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1. SAFETY PROTOCOLS SPECIFIC TO THE OSU CENTRAL ANALYTICAL LABORATORY 
 
1.1 CAL users must have completed the following EH&S training modules at a minimum: 

 General Laboratory Safety  
 Hazardous Waste Training  
 Hazard Communication/Safety Data Sheets  
 Drying Ovens 
 Eyewash and Safety Shower 
http://oregonstate.edu/ehs/sites/default/files/pdf/lab_safety_requirements.pdf 

 
 
In case of emergency call: 911 
For Oregon State Police/Department of Public Safety call: 541-737-7000 
For OSU emergency information call: 541-737-8000 
For poison control call: 1-800-222-1222 
 
1.2 Personal Protective Equipment 
Appropriate personal protective equipment (PPE) required in the OSU CAL will always include; 
closed toe shoes, long pants (not lycra, spandex, or polyester), a laboratory coat, safety glasses, 
and gloves. Lab coat, safety glasses, and gloves are provided by the laboratory. Several 
procedures will require respirators and/or heat resistant gloves. PPE, first aid kits, fire blankets, 
acid chemical spill kits, and base chemical spill kits are available for use and are located on the 
sample intake desk.  
 
Nitrile gloves are typically used in the lab for most procedures, however, they are not to be 
worn when working with concentrated nitric acid or chloroform. Use the latex or neoprene 
gloves instead. Neoprene gloves are provided for working within the acid bath. These are the 
only gloves that should be used for handling lab ware going in or out of the acid bath.  
 
1.3 Evacuation  
There are two exits in the main lab suite. If you hear an alarm, evacuate. The front/main door 
leads to the “soils café” room and the main body of the Agricultural Life Science Building (ALS). 
The secondary exit is through the “Shimadzu” room (3079H) and may be a good option for 
evacuation because it is right next to the sky bridge that leads to Nash Hall. If there is reason to 
believe that the cause for evacuation is in ALS, please use the secondary exit, proceed directly 
downstairs, move away from the building, and follow the instructions of the safety coordinator 
for the area. Never re-enter the building after evacuating unless cleared by emergency 
personnel. 
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1.4 Fire  
The fire extinguisher is on the wall that divides the two main compartments of the laboratory, 
directly across from room 3079G. The fire extinguisher should be used by trained personnel 
only. If you are not trained, activate a fire alarm, evacuate the area, and call 911. As you 
evacuate, notify other occupants, close doors behind you, check the heat of door handles 
before you grab them, and do not use elevators. 
 
1.5 Chemical Contact 
The primary eye wash and shower station are located at the end of the wall that divides the 
two main compartments of the laboratory, directly across from room 3079G. If anything comes 
in contact with your face you should immediately proceed to the eye wash station and 
thoroughly rinse your face and eyes by placing your face close to the rinse and pushing the 
orange paddle away from you. Keep your face in the wash station for a minimum of 60 seconds. 
Follow up steps will differ depending on the situation but you will always need to report the 
incident to your supervisor and with an EH&S incident/accident report and may seek 
appropriate medical attention. The shower rinse should be used if chemicals are splashed on 
other parts of your body; clothing (particularly if made of plastic-derived fabrics) may need to 
be stripped to eliminate the risk of melting to your skin. Any time the shower is used, this must 
be reported to your supervisor and on an EH&S incident/accident report which can be found on 
the OSU EH&S website: http://oregonstate.edu/ehs/forms . 
 
1.6 Power Outage 
In the case of a power outage, please remain calm and remain where you are unless directed to 
evacuate. Secure your experiments and close chemical containers and fume hood sashes prior 
to leaving. Turn off equipment when appropriate, assist people with disabilities, use the 
emergency information number for updates (541-737-8000), and notify others in your 
department. 
 
1.7 Injury or Illness 
In the case of serious injury or illness, call 911, keep patient still and comfortable, deliver first 
aid if trained, and send someone to the loading zone outside of ALS to meet the ambulance to 
help them find the patient. Report the incident/accident to your supervisor and to EH&S. 
 
1.8 Hazardous Substance Release 
If there is a health risk, move away or evacuate the area and call public safety. If handling the 
spill is within your training, contain the spill with an appropriate absorptive/neutralizing 
material that are found on the sample intake desk next to the front door. Notify all others in 
your area of the incident and the action taken. If wider scale evacuation is warranted, please 
pull the alarm, immediately contact public safety and EH&S, and follow evacuation protocol. 
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For routine service related to a more minor incident contact Facility Services for work 
coordination:        541-737-2969. 
 
1.9 Crime, Suspicious Persons/Objects, Bombs 
Do not attempt to apprehend, interfere, confront, or move anything, and leave the area using 
your best judgement. Contact the police and public safety at 541-737-7000 immediately or 911 
if an emergency. If possible, observe/note details of the situation that may be relevant to any 
potential investigation.  
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2. QUALITY CONTROL PROTOCOLS 
 
A laboratory is only as good as precision and accuracy of the test results it produces. In order to 
maintain a high level of both precision and accuracy we have implemented the following 
standard operating procedures (SOP) for the laboratory. The following are general procedures. 
The Quality Control section of the website provide more information about specific quality 
control measures.  
 
2.1 Record Keeping 
Each laboratory worker keeps a laboratory notebook to record all work done. In the notebook 
each measurement, action, and who performed the action are recorded to maintain order, 
coordinate work flow between various employees of CAL, allow for identification of potential 
errors, and enhance stakeholder confidence in the resulting data. The sample data from the 
notebooks are entered into customer files in the Crop and Soil Science R: drive server which is 
backed up daily.  
 
2.1.1 Sample Intake Protocol: 

1. Samples are delivered to the laboratory 
2. A group number is assigned and labeled on the sample submission form (SSF)  
3. Each sample is labelled with group number and sequential individual sample number 

a. ex. GP217001-1 = first submission group of fiscal year 2017, sample #1 
4. SSF is evaluated, scanned, and added to the S drive->CSS->CAL->FY**->SSF 

a. CAL manager makes customer call if clarity is needed 
5. List of analyses requested is generated and entered in WORK ORDERS spreadsheet 
6. Data input and customer report excel spreadsheet is created 
7. Customer sample ID is recorded in customer file as well as individual sample number 
8. Sample is prepared 

a. Most of sample is sieved to 8mm and air dried with remainder put in the fridge 
b. Current sample location is updated on WORK ORDER spreadsheet 

9. Each action taken on a sample is recorded in notebooks 
10. Measurements are recorded in customer report spreadsheets daily 
11. Tasks completed are recorded in WORK ORDER spreadsheet daily 
12. Manager sends report to customer when all analyses are completed 

 
2.1.2 Equipment Records: 

1. Daily usage history for each analytical instrument should include: 
a. User initials 
b. Date 
c. Number of samples analyzed 
d. Type of extraction or material 
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e. Quality of daily data, e.g. efficiency, intensity, and calibration  
f. Analytical result of long-term natural lab standard 
g. Analytical result of CCV (continuing calibration verification) standards 

2. All maintenance of equipment is to be recorded and should include: 
a. User initials 
b. Date 
c. Error message or reason for maintenance 
d. Corrective action 
e. Notes for future similar situations 

 
2.2 Handling of foreign soil and plant samples – Compliance Agreement APHIS 525 
 

2.2.1 Soil will be shipped in a securely closed, watertight container (primary container, test 
tube, vial, etc.) which will be enclosed in a second, durable watertight container 
(secondary container). 

 
2.2.2 All regulated soil will be safeguarded through all storage/processing/ decontamination 

procedures in the authorized facility (and during the transfer from processing point to a 
detached room for sterilization) until sterilized by dry heat treatment or autoclaving. 
 
 

2.2.3 Upon arrival at the authorized facility the regulated material will be stored at all times in 
secured containment until transferred or decontaminated. Each stored sample will be 
labeled as regulated material under USDA Permit. The secured containment will be used 
to store only regulated material or, a sign will be placed on the outside of the 
containment: “Contents:  Foreign soil and/or regulated domestic soil to be handled in 
accordance with USDA-APHIS-PPQ Soil Permit and/or Compliance Agreement”. As long 
as untreated regulated soil is present, the containment and all other affected area(s) of 
the facility will be restricted to access by authorized personnel only. Labeling will be 
sufficient to readily provide for recognition of the regulated material by emergency 
response personnel who have the potential to affect the security of the containment as 
a result of their activities. Permittee will interact with local emergency response 
personnel to acquaint them with all pertinent information relative to the materials 
regulated under this compliance agreement (CA) and associated soil permit. 
 

2.2.4 Shipping containers and other materials associated with the shipment will be 
decontaminated by autoclaving (see #5 below) or destroyed by incineration. 
 

2.2.5 All soil residues will be dry-heated, incinerated, or autoclaved.  
 
2.2.5.1  Autoclaving will be performed using the following conditions: 
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2.2.5.1.1 Soil will be autoclaved at 121 degrees Centigrade (250 degrees Fahrenheit) for a 
minimum of 30 minutes at 15 psi. 

2.2.5.1.2 Autoclave tape or other indicators will be placed on each bag or sharps container 
prior to treatment. The autoclave tape or other indicator on each container will be 
checked to verify color change before disposal. 

2.2.5.1.3 An autoclave log will be completed by each user for each autoclave cycle. All 
parameters must be noted as listed on the log for each autoclave load. 

2.2.5.1.4 If the autoclave does not attain the minimum time and/or temperature or the 
autoclave tape does not change color, a notation will be made in the comment 
section of the autoclave log. The load will then be re-autoclaved after placing new 
tape on the material. If minimum time and temperature is not attained on the 
second cycle, the person responsible for maintaining the unit will be contacted to 
initiate repairs.  

2.2.5.1.5 Thermometers on the autoclave will be calibrated annually, and a written record will 
be maintained. This will be done by an authorized autoclave service company during 
routine servicing. 

2.2.5.1.6 Every 6 months, a commercially available test indicator kit will be examined that 
uses bacterial spores Bacillus stearothermophilus that are rendered unviable at 250 
oF or 121o C. For the test, ampules of B. stearothermophilus are autoclaved along 
with a load of waste. Upon completion of the cycle, the ampules are incubated for 
48 hours and then observed for any sign of growth, which indicates insufficient 
sterilization. If any growth is observed, the autoclave will be serviced and retested. 

2.2.5.1.7 Incineration: With the exception of metal, plastic, and glass containers, all regulated 
and associated material will be reduced completely to ash at the end of the 
incineration cycle. 

2.2.6 All water residues (effluent) from the processing of soil samples will be boiled dry, as 
long as doing so is not a violation of EPA regulations or any other health and safety 
standard, or treated by an approved treatment/sterilization procedure, such as those 
listed in #5 above.  If boiled dry, the vessel used to boil away the effluent will be treated 
as any other equipment or supplies that have contacted the soil (see #7 below), and any 
residue left in the vessel will be treated by an approved treatment/sterilization 
procedure (see #5 above).  

2.2.7 Equipment and supplies used to conduct operations or that have contacted the soil will 
be decontaminated. Material will be soaked in a fresh household bleach solution of 10 
percent for at least 30 minutes  
 

2.2.7.1 In the event Permittee receives foreign soil or regulated domestic soil with a 
contaminant (e.g. heavy metals like lead, mercury etc.) that prevents the regulated soil 
from being decontaminated by dry heat, hydroclave or autoclave and requires a disposal 
site such as an incinerator or landfill (subject to all applicable local, state, and federal 
regulations), such site must have a valid USDA, APHIS, PPQ Soil Permit and Compliance 
Agreement for foreign soil or a valid Compliance Agreement for regulated domestic soil, 
respectively. Prior written approval from the local USDA, APHIS, PPQ office will be 
obtained before movement of the soil samples to an approved disposal site. 
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2.2.7.2 All unconsumed soil, containers and effluent will be autoclaved, incinerated or properly 

sterilized by Permittee at the conclusion of the project as approved and prescribed by 
the CA and permit conditions. 
 

2.2.7.3 Permittee will maintain a valid Soil Permit and/or Compliance Agreement for soil 
samples to be retained for permanent study or research collections. For continuous 
possession a soil permit can be renewed by reapplying at least three months before the 
current permit expires.   

 
To reapply for permit, see “Soil Permit application/renewal procedure and the transition 
to ePermits” from the Supplemental information attachment. 

 
2.2.7.4 Untreated regulated soil may only be used as growing media under controlled 

laboratory conditions and in controlled access growth chambers where: 1) access to the 
regulated soil, lab, and growth chamber is limited to trained authorized personnel; 2) all 
soil can be contained and recovered for decontamination; 3) all effluent including 
irrigation discharge from the regulated soil can be contained, recovered, and 
decontaminated; and 4) all contaminated surfaces (including tubing) can be 
decontaminated.  Restricted access and regulated status of the soil must be indicated by 
appropriate signage.  Untreated regulated soil cannot be used as growing media in 
greenhouses, field trials, or in any release into the environment. 
 

2.2.7.5 Exact records will be kept and made available upon each visit that USDA, APHIS, PPQ or 
the Oregon State Department of Agriculture makes to [Dr. Markus Kleber, Department 
of Crop and Soil Science , Oregon State University] regarding:    

 
(1) Date of arrival of each shipment,    
(2) Origin of the soil    
(3) Total amount of soil in each shipment    
(4) Date and amount of soil used for testing purposes    
(5) Date and amount of disposed soil and amount of any remainder    
(6) For transfers of foreign soil - date, amount of soil, and copies of permit and 

compliance agreement of other party.    
(7) For transfers of regulated domestic soil - date, amount of soil, and copy of 

compliance agreement of other party. 
 

2.3 Calibration Curves 
A minimum of 5 points are used for every calibration curve. If the R2 of the line is less than 
0.995, the equipment is checked/adjusted and a new calibration curve is made.  The calibration 
curve should always capture the range of results expected from the samples. If sample results 
are more than 10% above or below the highest or lowest calibration point, a new curve should 
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be made or samples should be diluted and reanalyzed. The individual procedure for producing 
the calibration curves varies by instrument and is detailed in the specific SOP. 
 
2.4 Use of Manufactured Chemical Standards  
Purchased certified elemental standards are used to create the solutions used for calibration 
curves. One sample from the calibration curve is used as a continuing calibration verification 
standard (CCV). 
 
2.5 Use of Natural Materials as Standards  
We have a large quantity of one soil (CAL STD) that is repeatedly tested with the methods used 
in the laboratory. One sample of this soil is run for every day that soil samples are analyzed on 
each piece of equipment used. When plant samples are analyzed, the natural material used as a 
standard is a composite tree fruit sample (CTFS).  For the Elementar CNS analyzer, sulfanilamide 
is used for quality control. If the C factor or the N factor (determined by the machine) is less 
than 0.97 or more than 1.03, the machine and or standards should be checked. The long-term 
tracking of the average analytical result allows us to analyze any drift over a long time period 
that might occur. 
 
If the results of the natural lab standard sample are outside of the action limits, or another 
action sequence is identified, the sample run is stopped, the equipment is inspected or 
recalibrated, and natural lab standard samples are re-run.  
 
 
2.6 Use of North American Proficiency Testing Program 
CAL participates in the NAPT program. One time per quarter we are sent plant and soil samples 
and perform the entire suite of tests available. The results of the NAPT samples are sent back to 
NAPT and they use the data from all participating laboratories to determine the true value 
through a mean of the samples (mean only calculated from the samples that within calculated 
acceptable range). Results are flagged if reported values exceed 2.5 x MAD (median absolute 
deviation), initiating appropriate QC assessment and recalibration of equipment in our lab.   
 
2.7 Precision Testing 
Natural standards are measured every time a piece of analytical equipment is run. The results 
of these runs are compiled and the average and standard deviation of that set of data are used 
to determine if the machine is running within normal, acceptable limits. A warning limit is 
defined as the value two standard deviations away from the mean. An action limit is defined as 
the value three standard deviations away from the mean. A value outside of the action limit 
immediately triggers an end to the run and an inspection of the equipment. A value outside of 
the warning limit but inside of the action limit is acceptable as long as there is not a pattern 
defined as problematic in the more complete set of QA/QC protocols. 
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2.8 Customer Assurance 
As a research-focused laboratory we expect many of our customers to be knowledgeable about 
their samples. If a customer feels that the results are incorrect for any reason, we will happily 
re-run the samples at no additional cost.  
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3. GENERAL LABORATORY PROCEDURES 
 
3.1 Sieving Procedures 
Part of the definition of soil is that it consists of fine earth: those particles that are less than 
2mm in diameter. For this reason, sieving – passing the soil through a specific sized mesh 
screen – is an integral part of processing soil samples. Sieving with variously sized screens is a 
common pretreatment for homogenizing soils prior to analysis. Sieving is also part of a means 
of performing particle size determination. That protocol is discussed in detail later in this 
document.  
 
Prior to sieving, the entire quantity that you plan to sieve should be weighed. As you are 
sieving, remove rock fragments and organic matter greater than 2mm and set aside for 
weighing. Soil can be sieved fresh from the field in a wet condition. However, if the sample is 
high in clay (>25%) or moisture (>20%), you may find that the screen is easily clogged and the 
sample will not pass without mechanically pushing the sample through which causes a high 
percentage of the materials to get stuck to the sieve, and therefore lost, which will affect 
subsequent analytical results. Often the soil will be passed through an 8mm sieve opening and 
air dried for one-three days. Aggregates are then separated by crushing (not grinding) with a 
mortar and pestle. Samples can then often be effectively passed through a 2mm sieve.  
 
Many soils that have been oven dried prior to sieving will have particles cemented together and 
will generally need to be crushed or ground prior to sieving. This can be physically difficult and 
time consuming and can break particles that should be considered rock into soil sized particles. 
Soils should not be oven dried prior to sieving.  
 
3.2 Grinding Procedures 
In order to obtain a representative plant sample for any analysis, the plant must be ground. 
There are many methods of plant grinding available. We have a model 4 Wiley Mill with four 
rotating steel cutting knives that produce a rough grind with particles as large as 2 by 7mm. This 
grinder is in Cordley 3052H and training is required prior to use. We also have a “Mini Wiley 
Mill” in the ALS 3079 lab for smaller plant samples that produces materials fine enough for use 
with any of our analytical procedures. The Cyclotec produces the finest grind and is 
recommended for plant samples that will go into the Elementar analyzer for combustion.  
 
Soil samples are also commonly ground prior to chemical analysis. There is a large grinding 
closet in the sample storage room. This is not used for soil health samples. All soil health 
samples are sieved to 2 mm prior to analysis.  
 
3.2.1 Soil grinding instructions for using the mechanical grinder in the sample storage room 
You must be trained by Shannon or Gloria before using this machine 
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NO LOOSE CLOTHING, CORDS, HAIR, ETC ANYWHERE NEAR THE GRINDER 
 The motor that controls the grinder spins a rotor that can wrap up loose material faster 

than you can pull away. This is dangerous and you must be careful. 
 

Personal Protective Equipment (PPE) Checklist: 
 Safety goggles that seal on your face 
 A respirator (dust mask) 
 A lab jacket with tight cuffs (blue jackets or use tape) buttoned all the way down – a 

coverall suit may also be worn as long as it is not too baggy 
 Long pants  
 Closed-toe shoes 

 
To operate the machine, follow this checklist: 

1. Wear all required PPE 
2. Remove noticeable rocks in sample – set aside for weight 

a. If the sample is very dark color has large clods or otherwise seems very hard, the 
large clods may need to be crushed with a rolling pin or mortar and pestle first. 
Clods with circumference larger than a dime should not go into the grinder. 

3. Ensure that the sample collection tray is clean 
4. Check that soil has not built up behind the sample tray, clear if needed 
5. Empty “overs” bucket under machine 
6. Turn on dust collection unit by pulling large lever down (box on the wall) 
7. Push the metal rod on main unit toward the wall so sample will be in contact with 

grinding hammers 
8. While holding metal rod down, open hopper lid and insert not more than one cup of air 

dry soil 
9. While holding metal rod down, close hopper lid 
10.  While holding the metal rod down, and standing clear of the rotor flip both switches on 

front of machine up 
11.  Hold metal rod toward wall for 15-20 seconds 
12.  Slowly release metal rod to allow the soil to be sorted on the sieve 
13.  Turn off two switches on front of machine 
14. Check the overs bucket 

a. Remove noticeable rocks – set aside for weight 
15.  Follow steps 7-13 to regrind the overs 
16.  Remove the sample 
17.  Discard remaining overs 
18.  Replace sample collection tray and empty overs bucket 
19.  Repeat as needed 
20.  Turn off dust collector 
21. Sweep area after each use 
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3.3 Sample Drying Procedures 
Many laboratory analyses dictate the moisture status that should be used during the analysis. If 
the procedure indicates that the sample should be oven dried, it must be dried for a minimum 
of 24 hours in 105oC oven. In order to measure the true gravimetric moisture of a sample, it is 
placed in an oven set to 105oC for a minimum of 24 hours, taking the appropriate weight 
measurements of sample and weigh tin before and after the drying process to determine the 
weight of the water lost. We use the silver oven on the left side of the back wall in the van 
Helmont room (3079G) for oven drying soils.  
 
Many processes are performed on air-dried samples. For this we weigh the sample and the 
labeled tin, and then place the sample in the convection cupboards located in the sieving room. 
The closet is just over room temperature and the forced air movement helps to dry the soils 
without complete cementation. Depending on the texture, air-dried soil will hold 1-12% 
moisture after 48 hours. After the sample is air dried, a small subsample is oven dried to 
calculate the gravimetric moisture content of the air dry soil. 
                                   
It is important to note that plants and paper bags should never be put in the soil drying oven 
that is set to 105⁰C. This could cause a fire and is unnecessary. The green oven in the van 
Helmont room is set to 35⁰C and has a convection system to maintain air movement. This helps 
prevent plants from growing mold. It is important to note that samples should not be packed 
tightly in this oven for the same reason. Additionally, there is a large drying cabinet that CAL 
operates in Cordley room 3052H. We also maintain around 35⁰C in these cabinets, but it is not 
as precise and the air flow rate is lower. However, it is ideal for large batches of samples 
because of the high volume capacity. The same precautions apply; do not pack samples in 
tightly, and make sure all samples are on a wire rack to maintain air flow.  
 
3.4 Refrigerating Procedures 
Samples that will be analyzed for effects of microbial processes should be shipped fresh and 
kept cold. Samples should be refrigerated as soon as they labelled and their information is 
recorded, immediately after being received. This protocol includes but is not limited to samples 
to be analyzed for the following: NH4

+, NO3
-, microbial respiration, microbial biomass, and beta-

glucosidase or other enzyme activity assays. For all samples that are kept refrigerated prior to 
analysis, 15g of fresh soil is weighed and oven dried to calculate the gravimetric moisture.  
 
3.5 Weighing 
The quantity of soil used and the liquid that may be associated will always be needed when 
determining the concentration of any component in a soil sample. To properly use a balance, 
make sure it is stable and level on the benchtop surface. Please do not move the balances for 
your convenience. If you need to move a balance, make sure to properly adjust the level by 
turning the wheels near each foot until the levelling bubble is in the middle of the level 
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indicator on the balance. This can be a time-consuming practice and it is better to not move the 
balances. 
 
The precision of your measurement will determine the significant digits of the data that you can 
report. If you use a balance that measures to one hundredth of a gram (0.01g), and then you 
make a calculation, such as an average, based on that measurement, you can only report your 
numbers to one hundredth of a gram (0.01g). Do not weigh materials directly onto the balance 
plate. Use a weigh paper or weigh boat. To ensure optimal precision of a measurement, a light 
weight vessel is preferred. Try to keep the ratio of the vessel to material as low as possible so 
that tare error is minimized.  
 
3.6 Pipetting and Measuring Volume 
Pipettes are often used to measure a small volume of a liquid to be used when making a 
solution.  
To pull liquid into a manual pipette: 

1. Set the desired volume. 
2. Depress the button on top just to the point where there is resistance. This will not be as 

far as the plunger can go.  
3. Put the tip far enough into the liquid (approximately 1 cm) so that you will not pull any 

air up with your liquid. 
4. Slowly release pressure from the button.  

To dispense liquid using a manual pipette:  
1. Position the pipette over your receptacle, keeping pipette perpendicular to the ground  
2. Depress the button on top all the way to the bottom – past the point of first resistance.  
3. Angle the pipette slightly and gently touch the tip to the edge of the vessel to get all of 

the solution into the vessel. 
 
When using any pipette, do not turn it or lay it on its side when there is liquid in the tip. Pay 
attention to move slowly and smoothly when pulling liquid up and dispensing. Do not allow 
liquid to shoot up the tip by releasing pressure quickly. This can damage and/or contaminate 
the piston, causing problems by introducing unwanted chemicals into the next solution you are 
pipetting, particularly for the preparation of calibration curves. For many practices where you 
will be pipetting, you will be dispersing into a small space. Hold the pipette with your dominant 
hand and guide the pipette tip to the top of the vessel stabilized by your non-dominant hand. 
Change pipette tips any time you are transferring a different chemical. 
 
Pipettes are calibrated annually to ensure that the nominal dispensed volume matches the 
actual dispensed volume. As an extra quality control procedure, check that the pipette is well-
calibrated by setting it to the desired volume and pipetting one aliquot of DI water into a small 
vessel on a tared balance. If needed, assuming that 1 ml = 1 g, adjust the volume knob slightly 
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until the pipette dispenses the desired volume, and report discrepancy to the laboratory 
manager. 
 
We have several kinds of pipettes in the lab. There is an AccuJet automatic pipette controller 
that fits with the large volume (10-50mL) glass pipettes. There are two buttons: the top button 
draws solution up; the bottom button dispenses the solution. The bottom button can be 
pressed lightly to remove suction pressure and allow the liquid to flow, or can be fully engaged 
to force the liquid out at a faster rate. There are many manual pipettes ranging from 20-5000 
µl. Select the appropriate tip and follow general pipette instructions as above. There are small 
eye dropper style pipettes that should not be used for dispensing measured quantities, but can 
be very helpful to bring a liquid to a specific volume in a volumetric flask. 
 
When a procedure calls for a specific volume of liquid to be used you should use either a 
graduated cylinder or a volumetric flask to measure the quantity.  
 
Volumetric flasks are TC (“to contain”) glassware, and should be used when the final total 
volume of a solution is important. Volumetric flasks will generally be the vessel that the 
components of a solution are added to, before being brought up to volume. Volumetric flasks 
are always to be used for making calibration standards. It is important to make sure that you 
align the bottom of the meniscus of the liquid to the appropriate marking. To accurately do this, 
you must position yourself so that you are eye level with the marking on the vessel. 
 
Graduated cylinders are TD (“to deliver”) glassware, and should be used when measuring out 
large (>10 ml) volumes of non-viscous liquid that will be components of a different final 
solution. 
 
Fig. 1 Meniscus properly aligned with measurement line with a view from eye level position 
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3.7  Sample Shaking and Centrifuge Procedures 
CAL currently has one shaker table that is firmly attached to a counter in room3079G. This is an 
old piece of equipment and samples must lay flat on their side. The foam pieces are provided to 
make sure that the samples do not roll around inside of the shaker. Prior to use, please make 
sure that the samples are well sealed by tightening the cap and giving them a thorough shake 
with your hand. Place them in the shaker and pack as much foam in as needed.  
 
There is currently not a centrifuge housed in CAL. However, there are procedures that require, 
are easier, or are faster if samples can be centrifuged. For small samples (50 ml or smaller), 
obtain permission and training from Dr. David Myrold for use of his centrifuge in lab 3036. For 
larger samples, obtain permission and training from Dr. Markus Kleber for use of his centrifuge 
in lab 3040.  
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4. CHEMISTRY ANALYSES OFFERED 
 
4.1 Soil pH  
 
Scope and Application 
pH is a measure of the relative acidity or alkalinity of a soil solution in equilibrium with soil 
particles. Mathematically, pH is the negative log10 of the activity of H+ ions in solution. A pH 
probe uses the difference in electric potential that results from variations in chemical potential 
as H+ activity varies. Soil pH can be measured in a saturated paste, 1:1 or 1:2 soil to water ratio, 
or in a solution of 0.01M calcium chloride CaCl2. pH is a considered a primary factor in soil 
characterization because it impacts sorption and the relative availability of nutrients. 
Alternatively, the exchangeable acidity (measure of H+ and Al3+) can be measured in a 0.1M 
CaCl2 solution to determine the total concentration of acid cations that occupy the cation 
exchange sites. Generally, the reproducibility of pH measurements is considered to be ± 0.07pH 
units.  
 
Summary 
Soil pH can be measured at either a 1:1 or 1:2 soil to water ratio. Because of the use of the log 
scale, the two ratios typically provide similar results. A soil with high clay or organic matter may 
require a 1:2 or even 1:5 ratio to allow for enough fluid to make a measurement. A sample that 
will also have the lime requirement measured will be measured with a 1:1 ratio when possible. 
With either method, the soil and water are placed in a tube and shaken for 15 minutes. A 
calibrated probe accounting for temperature is used for the measurement. One CAL standard 
sample is included in each batch.  
 
Equipment and Materials 

 Hanna HI5522 with pH and temperature probe 
 Falcon tube with cap or small beaker with glass stir rod 
 Reciprocating shaker  

 
Reagents 

 pH calibration standards (4.01, 7.01, 10.01) 
 DI water or 0.01M CaCl2 

 
Procedure 

1. Measure 10g dry weight soil into the beaker or Falcon tube (or 20g if 1:1)  
2. Add 10 mL (20 ml if 1:2 ratio) of solution (DI water by default, but can use CaCl2, KCl, or 

other) 
3. Place on a shaker on low for 15 minutes 
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4. Calibrate the pH meter with a minimum of two standards that bracket the potential 
sample results according to the instructions on the screen 

5. Insert rinsed pH and temperature probes into each sample 
a. Be careful to keep the probes still and not against the wall or bottom of the 

vessels  
b. Make sure the diaphragm is submerged in suspension.  
c. This may require the tipping of the vessel, using a vessel that is tall and thin, or 

decanting the supernatant into a test tube, but the measurement must be made 
in the same type of vessel as the calibration standards. Record results when the 
numbers stabilize. 

6. Between measurements, rinse each probe well with DI water and gently pat dry. 
7. When not measuring, make sure that the pH probe is rinsed and submerged in 3M KCl. 

 

4.2 Electrical Conductivity  
 
Scope and Application 
Electrical conductivity (EC) is a proxy for the total soluble salts in the soil solution and is an 
important factor to consider because it impacts plant uptake of water. Soil EC can be measured 
from a saturated paste, a 1:1 or 1:2 soil to water ratio. However, unlike pH that is based on a 
log scale, EC is measured in linear units that denote conductance (dS m-1 or mS dm-1) and does 
change significantly based on the ratio of solution to soil. At CAL we regularly measure EC in a 
1:1 ratio unless otherwise requested. Generally, the reproducibility is considered to be ± 5%.  
 
Summary 
The soil and water are placed in a tube and shaken for 15 minutes to achieve soil solution 
equilibrium. A calibrated probe accounting for temperature is used for the measurement. One 
CAL standard sample is included in each batch. 
 
Equipment and Materials 

 Hanna HI5522 with EC probe 
 Falcon tube with cap 
 Reciprocating shaker  

 
Reagents 

 EC calibration standards (0.084 and 1.413 dS m-1) 
 DI water  

 
Procedure 

1. Measure 20g dry weight soil into the beaker or Falcon tube  
2. Add 20 mL of DI water 
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3. Place on a shaker on high for 15 minutes 
4. Calibrate the EC meter with the standard closest to the expected sample results 

according to the instructions on the screen 
5. Insert rinsed EC and temperature probes into each sample 

a. Be careful to keep the probe still and not against the wall or bottom of the 
vessels  

b. The liquid needs to come up to the drain holes past all four platinum rings or the 
measurement will be meaningless.  

c. This may require the tipping of the vessel, using a vessel that is tall and thin, or 
decanting the supernatant into a test tube. Record results when the numbers 
stabilize. Samples must be measured in the same type of vessel as the standard. 

6. Between measurements, rinse the probe well with DI water and gently pat dry. 
 
 

4.3 Nutrient Extractions 
 
Nutrients, the elements that are needed to sustain life, are sorbed to charged portions of soil 
mineral particles. Mineralogy and pH impact the strength and quantity of nutrients sorbed to 
the soil particle surface. Organic matter can also hold a significant quantity of nutrients in a 
variety of forms and degrees of availability. There are many different extraction methods 
available in order to determine total nutrients in the soil or the nutrients available for plant 
uptake or leaching. 
 

4.3.1 Mehlich 3 Extraction – P, K, Ca, Mg, Mn, Fe, Cu, Zn 
 
Scope and Application 
The Mehlich 3 extractant is a solution of NH4F, EDTA, NH4NO3, acetic acid, nitric acid, and DI 
water which allows for the extraction of many nutrients from a wide variety of soil conditions 
while minimizing corrosive properties. For this reason, it has been nicknamed the universal 
extractant. The acids dissolve iron and aluminum phosphates, the fluoride ions form complexes 
with the aluminum, and EDTA chelates other metals. To test for plant available phosphate, the 
OSU Extension publications currently recommend Bray 1 for acidic soils and Olsen for alkaline 
soils. However, work from several other states provide evidence of high correlations between 
Mehlich 3 and the older extractions (Mallarino, 1999). This test can also replace the ammonium 
acetate (AA) extraction process for Ca, K, and Mg. Mehlich 3 demonstrated 6-8% higher 
extraction rates than AA while being highly correlated (Mehlich, 1984). Mehlich 3 can also be 
used in place of the DTPA extraction for micronutrients with good correlations for Zn, Mn, and 
Cu.  The Mehlich 3 filtrate can be analyzed for multiple elements simultaneously using the 
Inductively Coupled Plasma – Optical Emission Spectrophotometer (ICP-OES) 
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Summary 
The Mehlich 3 extractant is used to determine the amounts of micronutrients and 
macronutrients in a wide variety of soils. Twenty mL of the extracting solution are added to 2 g 
of dried and sieved soil and shaken. The slurry is filtered and the filtrate is analyzed using ICP-
OES. One CAL standard is analyzed for every batch of samples. Generally, reproducibility is 
within ± 8%. 
 
Equipment and Materials 

 Weigh boats 
 Balance 
 Volumetric flasks (100 ml, 1L) 
 Graduated cylinder (20 ml) 
 Adjustable volume pipettes (5 ml, <1 ml) 
 Stir plate/hot plate 
 Magnetic stir bar 
 Soil scoop 
 Shaker 
 Wooden funnel frame with plastic funnels 
 Lab tape 
 Filter paper (Whatman #1) 
 ICP vials and caps 
 Vial holder 

 
Reagents 

 NH4F 
 Ethylenediaminetetraacetic acid (EDTA) 
 Deionized (DI) water 
 NH4NO3 
 Glacial acetic acid (>99.7%, or 17.4M) 
 Concentrated HNO3 (>68%, or 15.8M) 

 
Procedure 

1. Solution preparation 
a. Mehlich 3 stock solution 

i. To a 100 ml volumetric flask, add: 
1. 13.89 g NH4F in a weigh boat 
2. 7.305 g EDTA in a weigh boat  

ii. Dilute to 100 mL using DI water 
iii. Add a small magnetic stir bar and put on a stir plate/hotplate on low heat 

until all reagents are dissolved 



Oregon State University - Central Analytical Laboratory - Standard Operating Procedures 2017 

20 
 

b. Mehlich 3 extractant 
i. To a 1L volumetric flask, add: 

1. 20 g NH4NO3  
2. 4 mL of the Mehlich 3 stock solution 
3. 11.5 mL glacial acetic acid 
4. 0.82 mL HNO3 to the flask 

ii. Dilute to 1L using DI water 
iii. Invert at least three times to mix 

 
2. Extraction procedure 

a. Weigh 2 g of each dried and ground sample and place into labelled Falcon tubes 
(up to 12 at one time) 

b. Using a bottle-top dispenser, quickly add 20mL of Mehlich 3 extractant to each 
tube, including one extra tube with no soil (method blank) 

c. Secure cap over all tubes 
d. Immediately place tubes on shaker on low speed for five minutes 
e. Fold Whatman #1 filters in filter tubes while samples shake 
f. Label a band of tape on the wooden frame to track samples 
g. Pour extractant into appropriate filter 
h. Once filtered, pour into ICP tube and cap tightly 
i. Analyze within 24 hours on ICP-OES 

 
Note: procedure is calibrated to 5 minutes of contact between soil and extractant. This is the 
reason for a max of 12 samples at one time and careful timing and preparation are necessary. 
 
Calculation of results 
 

   =    –  ℎ   
 ( )

  ( )
 (eq. 1) 

 

Mehilch 3 soil test extractant: A modification of Mehlich 2 extractant. Communications in Soil Science 
 and Plant Analysis Volume 15 1984 Issue 12. 

http://www.Ipm.iastate.edue/ipm/icm/1999/2-15-1999/mehlich3.html  Antonio Mallarino John E 
 Sawyer. 
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4.3.2 Ammonium Acetate Method 
 
Scope and Application 
Ammonium acetate solution buffered at pH 7.0 is used to displace exchangeable cations in 
agricultural soils. This method gives estimation of plant-available base cations (potassium, 
calcium, sodium, and magnesium). For calcareous soils (pH > 7.4 and calcium carbonate > 
0.5%), this method overestimates plant available calcium, and Normandin et al. (1998) 
suggested using ammonium acetate solution buffered at pH 8.5 to suppress dissolution of 
calcium carbonates.  
 
Summary  
This is the method indexed by the OSU Extension Service Nutrient Management Guides for 
cations. Two grams of air-dried soil sample is shaken with 20mL of ammonium acetate solution, 
filtered, and cations in filtrate are determined by ICP-OES. 
 
Equipment and Materials 

 Balance 
 1L volumetric flask 
 1L glass beaker 
 100mL graduated cylinders (2) 
 Glass rod 
 50mL Falcon tubes 
 20mL pipette 
 Shaker 
 Centrifuge 
 Filter papers 
 Funnels 
 pH meter 

 
Reagents 

 Glacial acetic acid: CH3COOH 99% (17.4M) 
 Ammonium hydroxide: concentrated (14.5M) 
 Deionized water 

 
Procedure 

1. Preparation of ammonium acetate extraction solution 
a. Add approximately 800mL deionized water into 1L glass beaker 
b. Measure 57mL of glacial acetic acid into graduated cylinder and add to glass 

beaker in fume hood, mix well 
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c. Measure 68mL of concentrated ammonium hydroxide into graduated cylinder 
and add to glass beaker in fume hood, mix well 

d. Adjust solution pH to 7.0 using glacial acetic acid or ammonium hydroxide 
e. Transfer solution to 1L volumetric flask 
f. Dilute to volume, mix well  

2. Weigh 2g of air-dried soil into 50mL Falcon tubes. Include one tube with no soil to be 
the method blank. 

3. Add 20mL of ammonium acetate extraction solution to each tube, including the method 
blank 

4. Secure centrifuge tubes on shaker 
5. Shake for 2hr 
6. Filter 
7. Measure interested elements using ICP-OES 

 
Calculation 
 Elements in soil samples (mg/kg) = ICP reading (mg/L) * 0.02L / 0.002kg (eq. 2) 

 
Reference 
Doll, E.C. and R. E. Lucas. 1973. Testing soil for potassium, calcium and magnesium. p 133-152. 

In: L.M. Walsh and J.D. Beaton. (ed.) Soil testing and plant analysis. SSSA Madison, WI. 
Knudsen, D., G.A. Peterson and P.F. Pratt. 1982. Lithium, sodium and potassium. In : A.L. Page 

(ed) Methods of soil analysis Part 2. Agronomy Monograph 9. 2nd ed. ASA and SSSA, 
Madison WI. 

McKeague, J.A. ed. 1981. Extractable cations. In: Manual of soil sampling and methods of 
analysis. Canadian Soil Survey Committee, prepared by subcommittee of methods of 
analysis. 

Munter, R. 1988. Laboratory factors affecting the extractability of nutrients. p. 8-10. In : W.C. 
Dahnke (ed.) Recommended chemical soil test procedures for the North Central Region, 
North Dakota Agricultural Experiment Station Bulletin No. 499 (revised). 

Normandin, V., Kotuby-Amacher, J., and Miller, R.O., 1998. Modification of the ammonium 
acetate extraction for the determination of exchangeable cations in calcareous soil. 
Commun. Soil Sci. Plant Anal. 29, 1785-1791 

 
 

4.3.3 KCl Extraction – NO3-N NH4-N 
 
Scope and Application 
Potassium chloride (2M KCl) is used to semi-quantitatively extract nitrate (NO3) and ammonium 
(NH4) from soil. The potassium replaces ammonium on the sorption complex and the chloride 
exchanges with the nitrate. The nitrate is reduced to nitrite (NO2-N) via a cadmium column 
which is then diazotized with sulfanilamide, and combined with N-(1-Napthyle)-
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ethylenediamine dihydrochloride (NEDD) to produce a colorimetric reaction. When ammonia is 
heated with salicylate and hypochlorite in an alkaline phosphate buffer, a green color is 
produced proportional to the ammonia concentration. Both NO3

- and NH4
+ color reactions can 

be quantified using a Lachat 8500 Series 2 Flow Injection Analysis System. 
 
Summary 
The soil sample is shaken with 2M KCl at a 4:1 ratio (KCl to soil) for one hour to achieve 
equilibrium. The solution is filtered and then quantified using independent colorimetric 
reactions.  One CAL standard and one method blank is analyzed with each group of unknowns. 
Generally, the reproducibility is considered to be ± 6% for NO3-N and ± 7% for NH4-N. 
 
Equipment and Materials 

 Reciprocating shaker 
 50 ml Falcon tubes with caps 
 Balance 
 Wooden funnel frame with plastic funnels 
 Whatman #1 filter paper 
 

Reagents 
 2M KCl (149.1 g KCl/liter)  

 
Procedure 

1. Weigh 149.1g KCl on balance, dissolve in 750mL water 
2. Once dissolved, bring volume to 1 L. 
3. Weigh 7.5 g of soil (on dry matter basis) into a labelled 50mL tube.  
4. Add 30 mL of 2M KCl into each Falcon tube containing soil and one empty tube as a 

method blank using a bottle-top dispenser. 
5. Cover and shake on a reciprocal shaker on low for one hour.  
6. Fold a Whatman #1 filter paper and place in a funnel tube. 
7. Pour the soil slurry into the filter 
8. Once the filtration is complete, pour extracted sample into clean, labelled storage tube. 
9. Analyze immediately or cap the tube and place in the refrigerator. 

 
Calculations 
  

4   =  4   –  ℎ   
 

   
 (eq. 2) 

 
 
 

3   =  3   –  ℎ   
 

   
 (eq. 3) 
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4.4 Cation Exchange Methods 
Cation exchange capacity (CEC) is a measure of the total quantity of negative charges a soil 
carries per unit of weight, from both mineral and organic materials. It is also described as the 
quantity of readily exchangeable cations that neutralize negative charges in the soil. CEC is 
commonly expressed in units of charge, as milliequivalents per 100g of soil (meq 100 g-1) or 
centimoles per kg of soil (cmolc kg-1). The charge from clay particles is due to isomorphic 
substitution of ions in the crystal lattice created during remineralization. Organic matter can be 
made of a wide variety of chemical compounds that hold and exchange cations in a relentless 
flow of nutrients being cycled by the microbial community. There are many ways to measure or 
calculate CEC. Different laboratory methods can provide different answers and so the reported 
CEC should be considered operationally defined. Methods should be chosen based on required 
research question, soil type, and how you will use the results. Methods outside of those listed 
here can be performed for research needs.  

 

4.4.1 Cation Exchange Capacity Calculation 
 
Scope and Application 
For general soil characterization or an estimation of CEC many laboratories do not perform a 
direct measurement of CEC. Instead they use a calculation based on the sum of Ca2+, Mg2+, K+, 
and Na+ quantified through a direct Mehlich 3 or ammonium acetate extraction and  
ICP measurement of these cations. Under low pH conditions (pH<5.5) exchangeable Al3+ should 
be added to this calculation. If the pH is over 7.5 unreacted lime or other salts may lead to an 
overestimation of the effective CEC because they can become dissolved in the extracting 
solution. There are also pedotransfer functions that use the clay, pH, and organic matter 
content of the soil to estimate the CEC. This is an inference with less accuracy than a laboratory 
measurement but it can be useful, especially in the field or where laboratory work is not 
available.  
 
Calculation of CEC of soil based on ammonium acetate or Mehlich 3 extraction procedure: 
 
 + + + =      (eq. 4) 

    
Where K equals the ppm potassium in the soil sample 
Where Mg equals the ppm magnesium in the soil sample 
Where Ca equals the ppm calcium in the soil sample 
Where Na equals the ppm sodium in the soil sample 
 
  



Oregon State University - Central Analytical Laboratory - Standard Operating Procedures 2017 

25 
 

5. BIOLOGY ANALYSES OFFERED 
While soil testing for agricultural producers has focused on the quantification of plant available 
nutrients and some physical properties of soil, our laboratory is also providing academically 
rigorous methods of quantifying the activity of the biological community in the soil. 
Understanding that biology impacts every aspect of soil function, there has been a movement 
toward measuring “soil health.” Soil health has been defined by working groups of soil 
scientists as the continued capacity of the soil to function as a vital living ecosystem within land 
use boundaries. When examining the ecosystem functions of soil, we find that many of these 
functions are dependent on the micro-organisms. Soil microbiologists have quantified these 
functions for many years, but with the help of organizations like Cornell, the NRCS, and the Soil 
Health Institute, more of these parameters are being measured so producers can assess the 
“health” of their system. Many of these indicators are not well indexed to yield or directly to 
productivity yet. However, there are relationships to increased system resilience, infiltration 
rates, water holding capacity, and nutrient cycling, and decreased dependence on nutrient and 
chemical inputs. While definite thresholds for what a healthy system have not been defined, we 
can make generalizations like higher values for active carbon, and water stable aggregates are 
generally indicative of a healthier system. This means that relative values can give you an 
understanding of how your management practices are impacting the health of the system. 
Consider taking measurements of fields with different management history, or before and after 
a change in management, and track these changes over time.   
 

5.1 Active Carbon 
 
Scope and Application 
Active carbon is the nickname of the method that seeks to quantify the amount of readily 
oxidizable carbon in a soil, which is the carbon most energetically favorable for the microbial 
community to use for food and energy. It has been selected as an indicator of soil health and is 
considered a leading indicator, meaning it is one of the first parameters to change due to 
management. In studies done in CAL, this single parameter has the best correlation to overall 
soil health scores. This makes sense when considering that most soil functions are mediated by 
the soil microbial community. If they have enough food, they will be able to perform their 
functions and so the soil will be able to perform its functions. Many other measures of soil 
health, such as organic matter, aggregate stability, respiration, and biomass are correlated to 
active carbon.   
 
Summary 
Soil is weighed and shaken for two minutes with a solution with a known concentration of 
potassium permanganate. The soil is allowed to settle for eight minutes and the supernatant is 
diluted and measured colorimetrically to determine the amount of permanganate that was 
reduced during the oxidation of carbon. 
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Materials 
 Balance 
 Falcon tubes 
 Shaker 
 Pipettes 
 Spectrophotometer 
 Stopwatch 

 
Reagents 

 Potassium permanganate KMnO4 
 DI water 

 
Procedure  

1. Prepare a set of KMnO4 standards at 0, 0.005, 0.01, 0.015, 0.02 ppm 
2. Weigh 2.5g of air-dried soil into a 50mL Falcon tube, in triplicate repetitions 
3. Measure 49.5mL of water into separate Falcon tubes for the dilution so that proper 

timing can be maintained 
4. Add 20mL of 0.02M KMnO4 to Falcon tubes with soil 
5. Shake for exactly 2 minutes 
6. Carry samples to spectrophotometer 
7. Allow to settle for 8 minutes 
8. Pipette 0.5 mL of supernatant of sample solution with KMnO4 into Falcon tube with 

49.5mL of water 
9. Give one good shake to mix solutions 
10. Pipette 2 mL of solution water into a 4mL cuvette 
11. Measure on spectrophotometer at 550nm 
12. Measure standards before and after each sample set 

 = 0.02 − ∗ (
  

) ∗ (
.   

.   
)         (eq. 5)                 

 
Where y = mx+b using the standard concentrations to calculate the slope and intercept of the 
standard and x is the spectrophotometer reading of the unknown sample.  

 
Weil, R., K.R. Islam, M.A. Stine, J.B. Gruver and S.E. Samson-Liebig. 2003. Estimating 

active carbon for soil quality assessment: A simplified method for laboratory and  
field use. American Journal of Alternative Agriculture. Vol 18, No. 1 pg 3-17.  
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5.2 Microbial Respiration 
For many aerobic soil organisms under standard conditions, carbon dioxide CO2 is the final by-
product of cellular respiration. For this reason the quantity of CO2 evolved from a soil can be 
used as a cumulative measure of soil microbial activity. There are many ways in which this can 
be done, with many variations on incubation procedures that are possible. For agricultural 
production, substrate induced respiration can be indicative of the microbial response to specific 
amendments or fertilizers and can be particularly useful in understanding the dynamic time 
course of a response. Changes in temperature and moisture are also easily controlled allowing 
for estimations that can be helpful for modeling ecosystem response to climate changes. The 
Picarro Isotopic analyzer available at CAL is particularly useful in modeling because it provides a 
quantification of both the 12CO2 and 13CO2 allowing for calculations of the source of the carbon 
in eloquently designed experiments.  

5.2.1 Carbon Dioxide Burst Test - Activity  
 
Scope and Application 
The “Birch effect” (Birch, 1959) has long been observed as a flush, or burst, of CO2 when dry soil 
is rewetted. Although the mechanisms for this flush remain a topic of debate, it is widely 
accepted as an important metric of overall health of a soil because it has empirically been 
shown to be related to soil microbial biomass C (Anderson and Domsch, 1978), C availability 
(Wang et al., 2003), and to N mineralization (Fransluebbers, 1996).  Care must be taken when 
interpreting or comparing these results because the sieving procedure, rewetting procedure, 
and the length of storage can all have an impact on the measured respiration response. In an 
effort to minimize the inter-laboratory variation and therefore enhance comparability in this 
metric, this protocol follows the recommendations of the Horwath group (Wade et al., 2018) 
regarding the standardization of methods related to quantification of carbon mineralization. 
 
Summary 
Soil is sieved to 2mm and air dried prior to starting this procedure. The soil is added to a sample 
cup with volumetric markers used to calculate experimental bulk density and the amount of 
water to use for rewetting. Immediately prior to the baseline reading a volume of water 
sufficient to fill 50% of the pore volume with water is added. The sample is placed inside of a 
quart sized jar and a baseline CO2 measurement is made. The soil is incubated with an air tight 
seal for 24 hours, in the dark, at 23oC and the CO2 accumulation in the headspace is measured 
again after 24 hours. It is very simple to add an additional 96 hour measurement if desired.  
 
Equipment and Materials 

 Quart sized canning jar 
 Lid fitted with a gas sampling septa 
 100mL sample cup 
 Transfer Pipette 
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 20mL gradated cylinder 
 Deionized (DI) water 
 Incubation chamber to maintain 23°C 
 Picarro isotopic CO2 analyzer 

 
Procedure 

1. Prepared soil sample is air dried (~35°C, 48-72 h) and sieved to 2.00mm   
2. Weigh 40g1 of air dried soil sieved soil into a 100mL sample cup 
3. Record the volume of soil  
4. Use table to determine the water to use and indicate on data sheet 
5. Place the sample cup with soil inside the glass canning jar 
6. Gather, sample apparatus, the graduated cylinder, a water squeeze bottle, transfer 

pipette, and data sheet and bring to room 3011 where the Picarro is housed 
7. Set the Picarro to measure 12CO2_dry, 13CO2_dry, and the outlet valve pressure 
8. Set the Picarro to measure each jar for 2 minutes until port 16, which is set to 30 

minutes 
9. Press “restart user log” to enable easy data retrieval from Picarro datalogger 
10. Record the baseline CO2 values in the room prior to measuring samples 
11. Measure desired water volume and pour into the first soil sample 
12. Place lid with septa and canning seal on the jar  
13. Place the needle from port 1 into the first jar and press “apply” 
14. Record time that the sample is started 
15. When 1 minute of time has passed add water to the next sample, seal jar, and insert 

needle from port 2 
16. At the 2 minute mark, record the 12CO2, 13CO3, and outlet valve on data sheet from the 

first sample 
17. Continue with up to 15 samples 
18. Allow the machine to read the room baseline while at port 16 while you remove the 

needles, place the samples into the 23oC incubation cupboard, and arrange your next 
set of samples 

19. Assess the outlet valve readings, if there is a significant drop with the outlet valve value, 
check the integrity of the needles and the seal of the respective jars. Measure again if 
needed 

20. Prior to reading another set, press “restart user log” again  
21. Incubate for 24 h (record time from initial water addition). 
22. Set the machine up following steps 7-9 and set up to 15 jars on the ports 
23. Restart user log, allow the machine to start and run independently 
24. Set a timer for 30 minutes 
25. Allow the machine to read the baseline while you change out the next set of samples 
26. Restart the user log and press apply when samples are ready 
27. Check the work order sheet to see if customer has requested the optional CO2 

measurement again after 72 or 96 hours   
28. Re-incubate samples or bring back to 3079 for cleaning  
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29. Data can be consolidated from the computer system using the R code saved in the 
Picarro procedures file 

30.  Enter data into the spreadsheet from all time points to calculate the CO2 rate 
 
1Smaller volumes can be used if sample is limited, though results are less robust.  
 

Calculations 
The flush of CO2 is calculated from the increase in CO2 concentration during the 24-h 
incubation, using the universal gas law:  
 
 PV=nRT   (eq.6) 

 
where P is the partial pressure (ppm) of CO2 (ppm CO2 at 24 h – ppm CO2 at 0 hr.),  
V is the volume of the gas phase in the canning jar (0.203L, the volume of the jar minus the 
volume of the beaker, water, and soil),  
n is the moles of CO2,  
R is the universal gas constant (0.08206 atm*L/mol/K), and  
T is the temperature (298 K).  
 
The equation is rearranged to solve for n: n = PV/RT. This will give the µmol of CO2 produced.  
 
This value is converted into µg CO2-C g-1 soil d-1 by multiplying by the molecular weight of C (12 
g/mol). This value is then divided by the mass of dry soil in the beaker and by the incubation 
time in days to get the final units of µg CO2-C g-1 soil d-1. 
 
 (n*12g/mol)/dry soil/days = µg CO2-C g-1 soil d-1 (eq.7) 

 
 
References 
Franzluebbers AJ. 2016. Should soil testing services measure soil biological activity? Agricultural 

and Environmental Letters doi:10.2134/ael2015.011.0009. 

Franzluebbers AJ, Haney RL, Hons FM, Zuberer DA. 1996. Determination of microbial biomass 
and nitrogen mineralization following rewetting of dried soil. Soil Science Society of America 
Journal 60, 1133-1139. 

 

5.3 Organic Matter 
The quantity of organic matter (OM) in a soil can impact the nutrients that are currently 
available and mineralizable, as well as the water holding capacity, buffering capacity, water 
infiltration, and overall resilience of a soil system. There are several methods available for OM 
quantification. We no longer offer the Walkley-Black titration because of the chromium 
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hazardous waste that is produced. Loss on ignition is recommended when the sample has a low 
clay content, and a low degree of precision is required. Total combustion of C and N with the 
Elementar is more precise and eliminates errors associated with mineralogical changes and 
remnant moisture.   
 
5.3.1 Dry Combustion of Solid for Total C, N, S 
 
Scope and Application 
Total carbon, nitrogen, sulfur, and hydrogen can be quantified using the Elementar Vario 
MACRO Cube in one fully automated process. The samples are combusted using a jet injection 
of oxygen directly to the sample to allow for 100% sample recovery in the form of CO2, N2, NOx, 
H2O, and SOx. Separation of gaseous components in three specific columns allows for multiple 
simultaneous analyses through thermal conductivity detection. Generally, the reproducibility is 
considered to be ± 3% for C and N and ± 6% for S 
 
Summary 
A dried and finely ground plant or soil sample is wrapped in tin foil. For plants, 75 mg are used. 
For soil, 100 mg are used. Phenylalanine (for CN) or sulfanilamide (CNS) are used to compute 
the daily factor that changes based on ambient temperature, pressure, and humidity. Douglas 
fir and NAPT standards are used as check samples for plant and soil, respectively. Check 
samples are used for every 8 unknown samples. Clean gloves are required for all steps. Do not 
touch your face with gloved hands. If the sample falls on the floor or anywhere, throw it out.  
 
Equipment and Materials 

 Vario MACRO cube 
 35 mm tin foil square 
 Metal scoopula 
 Tin capsule press 
 Mortar and pestle 

 
Reagents  

 Phenylalanine or sulfanilamide 
 Douglas fir and/or NAPT standards 
 Ethanol 

 
Procedure 

1. Prepare samples  
a. Soil and plants should be dried, ground, and pass through a 2 mm sieve.  
b. Samples should be re-ground with mortar and pestle to break all aggregates 
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I. Homogenize the sample as much as possible because a very small 
amount of soil is used for analysis  

2. Start the machine and software according to operating instructions  
3. Before starting analysis check to confirm the following parameters are met:  

a. TCD temp is at least 50°C (can take about a half hour) 
b. Once the TCD temp is at least 50°C, go to Options -> Settings -> Parameters -> 

Temperatures and set the temperatures as follows: 
c. Combustion tube: 960 
d. Reduction tube: 830 
e. Post combustion tube: 900 
f. It can take up to two hours for the tubes to get up to the required temperatures. 

The machine will not allow an analysis to begin if the temperatures are not in 
range. 

4. Prepare software and blank samples  
a. Make sure that there are no samples from a previous run left in the carousel  
b. Go to system -> carousel position and check the box  

I. type “30” in the “carousel position” box, and click “ok” (NOT “enter”!) 
c. In the spreadsheet-like part of the software, enter “Blnk” as the name of the first 

four “samples” – no sample is added to this “sample” 
d. Enter the weight as 100.0 mg 
e. For the method, choose “Blnk with O2” 

5. Compute the daily factor by making three pressed packets of phenylalanine  
a. The next three sample-lines should be labelled “RunIn” 
b. For these methods, choose “phenyl3” 
c. Tare a tin square on the microbalance by pressing “T” 
d. Add mg 70 ± 3mg of phenylalanine using clean scoopula  
e. Press print on scale to send sample weight to software (may enter manually) 
f. Remove the tin and sample from the scale to fold  
g. Carefully fold corners of tin inward successively to contain all sample within tin  

I. Tin should be a small flat disk shape when folded properly 
h. Place the tin with the sample into the tin capsule press  
i. Lower the press with moderate force.  
j. Lift the press and remove the pressed tin package. Do not let it fall out. 
k. Carefully place pressed pack into the appropriate sample holder in carousel 
l. Click on the button that looks like a pill that is bright green on both sides to start 

the auto analysis 
I. Samples take ~10 min to run, so analysis can be started now 

6. Enter a check sample following the instructions on 4c-4k 
a. Enter a check sample similar to the C and N of the unknown samples to be tested 

I. Douglas Fir for plants  
II. NAPT sample for soils 
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b. Enter the sample description into the sample-line 
c. For method choose “plant” or “soil” 

7. Enter samples of interest 
a. Follow steps 4c-4k using the sample 

I. Add 85 ± 5 for plant and 150 ± 5 for soil 
8. Include check sample every 15 samples 

 
Note: If you stop the analysis (by pushing the red pill button) to empty the ash crucible, the first 
sample that goes in after you restart will not be analyzed accurately, so you will need to redo it 
or build in blank spots.   
 

5.4 Mineralizable Nitrogen 
 
Nitrogen is often the growth rate limiting nutrient in an agricultural system. For decades 
agricultural researchers have worked on methods to estimate the amount of soil organic 
nitrogen that will be mineralized to plant available forms through one growing season. An 
accurate prediction of this process allows producers to reduce their input costs and potentially 
harmful environmental losses. Formulas to estimate this nitrogen have been developed from a 
variety of laboratory metrics. The most simple estimations is that roughly 2% of total soil N will 
become available in a growing year. Carbon dioxide respiration, a proxy for microbial activity, 
has also shown a good correlation, and can be used in conjunction with total N. Others have 
used Hot KCl extractions, protein indexes, and nitrification assays. We have chosen two 
incubations to provide as our standard methods for estimation but can perform other methods 
upon request.  
 
5.4.1 Potentially Mineralizable Nitrogen 28 day Aerobic Incubation  
 

Scope and Application 
The most direct means of estimating the amount of N that is mineralized over a growing season 
is to use a long term incubation under field conditions where the accumulation of NO3 is 
measured as the difference between what is available at the beginning and at the end of the 
period. The protocol used here maintains moisture content near ideal for microbial activity, at 
50% water filled pore space (WFPS), at an average bulk density (Db) of 1.2, and laboratory 
standard temperature of 23oC. These conditions are held nearly constant over 28 days.   
 
Summary 
Samples should be sent to the lab cold and/or as fresh as possible to minimize error for the 
NO3-N an NH4-N measurement from time 0. Samples are sieved to two millimeters and air 
dried for 3-5 days. Ten grams of sample is extracted with 2M KCl for quantification of NO3 and 
NH4. One hundred grams of air dry soil is weighed and placed in a cup. The bulk density of the 



Oregon State University - Central Analytical Laboratory - Standard Operating Procedures 2017 

33 
 

sample is calculated and water is added with a spray bottle to reach 50% water filled pore 
space. Samples are covered with a polyethylene film and secured. This allows for gas 
movement, but limits moisture loss. Samples are weighed every seven days to adjust for any 
moisture loss. On day 28 the sample is thoroughly mixed and extracted for NO3-N and NH4-N 
again. These two time points allow for the calculation of the average rate of N mineralization 
per day.  
 
Equipment and Materials 

 Volumetric plastic cup 
 Rubber bands 
 Spray bottle 
 Polyethylene film  
 Balance 
 Drying oven (105oC) 
 NO3-N and NH4-N extraction and measurement materials  

 
Reagents 

 Water 
 NO3-N and NH4-N extraction and measurement reagents listed on separate SOP (4.4.3) 

 
Procedure 

1. Sieve sample to 2mm and air dry for 3-5 days 
2. Use 7.5g air dry sample to extract NO3-N and NH4-N with 30mL 2M KCl (SOP 4.4.3) 
3. Weigh 100g air dry, sieved sample in plastic beaker 
4. Transfer soil to a plastic cup with volumetric marks 
5. Record the volume the soil fills 
6. Calculate the bulk density, % porosity, and volume of pore space of the sample in order 

to determine the water needed to add to the sample 
 

 =
  ( )

  ( )
      (eq. 8) 

 

%  = 1 −
 

 
     (eq. 9) 

 
  = %  ∗   ( )  (eq. 10) 

 
   ( ) =   ( ) ∗ 0.5   (eq. 11) 

 
7. Place jar and soil on balance and use a spray bottle to add water until the desired water 

volume (1mL=1g water) has been achieved. 
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8. Secure double layer of polyethylene film over cup with rubber band 
9. Record the mass of the total incubation set up 
10. Check the weight of the incubation set up each week. 

a. When the weight falls >1 g below the starting point, use a gentle mist spray 
bottle to add water until it reaches the weight recorded in step 9. 

11. On day 28, empty the sample into a Tupperware container and mix thoroughly 
12. Follow the SOP 4.7.3 for KCl extraction quantification of NH4-N and NO3-N 
13. Final data should be reported as the µg NO3-N g dry soil-1 day-1 

a. NO3-N for each time point is reported in ppm or mg N kg-1 dry soil 
b. The rate is calculated with the difference of the two measurements divided by 

the number of days 
 

 (( 3  28) − ( 3  0))/28  (eq. 3) 
 

5.4.2 Potentially Mineralizable Nitrogen – 7 Day Anaerobic Incubation 
 

Scope and Application 

OSU Extension publication EM 9020 describes the work done over several decades to correlate 
a laboratory test to the nitrogen available to soft white winter wheat grown in Western Oregon. 
Our laboratory method follows their prescription as closely as possible which is a slight 
modification of the anaerobic incubation described by Keeney (1982) in the SSSA Methods of 
Soil Analysis. In order for these results to be used to predict N mineralization, please follow the 
guidelines in EM 9020 (also listed below in procedure).  
 
Summary  
Fresh soil is sieved and immediately extracted using 2M KCl, the NH4-N in the extractant is then 
quantified using the Lachat colorimetric autoanalyzer. A separate portion of the sample is 
placed in a sealable container, saturating water is added, container is sealed, and incubated for 
7 days at 40C. After incubation the sample is again extracted for NH4 and quantified.  
 
Equipment and Materials 

 125mL sealable plastic containers 
 Balance 
 Scoopula 
 Reciprocating shaker 
 Filter rack 
 Whatman #1 Filter papers 
 Incubation chamber 
 Lachat autoanalyzer 
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 Graduated cylinder 
 
Reagents 

 2M KCl solution 
 DI water 
 Solutions for colorimetric NH4-N determination as per SOP 4.7.7 

 
Procedure 

1. Samples should be taken with a soil core from 0-12 inch depth  
2. A minimum of 20 soil cores representing the area should be composited 
3. Soil should be sampled in mid-January 
4. Samples should be kept cold immediately after sampling and prior to analysis 

a. If samples cannot be kept cold, they should be air dried immediately 
5. Once at the lab, sieve fresh cold sample to 2mm 
6. Determine gravimetric moisture content of fresh soil following SOP 6.1.2 
7. Weigh 20g of well mixed fresh soil into 125mL bottle 
8. Add 100mL of 2M KCl  
9. Seal container 
10. Put sample on reciprocating shaker for 1 hour 
11. While shaking set up filtering apparatus with Whatman #1 filter papers 
12. Filter samples  
13. Transfer samples to Lachat autoanalyzer tubes 
14. If they cannot be run that day, place a cap on the tube and store in the refrigerator 
15. Quantify the NO3-N and NH4-N of solution following the Lachat Autoanalyzer SOP 
16. Weigh 20 grams of well mixed soil into a 125mL bottle 
17. Record the mass 
18. Add 25mL of distilled water and stir well with a glass sire rod 
19. Add another 25mL of distilled water ensuring to rinse the stir rod and the sides of the 

125mL bottle 
20. Ensure that the bottle is tightly sealed, use a layer of Parafilm under the lid if seal is 

questionable 
21. Place the sample in the incubator at 40oC  
22. Enter a reminder in the google calendar to remove the sample after 7 days 
23. Remove the sample from the incubator 
24. Add 50mL of 2M KCl 
25. Replace the lid and tighten securely 
26. Shake vigorously by hand to ensure sample is free from bottom of container 
27. Place on reciprocating shaker on low for one hour 
28. While shaking set up filtering apparatus with Whatman #1 filter papers 
29. Filter samples  
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30. Transfer samples to Lachat autoanalyzer tubes 
31. If they cannot be run that day, place a cap on the tube and store in the refrigerator 
32. Quantify the NH4-N of solution following the Lachat Autoanalyzer SOP 
33. Use the Table 1. in extension publication EM 9020 to calculate N fertilizer rate 
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5. PHYSICAL CHARACTERIZATION 
 

 
5.1  General Soil Water Measurements 
The percentage of water in soil sample can be expressed as gravimetric moisture content (θg) or 
volumetric water content (θv). Calculations are also made for the dry matter content of soils as 
they are processed for calculations needed to convert extraction solution concentration to 
concentration in the soil reported as mg nutrient/kg dry soil (ppm). 
  

5.1.1 Volumetric Moisture Content 
 
Scope and Application 
Volumetric water content is a ratio of water volume to dry soil volume. The volume of water is 
determined by the mass difference between a wet and dry soil sample, because the density of 
water is assumed to be 1.0g/cm3, 1.0g of water occupies 1.0cm3 in soil. The volume of soil 
sample is determined by the sampling tool: a soil core ring with known volume. Volumetric 
water content can never exceed 100%, because solid soil particles occupy certain space and 
water shares the space of non-solids (i.e. pore space) with air.   
 
Summary 
To calculate volumetric moisture content, the weights of wet and dry soil, and the volume of 
soil are needed. A soil core ring with known volume is used to get soil samples from field. Soil 
core sample is stored in ice cooler to maintain field condition during transportation. Wet weight 
of soil core is determined immediately in lab after arrival.  
 
Equipment and Materials 

 Balance 
 Soil core rings with known volume 
 Oven  
 Desiccator  

 
Procedure  

1. Record the volume (Vcore) of soil core ring 
2. Record the weight of wet soil core with soil core ring (Wwet) 
3. Dry soil at 105⁰C for 24h 
4. Cool down soil sample in desiccator for 2h 
5. Record the weight of dry soil with soil core ring (Wdry) 
6. Calculate volumetric water content (θv) using equation below 

 
Calculation 
 θv = Volume of water / Volume of soil core = (Wwet - Wdry) / Vcore (eq. 4) 
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5.2.1 Gravimetric Moisture Content 
 
Scope and Application 
Gravimetric water content is a ratio of water mass to dry soil mass, and can be calculated by 
determining the mass difference between a wet and dry soil sample. For organic-matter-rich 
soils, gravimetric water content can be larger than 100%, because organic matter can retain 
more water than the weight of the soil itself.  
 
Summary 
The net weights of wet and dry soil are needed for calculation. Soil core sample is stored in ice 
cooler to maintain field condition during transportation. Wet weight of soil core is determined 
immediately in lab after arrival. Soil is air-dried or oven-dried at 105⁰C. 
 
Equipment and Materials 

 Balance 
 Soil core rings with known volume and mass 
 Oven  
 Desiccator  

 
Procedure  

1. Record the weight (Wcore) of soil core ring 
2. Record the weight of wet soil core with soil core ring (Wwet) 
3. Dry soil at 105⁰C for 24h 
4. Cool down soil sample in desiccator for 2h 
5. Record the weight of dry soil with soil core ring (Wdry) 
6. Calculate gravimetric water content (θg) using equation below 

 
Calculations 
 θg = Mass of water / Mass of dry soil = (Wwet - Wdry) / (Wdry – Wcore) (eq. 5) 
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5.2 Water Characterization 
Soil plays a pivotal role in the water cycle, including several crucial ecosystem services. Soils 
store water, filter toxins from solutions, transport water, and soil solutions provide nutrients to 
plants. We have adopted standard methods to measure the available water holding capacity 
through a pressure plate system. We can characterize the moisture release curve throughout 
the drying process with a HyProp machine to give a detailed accounting of evaporative water 
loss characterization. Additional parameters such as filtration and infiltration can be measured 
through specifically requested experimental designs. Characterization of water dynamics in 
aggregated or intact soils are of great interest and we would be happy to discuss appropriate 
methods to determine these data. 

5.2.1 Available Water Holding Capacity Pressure Plate System  
 

Scope and Application 

Available water capacity was developed in the 1940’s as a replacement to waiting for plants to 
wilt to assess the permanent wilting point. Standardized values for assessing the field capacity 
1/3 bar and permanent wilting point 15 bar were determined. By measuring the moisture 
content of the soil that is equilibrated to each of these pressures allows for a single number, 
i.e., available water holding capacity, to be reported. This number relates to the total water 
that is accessible to a plant.  

 

Summary 

A known volume of soil is weighed, saturated, and subjected to a specific pressure until no 
more water leaves the soil system. At this point the sample is removed, adjustments are made 
to account for changes in soil volume, and the moisture content of the sample is determined. 
To quantify the available water holding capacity we subject the samples to 1/3 bar pressure for 
field capacity and 15 bar pressure for wilting point. We subtract the difference in moisture 
content to report available water holding capacity.  

 

Equipment and materials 

 Soil Moisture Pressure Manifold mounted on wall 
o Gauges (g), valves (v), regulators (r), hoses (h) 

 Air compressor 
 1 bar pressure cooker  
 5 bar pressure chamber (1600 SM) 
 15 bar pressure membrane extractor (PME 1000) 
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 1 bar ceramic plate 
 5 bar ceramic plate 
 Rings with standard height and volume for PME 1000 
 Rings with standard height and volume for chambers 
 Cheese cloth 
 Rubber bands 
 Scissors 
 Spatula 
 Balance 
 Paper towels 
 Large flat soaking containers with lids 
 Cellulose membrane 
 2mm Sieved soils (may change this to ground soils) 

 

Reagents 

 Deionized (DI water) 

 

Procedure 

1. Before using for the first time, read the complete reference manual from Soilmoisture 
Equipment Corp available in the R drive.  

2. Sample preparation (24 hr prior to pressure application) 
a. Use air dry samples in drying cabinet 
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b. Pass soils through 2mm sieve 
c. Place two small squares of cheese cloth at 45o angles to each other 
d. Place label tape on ring with the sample identification 
e. Measure ring diameter and place on top of cheesecloth 
f. Secure with rubber band ensuring the cheese cloth is high enough to reach top of ring 
g. Trim cheese cloth with allowance for shrinkage 
h. Record mass and interior volume of ring apparatus in worksheet 
i. Record start date 
j. Fill ring with sieved soil sample with a mound on top 
k. Use the edge of a flat spatula to tap the soil across the ring so that it is evenly 

distributed and nearly level 
l. Use the edge of a flat spatula to level the top of the sample similar to measuring flour 

for baking 
m. Ensure that the sample does not have large protrusions or divots inside the ring, and 

brush away soil that may be trapped between the edge of the ring and cheesecloth 
n. Any time this apparatus is moved, hold the cheese cloth in place and support the 

bottom under the cheese cloth. A spatula works well for this 
o. Record the mass of the ring apparatus and dry soil 
p. Transfer the ring and soil to a soaking container 
q. Repeat process for all samples 
r. Always use a CAL standard soil for each chamber being used 
s. When a soaking container is full of samples or all samples are prepared, use a beaker to 

slowly pour DI water into the open space in the container between samples 
t. Fill the water level at about half of the height of the rings 
u. You will need to add water for a couple of minutes while the samples pull in the water 
v. When there is no more visible change in the water level, put a lid on the container and 

let soak for 24 hours 
w. Saturate any ceramic plates that will be used for analysis of samples by submerging in 

water for a minimum of 24 hours 
3. Sample placement in chambers 

a. Place three spacers in the bottom of the chamber to reduce plate damage 
b. Place the saturated ceramic plate of choice on the spacers 
c. Connect the outflow tube to receptor on the ceramic plate 
d. Place fresh paper towel on balance and tare 
e. Carefully remove the samples from the soaking container with a spatula 
f. Place sample and spatula on balance and record total mass 
g. Place sample on ceramic plate in chamber 
h. Record mass of wet paper towel and spatula 
i. Repeat for all samples, including the method blank 
j. When the plate is full or all samples are in place, put a damp cloth towel over the 

samples to minimize evaporative losses 
k. If another plate is used, repeat the processing including the placement of appropriate 

spacers, connections, and towels. 
4. Sample placement in 15 bar membrane extractor 
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a. Place cellulose membrane in water to soften for 5 minutes 
b. Unfold the cellulose membrane once flexible 
c. Allow the flattened membrane to soak for minimum of 10 additional minutes 
d. Thoroughly clean the screen drain plate to ensure no soil particles will puncture the 

cellulose membrane 
e. Wet the screen with DI water squirt bottle 
f. After sufficient soaking, use the squirt bottle to rinse any particles from cellulose 

membrane 
g. Center the cellulose membrane carefully on the screen drain plate 
h. Remove excessive air pockets between membrane and screen 
i. Place one O-ring for the extractor cylinder on the membrane 
j. Place the extractor cylinder on the O-ring ensuring proper fit 
k. Place the second O-ring in the groove of the extractor cylinder 
l. Place fresh paper towel and spatula on balance and tare 
m. Carefully remove the samples from the soaking container with the spatula 
n. Place sample and spatula on balance and record total mass 
o. Place sample on cellulose membrane in chamber 
p. Record mass of wet paper towel and spatula 
q. Repeat for all samples, including the method blank 
r. Slowly close the top place of the extractor 
s. Place a clamping bolt and nut in each receiver (8 total) with the rectangular head 

securely within the grove of the bottom plate. The washer and nut should be on top of 
the top plate 

t. Starting with the location marked 1, hand tighten the nut 
u. Continue to tighten the nuts in a star pattern following the numbers on the top plate 
v. Use the socket wrench to sequentially tighten the nuts in the numerical order 
w. Use care not to overtighten any of the nuts, expect to use light force on each nut at 

least 4 or 5 times around the star pattern 
x. After tightening sequentially 4 or 5 times, check the tightness with the torque wrench 
y. Each nut should carry 3-5 foot-pounds of torque 
z. Adjust each nut in sequence making sure that position 1 is still at the appropriate 

pressure after the full sequence has been checked 
aa. Place the outflow tubes into a volumetric container for water collection 

5. Applying pressure 
a. Wear protective goggles and ear plugs when operating the pressure plate system.  
b. Ensure that all valves (labeled with yellow V1, V2… V7) are in the closed position 

i. Valves are closed when they are perpendicular to the piece they are attached to 
ii. Valves are open when they are in line 

c. Ensure that all regulators (labeled R15 high and low, R5 high and low, R1 high and low) 
are not allowing air through. When the regulator screw is fully open or turned counter 
clockwise the air cannot get through. When the metal crank is turned clockwise it 
pushes the membrane in allowing air to pass through.  

i. Regulators are closed by turning counter clockwise = disengaged membrane 
ii. Regulators are opened by turning clockwise = engaged membrane 
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d. Ensure all exhaust valves (labeled with E15, E5, ED) are closed.  
i. Exhaust valves are closed when they are fully turned clockwise 

ii. Exhaust valves are open when they are turned counterclockwise 
e. Valves labeled in white; V15a, V15b, V15c, V5a, and V5b stay in position during 

shutdown and do not need to be changed during start up 
f. The red star shaped knob in the compressor does not need to be adjusted during start 

up or shut down unless an experimental change is needed 
g. Turn the white nob in the compressors to the on position 
h. You should hear the compressor kick on 
i. The gauges on the compressor should both start to move up. 
j. Gauge 1, on the left should go to roughly 20 bars 
k. Gauge 2, on the right should stop at 15 bars or 220 psi 

 
l. When adjusting the regulators ALWAYS make sure that you are not directly in line with 

the metal crank. These regulators can fail and the crank can become a projectile. These 
are close to eye level so you should stand to the side. While this position is awkward, it 
is a necessary safety precaution 

m. Once gauges are stabilized you can start to adjust the regulators on each plate 
n. Starting with the R1 high turn the metal crank on the regulator clockwise about half way 
o. Move to R1 low and turn the metal crank until you see the pressure register on the 

gauge 
p. Move crank on R1 high to adjust to nearly the pressure you want 



Oregon State University - Central Analytical Laboratory - Standard Operating Procedures 2017 

44 
 

q. Use R1 low to fine tune the pressure to precisely the pressure you want 
r. Once the pressure is stabilized where you want it (5psi = ~1/3bar) you can turn V7 to the 

on position 
s. The pressure will likely fall because the chamber is large and filling with air 
t. You may need to adjust both the low and high regulators to allow for more air flow

 
u. Once the chamber is pressurized the small exhaust plug on the pressure chamber lid will 

be pushed up. If this is depressed, you may need to turn the R1 low clockwise more until 
the pressure gauge registers pressure 

v. While making adjustments the compressor will likely kick on again 
w. Be ready for a somewhat loud bursting noise when it kicks off, ear protection is 

provided and encouraged 
x. Once the gauge is steady at the desired pressure you can move onto the next chamber 
y. Repeat the process for the 5 bar chamber, starting with the high, then low pressure 

regulator adjustment. 
z. The valve on the 5 bar chamber is a turn nob (V5b for now) and does need to be opened 
aa. Then fine tune with the low pressure regulator 
bb. Repeat the process for the 15 bar membrane extractor, starting with the high, then low 

pressure regulator adjustment, then open V6 valve 
cc. Water should come out of the outflow tubes when system is working 
dd. It may bubble a bit from the 15 bar extractor, but should not bubble from either the 1 or 

the 5 bar.  
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ee. After 2-3 hours the compressing diaphragm on the top of the 15 bar extractor should be 
engaged with the differential system (Fig 3) 

 
ff. First turn on V1, then V2, V3, and V4 with about 20 seconds between each valve 
gg. This should apply pressure to the top of the samples even after soil volume loss 
hh. Samples have been equilibrated when no change in water volume has been recorded for 

a period of three hours.  
ii. This normally takes several days but is highly dependent on the soil texture 

6. Need to detail the sand adjustment for shrinkage and all of the calculations.  

 

5.3   Particle Size Analysis - Texture 
Texture is the relative portion of sand (2-0.05mm), silt (0.05-0.002mm), and clay (<0.002mm) 
sized mineral particles that make up a soil. It is the primary factor that controls the specific 
surface area, total pore volume, and distribution of pore space conferring great ecological 
significance. As a function of these components texture impacts; water holding, infiltration, and 
filtration capacity, nutrient holding and mineralization capacity, as well as susceptibility to 
compaction, erosion, contaminants, and disease. For these reasons texture is a starting point 
for understanding the function of any soil. 
 
We offer three methods of textural analysis. Hand texturing by well-trained/calibrated soil 
scientists can accurately estimate the distribution of particle sizes to the level of textural class 
and is useful for many practical applications. The hydrometer method is widely used, accepted 
as a standard method for many publications, takes less time, and is cost effective for most 
applications. The sieve and pipette method is also available for more detailed information on 
the distribution of sand and silt sized particles and a higher degree of precision.  
 
5.3.1 Hydrometer Method 
 
Scope and Application 
A hydrometer is a calibrated glass cylinder with a weighted bulb at the bottom used to measure 
the specific gravity of a solution. The more sediment is in suspension the higher the specific 
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gravity. As particle settle according to size, subsequent measurements are made. Stokes’ Law is 
then used to calculate the relative portion of sand, silt, and clay sized particles remaining in 
suspension at a given time based on the specific gravity. This is the method most commonly 
cited in academic publications to quantify soil texture though the precision is lower than the 
sieve and pipette method. Generally, the reproducibility is considered to be ± 12%.  
 
Summary 
Prior to starting the particle size separation steps the sample is dried and particles greater than 
2mm are removed, the sample is precisely weighed, then organic matter and any other 
potential cementing-agents are removed. Sodium hexametaphosphate is added to the 
suspension and placed on a shaker overnight to overcome flocculation during settling. 
Suspension is measured using a hydrometer in 1L of water at multiple time points to determine 
the specific gravity of the suspension.  
 
Equipment and Materials  

 500mL Erlenmeyer flask 
 1000mL Graduated cylinder 
 500mL HDPE container with lid 
 Stir rod with flat plate on bottom 
 Hydrometer 

 
Reagents 

 Hydrogen peroxide 30% 
 Sodium Hexametaphosphate Na6P6O18  (solution of 4% Na6P6O18 and 1% Na2CO3) 

 
Procedure 

1. Assess sample for need to remove carbonates (pH greater than 7.3) or iron cementing 
agents (visual inspection for iron oxides). If these steps are deemed necessary, please go 
to  Appendix A for further instructions.  

2. Weigh 20g air dried sieved soil into a 500mL Erlenmeyer flask 
3. Add 15mL of water 
4. Add 15mL of H2O2 
5. Let stand ~24 hrs 
6. Add 15 mL of H2O2. Try to dispense liquid on walls of flask to rinse particles toward slurry 
7. Add 15mL of H2O2 when time allows through the day until bubbling stops (may be 

multiple days) 
8. Do not let soil dry out 
9. Carefully transfer all material to a high density 500mL plastic bottle with a wide mouth 

rim, thoroughly rinsing all soil particles from Erlenmeyer with a squirt bottle 
10. Add 20 mL of Na6P6O18  
11. Secure cap on bottle, and place on reciprocating shaker overnight 
12. Rinse all soil from bottle into a 1000mL graduated cylinder  
13. Fill cylinder to 1L mark 
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14. Allow the suspension to equilibrate to room temperature for at least two hours 
15. Take the temperature of the suspension  
16. Use Table 1. to determine the time at which you should take the second hydrometer 

measurement based on the temperature 
17. Vigorously disperse sediment from bottom of column with stir rod 
18. Gently place the hydrometer into the liquid 30 seconds after stirring and record the 

level at precisely 40 seconds 
19. Record the reading as Rs 
20. Set a timer for the second measurement according to temperature measurement 
21. Ten seconds prior to the second reading, gently place the hydrometer into the liquid 

and record the level as Rc 
 
 
 
 
Table 1. Settling time for clay related to temperature of suspension 
 

Temperature (oC) Time (hr:min) 
18 8:09 
19 7:57 
20 7:45 
21 7:35 
22 7:24 
23 7:13 
24 7:03 
25 6:53 
26 6:44 
27 6:35 
28 6:27 

 
Calculations: 
 

 % =  
( ) − ( − 1)

∗ 100 (eq. 6) 

       
T = total oven dry soil mass used 
Rs = hydrometer reading at 40 seconds 
B1 = hydrometer reading of blank solution at 40 seconds 
 
 

 % =  
− 2

∗ 100 (eq. 7) 

 
T = total oven dry soil mass used 
Rc = hydrometer reading of suspension at second measurement 
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B2 = hydrometer reading of blank solution at second measurement 
  
  % =  100 − % − %  (eq. 8) 

 
Comments:  
For course textured soils, a higher degree of accuracy will be obtained with larger sample sizes. 
Sixty to 100 grams is recommended.  
 
5.4  Water Stable Aggregates (Cornell) 
 
Scope and Application 
Soil aggregate stability is an indicator of soil health and is also influenced by the inherent 
particle size distribution. The formation of stable soil aggregates is often caused by increased 
soil organic matter content, resulting in improved infiltration and aeration of soils, and 
decreased soil erosion caused by wind or water. Unstable soil aggregates fall apart when hit by 
rain drops or irrigation water. The dispersed soil particles can block soil pores and form surface 
crusts, which reduce air exchange and water infiltration. The method described here is 
modified from the Cornell Soil Health Manual-Wet Aggregate Stability (Gugino et al., 2009), 
which simulates an impactful natural phenomenon: a heavy rainstorm when the surface soil is 
dry. 
 
Summary 
Soil is air dried at 30⁰C, soil that passes through a sieve with 2 mm openings are evenly spread 
on a sieve with 0.25mm openings. A rain simulator is placed 50cm above the sieve, and 1.25cm 
of rain is dropped by the simulator over a 5 minute period. The mass of sand sized particles is 
subtracted from the total mass of particles that remain on the screen.  Water stable aggregates 
are the aggregates that remain in the sieve after test.  
 
Materials 

 2.0mm sieve 
 0.25mm sieve 
 Rain simulator 
 Balance  
 Stop watch 
 Oven 

 
Reagents 

 Deionized water 
 
Procedure 

1. Record the weight of 0.25mm sieve (Wsieve) 
2. Stack 2.0mm sieve on top of 0.25mm sieve 
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3. Scoop soil sample onto 2.0mm sieve 
4. Collect ~20g of 0.25-2.0mm aggregates in 0.25mm sieve 
5. Record the weight of 0.25mm sieve with soil aggregates (Winitial) 
6. Adjust the rain simulator so the diameter of water drops is about 4.0mm, and the 

amount of water delivered within 5 minutes is about 1.25cm depth 
7. Place the sieve 50cm underneath the rain simulator 
8. Run the rain simulator for 5 minutes, use stop watch to monitor time 
9. Wait until all the water has been drained 
10. Wash all particles remaining on sieve to break up any aggregates, allowing them 

through the sieve 
11. The remaining sand sized particles are oven dried at 105⁰C  for 24 hours 
 
12. Weigh total particles remaining on sieve after oven dry  
13. Calculate the wet aggregate stability using the equation below 

 
Calculations 
  =  (   ) −                                                                        

=  (    ) −                                                                      
 = (    ) −                                             

 =   −  −                         
 =  +                                                              

    =
 

 
∗ 100                                                          

(eq. 9) 

Reference 
Gugino, B.K., Idowu, O.J., Schindelbeck, R.R., van Es, H.M., Wolfe, D.W., Moebius-Clune, B.N., 

Thies, J.E. and Abawi, G.S. 2009. Cornell Soil Health Assessment Training Manual, Edition 
2.0, Cornell University, Geneva, NY. 

 
 

 
 

 
 

 
 
 
 
 
 
 
 

 


