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Introduction 

This manual is made to be a comprehensive refresher for people who have previously been 
trained to use the instrument. It is divided into individual sections which are often interrelated 
and may not be next to each other. Refer to the concise operating procedures for either liquids 
or laser ablation. In the concise procedures, references will be given to in-depth instructions 
located in the document in case you need more information. 
 
In case there are issues, see Section 14. Troubleshooting and Error Help. Make sure you 
contact the lab manager with any issues or trouble you are having. 
 
 Kyle Mikkelsen The local login for the computer is 
 Lab Manager required due to proper instrument 
 mikkelk@wwu.edu file permissions. It is as follows: 
 Tel: (360) 650-4280  Login: .\AMSEC 
   Password: AMSEC 
 See the sign outside the office 
 door for Kyleôs current location. 
 ES 130 (down the hall from the lab) 
 Juliet (ES 131) can always 
 contact me if I am in the office. 
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Instrument Hazards and Best Practices: ICP-MS 

This document will cover the inherent hazards when utilizing this piece of equipment as well as the best 
practices and procedures to avoid danger. These hazards will not include basic things that may be 
included in the basic safety training document that each user has attested to have reviewed at 
fom.wwu.edu/documents. 
Lab coats are to be provided by the user unless special hazards exist in which case, they are 
located at the PPE station. 
 
Hazards: 

- Chemical exposure 
- Compressed gases 
- Ultraviolet light exposure 
- Ultraviolet laser radiation 

 
1. Required PPE 
 Appropriate laboratory attire is required at all times in the AMSEC laboratories. Whenever 
chemicals are being used, an additional requirement of a lab coat is required. Lab coats are to be 
provided by the user. 

Whenever a user is in the AMSEC labs, the minimum requirement for eye protection is wrap 
around impact glasses. Anytime liquid chemicals are present in the same room as the user without a 
direct barrier, all users in the lab must wear chemical splash goggles. Splash goggles must be approved 
by State of Washington Administrative Code (WAC 296-24-078). 

If chemicals being used are considered toxic, caustic, corrosive, flammable solvents, 
carcinogenic, mutagenic, or teratogenic, a minimum of disposable nitrile gloves is required. Avoid 
chemical transfer by taking off gloves when using anything other than the chemical(s). 
 
2. Compressed gases 
 All users must have completed the compressed gas and cryogenic liquid training before 
accessing this equipment or touching any compressed gas cylinder or cryogenic liquid tank. All prudent 
practices dictated in that training as well as associated training documents must be strictly adhered to at 
all times.  
 
3. Ultraviolet light exposure 

The argon plasma associated with this instrument emits harmful levels and wavelengths of 
ultraviolet radiation that is harmful to the eyes. Every effort is taken to reduce the risk of ultraviolet light 
exposure; however, it is impossible to eliminate all possibilities, especially when an accessory item such 
as the laser ablation is being used which isnôt designed with that in mind. 

It is recommended to avoid eye contact with the plasma at all times unless using the properly 
shielded window located on the front of the instrument. Placing the protective orange plastic over the hole 
where the sample is introduced is also recommended to reduce the possibility of making eye contact. 
 
4. Ultraviolet laser radiation 
 The ICP-MS is equipped with a laser ablation accessory system. It utilizes a high powered, 213 
nm laser to ablate samples. This laser system is designed with many interlocks and safety devices in 
place to prevent users from ever being exposed to the laser. Under normal operation, the chances of 
being exposed to the laser are almost zero. If any interlocks are not satisfied and cannot be remedied by 
the user, the lab manager must be notified, and the user should cease use of the system immediately. 

At no time should anyone tamper with or attempt to dismantle or repair any part of the instrument. 
Failure to follow these instructions could lead to serious injury or death. 

 

http://fom.wwu.edu/fom/documents
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1. Concise Operating Procedures 

The concise operating procedures outline the necessary steps and reference relevant sections 
for more detailed instructions. 
 
1. Check the hardware setup and change to 

laser ablation if necessary. 

2. Setup sample in laser and purge cell with 

helium flowing. 

 

3. Turn He flow to 50 before igniting plasma. 

4. Load your tune file  

5. Ignite the plasma.  

(Check Configuration File)  

 

6. Turn gas up to running flow rate. 

7. Load your method file. Edit as required. 

Choose Method Ą Load  

8. Create your batch file.  

9. Setup your scan pattern(s) 

10. Run your scans and acquire data 

11. Export your data.  

 

12. Turn off the instrument.  

a. Shut off plasma if not already off 

b. Shut off helium flow and remove sample 

c. Turn off laser power supply key 

d. Shut off the argon and water chiller 

16. Take your samples and clean up.

Section 3. Hardware Setup 

 

Section 5.1. Loading a Sample and 

Section 5.4. Gas Flow 

 

Section 5.4. Gas Flow 

Section 10.1. Selecting a Tune File 

Section 4. Igniting the Plasma 

Section 6.1. Before Starting the Software 

 

Section 5.4. Gas Flow 

Section 7. Creating/Editing a Method 

 

Section 9.2.1 Creating a Batch File 

Section 5.3.2. Software Layout 

Section 5.5. Analyzing a Sample 

Section 9.3. Exporting and Viewing Data 

 

Section 12.2. Shutting Down

  



 

AMSEC 2015 Back to Concise Procedures 2 
 

2. ICP-MS Theory and Operation 

2.1. Instrument Operation 

2.1.1. Plasma 

 Inductively coupled plasma-mass spectrometry (ICP-MS) is a technique that utilizes an 
extremely hot argon plasma of ~10,000 K for the purpose of atomizing/ionizing any sample for 
trace elemental analysis. The sample introduction method for this system is either a liquid 
autosampler capable of continuously running up to 200 samples or a laser ablation system 
which utilizes a 213 nm high powered laser to ablate a solid sample which a helium flow then 
takes to the plasma. Regardless of the sample introduction method, the operation of the 
instrument itself follows the sample principles.  

The argon plasma is capable of breaking apart any molecule into atoms while 
simultaneously ionizing these atoms. Ionized atoms and molecules interact with magnetic fields 
due to an induced dipole from the loss of an electron, but we only want to measure atoms and 
not molecules. Therefore, a series of electromagnetic lenses have been devised to focus the ion 
beam and remove any polyatomics that may have been formed by the plasma or recombined 
after going through the plasma. 

2.1.2. Interferences 

 The large majority of the ICP-MS system is dedicated to removing interferences. What 
exactly are interferences? This term refers to anything that can interfere with the analyte mass 
in question. The masses are measured at the end of the instrument by an ion counter. This 
counter doesnôt know what is hitting it, it just counts the ions that hit. The quadrupole located 
directly before the ion counter is what filters out every ion except the one to be measured, and it 
is here that the effects of interferences are seen, but you donôt know it. The quadrupole filters 
things by their mass to charge ratio. This means that if you are analyzing an ion of iron such as 
56Fe+ then the mass to charge ratio is 56/+1. There are other things that can result in the same 
mass to charge ratio such as argon oxide, 40Ar16O+. This will have the same mass to charge 
ratio and every one that makes it to the quadrupole will be detected as if it were 56Fe. This is a 
simple example of an interference. You may be thinking that ArO should not be a stable 
molecule, especially in an ionized state, and you would be right. This doesnôt apply in a high 
vacuum where the time from formation to measurement is very small. You can easily get an 
interference with three atoms as well. Four atoms is very unlikely. The other option is a doubly 
charged ion. An example of this is easily seen when analyzing a sample for 28Si that also has 
iron in it. The silicon will have a mass to charge ratio of 28/+1, but the iron has the possibility of 
being doubly ionized to 56Fe2+. This would give it a mass to charge ratio of 56/+2 which is 
simplified to 28/+1. This means any iron that gets doubly charged will have the same mass to 
charge as the silicon and will be counted as such. 

2.1.3. Cones 

Upon going through the plasma, a portion of the sample is single, ionized atoms, a 
portion is ionized molecules, and a portion is neutral atoms and molecules. The first thing the 
sample stream comes into contact with is a set of nickel cones. The first cone is called the 
sample cone which is aligned such that only the hottest part of the plasma is sending sample 
into the lens chamber. This is beneficial since the hottest part has the highest amount of ionized 
atoms. The second cone known as the skimmer cone, has a smaller orifice which skims off 
even more of the stream that wasnôt going in a straight line and reduces the sample stream to a 
smaller, more manageable size. Between the plasma chamber and the lens chamber, the 
pressure goes from atmospheric to a rough vacuum of ~10-3 torr. This helps suck in the sample 
stream and allows for less collisions with gas molecules to increase the mean free path of the 
sample stream. 
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2.1.4. Lenses 

After going through the set of cones, the sample stream is subjected to a set of lenses 
which focus the ion beam while allowing a large portion of neutrals to be sucked away by the 
vacuum. The next set of lenses deflects the ion beam by a couple millimeters. This is a key 
feature of the lens set since any neutral atoms/molecules that have made it this far will continue 
to fly straight and are ran into a plate and subsequently sucked into vacuum. The other reason 
for this deflection is to also remove any direct path for photons generated by the plasma to hit 
the electron multiplier tube at the end of the instrument as this would damage it. Up to this point 
so far, we have atomized and ionized a sample and refined and focused the beam into ionized 
atoms and ionized molecules. 

2.1.5. Octopole Reaction System 

The rest of the analyzer chamber is at a vacuum of around 10-6 torr and the ion stream is 
pulled into the octopole reaction system (ORS). This is a specially designed cell with a set of 
eight small rods arranged in a cylinder shape. The rods have an electromagnetic field applied to 
keep the ion beam focused and flying straight. Just before entering the cell, the ion beam 
passes through an entrance pinhole which has a potential applied to it. Any ionized particle that 
doesnôt have enough momentum cannot make it over this potential barrier is removed from the 
stream. Once the ion beam enters the ORS, there is one of three configurations that can be 
used.  

The first is known as nogas mode. In this mode the ORS is under vacuum and simply 
focuses the beam to send it into the quadrupole mass analyzer. The second mode is helium 
mode. In this mode, also known as collision mode, the ORS is filled with helium gas. 
Statistically, larger ions, such as polyatomics, will collide with the helium much more frequently 
than the much smaller atoms that are passing through. This will either cause them to be ejected 
from the cell and sucked into a vacuum pump, or it will cause them to lose so much momentum 
that they will be unable to overcome the cell exit potential barrier. This mode is the most 
effective at removing polyatomic interferences.  

The third mode is hydrogen mode, also known as reaction mode. Similar to helium 
mode, in hydrogen mode the cell is filled with hydrogen gas. Also similar to helium mode, 
collisions take place that remove polyatomics. The difference lies in the fact that the hydrogen 
can easily react with any ion and form a neutral molecule or a polyatomic with 1 amu added to 
the mass. Upon collision and reaction, the now neutral molecule will have changed course since 
it will not interact with the field generated by the octopole and will be sucked into a vacuum 
pump instead of heading into the quadrupole. Hydrogen mode and helium mode are often used 
for only very specific atoms which have specific interferences. Both of these modes severely 
lower the overall counts of everything due to collisions and reactions taking place with both 
atomic and polyatomic ions in the stream, but the interferences are reduced much more than 
the atomic ions. 

The sample stream has now been refined to a very uniform ion beam of only single 
atoms. This beam now enters the quadrupole mass analyzer which is capable of utilizing strong 
electromagnetic fields to ñfilterò out every isotope that is not of interest. The quadrupole will scan 
across the entire range of masses selected by the user to give the mass spectrum of interest. 
The integration time as selected by the user, dictates how long signal is collected for each 
isotope. Once the isotope of interest is selectively chosen by the quadrupole, it then makes its 
way to the end of the instrument to the electron multiplier (EM). In the EM, every atom that hits 
the detector plate ejects some electrons, which then cascade into another plate, multiplying the 
signal by several orders of magnitude until they are finally read at the end as a current. This 
current is proportional to the number of ions detected and results in the counts that are seen on 
the screen. 
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2.2. Sample and Standard Preparation 

 Samples for ICP-MS must be kept as clean as possible. Things such as skin oils, dust, 
contamination from unclean sample holders, and contamination from user error are all things 
that contribute significantly to the error of the measurements obtained with this instrument. 
Proper analytical techniques must be applied to ensure the cleanliness and reproducibility of 
your measurements.  
 

2.2.1. Laser Ablation 

 Samples for laser ablation commonly include thin sections of mineral deposits and other 
rock formations, samples deposited on a flat substrate, and any other relatively flat solid 
sample. Sample preparation for laser ablation is highly specialized to each user and can be 
discussed with the userôs research advisor or the lab manager prior to using the ICP-MS. The 
main criteria are that the sample will fit in the laser ablation accessory sample chamber, and 
that the sample will have a uniform flow for the helium carrier gas. The uniform gas flow over the 
surface is very important to ensure reproducibility of measurements. 
  

9 

1) Argon Plasma 

2) Sample Cone 

3) Skimmer Cone 

4) Lens Stack 

5) Octopole Reaction System 

6) Quadrupole Mass Analyzer 

7) Electron Multiplier 

8) Turbomolecular Pump 

9) Roughing Pump 

1 2 3 4 5 6 7 
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3. Hardware Setup 

3.1. Current Setup 

There are two possible setups for the ICP-MS. One is for laser ablation and the other is for 
liquids. The following two pictures display: Laser Ablation (left) and Liquids (right) 
 

 
 

¶ The instructions for changing from liquids to laser ablation are on the following pages. 
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3.2. Liquids to Laser Ablation 

1) To change from the liquids setup to laser ablation you must first open the torch-box 
cover and disconnect the spray chamber ball joint by removing the spring clamp as 
seen: 

 

 
 

2) Unscrew the two white knurled nobs and remove the spray-chamber cover. Then 
disconnect the carrier gas line from the nebulizer (careful as the glass piece is very 
expensive) by pushing down on the plastic yellow ring while pulling on the tube, there 
should be instructions for this part posted on the instrument as well. Be very gentle as 
this setup costs ~$1,000: 

 
 
 
 
 
 

 
  

Hold yellow part down 

Gently pull tube out 

Ball Joint 

Knurled Knobs 
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3) Carefully remove the spray chamber and set it down so that the tubing isnôt stressed. If 
the drain tube comes out with the chamber, simply detach it.  

 
4) Place the laser sample introduction ball joint in place and clamp with the spring clamp. 

Then insert the carrier gas line snugly into the other tube attached to the sample 
introduction tube going to the laser ablation accessory and close the torch-box cover: 

 
¶ The ICP-MS is now ready for use for Laser Ablation! 

 
 

Carrier Gas Line 

Drain Tube 
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4. Igniting the Plasma 

4.1. Turn on the Water Chiller 

¶ The water chiller is located in ES 128B. This is the small room just adjacent to the ICP-MS 
room. The chiller should turn on around room temperature and then cool to ~20°C. 

 
¶ You must turn on the water chiller before lighting the plasma. If you forget, it will not damage 

the instrument, but you will receive an insufficient water flow error. 

4.2. Turn on the Argon 

Argon Manifold Operation 

 
To operate: 

1. Open both argon tanks. Check pressure in each. 

2. If one tank is below 250 psi, change according to procedure below. 

3. Check that output pressure is between 50 and 100 psi. Adjust as necessary.  

When finished: 

1. Change tank(s), 

if required. 

2. Close both argon 

tank valves. 

 

 

Argon tanks 

Purge valves 

 

Tank pressure 

 

 

Output 

pressure 

 

 

 

Output pressure 
adjustment  

 

 

 

 

Primary tank 
selector 
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To change a tank: 

1. If a tank has dropped below 250 psi, it can be changed whether the argon is being used 

or not. 

2. Turn arrow knob toward the tank with more argon. 

3. Close tank valve of empty tank. 

4. Disconnect nearly empty tank, cap it, and replace with a full one. 

5. Strap full tank in, remove cap, and attach pigtail hose. 

6. Open tank valve for the tank you just attached. 

7. Slowly open purge valve for the tank you just attached and purge for 5 seconds. You do 

not have to purge at a high flow rate, just enough to get any air out of the system. 

 

This system is designed to offer continuous, uninterrupted gas delivery. You can change a 

tank while the system is being used. The arrow knob indicates the primary tank. The primary 

tank will be used until it is around 200 psi, this will be considered empty. The system will then 

switch to the secondary tank. 

 You must check the pressure in each tank multiple times during a run. If you empty a 

tank, you must change it. Do not leave it for the next person to change. 

 

4.3. Ignite the Plasma 

¶ After the water chiller and argon tank has been turned on. You must make sure that your 
sample introduction is set to the desired configuration before lighting the plasma. See 
Section 3. Hardware Setup for more information. 

¶ It is recommended to choose your tune file before igniting the plasma. See Section 6.4. on 
the tuning panel for more information. 

¶ Go to the instrument control panel in ICP-MS Top and click Plasma On in the plasma menu 
or hit the Ignite Plasma icon. 

¶ You will be prompted with two dialogue boxes. The first will ask if the exhaust system is 
working. Click yes. 

¶ The second will ask to verify that the drain tubing is connected. Since you are using Laser 
Ablation, click yes and do not worry about this dialogue. 

¶ The plasma should light after a few minutes. The status bar of the instrument control window 
will show standby --> analysis until it is ready for operation. Once it is ready for use the 
status bar will only say analysis mode. See the Section 6.3. Instrument Control for more 
information. 
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Left: Instrument control window in analysis mode without a reaction gas. 
Right: Instrument control window in analysis mode with a reaction gas. 
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5. Laser Ablation 

5.1. Loading a Sample 

To load a sample, you must remove the sample stage from the laser ablation accessory. Simply 
unscrew the knurled knob on the front and rotate the bar to clear the bar-seats. 

 
The stage will most likely have one of three inset holders installed as seen below. You will need 
to choose the appropriate type for your analysis. The left holder is for puck-style samples, the 
middle one is a deep-set slide holder, and the right one is a shallow slide holder with reference 
slots. Each of these have their own merits and uses. You want to try to fill as much volume as 
possible to ensure good aerosol flow through the chamber. Each holder has a rounded corner 
which means they can only be inserted in one orientation. 

 
Once you have your sample loaded with the appropriate inset holder, simply replace the sample 
stage by reversing the steps to remove it. Ensure that your sample will not collide with the top of 
the chamber as you insert it. Occasionally, the o-ring on the stage will get caught and simply 
wiggle the stage up and down slightly will get it to seat properly. There is no need to overtighten 
the sample bar, it only needs to be snug. 
  

Knurled Knob 

Bar 
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5.2. Setting up the Laser 

We will discuss here what hardware to set up. There isnôt a lot to do. 
 

¶ First, make sure to turn on the laser itself. The software will remind you if you donôt by 
popping up the following window if the key is not turned. 

 
¶ Once you turn the key, the interlock status box will disappear as long as there are no other 

interlocks that are unsatisfied. See Section 5.3.1. on interlocks. 

¶ The laser power supply is located right below the laser system. To turn it on, turn the key to 
the right so that the lights on the left come on. 

 
 

OFF ON 

Key is off 

Sample holder 
is not in 
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¶ The last part of setting up the hardware is to turn on the helium tank. Remember this section 
only covers the laser ablation hardware. For ICPMS hardware setup, see Section 4. Igniting 
the Plasma. 

¶ Simply open the tank in the middle on the end of the ICPMS table. Do not adjust the output 
pressure or close the small valve on the regulator. When finished you should only close the 
tank valve. 

 
  




























































































































