: DO

Guidelines for

Trouble Shooting
. 5 and Maintenance of
Teg0q® ICP-MS Systems
c0 @ @ o
g

Simple things that will save
you time and money



Common ICP-MS Problems Reported by Customers

Sensitivity:
. Sensitivity is worse than it used to be
. How come | can’t get the instrument to meet published detection limits?

Precision
. Sensitivity is acceptable but precision not

Accuracy
. Instrument does not give the “right” results.

Need to improve Sample Throughput

. Need to minimize vial to vial run time
. Nebulizer and/or interface cones require frequent maintenance

ICP-MS Maintenance & Trouble Shooting Mar. 2014
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Causes of Poor ICP-MS Sensitivity

Worn pump tubing

Blocked nebulizer

Partially blocked injector in torch (rare)
Partially blocked interface cones

Poor optimization — especially the neb. flow
Extract/Omega lens needs cleaning
Insufficient argon pressure or flow

Tuning — use of non-standard tune settings

Contaminants in reaction gas (02, H20, organics...)




Causes of Poor ICP-MS Precision

Worn pump tubing

Nebulizer condition and performance

Air leaks in transfer tubing

Sample line not grounded

Interface cones not “conditioned” with your sample matrix
Poor optimization — especially the neb. flow

Method setting — appropriate stabilization times?
Nebulizer choice for your samples

Wash-out (memory effects)

Incomplete mixing of online ISTD with sample




Causes of Poor Accuracy in ICP-MS

Old calibration standards (contamination, precipitation, evaporation...)
Standard preparation

Differences in stock solutions between suppliers

Use of AA grade standards

Choice of internal standard (sample may contain ISTD elements)
Insufficient stabilization time

Incomplete digestion — particles in solution

Wash-out (memory effects)
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ICP-MS Sample Introduction System Tips

v
Do: Don't:

Check MassHunter performance Assume system is still optimized
report at beginning of day

_ _ _ Overtighten the pressure adj. screw
Check/adjust the peri pump tubing on the peripump

Check the blank reading Use DI water as rinse water

Rinse before samples & at the end of ~ Wait until the last minute before
the run (multiple blanks at beginning  maintaining system (pump oil,

of batch) peripump tubing, cone cleanlng
- Match rinse and sample acid lens cleaning...)
composition
Clean the cones/extract lens as
needed

Condition the cones after cleaning if
running high matrix samples




Drain tubing 1.52 mm ID
Agilent P/N G1833-65570 ==

Peri Pump Tubing Tips AN
- '\')
-~ -
- Tubing diameters §<
« Want tubing used for waste to be larger ID than sample tube ID e R
=
- Chemical compatibility s
« Ensure tubing is resistant to the solvent being used —;”.
~
- Replace frequently §\
» Precondition new tubing before analysis (wash, stretch ...) \‘; //f , ;// |
» Using “old” tubing can lead to problems with precision and stability = 4
+ Typical lifetime is ~5 days based on normal 8 hour working day ‘gamme tubing 1.02 mm ID
- Detach from tube holder after use — allows tube to “relax” Agilent P/N G1833-65569

- Enable “post peripump rotation” to avoid flat spots

B e S
Maintaining tubes — What to check? F

» Check 2 key things on pump tubing —
 Signal pulsation can be caused by:

- Roundness of tube — should not be any “flat” spots

- Tubing should still be elastic — replace if obviously stretched
» Don't over tighten — just need smooth and even sample flow

ICP-MS Maintenance & Trouble Shooting Mar. 2014

Agilent Technologies

7



Peri Pump Tubing Tips

Symptoms:
- Peri pump tubing that looks/feel worn or has a strange color
 [F IN DOUBT, CHANGE IT

— Erratic liquid flow
» Check peripump clamp tension
- Bubbles in the liquid stream

« Check sample introduction fittings, tubing and connectors for loose
connections

— Spurting Nebulizer or disconnecting tubing segments
* Plugging in the transfer line (check grounding connector).




Sample Introduction
— Nebulizer Tips

Think “PREVENTION”

- Micro-flow nebulizers

- Zero tolerance to undissolved solids (particulates)
 Plugging of annulus and/or capillary
* Filter/Centrifuge/gravitational settling — sampler positioning
» Use only lint-less wipes

- Autosampler enclosures

- Rinse at least 10 minutes with a reagent blank before
extinguishing plasma

1. Image modified from “Pneumatic Nebulisers and Spray Chambers for Inductively Coupled Plasma Spectrometry. A Review, Part 1. Nebulisers*
by Barry Sharp, JAAS, vol.2, p. 613-652, 1988
2. Image provided by Meinhard Glassblowing Products
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Cleaning the Nebulizer

Never sonicate or attempt to clean with wire!

For normal cleaning:
» Soak in 5% nitric acid for ~10 mins.

To remove a nebulizer blockage:

M

* Reverse pump the nebulizer with the tip in solvent; OR

» Apply suction from the wide end of the capillary using a vacuum
aspirator; OR

» Apply high pressure clean air via a tubing snugly fitted over the
nebulizer tip (use with caution); OR

» Use a dedicated nebulizer cleaning tool to force methanol solution
through the tip

For salt deposits:

» Soak the nebulizer overnight in a beaker of 25% Fluka RBS-25
detergent. Rinse with pure water

For “stubborn” deposits:

+ Soak the nebulizer overnight in conc. nitric acid. Use a pipette to
ensure there are no air bubbles in capillary. Rinse with pure water

Pressure —>»

—_—

Do not use an ultrasonic bath.

'

i Agilent Technologies

Nebulizer cleaning tool
P/N G3266-80020

ICP-MS Maintenance & Trouble Shooting Mar. 2014
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Cleaning the Spray Chamber and Torch

For routine cleaning, soak in 5%
nitric acid for ~30 mins

* Rinse, allow to dry and refit
* Do not sonicate torch

5% Nitric'Acidisolution

» Other acids may be useful (aqua-
regia) for difficult to remove deposits




Interface Cone Choices

- Nickel cones are standard
+ Inexpensive
- Good thermal and chemical resistance
- Typically use 2-3/year (based on ~350 samples/day)

- Pt tipped cones are optional (trade-in program
available for spent cones)

- Essential for users wanting to analyze aggressive acids
(esp. HF digests)

- Also used when O,/Ar option gas is used to analyze
organic solvents

- Typically use 1/year (based on ~350 samples/year)

ICP-MS Maintenance & Trouble Shooting Mar. 2014
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Interface Cone Cleaning

For normal contamination:

Just need a simple clean with pure water:

 Dip a cotton swab in pure water and clean
both sides of the cone

* Rinse with pure water

« Ultrasonic clean the cones in pure water for
more than 5 minutes

« If performance is still not satisfactory, may
clean with a 2% Citranox solution

« May require abrasive polishing if deposition is
stubborn (polishing paper or “Barkeepers
Friend”

* Do not soak in dilute acid solutions for
extended time

 Never use concentrated acids for cone
cleaning

ICP-MS Maintenance & Trouble Shooting Mar. 2014
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ICP-MS System Optimization — Startup Tune

» Startup provides a simple, /\\ﬁjm o]
user-configured schedule of O e a ‘ — S
system optimization and o o] vt e i[5
performance checks — ——

* One-click simple plasma

optimization
« Ensures consistent
performance from day to day — s S e .
e e e
* Independent of operator Fi—ets
experience B ——
. b o —7
« Automatically generate a i | pemvee |_WE T
Performance Report Ricins | = ga f
Torch-V (Cool) | 05 mm ’W, |l }
» Provides a continuing record of L“'WL f
system performance (great for | [
troubleshooting) N p— —
-2 :
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[# [ Agilent INTERNAL USE ONLY!! ] Online ICP-MS MassHunter
: File Edit View Instrument Tools Help

i oBatch [ | B & (3| Detasnalysis B B B ] B Defoultlayout | 0§ PlasmaOff | ALS [ G 1§ &R I 1 - @ e
Task Bar X ||Hard > Mainfr > Perfe Report o0ox
Hardware

[~]

1 , A . - A\
Early Maintenance Feedback '_ _ N @- \#
¥ Saa

Instrument Status O x

[ [aw

IF/BK Press | 243E+2| Pa Performance Report
25 Maintenance Log
Water Tem 5| T
? Cemmunica tion... Collision/
Mainfrz Plasma lon Lenses R jon Cell Quadrupole Detector
Carrier Gias 1M | Lfmin ICP-MS Opticn... fon
Sample Introduction de Model
Reflected 8 w Instrument Information... - [PeriPurnp ,] [ﬂqumusﬂ\un ,] [x—LEns -
Power
Vacuum Off Nebulizer
Diagnosis =
Y=
Performance | Hyy Setiings / Tune Parameters | Meter | Other |
P g gl 1 m
Mass 7 a9 205
Hardware Performance Report

WWWWWW RN E 2R T is run under “standard” (factory

Integration Ti | 0100 sec CheCk-Out) Condltlons

Sampling Peri | 0.311 sec
Oxide 156/140 073%

Gives record of performance
history under consistent default

u Mass I 7 | 89 | 205 lﬂ
[Rosolutonros tuning conditions.
e T T T s Note this is different to the “Tune
Eﬁ i _ _ o Tom To oo Report”, which is generated

22760 sec

P e vV using Batch tune conditions

Ena_\ysws 1
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Tips to Reduce Contamination

Contamination can come from anything that comes into
contact with your sample during storage, digestion
(dilution) and analysis

CERTIFICATE O F A NALYSIS

- Always buy the best reagents necessary BASELINE® Nitric Acid

fOI’ yOUI' appllCathn - USG hlgh purlty Or — PRODUCT NUMBER: 020101 LOT NUMBER: 1211120 ASSAY (HNO3, wiw): 68%

trace metal grade e e e e
- Reseal immediately after use T e e
- Other common contamination sources B R 8 [ o e T T T
= Reagent Water | “qm:' “<1&io_;;.1:0.-0: 7’( 10“ "<1w 7s<0.1h ~N<1“”9<;IMI u( 1’0“ ‘: OO.“:‘I n((),:b 5:0.0: ‘
- FEP containers preferred

» Borosilicate glass can contribute Boron
contamination

- Airborne dust in the lab.
Pipette tips
* Don'’t insert pipette tips into your acids

» Use natural tips — colored tips may increase
contamination (Cu, Fe, Zn, Cd)

Powdered gloves (esp. for Zn)
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Tips to Improve Accuracy — Internal Std. Recovery

Agilent INTERNAL USE ONI MS Data Analysis
Fe Edt Vew Process DAMethod Report Tooks Gbbal Help ° I ntern al St an d ard m ay
PR | & Ga (7 DavethodEdkor | £ Process Betch | DefaukLayout © 8 Conc 28 Court | BB B
Batch Table - Fullluant x
sample: 4y §F | Sample Type: <all> v analyte: €3 140 Ce [ Nogas ] ~ E) I5T: 166 Er [Nogas ] Tune Mods: | <Al> v Herviveevee n Ot be m atC h e d to
Fullluart |
Sarnple 205 Tl [Nogas] Replicate Data 186 Er(ISTD) [Nogas] 186 Er{ISTD} [Nogas] Replicate Data = I I P IVI
¥ [ Rict | Tope Sample Name opl1 | Repl2] P Rep2 | Rep03] P Repl3 | Ganc. Replt | Conc, Repd2] Conc. iepl3|  CPS | OPS RAD | GG Meas..| Repll | CPG Repli | Repl2 | CPS Repll2 | Repl] CPS Repla | Conc. epll | Cane, Repll | Canc, Repl3] ana, yte ( y ass,
& O | AlRet | tune g7a| [ | 25772 O | 2489708 0.045 0928 0948 | B1055.02 23| 12| O | moeenss| O | ezsap | O | sodz600 .
B O | Sample | blank 00| O ao| O 4500 0001 0000 I 06 ase| O | soao0ae| O | soversz| O | sezzere C h e m I Stry )
10 [0 | sample | blank 000 | O 1500 O 3000 1.000 -0.001 0.000 | 59727.92 11 91| O | soa2es| O | sevwg4s| [0 | #004733 e
o+ | 0ol tunef5 563 | O 385566 | O 359055 1,662 0723 0639 | 6280614 21 1033 O | wo7es0| O | e150858 | O | 63099.83
e 0 | ooy tune 816 | [ | w452a54| [ | 2486198 0984 0918 0044 | 5957438 15 o7 | [0 | seear7z| [0 | ewas839) [ | sog1508 . « .
13 ) v | 0| cce blank oo | O s500| O 65.00 0.000 0001 0001 | 6020174 mm O | sosenzs| O | sesos72| O | 6051923 .Always I n CI u d e q u ICk_
4w | O icse blank 500 O 0| O 45.00 -0.001 0.003 0.003 | 6055633 25 9a4 | O | sooszzs| O | 6225665 | O | 5938005
15 [ | AlRet tune/5 063 O | 3e0545| O 371557 0723 0589 0688 | 6070747 12 97| O 117270 | O 1744 | O | 5983226 M . 4
i O | Ret | tune 748 | [ | 2518253 [0 | 2426573 0925 0966 0010 | 6024843 20 989 | [ | w1327 | [ | ssoseso| [ | 6034344 Sca n I n yo u r a Cq u I S Itl O n
17 [ | Sample | blank 500 O 5500 [ 55.00 0.001 0.001 0.001 | 5988711 18 963 | [0 | seeeei3| [ | sesarsz| [ | 61097.29
18 [0 | sample | blank 500 O sno0| O 35.00 1.000 0.002 0.000 | 60207.99 17 9gs | [ | sioezs| O | sooesso| [0 | 6052919
4o lv | O ol tunef5 555 O 36052 | O 372558 1.650 0669 0725 | 5878348 34 962 | O | s1eed8s| O | sereas? | O | 5775881 -
20 O | sample | tune 615| [] | z47eese| [0 | 2444625 0954 0.956 0827 | 5874578 16 964 | [0 | sre1393| [0 | serzezo | [0 | se7mi2o0 L L4 I ST D m ay be p rese nt I n
v
1K 3
STD Stabilly Graph * |[CalibrationCurve -5 /(7 elements) x S am p I e
L% & E cfr & Q| 2 proessBach | Curve Fit: Linear v origi: Blank offest v Weight: <Mone> v ISTD: 166 -
Bl
140 Ce [Nogas] ISTD: 166 Er [Nogas]
‘Make sure alternate
R = 1.0000
- 165 1 [ Nogas ] g&”g%ﬂg&g@;gﬁh . .
....................................... ISTDS are available in
FR 1Y SRS S S A S S -
your ISTD mix
&
i 2
o ol el el sk ol i
*Reprocess data post
CfETigfriEgiifEiigEi:
run using an alternate
\ .
internal standard
blzrk. 140 Ce [Nogas | 20 Samples (20tota]

—
14 start | @ tmbox - Maibo ks tomicsp..
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Online Internal Standard Addition Considerations

Most common problems:

1. Long ISTD stabilization times
» Disruption of flow ratios (ISTD/Sample) Tubing from ISTD mixing tee to
nebulizer is too narrow - use 0.5mm id tubing on ISTD and sample lines
(if not using ISIS)
* Restrictions downstream from mixing Tee change flows during
high uptake flow.
«  Use “monitor mass” function to identify problem before
acquisition begins
2. Sporadic high RSD on ISTD replicates
* Inconsistent mixing (ISTD/Sample)
 Add 0.1% Triton X-100 to internal standard mix to enable mixing of
ISTD with sample
3. ISTDs increase with higher concentration calibration points
 Improperly grounded flow path
* Insure grounding Tee is correctly grounded

ICP-MS Maintenance & Trouble Shooting Mar. 2014

Agilent Technologies

Page 18



ICP-MS - Potential Autosampler Issues - ™

- Issues to consider:
» Longer transfer tube between sampler and ICP-MS

May need to program a longer sample uptake delay

May exacerbate problems with memory effects

Dust can introduce contamination

Sample evaporation may occur during long unattended runs

Sediment in the sample may settle out

* Ensure transfer line to ICP-MS is clean
- Indicated if Th, Tl or Sb carryover is a problem

- May require ~ half hour cleaning with SC1 and SC2 (plasma off, nebulizer removed

from spray-chamber)
e SC1 = 1:1:5 ammonium hydroxide: H202:DI water
*+ SC2=1:1:5HCI:H202:DI water
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MF (Early Maintenance Feedback

[# [ Agilent INTERNAL USE ONLY!! ] Online ICP-MS MassHunter - Water cb

i File Edit View Instrument Tools Help

Batch (¥ | 8| & (& | Datadnalysis B B8 | B & B Defaulilayout | 9 PlasmaOff | ALS iy &y f8 I I s
Task Bar % ||Hardware ox
Hardware

Collision/

Mainframe Autosampler(ALS) Plasma lon Lenses Reaction Cell Quadrupole Detector
Type Sample Irtroduction Ignition Mode: Model
[ASX&ZD '] [FeriPump '] [Aquecus Solution '] [:H.ens b
Autosampler Rack Nebulizer
2 | [MicroMist -

| System Running Time
Power ON 1034 hours
Vacuum ON 1034 hours:
Plasma ON 1034 hours:
Faore Line Pump 1034 hours
Turbo Pump 1034 hours
Plasma EMF |||/ vacuum Ene |
Clean Extract & Omega Lens LLLLLLLL DL L L LDl 133‘; Check Fore Line Pump Qil 13;;
Clean Sampling Cone [ ; ] ;g% Change Fore Line Pump Oil ;g;;
Clean Skimmer Cone [ ; ] 133% Change Oil Mist Filter . J ;g;;
E% B Change PeriPump Tube [---------------------u i ] 12%
% gateh Clean Nebulizer
et Clean Spray Chamber
Hardware
»

Transition to Non Gas  Elapsed Time: 14/ 40 min
BN < @ saem

| S P
88 Camtasia Studio - 5. (B Microsoft Excel - E. = Camtasia Recorder I Camtasia Studio & [ Agilent INTERNAL 3T Agilent INTERNAI

EMF window shows usage of various components and
predicts when to perform maintenance (user definable)
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ICP-MS System Tips — User Log

Add Maintenance Log @
» Use the “Maintenance Log” to record T Do Commtneas o rono
routine and non routine maintenance (tntes  Dmoiten D owpromntrs Marar
activities gmm ‘ mi  Comar
Ceaned Spray Chamber [} Changed Cooling Water Fiker
Changed Spray Chamber Changed lon Gauge
* Maintenance log can track: R i)
- When the maintenance activity was Enter your Comment
completed
- Operator who completed the maintenance N i ‘i ' ' /L& %
- Type of maintenance activity — \m. e e P

Any operator comments

Mainframe
dAddMut nance Log éwl Maintenance Log
1 Date and Time Operator l Maintenance Log
i 1 g:::i‘mn:dFFovlelmePPumpo?l I refer 1o the 7900 Maintenance Video
B 1292013111923 AM Youo Conﬁrg:ed g:a.lr::a ;rnep I\Ima! Filter
‘ | Changed Foreline Pump Mist Filter
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Where to Find the Right Consumable?

Analytical Consumables: Agilent Assist:
Consumables & Supplies Instrument Sales &Services
1-800-227-9770 (Option 1,1) 1-800-227-9770 (Option 1,3)

www.adilent.com/chem/contactus www.agilent.com/chem/contactus

On-Line resources:

ICP-MS Parts & Supplies

2nd Edition Speciation Handbook

ICP-MS Journal Archives

ICP-OES Parts & Supplies

Atomic Absorption Supplies

AA FAQs

Instrument Parts & Supplies

T eandof Coercn Ji. Agilent Technologies

: - SPECTROSCOPY
Atomlc SDeCtrOSCODV ADDllcatlon NOteS Your Essential Resource For Supplies

Recorded Agilent e-Seminars

Agilent Quick Reference Guide for ICP-MS (pub. # 5990-8182EN)

Agilent Spectroscopy Supplies Catalogue (pub # 5991-1060EN)

Instrument User Manuals
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http://www.agilent.com/chem/contactus
http://www.agilent.com/chem/contactus
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Spectroscopy/ICP-MS/Pages/default.aspx
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Spectroscopy/ICP-MS/Pages/default.aspx
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Spectroscopy/ICP-MS/Pages/default.aspx
http://www.chem.agilent.com/en-US/promotions/Pages/speciation2_eHB.aspx
http://www.chem.agilent.com/en-US/promotions/Pages/speciation2_eHB.aspx
http://www.chem.agilent.com/en-US/promotions/Pages/speciation2_eHB.aspx
http://www.chem.agilent.com/en-US/promotions/Pages/speciation2_eHB.aspx
http://www.chem.agilent.com/en-US/search/library/Pages/LibrarySearchResult.aspx?a=scope:"Library+Content"++Title:"icp-ms+journal"+ContentType2:Newsletter&w="Language"+=+'English'
http://www.chem.agilent.com/en-US/search/library/Pages/LibrarySearchResult.aspx?a=scope:"Library+Content"++Title:"icp-ms+journal"+ContentType2:Newsletter&w="Language"+=+'English'
http://www.chem.agilent.com/en-US/search/library/Pages/LibrarySearchResult.aspx?a=scope:"Library+Content"++Title:"icp-ms+journal"+ContentType2:Newsletter&w="Language"+=+'English'
http://www.chem.agilent.com/en-US/Products/columns-supplies/instrumentparts/icp-ms/Pages/default.aspx
http://www.chem.agilent.com/en-Us/Products/columns-supplies/instrumentparts/icp-oes/pages/default.aspx
http://www.chem.agilent.com/en-Us/Products/columns-supplies/instrumentparts/icp-oes/pages/default.aspx
http://www.chem.agilent.com/en-Us/Products/columns-supplies/instrumentparts/icp-oes/pages/default.aspx
http://www.chem.agilent.com/EN-US/SUPPORT/FAQS/Pages/default.aspx
http://www.chem.agilent.com/en-Us/Products/columns-supplies/instrumentparts/aas/pages/default.aspx
http://www.chem.agilent.com/en-US/Products/columns-supplies/instrumentparts/aas/mark7spares/pages/orderingdetails.aspx
http://www.chem.agilent.com/search/?N=28+57&Ntt=240FS AA
http://www.chem.agilent.com/en-US/Products/columns-supplies/instrumentparts/pages/default.aspx
http://www.chem.agilent.com/en-us/search/library/Pages/default.aspx
http://www.chem.agilent.com/en-US/Search/Pages/SearchResults.aspx?k=eseminar&a=scope:"English"
http://www.chem.agilent.com/en-US/Search/Pages/SearchResults.aspx?k=eseminar&a=scope:"English"
http://www.chem.agilent.com/en-US/Search/Pages/SearchResults.aspx?k=eseminar&a=scope:"English"
http://www.chem.agilent.com/en-US/Products/columns-supplies/instrumentparts/icp-ms/Pages/default.aspx
http://www.chem.agilent.com/Library/selectionguide/Public/5990-8182EN_7700_ICP-MS_Supplies_QRG.pdf
http://www.chem.agilent.com/Library/selectionguide/Public/5990-8182EN_7700_ICP-MS_Supplies_QRG.pdf
http://www.chem.agilent.com/Library/selectionguide/Public/5990-8182EN_7700_ICP-MS_Supplies_QRG.pdf
http://www.chem.agilent.com/Library/catalogs/Public/5991-1060EN Spectroscopy.pdf
http://www.chem.agilent.com/Library/catalogs/Public/5991-1060EN Spectroscopy.pdf
http://www.chem.agilent.com/Library/catalogs/Public/5991-1060EN Spectroscopy.pdf

Summary — To Achieve Quality Data

* Most “instrument” failures occur in the sample introduction area
- Includes

Interface cones
Peristaltic pump tubing
Drain Assembly

Torch

Spray chamber
Nebulizer

» Improper maintenance of this area can result in poor data quality

* Frequently less experienced analysts can fail to recognize problems resulting in
productivity losses

 Establishing maintenance procedures can prevent problems
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