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Most Compact Instruments on the Market

Agilent 7800 Agilent 7900

Agilent 8900
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What's More Important for Environmental Analysis?

* Matrix Tolerance ?

« Sensitivity ?

* |Interference Removal ?
* Linear Dynamic Range ?
 Ease of Use ?
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What's More Important for Environmental Analysis?

 Interference Removal

Let’s focus on interference removal for our
discussion.
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What About Interferences?

*Three main types of interferences
*Spectroscopic
*Physical
Memory

*How to control them??

Cell technologies
HMI / UHMI
*Discrete sampling techniques




Troublesome Region of the Periodic Table
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Polyatomic Interference Formation - Matrix
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Polyatomic Interference Formation - Argon
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Polyatomic Interference Formation - Both
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Processes of Interference Removal in
Collision/Reaction Cell

Collisional Dissociation

* Limited in ICP-MS, as collision energy must be higher than bond
dissociation energy

Reaction

» Can be very efficient — up to 9 orders reduction — but can also be non-
selective. Highly reactive gases may react with analytes, matrix
components and residual cell contamination, giving analyte loss and the
formation of complex cluster ions

Energy Discrimination

» Useful in complex, variable and unknown matrices, as interference removal
occurs, regardless of the level, source and chemistry of the interfering
species. Can use inert cell gas, so no reaction with analytes and no
formation of new cluster ions

Agilent
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Principle of Cell Gas Mode and KED for removing

polyatomic interferences”

Energy distribution

Polyatomic
ions of analyte and
interfering
polyatomic ions
Analyte with the same mass
ions
Energy

Bias voltage
rejects low energy
(polyatomic) ions

Polyatomic
ions

Analyte
ions

Energy

At cell entrance,

===Analyte
===Polyatomic

analyte and polyatomic
ion energies overlap.

\_\_M

Energy loss from each
collision with a He atom

Energy spread of both
groups of ions is

By cell exit, ion energies
no longer overlap;

"is the same for analyte
and polyatomic ion, but

Residual Energy

narrow, due to Shield
Torch System

1

polyatomics are rejected
using a bias voltage

- polyatomics are bigger
and so collide more

“step”. Analyte ions have

often + enough residual energy to
Cell Distance Through Cell Cell get over step; polyatomics
Entrance Exit don’t (energy

*KED = Kinetic Energy Discrimination
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Polyatomic Interferences in No Gas Mode

Color of spectrum indicates which matrix gave each interfering peak

Overlaid Data
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Polyatomic Interferences in He Mode

Color of spectrum indicates which matrix gave each interfering peak

Overlaid D ata

2 E 5 Il C0ESMPLD

W 0185MPLD

cps |EW5R:  |Unspiked 5% HNO, + 5% HCI + 1% H,SO, + 1% IPA Matrix
ALL polyatomic interferences are removed in He Mode (same cell conditions)

ALL polyatomic interferences are removed in He Mode

Is sensitivity still OK?
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Matrix Mix with Spike (10ppb) in He Mode

Consistent sensitivity and perfect template match for all elements

Turne step 3 : D0BSMFLD

2E5
cps 10ppb Spike in 5% HNO; + 5% HCI + 1% H,SO, + 1% IPA Matrix
Consistent high sensitivity for all isotopes of all elements in He Mode

Good signal for all spike elements in

10ppb spike. Perfect template fit for

all elements — ALL isotopes available
for quantification / confirmation

CPS

T No residual interferences and no
ﬂ loss of analyte signal by reaction

Ga

0.5
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Cal 0, 1, 10 ppb Arsenic in 1%HNO3/0.5% HCI

(ArCl interference on m/z 75)

Calibration Curve - 10/ ( 21 elements ) o x
2O D BES =l
E @ Process Batch Curve Fit:| Linear = Origin: Blank offset * Weight:| <Mone> = || ISTD: <None> -
75 As [NoGas] Analyte Information [ 75 As [No Gas] )
%103 | vy =22564 8385 " x + 50426 85967
R = 0.5551 Current Sample Calc Conc. CPS Ratio | Det. |Con...
DL =0.07965
44 BEC =4.007 b 2% HNO3 -0.730 739541 P -3.
| I!" Ll by |
Calibration Curve- 11/{ 21 elementz ) 0 x
¥ G BE (@ 2=
- i @ Process Batch Curve Fit: Linear | Origin: Blank offset *| Weight <MNone> || ISTD: <Mone> -
o
a
75 As [He] Analyte Information ( 75 As [He] )
21 «104 |y =5179.5444 " +172.3233
R = 1.0000 Current Sample | Cale Conc. CPS Ratio | Det. | Con...
DL = 0.007364
BEC =0.03227 b i 2% HNO3 -0.001 1697 P -34
- Calibration
Level |Rjct| Conc. |Calc Conc CPS Ratio | Det | RSD
0 b 10 0.000 0.000 1723 P 749
i E—
RN 2| [ 1000 0.980 52506 P | 24
Q
3| [ | 10.000 10.002 5197749 P 0.8

Conec
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What About Non-Traditional Analytes?
Silicon — 28Si+
12C160+, 14NT4N+

Phosphorus — 3P+
14N16Q1H+, 15NTSNTH+, 15N160+, 14N170+, 13C180+, 12C18QH+, 30Si1H+

Sulfur — 328+
160,+, 14N'80+, 5N170+, 14N17OTH+, 15N16QTH+, 14N160TH,+

Sulfur — 33S+
15N 180+, 4N'8O1H+, 1BN17OTH+, 1860170+, 160, 'H+, 32STH+

Sulfur — 34S+
15N1801H+, 1601804_, 1702+, 1601701H+, 33S1H+
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Example — Cal 0, 500, 1k, 10k ppb Silicon

Calibration Curve - 6/ ( 106 elements ) o x
&% ¢ BAE G |2k 18
i '3« Process Batch Curve Fit: Linear ~| Origin: | Blank offset *| Weight: <None> ~| [STD: <None> A No Gas S/N = 4 1
28 Si [NoGas] Analyte Infarmation { 28 Si [No Gas] )
x108 | w=26350.7162 " x + 3283123.1767
R = 1.0000 Current Sample Calc Conc. CPs Ratio Det. | Conc. RSD
DL=7172 ppb
BEC = 1245 ppb b Std 100 1000025 | 266,796,816.07 A 04
| lcalibration
Calibration Curve - 7/ ( 106 elements ) [
&0 @ BE2E b2l
g 5] @ Process Batch Curve Fit:| Linear | Origin: Blank offset *| Weight: <None> | [STD: <None> -
28 5i[H2] Analyte Information (28 Si [H2] )
106 | y =5105670" x +2746.9300
R = 1.0000 Current Sample Calec Conc. CPS Ratio Det | Conc. RSD
DL =0424 ppb
BEC =5.38 ppb b | Std 100 10006.86 511191767 A 14
Calibration
p Level | Rijct | Conc. Calc Conc. CPS Ratio Det. RSD
ﬂﬁ 3 1 O 0.00 0.00 2,746.93 P 2.6
g 2| O 500.00 475.36 245,447 84 P 06
3| O 1000.00 943.76 484,601.87 P 0.3
4 O 10000.0 10006.86 511191767 A 14
ﬂ T T 1
5000 10000
Conc{ppb)

H, S/N = 88.4

~21x improvement
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Example — Cal 0,1, 5, 10 ppb Silicon ICP-MS/MS

CPs

x10 3

28-=28 51 [H2]
¥y =27123.9812 "« + 7027 9350

R= 09939
DL = 0.01467
BEC =0.2531

On-mass, H,
cell gas for Si

50 10.0
Conc
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Example — Cal 0, 100 ppb Phosphorus

Calibration Curve- 7/ ( 43 elemenis ) O o
20 ¢ BEE =l
H 'Q Process Batch | Curve Fit:| Linear *  Origin: Blank offset *| Weight <Mone> | ISTD: <Nonex hd
31P [NoGas] Analyte Information (31 P [No Gas] )
x105 | v =804 7654 "x + 478176433
R = 1.0000 Current Sample Calc Conc. CP3 Ratio Det | Conc. RSD
DL=0gstt No Gas S/N = 1.68
BEC =59.42 ppb b | Std 100/10.0 100.00 12829418 P 04 .
154 Calibration Curve - 7/ ( 81 elements ) O X
2% e BAED 2=
: Q‘ Process Batch Curve Fit: Linear = Origin: Blank offset | Weight <MNone> || ISTD:| <Mone> -
31P[HEHe] Analyte Information (31 P [HEHe] )
w 14 x103 | y=257024"x +51.3333
& R = 1.0000 Current Sample Calc Conc. GRS, Ratio Det. | Conc. RSD
DL =1.348 ppb
BEC =1.857 ppb b | Std 0.1ppm PIS 100.00 262157 P 23
Calibration
05 Level | Rict | Conc. Calc Conc. CPs Ratio Det. RSD
» 1| O 0.00 0.00 51.33 P 225
2| O 100.00 100.00 262157 P 28
£
O
04—

50.0 100.0
Conc(ppb)

=
HEHe S/N = 50.1

~30x improvement
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Example — Cal 0,10 ppb Phosphorus ICP-MS/MS

~ 5991-6852EN

31->47 P [02]

x104 | y=1229.7987 * x + 352.0067
R= 1.0000
DL = 0.04983 ppb
BEC = 0.2862 ppb

1.51

Mass-shift, O,
cell gas for P

0.54

50 10.0
Conc(ppb)
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Example — Cal 0, 100 ppb Sulfur

Calibration Curve- 2/( 21 elements ) 0 x
20 e BE |G 20
: % ProcessBatch | CurveFit:| Linear ~ | Origin: Blank offset ~  Weight: <Mone> <~ ISTD: <Mone> - He S/N =0.03
32S5[He] Analyte Information (32 S [He] )
«105 |y =42.1994 *x + 128075.7200
R = 1.0000 Current Sample Calc Conc. CPS Ratio Det. | Conc. RSD
DL=127.1 ppb
BEC = 3035 ppb » | Std 20/ 2000 ppb 369.74 14367862 P 11.0
154 Calibration Curve- 6/ ( 21 elements ) o x
2% e BEE 2=
'?,« Process Batch Curve Fit: Linear ¥ | Origin: Blank offset | Weight:| <None> = ISTD: <Mone> - HEH2 S/N
4l 33 5 [HENHZ] Analyte Information (33 S [HEH2] ) ~13.5x improvement
& w104 |y =50.0128"x + 11244 3967
R = 1.0000 Current Sample Calc Conc. GRS Ratio Det. | Conc. RSD
DL =6.276 ppb
, | BEC 224800 » | Std 20/2000 ppb 1895.25 106.031.19 p 08
054 Calibration Curve - 1/( 21 elements ) O x
20 D> BEEE L=
i '3' Process Batch Curve Fit: Linear = | Origin: Blank offset | Weight <None> ~| |STD: <Mone> -
& 325 [Xelow] Analyte Information (32 S [Xe Low] )
I—|= Bl %103 |y=151336"x +927.7022
1 P R = 1.0000 Current Sample Calc Conc. CPS Ratio Det | Conc. RSD
] DL =7.251 ppb
BEC =65.27 ppb b | Std 5.0/500 ppb 49543 2.426.10 P 0.6
Calibration
Level | Rjct Conc. Calc Conc. CPS Ratio Det. RSD
» 1 d 0.00 0.00 a87.70 P 37
w 2| O 100.00 100.00 2,501.06 P 14
04—|%
0 . T )
50.0 100.0
Conc(ppb)
Xenon S/N

~50x improvement
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Example — Cal 0, 1, 5, 10 ppb Sulfur ICP-MS/MS

32-=48 5 [02]

R = 05999
DL = 0.005491
3{BEC=007544

CPs

Mass-shift, O,
| cell gas for S

x10 3 | y=22744 7306 " x + 1715.2070

50

Conc

100
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A Common Interference with a New Twist?
Cadmium — "M Cd+

95MO1 60+
111 Cd [No Gas] 111 Cd [Helium] 111 Cd [Helium + Hydrogen]
Conc. PPB Conc. PPB Conc. PPB
Blank 0.00 0.00 0.00
(
10 ppm Mo 7.48 1.37 0.02
10 ppm Mo + 5 ppb Cd 12.3 6.43 5.14
Percent Recovery 96% 101% \ 102%
98MO1 60+
114 Cd [No Gas] 114 Cd [Helium] 114 Cd [Helium + Hydrogen]
Conc. PPB Conc. PPB Conc. PPB
Blank 0.00 0.00 0.00
(
10 ppm Mo 5.23 1.00 0.01
10 ppm Mo + 5 ppb Cd 10.2 6.08 5.22
Percent Recovery 99% 102% \ 104%
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Questions?
Mark Kelinske

Mark.Kelinske@agilent.com
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