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Abstract

Data analysis Table 6. Internal standard recovery (%) compared to first

Purpose: Optimization gf mduc’qvelly coupled plasma mass o _ _ - RGSUltS blank of the sequence during the 8-10 hours long food
spectrometry_(l(?P-MS) in combination with argon ga_s_dlluhon The 'I.'heszo Scientific™ Qtegra™ Intelligent S_C|ent|f|c Data g . . . experiments run daily. The number of total samples run,
(AGD) to minimize matrix effects for the robust, sensitive and - fSqu;cllc;lnt (ISDS) ?.oftware was used fgr settlr?g up Ltf]pB?(OE and inearity, sensitivity, and accuracy including standards, CRMs, and unknowns is denoted by n.
rep_roducnble analysis of major and ultra-trace elements in a wide or all data acquisition, processing, ana reporting in this stuay. A wide linear dynamic range was achieved covering the
variety of foods and beverages. . concentration ranges for the analytes, ranging from 0.005 pg-kg™’ Day Group _n___ Sc X _h Lu LL
. Sample preparation 1 : Recovery ., Recovery Stde Recovery . . Recovery . . Recovery .
Methods: A method based on ICP-MS technology using o | for mercury (Hg) up to 600,000 ug-kg™ for sodium (Na) (Table 3). 0 Y e v e Y ) Y e
of acid digests of the different types of samples. The method broadly into five different groups, were selected for analysis in the four most critical toxic elements — arsenic, cadmium, lead, and 2 2 249 101 45 99 41 9 35 95 34 102 36
performance was thoroughly evaluated by continuous analysis of this study (details in Table 2). The sample preparation steps are mercury (Table 4). All analytes in the study could be detected with 3 3 216 8 35 95 43 9 34 9 29 101 50
certified reference materials (CRM), quality control (QC) standards summarized in Figure 2. Gold (200 ug-L-') was added to all final high sensitivities that easily enable detection of extremely low 4 T Ty
and various samples over a period of several days. solutions including blanks, standards, and amples as a stabilizer amounts of the same in the final samples. The method limits of 5 s 214 9% 87 98 86 9 89 98 79 102 96
for mercury. quantifications (MLOQ) were always well below regulatory limits c 1.4 253 107 98 106 96 100 85 104 75 106 92
Results: The results demonstrate that the developed method globally
delivered highly sensitive and accurate data continuously over ’ S S N S S N S N e
several days with minimal user interaction and no need for Table 2. List of samples and certified reference materials 8 14 24 97 52 % 41 9% 50 9 36 95 38
maintenance steps between sequences. (CRM) measured Table 4. Instrument detection limits (IDL), limits of 9 15 265 94 47 100 42 93 49 100 28 97 36
quantification (LOQ), and method limit of quantifications Average of 1878 samples 95 & B & e
Introd uction Index Sample group Sample1  Sample2  Sample 3 Sample4  Sample 5 (MLOQ) in final dry, wet, and beverage samples (dilution
factors: 100x, 25x, and 10x, respectively). All units in pg-kg-'.
: 1 CElIEE Rice Cereal White flour  Spelt flour Pl ey e
Food and beverage products available on the global market are and protein rich P (sardines) _
. . . Loqg MLoQfor MLOQfor W ~- ¢ O 2itig (KEDAGDIW) O 2TA(KEDAGDIW) O 1P KEDACD low
reQUIarIy mOnItOI’ed fOI’ nutr|t|0na| ContentS as We” as tOX|C 2 Vegetable and =) . Ana|yte dry wet el O 39K (KED AGD low) 44Ca (KED AGD low) O 52Cr (KED AGD low)
- - fruits wee-l  Pureez  Tomalo  Spinach  Carof BxIDL)  samples  samples PeVverages S ENGAD ) o Hocoadon O o bAGDIY
elements and metals. Compliance to local regulations such as EC P P SN (KEDACDIow) O SSCUKEDACD low) O Sozn (KED ACD low) i
. . . . . 111Cd (KED AGD low) O 118Sn (KED AGD low) O 121Sb (KED AGD low) #
No 1881/2006" in the EU, and GB-2762-20172 in China, which 3 Spices ~ Mustard sauce Pepper  Coriander Basil Cinnamon As 0.004 0.9996 0.012 1.3 0.3 0.1 200 L0100 (KEDAGDIoW) 0 202Hg (KEDAGDIow) _ 0 208Pb (KED AGD low
SpeCIfy permISSIbIe Ilmlts Of SUCh elements In fOOd, IS ComleIsory 4 Mllk and hl h fat Infant formula Mllk powder Sesame Seed COCoa pOWder Drmkmg Cd 0005 09997 0015 15 04 02 150 ...............................................................................................................................
for public health safety. Thus, analytical testing laboratories X biscuits chocolate Ho I p— T e > o 2 % | . : g
| s 100 J8— g E 2
engaged in fqod sample measurements re_gularly analyze large 5 Beverages  Applejuice Orangedrink  Cola Flafgtt;rred S @it o 0,00 09999 0.003 030 0.08 003 s : 3 : - :
numbers of different sample types to provide results to — - % 5 1 |
. . . L Milk powder NIST 2383a Infant IDL = 3 x standard deviation of repeat blank runs, LOQ = 3 x IDL, MLOQ = dilution factor x LOQ I : :
manufacturers, food retailers and regulatory authorities. This study CRMs  BisCuit CRM  Rice Fiour b Fish CRM *with IPA - g g ; ; :
_ o _ LGC-7103 SRM 1568b CRM BCR-  Baby food DORM-3 Formula RM 0 S e B S e LA
reports a robust, reliable, sensitive, accurate, and high throughput 063 composite TYG082 140 160 o 220 240
. . . .- H ample Number
method for the simultaneous analysis of a wide range of elements The accuracy and precision of the analytical method was
at different concentrations in a variety food and beverage assessed by analyzing commercially available CRl\_/:f’ and RMs. Figure 4. Accuracy of quality control standards (Continuing
matrices. Avery godod algreefmenl’: wasl obtalne_?]-between Ct?lm led and Calibration Verification, CCV, n = 14) spanning ~ 11 hours of
] measured values for all analytes, within acceptable range, over continuous measurements of milk and high fat samples
Methods and materials multiple hours and days of measurements of these materials (Day 4, Group 4)
- e (Table 5). ’ '

Test methods
A Thermo Scientific™ iCAP™ RQ ICP-MS instrument (Figure 1)

: _— : ( i i . 18000
was used with argon gas dilution (AGD) for all analysis < Table 5. Mean recoveries (in % vs certified value) and
(instrument parameters in Table 1). associated standard deviations for “n” number of individual
" . . . measurements of CRMs in the long experiments 16000 17201 17470
The additional argon gas, provided directly from the instrument, kg kg
dilutes the samples and minimizes matrix effects without Infant Mg-KJ MQg-Kg
" . .. Biscuit CRM Rice Flour Fish CRM NIST 2383a Milk powder
additional sample preparation. The AGD was optimized such that LGC-7103 SRM 1568b  DORM-3 Fowg:; 2RM Baby food CRM BCR-063
achieved detection limits were still satisfactory for food analysis. n 40 01 0 20 " " 14000
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Na % 7 - - - - 93 6 94 9 102 8
Mg 92 6 91 7 - - 92 6 106 7 108 9 7, 12000
T8
A - - % 8 - - - - - 8000
Table 1. Instrument parameters for ICP-MS used for food £
P 91 5 8 6 % M 9 9 93 8 % mg- kg-1
measurements. S 10000
K %8 5 95 5 - - 91 6 102 6 102 7 e
o
Mn 100 8 93 6 - - 8 1 93 5 o
Instrument iCAP RQ ICP-MS Fe - - 99 8 92 3 94 5 104 5 93 4 § 8000 Ca
Cu - - 9% 9 9% 1 101 5 9% 6 115 =
Nebulizer Borosilicate glass MicroMist™, 400 pyL-min- )
Zn 13 5 101 9 91 3 M5 5 8 2 8 6 =
Spraychamber Quartz cyclonic, cooled at 2.7°C As . , 93 6 91 10 B} B} E 6000 K
Injector 2.5 mmi.d., quartz Se - - 95 9 - - 104 10 - - 92 14
Interf Nickel sampler and ski high matrix insert o - S L S S : - - - -
nterrace ICKel sampler and skKimmer cone, nign matrix inse 4000
Ba - - - - - - - - - ) 760 975
Plasma power 1550 W Hg - - 102 15 109 8 - - - - - - ) . -1
mg-kg-’ mg-kg
Nebulizer gas 0.39 L-min-" Pb - - 96 6 - - - - 107 10
2000
CRC conditions 4.3 mL-min-' at He, 3V KED
AGD setting 55% of maximum capacity of mass flow controller Robustness experiments Mg n Mg Na n
0
: Dwell times - 0.2 s for Hg, Pb, Se; 0.1 s for As, Cd, Ni, Cu, Fe, Zn; . 7 . : -
Scan setting 0.05 s for others: 5 sweeps, 3 main runs In orde_r to Qemonstrate the SUItabI|Ity of thIS method for | Couscous, Tomato, Pepper, Milk, Apple juice,
analyzing high number of food samples with different matrix Group 1 Group 2 Group 3 Group 4 Group 5
1S ESIE SPITIEE BE SRErne compositions, as is the situation in a typical food testing _ B _
laboratory, several experiments were run on consecutive days, Figure 5. Elemental compositions of representative samples
over a period of nearly two weeks. Initially, the samples from Groups 1-5

belonging to the respective sample groups (as in Table 2) were

run on separate days (Days 1 to 5). Thereafter, the different

samples from the different groups were run together for four CO“C'USiOﬂS

more days (Days 6, 7, 8, and 9).

» This study proposes a single ICP-MS and AGD method for the

Daily experiments consisted of 8 to 10 hours of uninterrupted
y £XP P accurate, precise and efficient quantitation of a wide range of

Food samples - closed vessel measurements (~240 samples/day) with a single calibration _ _ n

Beveil‘;;i“faﬁf ;S’;iff,? only - f.c? ._i509.1(cgj;r)(/nigir:tzlree3) > Sl ealsl il iviadle block at the beginning of the entire sequence which was found to antalytesl, f';om Ihlghl foqcentrflt;op nutrlthntal eflim;n]fs tg d

o it 55 1/ HNO, NG, 0 b L e e 15 mL 50 mL using 18 MQ-cm water be sufficient for accurate data throughout the run. The calibration exiremely low-level toxic metals in a variety of both tood an

"0 block was followed by QC standards (Std 4) repeated after every beverage samples.
ten unknown samples to check for calibration validity. CRM » The dilution of all samples inside the ICP-MS with direct argon
samples were interspersed throughout the sequence in order to gas supply is an easy and convenient approach to achieving
provide further evidence for measurement accuracy. required dilution levels that minimizes matrix effects. This is
Figure 2. Sample preparation steps No deterioration in performance was noted over the several der_nonstrated by excellent mtern_al standard stablll_ty over the

consecutive days of running >200 unknown food samples per entire mass range and consecutive days of analysis with each

day comprising > 200 samples and > 8 hours of data acquisition.

day. Th ined stabl d well within 80-1209
aY. 1N TESponse Femained siav’e and wen within /e A total of 1878 sample measurements were made, with the

recovery tolerance range for all internal standards (Figure 3,

Table 6), QC (Figure 4), and CRM samples (Table 5). No quality control standard run every ten unknowns.
Calibration standards maintenance or cleaning was required throughout the entire = Excellent sensitivity and a wide linear dynamic range was
The developed method was verified for sensitivity and accuracy study which demonstrates the robustness of the analytical achieved even with AGD settings, enabling the user to easily
by using appropriate calibration and quality control (QC) method for measuring different food samples with widely comply with global regulations and ensure the safety and quality
standards prepared in 2% (v/v) HNO,, online internal standard different compositions using the same method (Figure 5). of the food supply.

(IS) addition (Table 3), and CRMs. HCI (2%, v/v) was included in

. ; * The method was validated with six different CRM samples run
all rinse solutions.

153 times during the different experiments to establish the
accuracy of the measurements

Table 3. Calibration standards used and linear dynamic range
achieved for different elements. The concentration units for

= Minimal user interaction and no cleaning steps were necessary
during the measurements made in this study which continued for

i - i . -1 i . -1 O 45Sc(KEDAGDIlow) © 89Y (KED AGD low) 103Rh (KED AGD low)
rows In blue text {Std 1-3) ls ug-kg™ and the rest ls mg-kg™ 200 A e e almost two weeks, thus making this approach ideal for an
I : : : : ' analytical testing facility.
P SR T T
G El t Std 1 Std 2 Std4* Std5 — [ : : : i :
oup SemenE g | o References
1 Hg 0005 001 005 0.1 05 1 2 1 - - 1. Commission Regulation (EC) No 1881/2006 of 19 December
Ag, As, Cd, Ce, Co, 2 : : : : : - 2006 setting maximum levels for certain contaminants in

2 Cr, Cu, Li, Mo, Ni, ~ 0.05 0.1 0.5 1 5 10 50 Lo . e, ] foodstuffs.

| o . e e | . 2. GB-2762-2017 National Food Safety Standard for Maximum
Figure 1. The Thermo Scientific iCAP RQ ICP-MS y 5 Be Fo zn 005 00T 008 K 5 1 o L - Levels of Contaminants in Foods, China.
5 Al 0.025 005 0.25 0.5 2.5 5 0 50 . “'-’OI —_— 150 200
ample Number - -
: "o TR S S Trademarks/licensing
8 Na 3 6 30 60 300 600 Figure 3. Stable responfe of the internal standards Sc, Y, © 2022 Thermo Fisher Scientific Inc. All rights reserved. MicroMist
Sc, Y, Rh, Lu, Tl via T-piece; Rh, Lu, and Tl of 85-110% during 11.5 h of uninterrupted is a trademark of Glass Expansion Iﬁc All trademarks a-re the
IS " o T o 12 gttt ’ measurement of food samples from different food groups in '
additionally, 4% IPAin IS solution for beverage samples P group property of Thermo Fisher Scientific and its subsidiaries unless

the same sequence . . . L :
* Also used as quality control standard otherwise specified. This information is not intended to encourage

use of these products in any manner that might infringe the
intellectual property rights of others.
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