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UIC ICP MS introduction

» ICP MS Principle
» Unique Features of Nexlon 2000s
» Assays Currently Available on 2000s

» Assays in Development on 2000s
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What is ICP-MS?

« Technique for trace elemental
analysis
- Commercially available since 1983

» Detection limits in the ppqg-ppb
range for most elements

» Ability to determine isotope
ratios

+ Ability to determine elements in
single particles

-+ Ability to determine elements in
single cells

NexION 2000s ICP-MS
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How Does ICP-MS Work?

Elements in sample are
volatilized and ionized by
argon ICP (Inductively
Coupled Plasma)

lons are focused into a
gquadrupole mass
spectrometer

lons for each element are
“counted” by the detector

Instrument is calibrated daily
by analysis of solutions of
known elemental
concentration
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Isotopes and Mass Spectra

Interactive

* Isotopes of an element
differ in the number of
neutrons in the nucleus
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Interactive
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* Cu Atomic Number 29
> 63Cu has 34 neutrons P 63 C

\ 20000

> 85Cu has 36 neutrons 697 Abundance

n 65Cu

- The mass spectrum of Cu 31% Abundance

consists of two peaks of the
above isotopes and their
relative intensities will be a
function of the isotopic & - -, - -
abundance -
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Feature of Nexlon 2000s

A dedicated SMARTIintro™ High Purity sample-introduction module minimizes
contamination and delivers low background equivalent concentrations (BECs))

Built-in cold plasma capabilities which, combined with Reaction mode, deliver PPQ
detection limits

Three quadrupoles, three gas channels, and three modes of operation
combine to offer better interference removal, delivering better detection
limits/improved data accuracy

The industry’s fastest data acquisition speed on the market (100,000
points/sec) to handle any particle size

A new solid-state RF generator with revolutionary LumiCoil™ technology — first
ICP-MS RF coil that requires no maintenance or cooling

Triple Cone Interface with Quadrupole lon Deflector, delivering no
maintenance beyond the cones

Small footprint to minimize bench space

Syngistix™ software provides an intuitive interface that mirrors your workflow, with
left-to-right, icon-based navigation that guides you through your analysis. Plus, it’s
a cross-platform solution, easing the transition from technique to technique

Built-in Radian™ Remote Monitoring Service provides real-time monitoring of your
NexION system’s diagnostic parameters, enhancing laboratory productivity
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How Does It Work - lon Path of the NexION 2000

QID —
_ Quadrupole
- Universal Cell lon
;2tectao$e Analyzer AC or KED/DRC/STD Deflector
Quadrupole Entrance Rods Neutrals

Photons

Gate Valve

Skimmer Cone

Key Points:

* Only one mass allowed to
detector at a time

* Quadrupole scans very
fast (5000 amu/sec)

« Fastest data acquisition
rates (100,000 data
points/second)

Skimmer Cone

Sample Cone

Plasma

Sample
Introduction
System
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What Elements Can Be Determined by ICP-MS?

If the box is shaded it can be determined!
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Elements circled in pink are rare earth elements (REEs) — common geochemical
analysis — ICPMS is most common way and easiest way to determine
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Comparison of Detection Limit Ranges

——— Flame AA

L |ICP Emission — Radial

sy |CP Emission — Axial

Hydride Generation AA

100 10 1 0.1 0.01  0.001
Detection Limit Ranges (ppb or pg/L)
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Analytical Working Range Rivals ICP-OES...

ICP-OES — Dual View

I
e o NexION 2000 can
— Hydride Generation AA use Extended
Dynamic Range
T Jl (EDR) Mode to
—— ICP-OES — Axial View extend linear
working ranges for
S ICP-OES — Radial View high concentration
elements
S ————

ICP-M5

—_—

2 3 45 6 7 8 9 10
Orders of Magnitude of Signal Intensity

Figure 7. Typical analytical working ranges for the major atomic spectroscopy
techniques.
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NexION 2000 Productivity Enhancements - PrepFAST

- Automated Standards Preparation

o Automatic dilution from 1-2 Stock Solutions

- Automated Dilutions

> Up to 400-fold dilutions

> Pre-determined or based on QC results
» Contamination Control

- System made of inert PFA

> Reduced contamination

> Reduced carryover

* High Throughput

2 load/injector valves
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Save Time on Analysis

FAST is:

* Reliable, high-
throughput,
automated sample
iIntroduction system

Benefits of FAST:

« ~ 3 times faster than
conventional
autosampler systems.

- Handles even the
most demanding
high-matrix samples.

Normal Analysis

N

L Ll | i ()
|| sample read measurement wash
| Lautosampler

movement

Six Steps in a

I

|

|

| .

[FAST Analysis Standard Analysis

I I |1

] i 1. Autosampler Movement
| ii i#_r 2. Uptake

Mole——— e 3. Stabilization

i E;eeagy  Jash 4. Measurement

e > Wash

I—autosampler 6 overhead

I movement
i||||||||||||||||||||||||||||||
0s 100s 2005 300s
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Save Time on Preparation

prepFAST for NexION 2000 Features

’$ MK )
_/ Symgistin Applications

© [+ G*IE' mrwmu.t
Control Diagnostics || SmarifTune Cond £ a. ample Dataset Rpﬂ 1 Realtime Int ew || Scheduler Rev

Instrument Optimize Analyze Resuits Work Flow

Quantitative Analysis Method - C-\Users\Public\Documents\PerkinElmer SyngistixUCPMS\Method\6x myMathod_NexiON 2000.¢

Timing | Processng | Equation | Calbration Themem i ' Report ' Hutesl

Perstaltic Pump Auto Diuter Samplng Device
Time Speed Dil. Factor Di. To Vol. (mL) =
(sec) | (s/-rpm) s fcoa) -
Sample Flush ] 18.0
—Reau Dely 40 18.0 1st. DL Pos Probe Purge Pos. ES1 prenFAST
Analyss 18.0
| Wash 40 18 esiies.try
| Peristakic Pump Under Computer Control
Standard Sokition 1D A'S | Wash Override
| _ Loc. (sac)
Blani 1
2 |5t | Sppb I 2100
3 |Standard 2 25ppb 2020
4 |Standa 100ppb 2005
L 5 |Standard 4 250ppb 2002 i

Autocalibration

Autocalibrate from one
or more standards with
ease by entering the
location of the standard,
dilution factor, and
concentration of
elements in the
standard. Syngistix will
automatically calculate
the concentrations of
elements for each
calibration point.
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Ag107 Autocalibration Curve From Stock Standard

Net Intensity (cps)

12

10

Ag 107 - Calibration

e

10 15 20 25

Concentration (ppb)
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Save Time on Analysis

@ Syngistix
® [#]

Control Diagnostics || SmartTune Conditions LogBook

Applications

Instrument Optimize

Analyze

Results

@ ~ BlElray & I I BB

Fample Dataset || Reporter Realtime Interactive CalibView || Scheduler Review

Work Flow

Timing | Processing | Equation'_ Calbration Sampling [pevires... | oc... | Report | Notesl

Quantitative Analysis Method - C:\Users\Public\Documents\PerkinElmer Syngisﬁx\lCPMS\Methode myMethod-Ne)dON 2000.mth|

Peristaltic Pump Auto Diluter Samping Device
Ti Speed Dil. Factor Dil. To Vol. (mL)
{sl;nce) (+ﬁer§mj - = [(None) -
Sample Flush 0 18.0
Read Delay 40 18.0 1st. Dil. Pos Probe Purge Pos. ESI prepFAST
Analysis 18.0 1 10
Wash 40 18 esi\esi.try
72 r r Control Manual Batch I
[ Analyze Batch ] | Sample Template... ] | Summary... | ’ Build Run List...
Sample AutOdilution [71use Manual Sampiing (No autosampler)
. . ;a;:: S;fcs Batch ID| Sample ID M:a;"nr:r?f;t Me(t,t]fd Desg
A dilution factor can be B 1 vkl [mese S+ mmethod
|ndependent|y deﬂned for eaCh 2 |01 2 Samp::2 Run Btank,I Stds. and Sample | 5x nwmetthhct:mt:

. . g 102 3 5 3 Run S 5 .t
sample in the Sample List. Syngistix B s e e -
automatically corrects the sample I e

. 6 ample un Sample X mymethod.
I’eSU|tS anC! repOrtS the l.Jnd||Uted 7 |203 7 Sample7 Run Diuted Sample 20x mymethod.mth I
concentration in each vial. 8
9 _J

CACHET



Save Time on Analysis

r@ BEd, s - o ot Contot sy
Auto m ated J Synagistix Applications
©s @ =% BlElry &2k B
Ove r- ra n g e Control Devices || SmartTune (ond'itwor‘s LogBook dethod an‘lnle Dataset || Rz Dorter Realtime Interactive Callb\lew Scheduler Review
- - Instrument | optimize | Analyze | Results || wwork Flow
D I I u t I o n s Quantitative Analysis Method - C:\Usersivm\Documents\PerkinElmer Syngistix\lCPMS_m\Metho(E[lx 250ppb max.mthl
Timing | Processing. Equation | calibration | Sampling . I Qc... lReport. Nutes]
M C Acti 5 le L Sample U 5 I 5 I
== \ oty | eoney | lench | coneso \ Cone RSD
2 |co 58.9332 3
[ 3 [ce 13 4
% EL ¢ BE 20 5
—/ Syngistix Applications EL 238.0 6
6 |Ee 0.0122 L 250
% B =L S
@ S @ % T— |-:—I:, [ Action 1 ‘ Action 1 ‘ Action 2 ‘ Action 2 ‘
Contml Devices || SmartTune Condltlons LogBook Melho\mDataset Reporter =3 Data (™) Data
7 = - Continue Continue
Instrument | Optimize | Analyze Wash for ¥, Dilute and Rarun Current |25 saconds Continua
Samples - C\Userswm\Documents\PerkinElmer SyngistixICPMS_vm\Sample‘prej Contmisa Continua
Continue Continue
Manual Batch ™
] \L ‘| * ]\ Calibration 4 QC Sids_j QC Measurement Frequency } QC Std_Ini_Sids_} Calibration Stds_j Sample Int Stds |, Sample
[ Analyze Batch l [ Sample Template... ] [ Summary... ] [ Build Run List... I
["]use Manual Sampling (No autosampler) Sam ple Overrange DI I utlon
Batch| m/5S Batch | Sample D Measurement Method Description Sample Type . . .
index|_Loc | Acon () O @ Sample limits can be defined for each
11 1 Samplel Run Sample S5x mymethod.mt Sample .
2 |101 2 Sample2 Run Blank, 5tds. and Sample | 5x mymethod.mth Sample analyte In the NeXI ON 2000 methOd .
3 |02 3 sample3 Run Sample Sx mymethod.mth Sample Any analyte detected in excess Of the
4 103 4 Sample4 Run Diluted Sample 5% mymethod.mth Sample . . . . .
5 |201 5 Samples Run Sample 20% mymethod.mth Sarmple upper Ilmlt WIII be automatlca”y dlluted
6 |202 6 Sampled Run Sémple 20x mymethod.mth Sample and reanalyzed .
7 |203 7 Sarmpla? Run Diluted Sampla 20x mymethod.mith Sarmple
m 8 |204 8 Sampleg Run Sample 20% 250ppb max.mth Sample |
-
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Assays on Nexlon 2000s
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The Analysis of Drinking and Natural Waters using the

NexION 2000 ICP-MS

NexION® 2000 ICP-MS can analyze
drinking and natural waters in Standard

mode in accordance with U.S. EPA
Method 200.8

- Accuracy
- Stability
> Detection Limits

Unique ability to selectively suppress
high-level elements without affecting
other masses

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Thorium
Uranium
Vanadium
Zinc

(Al)
(Sb)
(As)
(Ba)
(Be)
(Cd)
(Cr)
(Co)
(Cu)
(Ph)
(Mmn)
(Hg)
(Mo)
(Ni)
(Se)
(Ag)
(T1)
(Th)
()
(V)
(£n)
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The Analysis of Soils and Waters in Accordance with U.S.
EPA Method 6020B using the NexION 2000 ICP-MS

- NexION® 2000 ICP-MS can easily analyze FEement  Symbol Element  Symbol

waters and soils in accordance with U.S.  Auminum Al Selenium Se
EPA Method 6020B Antimony Sb  Silver Ag
> Accuracy Arsenic As  Sodium Na
© Stability Barium Ba  Thallium TI
> Detection Limits Berylium Be  Vanadium v
Magnesium Mg  Zinc Zn

- SMARTIntro™ High Throughput/High  Manganese  wn

Matrix sample introduction module Mercury Hg

> Increases productivity without sacrificing b N

performance Potassium K

Cadmium Cd

Calcium Ca

Chromium Cr

Cobalt Co
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The NexION 2000: A Perfect Tool for the Determination of

Trace Elements in Blood and Serum

+ Accurate, stable analysis of blood and

serum

- Unique RF generator allows matrix-
matched or aqueous calibrations

* Four modes for optimal performance

Element Certified | Measured Recove Measured Rec
' o) | (uoh) Y gy |

Cr
Mn
S8
Az
cd
Hg
T

Fb

387
920
579
90.3
145
51.1
478
604

308
249
556
801
124
518
447
605

o7%
03%;
96%
92%
92%
101%
94%
100%

3.3
86.0
550
137
137
52.5
430
605

91%
93%
95%
94%
94%
103%
101%
100%

S5ample
Type

Blood

Serum

Element

cr
Mn
Se
As0
Cd
Hg
Tl
P
Cr
Cu
n
Se
cd
Hg

Mass

52
55
78
)|
114
202
205
208
52
&3

78
114
202

Analysis Cell
Mode Gas
Reaction NH,
Readion MH,
Readtion 0
Readtion 0,
Reaction 0,
Readiion 0
Standard -
Standard
Reaction NH,
Collision He
Collision He
Reaction 0,
Readtion 0,
Readtion 0,
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The Analysis of Urine for Trace Elements using the NexION

2000 ICP-MS

- Accurate, stable analysis of urine

- Unique RF generator allows matrix-
matched or aqueous calibrations

* Four modes for optimal performance

i et oot o

Mn
Co
Mi
Cu
As
Se
Mo
d
Hg
Sb
Tl

Pb

4.07
391
203
592
36.7
43.0
299
239
246
230
11.1
1.24
24.0

3.97
3.88
1.94
5.94
36.7
42.3
286
23.0
2.37
2.62
11.2
7.12
2.5

Mn
Co
Mi
Cu

AsO
Se
Mo
Cd
5b
Hg
Tl
Pb

55
59
60
63
]|
78
95
m
121
202
205
208

Reaction
Reaction
Collision
Collision
Collision
Reaction
Reaction
Collision
Reaction
Standard
Reaction
Standard
Standard

Ammonia
Ammonia
Helium
Helium
Helium
Oxygen
Onygen
Helium

Oxygen

Oxygen
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Testing & Validation of Various Antacids for Class 1 & 2A
Elemental Impurities in Pharmaceutical Products Following ICH
Q3D & USP <232>/<233>

NexION® 2000 ICP-MS can easily analyze
some of the highest-matrix drug products in

accordance with USP <232> Blement |  Mass e
© Accuracy Na 73 Collision - Helium ™G3
o Repeatabmty g 24 Callision - Helium "(Ga
R RuggedneSS Al 27 [D|f5fDH-HEfUITI '-:GE
Ca 43 Callision - Helium e
’ SyStem SUItabIIIty 51 Collision - Helium e
Co 59 Callision - Helium @8
. . . . . Mi ] Collision - Helium "Ga
Instrument design considerations simplify = = ST T
analysis and maintenance < M Colison-Helum v
S U . | Ce” Hg 202 Callision - Helium =y
niversa Pb 206 +207 + 208  Collision - Helium Ty

> Triple Cone Interface
> Quadrupole lon Deflector (QID)
> All Matrix Solution (AMS)

- SMARTIintro™ High Throughput/High Matrix
sample introduction system
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Assays in Development
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Arsenic Speciation Analysis (New Chromera is coming)

« Toxicity of elements depends on chemical form of the element
> As —inorganic (As+3/As+5)
- As — organic (MMA, DMA, AsB)

« Separate species using chromatography
- HPLC or GC

« Detect element — retention time identifies species

w10
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Nano Particle Analysis

DRCMD Mano Chromera Spotfire

Transpoet Effciency | Pump Selings Tramport Effciency

Dwel Time (s Partaie
100 Mess | Densty  Mess | lonization e
AN () | (gfem’] | Fraction (%) | EMiciency (%) | P9 Sample | Dameterinm) Intenstty Cambeation Options
Sample Time s 100 ! - : .
A 196967 193 10000 000 03 ame 0 a0 B
“ soL m 10 o
Disolved Si9 | Au 196567 o) Paicesd | Awl6SSTEm) || P2 %0 e i 5
STOL 02 ST01 2 H
i w
sz 1 stz » £

ST 23 103 0 2

oo | sove ][ new [towa. || sme || cew [r—
Reattime Sagnal Realtime Histogram
- 3
o | f | Histogram options 1| =
o 5 =

Caurs
& 2
]
Frequency
B =
=

| e i ’ NexION™ Syngistix
g Tmo T TRy e o ’ Nano Application Module
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Single Particle ICP-MS — What is it?

- A new advancement in ICP-MS applications allowing the measurement of
individual inorganic nanoparticles

» A technique that allows the differentiation between ionic (M*) and
particulate signal (nanoparticles) in a wide variety of matrices without any
prior separation

* It is element specific, and provides composition, ionic and particle
concentration, size and size distribution

- Allows the analysis of nanoparticles at low concentrations (as low as 50
part/mL)

« Measures the core size of nanoparticles

« Tracks nanoparticles dissolution and agglomeration
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Syngistix Nano Application Module — Analysis Tab

Analytical
Parameters

Nano

lAnalysis| Results || Exit Nano
View

Method

Calibration

Parameters

Syngistic™ for I”_<MS - Instrument Control Session

Acquisition

Sample | Transport Efficiency | Batch

Method - [Untitled] [Modified]

Transport Efficiency

Pump Settings

Calibration - [Untitled] [Modified] “

Transport Efficiency

Au 196.967 - Particle

100 lass ensity lass lonizati I 7
SampleFlowRate 032 mU/min Bralyte | o) | tafam? | Fraction (%) | Efficiency | RP% Sample  Diameter (nm) Intensity 00 }7@"‘“"““0!3"”“5 - I
Sample Time (5)
= Au 196.967 193 100.00 100.00 05 Blank 0 003 350
Calculate based on particle size - 100 s = 5 |
€ T
Calibration 3 |
Dissolved Std Au 196967 (ug/l) Particle Std Au196.967 (nm) sTD2 50 10152 2 250 ‘
article = £
STD1 0.2 STD1 20 STD3 80 40201 g 200 ‘
sz : stz % 5 ‘ Real Time
B STD2 25 sTD:2 50 i I i
sihe . oL — 2 Distribut
- : D N E istribution
Diretr o) Histogram
Realtime Signal Realtime Histogram
8 R —
Histogram Options
16
100
14
2 /
20 /
| 10
: 4
2 8
&0 § 4
g - 6
i 4
0 }
2
. \\—_.;7
. 200 300 400 500 600 800 %00
xa - i
pid Il (= i} >
Peak Area (counts)
[ [ ,
523781 523801 533821 523841 523861 s12881 523901 523921 s394
2 i W 't
Measurements
v 4

/
Real Time
Data
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Transport of Nanoparticles Via Physical Contact

- Antimicrobial coatings

. Advertised That
- Antimicrobial .
Silicone Properties Ag Contains Ag NPs
Keyboard 7 Antimicrobial Properties
Covers No Antimicrobial Control: No Claim of
Properties Antimicrobial Properties
CuO-containing Qw0 Contains CuO NPs
Wooden Paint
Blocks Paint Without Control; Certified Not
Cu0 to Contain CuO NPs

« Ag NP transfer from keyboard covers

2500+

Particles/cm?

M

o

Qo

o
1

1st

Wiping event

2nd

3rd

APPLICATION NOTE

ICP - Mass Spectrometry

Aunthors:

[ransport of Nanoparticles
From Coated Surfaces mﬁzﬂmmm
Through Physical Contact  incomperstion of anoparides

NP} it cofsumer products,

concem about human eposue
to MPs has also increased, leading to the question: Ase nanapartices in corsumer
products trarsfermed to humans? Sinoe user interaction with these products ocoun.
moatly uis physical inberactian, i it impartant to undesiand how NPL s randered
through physical cantact,
Thie wiark explaned the transher of nanoparticles from nanc-enabled surfaces 1o
wipes, focusing on seversl charactenstics of nancparticls release: tatsl mass
concenitration, partick number concentration, and partick size distsibution.
Becaurse of their wide use due to antimicrabial properties, siver (Ag) NPs wene
escamined, along with CuC NP trarsfer from painted surfaces. & mone detailed
deseription of this work B sailable’, so onily an overiew will be given here,

| Bg
PerkinElmer’

For the Better
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Single Cell ICP-MS: Metal content at the cellular level
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What is Single Cell ICP-MS?

An Introduction to Single Cell ICP-MS Analysis

| R

PerkinElmer’
Fur the Betier

Single Cell - ICP-MS is an emerging
technology allowing users to:

» Differentiate between ionic metal
concentration in culture media and in
individual cells without any sample
preparation

* Monitor metal and nanoparticles
content within single cells
o Intrinsic metal content
o Uptake of metals within a cell
o Uptake of nanoparticles

o Number of nanoparticles within a
cell

« Handle low cell numbers compared to
conventional methods
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Single Cell ICP-MS

* Nebulization of cells )
* Transport of cells
into the plasma
—_—

«  Automation

- Software and data
treatment

L -
Q) 5= C
_p""ll Syngistin Applications
e g,
fo B
i ©)
'..'|"|D. Single _fnn!" &
R cen ¥

.
I Mhoms srom i

Application Software

.
Asperon\T'\" Spray Chamber

microFAST for Single Cell

CACHET



New Research Evaluating Cisplatin Uptake in Ovarian Cancer
Cells by Single Cell ICP-MS

Cell Pupu lation paramaters Porameters
gouzu { o
Acquisition ElLe 9
g:} Parameters i i
Exposure to - — m e L
CISP'EIII‘I 1? \ Advanced -_. — =
lllllll = L i [ - - - = .
S0 ® b - e s
O E " gram
-.. . G %@ C). D Re;l-'rime /’
® e S ® o -
Equal guantities Various guantities e
Few with Iarge x e I e
of cisplatin quantities of cisplatin of cisplatin e
A2780/CP70 Cells
el ey
" - =y s - _‘ A =
1 1h = . : 2 h 1
i |
i H
i a i a
Hil 1
e el
.- " 2]
4h i 8h
th i ]
o" a / Iy 1 a
sl THE 1
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Iron Content Measurement in Individual Bacterial Cells Using
Single Cell ICP-MS

. . . . ﬂ 120
* Intrinsic/nutrient metals: Single o )
Cell ICP-MS is an essential tool for 3 . )
quantifying nutrient metals G _ oEcol
E A0 - - . " mBAC
= - RHA
20
 Iron mass per cell: SC-ICP-MS . | o
allows for the quantification of the 0 20000 40000 60000 80000 100000 120000
. . . Expected Number (cells/ml)
relationship between the size of the —
cell and the Fe concentration g 250000
,E 200000 - . +
. £ 3 150000 -

- Stress conditions: SC-ICP-MS E;Elmn e e
enables monitoring the change in - o000 | S S mene
intrinsic/nutrient metal per cell, : -
which can change due to cell stress 0 20000 40000 60000 80000 100000 120000

agn Expected Number of cells
conditions (cell/mL)
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Benefits of Single Cell

* Metal-based
drugs
* Drug discovery

and
development

* Drug delivery
* Center For
Disease

Control And
Prevention

* Environmental
and Marine
Science
centers

* |nstitute of
Plant
Physiology and
Ecology

» Center for Eco-

Environmental
Sciences

* Department of
Molecular &
Cellular
Biology

* Department of
Biological
Sciences

L
o
bt
Q)
)
7]
QO

nd
(@)
)
s

)]

o
-
()
o
c
©

@)

Environmental Toxicology

o
&)
C
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&)
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©
=
o)
&)
©
C
@©
L
&)
O
-+
Q
m
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Contact

Address
835 S. Wolcott St, E12 (basement), MSB
Chicago, IL 60612

Phone
Office:312-996-7357

E-mail
e-mail: MSC@uic.edu
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