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ABSTRAC RESULTS

ICP-MS kinetic energy discrimination (KED) mode

Table 4. List of element with their mode of analysis and internal standards

Multi-elemental screening and quantification method of trace elements in milk using v Universal mode for interference removal

microwave assisted closed vessel acid digestion followed by ICP-MS technique using N Molecular : Internal standard
: S : : ame of Element : Mode of Analysis
Thermo Fisher Scientific ICAP-RQ ICPMS with Qtegra ISDS software. This method v' This mode utilizes helium as the cell gas because it is inert and does not react with weight y elements
covered 18 elements (Pb, Cd, Hg, As, Cu, Sn, Cr, Ni, Co, Se, Sb, B, Sr, Be, Ba, Mn, V, the analyte.
Al). The milk sample was digested with the tri-acid combination (Nitric acid, Hydrogen y _ _ _ o Cadmium, Cd 111 KED Rhodium,103
peroxide, and Hydrochloric acid). An internal standard mixture (Sc, Ge, Y, In, Tb, Rh, TI, Helium has low mass, so it does not degrade signal sensitivity very much. AT, S5 = — -
Ir, Bi) with concentration 20ug/L was used, and gold solution (200 ug/L) is used in v' KED creates a potential energy barrier at the collision reaction cell (CRC) exit using ’ —
organic modifier to improve the ionization efficiency of elements. The prepared sample : i - -
IS %spirated and quanfi)fied against the calibration g/urve which is plottepd vSith 5 pointg jr:%?)tl%{:f) ﬁfJS;ﬁiZﬁt#ﬁ%ﬂ: ;ﬁg'(ﬁj”tdh; ??]rgieclgmzigﬁzssfgx E[Jr?: i;hniis\,sr’]’tr;y Mercury, Hg A0 NEL ZISIT 02
(calibration ranges from varies with elements). The linearity offered excellent R2 values their kinetic energy is reduced. As the ions progress through the cell and collide with Mercury, Hg 202 KED Bismuth,109
(> 0.995). LOQs (0.5 to 80 ug/L) are verified through spiking and offered >80% recovery additional upstream helium atoms, their kinetic energy is reduced to the point where :
with <10% RSD. The method is assessed for its performance in terms of sensitivit - : ’ V - AUEEIE, s 75 KED Germanium, 72
U7 : IS asSsess S P erms of sensitivity, the potential energy barrier prevents them from leaving the cell as part of the ion
selectivity, recovery,hand prec'sf'gg as per the AO'?\C 2015-?]1 gé"dce:“znoe- Ag averdagle beam, resulting in their ejection from the cell. Polyatomic ions are larger than sample Tin, Sn 118 KED Indium, 115
recoveries were in the range of 80-115% in compliance with AOA 15.01 guideline. i i it i
This method provides a sogljution to food testing IZboratories g lons because they are made up of multiple _atoms by definition. Because of this, they Lead, Pb 206 KED Thalium 105
encounter more collisions than the analyte ions, and so lose energy faster. By
INTRODUCTION altering the amount of helium in the cell, it is possible to reduce the kinetic energy of Lead, Pb 208 KED Thalium,105
the polyatomic interferences to the point where they are ejected by the potential . .
) . . Vanadium, V 51 KED Scandium, 45
. _ _ _ _ energy barrier set up in the cell, but not the analyte ion. ’
Milk is con5|dergd as an |mport_ant and almqst complete dietary food fqr chlldrgn and Chromium, Cr 59 KED Scandium, 45
adults. Milk provides all essential macronutrients like carbohydrates, high quality
proteins and fats as well as micronutrients like vitamins such as riboflavin, B5 and B12, t Collision/Reaction Cell Analyzer Quadrupole Entrance Chromium, Cr 53 KED Scandium, 45
minerals like calcium, magnesium and selenium. It provides essential amino acids like _ .
casein. A 250mL of milk can provide approximately 48% of protein requirement and 9% ::2:?; :nlsrgr?tfc:n Manganese, Mn 29 KED Scandium, 45
calorie to 5-6 year children. India is the largest milk producer in world with 20% @ 9 / gg;“grzh;f‘;a'ﬁe’ Beryllium, Be 9 KED Scandium, 45
contribution to total world milk production. In food safety perspective milk is more & P Nickel Ni _
vulnerable to toxic elemental contamination by the processing activities and o : 60 KED Germanium, 72
adulteration. Food Safety and Standards Authority of India (FSSAI) and European > | | @ & Boron, B 11 STD Scandium, 45
Commission(EC) has set the maximum residual limit (MRLs) in milk for heavy metals. le':j E‘;EiﬁiﬂiL”iZTinﬂSt o @ 18V c c .
The list of elements and their MRLs are given in table 1. For sample preparation to overcome the potential opper, LU 65 KED Germanium, 72
ICPMS analysis of trace metals, Microwave digestion method was widely accepted Sueluy arrieh Molybdenum, Mo 08 KED Yitrium,89
technique and the method is implemented in the most of commercial food testing labs _ _
of India. AOAC 2015.01 has reported the Microwave digestion method for food 1V Barium, Ba 137 STD Terbium, 159
samp!gs. The aim of this appllicat_ion nqte IS multi-elemer!tgl screening and Lithium, Li 7 STD Scandium, 45
guantification at trace levels in milk using Thermo Scientific™ ICAP RQ ICP-MS
equipped with ASX 560 auto-sampler assisted by the microwave digestion method. The
th lidated i ith AOAC 2015.01. Figure 1: Kineti discriminati KED d . : : -
method was validated in accordance with AOAC 2015.0 igu inetic energy discrimination ( ) mode Table 5. Method validation (linearity, recovery and precision (%RSD)
Table 1. List of elements and their MRL :
Name of ESSA| MRL Linearity Mass (ug/L) | Recovery | RSD (ug/L) Recovery RSD
Element (mg/kQ) 111Cd (KED) 0.999 0.50 89.4 7.2 2.00 76.6 4.6
Mercury (H 1.0 NA
Arsenig(fa\f)) - " Hics ey | | | | T - 121Sb (STD) 0.999 0.50 2.4 8.2 2.00 73.6 2.9
Lead (Pb) 500 500 ot ] - 59Co (KED) 0.999 | 0.50 88.6 50 | 2.00 97.7 1.1
Cadmium (Cd) 01 NA e D e i~ —p 200Hg (KED) | 0.999 | 1.00 92.1 46 | 400 | 1044 | 1.2
Copper (Cu) 30 NA e | i c . 202Hg (KED) | 0.999 | 1.00 86.2 50 | 4.00 103.8 | 1.5
n (Sn) >0 >0 I N R R S R 75As (KED) 0999 | 1.00 | 798 | 81 | 200 | 1111 | 57
f(x) = 15015.2705*x + 88.8893 g:}_=oﬂg§§§-ﬂ154*x + 53560.1370
R o o BEC = 0.063 pob 118Sn (KED) 0.999 2.00 85.3 5.0 8.00 90.3 3.0
LoD = 0.0030 ppb LeD = 0.0026 ppb
MATERIALS AND METHODS woreen roame cet) 206Pb (KED) | 0.999 | 2.00 | 1009 | 45 | 8.00 617 | 6.5
Extraction: Microwave digestion protocol o} ’ I el | ,/ | 208PDb (KED) 0.999 | 2.00 99.6 3.7 8.00 60.5 6.1
* Weigh 2.5+0.25 g of sample in Microwave digestion vessel Ej | /’ _ E o | ,,’ ] 51V (KED) 0.999 | 20.00 2.4 2.0 80.00 96.5 1.3
+ Add 4 mL Nitric acid (HNO3) e o=t | 52Cr (KED) | 0.999 | 20.00 | 76.7 | 2.40 | 80.00 | 950 | 15
* Add 2.5ml Hydrogen Peroxide (H202) SR RS AR M MO AR R IR AR NAAE SRR RN AR 53Cr (KED) 0.999 | 20.00 | 78.6 20 | 80.00 | 1024 | 23
. . f(x) = 151134.4291*x + 7520.3269 f(x) = 334099.3892*x + 16052.3315
* Aad 0.5ml Hydrochloric acid (HCI) Rsogse mooeee 55Mn (KED) | 0.999 | 20.00 | 739 | 3.4 | 80.00 | 1145 | 3.2
- Keep it for 10min to pre-digestion in a clean fume hood. noR = 000t peb ToR T oenEoEer
200Hg (KED) 202Hg (KED) 9Be (KED) 0.999 | 20.00 89.5 7.3 80.00 88.3 3.0
* Close the microwave digestion vessels properly and start the Microwave digestion e | | ' ] LB ' | ' — _
process with set temperature program. Temperature program set for milk matrix is e oot / j oo / 60Ni (KED) 0.999 20.00 82.8 1.6 80.00 99.9 1.4
given in table 2. fi i " fé i T | 11B (STD) 0.999 | 80.00 91.5 4.5 200.00 98.0 4.8
Table 2. Microwave digestion program I R s S | 65Cu (KED) 0.999 | 40.00 | 83.2 5.8 | 200.00 | 89.0 3.1
Ramp Time (min) Hold time (min) Temperature o 5 concentaton ooy ) ° ) Goncentstion ops1 ) 98Mo (KED) 0.999 | 40.00 84.5 o.1 200.00 87.6 11
Ri-osses K oaaes RO 137Ba (STD) | 0.999 | 40.00 | 106.9 | 4.0 |200.00| 111.4 | 1
30 15 190°C NI N Re-oesse a( ) . . . . . . 5
LoD = 0.0029 ppb LoD = 0.0019 ppb .
— ss0r (KED) 7Li (STD) 0.999 8.00 79.2 2.0 10.00 73.2 3.3
- After completion of digestion, cool to room temperature, open the microwave N — T N - - - . —
digestion vessel carefully in a fume hood, as it will contain pressurized acid fumes. - a2l s // _ 111Cd (KED) 0.999 0.50 89.4 7.2 2.00 76.6 4.6
« Quantitatively transfer the content in to precleaned 25mL volumetric flask, add 20 E o E B _— | 121Sb (STD) 0.999 0.50 2.4 3.2 2.00 73.6 2.9
ug/L internal standard solution mix, 0.5mL of 2-propanol to make efficient ionization £ T £l - -
of high ionization potential elements like Arsenic and 100 pg/L gold standard solution 02 = | / - 59Co (KED) 0.999 0.50 88.6 >0 2.00 9.7 L1
to stabilize Mercury. T e T m e e e I S S B 200Hg (KED) 0.999 | 1.00 92.1 4.6 4.00 104.4 1.2
« Make up to 25 mL with deionized water (18.20MQ.cm-1) and mix well. §§z=f§$§§;6:::‘x+ags'8338 Ezgmf%;)éeé:s::;x+ 19925 202Hg (KED) 0.999 1.00 86.2 50 4.00 103.8 15
- Prepare a procedural blank by following above protocol without matrix. FoR = o ooeTeen nop = 0.0247 peb 75As (KED) 0999 | 1.00 29.8 31 500 111 1 5 7
115;_:58.1_'.3) | . | | . 98Mo(KED) : ' ' ' ' ' '
ol _ | N ” | 118Sn (KED) 0.999 2.00 85.3 5.0 8.00 90.3 3.0
Table 3. ICP-MS Conditions E ; - o | E I _
Parameter Value 2| / | | | S | / - R CONCLUSIONS
FO rward power (RF) 1550W f(x) = 26324.8634*x + 23022:"0::“[”” f(x) = 40579.5283*x + 152.(:;;:;‘“““[”“ y Mlcrowave aCId dlgeStlon methOd was Utlllzed
R= = 0.9999 R== 1.0000
Nebulizer gas 1.06 L/min LoD = 00414 aob LoD = 00008 b * Method offered LOQ in the range of 0.5-40 ppb
Auxiliary gas 0.8 L/min SOMIER - — | fMeeE» * Excellent inearity (r2>0.99)
Cool gas flow 14.0 L/min - :‘? | ) _ _ » Average recoveries and precision data were within acceptance criteria of AOAC
| g oo o 2015.01 guideline.
i E o6 - g o8 L i
Sample uptake/wash time DS 2 .. £ ] e Optimized method complied the EU and FSSAI MRLs.
Dwell time 0.03 sec N B N N S N N I R
Number of readings per Single aSpiration 3 fix) = 12459_8540*x+499_3n:;:=m“ ” f{x}=11?33-0213*)(_'_283’:-':"6':“2"’““"“’9"1 REFERENCES
R== 09996 R= = 0.9997
. e . BEC = 0.040 ppb BEC = 0.024 ppb
Total acquisition time 16 sec LoD = 0.0678 ppb LoD = 0.0107 ppb 1. http://www.fao.org/resources/infographics/infographics-details/en/c/273893/
. 65Cu (KED) 75As (KED)
Sampling depth 5 mm . ' - - T v [ ' - ' 2. COMMISSION REGULATION (EC) No 1881/2006 of 19 December 2006 setting
s Sl - gas /// , maximum levels for certain contaminants in foodstuffs. 02006R1881 EN —
g, o £, - | 28.07.2017 — 021.001 — 1.
I I— e | 3. FSSAI Manual for food safety, 17th Edition-2017 (THE FOOD SAFETY AND
én”(/’/ 2=o 4=0 :a:o E;o 1c=:cn 120 o0 gﬁ’“ a 5Io 1:;0 1%0 zri'o STANDARDS ACT’ 2006)
o) = 17876.4496%x + 1474.1607 fx) = 8967.7595"x + 28.8292 4. Michelle Briscoe, Determination of Heavy Metals in Food by Inductively Coupled
PES o onz peh PES 2000 PRt Plasma—Mass Spectrometry: First Action 2015.01, J. AOAC Int. 98, (4), (2015), 1113-
1120.
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Comentration tppb] encourage use of these products in any manner that might infringe the intellectual
f(x) = 235.4916*x + 2.2832 .
R= = 1.0000 property rights of others.
BEC = 0.010 ppb
LoD = 0.0504 ppb
Figure 2. Linearity for the target elements with internal standards
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