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ICP — Optical Emission and Mass Spectrometry
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The ICAP 7000 Series ICP-OES Core Technologies
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What's the difference between a SQ and TQ-ICP-MS

ICAP RQ ICP-MS ICAP TQ ICP-MS Additional Q1

mass filter
quadrupole

.
T ] - l —_—

Additional
electronics

Additional
gases

Enhanced
software

Same platform — there are more differences than you think!




Pharmaceutical Testing of Elemental Impurities — Why?

* Why are metal impurities of concern?
* Reduced shelf-life
* Inherent toxicity of certain elements

* How is heavy metals testing done?
* USP General Chapter for Heavy Metals <231>
* Hundred-year-old colorimetric test
* Precipitation of ten sulfide-forming elements
* Visual comparison of colour to that of a 10 ppm lead standard

* |s the test fit for purpose?
* Unable to differentiate between the levels of individual contaminants
» Safety issues with the use of hazardous solvents such as thioacetamide
» Easy to lose volatiles such as mercury




Introduction to USP Chapters <232> and <233>

» Concerned with testing of elemental impurities in pharmaceutical prodiiects

* New USP Chapters introduced to replace <231>
» <232> Elemental Impurities — Limits
» <233> Elemental Impurities — Procedure
» <2232> Elemental Contaminants in Dietary Supplements

» Chapter 232 sets out the limits for 24 elements
* ‘Big Four’ arsenic, cadmium, lead and mercury — must test for these
* Remainder are commonly used as catalysts — must test if thought to be present

» Chapter 233 describes two analytical procedures:
* Procedure 1 — ICP-OES
* Procedure 2 — ICP-MS
» Acceptance criteria for alternative procedures




Status of Chapters <232> and <233>

* USP

* On January 1, 2018, USP General Chapters <232> Elemental Impurities — Limits, <233>
Elemental Impurities — Procedures, and <2232> Elemental Contaminants in Dietary Supplements
became applicable to drug products and dietary supplements.

* |ICH Q3D
» Date of USP and ICH are now closley alinged

» Other regulatory bodies like EMA...
» Delayed implementation dates for compliance for e.g. marketed products
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USP <232> Elemental Impurities — Limits ug/day

ss
1 5 2 2
1 5 5 5
1 115 15 2
1 30 3 1
2A 50 5 3
2A 100 10 1
2A 200 20 5
2B 8 8 8
2B 100 100 1
2B 100 10 1
2B 100 10 1
2B 100 10 1
2B 100 10 1
2B 100 10 1
2B 150 80 130
2B 150 10 7
2B 100 10 1
3 550 250 25
3 1200 90 20
3 1400 700 300
3 3000 1500 10
3 3000 300 30
3 6000 600 60
3 11000 1100 3

3 PDE = permitted daily exposure based on a 50 kg person

* Not a safety concern




Instrumentation
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Implementation of USP Elemental Impurities Testing in Your
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Instrument Decision Matrix




ICP-OES or ICP-MS ???

Technology
ICP-OES
Detection Power (USP) + 44
Dynamic Range ++ +++
Speciation Capabilities + 4+
Lab Requirements +++ +++
Operating Cost ++ ++
Software +++ +++
Investment +++ ++
Future Proof (USP) + +4+4
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ICP-OES Analysis Example
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ICP-OES Procedure 1 USP <233>

The key benefits of ICP-OES

 Easyto use, learn & maintain
* Fast multi-element capability

* Robust plasma and flexibility for complex
sample matrices

Flexible Matrix Handling

* Ability to analyse multiple matrix types in a
single method

* Wide dynamic range spectrometer capable of As, Cd, Hg and Pb ‘The big four’
analysing ppb to % in a single solution
« Axial viewing of plasma used to further improve Cr, Cu, Mn, Mo, Ni, Pd, | Common catalysts
detection limits Pt, V, Os, Rh, Ru, Ir
14 ThermoFisher



Analysis of Two Over the Counter Medicines

* Preparing samples in DMSO

 DMSO (dimethyl sulfoxide) is a
very strong solvent

* Less toxic than
DMF (dimethylformamide)

 High-boiling point

* Drawbacks of using DMSO
* Require silicone pump tubing
* O-rings on spray-chamber require

changing more often

* Will not dissolve all excipients

» For example: silica, titanium dioxide

15 ThermoFisher
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Analysis of Two Over the Counter Medicines

* Two over-counter-medicines were tested according to USP <233>

* Drug 1 — anti-inflamatory
* Drug 2 — antihistamine

* 0.5 g of dehydrated sample was dissolved in 25 g of DMSO

¢ J defined as the w/w concentration of analyte at Target Limit after dilution

® Target Limit > MDL; recoveries tested at the 0.5J and 1.5J

160

140

120

100 -

EmDrugl+05J-1
EmDrugl+05J)-2
EmDrug1+0.5J)-3
EmDrug2+0.5J-1
mDrug2+0.5J)-2
mDrug2+0.5J-3

Elements

Cadmium
Lead
Inorganic As
Inorganic Hg
Iridium
Osmium
Palladium
Platinum
Rhodium
Ruthenium
Molybdenum
Nickel
Vanadium
Copper

0.5 J (ug/kg)

125
25

7.5
75

16
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« J = The concentration of the element(s) of interest at the target limit,
appropriately diluted to the working range of the instrument

e http://www.jvaluecalculator.com/

17 ThermoFisher
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Analysis of Two Over the Counter Medicines

* Precision
* Determined by analyzing six individual samples
* Samples spiked at J
* USP acceptance criteria < 20%

S ENERS

Cadmium

Lead

Inorganic arsenic
Inorganic mercury
Iridium

Osmium
Palladium

Platinum
Rhodium
Ruthenium
Molybdenum
Nickel
Vanadium
Copper

18
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ICP-MS Procedure 2 USP Chapter 233

* The key benefits of ICP-MS relative to ICP-OES are:

* Improved detection limits:
* Up to 1000x lower for USP regulated elements such As, Cd, Hg and Pb

» More future proof with flexibility for future changes in target levels
* Able to access a broader elemental package
* Wider dynamic range, ppt to ppm

« Straightforward interfacing to speciation techniques (IC etc.)

20 SCIENTIFIC



Microwave Sample Preparation

* Four over-the-counter products were locally sourced

* Two samples of each were weighed into 15 ml disposable glass
* 3 ml of conc. HNO,; was added to each vial

» System was closed, and pressurized with N, at 40 bar

* Microwave digestion recipe:

Step Time Temperature Power
(min) (°C) (kW)

200 1.5

200 1.5

* When <60 °C, the digest was transferred to a polypropylene vial
50 ml with 1% HCI

» Samples were further diluted before analysis (with high purity 2%
total dilution factors of between *100 and *1000

1 ThermoFisher
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ICP-MS Instrumentation and Standardization:

* |CP-MS: » Standardization:

* PFA-ST nebulizer * Internal standardization with Ga, In and Tl (at
10, 5 and 5 ppb respectively) automatically

* Quartz peltier cooled spraychamber added via a T-piece during analysis

(~ 2.7 °C)
.25 D 7 injact  External calibration with standards (at 0.5 J, J
-omm 1L quartz injector and 2 J) for quantification
* Nicones * For ICP-MS analysis, J values were defined as
- Analysis 1000 times lower than the oral solid drug

product with a daily dose of 10 g/day
 Single mode KED for all analytes

* 5.5 mL/min 100% He

« 3V voltage step

- ThermoFisher



Results: Spike Recoveries (0.5 J)

200%
180%
160%
140%
120%
® Pharma 1-1
100% ® Pharma 1-2
®m Pharma 2-1
80% - ® Pharma 2-2
60% -
40% -+
20% -
0% -
51V 60Ni  63Cu 75As 98Mo 101Ru 103Rh 105Pd 111Cd 1890s 193Ir 195Pt 202Hg 208Pb
L —_— — S —
ThermoFisher



ICP-MS Detection Limits Compared to Maximum Daily Dose

Instrumental Concentration Limit
i Method ;
Element Detection : _ Max. Daily Dose
.. Detection Limit
Limit of <10 g/day

(ng/mL) (Lg/9) (bg/9)

Cadmium
Lead
Inorganic arsenic
Inorganic mercury
Iridium
Osmium
Palladium
Platinum
Rhodium
Ruthenium
Molybdenum
Nickel
Vanadium
Copper

24 SCIENTIFIC



Arsenic measurement in the presence of cobalt with iICAP TQ ICP-MS

* Determination of elemental impurities in Vitamin B12
* Vitamin B12 contains Co (approx. 4% (w/w))

* Elements to be measured As, Cd, Pb and Hg — the so-called ‘Big Four’ in
pharmaceutical analysis

* Digest sample in nitric acid
* Run all elements in SQ-KED mode and also As in TQ-O, mode (as "°As160)

——

.“\‘
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Performance in SQ and TQ modes

- Signal at Signal at BEC in SQ- Signal at BEC in Spike recovery
il m/z=50 miz=T5 KED mode miz=75 | TQ-O,mode | InTQ-O, mode
[SQ-KED) [CPS] | (5Q-KED) [CPS] [ng-g] (TQ-0,) [ng-g7] [%a]
2

C.0008 4 C.0007
0.C001 mg-mL* 202,155 13 0.003 9 0.0G1 100.1
0001 mgmL! 2,174,744 it 02 10 0.0 925
0.04 mig:mb 24 003.087 BED 0824 2] 0L 1018
Gl gt 242,083,618 BT 247 18 0.0G2 1081

* SQ-KED mode elevated BEC due to CoO contribution that cannot be
suppressed with He KED.

* TQ-O, mode - measure AsO at m/z 91 free from CoO interference

» Accurate spike recovery (1 ng/g As) achieved with increasing
concentrations of Vitamin B12 in TQ-O, mode

26 SCIENTIFIC



Calibration and results for a Vitamin B12 supplement

o semsmmenes o Sample prepared according to manufacturers
7 instructions, then diluted 1:100 for analysis
Eu W « Sensitivity — 7000 cps/ppb
: o * BEC - 0.0002 ppb
' : | e - - Spike recovery determined (at 10 ng/g As)
— — = = « Recovery compared with and without butanol
- . addition to the diluent
Spiked . Hecovery
F ““_I,t] concentration Heravary with butanol
i [ng-g %]
As TO-0: 0.013 9.87 78
As S-RE 0164 nar i 100
Cd Si-KE Beiow [DL d.24 Fd a5
Hg S-KHR (.06 137 s BR
Fh S-KFT £ .08 10G nar
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Country/Region Specific Legislation for Food

US FDA 21 CFR

Matrix

Elements

*107 Infant Formula
+136 Bakery Products
*137 Cereal Flours
*165 Bottled water
*172 Bakers yeast
573 Animal feeds

*Fe, I, Na, K (chloride)

Bromate, Ca, Fe

*Bromate, Ca, Fe

*Fe, Mn, Zn, As, Sh, Ba, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, Tl, U
*Zn, As, Cd, Se, Pb

*Se (IV, VI and yeast)

US FDA:
Guidance for Industry «Candy *Pb
Guidance docs *Shellfish (crustacean, molluscs) *As, Cd, Cr, Pb, Ni
*Fish *Hg (MeHg)
Recommendations *Fish, wheat *Hg
Action levels «Pottery leachate «Cd, Pb
EU 1881/2006 EC *Variety defined foodstuffs *Pb, Cd, Hg, inorganic Sn
WHO/FAO, JEFCA *Acceptable DIs Food Additives *As, Cd, Hg, Pb

FSANZ

*Reporting limits

*As, Sb, Cd, Cu, Pb, Hg, Se, Sn, Zn

Hong Kong Food Adulteration
Legislations

*Variety defined foodstuffs

*As, Sb, Cd, Cr, Pb, Hg, Sn

Japan

*Potable and Drinking Waters
*Plastics for milk storage

*Cr(VI), Cd, Hg, Pb, As, P, Zn, Fe, Cu, Mn, Ca, Mg, Se, B
*As, heavy metals (Cd and Pb) Sb, Ge, dibutyltin

29
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Food labelling information

Nutrition Facts

Serving Sire 1 cup (228g)
Servings per Containe 2

Amount Per Serving

Calorias 280 Calories from Fat 0
% Daily Valua* :
Total Fat 13g % [ SUARBONATE ...,
Saturaned FaL 5q Z5% i -’
Trans Fat 2q
E i Cholesterol 21 10% i “
zach gtﬂlg.d burger (H4q) contains f Sodium 11°8 ad ALUMINIUN
LT Total Carbohydrate 31g 10% ;I:?"I:IESIDUE AT 180°C.. ;EE
Dietary fiter 3g 0% /
T - BEST BEFQRE END: SEE BOTILE
2% : Protein &g CONTACT US FREE
of an adult’s reference intake ""M“ A f?' = Viamin C 2% UK only Muﬁrﬂlﬁﬁm
Typical values (as sold] per 1007: Erergy 9eek! / 230keal Calcium 15% - ron 4% " www.nestle. co.uk
Prereat Deidy Velues: e based on a2 000-csiecie diet Yoor risiy vl may - PO Box No 207, York, Y021 1y

be higher or lvaer depending oo your calons needs
Calories: 2,000 2,500

Tetal Fat Less than G5g 8Cg
sat Fat Less than 209 259
Cholesteral Less than  300mg 300mg
Soium Less than  2400mg  2400mg
Total Carbohydrate 3009 3759
Fiter 259 399
Calories per gram:

Fat § . Carbohydrate 4 «  Proten4

30 SCIENTIFIC



Analysis of elements in food stuff by ICP-OES

* |ICP-OES is ideal for analysis of trace elements
from sub ppm to % (in solid samples)

* |ldeally use Duo view instrument — iCAP 7400
ICP-OES Duo

» Axial view allows the lowest detection limits whilst
radial view allows analysis of higher concentrations

 Total dissolved solids is relatively low (1%)

Satting

Parameter

Pumip Tubing

(Standard)

Sdmple Tyoon® orangeishite
Crain Tygon™ whiterswhile

ohEyCnamber

(=358 |'_'_.|"|.". i

MNeullzer

Glass concentric

Center Tuba 2.0 mm
Pump Spead B mom
Meoulizer (3as Fow 0.6 Lemin
ALpriiany Gas Flow 0.5 Lmin
Goolant Gas Flow 12 Lmin'
RF Power 1150w

Exposure Time

Wibs, Visbhs

e |

. . . Ca 3roa3 Radial
« Samples prepared by microwave assisted acid o st e
digestion and diluted to 0.5% HNO4 with DI Fe 274,932 Fadtl
Watel’ Mg 286213 Radial
Mn 26761 Aucial
« Creation of method using the standard sample N 231604 Al
. . . P 178284 Aacial
introduction kit - — o
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Analysis of elements in food stuff by ICP-OES Results

* MDLs sub ppm in solid & IDLs of sub ppb (Dilution factor of 100)
* Ability to analyze over a wide concertation range
* A simple method of analysis after a digestion

« All results in mg-kg. Total Diet (ARC182), Wheat Flour (NBS1567), Bovine Liver (NBS1577a).

NBS1577a NBS1567 ARC182
Element
Found in solid m Found in solid m Recovery (%) | Found in sniid| CHBM | Recovery (%) in solid
0.gg

Ca 133.6 111.33 102.63 2670 2860 83.36
Cu 153.3 158 a7.03 2105 2 105.25 N/A N/A MN/A 016
Fe 192.9 194 99.43 18.86 18.3 103.06 M/A /A MNAA, 43
Mg 576.5 600 96.08 N/A /A NAA 719.2 785 01.62 0.46
Mn 10.14 g9 102.42 B.634 B5 101.58 12.98 129 100.62 0.0
Ni N/A IN/A /A 01719 .18 95.5 0.2863 0.271 1G5.656 0.03
P 11480 11100 103.51 N/AA N/A N/A N/A N/A N/A 0.24
n 122.2 123 89.35 10.98 10,6 103.4 2916 2849 100.9 0.03
ThermoFisher
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ICP-MS Overview: Single and Triple Quadrupole ICP-MS

iCAP RQ ICP-MS

Innovative collision
Thmrme ]
cell I

Intuitive user-friendly
software

Simplified power
connections

Robust RF
generator

Quick connect and push

fit sample intro
components

Compact footprint BN CEE-
access interface

33 ThermoFisher
SCITENTIFI C



Elemental impurities in Food by ICP-MS

« iCAP RQ ICP-MS using single He KED mode for - -
analysis of all analytes regardless of concertation E
e Li, 0-100 pg-L* and Na, 0-100 mg-L* E

- Samples prepared by microwave assisted acid digestion | -
(0.5g sample = 50ml) e . - . |

CEnbAFISS ]

Parameter Value

Farward Power 1500 W ; "
Mebulizer Gas 0.9 Limin'' < m‘? P =1
Auxiliary Gas 0.8 Lmin’ £ e

Cool Gas Flow 14.0 L'min’ E ! ~ :

CRC Conditions 4.5 mL-min” at He, 3V KED I i —

Sample Uptake/Wash Time 45 = each . 2 =

Cwell Times Optimized per analyts : p 5" + % = o
lotal Acguisition Time 3 rnin Gt o

34 SCIENTIFIC



Elemental impurities in Food by ICP-MS Results

H
00 | somred | cartiod | 550
« MDL are orders - . _ _ | %RSD | u e

i 4x7

magnitude lower than "8 10 | 730 2 23 760 1 130 9

ICP'OES a 0.3 fmal) . 1910 = 25 1440 = B0 13

Mg 0.07 (mgL’) - - - 1200 2 22 1280 + 100 11

* Ability to measure trace  *® 05 ot - - - SRS 00800 b

. . s @ mail' B310 + 220 BEO0 = 500 18

and major In-one =K 0.5 imgrL) - : . 14000 £ 480 600 = TOO 18

analysis “Ca 0.2 (mgrl) : : : 200+ 4 220420 17

. . . SCr 0:2 - - . 4502 10 500 = 110 08

« Simple analysis using “Mn = 35800 + 470 34200 = 2300 0.5 1640 + 20 1650 + 7O 08

one analysis mode He i . ' : - SIS Tp L R Leen0 S| e

i 2 . 1632 160+ 30 0.8

KED ECu 8 2650 = 30 2740 = 240 04 13650 =N 1860 = 120 0y

Zn 2 23100 = 270 23100 = 1900 i 25300 + 220 20000 + 1000 08

fins Q2 2308 kx4 14 LIS 108+ 13 o9

"Sa 1 51 =10 38 [Redmence wehm 1.3 Ba = 11 450 = 60 1.8

"Sr 01 - - = 11 =11 540 + 80 18

e All results in “g.L-l “Mo 1 : - 12 =1 110 = 10 14
Mg 03 180+ 8 1690 4 70 .7

g, 0.3 g 2 - {G10= 16 1500 & 400 1.4

g 1 F1 e v . . 26501 28+ 06 1.6

=pp 01 460 =8 220 = T0 a8 T 20 110 =20 10

ThermoFisher
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ICAP TQ ICP-MS - Food CRM NIST 1515 Apple leaves

NIST 1515 0.39 — | —

Spray PFA cyclonic spray
chamber chamber cooled at
3°C
Add 4mL HNO4 / 2mL HCI Nebulizer ~ 100uL PFA nebulizer
— Microwave Injector 2.0 mm Sapphire
injector
Iinterface Ni sampler and Ni
skimmer with 2.8mm
Add 3mL water insert
TQ-0, Pure Oxygen
Mass shift 0.3mL/min
mode

10 fold dilution with 0.1%
HNO, - total 100mL

Dwell time 0.3 sec, 5 sweeps
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Apple Leaves survey result

Syeabal Wi R TR T T SR {111 TR R A
M7 1=ie wru0de  201% THETET JHL-;
7] 1239¢ 1423008 1216 160 1 12700 N d an d G d
] 1sdne 33100 2380 144202, 100%;
I:l 1EME T s Rl 2
F"| T=EMC 53T 18
[l 1268  47016) 78 sEmiioe:  Samples
150N I 5203 (SIS mIF 4005 .

b TR 5 | R T LSS TR TY ST 1 TR TR TR AR

M7 1zue wrmse e ThEE e U0
11345 R0 Z18 1545 mida 700
El 15553e 1322 =80 160+ 1J3Lal33
[ 1aBse:  wmkaea gy TR+ TR
[ 1ime wedzan 1as TBEG 1 1571009
| 21 1385 1573247 2284 158 00,100 %)

5+ - ‘ i 155327 Zi8G IEODyE0%

Intensity [cps] (1026)
w B

ma
PR
L |

1 vl B E |
1-__— .-"|| | :l -'il'.n-. ] ! I E
t AT U LT A e ; ]
|| I 1 | | ) | I M "I |, 0 O AT I Il
E i | I | II_': | || & i \ I | - [
L5 BT I — +__|.- ol Sl Aol L |. Mgl UL L AF L ALl L e il it bl bl b '...'_'..:__|.'.'_.\.+._'.. T R, A———

130 140 150 160 170
Mass [u]
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Accurate Analysis of Arsenic and Selenium in REE Matrix

* Solution is TQ-ICP-MS:
» Control ions entering the cell using Q1

* Use O, to efficiently convert As and Se to
AsO and SeO in Q2

Q3 set to

product ion mass

* REE** species don‘t react

» Selectively detect AsO and SeO free from
REE** interference, using Q3

Type of 75As | Measure | 78GSg | Measure
Mod Mod
Interference Oae ode

Q2 filled with

reactive gas (O,

40Ar35CI KE 40Ars8Ar  KED, H, 1
Polyatomic Q set to
40Ca35c|
analyte mass
150Nd2+ 02 156Gd2+ 02
Isobaric
15OSm2+ 156Dy2+

91[AsO]*

[ 3

|

\

Il

150Nd++ 1508 m++

SAST > 91[ASO]+

150Nd+. 1508m+

917+
a

75As+

38
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Analysis Se and As result of Apple leaves NIST 1515

Cluantification

| Use Quality Control

Measuremenl Mode  Cuantify Imermal Standard

i N 75As | 75As. 160
30Se | 80Se. 160
116In (M-TC-GZ)  M-T v Use as Internal Stand

ﬂﬂﬂﬂ
"-I—

Ce Pr N Pm Sm EL Gd To Dy Ho Er Tm Yb Lu

_..rl:r. ".‘J:I:""'I:I:. ===t (=l 15_:':”.... L—-'l:l § |l
#mUNﬁFE&émémBkﬁiﬁmFﬁﬁﬁNﬁﬁ
— o HH = —H— Bb—r —m= = = o
Reaction finder choose the analysis mode automatically —
improve Ease of use and Productivity (minimum method

developing time)

39 ThermoFisher
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As and Se result KED vs TQ-O,

. AsTQ-O, ol .  SeTQ-0, e
:»- 6200 cps/ppb — : 1570 cps/ppb
i (1] ? . i ima sii | o - = .__.._.,,--'_ . ai e - amd ik . ombis ,Em:u = - -
i, e >l

Reference value TQ-02 mode
mg/kg mg/kg
As 0.038 1730 0.037
Se 0.050 4800 0.049

0 ThermoFisher
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Conclusions

* ICP-OES
» Fast multi element analysis
 Detection limits in ppb range and below
 For laboratories with low and high sample throughput

* SQ-ICP-MS
» Detection limits in the ppt range

* Wide quantification range — ideal for many different
sample types

 Single mode He KED with low mass cut off 0 %

« TQ-ICP-MS [1:‘=,j

» Detection limits in the ppt range

* Enhanced interference removal for challenging samples
(TQ-ICP-MS) 0 g,
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Thank Youl!
Questions?

thermofisher.com/TEA



