STANDARD OPERATING PROCEDURE

Dan Richter Soils Laboratory

See 
Tran, T. S. and R. R. Simard. 1993.  Mehlich III-Extractable Elements.  In: M. R. Carter, Ed. Soil Sampling and Methods of Analysis.  pp. 43-49.

A.  Title:  Mehlich III Extractable Elements
B.  Method:  Soil Sampling and Methods of Analysis.  Canadian Society of Soil Science.

C.  Purpose:  This is a weak organic acid soil extraction procedure that has the advantage of being applicable for a number of elements.  The extract is composed of 0.2M CH3COOH, 0.25M NH4NO3, 0.015M NH4F, 0.013M HNO3, and 0.001M ethylene diamine tetraacetic acid (EDTA). 

1.  Mehlich III is most commonly used for phosphorus which is extracted by reaction with acetic acid and flouride compounds.  It has been found to be closely related to other conventional methods of P extraction such as Bray, double acid, Olsen, and bicarbonate.  The extract is less aggressive towards apatite and other calcium phosphates and is neutralized less by carbonate than the double acid and Bray extractants.  It is highly correlated with plant P uptake and is therefore considered “available” P.

2.   Exchangeable base cations (Ca, Mg, Na, K) are extracted by ammonium nitrate and nitric acid.  The amounts recovered are nearly identical to the ammonium acetate method.  

3.  Micronutrients (Cu, Zn, Mn, Fe) are extracted by NH4 and the chelating agent EDTA.  The amounts recovered are linearly related to DTPA and 0.1M HCL methods.

MEHLICH III PHOSPHORUS

D.  Materials

1.  Equipment

a.  125ml Erlenmeyer flasks

b.  Filter funnels

c.  Whatman 42 filter paper (preferably 15cm round)

d.  50ml centrifuge tubes

e.  15ml centrifuge tubes

f.  Assorted pipettes with adjustable volumes

g.  Cold storage

h.  Assorted sizes of class A volumetrics

i.  Spectrophotometer cell, quartz, 5cm path length, 14ml volume

j.  Large stirbar

k.  Stir plate

2.  Instrumentation

a.  Top loading balance accurate to 2 decimal places

b.  Reciprocating shaker capable of shaking at 120rpm

c.  Beckman spectrophotometer

3.  Chemicals

a.  Ammonium flouride (NH4F F.W. 37.04)

b.  Ethylene diamine tetraacetic acid (EDTA F.W. 292.24)  

c.  Ammonium nitrate (NH4NO3 F.W. 80.04)

d.  Glacial Acetic acid

e.  Concentrated Nitric acid (HNO3 72% ACS grade 15.7N)

f.  Deionized water (<1uS/cm sp. Cond.)

g.  Ammonium molybdate

h.  Potassium antimony tartrate

i.  Concentrated Sulfuric acid (H2SO4 ACS grade 36N)

j.  Ascorbic acid

E.  Extracting solution preparation

1.  Stock Solution

a.  Fill a clean 1l class A volumetric flask to about 500-600mls with DI water.

b.  Weigh out 55.56g of NH4F into a plastic Nalgene beaker using the top loading balance.

c.  Transfer NH4F to volumetric flask using a funnel and squirt bottle of DI.

d.  Weigh out 29.23g of EDTA into plastic Nalgene beaker using top loading balance.

e.  Transfer EDTA to volumetric using a funnel and squirt bottle of DI.  Let dissolve and dilute to volume.

f.  Store in a plastic bottle.  The stock remains good for ?????????
2.  Working solution

a.  Fill a clean 2l class A volumetric flask to about 700mls with DI.

b.  Add 100.05g NH4NO3 (weighed out on top loading balance)

c.  Add 50mls of stock solution (measured out using a clean 50ml volumetric)

d.  Add 57.5mls of glacial acetic acid (measured out in a graduated cylinder under the hood!)

e.  Add 41mls of 10% v/v nitric acid 

1)  Fill a clean 100ml class A volumetric with about 80mls DI.

2)  Using the ACS grade HNO3 dispenser, dispense 10mls of nitric acid into the volumetric and dilute to volume.

f.  Dissolve ingredients and bring to volume.

g.  Transfer to a 5l carboy.

h.  Add an additional 3l to carboy and a stir bar.  Stir on stir plate until well mixed.

F.  Extraction procedure

1.  Weigh out 2.00g of air-dried, 2mm sieved soils into 125ml Erlenmeyer flasks.

2.  Add 20mls of Mehlich III extracting solution (soil to solution ratio of 1:10)

3.  Parafilm flasks and shake immediately on reciprocating shaker at 120rpm for 5min.  Since the shaking time is so little it is advisable to do the extraction in batches of samples (maybe 10 at a time).  The idea is to have all samples in contact with the extracting solution the same amount of time.  
4.  While samples shake, pre-rinse Whatman 42 filters with DI by placing some test-tube racks in a large Rubbermaid container.  Suspend filter funnels with filters on racks and fill filters with DI water.  Cover Rubbermaid with Saranwrap and let water drain completely from funnels.  Repeat using extractant.
5.  Remove samples from shaker and filter through pre-rinsed filters into clean 50ml centrifuge tubes.  Labels on flasks can be transferred to the tubes as the samples are poured.  
6.  Allow to completely gravity filter, cap tubes and store extracts in cold room.
7.  DO NOT let flasks with soil left in them dry out!  Rinse soil into appropriate waste buckets, and scrub flasks with a bottle brush and warm soapy water.  If soil gets crusted onto inside of flask it becomes a giant pain to get out!!

G.  Standards

These will vary depending on the expected soil P concentrations.

In general, make up 0, 60, 120, 240, 600, 1200, and 2400 ppb PO4-P standards.  Depending on the soil analyzed, standards between 0 and 60 ppb for samples with low concentrations may be required.  

1.  Stock standard  (1000mgP/l)

a.  Place approximately 5 grams of potassium phosphate monobasic (F.W. 136.09) in an aluminum weigh boat.

b.  Place weigh boat in 105 C oven and allow to dry at least 2 hours.

c.  Remove weigh boat from oven and cool in desiccator.

d.   Fill a clean, 1l, class A, volumetric flask with approximately 900mls DI.

e.  Weigh 4.394g of oven dried potassium phosphate monobasic into a weigh boat on the analytical balance.

f.  Using funnel and squirt bottle, transfer salt to volumetric flask and dilute to volume to make a 1000mgP/l stock.

g.  Transfer to amber plastic bottle.  Label with contents, date, and lot number of salt.  Stock should be prepared biannually.

2.  Intermediate stock standard  (10mgP/l)

a.  Calibrate a 200-1000ul pipette to 500ul. (0.5mls)

b.  Prepare a 10mgP/l solution by pipetting 0.5mls of the 1000mgP/l stock into a clean, 50ml, class A, volumetric and diluting to volume with DI water.

3.  Working Standards

a.  Fill six 50ml class A volumetrics about halfway with extracting solution.

b.  Pipette 12, 6, and 3mls of the intermediate stock into each of three of the volumetrics.

c.  Dilute to volume with extracting solution, cap, and invert to mix.  The resulting solutions are 2400, 1200, and 600ppb PO4-P.

d.  Pipette 5mls of each of the 2400, 1200, and 600ppb standards into each of the three other volumetrics.

e.  Dilute to volume with extracting solution, cap, and invert to mix.  The resulting solutions are 240, 120, and 60ppb PO4-P.

f.  Your 0ppb standard is the extracting solution.

4.  Quality Control Standards 

a.  Select a certified reference material for PO4-P.

b.   Some options are:

1)  EPA Nutrients no. 505 for PO4-P

2)  VHG Labs Multi Ion 4 for PO4-P

c.  Dilute certified reference material according to manufacturer’s specifications.  This is the stock reference solution and should be labeled with the lot number, date of preparation, and your name.

d.  Transfer stock to a clean plastic bottle and refrigerate following use.  In general the stock is good for about a month depending on the amount of use it gets.

e.  Dilute the stock QC in Mehlich extractant to obtain a final concentration that falls within the expected sample range.  Prepare fresh for each analysis.

5.  Spikes of samples and replicates of samples are strongly advised!!!  
H.  Murphy-Riley reagent for color development

1.  Solution A:  Add the following two solutions to a 2L volumetric containing 2.5M H2SO4 (141mL conc. H2SO4/L) and dilute to volume with DI.

a.  Dissolve 12.0g of ammonium molybdate in a 250 mL flask.

b.  Dissolve 0.2908g of potassium antimony tartrate in a 125ml flask.  Dilute to volume with DI.

2.  Solution B:  Dissolve 1.056g of ascorbic acid in 200mls of Solution A.  Prepare fresh daily.

I.  Sample Preparation

1.  Pipette 1ml of sample filtrate (at room temperature) from 50ml centrifuge tubes into clean 15ml centrifuge tubes.  Do the same for QCs and standards.

2.  Add 9.5mls of DI water.  

3.  Run on spec as soon as possible.

J.  Instrument Setup

1.  Turn on power to Beckman DU-64 spectrophotometer and peripherals.

2.  Install holder for 5cm cell.

3.  Select “ABS” mode, and “VIS” as light source.

4.  Allow lamp to warm up at least 30 minutes (preferably longer).

5.  Enter 885nm as lambda.

6.  Fill cell with DI water and place in holder.

7.  Select “CALIB” to zero the instrument on water.

K.  Calibration curve

1.  Pipette 2mls of fresh Murphy-Riley reagent into each standard and a QC starting with the lowest concentration.  Prepare multiple zero standards to get a good base.

2.  Cap, invert to mix, and allow to react for at least 20 minutes. 

3.  Starting with the 0 ppb standards, fill 5cm cell with each calibrant and select “READ” to display the absorbance reading, then “PRINT” to output reading to printer.

4.  Plot concentration vs. absorbance to verify linearity of standard curve, and regress concentration vs. absorbance to obtain the slope of the curve.  For this method, the coefficient of determination  (r2) should approximate or exceed 0.999.

5.  Use slope and intercept of the regression equation to calculate concentrations of the QC standards.  The predicted values should fall within 10% of documented values to proceed.

L.  Sample Measurement

1.  Pipette 2mls of fresh Murphy-Riley reagent into samples.

2.  Cap, invert to mix, and allow to react for at least 20 minutes. After 20 minutes color is pretty stable, but it is advisable to add color reagent to small numbers of samples at a time staggering additions so that each sample is read at nearly the same interval after addition.

3.  Fill the 5cm cell with each sample and select “READ” to display the absorbance reading, then “PRINT” to output reading to printer.  Rinse cell with DI water in-between samples.

4.  Fill the 5cm cell completely to the base of the fill tubes.

5.  Make sure there are no smudges or drops of liquid on the optical ends of the cell.  Use lint-free tissue to wipe the ends when necessary.

6.  For each measurement the cell should be positioned in exactly the same location in the holder, facing the same direction and snug against the side.

7.  Any liquid spilled inside the sample compartment should be wiped immediately.

8.  An absorbance reading should be accepted and recorded when the spec holds the same value for 5 seconds or more.

9.  Use the slope and intercept of the regression equation to calculate the concentrations of the samples.

MEHLICH III CATIONS

D.  Materials

1. Equipment

a.  125ml Erlenmeyer flasks

b.  Filter funnels

c.  Whatman 42 filter paper (preferably 15cm round)

d.  50ml centrifuge tubes

e.  15ml centrifuge tubes

f.  Assorted pipettes with adjustable volumes

g.  Cold storage

h.  Assorted sizes of class A volumetrics

i.  Large stirbar

j.  Stir plate

2.  Instrumentation

a.  Top loading balance accurate to 2 decimal places

b.  Reciprocating shaker capable of shaking at 120rpm

c.  Flame photometer, atomic absorption spectrophotometer

d.  Hallow cathode lamps for Ca/Mg, and K

3.  Chemicals

a.  Ammonium flouride (NH4F F.W. 37.04)

b.  Ethylene diamine tetraacetic acid (EDTA F.W. 292.24)  

c.  Ammonium nitrate (NH4NO3 F.W. 80.04)

d.  Glacial Acetic acid

e.  Concentrated Nitric acid (HNO3 72% ACS grade 15.7N)

f.  Deionized water (<1uS/cm sp. Cond.)

g.  Lanthanum Oxide (La2O3 F.W. 325.81)

h.  Concentrated Hydrochloric acid (ACS grade HCL 12.1N)

i.  1000ppm Certified reference solutions in 2% HNO3 for each element of interest (Fisher)
j.   Concentrated Nitric Acid, HNO3 (15.7N)

E.  Extracting solution preparation (See phosphorus Mehlich III procedure)

F.  Extraction procedure (See phosphorus Mehlich III procedure)

G.  Standards

In general soil extractions require a high standard curve (six times the extension of the linear curve for all elements).  The following standard preparation procedure is based on this curve.  Mehlich III extracted samples may need adjustment since the samples are mandatorally diluted in DI prior to running.  In other words, if cation values are expected to be low, (see analytical notes) lower standards may be necessary.  In addition, standards are made up in a 1:9 ratio of  Mehlich extractant to DI water to mimic sample matrix. 

1.  
Stock standard

a.  To a clean, class A, 1l volumetric flask add approximately 500mls of Mehlich/DI solution.

b.  Using a calibrated Eppendorf 10ml pipette, pipette 30mls, 12mls, 6mls, and 3mls of the Ca, K, Na, and Mg 1000ppm reference solutions respectively into the volumetric flask.  (Note:  Make sure not to stick the pipette directly into the reference solution container.  Pour some into a beaker for pipetting purposes.  This is to avoid contamination.)

c.  Add 2mls of concentrated HNO3 (as a preservative), dilute to volume with Mehlich/DI solution, mix, and transfer to a plastic bottle for storage.
2.  Working standards
a.  Set out four clean, class A, labeled, 100ml volumetrics.

b.  Standard (S3), 30mg/l Ca, 12mg/l K, 6mg/l Na, and 3mg/l Mg.

1)  Fill the first volumetric to volume with stock standard. 

2)  Transfer to a 125ml Nalgene bottle.

3)  Add 10 1ml shots of LaCL3.  Cap and mix.

c.  Standard (S2), 15mg/l Ca, 6mg/l K, 3mg/l Na, and 1.5mg/l Mg.

1)  Fill a clean, class A, 50ml volumetric flask with stock standard.

2)  Transfer to second 100ml volumetric and dilute to volume with Mehlich/DI solution (This is a two-fold dilution of the stock.).

3)  Transfer to a 125ml Nalgene bottle and add 10 1ml shots of LaCL3.  Cap and mix.

d.  Standard (S1), 5mg/l Ca, 2mg/l K, 1mg/l Na, 0.5mg/l Mg.

1)  Fill the third 100ml volumetric with approximately 50ml Mehlich/DI solution.

2)  Pipette 16.7mls of stock standard (2 shots of 8.33mls using a calibrated Eppendorf 10ml pipette) into the volumetric.  Dilute to volume with Mehlich/DI solution (This is a six-fold dilution of the stock standard.).

3)  Transfer to a 125ml Nalgene bottle and add 10 1ml shots of LaCL3.  Cap and mix.

e.  Standard (S0), Zero

1)  Fill the fourth volumetric to volume with Mehlich/DI solution.

2)  Transfer to a 125ml Nalgene bottle and add 10 1ml shots of LaCL3.  Cap and mix.

3.  Quality control standards

a.  Select a certified reference material that contains Ca, K, Na, and Mg.  Some options are:

1)  EPA Minerals I

2)  ERA Priority Pollutant Inorganics Lot # 428

3)  ERA Priority Pollutant Inorganics Lot # 433

b.  Dilute certified reference material according to manufacturer’s specifications.  This is the stock reference solution and should be labeled with the lot number, date of preparation, and your name.

c.  Transfer stock to a clean plastic bottle and refrigerate following use.  In general the stock is good for about a month depending on the amount of use it gets.
d.  Dilute the stock QC in Mehlich/DI solution to obtain a final concentration that falls within the expected sample range.  Prepare fresh for each analysis.
4.  Standard additions are advisable. (See separate instruction sheet.)  For general purposes:



a.  Spike solution = 50mg/l K, Na, and Mg; and 100mg/l Ca
1)  To a clean, class A, 100ml volumetric add approximately 50mls of Mehlich/DI solution.

2)  Using a calibrated Eppendorf 10ml pipette, pipette 5mls each of the K, Na, and Mg 1000ppm certified reference standards and 10mls of the Ca reference standard into the volumetric.
3)  Dilute to volume with Mehlich/DI solution, and transfer to a 125ml Nalgene bottle.  Add 10 1ml shots of LaCL3.  Cap and mix.
b.  Add 0.1mls of a spike to a 10ml prepared cation sample.  This is an addition of 0.4950mg/l for Mg, K, and Na, and 0.9901mg/l for Ca.

H.  Sample Preparation

1.  Take extracts out of the cold room and allow to come to room temperature.

2.  Pipette 1ml of sample filtrate from 50ml centrifuge tubes into clean 15ml centrifuge tubes.  Do the same for QCs and standards.

3.  Add 9.0mls of DI water.  

4.  Add 1ml of LaCl3 from dedicated repipettor. The LaCl3 should always be 10% of the solution.

5.  Store prepared samples in the cold room until analysis.

I.  Sample Analysis

1.  Allow samples to reach room temperature before analysis.

2.  Extracts should be analyzed within 28 days of extraction procedure.

3.  See standard operating procedure for atomic absorption for setup, analysis, and shut-down procedures.

J.  Analytical Notes

1.  Samples have to be diluted 10-fold in DI before LaCl3 is added to prevent a precipitate from forming upon addition of LaCl3.

2.  Standards have to be made in a 1:9 Mehlich extractant to DI water ratio to emulate the matrix of the samples.

3.  As a result of the sample dilution the Mehlich III extract may not be the most appropriate extract to use for soils with low expected  cation concentrations.

