|CP:
You CAN'T
Just Push Play

A discussion and compelling argument
supporting the rationale behind and critical need
for proper and effective use of inter-element
correction factors (IEC) —or other interference
correction tools— to obtain quality ICP-OES results
on environmental samples.
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Well, some can get away with it

AEROSMITH

"Just Push Play"

Aerosmith
can just
push play;

most labs,
however,
cannot

1, Radis Ramis (3:14)
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ﬁ)isclaimer @

Any reference to product or company names does
not constitute endorsement by any of the

following:
« Wisconsin State Laboratory of Hygiene,
« University of Wisconsin,
« WI Dept. of Natural Resources
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Cast of Characters @

State Lab of Hygiene
DeWayne Kennedy-Parker
Kevin Kaufman
Roger Schultz
Brian Clary
RJ Messling

Wisconsin DNR
Rick Mealy

Special thanks to

Paul Harris and WELA for both championing and
sponsoring this event as well as providing the room and
refreshments.
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Outline

e Instruments, sample introduction, auto-samplers
e Brief instrument set-up and calibration

« Background correction (pre-loaded vs. reality)

« Inter-Element Correction factors (IECs)

« Multi-Component Spectral Fitting (MSF) and Fast
Automated Curve-Fitting Technique (FACT)

« Interference check samples (ICS)

« PT sample results and examples of interference
correction.

« Real World Sample Results

Wrap-Up/ Q&A
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Tell the audience what
you're going to say, say
it: then tell them what

you've said.

Dale Carnegie
Quote HD. coim America
LE
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Take home messages

« Unless your samples are ultra-trace level and
matrix free, some form of interference
correction is required.

- Size does not matter. Having a huge focal length
IS not a substitute for interference correction.

« MSF and FACT are approved forms of
interference correction.

- Test your interference correction technique by
appropriate design of ICS samples.

« Use appropriate evaluation criteria for ICS.
Hint: referenced method criteria are not appropriate.

« The “CLP” style ICS-AB offers NO value.
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Instrument array (survey)

5 Agilent: (3) 720-ES, (1) 720, (1) 710-E
3 J-Y: (2) Ultima 2, (1) Ultima 2C
1 Leeman: Profile Plus

6 Perkin-Elmer: 2100, 3500, 4300,
Optima: 5300, 7000, 7300

3 Thermo: (2) iCAP 6300, (1) iCAP 6500
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‘Nebulizers based on survey W

‘Nebulizers need cleaning too

There may not be an APP for that, but there IS a tool
for that...
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‘Spray chambers (survey)
I

Nearly all lab use a cyclonic -

type spray chamber. C‘jﬁv C\E,L e

Twister
double pass

. Generic cyclonic
Also indicated:

Cyclonic, single pass  sge I b

(2)Cyclonic Double Pass " “= < S—
Double Pass '

Scott-type ) \T
Twister cyclonic roa s 1T —

Cyclonic Scott type g
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Instrument Set-up:

- Sample (and internal standard) flow
check

« Spectral alignment using a single
element (Mn, etc.),

« Internal instrument alignment (Hg),
« Equipment inspection

« Documentation as required by
accrediting agency
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Calibration...a few words

« 1pt. vs. multi pt. (ELLAP),
- element separation

« conc. levels (MDLs and linear dynamic
range),

- wavelengths
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Tell ‘em

Tell the audience what

you're going to say, say

it ; then tell them what
you've said.
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A few words on...
background correction

——
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Which comes first...

e

g

)

w4

... IECS?
or background correction points?

w
E
conn WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
DEPLOF NATUARL RESOUACES in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA) A

=

R




\It’s a trick question... @

You can do these steps in either order, but
because IECs have to be verified if background
correction points change, it makes sense to set
background points first.

You can update an IEC without changing
background correction pts.

But if you change background correction
(location of a point, going from 1to 2 pts or 2 to
1 pt), you MUST re-assess any associated
interference correction
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\Lt’s a trick question... @

Background correction points and IECs work
in sync.

Proper background placement or switching
from 2 to 1 pts is not necessarily a substitute
for IECs.

2 background points is generally reserved for
areas of sloping background.

When the sloping background is a shoulder of
an interferent, you will need to have an IEC to
recoup the area “shaved”.
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Conclusion:
You can achieve accuracy either way.

You just have to remember that IECs are inherently
linked to the background corrections points
designated when then IECs were generated.

Changing background correction points requires
1. Re-standardization
2. Re-evaluation of any associated IECs.
3. Run controls (ICS) to verify

But re-evaluating IECs does not require re-setting
background correction points.
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INTERFERENCE
CORRECTION
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‘Interference Correction Rules
' Not mandatory

No correction is a special case
3. Correction spécific to configuration

2.

4.

Correction is subject to change

ICS=security. Butit's not perfect

w
K
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‘Interference Correction Rules
6.

Please...no more ICS-AB

- Protection is only as good as ICS

8. INT > ICS requires dilution or
re-do IECs

9 Sjze & resolution do not matter

0. Evaluate ICS samples properly
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Which single elements? Level? \W

200.7, Table 2: Requires evaluation of interference
from 17 elements: Al,Be,Ba,Cd,Ce,Co,Cr,Cu,Fe,Mn,
Mo,Ni,Si,Sn,Ti, T,V

6010C, Table 2: Requires evaluation of interference
from 10 elements: Al,Ca,Cr,Cu,Fe,Mg,Mn,Ni, Ti,V

1000 ppm: Al,Ca,Fe,Mg (that seems a bit high: 250?
500 ppm?
200 ppm: all others (that may also be a bit high;
10 ppm will work in most cases)

Note that 6010 doesn’t require evaluation from Mo.
That wouldn’t have ended well here, now would it? W
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Qrocedure to set IECs

Set background correction points.
Determine LODs.
Calibrate.

With IECs turned OFF, run single element
standards for the 17 key interferents.

Populate an IEC table based on the results.

6. Analyze appropriate ICS standards designed to
test for adequate correction of these
interferences.

7. Verify that LODs are realistic (bouncing around
the LOD).

H P

o1
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‘IEC Alternatives: FACT & MSF

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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kast Automated Curve-fitting Technique

Minor wavelength offset or drift that may occur is
accounted for by monitoring six plasma-based
emissions lines across the wavelength range. This
maintains the wavelength accuracy of the models
for long-term use.

Unlike IEC, the known concentration of the
analyte and interferent in the respective
solutions is not required. The solution
concentration only needs to be high enough for the
signal peak to be easily distinguishable from the
background (typically 50 x LOD).

Source: Agilent Technologies, Inc. 2009
Publication number: 5991-0846EN ¥

P oo in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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‘How does FACT work?

Mathematically “deconvolutes” (or separate) the
analyte signal from the raw spectrum.

Models built by measuring the expected
components separately and the response for
each. This typically includes measuring these
solutions:

°3)
1. A blank solution €Here, it’s
2. A pure analyte solution much like
3. Pure interferent solutions. MSF

Up to 7 interference models per analyte

Source: Agilent Technologies, Inc. 2009

Publication number: 5991-0846EN ¥
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. 0 . é
What is Fitted Background Correctlon
Intensit ) Pb 220,353 i
” " - Not one point,
;/ « Not 2 points,
100007 1[ M::O Mo
1o{po pem 1000 ppm -but a true
|\ Pbazoass polynomial
|1 ) function solution
{ A [ to drawing the
,/ \// baseline.
/ 7 N « Parallel = GC
- \,/ ............ J . : :
peak integration.
220318 220340 220360 220388
Source: Agilent Technologies, Inc. 2012
Publication number: 5991-0841EN \;
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'Fitted background correction

Mathematically models the measured spectrum :

1. Determining the offset component to model the
unstructured continuum background.

2. Determining the slope component to model the
wings of large distant peaks.
3. Applying three Gaussian peak components to model:
a. The analyte peak.
b. Any potential interference peak left of the analyte peak.
c. Any potential interference peak right of the analyte peak.
4. Using an iterative procedure to estimate the width and
position of the peaks.

5. Using a method of least squares to determine the
magnitude of the offset, slope and peak heights.

Source: Agilent Technologies, Inc. 2012. Pub. number: 5991-0841EN.

‘Fitted’ — Fast, accurate and fully automated background correction. E
WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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'Fitted background correction

No off-peak background
correction peak searches
required.

A Off peal baclgmund corection

B Fited baclground comection (FEC)
G Anabtical wavelength

[ Ermorwithaut using FBC

urarelength

Source: Agilent Technologies, Inc. 2012 :
Publication number: 5991-0841EN L
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‘Resolving Cr from high Fe, Ni...
m_mm Ni
100 PPM ...,
F
~ 100 F?P 100c ;pb
50K
40K
I Background
cernesrssssasneass T SR o S N
ki _——— o >N_oTL
05 480 s 05560 a5 600 5540

a perfect situation for FAC
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FACT In practice for
the PT sample
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ACT system: Mo on Al

Cintensity
50000

Al 396.162

FACT correction for total signhal at 396.152
Mo 396.151 on
Al 396.152

Mo 396.151
. TV= 50 ppb /T

Measured= 40.7

Al 396.152

396,150
Wavelength (nmj
S: 1689 B: 0 SBR: 9575.809

“wavelength: 396.150nm Intensity: 44166.9 (0.01 c/s &l Replicates

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Zn 213.857

PT Sample

Zn 213.857 total signal at 213.857
FACT correction / i = :

TV= 60 ppb
Measured= 57.2

FACT corrected signal for Zn
Tt g

Fe 213.859

Mo 213.835
Ti213.836

212860
‘Wavelength (nm}
5: 1284 B: 0 SBRA: -393915,981
Wavelength: 213.856nm Intensity: 17125 (0.0) /s Al Replicates

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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"FACT/FBC for Pb in ICS A

intensty Pb 220.353 =
1800 J

PT Sample

ICS-A at Pb 220.353
100 ppm Fe

25 ppm Cr

20 ppm Mo

10 ppm Ti

Mo220.334
Mo 220.368

rd

220318 220340 220,360 230 220389
‘Wavelength (nm)
S. 1374 E: 1370 SER: 0.007 ~|
Wavelength: 220 364nm Intensiy: 14791 (0.0] c/s All Replicates
WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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"FACT/FBC for Pb in ICS A/AB

Pb 220.353

PT Sample
Pb 220.353

sample

e ICS-AB (50 ppb Pb)

1200

220318 220.340 220,360 220,380 220.389
Wavelength (nm)
S: 1558 B: 1437 5BR: 0.084
Wavelength: 220.360nm Intensity: 1555.8 (0.0) o/s All Replicates

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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ol

: ‘ \
ACT Fitted ion for Pb X
X
1tted correction tor W
mt?:;gﬁ P 220.353 -]
PT Sample
Pb 220.353
1800 'fitted" correction
Mo 220.334
1600 ,/
L]
TV= 40 ppb
Measured= 38.9
1300
220.318 220.340 220360 220.380 220389
Vvavelength (nm)
5. 1558 B: 1437 5B, 0084
Wavelength: 220 361nm Intensity: 1609.0 (0.0 o= All Replicates

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Cintensity Sb 217.582
5000

\\FACT Fitted correction for

PT Sample
Fe 217.545

Sb 217.582 'fitted' cc

TV= 75 ppb
Measured= 55.9

217.580

Sb 217.852

217.548 217.560 217.5280 217800
Wavelength (nm)
S: 1046 B: 985 SER: 0.062 ~|
Wavelength: 217.590nm Intensity: 31387 [0.0] o/s All Replicates

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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"FACT scan on Be

Be 313.107 -~

PT Sample
Be 313.107

. fitted' correction
-« TiF131081

No FACT required; fitted
background was enough

TV= 5.5 ppb
Measured= 5.69

k///// Be 313.107

313100 313150 313161
viavelength (nm)
S: 22962 B: 14984 SBR: 0.532 -~
‘wiawelength: 313 124nm Internsity: 40215.1 [0.0) c/s &ll Replicates

A
A ]

. WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
DEPTOF NATURAL RESQURCES in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

"LIMA on using FACT

(1) Scan the sample

(2) Make up individual single-element interferent
samples & a mixed ICS-A containing all of the
interferents at the concentrations in the sample.

(3) Spiked the ICS-A mix with low levels of analyte
at 10 ppb and 50 ppb to run as our ICS-AB as a
check against the sample spectra.

(4) Where fitted correction did not resolve the
ICS-AB we employed the FACT correction and/or
looked at alternate lines.

Red H-bar - a graphic used to indicate the pixel
width at the desired A used to adequately capture

the peak for integration (default = 3 pixels wide)E

otk WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
DEPLOF NATUARL RESOUACES in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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"MSF ...

Emission spectrum = sum of n contributions

+ +

Analyte Blank Matrix

Measured Spectrum

Source: PerkinElmer Inc., 2009.
Multicomponent Spectral Fitting. Technical Note, 006081D_o01.

.. A
wsz:;m"- WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Understanding MSF

Think of it as automatic simultaneous multi-point
background correction.

Requires only that a minimum of three solutions are
analyzed:

= the blank,

= apure solution of the element being determined,

= and pure solutions for each of the potentially
interfering elements in the matrix.

There are no limits on the number of interfering
elements that can be included in a model.

Source: PerkinElmer, Inc. 2009

Multi-component spectral fitting. Pub. # 006081D_o01 ¥
WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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Understanding MSF

MSF looks at the spectral profile in the region around the
wavelength of interest and not just at the target
wavelength as is the case with IECs.

What MSF can't correct is direct spectral overlap. As long
as there is some peak separation between the target
element and the interference, then MSF will work.

In cases where the background interference involves
multiple peaks from one element that creates "spectral
grass", IECs simply do not work as background is larger
than the target signal.

Bottom line is that neither IECs or MSF can handle all
interferences. There are some specific interferences that
can only be addressed by one vs the other.

Source: Personal communication, 2014

Perkin-Elmer Atomic Spectroscopy Product Specialist

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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"MSF in practice

0

The scan appears no differently.

The SLH has MSF capability but generally
does not use it because it's more sample
specific. However, an MSF routine was
quickly created for the PT sample.

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

A user dialog box allows the analyst to select
whether a particular line should be considered
a blank, an analyte, or an interferent.

$tate Lab PT sample by MSF @

Al
Sb
As
Ba
Be
B
Ccd
Ca
Cr
Co
Cu
Fe
Pb
Mg

SLH by MSF SLH by IEC

50 75.96) W | 152% 496 W 99%

75 s8.8 W 78% 674 W 90%

100 1095 W | 110% o8| W 98%
880 860.7| W 98% sgo| W 102%

55 5556) W | 101% 520 @ 95%
750 679 W@ 91% gaz| W 112%

35 3359 @ 96% 352 W 101%
13,500 13460, W | 100% 13292 W 98%
25,000 24030, W 96% 246100 W 98%
240 2306 W 96% 2357 W 98%
1,300 1275 @ 98% 1315 W 101%
110,000 100400 @ 99%| | 112185 W 102%
40 4223 W | 106% g W 98%
8,750 9027| W |103% ga8s| W 97%

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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‘State Lab PT sample by MSF

L.. A

WISCONSH
DEPT.OF NATUAAL RESOURCES

v SLH by MSF SLH by IEC

Mn 430 4154 W | 97% 4204 W 98%|
Mo 17,000 16390 W | 96% 16239 96%,
Ni 30 305 W |102% 312 W@ 104%
P 100 85.38| ¥ 85% 1052 ¢ 105%
7,500 7900 W | 105% 7462 @ 99%

Se 250 2304 W | 92% 2352 ¢ 949,
[Ag 3000 72560 X N\ | -24% 2957 @ 99%
Na 14,000 13960 W | 100% 14360, @ 103%
Sr 1,500 1437) W | 9% 1478 ¢ 99%,
Tl 75 7461 W 99% 79 ¢ 105%
Ti 8,000 8361 W |105% 8054 W 101%
v 15 13.34) @ | 89% 16.06| W 107%
[Zn 60 95.82| ¥ /| 160% 535 W 89%

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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WSCONSN
DEPT.OF NATUAAL RESOUACES

COMPOSITION

ICS = Interference Check Standard

200.7 refers to these as “SIC”, or

ICS

spectral interference checks

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)
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Can we please ditch the ICS-AB?

200.7 7.13.6 If the instrument does not display
negative concentration values,

STOP RIGHT THERE!

W\

If the particular instrument will display
overcorrection as a negative number, this spiking
procedure will not be necessary.

6010C 7.8

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

OES instruments. It was intended for ‘80s
instruments that read “0” for negative values.

« The value of an ICS is to observe the impact of
interferents on target analytes not present!

that purpose.

« And applying 20% as criteria at 1 ppm means
that samples can be + 200 ppb, which is
20-100X the LOD for nearly all analytes.

« Would you allow your blank to be + 200 ppb?

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

« The ICS-AB offers NO value in modern day ICP-

« Logic would dictate: spiking everything defeats

03/26/2014
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“ICS Evaluation Criteria

- Can we all agree that using + 20% as acceptance
criteria for ICS samples is just plain silly?

* Yes, that's what the methods suggest, but...

« ICV criteria are + 5% (200,7) or + 10% (6010)
« CCV criteria are + 10% (200.7,6010)
« LCS criteria are + 15% (200.7)

- At the ICS levels, shouldn’t + 5% be achievable?

« And for unspiked analytes, shouldn’t they be the
same as in a blank?

« Using + 20%? You may as well not do it at all.

w
K
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ﬁ)evising an Appropriate ICS
Check major interferents (cations)

ICS-A Major interferent
analytes only

W/

s

Add a simple, but overlooked evaluation step
ICS-B

Al, Ca, Fe, Mg

Secondary i

interferents only ~CV» MO, V., Sn, Ti

Be,Ba,Cd,Co,Cu,Mn,Ni
Evaluate BOTH against Compare to blank

for trends.
+ 2xLOD Absolute + 2xLOD _

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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ICS-C?

For “unspiked” analytes...
Compare the ICB to the ICS-A
Blank AI50+
LOD AvQ Fe 20 ppm
Al | 0.013 | 0.2974 | 49.14 LOD is questionable
Ba| 0.001 [-0.0001 | 0.2967|+300 ppb! IEC
cu| 0.001 | 0.0049| 0.0042|Realistic LOD?
Mn| 0.003 [-0.0017 |- 0.0040|Watch @ >Al/Fe
Mo| 0.008 | 0.0012 |- 0.0049 |OK
Zn | 0.007 | 0.0037 |- 0.0175 |Possible IEC
i conjunein with e Wisconsin DN an he Wicosin Enironmetal L Associnion (WEL) A
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Compare the ICB to the ICS-B

LOD Blank 1CS-B*

Ag [0.0005 | 0.0009 | -0.0167 |[some interference

Al |0.013 | 0.2974 | 0.7383 |significant T I1EC!

Cd |0.001 [-0.0021 | 0.0003 |Looks OK

Zn |0.007 | 0.0037 |-0.0139 |Small IEC needed?

*Cr,Cu,Mn,Ni, Ti,V @10ppm

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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'PT Sample Results
In 2005, we presented
The “Wibby”...

In 2014,

we upped the ante
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PT Sample Results

Remember...the point of these samples was analogous to an
antiviral application for a computer; the sample was designed
to highlight potential gaps in your interference security
system. If your lab did not fare well, please do not be
discouraged, we will be spending the majority of our time
highlighting what the likely causes of these results are and
how to correct them.

Please also understand that these results are in no way
reflective of any lab’s day-to-day performance using ICP.
These samples, particularly the home brewed one, were
specifically presented because of the challenge they pose in
terms of interferents and actual levels of interferents.

Most labs will not encounter samples with such severe
interferences routinely, but in the event you do, this will help
you come up with a plan to upgrade your defense systems.

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

If a window of
opportunity |
W appears, don't pull &
down the shade.

~Tom Peters
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‘PT Sample Game Plan

Interferences:

LOD challenges:

V (15 ppb)
Contaminant issues:
Zn (60 ppb)
Precipitation (?) loss:

Fe (110 ppm) Cr (25 ppm), Mo (17 ppm), Ti (8 ppm)

Al (50 ppb), Sb (75 ppb), Be (5.5 ppb), Pb (40 ppb),

Ag (3 ppm)

Every lab analyzing
them did fine on the
following elements:
Ba, Ca, Cr, Cu, Fe, Mg,

Mo, Na, Sr, Ti

10 out of 27 elements passed by all

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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*...but there was trouble w/these &
#reptd #ok| A bias W Bias False -
V 11 2 3 2 4
Sb 13 5 7 0] 1
Be 14 6 0] 5 3
Al 14 7 6 0] 1
P 7 4 3 0] 0]
Zn 17 10 7 0] 0]
Tl 13 8 1 2 2
B 12 9 2 1 O
Pb 17 13 0] 3 1

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN L
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'PT Sample: IS and IEC effects

s B M E M TRUE

w5

o S 2 B B M M value
O«N\X@Q‘s - Al 453 428 562 483 50
& &0&0 o Sb 381 367 621 589 75
© 6\9\6' As 296 285 101 91.3 100
o Ba 890 867 899 873 880

Be 7.8 76 50 53 5.5

Internal B 623 605 834 804 750
standards not Cd 38.0 37.0 36.0 350 35
ascritical  ca 142 132 142 132 13.5

becausethere ¢ 6730 25338 26243 25350 25000
is no matrix!

Co 257 237 253 236 240
Cu 1256 1221 1328 1286 1300
Fe 117 111 118 111 110
Pb -12.0 -13.4 404 40.0 40

— WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
DEPTOF NATURAL RESQURCES in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

"PT Sample: IS & IEC effects

s? X M M TRUE
gc2 X & M M value

& Me 83 84 89 84 8.75
Sy M 4% 418 430 42 430
«N"@QOS 2™ Mo 16965 16390 16978 16403 17000
vo @XY‘* P Ni -3.7 -42 303 295 30
\Ne\’%&oﬁ A& K 80 75 78 74 7.5
™ se 131 130 25 238 250

Ag 3305 3322 3087 3110 3000

Na 151 141 151 141 14

Sr 1518 1448 1516 1448 1500

T 28 27 90 8 75

Ti 8279 8056 8276 8053 3000

vV 171 -160 67 161 15

Zn 1333 -151 552 559 60

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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All axial
H)T sample — Mo, -Mo,Ti IEC
TV -MolEC —Mo,TiI[EC all IEC

Al 396.153 50 [ 490 | 490 49.6 | Mo
B 249677 750 | 764 | 758 842 other
Be313.107 5.5 5.1 13.6 52 |Ti

P 178.221 100 61.8 57.8| 105 Mo,?
Pb220.353 40 |- 13.7}- 16.2 39.0 | Mo
Sb206.836 75 144 |- 122 67.4 |Mo,Ti
Se196.026 250 | 235 235 235 Neither
Tl 190.801 75 79.0 2.0 79.0 | Ti

V 292.402 15 |- 7.2]- 0.9 16.1 | Mo.Ti
/N 206.200 60 46.3 46.3 53.5| Mo

Just removing 2 IECs shows that Mo and Ti
were major problems for difficult analytes - B

E
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Changes in IECs from 2 ppm to 17 ppm Mo, 8 ppm Ti
Before After Before After
Mo 202.031 % change Ti336.121 % change
2 ppm 17 ppm 2 ppm 8 ppm
Al '396.153 axial 24.7235| 26.9535 109%
Sh '206.836 axial -14.0392| -12.835 92% 2.755
As '188.979 axial 5.789 7.2234 125% -1.97| -3.7825 192%
Ba '233.527 axial -0.726 -0.726|no change
Be '313.107 axial -0.00583 new 0.85583| 1.060593 124%
B '249.677 axial -1.9665| -4.79047 244%
Cd '214.440 axial
Ca 317.933 radial
Cr '205.560 axial 0.863444( 0.51334 59%
Co '228.616 axial -1.62173| -1.62173|no change 2.34087| 2.34087|no change
|CI.I '327.393 axial -6| -6.0604 101%
Fe '238.204 radial
Pb '220.353 axial -2.22817| -3.22628 145% -0.3156 new
w
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Changes in IECs from 2 ppm to 17 ppm Mo, 8 ppm Ti

Before After Before After
Mo 202.031 % change Ti336.121 % change
2 ppm 17 ppm 2 ppm 8 ppm
Mg '279‘077 radial
Mn '257‘610 axial
Mo '202‘031 axial 0.63785 new
Ni '231‘604 axial -2.43243| -2.19289 90%
P '178‘221 axial -2.66056 new -0.4928 new
K '766‘490 radial
Se '196‘026 axial
Ag '358‘289 axial -6.045| -5.8001 96%
Na '589‘592 radial
Sr '407‘771 radial
TI '190‘801 axial -11.6478| -9.5717 82%
Ti '336‘121 axial 0.16409 |new
v '292‘402 axial -1.4245 0.91222| 0.77957 85%
Zn '206‘200 axial -0.43591 |new
9 14_ #inte-r‘ferents 7 11
— WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
DEPTOF NATURAL RESQURCES in conjunction with the Wisconsin DNR and the Wisconsin Environmental Lab Association (WELA)

Examples from
the (PT) sample
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Interference of Mo on V

0 Vanadium
50.9415

Melybdenum
9596

Mike 292
Delta 292 40
November 292.401 (Alpha 292 464
India 790 88| |* SLH * 292.403 |Golf 292 464
Kilo 290 gg| [Erave 29240 Hotel 3102
Juliet 292.402 (lima 311.837
ﬂl:]scar 29240
Papa P-E 292 .40
Papa Thermo 292 40 w

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Interference of Mo on V

TV=15 Acceptance =12.8 —