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STANDARD OPERATING PROCEDURE No of pages 7 

No: METH 006 Version: 1 Date: 05-06-
2011 

Title: Particle Size Distribution Analysis by Laser Diffraction 
method with HORIBA LA 950 in wet mode 

 

 

I. SCOPE AND APPLICATION 

Soil particle size distribution is a characteristic that affects important soil properties. The 

pipette method is the traditional means for determining soil particle size distribution (PSD). 

However it is based on a number of assumptions and is a lengthy procedure with the possibility 

of considerable differences between operators. Laser diffraction is now a widely accepted 

technique for soil particle sizing as it is quick and provides continuous size information between 

3,000 and 0.01 microns. Typical analysis time is 2 to 3 mins per sample, depending upon the 

degree of instrument automation. The use of standard operating procedures for sample 

handling and treatment means that reproducibility between different operators is very good. 

Prior to analysis efficient soil dispersion is achieved by a combination of chemical and physical 

procedures. Laser-light scattering analysis does not have perfect agreement with classical 

techniques however it does provide data rapidly and reproducibly for the full range of particle 

sizes. It is particularly useful for mapping spatial variability of soil PSD over a landscape. This 

SOP describes the analytical method followed at ICRAF Soil-Plant Spectral Diagnostic Laboratory 

to analyze particle size distribution in soil samples using Horiba LA 950 Laser Scattering Particle 

Size Distribution Analyzer.  

II. RELATED SOPS 

 PRP 003 Soil sample preparation and handling 

III. PRINCIPLE 

This method is based on diffraction and diffusion phenomenon and Fraunhofer and Mie theory 

to obtain the particle size. When a particle is lightened by a monochromatic source (laser 

source) a diffraction pattern is obtained. This diffraction pattern gives the light scattering 

intensity as a function of the diffraction angle. It is composed of concentric rings. The distance 

between the different rings depends on the particle size. To observe this diffraction pattern at a 

defined distance, a convergent lens is applied between the laser beam and the sensors. The 

sensors (multicell) are placed at the focal length and allow measurement of the diffraction 

pattern at infinity. 

IV. EQUIPMENT 

a. Horiba LA 950 main unit 

b. Dry sample unit that has a silencer behind it 

c. Cell slide unit that holds 
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d. Dry cell unit 

e. Flow cell unit  

f. Compressor connected to the dry sample unit. 

g. Vacuum cleaner for the dry sample extraction from the instrument.  

h. Computer 

i. Deioniser 

V. MATERIALS  

a. Beakers: 10ml and 250ml 

b. Flasks: 500ml and 1000ml 

c. Micro-spatulas: used to transfer sample or standards into sample tubes. 

d. Protective Gloves: for protection against chemicals and from contaminants. 

e. 3% Sodium hexametaphosphate (NaPO3n) Dispersant Solution: Weigh 30g of sodium 

hexametaphosphate in a weighing tray and transfer it to a 1-L volumetric flask. Pour 

500ml of de-ionized water into the flask and swirl to dissolve. Dilute to volume with 

addition DI water. 

VI. PROCEDURES 

a. Sample preparation 

 No special sample preparation procedures are required. The samples processed and sub-

sampled using SOP PRP 003 are ready for use with Horiba LA 950 system for particle size 

distribution analysis under dry and wet modes 

 Use optimal sample size as established by the laboratory for different types of soils 

 In case pre-treatment of sample with H2O2 to remove organic matter , weigh the required 

amount of soil into a test tube labeled with the SSN. 

 Using a flask with a calibrated automatic dispenser and labeled “DI Water”, add 3ml of de-

ionized water to each sample in the tubes. 

 Put on gloves and goggles. Use a pipette to deliver 600 μl of 30% H2O2 to each sample. Use 

a different pipette to add a 1 drop of 1% acetic acid solution to each sample tube. Monitor 

the samples after adding the H2O2, as some samples may foam aggressively. If samples 

foam excessively, overwhelming the sample tube, add a small amount of DI water to the 

sample to dilute the reaction. 

 With a Vortex mixer stir each sample for about 5 seconds with speed set to 4-5.  

 Place the sample tubes back in the tube rack and let the samples digest for 24 hours.  

 Set the centrifuge to power 5, insert samples into a centrifuge, and centrifuge each sample 

for approximately 3 minutes.  

 Decant the clear supernatant liquid into a 250ml beaker while retaining all of the sediment 

in the tube. 

 Observe the sediment. Exceptionally organic rich sediments that are very dark brown in 

color and generally contain > 10% organic matter may require additional digestion 
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treatment. In addition, the sample may require an additional digestion treatment if it 

effervesces excessively when shaken.  

b. Pre analysis settings 

 Start the system by turning the LA  950V2 power ON 

 Turn the PC ON 

 On the desktop double click the LA 950 icon to open the program window 

 Enter desired settings in preparation for measurements including system conditions, 

measurement conditions, calculation conditions and sample conditions 

c. Regular settings 

 Open the “Measurement dialogue” window (shown below) by selecting “Set conditions for 
the next measurement” sub menu option under the main menu “Conditions” to set 
appropriate conditions for the proposed analysis.  

 

Figure 1: Measurement dialogue window 

 Enter the sample name, material, source, lot number and test or assay number in the space 
provided under the “Sample information” group options. 

 Set the refractive index by either selecting one of the existing files by clicking on “Select” 
button or by creating a new file by clicking on “Create” button and entering the required 
information. Refer to operating manual for additional information. 

 For general analysis on most soils received in the laboratory use the “Soil in water 4  kernel” 
file. 

 Set the “Form of distribution” to either “Manual” or “Auto”. Normally we use Manual 
option in our laboratory. Selection of “Manual” option prompts to set an iteration number 
which can be done by clicking on “Condition” button to set it to 15. 

 Select “Volume” under “Distribution base” group to have the particle size distribution 
calculations on volume basis. 
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 Click on the “Advanced” menu button at the bottom of the “Measurement Dialog” window 
to open the window that appears as shown in Figure 2. Advance window provides options 
to set sample information and conditions for calculation, measurement, system, and system 

preparation.  
Figure 2: Options under “Advanced” window within “Measurement dialog” window 

 On calculation tab either use default values or select values as preferred to set limits for 
cumulative percentage of particles and select volume limits for histogram (generally 10 and 
90).  

 Select “Standard” option under Density distribution group. 

 Leave Span operation limits at 10 and 90%. Uncheck the box in case the display is not 
required.  

 Define “Verification” settings for quality control and monitoring as appropriate. e.g., 
Median size limits to pass between 9.5 and 10.5 micron and Fail when outside the specified 
range. Leave as “No define” if not using. 

 Click on “Measurement” tab to open the window as shown in Figure 3. 

 Set the upper and lower limits for “Transmittance(R)” at 90 and 80% and for 
“Transmittance(B)” at 90 and 70% transmittance.  

 Settings for “Feed liquid level” depends on sample size but normally set to “middle”.  

 Set “Number of time to rinse” to 3 to rinse three times between samples.  

 Set “Automatic dilution light” to “Red” to ignore the use of this option. 

 Data acquisition time: The equipment records and stores measurements every millisecond. 
On an average 1000 acquisitions take approximately one second. Higher pump speed 
causes the sample to go round quickly. Usually the setting is made between 10,000 and 
30,000. For samples dominated by finer particles, coarse particles are not sampled well. So 
it will be useful to extend measurement time for these samples. For samples with wider 
distributions, increase measurement time to be between 30,000 and 50,000 depending on 
the repeatability of the results. Keep same acquisition times for both LD and LED of the 



Page 5 of 8 
 

sample. For blank made up of clean water with no particles, acquisition time of 5,000 is 
sufficient.  

 

Figure 3: Options under “Measurement” tab of “Advanced” window in “measurement 

Dialog” 

 Set the “Alignment before measurement” option to “No” since it is done concurrently when 

blank is used as part of the sequence before the sample is analyzed. 

 Click on the “System” tab to open a set of input options as shown in Figure 4. 

 

Figure 4: Input options under “System” tab of “Advanced” options in “Measurement Dialog” 
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 Information stored under “System” tab is the measurement conditions and hence do not 

need to reset each time. Check the “Yes” box. 

 Set “Automatic printing” option to No to avoid printing all the information.  

 “Automatic save” will allow you to save the measurements automatically in a predefined 

folder with date and time000 of recording. Set file name as appropriate.  

 Set “Autoscale” option to Yes  

 Set “Recalculation after graph range expansion” to No. 

 Set “Display view after Navigator” to “Results Data view”. However, when using auto 

sampler use “Measurement view”. 

 Next click on the “System preparation” menu tab to open a window as shown in Figure 5.  

 

Figure 5: Input options under “System Preparation” tab of “Advanced” options in 

“Measurement Dialog” 

 Use the following to set limits to variables under “System Preparation” option 

 Circulation speed: 10. 

 Ultrasonic power: 7 

 Ultrasonic time: 1 

 Ultrasonic works during measurement: select NO unless using a cycle. 

 Agitation speed 10. Continuous. 

 Ultrasonic during Debubble: NO 

 Ultrasonic power: 7; time 5. 

 After entering the required information, save the settings in Condition folder with sample 
name blank 

d. Analysis of samples 
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 Select a sequence from “Edit Navigator List” under “Navigator” in the main menu, if working 

with one of the existing sequence of operations. To create a new sequence select “new 

Sequence” option under the same menu. Refer to ????? manual supplied with the 

equipment.  

 Next step is to set conditions for analysis. Select “set conditions for next measurement” 

from the “conditions” menu item which opens a “Measurement Dialog” window. Click 

“load” button to select one of the existing condition files. Then click on “OK” 

 Then click on start button in the main window of LA 950?? To start the analysis 

 Introduce the soil sample when prompted 

 Save the measurement with appropriate file name when prompted 

VII. CALCULATIONS 

The software application used to run the analyzer (?????) automatically stores data acquired 

during an analysis in a file with an extension of “.ngb”. The same can be accessed with the 

software supplied by the manufacturer. For processing the data for other applications, the 

same can be exported as a text file. ICRAF lab processes the data using a special application 

developed with R software.  

VIII. QUALITY ASSURANCE/QUALITYCONTROL 

 Reference material:  

 Blanks:  

 Calibration: 

 Duplicates: 

IX. DATA VALIDATION 

a. Data Review 

 Check the sample data and QC data to verify that the data to be reported is based on 

acceptable analyses and meet acceptable limits. 

 Verify that all standard, reagents, and quality control samples have been entered into the 

appropriate logs. 

 Verify that the results have been entered into the appropriate spread sheet and proof read. 

 Place data in the laboratory database. 

b. Supervisor Review 

 Check the sample data and QC data to verify that the data to be reported is based on 

acceptable analyses and meet acceptable limits 

 Verify that the results have been entered into the appropriate spreadsheets correctly. 

 If any errors are found, return data to analytical chemist for corrections. 

 Ensure documentation on printouts (i.e., initials, date, label) is complete. 

 Authorize reporting.  

X. HEALTH AND SAFETY 



Page 8 of 8 
 

 Personal protection: Safety glasses and protective gloves are recommended whenever 

reagents or samples are handled. For other precautions and safety procedures, consult the 

Material Safety Data Sheets (MSDS) for each chemical used. 

 Electrical hazards: Electrical systems must conform to the ICRAF standards. Shock hazards 

exist inside the instruments. Only an authorized service representative or an individual with 

training in electronic repair should remove panels or circuit boards where voltages are 

greater than 20 V. The instruments require a third-wire protective grounding conductor. 

Three-to-two wire adapters are unsafe for these instruments. 

 Chemical hazards: Hydrochloric acid is a strong acid used to remove inorganic carbon from 

sediment samples. Gloves should be worn when handling strong acids. If contact occurs, the 

affected area should be rinsed thoroughly with water. Gloves should be worn when 

handling acids and, whenever possible, manipulations should be conducted in a fume hood. 

Wastes accumulated during the operation and other cleaning operations should be stored 

in a capped glass bottle and arrangements made for its safe disposal. 

 Gas cylinder handling: Compressed gas cylinders must be handled and stored according to 

the Safety standards. Each cylinder must be 1) carefully inspected when received, 2) 

securely fastened at all times with an approved chain assembly or belt, 3) capped at all 

times when not in use, 4) capped when transported, 5) transported only by a properly 

designed vehicle (hand truck), and 6) stored separately with other full, empty, flammable, 

or oxidizing tanks of gas, as appropriate. 

XI. REFERENCES 

 

XII. APPENDIX 

1. General settings 
2. Creating a Sequence file 
3. Data processing 


