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INTRODUCTION AND SCOPE
This Standard Operating Procedure provides instructions for users conducting sample preparation/digestion for and running samples in the ICP-OES in the analytical laboratory. 
RESPONSABILITIES
Users must be trained by the Lab Manager before using conducting these procedures and they must follow the procedures described in this document.  Users are responsible for monitoring the experiments and should notify the Lab Manager immediately if the digestion process/instrument is not occurring correctly.
The Lab Manager is responsible for training, general maintenance, and repair when necessary.
OVERVIEW
Inductively coupled plasma optical emission spectrometry (ICP-OES), is an analytical technique used for the detection and quantification of chemical elements. It uses the inductively coupled plasma to produce excited atoms and ions that emit electromagnetic radiation at wavelengths characteristic of a particular element. The intensity of the emissions from various wavelengths of light are proportional to the concentrations of the elements within the sample.
A variety of sample types can be analyzed by inductively coupled plasma optical emission spectroscopy (ICP-OES), including aqueous and organic liquid and solid samples. These have to be brought into a state that the ICP-OES instrument as a whole can process for elemental analysis. The ICP in the analytical lab is normally setup to handle aqueous liquid samples, but it has the capability of processing organic liquids as well. In any of these cases, a liquid sample is introduced using a peristaltic pump to ensure constant, stable flow. A nebulizer uses a high-speed flow of argon to shatter small droplets of liquid into an aerosol. This aerosol is then introduced into a spray chamber which removes the larger droplets. Only the aerosol is then transported to the plasma. Transfer lenses are then used to focus the emitted light on a diffraction grating where it is separated into its component wavelengths in the optical spectrometer. A diagram of a typical ICP-OES is presented in Figure 1
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[bookmark: _Ref97882054]Figure 1. Diagram of a typical ICP-OES
Analytes must be completely dissolved in a liquid for accurate analysis of solutions by ICP-OES, since only the analytes in the aerosol will be detected.  If the sample is a liquid or soluble in a liquid, then the sample preparation is relatively simple. If the sample is not soluble in a solvent, then sample preparation techniques such as acid digestion, ashing, or fusion are required. This SOP will discuss common preparation techniques where the solvent is water. If the sample preparation procedure is not cover by this document, you may need to create a separate SOP before preparing samples in the analytical lab.
[bookmark: _Hlk97900672]Depending on the procedure need to prepare your sample, some components of the ICP may need to be replaced. The standard nebulizer, spray chamber, and torch are made of quartz and are not suitable for samples containing HF, although trace amounts of HF are accepted.  Samples containing HF require special nebulizer, spray chamber, and torch which are available in the analytical lab. The standard tubing is made of PVC and may be incompatible with some organic solvents. Tubing with alternative materials is available from different vendors, such as SCP Science.
[bookmark: _Ref38984148]
POTENTIAL RISKS AND HAZARDS
Even if your samples may be harmless, the samples from other users may not be. So appropriate laboratory attire is required at all times in the Analytical Lab: Lab coat, safety glasses, long pants and closed toe shoes. 
Sample preparation for ICP usually requires the use of strong acids such as, HNO3, HCl, H2SO4, HF, or aqua regia. Always handle these materials in the designated fume hood.
A digestion block, or a muffle furnace at high temperatures is also commonly used. Additional PPE may be necessary when digesting samples. See items below.
Before using any chemicals in the lab:
· Consult the manufacturer’s Safety Data Sheet (SDS). 
· Locate nearest eyewash and shower and confirm that they are accessible and working. Locate the first aid kit and spill kit and make sure they are stocked.
· Plan how to dispose the chemical waste.  Check the Safety Office website for guidance.
https://uwaterloo.ca/safety-office/laboratory-safety/hazardous-waste-standard 
Aqua regia:
Aqua regia is a mixture of nitric acid and hydrochloric acid, optimally in a molar ratio of 1:3. The most common Aqua Regia is a 1:3 (v/v) mixture of concentrated nitric acid (HNO3, ≤70%) and hydrochloric acid (HCl, ≤37%).  Aqua Regia will decompose after mixing.  The expected gaseous products include nitrosyl chloride (NOCl), chlorine (Cl2), nitric oxide (NO), and nitrogen dioxide (NO2).  These gases are acutely toxic inhalation hazards. Gas evolution may also lead to a build-up of pressure that could cause a sealed container to fail catastrophically.
A solution of aqua regia is very hazardous as it is extremely corrosive and oxidizing and may result in severe harm or explosions if not handled properly.  This solution can burn eye tissue or skin if exposed, destroy the mucous membrane and upper respiratory tract tissue if inhaled, and burn organs if ingested. In addition to health hazards, aqua regia can pose explosive risks when contacting organics, as it is a strong oxidizer. Dissolving of metals in this solution can also release additional toxic or flammable gases.
Handling procedure:
· Handling aqua regia is not allowed when working alone. 
· In addition to regular lab attire described in item 4.1, heavy-duty PVC or nitrile gloves, PVC apron, and face-shield are recommended when using aqua regia. Latex gloves are not compatible with aqua regia.
· [bookmark: _Hlk97890150]All work involving aqua regia solution should be conducted inside a designated fume hood (left fume hood in E6-3107). Proper sash height must be used to provide splash protection and proper ventilation throughout the experiment
· In general, aqua regia solution should be prepared in glass containers only, as the reaction between HCl and HNO3 is very exothermic and may heat up to temperatures in excess of 100°C. However, aqua regia can be prepared in small volumes (< 4mL) directly in plastic digestion tubes. Do not seal containers containing aqua regia solution, as it evolves gases and can lead to explosion of the containers. 
· Use and produce only the smallest amount necessary for the experiment being conducted. Aqua regia must be prepared fresh for every use, so only the minimum amount should be made each time. It is not safe to store Aqua Regia solution, since the container cannot be capped. 
· Always add nitric acid (HNO3) to hydrochloric acid (HCl), never vice versa.  Perform the addition slowly to prevent uncontrolled boiling and potential splashing.
· Aqua regia solutions must be diluted with water before disposal. Slowly add the aqua regia solution to a volume of water at least 10 times the original quantity of aqua regia solution. At this point the solution can be transferred to the vented waste container labeled ICP waste in the analytical lab.
Hydrofluoric acid:
Hydrofluoric acid is a solution of hydrogen fluoride (HF) in water. Solutions of HF are colourless, acidic and highly corrosive. In addition to being a highly corrosive liquid, hydrofluoric acid is also a powerful contact poison. Because of the ability of hydrofluoric acid to penetrate tissue, poisoning can occur readily through exposure of skin or eyes, or when inhaled or swallowed. Symptoms of exposure to hydrofluoric acid may not be immediately evident, and this can provide false reassurance to victims, causing them to delay medical treatment. Despite having an irritating odor, HF may reach dangerous levels without an obvious odor. HF interferes with nerve function, meaning that burns may not initially be painful. Accidental exposures can go unnoticed, delaying treatment and increasing the extent and seriousness of the injury.
Handling procedure:
· Handling Hydrofluoric acid is not allowed when working alone. 
· Before using HF solutions, make sure the HF specific first aid kit which includes 2.5% calcium gluconate gel is available and not expired. The kit is in a drawer under the balance bench in E6-3107.  Calcium is used to treat HF burns and it can be applied in the skin after rinsing the exposed area with water for several minutes.  
· In addition to regular lab attire described in item 4.1, heavy-duty PVC or nitrile gloves, PVC apron, and face-shield are recommended when using dilute solutions of HF. When handling concentrated solutions, e.g. dispensing concentrated HF in digestion tubes, use Viton/butyl rubber gloves (available in the analytical lab).
· All work involving HF solution should be conducted inside a designated fume hood (left fume hood in E6-3107). Proper sash height must be used to provide splash protection and proper ventilation throughout the experiment.
· Always use the HF dispenser to minimize the risk of spills/contamination. In case of a small spill (< 500 mL), neutralize the HF solution with sodium carbonate powder before cleaning up.
· Samples containing HF solutions can be disposed in the vented waste container labeled ICP waste in the analytical lab.
Muffle Furnace and Digestion block
Use of the muffle furnace and digestion block inherently involves very hot temperatures. Preferentially, users should load and unload samples in the muffle furnace or digestion block before heating up and after cooling down. In cases where these procedures are not feasible, users should wear protective gloves and use lab tongs when manipulating hot objects. Please refer to the Muffle Furnace SOP for details on its proper operation.
Make sure the temperature used is compatible with the melting point of the materials added to these pieces of equipment. The digestion block should be set to 95ºC to avoid boiling of the aqueous solution during digestion.
CONSIDERATIONS FOR SAMPLE PREPARATION 
Detection Limits and Uncertainty: 
ICP-OES instruments are likely to have detection limits under normal sample introduction modes that will meet or exceed the requirements. However, due to numerous contamination issues, the analytical blank often determines the detection limit capabilities.  Check the paper below for more details regarding limit of detection (LoD) and limit of quantitation (LoQ).
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2556583/ 
The uncertainty of an analytical measurement is not limited to the measurement precision of the instrument. Rather, it is a statistical sum of the random and systematic errors that are encountered throughout the entire analytical process. The uncertainty is a combination of errors from sampling, storage, weight and volume manipulations, preparation, calibration, and measurement, during which contamination issues play a major role in trace determinations.
Stability of the sample and Contaminations:
When considering the stability of solutions at the part-per-million (ppm) concentration level, instability is generally caused by precipitation formation or photo-reduction reactions. However, the main route of instability at the part-per-billion (ppb) level is derived from chemical and physical adsorption to the container walls. 
During the course of a sample preparation, contamination can occur from the environment, the reagents, the apparatus, and even the analyst. Keep sample preparation and measurement times to a minimum. For trace levels, glassware should be cleaned by soaking in 20% HNO3 solution and rinsing several times with ultrapure water. Sample tubes are filled with 2% nitric acid and heated for 24 h at 60°C (acid-leaching). Only use ACS grade reagents, trace-metal grade acids, and fresh ultrapure water.
Calibration Standards and Sample Matrixes:  ICP is a comparative method and it is also matrix-dependent Therefore, the ideal situation is when the matrices of the standards and samples be identical. Below are some recommendations to improve the performance of your method:
· Match the acid content of the calibration standards and samples in both the type of acid used and the concentration of the acid.
· Match the elemental matrix components of your calibration standards and samples to the greatest extent possible. When matching is not possible, e.g. unknown samples, the technique of standard additions can be used. However, this approach is slow as compared to the calibration curve technique with the use of internal standardization.
· The use of internal standardization is very effective in many cases but may introduce--or not correct for--all errors.
· There is always the possibility of bias introduced by the nature of the standards used. Appropriate reference materials should be used to evaluate this and other aspects of the measurement process. The age of the standards is also a factor to consider, since plastic bottles are subject to transpiration. Figure 2 shows the change in concentration of standards due to transpiration over a period of 5 years. 
[image: ]
[bookmark: _Ref97907886][bookmark: _Ref97907882]Figure 2. Rate of transpiration for 125 mL and 500 mL LDPE bottles with conventional PP caps
PREPARATION TECHNIQUES
Dissolved analytes:
For the analysis of dissolved analytes, aqueous samples are typically acidified with nitric acid to pH <2 (but no greater than 10% acid by volume) to ensure that their elemental components remain in solution. 
Samples with high amount of dissolved solids (seawater, biological buffers) need to be diluted (typically to < 3% dissolved solids) cannot be analyzed undiluted because of the high total dissolved solids.
All samples should be filtered through a 0.45 µm membrane filter.
Acid Digestions of Inorganic Samples
Nitric acid is used primarily in the preparation of inorganic sample types. It is a very useful component in the destruction of organics but cannot by itself completely decompose organic matrices. The following is a summary of some common inorganic dissolutions using nitric acid: 
· Dilute 10 - 15 % aqueous dilution - Alkaline earth oxides, lanthanide oxides, actinide oxides, Sc2O3, Y2O3, La2O3.
· 1:1 HNO3 + H2O - V2O5, Mn oxides, CuO, CdO, Hg oxides Tl oxides, Pb oxides, Bi oxides, Cu0, Zn0, Cd0, Hg0, Pb0.
· Concentrated (69%) HNO3 - Mn0, Fe0 (hot), Co0, Ag0, Pd0 (hot), Se0, As0, Bi0, Re0.
· 1:3 HNO3 + HCl - Pt0, Au0, steel, Fe/Ni alloys, Cu alloys, Cr/Ni steel.
· 1:1:1 HNO3 + HF + H2O - The metal and oxides of Ti, Zr, Hf, Nb, W, Sn, Al, Si, Ge, Sb, Te, As, Se, Mo and numerous alloys and oxide mixtures containing one or more of these elements.
· For more details regarding acid digestion and elemental compatibility, check the links below.
https://www.inorganicventures.com/icp-guide/elemental-and-matrix-compatibility
https://www.inorganicventures.com/sample-preparation-guide 
Ashing of samples*
Dry Ashing is usually performed by placing the sample in an open inert vessel (ceramic or platinum crucible) and destroying the combustible (organic) portion of the sample by thermal decomposition using a muffle furnace. Typical ashing temperatures are 450 to 550 °C.
Dry ashing procedures are typically and preferentially performed in Pt° crucibles. Glassy carbon can be used but some attack may occur. Nickel and iron can also be used but the metal from the crucible can cause significant spectral interference.
A sample size ranging from a few milligrams to 100 grams is weighed into the crucible. 
The crucible is placed on a hot plate and set on the highest setting. This step needs to be performed in the fume hood. A Bunsen burner is helpful in speeding up the process and is necessary for the ignition of certain sample types such as polyethylene.
As soon as fumes cease to evolve, the sample is placed in a muffle furnace at 450 - 500 °C for one hour or until all of the carbon has been oxidized.
Sulfated Ashing involves treatment of the sample after charring using an open flame with sulfuric acid (the char is wetted using the minimum amount of sulfuric acid and then brought to dryness before muffling) and then placing in a muffle furnace. The sulfated ash is used over dry ashing when the analyst needs to fix a material as the sulfate to prevent volatilization otherwise it has no real advantages over dry ashing.
Sulfated ashing procedures are typically and preferentially performed in Pt° crucibles. Glassy carbon can be used but some attack may occur. Nickel and iron can also be used but the metal from the crucible can cause significant spectral interference.
A sample size ranging from a few milligrams to 100 grams is weighed into the crucible. 
The crucible is placed on a hot plate and set on the highest setting. This step needs to be performed in the fume hood. A Bunsen burner is helpful in speeding up the process and is necessary for the ignition of certain sample types such as polyethylene.
As soon as fumes cease to evolve, wet the char with concentrated sulfuric acid. Typically a few drops are required. Continue to heat the sample until the white dense sulfur trioxide fumes cease to evolve. 
Placed the sample in a muffle furnace at 450 - 500 °C for one hour or until all of the carbon has been oxidized.
Wet Ashing is treatment of the sample with a moderate amount of sulfuric acid before charring. Charring is performed using an open flame. Liquid samples tend to foam. After the excess sulfuric acid is driven off, the sample is muffled as above.
* For more details regarding ashing procedures, check the links below.

REFERENCES
https://www.inorganicventures.com/trace-analysis-guide/ashing-procedures
https://www.inorganicventures.com/periodic-table
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