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+ ICPMS-2050 allows the measurement of trace levels of targeted elements in both recycled and non-

recycled PETs

* Qualitative analysis provides a quick method for obtaining reference values for calibration curves

» The mini torch system operates with about two-thirds of the argon gas required by conventional torches
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Introduction

The widespread adoption of recycled plastics in
consumer packaging has raised concerns regarding
the potential migration of heavy metals from these
materials into food and beverages. Heavy metals,
such as lead, cadmium, and arsenic, can leach from
recycled plastics into food and beverages, posing
significant health risks to consumers. Given the
increasing regulatory scrutiny surrounding food safety
and material compliance, it is essential for
manufacturers and quality control laboratories to
implement reliable analytical methods to monitor the
presence of these hazardous elements [1].

Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) has become a leading technique for detecting
trace levels of heavy metals due to its exceptional

sensitivity, precision, and ability to analyze multiple
elements simultaneously. Shimadzu ICPMS-2050
represents a significant advancement in this field,
offering enhanced performance features that facilitate
the accurate measurement of heavy metal
concentrations in various matrices, including recycled
PET.

This technology brief focuses on the analysis of
heavy metal migration from recycled PET bottles
using the ICPMS-2050. It outlines a comprehensive
methodology for evaluating heavy metal migration,
including sample preparation, analytical procedures,
and result interpretation. The objective of this study is
to deliver reliable information regarding the safety of
recycled PETs, ensuring compliance with regulatory
standards and enhancing consumer protection.



Experiment Design

Sample Information

Two commercially available PET bottles, one made
from recycled PET and the other from non-recycled
PET, were used as samples in the study.

Sample Preparation

The migration test was conducted in accordance with
EN 13130-1:2004, which provides guidance on
selecting appropriate contact conditions for food
simulants with the test article before determining the
specific migration of substances subject to migration
limits [2]. PET bottles were filled with a 3% acetic acid
solution (w/v) and incubating them at 40 °C for 10
days. The extracted solutions were then analyzed
using the ICPMS-2050. A sample blank solution was
prepared similarly, using a centrifuge tube filled with
the same solution and incubated under the same
conditions.

Standards Preparation

Single-element stock solutions from Merck and
Sigma-Aldrich were used to prepare calibration
standards through serial dilution using 3% acetic acid
solution (w/v). The calibration concentration ranges
for each element are shown in Table 1.

Internal Standard Solutions

Internal standards were used for correcting potential
matrix interference and instrument drift. Single-
element stock solution of Bismuth (Bi), Germanium
(Ge), Indium (In) and Scandium (Sc) were used to
prepared internal standard with 3% acetic acid
solution (w/v). The internal standards were added to
all calibration standards, samples, and washing
solution with the final concentration of 5 ug/L for all
internal standards.

Table 1. Calibration concentration range for target elements

Calibration Concentration
Elements
Range (ug/L)
As, Ba, Be, Cd, Co, Cr, Cu,
Gd, Hg, Li, Mn, Mo, Ni, Pb, 0-20
Sb, Sn, TI, V
Al, Fe, Zn 0-100
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Experimental Measurement Conditions
Tables 2 and 3 show the instrument configuration and
analytical conditions of ICPMS-2050, respectively. A
mini-torch, which consumes two-thirds of the argon
gas compared to a standard torch, was used to
reduce running costs. The mini-torch operates
effectively at 1.2 kW, compared to 1.4 to 1.6 kW for
standard torches. This innovative design reduces
argon consumption and generates a high-frequency
inductively coupled plasma with lower power
requirements, making it an eco-friendly option for
ICP-MS analysis.

Table 2. Instrument conditions

Instrument ICPMS-2050
Nebulizer Micromist DC Nebulizer
Spray Chamber Cyclonic Chamber
Plasma Torch Mini-torch
Sampling Cone Nickel
Skimmer Cone Nickel
Autosampler AS-20

Table 3. Analytical conditions

RF Power 1.2 kW
Plasma Gas Flowrate Ar 9.0 L/min
Auxiliary Gas Flowrate Ar 1.10 L/min
Carrier Gas Flowrate Ar 0.85 L/min

Results
Qualitative Analysis

Table 4 presents the qualitative results derived from
the analysis, which were calculated using the
Shimadzu ICP-MS’s extensive database that comes
by default and has calibration data pre-loaded. This
method enabled a comprehensive assessment of the
elemental composition across various samples, even
for those elements for which calibration curve
samples were not available. By leveraging on the
database, the analysis was able to provide reference
values that facilitate the establishment of calibration
curves for these elements, thereby improving the
precision of future measurements.
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Table 4. Qualitative results for target elements

Table 5. Linear Regression, LOD and LOQ

Qualitative Result (ug/L)
Element Recycled Non-recycled

PETs PETs
Al <0.74 <0.47
As <11 <11
Ba <0.048 <0.048
Be <0.043 <0.043
Cd <0.095 <0.095
Co <0.075 <0.048
Cr <0.17 <0.17
Cu <11 <23
Fe <0.86 <0.70
Gd <0.028 <0.028
Hg <0.092 <0.092
Li <0.016 <0.016
Mn <0.32 <0.32
Mo <0.11 <0.11
Ni <17 <1.6
Pb < 0.096 <0.014
Sb <0.31 <0.27
Sn <0.22 <0.22
T <0.0083 <0.0083
\% <017 <017
Zn <35 <35

Quantitative Analysis
Detection Limits

The linear regression coefficients (R2) for the
calibration curves obtained are shown in Table 5. The
R2 values for all target elements exceed 0.999,
demonstrating excellent linearity across the selected
mass numbers and gas modes used in the
measurements. The high degree of linearity is crucial
for ensuring the reliability and accuracy of the
quantitative results obtained from the ICPMS-2050.

Table 5 also includes the Limits of Detection (LOD)
and Limits of Quantitation (LOQ) for the target
elements. The LODs and LOQs were calculated
based on 3 and 10 times the standard deviation (o)
from the measurements of the calibration blank,
respectively. These calculations provide essential
benchmarks for assessing the sensitivity of the
analytical method and ensure that the concentrations
of heavy metals can be accurately quantified within
the specified ranges. Overall, the data presented in
Table 5 underscores the robustness of the analytical
procedure employed in this study.

Element Gas | Internal Re;irgzasii.on LOD | LOQ
Mode | Standard (R?) (mg/L) | (ug/L)

ZTp NG 43¢ 0.99994 | 0.02 | 0.08

SAs He 2Ge 0.99986 | 0.01 | 0.03

¥'Ba NG 51n 0.99986 |0.002| 0.01
°Be NG 43¢ 0.99984 |0.002| 0.01

4cd Ha, 2Ge 0.99968 |0.002| 0.01
*Co He 2Ge 0.99974 |0.002| 0.01

s2Cr He 2Ge 0.99954 | 0.01 | 0.04

%cu He 43¢ 0.99984 | 0.03 | 0.09

%Fe He 5S¢ 0.99980 | 0.05 | 0.17

1%8Gd NG 51N 0.99970 [0.0003| 0.001
202Hg He 209B; 0.99994 | 0.01 | 0.05
Li NG 43¢ 0.99934 |0.001 | 0.005

%5Mn NG 2Ge 0.99974 | 0.01 | 0.03
%Mo NG 2Ge 0.99990 | 0.01 | 0.02
0N He 2Ge 0.99974 | 0.04 | 0.12

Sumph™ | NG 209g; 0.99914 | 0.001 | 0.002
21sh | NG "In 0.99966 | 0.001 | 0.002
'2Sn | NG "In 0.99970 | 0.01 | 0.02
2057 He 209Bj 0.99986 | 0.02 | 0.05

Y He *Sc 0.99974 | 0.01 | 0.05

%8Zn H, "*Ge 0.99978 | 0.05 | 0.17

LOD = 3 x o x slope of calibration curve
LOQ = 10 x o x slope of calibration curve

*1 The summation of signals at 206, 207, and 208 m/z for
lead (to compensate for any differences in the abundances
of these isotopes between samples and standards)

Sample Analysis and Spike Recovery Test

The analysis results for both recycled and non-
recycled PETs are shown in Table 6. These results
indicate that there are minimal differences between
the two types of PETs. To ensure the reliability and
accuracy of these measurements, both unspiked and
spiked recycled PET samples were quantitatively
measured using a calibration curve. The spike
concentrations and corresponding recovery results
are also detailed in Table 6, revealing spike
recoveries ranging from 91% to 116% (well within the
industry standard of 80% to 120%) for all elements
assessed. This demonstrates that the matrix of the
PET samples exerts a negligible influence on the
analysis results obtained from the ICPMS-2050.
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Table 6. Quantitative results of recycled and non-recycled PETs with spike concentration and recovery results

Element Recy(t:jlgeldL;’ETs N:E.I-_;e;::;llf)d Spike C(c:jl;clzf)mration S;:;I;Ieulrt(a:;lul_r)ed Spike Recovery (%)
I\ 0.81 0.56 25 26.6 103
SAs <LOQ <LOQ 5 4.94 99
'37Ba <L0Q <L0Q 5 5.04 101
°Be <L0Q <L0Q 5 5.09 102
4cd <LOQ <LOQ 5 5.01 100
*¥Co <L0Q <L0Q 5 5.04 101
%2cr <LOQ <L0Q 5 4.97 99
®Cu 0.25 0.13 5 5.20 99
Fe 0.33 <LOQ 25 24.8 98
1%8Gd <LOQ <L0Q 5 5.07 101
202Hg 0.33 0.11 5 4.90 91
Li 0.13 0.13 5 5.03 98
*Mn 0.10 0.11 5 5.12 100
%Mo <L0Q <L0Q 5 4.95 99
ONi 0.76 0.50 5 5.89 103
Sumppy™ 0.14 0.10 5 4.91 95
'#1Sb 0.13 0.04 5 5.25 102
12080 <L0Q <L0Q 5 4.98 100
20T 0.06 0.06 5 5.24 104
Y <LOQ <LOQ 5 4.93 99
zn 3.16 1.89 25 321 116
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Read More
ICPMS-2050

Shimadzu’s ICPMS-2050 Series of ICP Mass Spectrometers combines
environmental sustainability with outstanding analytical performance,
driven by its innovative Mini-Torch System. By reducing measurement
time without the need for additional options, it simplifies trace element
analysis and boosts workflow efficiency. Moreover, the software takes
productivity to the next level, offering a variety of features, customizable
options, and maintenance tools. With minimal operator intervention
required, it transforms the way analytical workflows are managed.

Learn More

Proprietary Advanced Mini-Torch System ~2 times higher

sensitivity

The redeveloped high-sensitivity mini-torch features an New des.gn

optimized design that reduces argon gas consumption and

lowers sample flow rates into the plasma, enhancing ionization iII Wide  —
efficiency. This innovation doubles sensitivity compared to

previous models, offering improved analytical performance.

Additionally, the new design addresses common operational
challenges by significantly reducing injector clogging, ensuring Previous design
greater reliability and efficiency during use. i“:
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Heavy Metal Migration From Plastic Food Packaging Materials

Plasma temperature = 7500 K Injector bore diameter

Herein, discover the evaluation of heavy metal migration from
various plastic food packaging materials using ICP-MS. In
accordance with EU legislation, plastic food packaging materials
were immersed in several mimic food solutions to simulate the
migration process. The developed ICP-MS method enabled
precise measurement of 14 metallic elements in the simulants
while also assessing how contact time influences heavy metal
migration. Overall, the method demonstrated excellent
repeatability and accuracy.

Learn More

FTIR, EDX, LC-GC-Online Technique For Colored, Non-transparent Plastic Packaglng

FTIR and EDX spectroscopy, combined with an automated LC-
GC online system, analyzed 43 colored, non-transparent plastic
packaging samples, including bottle caps, closures, vegetable
nets, and trays. These spectroscopic methods enable non-
destructive, time-efficient analysis, while the chromatographic
system offers full automation. Such integrated approach enables
a comprehensive evaluation of packaging materials, offering
insights into their composition and potential contaminants, making
it a reliable method for analyzing plastic packaging.

Learn More
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