recommends that 
analysts measure 146Nd, 147Sm, 155Gd, 
and 163Dy to monitor the potential over-
laps on 75As and 82Se. When analyzing 
unknown or new samples types, the 
REE content can be quickly and sim-
ply assessed using the IntelliQuant 
semi-quantitative analysis function of 
ICP-MS MassHunter software (version 
4.6 and later). If a high concentration 
of REEs is expected or identified fol-
lowing the semi-quantitative analysis, 
a method wizard within the software 
can set up an automated function to 
correct for the contribution that REE2+ 
ions make to the signals measured for 
As and Se.

In this study, the semi-quantitative data 
were calculated from a full mass quick scan 
spectrum acquired as part of the quanti-
tative analysis, with only two seconds of 
additional measurement time. The semi-
quantitative results provide valuable infor-
mation about the elemental content of food 
samples, including:
•	The full elemental composition of each 

sample. The results can be displayed 
in a table of concentrations or as a pe-
riodic table heat map, enabling a quick 
overview and easy comparison of each 
sample’s composition (Figure 4).

•	Identifying the presence of unexpected 
major or trace elements not included in 
the quantitative analysis and identifying 
contamination during sample prepara-
tion. For example, the relatively high 
concentration of Ti identified in the 
powdered doughnut from the periodic 
table heat map shown in Figure 4 might 

TABLE I: Codex MLs for toxic elements in some different food types (not an 
exhaustive list)

Maximum Level (mg/kg)

Food Type As Cd Pb Hg

Edible fats and oils 0.1 0.08

Fat spreads and 
blended spreads 0.1 0.04

Canned foods (fruit 
and vegetables) (0.1)

Canned beverages

Natural mineral waters 0.01 0.003 0.01 0.001

Rice, husked 0.35

Rice, polished 0.2 0.4

Cereal grains (wheat) - 0.1 (0.2) 0.2

Salt, food grade 0.5 0.5 1 0.1

Cured meats

Vegetables 0.05 to 0.2 0.05 to 0.3

Fruits - - 0.1 to 0.2

Chocolate (>70% 
cocoa) 0.8 (0.9)

Infant formula 0.01

Milk 0.02

Fish 0.3

TABLE II: Microwave digestion parameters 

Power (W) 1800

Ramp Time (min) 25

Hold Time (min) 15

Temperature (°C) 200

TABLE III: Total matrix solids data for four food samples (n = 2, in duplicate 
and corrected for dilution) obtained by the TMS function of ICP-MS software

Conc 
(ppm)

Beef 
Jerky

Frozen 
Dinner

Gummy 
Bears Pepperoni Pizza Rice 

Noodles

TMS 36433 5553 768.2 20924 7721 2308

TABLE IV: ICP-MS operating conditions. The parameters are set automati-
cally by the software. Higher energy helium mode gives ppt detection limits 
for selenium, eliminating the need for a separate reaction gas mode.

ICP-MS Parameter Setting

RF power (W) 1600

Sampling depth (mm) 10

Carrier gas flow (L/min) 0.6

Dilution (UHMI) gas flow (L/min) 0.35

Lens tune Autotune

Helium cell gas flow (mL/min) 4.3 (10 for Se)

Energy discrimination (V) 5 (7 for Se)
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be unexpected. It was likely because of 
TiO2 in the white frosting, but the full mass 
IntelliQuant spectrum can be used to un-
equivocally confirm the element from its 
isotope pattern.

•	An estimation of the total matrix solids 
(TMS) level for each sample run, or for a 
typical sample of a new sample batch.

•	The TMS function uses the semi-quanti-

tative data to calculate the approximate 
solids levels of a sample. 
The calculation excludes gas elements, 

such as argon (Ar), oxygen (O), and nitro-
gen (N), together with C, P, sulfur (S), and 
the halides, ensuring a more accurate re-
sult. To simplify method setup and ensure 
the best possible accuracy for uncalibrated 
elements, the semi-quantitative data (and 

TMS calculation) uses a mass response 
profile generated from the quantitative 
calibration standards. The TMS function is 
a great diagnostic tool in identifying possi-
ble causes of internal standard suppression.  
It is especially useful when dealing with un-
known and potentially difficult food sample 
matrices by helping the analyst to decide if 
a sample needs to be diluted or a higher 
HMI setting is needed. The measured TMS 
levels for the samples analyzed in this study 
are shown in Table III.

Based on the TMS levels in these food 
sample types (Table III), the plasma mode 
of “HMI-4” was selected. HMI applies an 
additional flow of Ar gas to dilute the sam-
ple aerosol by a factor of four times. This 
“aerosol” dilution method saves the analyst 
from having to manually dilute samples,  

TABLE V: ICP-OES operating conditions

ICP-OES Parameter Setting

RF power (kW) 1.20

Replicate read time (s) 10 

Pump rate (rpm) 12 

Nebulizer flow 0.7

Background correction Fitted

TABLE VI: Mean measured concentrations in three food SRMs corrected for dilution. Mean calculated from two 
separate digests, each measured twice in triplicate.

NIST 1546a Meat Homogenate NIST 1549 Non-Fat Milk Powder NIST 2385 Slurried Spinach

Cert, 
Conc.
(mg/
kg)

Mean 
Meas. 
Conc. 

(mg/kg)

Recovery  
(%)*

QC 
**

Certified 
Conc.

(mg/kg)

Mean 
Meas. 
Conc. 

(mg/kg)

Recovery  
(%)* QC **

Certified 
Conc.

(mg/kg)

Mean 
Meas. 
Conc. 

(mg/kg)

Recovery
(%)*

QC 
**

Element (mass) ICP-MS data
52Cr     0.0026 <DL      
55Mn 0.286 0.285 100 Pass 0.26 0.269 103 Pass 3.81 3.65 96 Pass
63Cu 0.605 0.602 100 Pass 0.7 0.748 107 Pass 0.90R 0.818 (91) - 
66Zn 17.88 19 106 Pass 46.1 42.4 92 Pass 8.37 7.94 95 Pass
78Se 0.281 0.301 107 Pass 0.11 0.118 107 Pass     
98Mo 0.016R 0.019 (119) -         
111Cd     0.0005  <DL      
201Hg     0.0003 <DL      

PbA     0.019 0.022 116 Pass     

Element (wavelength, nm) ICP-OES data

Na  
(589.592) 47R 47 (87) - 4970 4915 99 Pass 47 42 89 Pass

Mg  
(279.553) 368 375.4 102 Pass 1200 1121 93 Pass 178 204.4 115 Pass

K  
(766.491) 3650 3547.7 97 Pass 16900 15875 94 Pass 2490 2631 106 Pass

Ca  
(396.847) 624 555.9 89 Pass 13000 12932 99 Pass 624 508 81 Pass

P  
(213.618) 323.7 346.91 107 Pass 10600 10806 102 Pass     

* FDA Elemental Analysis Manual (Section 3.4 Special Calculations) 3.4 Equation 20 
** QC criteria FDA EAM 4.7 (80–120%) for NIST certified values
R Non-certified reference value
APb results were based on the sum of the signals measured at mass 206, 207, and 208.
<DL, too low to be quantified
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which saves time and reduces the chance of introducing errors or 
contaminants. When HMI is used, all related settings are auto-tuned 
for the matrix levels of the target sample types. For ease of setup, 
other instrument operating settings were optimized automatically 
using the auto-tune function of the instrument control software.  
Also contributing to the ease of method setup, all quantitative 
analytes and the quick scan measurement were acquired in helium 
mode. Instrument operating conditions are listed in Table IV.

For ICP-OES analysis, semi-quantitative data was acquired using 
a function of the Agilent ICP Expert software known as IntelliQuant 
Screening. The software automatically makes wavelength recom-
mendations for analytes based on the elemental composition of 
a sample and any potential spectral interferences that may arise 
from the sample matrix. An example for a beef jerky sample is given 
in Figure 3. The data shows a Fe interference on Mn 259.372 nm, 
accounting for the high concentration of Mn measured using the 
259.372 nm line. In the software (Figure 3), Mn 257.610 nm was given 
the highest confidence ranking (five stars) so was selected for the 
quantitative method. Having access to this type of wavelength in-
formation makes it easier for the analyst to have confidence in the 
results that they report.

The ICP-OES sample analysis was conducted per FDA EAM-4.4 
for 22 elements using an Agilent 5900 ICP-OES operating in syn-
chronous vertical dual-view (SVDV) mode. SVDV mode allows for 
both the axial and radial light to reach the detector at the same time. 
Eliminating the need for separate plasma views shortens analysis 
times while maintaining low limits of detection (LOD) from axial view 
and the greater linear range for major cation elements from the 
radial view. The ICP-OES plasma parameters are shown in Table V.

Results
Quality Control Criteria in EAM 4.4 and 4.7
To verify the sample digestion process, two sets of the three 
NIST SRMs were analyzed in duplicate using ICP-MS and  
ICP-OES. As shown in Table VI, the mean concentrations 
were in agreement with the certified concentrations, meet-
ing the QC criteria requirements of the FDA EAM method of 
80–120%. Because not all SRMs are certified for all analytes, 
blank cells indicate the absence of a certified or reference value.  
There are no certified values for As, Ni, and thallium (Tl), 
which are listed in EAM 4.7.

The detection limits in Table VII were calculated from three 
times the standard deviation of 10 measurements of the cali-
bration blank. Per the EAM methods, minimum QC require-
ments were included in each analytical run. For ICP-OES, all 
FAP samples were spiked at 0.05 ppm, and the recoveries are 
shown in Table VII. For samples with higher naturally occurring 
concentrations, the 0.05 ppm spike results were not reported. 
For ICP-MS, the same samples were spiked with all elements 
at 1 or 50 ppb and measured using ICP-MS. For samples 
that had naturally occurring elemental concentrations below  
5 ppb, a 1 ppb spike is reported. For samples with higher 
naturally occurring concentrations, the 50 ppb spike results 
are reported. The recoveries for all elements in the fortified 

food samples were within the EAM method QC criteria of 
±20%, as shown in Table VII.

Quantitative Results for Food Samples 
Dilution corrected quantitative results obtained using ICP-MS are 
given in Table VII (beef jerky and gummy bears), and Table VIII 
shows the dilution corrected quantitative results for frozen dinners, 
pepperoni, pizza, and rice noodles. In addition to the 12 elements 

Beef Jerky 1_2

FIGURE 5: Periodic table heat map view of ICP-OES semi-
quantitative data showing relative concentrations of ele-
ments (ppm) in beef jerky.

PRECISION 
RAMAN

High performance tailored 
around your applicationedinst.com

http://www.edinst.com


44  Spectroscopy 37(4)   April 2022 www.spectroscopyonline.com

FEATURED ARTICLE

TABLE VII: Detection limits and concentration and spike recovery results for two food samples. The mean recovery re-
sults are based on the analysis of replicate sample digests and each run-in duplicate on the ICP-OES and ICP-MS. n = 2.

Quantitative Results
Fortified 
Method 
Blank

Fortified 
Analytical Portion 

(Beef Jerky)

Fortified Analytical 
Portion (Gummy Bears)

Element and 
wavelength (nm)

Detection 
Limit Beef Jerky Gummy 

Bears 0.05 ppm spike

mg/kg Mean Recovery ± 1σ (%)

Al 396.152 0.0009 4.1 ± 0.2 1.4 ± 0.4 104 109 98

As 188.980 0.0016 <DL <DL 100 103 93

B 249.772 0.0011 0.7 ± 0.1 <DL 109 107 101

Ba 493.408 0.0001 0.7 ± 0.1 <DL 111 104 102

Ca 315.887 0.0006 321.8 ± 14.7 165.1 ± 4.6 109 * *

Cd 214.439 0.0002 <DL <DL 103 98 95

Co 230.786 0.0003 <DL <DL 103 98 97

Cr 267.716 0.0003 0.1 ± 0.0 0.2 ± 0.0 107 101 99

Cu 327.395 0.0003 1.5 ± 0.1 0.1 ± 0.0 107 105 102

Fe 238.204 0.0002 57.8 ± 2.1 2.1 ± 0.0 105 85 97

K 766.491 0.0272 6121.4 ± 322.9 51.1 ± 4.7 * * *

Mg 280.270 0.0001 557.9 ± 19.6 5.7 ± 0.1 109 * 105

Mn 257.610 0.0002 2.9 ± 0.2 <DL 107 100 99

Mo 202.032 0.0005 <DL <DL 109 104 100

Na 589.592 0.0057 14197.4 ± 
1718.4 399.3 ± 21.8 90 * *

Ni 231.604 0.0006 0.4 ± 0.1 <DL 107 102 98

P 213.618 0.0027 3857.8 ± 151.0 35.2 ± 1.5 * * *

Pb 220.353 0.0010 <DL <DL 107 97 98

Sr 407.771 0.0002 1.8 ± 0.1 0.9 ± 0.0 110 100 100

Tl 190.794 0.0096 <DL <DL 107 97 98

V 292.401 0.0003 <DL <DL 107 103 99

Zn 206.200 0.0003 88.4 ± 1.6 <DL 102 91 97

Element μg/kg 1.0 ppb spike
27Al 0.091 3700 1390 101 * 117 * 114 *
51V 0.078 <DL <DL 96 104 113
52Cr 0.021 107 162 101 110 102
55Mn 0.095 2630 31.6 99 90 100
56Fe 0.068 54200 1210 98 * 89 * 111 *
59Co 0.002 1.0 1710 101 99 104
60Ni 0.025 259 <DL 102 101 104
63Cu 0.572 1250 157 100 * 110 * 94
66Zn 0.146 82400 <DL 94 * 88 * 105
75As 0.008 13.2 <DL 93 98 94
78Se 0.031 476 <DL 98 95 103
95Mo 0.093 47.7 7.60 99 98 97
111Cd 0.003 31.6 6.50 97 102 96

*Samples with higher naturally occurring concentrations. APb results were based on the sum of the signals measured at mass 206, 207, and 208.

● Continued on Page 45



April 2022   Spectroscopy 37(4)  45www.spectroscopyonline.com

FEATURED ARTICLE

TABLE VII (CONTINUED): Detection limits and concentration and spike recovery results for two food samples. The mean 
recovery results are based on the analysis of replicate sample digests and each run-in duplicate on the ICP-OES and 
ICP-MS. n = 2.

Quantitative Results
Fortified 
Method 
Blank

Fortified 
Analytical Portion 

(Beef Jerky)

Fortified Analytical 
Portion (Gummy Bears)

Element and 
wavelength (nm)

Detection 
Limit Beef Jerky Gummy 

Bears 1.0 ppb spike
Element μg/kg
121Sb 0.006 2630 <DL 90 93 89
137Ba 0.012 577 9.70 96 95 106
201Hg 0.003 <DL <DL 97 84 82
205Tl 0.070 <DL <DL 88 88 100

PbA 0.003 9.50 <DL 97 101 102

*Samples with higher naturally occurring concentrations. APb results were based on the sum of the signals measured at mass 206, 207, and 208.

specified in EAM 4.7, data is provided for 
aluminum (Al), vanadium (V), Fe, cobalt (Co), 
antimony (Sb), barium (Ba), thorium (Th),  
and uranium (U). Per the Codex elements 
of concern, the concentrations for As (4.4 to 
89.2 μg/kg), Cd (6.5 to 39.4 μg/kg), Pb (6 to 
9.5 μg/kg), and Hg (below detection limit) in 
all snack foods were below any of the Codex 
MLs (Table I). The high concentration of Al 
in the pizza sample, which is likely because 
of an Al food additive, agrees with the litera-
ture values (13).

Periodic Table View of  
Elements in Food Samples
ICP-MS and ICP-OES methods can both 
be set up to acquire and process semi-
quantitative data in addition to quantita-
tive data acquisition. The ICP-MS quick 
scan function used in this study acquires full 
mass-spectrum data for every sample with 
only 2 s of additional measurement time.  
Because the data is acquired in helium 
collision cell mode, analytes are free from 
common polyatomic ion overlaps, ensur-
ing the quality of the results. For ICP-OES, 
the detector and comprehensive database 
of wavelengths allows the software to pro-
vide real-time sample insights based on 
each individual spectrum. In both cases, 
the results can be displayed in a table or 
as a color-coded periodic table heat map, 
showing the approximate concentration 
of all elements present in a sample.

Figure 4 shows an ICP-MS IntelliQuant 
heat map for powdered doughnuts.  
The color intensity indicates the concen-

tration ranges of elements in the sample, 
with a darker color indicating a higher 
concentration of that element. The semi-
quantitative data provides a complete 
picture of the elements present in the 
sample, as data can be reported for ele-
ments not included in the calibration stan-
dards, which is demonstrated by the high 
concentration of titanium (Ti), labeled as 
food additive “TiO2” on the packaging. 
The semi-quantitative result for Ti in the 
doughnut samples was ~90 ppm.

Figure 5 shows an ICP-OES generated 
periodic table heat map with estimated 
concentrations of elements in a beef jerky 
sample. The color-coding used to repre-
sent the concentration range for the ele-
ments is user adjustable.

Conclusions
Like many analytical laboratories, food 
testing facilities are under pressure to 
increase productivity while ensuring data 
quality, compliance, and audit controls, 
which can be challenging for staff who 
may be expected to analyze more sam-
ples each day or operate instrumentation 
that is not familiar to them. It is useful if the 
instrumentation they use is as intuitive as 
possible and any reference or regulated 
methods can be implemented quickly, 
especially by new users. 

In this article, we have shown how soft-
ware tools available for ICP-MS and ICP-
OES can help analysts to simplify method 
setup and reduce the potential for errors. 
Software functions, such as IntelliQuant, 

can also provide valuable information 
on sample composition and additional 
analytes beyond the regulated method 
requirements. These capabilities are 
demonstrated for the analysis of various 
foods that were prepared and analyzed in 
accordance with the U.S. FDA EAM meth-
ods 4.4 and 4.7. None of the snack foods 
were found to contain potentially harm-
ful contaminant elements above Codex 
maximum levels of concern.
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TABLE VIII: ICP-MS and supplemental ICP-OES quantitative data for food products 

ICP-MS
All Conc. (μg/kg) Frozen Dinner Pepperoni Pizza Rice Noodles

27Al  825.3 ± 68.2 3250.4 ± 152.3 153992.1 ± 275.4 5234.6 ± 679.0
52Cr  75.6 ± 5.1 679.5 ± 67.3 111.1 ± 6.7 140.4 ± 18.6
55Mn  1607.7 ± 66.2 5347.0 ± 213.7 3721.7 ± 24.7 23037.3 ± 147.2
56Fe 4789.5 ± 66.3 13572.5 ± 93.2 24238.1 ± 710.4 12403.7 ± 195.0
59Co <DL <DL <DL 58.0 ± 20.8
60Ni 54.8 ± 2.7 69.2 ± 5.5 123.0 ± 21.5 252.1 ± 36.4
63Cu 342.7 ± 11.4 794.2 ± 33.6 795.6 ± 16.2 2050.0 ± 23.9
66Zn 4397.1 ± 80.1 25725.5 ± 311.2 10806.1 ± 105.1 18933.5 ± 96.5
75As 4.4 ± 0.6 5.4 ± 0.2 7.8 ± 0.4 89.2 ± 0.9
78Se* 48.3 ± 1.5 349.6 ± 13.5 99.1 ± 2.0 48.0 ± 1.7
95Mo  68.0 ± 1.2 31.9 ± 1.9 204.7 ± 9.0 338.3 ± 4.5
111Cd  24.0 ± 1.1 23.6 ± 0.5 39.4 ± 1.4 28.1 ± 0.3
121Sb  <DL <DL <DL <DL
137Ba  487.6 ± 4.0 127.5 ± 6.2 944.7 ± 11.8 1869.7 ± 39.4
201Hg  <DL <DL <DL <DL
205Tl <DL <DL <DL <DL

PbA  <DL 7.0 ± 0.1 <DL 6.3 ± 1.6
232Th <DL <DL <DL <DL
238U <DL <DL <DL <DL

ICP-OES
All Conc (mg/kg) Frozen Dinner Pepperoni Pizza Rice Noodles

B 249.772 <DL <DL 0.3 ± 0.0 0.2 ± 0.0

Ca 315.887 220.7 ± 21.7 218.0 ± 5.4 960.2 ± 21.2 95.4 ± 2.7

Fe 238.204 5.4 ± 0.1 15.1 ± 0.2 26.9 ± 0.8 13.7 ± 0.2

K 766.491 826.8 ± 7.2 2834.2 ± 168.3 1341.5 ± 7.9 1003.4 ± 3.9

Mg 280.270 125.7 ± 0.3 267.2 ± 12.6 247.0 ± 0.5 951.1 ± 3.0

Na 589.592 2129.8 ± 26.1 7660.7 ± 445.4 2233.7 ± 6.1 14.1 ± 0.5

P 213.618 865.7 ± 6.4 1988.8 ± 59.5 1695.8 ± 5.8 2320.1 ± 8.5

Sr 407.771 0.5 ± 0.0 1.0 ± 0.0 1.6 ± 0.0 0.6 ± 0.0

V 292.401 <DL <DL <DL <DL
A Pb results were based on the sum of the signals measured at mass 206, 207, and 208.
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