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The Agilent Atomic Spectroscopy Lineup
An Instrument for Any Application!

55B AA 240FS/280FS Flame AA 240Z/280Z Furnace AA 4200 MP-AES

5110 ICP-OES 7800 ICP-MS 7900 ICP-MS NEW! 8900 ICP-QQQ

Leading the way in atomic spectroscopy innovation
www.agilent.com/chem/atomic

Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio 4.5 Agilent



Agilent’s History in ICP-MS
30 Years of ICP-MS Innovation

Enabling ease

Enabling controlled
reaction chemistry

8800 ICP-QQQ

World’s first ICP-QQQ

Flexible, high
performance MS/MS

New 8900 ICP-QQQ

LJ Second generation

ICP-QQQ

A new erain ICP-

of use and Enabling simplified
i MS performance ICP-MS workflows
productivity
7900
Enabling control 7700
of common 0 —
Enabling interferences
routine robust 7500
Enabling high ICP-MS analysis | _J — J
sensitivity 4500 1 UHMI
metal anal§/3|s I ODS detector Squtlon ready
PMS series ISIS-DS ISIS 3 Method automation
B i 9 orders detector MassHunter SW
ORS cell
First benchtop ICP-MS
Cool plasma .
#1 selling ICP-MS !
First computer-
controlled ICP-MS
1987 1994 2000 2009 2012 2014 2015 2016

4.5 Agilent
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Most Compact Instruments on the Market

Agilent 7900

Agilent 8800 Agilent 8900
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Some of the Benefits of ICP-MS

* Multi-elemental technique
* High sensitivity, ppg/ppt for most elements
* Short analysis time (~ 3 min to <60sec)

* Extremely linear with wide dynamic range
* Minimum number of interferences

* High Productivity




Most Important Performance Consideration for
Environmental Analysis

e Sensitivity

* |nterference Removal
 Matrix Tolerance

* Linear Dynamic Range
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4 Key Benefits of Agilent ICP-MS

1) Matrix Tolerance

Ultra High Matrix
Introduction System (UHMI)

Analyze Higher TDS samples
than any other instrument on
the market.

2) Interference Removal

Octopole Reaction System
(ORS*) He Mode

Simple, effective removal of all
common interferences.

3) Dynamic Range

[Zanaiz1i510 anse12]

Widest Dynamic Range

Up to 11 orders dynamic
range:
0.1ppt(DL) to 10,000ppm

4) Mass Hunter Software
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4 Key Benefits of Agilent ICP-MS

1) Matrix Tolerance

Ultra High Matrix
Introduction System (UHMI)

Analyze Higher TDS samples
than any other instrument on
the market.
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EREGWWill24 52001 10130  65.39) U 22.99

Cr

argon chromium | sodium

15.760 -189.2 6.765 1890 9394 419.6 5.139 97.81
2762 -185.9 16.49 2212 17.964 903 4729 881

Fe-56 Zn-66

1% HNO3 0.3%NacCl
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lonization Suppression as a Function of Oxides

lonization Suppression in 0.3% NaCl

With CeO @ 1.0%, suppression only 10-25%

NN

!

Cr-52 Fe-56 Zn-6b Mo-95

1% HNO3 0.3%NaCl (CeO @ 1.7) m0.3%NaCl(CecO@ 1.0) =
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HMI — Effect on Matrix Suppression in
Undiluted Seawater (~3% NacCl)

% Recovery of 10ppb Spike

120

100

80

60

40

20

Elements

—+/- 15%

O Typical IcP-Ms
B Agilent wio HMI

Bl Agilent HMI
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HMI dilutes aerosol
density & water vapor, as
well as sample matrix.

Gives much higher
plasma temp; much
better matrix
decomposition. Matrix
suppression is almost
eliminated.

Plot shows % recovery in
undiluted seawater vs
aqueous calibrations.

With HMI, ALL results
are within +/- 15%
recovery (shaded area)

Without HMI, ALL results
are below 60% recovery




Sample Introduction — HMI
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Introducing the Ground-Breaking Agilent UHMI

[.
!/ « UHMI (Ultra High Matrix

N Interface) — much more

than just a simple T-piece

 UHMI uses optimized gas
mixing geometry and
sophisticated plasma/gas-
flow tuning algorithm to set
reproducible conditions for
predictable aerosol dilution
rate
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“Big Four” Spiked into Different Salt Matrices
26.9 49.2 49.7 0.85

0%
0.5% 24.2 49.0 50.1 0.99
1% 24.8 51.5 50.2 0.93
1.5% 25.5 50.0 50.5 0.88
2% 24.6 50.0 49.7 1.03
5% 25.4 48.7 50.7 0.89
10% 22.8 46.1 49.8 0.91
25% 26.2 45.4 49.0 0.96
Average 25.1 48.7 50.0 0.93
% Recovery 100% 97% 100% 93%
% RSD 5% 4% 1% 6%

0g/100mi=0% J 0.5g/100ml=0.5%] 1g/100mli=1% | 1.59/100ml=1.5%] 2g/100ml=2% 59/ 100ml = 5% 10g / 100ml = 10%

Data supplied by Wim Proper, Eurofins , _ _
. Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio
Analytico, NL




Interfered Elements Spiked into Different Salt Matrices

NaCl Amount 51 V [50 ppb] | 52 Cr [50 ppb] | 60 Ni [50 ppb] | 63 Cu [50 ppb ]
49.2 49.1 49.9 49.6

0%
0.5% 47.3 50.3 48.3 48.6
1% 495 49.3 48.8 48.8
1.5% 50.5 50.3 49.9 49.6
2% 49.7 49.1 49.4 48.7
5% 48.9 50.3 47.2 47.7
10% 47.8 50.3 46.3 47.7
25% 48.0 48.7 50.9 50.5
Average 48.9 49.7 48.8 48.9
% Recovery 98% 99% 98% 98%
% RSD 2% 1% 3% 2%

i .‘\

0g/100mi=0% J 0.5g/100ml=0.5%] 1g/100mli=1% | 1.59/100ml=1.5%] 2g/100ml=2% 59/ 100ml = 5% 10g / 100ml = 10%

Data supplied by Wim Proper, Eurofins , _ _ i
q Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio el Agllent
Analytico, NL S




4 Key Benefits of Agilent ICP-MS

1) Matrix Tolerance

Ultra High Matrix
Introduction System (UHMI)

Analyze Higher TDS samples
than any other instrument on
the market.

2) Interference Removal

Octopole Reaction System
(ORS*) He Mode

Simple, effective removal of all
common interferences.

3) Dynamic Range

[Zanaiz11510 a5se12]

Widest Dynamic Range

Up to 11 orders dynamic
range:
0.1ppt(DL) to 10,000ppm

4) Mass Hunter Software
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4 Key Benefits of Agilent ICP-MS

2) Interference Removal

Octopole Reaction System
(ORS*) He Mode

Simple, effective removal of all
common interferences.
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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
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Troublesome Region of the Periodic Table
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Polyatomic Interference Formation - Matrix

o\ \um
W .

I il

Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio 4.5 Agilent




Polyatomic Interference Formation - Argon

o\
.

S
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Polyatomic Interference Formation - Both

o\ |
W -

S
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ICP-MS with ORS Technology

6. The quadrupole mass spectrometer separates
ions based on their mass to charge ratio. The
selectedi ons continue on to the detector

2. The smallest

3. The sample
droplets pass

is desolvated

through the spray
chamber and into
the ion source - the
plasma

1. The liquid
sample is mixed
with argon gas by
the nebulizer to
form an aerosol

and ionized in
the plasma

4. lons are extracted
from the plasma by
Sampler /Skimmer
cones and extraction
lenses in the interface
region

5. lon beam is
deflected and then
focused in Octopole.
Gases can be used to
remove interferences

Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio

7. lons are
measured using a
discrete dynode
detector providing
9 orders of linear
dynamic range.

Agilent



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
| often

“step”. Analyte ions have
enough residual energy to

+

Cell
Entrance

*KED = Kinetic Energy Discrimination
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Distance Through Cell

get over step; polyatomics
don’t (energy
discrimination)

Cell
Exit




Polyatomic Interferences in No Gas Mode

Color of spectrum indicates which matrix gave each interfering peak

Owerlaid Data
co, s0, SOH C1OArc CIO  ArO, Ca0 S0, S, ArNH, A 6 36 ArCa,
2

2E5 W OpEsHPLD 1 N e Sozf'l

M 0)55MPLD

cps M52 |Unspiked 5% HNO, + 5% HCI + 1% H,SO, + 1% IPA Matrix

Unspiked Matrix — ALL peaks are due to polyatomic interferences

CPS

0.5

AN | LRAR_ & il ]|
45 50 55 60 Mass 65 70 75 80

No Gas Mode
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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?

0.5

o - - . . P N OO S - — —_— e

45 50 55 60 Mass 65 70 75 80
He Mode
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Matrix Mix with Spike (10ppb) in He Mode

Consistent sensitivity and perfect template match for all elements

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
5 1 . T 1 No residual interferences and no
V Mh ﬂ loss of analyte signal by reaction
0.54 M
45 50 55 60 Mass 65 70 75 80
He Mode
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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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Helium Mode Eliminates ArCl Interference on As

/9As[He]l5STD:72Ge[He] Rict| Conc. CalcConc.  CPS Ratio | Det. RSl
T O oooo 0.000 4833 | pooo7 | P | 12
2 || o100 0100 | 76235 | 0.0106 | P 7.
3O 1.000 1.017 | 748712 | 01021 | P 1
1- 4 1| 5000 5.041 | 3667257 | 05033 | P 0.
5 || 10.000 9.978 | 7325029 | 0.9954 | P 1
=
z " LH

y = 0.0997 * x + 6.6377E-004

0.54

R = 1.0000

DL = 0.002449
BEC = 0.006658
Weight: <None>

I:I I I L] 1) i .
= 100 Min Conc: <None>
Conc

Calibration standards were prepared in 2%HNO3 / 1% HCI (in order to stabilize Hg).
Notice complete elimination of ArCl.
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Largest Analytical Range of any ICP-MS

Calibration ranges These 4 plots were obtained under the same analytical conditions on

Hg (10 — 200ppt) — NoGas Mode the 7800 - only the gas mode (NoGas for Hg) changed
As (10 - 200 ppt) —He Mode 201“1”09;1]:1_3084*“ . " ?]sgg?},l=1.0353"x + 02667
Se (10 - 200 ppt) — He Mode §;E°125939§ggp t §E=Ei°?§.8§%5§sp§‘m
Na (0.05 - 1000 ppm) — He Mode Hg As

Overall calibration range 10ppt (Hg, As, Se)
to 1000 ppm (Na) in a single method

- without attenuating ion transmission to
increase working range

CPS

10 ppt
Mercury

10 ppt
Arsenic

Na 0P ‘

100.0 200.0

100.0 200.0

Typically, ICP-MS cannot measure Conclpn) conche

23Na[2]15TD:455¢c[2]
%103 | p=00020"% + 01067

R = 1.0000

DL =17.49 ppb

BEC = 54.52 ppb

above 200ppm Na without changing quad ~ [®s=[4!

K02 | y=1.7847 " x + 05333
Fi= 09997

resolution or ion lens settings L1027
Hg

Hg LOD on 7800 is about 2ppt — 7800 can
QUANTITATE at 10ppt!

1 Se

CPS

10 ppt
Selenium

7800: 10 orders (1000’s ppm)
7900: 11 orders (% Level)

100.0 200.0
Conc{ppt]
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Far Wider Dynamic Range Than Any Other ICP-MS
11 orders - low and high level calibrations in one run

Cd (1ppt - 1ppb) and Na (100ppb - 10,000ppm (1%)) in the same run

. .
B i (10 3651 Both calibrations are
104 | v="506268 *x + 30000
* R1 .DDDD : Current Sample Cale Cong. CP3 Eatio Det. | Conc. RED
ey .
DL =0.0838 ppt » | 1ppbBeAsCHHgFh 1000006 | 50620.23 P 04 I
BEC =0.05936 ppt inear.
Calibration
Level | Rict Cone. Cale Cone. CES Eatin Diet. RED -
| ofem em e r | m Total concentration
2 0 | 100 0.060 5160 P 148
3| ] | 10000 10078 51331 P 38 df d
range coverea irom C
4| 0 | soo0o 49851 253683 P 23
e
o 5| 0] | 100000  100008|  S066.1 P 2z
blank (BEC of <0.1ppt) to
6| [ | 100000 1000006 |  S06a0z3 P 04
e Na top standard (1%) is
JE p (0]
= 11 ord
m oraers
23 Na [HMIHe ] ISTD:115 In [HMIHe] nalyte Information (23 Na [HMIHe] ISTD: 115 [n [HMIHe] )
Tl ;
xI0 | ¥=D03588 *x +0.0477 P Sl Calo C CES Raio | Det.| Cone.RED
1z |:| R = L0000 urrent Bamp! one. atio et. OnG.
. DL = 0008635 ppm y | rinse S5072| 328116101 520048 | A 17
ET T ' | EEC = 0.04074 ppm —
Concigpf) 14| [
Lewvel | Rjet Cone. Cale Cone. CPS Ratio Tiet. RED
vl 1| 0| oom 0.000 194419 | 00477 | F 58
2| 0 | oamo 0105 |  €39355| 01528 | F 29
3 0| 10w 1049 | 4322026 | 10541 T L3
A 0 | o 10192 | 42122326 | oOf206 | P 32
-3
i 5| 0 | to00m 00124 | 400421658 | 051948 | A 17
6| [] | 100000 1099335 | 4045545840 | LO45570 | & L5
7| [ | 100000 sesors | e77esii | 6509298 | A 37
8 @
|
0] 0o
| 0o
2] o
D 1
50000 100600 s o
Cone{ppm) 4
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Enviro: 7800 HMI / Estuarine Samples: 40-75% Seawater

~1745 ppm ~860 ppm Nain || ~430 ppm Na
Sample Name Na in Solution Solution in Solution
M Dilu‘tiﬂn 5 1 10/2002009 559 PM
Sal:::ln:ji:.:me g Be [HO‘GHS] 0.‘¢0 Sample C 20x

e |23 Na [He] 8726108 sar
|24 Mg [He] 1040282 1031898 1058318 s
ot —|27 Al [He] 1.6166 0.6615 3.7364 T
sre e — |39 K [He ] 380963 371819 365013 rovs:
wietier —|44 Ca [He] 414310 409728 2304271

swines |51 V [HEHe] 1.2708

it |52 Cr [He]

75 As [He]

78 Se [HEHe] 55 Mn [HE ]

95 Mo [ NoGas ]

07 Ag [Hocas] | 20 F€ [He ]

111 Cd [ NoGas ]

121 %0 [nocas] | 29 CO [He ]

137 Ba [HoGas ]

201 g (ot 7 |00 Ni [ He ]
0 7o ooy |63 Cu [He ]
50 Tioces1 |86 ZN [He ]
75 As [He]
78 Se [ HEHe ]

~0.275 ppb ~0.144 ppb As ~0.074 ppb
As in Solution in Solution As in Solution
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7900 Heavy Matrix Analysis (HMI-25)

-Major constituents reported in ppm

-Trace elements reported in ppb

General Seawater Composition

Element

Oxygen H20
Sodium NaCl
Chlorine NaCl

Sulfur S
Potassium K
Calcium Ca
Bromine Br

Hydrogen H20

Magnesium Mg

At.weight
1.00797
15.9994
22.9898
35.453
24.312
32.064
39.102
10.08
79.909

Ppm
110,000

883,000
10,800
19,400

1,290
904
392
411

67.3

Most analytes acquired using Helium mode.

H2 Mode used for select elements to
provide the best DL’s (Si, Ca, Se)

Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio

6020 Unknown Results ppb

(Na,Mg,S.K,Ca,Fe ppm)
Acq. Date-Time ABI2017 13:24 BI2017 1327
Type Sample Sample
Level
Sample Name |SAMPLE A SAMFLE B
Total Dil 1.11 1.11
9 Be [NoGas ]| Conc. [ppb ] 86.3314 83.1840
11 B [He] [ppb 1 15661 9829 16122 3051
23 Na [He 1| |Conc. [ppm] 1167.3130 1153.2386
24 Mg [He ] ||Conc. [ppm ] 2812.7092 2786.6283
27 Al [He]| Tonc.Tppb 1 60 19 544 1 HI53 6402
23 5 [ H";_l ] Come [ ook 1 ATICT AR ATTAE 3141
34 5 [Hel : ] 553 3986 537 7674
39 K [He ] | |Conc. [ ppm ] 61.2055 60.5476
40 Ca [H2]|[Conc. [ppm ] 483.6432 491.6683
51 V[He]| Conc.[ppb ] 2716003 247 0533
52 Cr [He]| Conc.[ppb] 23758.5895 22959.0748
55 Mn [He ]| Comc. [ppb ] 74152 6376 72835.0402
56 Fe [He ]| Conc. [ppm ] 544 9229 530.3951
59 Co [He ]| Conc.[ppb ] 1129.1326 11323477
60 Ni [He]| Conc.[ppb ] 21512.9384 21352.7933
63 Cu [He]| Conc.[ppb] 5.3540 2.0105
66 Zn [He ]| Conc.[ppb ] 3902.0441 4234 4300
75 As [He]| Conc.[ppb ] 13.1571 12.4169
78 Se [H2]| Conc.[ppb ] 96.1427 114 5517
88 Sr [He ]| Conc.[ppb 1 800.8821 7715266
95 Mec [He]| Conc.[ppb] 3.5913 2.3013
107 Ag [He ]| Conc.[ppb ] 0.1056 0.0166
111 Cd [He ]| Conc.[ppb] 305723 391334
118 Sn [He ]| Conc. [ppb ] 0.3993 0.2039
121 Sb [He ]| Conc.[ppb ] 0.6053 0.3508
137 Ba [He ]| Conc.[ppb ] 11.3219 10.4092
205 Tl [He]| Conc. [ppb1 0.5324 0.6342
208 Pb [He]| Conc.[ppb] 0.1570 0.0861

Agilent




Enviro: 7900 UHMI / Very High Matrix Samples (HMI

e G B 2 = 13
5 Process Batch Curve Fit:| Linear ~| QOrigin:| Blank offset = Weight: <None> ~| ISTD:x 74 hd
23 Na [He] ISTD:74 Ge [He] Analyte Information (23 Na [He] ISTD: 74 Ge [He])
x103 | y=00012"x +0.3316
R = 1.0000 Current Sample Calc Conc. CP3 Ratio |Det | Conc. RSD
DL=1163
15 BEC=8022 b | Cal 1000 ppm Na, Mg. K. Ca 10011902 2483776000 | 11619 | A 16
Calibration
Level | Rjct Cong. Calc Conc. CPS Ratio |Det RSD

o 2% G EE 2=l
= i % ProcessBatch | CurveFit: Linear +| Origin: Blank offset +| Weight: <Mone> | ISTD: 74 -
24 Mg [He] ISTD:74 Ge [He] Analyte Information (24 Mg [He] ISTD: 74 Ge [He] )
x102 | y =5.0221E-004 * x +0.0299
R = 1.0000 Current Sample Calc Conc. CPS Ratio |Det | Conc. RSD
051 E;’Eé 5155453 » | Cal 1000 ppm Na, Mg, K. Ca | 10010819 10750586.00 | 502784 | A 11
£ Calibration
Level | Rjet Cone. Calc Conc. CPS Ratio |Det RSD
» 1 0.000 0.000 60135 | 00299 | P 287
o 500000.0 2 50.000 61.007 125139 | 00605 | P 276
9 JEE 1 3 1000.000 | 1028579 1140107 | 05485 | P 24
i Gy B P2 = e
5l i 2 ProcessBatch  CurveFit: Linear - Origin: Blank offset ~| Weight| <None> ~  ISTD: -
75 As [Hel1STD:74 Ge [He] Analyte Information (75 As [He] ISTD: 74 Ge [Hel )
04- x +1.0570E-004
Current Sample Calc Conc. CPS Ratio |Det.| Conc. RSD
» | Blank 0.020 433 | 00001 P 199.8
0 003000 24 Calibration
Level | Rjct Conc. Calc Conc. CPS Ratio | Det. RSD
» 1 0.000 0.000 383 | 00001 P 6.0
2 0.500 0596 2200 | 0.0006|P 208
£ 3 1.000 1.043 3617 | 00010 (P 124
" 4 5.000 5185 17017 | 00045 | P 57
B 5 10.000 10289 32833 | 00088 |P 57
[ 100.000 98.171 316185 | 00829 | P 09
7 200.000 193.917 637459 | 01637 | P 12
8 2000.000 | 2000.698 65276.14 | 16875 | P 02
9 850 | 00002 | P 165
o | | 10 1200 | 00003 | P 89
1000.0 2000.0
Conclppb)
Elank 75 As [Hel 52 Samples (52 total)
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7900 UHMI: Samples Containing ~12% TDS

[E [ Agilent INTERNAL USE ONLY!! ] Offline ICP-MS Data Analysis - TA 0212_E.b - CA_Toxics =8 = =
¢ File Edit View Process DAMethod Report Tools Global Help
i [Z7 Open AnalysisFile |] SaveAnalysisFile | BB ExportBatchTable ~ % ProcessBatch | [#f DA MethodEditor | B EH BB & Default Layout | T Conc [ Count | FE f B BE Default Columns

x

Batch Table : FullQuant

i sample 4 9 | Sample Type:| <All> - ~|Bp ISTD: 74 Ge [He] Tune Mode: <All> vi FQOutlier $F| B Y B W W Y ¢

Analyte: €323 Na [He]

] FuIIQuaml Quick Scan

51V [Hel
52 Cr [He]
CPS
25522

24 Mg [He] 52 Cr [He]

39 K [He]
CPS
167710
76940

39 K [He]
44 Ca [He]
Conc. CPS
1011.10 590.8

23 Na [He]
27 Al [He]
Conc.
11.78
-0.70

Sample
23 Na [He]
CPS
472339
20940.8
298999530.7

51V [He]
CPS
19281
427

9 Be [NoGas]
CP3

24 Mg [He]
Conc. CPS
100559 114765
24,04
2022363

Conc.
10.97
n1n

6.59

Conc.
10.71

Conc.
1036.64

Conc.
20195 1095.20
9 Sl
vl 13340096.87

Conc.
1209

0.07
5.02

0.02

a1

486.1 REEXIELINEN 3087485653

20899.60

165)

5118489.36 PEkrixli-ckll 65116239 162232

13.98

16.13

17517

13880.7

: o R R R TR L LTV Y CETw) ! o] T — e Soes
55 Mn [He] 56 Fe [He] 59 Co [He] 60 Ni [He] 63 Cu [He] 78 Se [H2] 111 Cd [He]
Conc. CPS Conc, cPs Conc, CPs Conc. CPS Conc. CPs CPS Conc, CPS
10.62 965.4 1073.71 1786525 10,87 4406.0 11.05 1240.1 10.08 34604 505.7 10.51 654.0
0.07 293 0.1 1006 7 o0 DOS 200 -n.n 420 140

183.07 14983

3'5
I

p—
W2 Ge (Mo Gas 1 DL e
JeEc- b | 855-d-1spk 133364967 | 308748565 | 15466006 | A | 08
B 150 B 74Ge[H2] 2{BEC-8033 |_| it ‘ ‘ | ‘ ‘ ‘
= B 74 Ge[He] Calibration
& - [ 103Rh [He] : :
w 1151 [Hel Level | Rjct Cone: Calc Cone: CPS Ratio Det.| RSD
5 15,466 0064
z W75 Lu[He] N 0.00 0.00 18754.6 09316 | P | 48
= 2| @ 50.00 5244 205256 09924 | P | 56
&
H £ 3| @ 1000.00 974.93 430258 20621 | P | 221
2 z
-2 14 4| 71| 2000000| 18893.66| 500504.8| 228407 |P | 31
=
% 5| 71| 200000.00| 19415072| 5184670.3| 2260802 | A | 1.0
6|0 1186729 54799 | P | 429
ol =
P0000Z0083800:5022828F 325002280358 7 | [ | 100000000 | 100119021 | 24837760.0| 11619172 | A | 18
L 223 =208 08U088280E32333382HF
= A ref gt nor RN ET id el
E 3z MpsEsp BZ-TZ2 EE S
g & 2 % RE B %
= - 1333649675
g - = 100000000 ‘
g Conc
25501 spk 23 Na [He] 94 Samples (34 total)

o ——— 0

*Calibration Standards in 2% HNO3/1% HCI
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4 Key Benefits of Agilent ICP-MS

4) Mass Hunter Software

ETrr o
" \ f
< M . & . i - B . -3
] - : ‘
[Ty Prasrms Tene. Baeh o Rapeet e Hate
— =
- L= ——————
S - —_~
hartrama pr—— s - Prp— s PR cter
B W Pty fpot Dot Dnte- Ty WLLTOLT PAATLAM = T dhataey e [ Jutecy Cntn Dopimgnd o smry i [ Mepot 3 Claos Prrftumancs Bapot | B Avio Sampler » 2 Rarbuows Pomp. dpana *
e L T B | )
A . ap ails PP b : Jomntely, : = . oyt -
F\,\-\'f,-_,r\. S PSR P ER R P TEWE R s - o o e - - .
L Pz 2084 oes | 1008 st [ =
| el e [ T [oanw
R 23 ? X
gt | 1000
] Sarming Pases ot
1 Ciniie | vana s
_:na-cbm 4 ERELY
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Mass Hunter 4.4: Truly Automated Software

i) [ Agilent INTERNAL USE ONLY:2 ] Online ICP-MS MassHunter - Pro Caps (UW 100mg HNO3 and Hot Plate) 0204140 A\ Hiv / =
¢ File Edit View Instrument Hardware Startup Batch Queue UserTune Teols Help Seript

B w480 s4@

Data Analysis Report Auto Sampler Settings

Eror. | 2272014 104432 AM 2162, Warring: Avalyzer pressure is os high. ] m

IF/BK Press | 262E+0 Pa Analyzer Press | 1.14E-5| Pa Water Temp 1688 C Intemal Temp Izl c Inilet Temp 61| C
i L O x

Collision/
Plasma lon Lenses P Cuadnpale Detestor

£ Dmannm:g = DE:;W 7'”’9 Log * Startup —
1| 1142014 50643PM | MetRever | Miscellaneous | Insialetion of 7900 ot Sania Clars COE { % Addto Queue |[¥) Select Custom Settings | [ |
Hardware Seftings On Vial & Monitored Masses PeriPump
Torch Axis @ | 1307 7 89 205 Set
EM | 1307 20 Set
Plasma Correction [ | 1307 Set
Standard Lenses Tune |V | 1307 7 89 205 Set
Resolution/fsis @ | 1307 7 89 205 Set
Perormance Report | 1307 Crxide: 140; Doubly Charged: 140 Set
¥ | P& Factor Vil 1306 789 20569722324 27 4551 525559606 Set
| Standard Seting |
Vizls D Manitored Masses: '

=]

| Standhy | Load Option: Standard Tune
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Daily Performance Log

1] 747 565 118 - TeamViewer - Free license (non-commercial use only) E=8|EoRF=1
{1 [ Agilent INTERNAL USE ONLY!! | Online ICP-MS MassHunter - Pro Caps (UW 100mg HNOS3 and Het Plate) 0204146 Hlw L&@Tﬁ

i File Edit View Instrument Hardware Startup Batch Queue UserTune Tools Help Seript

B w 480 s 3@

ardware Data Analysis Auto Sampl: Settings
Eror: | 27272014 10:44:32 AM 2152, Warning: Analyzer prassure is too high. =] m
IF/BK Press | 265640 Pa Aralyzes Press | 11465 Pa Water Temp | 168 © Intemal Temp | 374 T HetTemp | 263| C

[ —]

Sl =

Collisions
Plasma lon Lenses Reaction Cell Guadnupole Detector

Mairframe

b Aun Performance Report || ] Histony View. | # Select Data Displayed in History View | 5 Export 9§ Clear Perfarmance Report

T L 3e11liﬂ;nty [ Background I Standard Tuns":;-am;x HSbng:ﬁd 7EY
T e e R e e ] [ [ e
3 784841 | 57420.06 | 46811,01 1.00 0.55 335 00V | -2300V <100V | 0.0 mbimin
1/28/2014 12:38:36 PM 6033.13 | 57663.31 | 56772.38 120 035 245 0.0V | -2000V =100V | 0.0 mUmin
1182014 7:43:58 AM 5234.87 | 46754.61 | 4478073 145 0.30 125 0.0V | -2000V -100V | 0.0 mUimin
17182014 7:34:49 AM 89795 564.17 | 11943.48 0.00 o000 ooo 00V | -2000V 80V | 5.0mUimin
171772014 11:19:59 AM 619621 | 4547299 | 4212255 1.55 0.25 1.80 00V | -2000V -100V | 0.0 mLimin
1/16/2014 9:38:52 AM 6015.78 | 41287.56 | 38027.58 0.85 045 125 0.0v | -2000V =100V | 0.0 mUmin
171412014 6:09:42 PM 6169.79 | 41334.88 | 39337.92 1.00 0.55 170 0oV | -2000V -100V | 0.0 mUimin

| Stsndby ] Losd Opfion: Standard Tune
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L 7475651

‘eamViewer - Free license (non-commercial use only)

Detail View of Autotune

fic) [ Agilent INTERNAL USE ONLY! | Online ICP-MS MassHunter - Pro Caps (UW 100mg HNO3 and Hot Plate) 020414.b

¢ File Edit View Instrument Hardware Startup Batch Queue UserTune Tools Help Script

LI

8 2

Queue

Data Analysis

i)

N

Report

&

Auto Sampler

=

Eror | 2272014 10:44:32 AM 2152, Warning: Analyzer pressure is too high.

IF/BK Press | 2.60E+0 Pa

Water Temp 168 °C

Intemal Temp 73| T

Irlet Temp 83| C

b Run Perfomance Report | (5] History View [# Select Data Displayed in History View | 3 Export 3 Clear Performance Report

Peormance | i Setings. Tune Perameters | Meter | Othr |
MWWMWWWW Sensithity = Background
MWWWWJWWW Mass 7 89 205 F Mass | 7 | 89 | 205
Range 1.084 1085 5084 Count [ 100 | 055 | 335
L s YWY VRV ST NP Count 724241 57420.06 46211.01
R8D% 22 18 21
Integration Time 0.100 sec
Sampling Period 0.311 sec [
4T
! \ Resolutionifuds.
r 1 Mass T 29 205
| Height 7864 57373 47074
| fais 708 20.00 204.95
1 L W-50% 085 0.58 0.54
W-10% 078 075 077
Integration Time 0.100 sec
| Acquisition Time 00:00-23
@

[ Standby ] Load Option: Standard Tune
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Pre- Conflgured Methods for Common Applications

Select Presst Method ['Select Elements on Periodic Table -2l |
tqptcaton vt | Ganarc Medod | Tune Mode: 4 Selected Bements: 23
Tide Sumemary T e
] H He Mass Element =
Dvinkarg Water (with He) | 7900 Apohcabion Method for Dnrang \Water [with CRS)
chp 7900 Method for Phaims, using Chine Ph Li [Be B [c [N [0 [F [Me 45 | S
7900 Mathad o E Phamea, uaing USPCI? = » 51|V
EPAZ004 7000 Apglicaticn Mathed for EPAZ00.8 (Na minerals, without ORSs) Na | Mg Al |Si (P (8 |Gl |Ar 52 | Gr
§ EPASORD JO: Aoshentor Wefhod for ERARIZ0 3 v [Gr [Mn |[Fe [Co [Ni [Gu [Zn [Ga |Ge |As |Se |Br |Kr 53l o
= 1 11
Compatible Sample Types: Rb Mb [Mo [Tc [Ru [Rh [Pd [Ae [Gd [In [Sn [Sb [Te [1 [Xe 60 | Ni
Sample aqueous matrices and acid digested samples up to 0.4% dissobved solids. 1 1 1 1 1
Gs Ta |%W |Re [0s [Ir [Pt [Au [He [TI [Pb [Bi [Po [At [Rn 62| Ni
Pre-Defined Analytes: .3 1.1 83| Cu
V., Cr. Ni, Cu, As, Mo, Ru, Rb, Pd. Cd. Os, Ir, Pt Hg. P =
65 | Cu
Comment:
Method uses General Purpose plasmia conditions and He mode only, bt requires the 7900 Ce [Bo [Mdb B | Soy | Euy | Cd (MR D2 e f Eo Ty by | L 72 | Ge
User Access Control option software is required for regualated pharma analysis. The 75 | As
doction cf an b kol tard should iilas the bt mad iy i\ Th |Pa (U Np (Pu |Am [Gm |Bk |CGf |Es (Fm |Md (Mo |Lr
matrix, 95 | Mo
Required Hardware: 97 | Mo
7900, x-Lent, Micro Mist Nebufirer 101 | Ru
Mass 103 | Rh
% 105 | Pd
0 0 0 0 0 0 0 0 0 0 0 111 ¢d -
[ Go to Mass Scale ] [ Element Information... ]
. # Correction Equations: 1
L
ok [ coes | T =

ficq Parameters || PerPUMBISIS || Tune | Ture Mode | 21 He x
Sample General = Tune Vial || ouiex sean - |
|| smbdization Time fsecl | o)

Samplenu.uaﬁ-. =

Mass|  Eleenant Mame | Manisoe el
. Speed [rps] i Mass
Time [se<] | Nebulizer Pump | Vial | Isecl
l_ 45 | Se v 010
Sample Uptake 30 030 [ o] S|V | 0.5
| | stebitize 40 Tune Parameter  Sampl lof s2)cr | & o=
pr— lo] safer 050
|| eo|wi 050
[ [ spees Tune Parameter Sample

| B2 | M 300
sy l_ &3 | Cu 0.50
Probe Rinse (Sample) 10 [ELY Rinse Port I o5 c 050
Probe Rinse (Std) 10 Rinse Port I_ 72| Ge | o
Rinse 1 60 [R1R | <Manual> ] 75 )
Probe Rinse 1 Rinse Port [ s ma 050
Rinse 2 <Manual> |l 97 | Ma 0.50
Probe Rinse 2 Rinse Port || 101 | Py | 0.5
Rinse 3 <Manual> | ] 103] R0 | 050
|| 108 | Pa 050
[ tettigent inse [||[% Precmpiive Rinse ‘ [ |ea 100
| 114 | Cd 100
Start rinse before acquisition complete: sec BEDD e

"] Move to the next rinse step at acquisition complete
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Automated P/A Calibration

o [ Agilent INTERMAL USE OMLY!! T Offline ICP-MS MassHunter - 022714 _a.b
File Edit View Instrument Hardware Startup Batch Queue Tools Help

8. W 4 8.8 &

Plasma une Queue Data Analysis Report

k3 SaveBatch “ff AddtoQueue [F Validate Method [Li# Select Elements Tune Mode: | <All> -

Jcq Method | Data Analysis Method | Sample List |
“cq Parameters | PeriPumplISIS | Tune |

Acg Mode | Tune Mode #1: No Gas x #2: H2 x #3: He x
Cuick Scan ] 3] e
[Sped.rw'n v] T = =
Independent P/A Factors ") W )
Spectrum Mode Option | Stabilization Time [sec] 0 5 5
Resolution Standard Standard Standard
Peak Pattern: |1 Point -
R 1 IntegTime IntegTime IntegTime
Feplicates: | 3% Mass Element Hame Monitor | +0.5 u Mass +0.5u Ma=s +0.5u Mass
S — [sec] [sec] [sec]
Sweeps/Feplicate: | 50| &t 7 F 030 | E Nia | B 0.30
Acq Option 7| Ll sl E 030 [ Na | B 0.30
9| Be [ E 1.00 [ NAa | B 1.00
7 5 AutodSemi Auto T before Batch x — — —
Tl £ i it 1|8 F - 100 | NiA | T 1.00
| [ Print Tune Report 27| A Al | E 050 | IF NA | B 0.30
- y 35 €l sl E Nia| [E Na | B 0.30
| ?E PiA Factor Adjustment
39| K [ E 0.30 [ NAa | B 0.30
Total Ti E T — o
e 40| ca F - N | 030 NIA
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Seamless Pulse to Analog Transition

Calibration Curve- i-.i{.ﬁﬂdﬂnnt} X
I Be [HoGas ] ISTD 74 Ge [HoGas] Anzlyie Information (9 Be [Mo Gas] 1STD: 74 Ge [No Gas] )

«10 -1 | y=00029"x% < 14726006
R= 10000 CumertSample  |CaleCone |  CPS | Rate |Det |Conc.
Calibration Curve- 6/ { 2] elements ) x
52Cr[He]15TD:72 Ge [He] Analyte Information { 52 Cr [He ] ISTD: 72 Ge [He] )
xll:l.l }I;I=D1ﬂr?r5fﬂ'rl -rﬂmﬁ / H f L 1 Il“ I ™ | [ =1~ I = I M-+ |.|"‘\-
Calibration Curve- 15/ { 27 elemests ) x
111 Cd [NoGaz ] ISTD:115 In[He Gas] Analyte Information { 111 Gd [NoGas] ISTD: 115 In [No Gas] )
x10 -1 y="00014" x + &5305E-007
R=1.0000 Current Sample CE.{E‘EDH(:.| CFR3 Ratia DeL|Co-nt:_
DL = 00007878 pob -
" PEC =0.000635 ppb P . R
o Calibration
L=we|

Conc. Cals Cone, | CFS Rabo | Det | RaC

—

n |
[ | 000000 0.00000 1533 | 0.0000
|:| . 0500040 0.50746 12351.68 | 00007
[
]

Hatia

100000 | 097564 | 2366684 | 00013
5.00000 A.QQDEI]: 12386416 | 00067

(=]
Hatio

10.00000 9.87490 24041432 | 00133

[

71| 10000000 | 1000191 | 242182833 | 01352
[ | | 52047779 | 00224
[
[

| 1173732.87 | 00663

| 00 |l || | b | Gl | P ek |
rlo|w|le|o|o|lw|o|D|
f o
[='=]

2371761.00 | 01334

Implementing EPA Method 6020 with the Agilent ICP-MS Portfolio




EPA Compliance Software

Batch Folder
Report Comment
Instrument Name

[No Gas]

200.8 Tune Check Sample Report

C:\Agilent\ JCPMH\1\DATA\epa tune check.b
American West Tune 110923
G3281A JP10420651

U[1..

I \E!’ril'ﬂﬂ,} L4

Peak Axis
Height (Actual)
49907 9.00
14962090 23.95
2081180 25.00
2515438 25.95
S02004 29.00
5395881 115.00
409162 205.95
341574 206.95
845273 207.95

5

Axis
(Required)
8.9-9.1
2359-24.1
249 -251
259 -26.1
28.9-59.1
114.9 - 115.1
205.9 - 206.1
206.9 - 207.1
207.9 - 208.1

Integration Time [sec] =

0.1

Axis Width-X%
(Flag) (Actual)
0.742

0.742

0.769

0.740

0.733

0.734

0.737

0.728

0.730

Acquisition Time [sec] =

Width-X%
(Required)
0.900
0.900
0.900
0.900
0.900
0.900
0.900
0.900
0.900

235

Width-
X%
(Flag)

Y Axis =

Limear
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Individual Sample QC Limits (ie: ICSAB)

22 LLCCVY
Analyte

23 LLICV
= . ) Main Criteria
25 Tune . . Lower Lower Upper Upper

cce Mode === Hlame (2aEk=ck |Heno Exp. Error Lim. Exp. Error Lim.
26

AlIRef 11 b 3:He 52| cr 200 02 200 12
27 |

SpkDup g((12 1: No Gas 55 | Mn 200 08 200 12
28

Dup 13 3:He 55 | Mn 200 038 200 12
29

PDS3 14 2:H2 56 | Fe m [ | 250000 08| 250000 12
30
r G54 15 3:He 56 | Fe ] ] | 250000 0.3 | 250000 12
1
! ICsB 16 1: No Gas 59 | Co 200 02 200 12

LFM 17 3:He 59 | Co 200 038 200 12
33

LFMDup 18 1:No Gas 60 | Ni 200 08 200 12
34

LRB L f19 3:He 60 | Ni 200 03 200 12
35

LFB 20 1:No Gas 63 | Cu 200 02 200 12
36

Qcst 21 3:He 63| Cu 200 08 200 12
37

LRS 22 1:No Gas 65 | Cu 200 08 200 12
33 :

Dl 23 1:No Gas 66 | 7n il il 200 08 200 12
39

cev2 ISTD ( Method Name : IS )
40 Blank

an &) Main Criterial
41 PB
Tune . . Lower Lower Upper Upper

42 LCS Maode fass hlae EEiEhek (Henask Exp. |ErrorLim.| Exp. | ErrorLim.
43 FRB 1 1:No Gas 45 | 8¢ 100 08 100 125

pikeRe : C | .
44 SpikeRef 2 2:H2 45| § 100 06 100 1.25

Each QC Sample is Customized for its’ individual QC requirements
ICSAB, CRDL, ICV, CCV, CCB, etc.

Associated Sample Report may also be Customized to Display all required Information
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Unique Performance of the 7800 & 7900

Better matrix tolerance than any other ICP-MS

Higher plasma temperature (lower CeO/Ce ratio) under standard
conditions than any other system
« 7800 with HMI: ~2-3% TDS & 7900 with UHMI: ~25% TDS

Best performance with Helium cell gas — eliminates need
for reaction gases in all common applications
« 7800/7900 ORS* — removes polyatomic interferences in complex matrices
while maintaining excellent sensitivity.
Wider dynamic range than any other quadrupole ICP-MS

« 7800: 10 orders of Magnitude (~1000s ppm)
(3 ms Integration)

« 7900: 11 orders of Magnitude (~Percent)
(0.1 ms Integration spNP)

Agllent
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Introduction
Faster analysis, improved ease-of-use, superior matrix tolerance

Combing the unique benefits from each of the following provides much
faster analysis, improved ease-of-use and superior matrix tolerance:
 Agilent 7900 ORS* He mode collision cell

— For interference removal
 Ultra High Maxtrix Introduction (UHMI)

— Aerosol dilution

* |ISIS 3
— Discrete sampling to achieve the best possible productivity
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Experimental
Operating conditions

Table 1. Agilent 7900 ICP-MS operating conditions

ICP-MS parameters

RF power (W) 1600

Carrier gas flow (L/min) 0.77

Dilution gas flow (L/min) 0.28

Lens tune Autotune Autotune

Cell gas flow (mL/min) 0.0 4.3

Energy discrimination (V) 5.0

Number of elements 1 analyte, 1 ISTD 25 analytes, 6 ISTDs
Total acquisition time (3 reps) (seconds) 41
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Experimental
ISIS-DS operation

Sample loop Sample loop

To nebulizer To nebulizer

ISTD mixing
“in valve”

< O
I

STD mixing
“in valve”

3 port valve

3 port valve

Carrier K Waste Carrier Waste

Sample Sample

Tune solution  1STD Tune solution  ISTD

Figure 1. Overview of ISIS-DS operation. Valve in load position (upper left) and inject position (upper right). Actual analyte and
internal standard signals during ISIS 3 operation are shown in lower plot with annotation (shown on next page).
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Experimental
ISIS-DS operation

Time (sec)

3000000
i Rep 1 : Rep 2 : Rep 3 :
= \
& I
< 2000000 !
= 1
I 1
S I
= 1
= 1
2 I
& 1000000 :
1
1
o I ]
@ a
4 ' 3
I —_—
0 : . .
0 : 100 120
1
1

Probe rinse and wait

Sample load Stabilize Acquire data Rinse loop and wait Load next sample

1 [:Eh-} time

Figure 1 continued. Actual analyte and internal standard signals during ISIS 3 operation are shown with annotation.
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Results

This study used He cell mode for most elements and no gas
mode for low mass elements.

383 samples were measured in 9 hours and 35 minutes with a
run-to-run time of 90 seconds per sample.
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Results

Meeting EPA QA/QC requirements

— G Li[ He 0]

—45 5c[Hed 3]
—12Ge[Hed_3]

~115In[ Hed_3 ]

— 159 Tb[ Hed_3]
=183 Ir[Hed_3]

150

[ Bu _HEW..E__H_._DE,___._E 028y OIS

10x Soil-& MSD
B0x ES

10x RS-A

10x Scil-B

10x ES MS
CCB

10x Soil-& MSD
S0x ES

LLCCY

10x Soil-B

10x ES MS
CCV

10x Soil-4 M3D
B0x ES

10x RS-A MSD
10x Soil-B

10x ES MS

10x RS-B

CCE

B0x ES

10x RS-A MSD
LLCCY

10x ES MS

10x RS-B

CCV

B0x ES

10x RS-4 MSD
10x Soil-B MSD
10x ES M5

10x RS-B

10x Soil-B MS
CCB

10x RS-A MSD
10x Soil-B MSD
LLCCY

10x RS-B

10x Soil-B MS
CCV

10x RS-A MSD
Blk 3

LLICY

Cal Std 0,/1000

Figure 4. Internal standard recoveries normalized to the calibration blank for all samples. Due to limited space, not all sample

names are shown. No internal standard failures occurred.
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Results and Discussion
Recovery of certified reference values

Table 4. Mean measured values, recoveries, percent Relative Standard Deviations (%RSDs) for all certified elements in the
six CRMs analyzed. Blank cells indicate no certified value.
* Concentration of 1/10 diluted solution. ND: less than detection limit

Isotope/ NIST 1640a (n=7) River Sediment A (1/10, n=14)* River Sediment B (1/10, n=14)*
Element Mean conc. (ppb) | %RSD | Mean recovery (%) | Mean conc. (ppb) | %RSD | Mean recovery (%) Mean conc. (ppb) | %RSD | Mean recovery (%)
24 93 ND

9 Be 2.80 : 0.026 9.8

23 Na 3,112 2.0 107 5,326 1.8 107 5,610 1.6 112
24 Mg 1,062 1.7 101 7,375 1.8 105 13,130 1.3 109
27 Al 57.8 4.4 109 25,180 1.3 101 61,460 0.6 102
39 K 561 5.4 97 14,730 24 98 20,220 23 101
44 Ca 5,373 3.2 97 29,050 1.8 97 28,960 1.6 97
51 V 15.4 1.5 103 255 1.1 102 104 0.7 104
52 Cr 40.5 1.6 101 30,950 1.1 103 1,592 0.9 106
55 Mn 40.0 1.7 100 786 22 98 587 1.1 98
56 Fe 442 5.7 121 122,000 0.9 102 41,610 0.6 104
59 Co 20.7 2.1 103 121 1.5 121 16.3 1.3 109
60 Ni 25.7 1.8 103 52.2 1.4 104 52.8 1.4 106
63 Cu 87.9 2.0 103 101.9 1.7 102 104 1.4 104
66 Zn 56.1 1.3 102 1,454 0.9 97 493 0.8 99
75 As 7.99 1.4 100 60.2 1.3 100 20.4 1.4 102
78 Se 18.5 5.1 93 2.28 5.7 114 0.95 10.5 95
95 Mo 45.8 2.0 101 0.074 7.0 0.17 4.8

107 Ag 8.25 2.8 103 ND 0.17 23

111 Cd 3.97 1.8 100 10.2 1.1 102 3.18 24 106
121 Sb 5.07 1.8 100 50.7 0.7 102 4.22 0.9 106
137 Ba 147 1.1 98 49.3 0.7 99 392 0.5 98
201 Hg ND ND 0.023 10.9

205 TI 1.58 3.0 98 0.99 1.4 99 1.15 1.6 115
208 Pb 12.5 44 104 742 1.8 106 212 1.7 106
232 Th 0.002 40 2.04 2.6 102 9.93 23 99
238 U 25.2 3.8 100 1.02 3.1 102 3.02 2.9 101
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Conclusions

Long sequences of high Total Dissolved Solids (TDS) samples can be
analyzed with high accuracy, precision, and long term stability using
the Agilent 7900 ICP-MS.

This was shown by combining the benefits of He mode for removing
polyatomic interferences with the UHMI for highly robust plasma
conditions, and the ISIS 3 discrete sampling system.
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