WfM

Manual
for

bfcUcL.

'KJMM-'^

Soil and Water
Analysis

edited by

P. Buurman, B. van Lagen and E.J. Velthorst

ji\j q ^

Q
BACKHUYS PUBLISHERS LEIDEN
1996

ÇIO

ISBN 90-73348-58-7
© Backhuys Publishers, Leiden,The Netherlands
All rights reserved.Nothingfromthis publication may be reproduced,stored ina
computerized system or published inanyformor inany
manner, including electronic, mechanical, reprographic or photographic,
without prior written permissionfromthe publisher:
Backhuys Publishers, POBox321, 2300AH Leiden,The Netherlands.
Printed inThe Netherlands

Preface
The present manual contains most of the standard analytical methods that are
used at the Department of Soil Science and Geology of the Wageningen
Agricultural University. Since the first version of the manual by L.Th. Begheijn, in
1982, which contained soil analyses alone, and even since the more recent (1993)
versions of Soil Analyses and Water Analyses by, respectively, B. van Lagen and
E.J. Velthorst, many procedures have been updated.
The decision to have this edition published commercially is due to the fact that we
receive many requests for the earlier manuals, and even request for permission to
publish locally, inother countries.
In this updated version, we have striven for a more complete coverage of the
various analytical methods and pretreatments used in our Department. Therefore,
this book contains, in addition to procedures for chemical soil and water analysis,
also procedures for grain-size determination, separation of light and heavy
minerals, separation of clay fractions, pretreatments for X-ray diffraction, X-ray
fluorescence, and pretreatment for grain-size determination by laser-diffraction.
Furthermore, we have added a chapter on the various uses of the measured
properties, with an emphasis on soil formation and classification. Various authors
have contributed to these sections. In addition to those credited as authors, we
want to thank Mrs. N. Nakken-Brameijer and Mr. F. Lettink for their contributions to
the revisions.
Because many of thetexts inthis book are new, they can be improved.The editors
would be most grateful for comments, corrections, andadditions.

Wageningen,June 1996
P. Buurman
B.van Lagen
E.J. Velthorst

Department of Soil Science and Geology
Wageningen Agricultural University
P.O. Box 37
6700AA Wageningen,The Netherlands
in
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SAFETY ASPECTS
Introduction
An institution has the duty to provide a safe and healthy working place to all staff
members. It is well known that laboratories are not the most healthy work
environments. The presence of volatile hazardous organic liquids, explosive
chemicals (e.g. Perchlorate) and laboratory equipment do not guarantee optimal
conditions for a safe and healthy working place. Nevertheless, it is possible to
organize the laboratory environment in such a way, that normal work is possible
without health problems. Laboratory staff and management must do their best to
optimize laboratory conditions: laboratory staff by protecting themselves and their
fellow workers, managers by creating good laboratory safety facilities. Especially
the laboratory manager should realize that accidents have causes, and therefore
can be prevented by agood safety program.
When an employee has become familiar and competent with a new technique, his
concentration may decrease to such a point that accidents may happen. Laboratory
staff should be warned, over and over again, against such an attitude. To work
properly in a laboratory, all staff members should be aware of the work they do.
This means,that a number of safety aspect rules must be respected.
Social behaviour is important to prevent accidents. A number of rules, listed below
and elaborated upon later, can be of use as aguide to work safely in a laboratory.
Laboratory rules
Laboratory staff should be stimulated to maintain concentration. Routine is
the most common cause of laboratory accidents.
All laboratory staff should be responsible for proper functioning of all the
safety equipment. They are responsible for personal protective equipment. It
should be available and used appropriately. Periodic inspections of
emergency equipment, such as fire extinguishers, alarm systems, eye wash
and safety showers are normal laboratory activities. Personnel must follow
safety rules and be aware of safe practices.
Annually, some time should be dedicated to training in safety techniques.
There are, e.g.,safety seminars, film demonstrations, and refresher courses.
Do not keep more chemicals in the laboratory than necessary for the
ongoing work. Keep the rest inasafe place such as safety cupboards.
Always wear safety shoes, laboratory coats, and a pair of safety glasses.
Don't eat and smoke in laboratories.
Ensure that safety and precaution manuals are easy to find. They should be
inthe laboratory on anopen bookshelf.
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Take care of fire extinguishers (water type, dry chemical type, and carbon
dioxide type), fire blankets, safety showers, eye washes, safety shields,
safety containers, storage facilities, chemical spill kits, laboratory fume
hoods, safety wall chart, and laboratory respirators. Tenability date should
be noted and replacement ordered when necessary. Take time to check
regularly. Always have a first-aid kit ready.
Used liquids or chemicals should be removed in a proper way. Follow the
procedures precisely.
Don't work alone in a laboratory. Be aware of important telephone numbers,
and emergency exits.
Check analytical procedures if they are not clear. Especially work with
organic liquids may be dangerous. Be careful with electricity, gas (cylinders),
and heating equipment. Work as much as possible in a fume hood. Always
add acid or base to water. Don't try to catch falling glassware. Replace and
remove broken glassware. Take care of all normal laboratory safety aspect
rules.
Instruct new laboratory technicians in detail.

Personal protection
Laboratory staff is usually responsable for the garments, gloves, shoes, safety
glasses, etc., that they use in the laboratory. It is advisable to wear fire-retarding
clothes (avoid rayon). Always wear a laboratory coat and use safety glasses when
working with chemicals. Technicians should be trained in safe behaviour and
should take part in yearly safety and fire excercises. A yearly safety inspection of
laboratories is advisable.
Take extra precautions when radiation work has to be done. Radiation equipment
should be placed in a separate room and only used by well-trained personnel. Do
not let unexperienced people work with this equipment and allow no exceptions to
this rule. Radiation control (medical and Geiger teller) is absolute necessary or
even mandatory. Personnel have the right to know what hazardous materials are
present, so inform them properly.
Improve social control in a laboratory. Each laboratory technician is responsible for
the health of the others. Therefore, as a precaution, pay attention to colleagues'
working habits regularly. Laboratory work with acids, bases, organic solutions etc.
requires full attention from all laboratory personnel. Concentration is important,
don't interrupt a working technician. Educate laboratory technicians in safe work
practice. The laboratory manager must check if the work of one technician
influences the safety of another.
Laboratory staff should have an annual medical examination. Through a periodic
- viii -

medical exam, also shortcomings in laboratory conditions may be discovered.
Depending on the type of work, a doctor may suggest immunization against, e.g.,
tetanus or other infections. Water and soil samples may contain microbial
pathogens. Eliminate flies and other insects inthe laboratory.
Be careful when new analyses are introduced. Combination of various analyses in
one laboratory might give rise to an explosive mixture of gases. Maintenance of all
equipment is important to prevent accidents.
Laboratory hazards
Contact with chemicals may cause external or internal injuries. External
injuries are caused by skin exposure to caustic or corrosive substances
(acids, bases, reactive salts). Take care of accidents like splashes or
container spills and equipment corrosion. Internal injuries may result from
toxic or corrosive effects of substances absorbed bythe body.
Inorganic acids and bases have health and safety limits. Fumes can cause
eye and respiratory system irritation and damage to skin and eyes. Heated
acids quickly react with the skin.
Store acids and bases separately, in well-ventilated areas and away from
volatile organic and oxidizable materials. Use buckets (rubber or plastic) to
transport bottles of acids and bases. Work only with strong acids and bases
in a properly functioning fume hood. Slowly add acids and bases to water to
avoid spattering. If skin contact is made, thoroughly flush the contaminated
area with water and seek medical attention (if irritation persists). Do not
rewear polluted clothing, until after it has been cleaned thoroughly. Undress
if necessary; shyness is a bad advisor in this case. Leather items (shoes,
belts) will retain acids and may cause severe burns.
Perchloric acid reacts violently or explosively on contact with organic
material. Don't use perchloric acid together with organic reagents,
particularly volatile solvents in one fume hoods. Preferably provide a
dedicated perchloric acid hood. NaOH and other chemicals produce
considerable heat on dissolution,which may cause burns of skin andeyes.
In general, consider all laboratory chemicals as hazardous and use only as
prescribed. Some metals (arsenic, nickel, mercury) are highly toxic and may
becarcinogenic. Avoid inhalation, ingestion, and skin contact.
Nearly all organic solvents and reagents are hazardous. Some compounds
are probably carcinogenic and should betreated with extreme caution.
Water laboratory safety also includes (micro)biological hazards. Pathogenic
micro-organisms may induce human diseases. Good laboratory safety
techniques will control these agents. Even for samples of drinking water,
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mouth pipetting is inadvisable, because untreated waters may contain waterborne pathogens.
Good personal hygienic practices are important in the control of contact
exposures. Disinfect hands and working surfaces frequently. Never eat or
drink inthe laboratory.
Be aware of physical hazards as electrical, mechanical, and compressed
gases (cylinders).
Resume
Laboratory staff often have to struggle to obtain a safe and healthy laboratory
environment. Financial considerations are a common reason for the neglect of
safety aspects, especially since many measures seem cost-ineffective. Still, the
laboratory staff should demand that proper safety equipment is present. Because
people's health may be at stake, no exceptions should be allowed to save money.
Tough orders are necessary with respect to safety aspects. Guests should only
enter the laboratory together with laboratory staff. Unqualified personnel has to be
banned from work inthe laboratory without exception.All possible measures should
betaken to obtain safe and healthy working conditions.
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QUALITY OF ANALYTICAL RESULTS

To attain high quality of analytical results in a laboratory, a number of principles
should be adhered to. Most developments in the direction of quality in laboratories
nowadays, are focussed on laboratory accreditation (Sterlab), chemometry, control
charts, inter- and intra- comparison of laboratory samples, good laboratory practice
(GLP), quality assurance, quality control and quality assessment. Of course, these
are very important and absolute necessary to get the best results and to achieve
high quality in a laboratory. For a research laboratory, like ours, the introduction of
an (automatized) Laboratory Information Management System (LIMS) meets with
several problems: many samples are only analyzed for one or two characteristics,
and the requirements of each research project are different from the next. A LIMS
would have to be tailored to such a versatile laboratory and may thus lose its
effectiveness. No doubt, LIMS can be helpful to optimize results.
Good analytical results start with proper sampling. Soil samples are notoriously
heterogeneous. In soils with irregular horizon boundaries, it may be difficult to
sample a single horizon. Nevertheless, the field worker should try to obtain
samples that are as homogeneous as possible. If mixed samples are taken, it
would be useful to inform the laboratory staff, so that utmost care is taken to
homogenize the samples before analysis. Even in seemingly homogeneous bulk
samples, inadequate mixing may be a source of large errors.
Procedures for sample pretreatment, analysis, and calculation of results, have to be
described accurately - and should be adhered to. Slight differences in procedures
may cause large differences in results, especially between different batches of
samples.
Another quality aspect is the laboratory space. It often happens that pretreatment,
storage, analysis, instrumentation and calculation take place in the same room.
Quality problems appear where space is insufficient, because insufficient working
space always leads to variations in procedures. Sample preparation, analytical
procedures, and final measurement should be in separate rooms. In case of trace
element analysis, a clean, dustfree room is required for the whole procedure,
because any contamination can be significant.
A well-equipped laboratory can still produce bad results if the equipment is not
properly calibrated. Preventive equipment maintenance will reduce instrument
malfunctioning and down-time. In addition, every analytical instrument must be
calibrated to optimal sensitivity. Only data from such optimally prepared instruments
are really reliable, but it often happens that data from not optimally calibrated
instruments are used. Such data are sometimes revised with the aid of calculation
programs in order to improve the results. This results in an overestimate of the
accuracy, which may be expressed by, e.g., the number of decimals, which are not
in line with the measurement accuracy.
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Quality improvement can be achieved by regularly running samples in duplicate or
even triplicate. This adds precision to the measurement. In addition to precision,
bias is an indicator of data quality. A good laboratory should achieve low bias and
high precision.
Blanks can be considered as a main factor which highly influence quality, especially
in trace element analysis. Run special samples with blanks as much as possible to
prevent carry-over from one to the next sample. The use of blind samples will keep
the analyst alert to maintain the quality of his work.
Automation in a laboratory does increase the sample capacity, but may decrease
the quality of the results. Precautions have to be taken to prevent this. Automation
increases the need of careful administration, and control steps during sampling,
pre-treatment, analysis and calculation are necessary to prevent mix up of
samples. Sometimes, the necessary check of the obtained results is forgotten. The
"black box" of automation has to be controlled too. Instrument settings must be
noted to observe deviation of the analytical instrument. Use a note book with every
instrument.
One of the most important factors that influence the quality of the analytical results,
is the person of the analyst. Good training of an analyst is the main factor that
highly benefits the quality of the analysis. An analyst should be stimulated to use
an instrument to its limits, but without exceeding these limits. In addition, analysts
must have sufficient background to completely understand the reasons for various
operations. Involvement of the analyst in the total procedure from sampling to
analytical result, including the meaning of the numbers, will increase the quality of
the analytical work considerably. Interest and motivation of the analyst can be
increased by sufficient knowledge of the relevant literature and by training on
analytical subjects. He or she must be encouraged to "think to quality", to notice
matrix effects and other possible errors. An unmotivated analyst may well be a
major factor of errors and decreasing quality of results. This "quality" cannot be
described statistically.
If often happens that a newly installed apparatus is directly used in the analytical
cycle. Here, impatience will be counter productive, because sufficient knowledge of
an instrument is an absolute necessity before it can be used properly. Of course,
one wants to see returns on the investment, but without testing and optimizing its
conditions, the results will be below par. Nowadays, analytical equipment is more
and more sophisticated. Analytical staff must be trained well, both theoretically and
practically before they start working with any new instrument. Actually, they should
become specialists. In a modern laboratory, an increasing number of experts are
working with highly sophisticated apparatus. So, highly-educated laboratory staff
replace the old-fashioned analysts. Ideally, these new technicians should focus
their attention to one or two types of apparatus. In this way quality is increased, but
sickness of an expert will give problems of continuity. Laboratory management
should try to get two expert operators for each piece of equipment. Therefore
modern laboratories have to spend more time, money, and effort to educate their
staff. Of course, education and training are expensive, but the advantage of
- xii -

running more samples and attaining a higher level of quality has to be preferred.
Laboratory management should be aware of a correct balance between the
increased number of samples and training facilities for optimal output.
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Section A

SOIL ANALYSIS

byB.van Lagen

P. Buurman, B. van Lagen & E.J. Velthorst (eds), 1996. Manual for soil and water
analysis. Backhuys Publishers, Leiden,The Netherlands
1

SectionA

A1: TECHNICAL REMARKS AND QUALITY
Size of sample material
The common size for the sample material is the fine earth fraction (soil fraction <2
mm), except when mentioned otherwise inthe text.
When small sample quantities (<1000 mg) have to be used for analysis, the size of
the sample material should be reduced to <500 urn. This is to get a more
homogeneous sample.
Whenvery smallsample quantities (<100mg)should be used,thesample shouldbe
ground.Grindingisonlypermitted,whentheanalysisdoesnot requirenaturalsample
material.Forinstanceforexchangepropertiessamplesmayneverbegroundbecause
of changes inthe surface of the particles.
Chemicals
Allchemicalsusedintheproceduresshouldbeofanalyticalgrade(p.a.)qualityexcept
when otherwise mentioned inthetext.
The water may be demineralized water except when text indicates distilled or ultra
high quality (UHQ).
Apparatus
Under the headlines "apparatus" in the procedures, only special equipment is
mentioned. Standard laboratory equipment, such as glassware, is supposed to be
present in any laboratory.
Quality
Everyseriesforanalysisshouldconsistofthesamples,twoblanksand1 orpreferably
2 reference samples to check the performance of the analysis. The results of the
reference samples should be registered on so called Shewhart-charts (Miller and
Miller, 1978).Whenthe results of these reference samples are beyondthe tolerated
deviation, the analysis should be repeated.
Another way to check the performance of a laboratory is to join an inter-laboratory
sample exchange program.

Reference
Miller, J.C. andJ.N. Miller, 1978. Statistics for Analytical Chemistry. 2nded.

Pretreatment

A2: SAMPLE PRE-TREATMENT

Principle
Commonly, a soil sample is air-dried and sieved over a 2 mm sieve before analysis.
The fraction that passes through the sieve is called fine earth. If the sample contains
compounds that may change upon drying,it has to befreeze-dried.When an analysis
requires a small quantity of material (<1000 mg), the sample should be crushed and
sieved over a 500 \im sieve. When an analysis requires a very small quantity of
material (<100 mg) the sample should be ground in a ball mill.

Apparatus
Tray for sample drying
Mortar and pestle
Freeze-drier
Ball mill
Sieves of 2 mm and 500 |xm

Procedure
Drying
The field sample is spread out on atray. Leave it in a dry and dust-free place until the
sample is air dry. A sample is considered dry, when the sample weight does not
change more than 5% in 24 hours.
When a sample has to be freeze-dried, it is frozen first. Thereafter the sample is
placed in the freeze-drier and dried according to the manufacturer's instructions.
Sieving
When the sample has been dried,it is sieved over a2 mm sieve.The sample material
left onthe sieve iscrushed, but not ground, inthe mortar. Rockfragments are usually
not crushed, unless a total chemistry is desired. The sieved sample is the fine earth
fraction which is normally used for analysis.
Sub-sampling of fine earth can be done by machine or after careful mixing. Be aware
that storage of the sample will usually result in sorting (coarse fraction on top, fine at
the bottom).
When a small sample size is needed, a sub-sample is taken from the fine earthfraction.This sub-sample issieved over a 500 |xmsieve.The material left onthe sieve
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isfurther crushed,but not ground, inthe mortar.
When avery small sample size is needed,the sample is ground inthe ball mill, until
the sample size is<100 urn.This will take about 5 minutes ofgrinding.

Remarks
Instead of air-drying, the sample may also be dried in a drying oven. The
temperature should not exceed 40° C.
Thetime of grinding the sample to asize <100 urn should betested once by
sieving the sample over a <100 urn sieve after grinding with different time
intervals.
Somesamples (e.g. volcanic soils) maynotbedriedbecauseofanirreversible
change of the soil. Inthis case the moisture content of the soils must bekept
at constant level as well as possible. Storing of the sample in a plastic bag
inside awell closed storage box is agood way to dothis.
Reference
NEN 5751,1989. Pretreatment of the sample for fysico-chemical analysis (in
Dutch).

Moisture

A3: MOISTURE CONTENT
Principle
The results of soil analysis areto becalculated on basis of oven-dry sample weight.
Therefore the moisture-analysis isexecuted before anyother analysis.The result on
basis of the air-dry weight is multiplied with a moisture correction factor (mcf). This
recalculation is not valid for analyses with a measurement directly in the obtained
extract (e.g.Fe and AIfractionation and KCl exctractable ammonium and nitrate).If
the additional amount of soil moisture is neglected,there will be a difference inthe
final result (see Fig 1.). As seen from the graph,for air dry samples (mcf <1.1) the
difference between the two calculation methods is smaller than 1%, even for a low
soihextractant (S:E) ratio.FortheanalyseswithahighS:E ratio,thefinal result never
will bemorethan 1% higher ifthe addition of soil moisture isneglected.Especially in
analyseswith alow S:E ratio (KClextractable ammonium andnitrate, P-BrayandPOlsen)thedifferences willbesignificant.Whenasamplecontains 100%soilmoisture
(mcf=2.0), the final result of an analysis with a S:E ratio of 1:5 will be 10% higher
whenthesoilmoisture isnotneglected,comparedtothecalculation methodwithonly
usingthe mcf. Sowhen ananalyis contains adirect measurement inthe extract,the
additional soil moisture hasto be included inthecalculation.

Figure 1. Effect of omission of soil moisture oncalculated properties.
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Apparatus
Drying oven
Porcelain crucible

Procedure
Place a crucible in the oven at a temperature of 105° C and leave it for at least 2
hours.Then place it inadesiccator and let it cool downto roomtemperature.
Weigh the empty crucible (weight A). Weigh at least 2g (accuracy 1mg) of sample
inthe crucible andweigh itagain (weight B). Placethecrucible overnight intheoven
(105° C). Transfer the crucible to the desiccator and allow to cool to room
temperature. Finally weighthe crucible again (weightÇ).

Calculation
M (moisture content) (%) = ( g Q

mcf(moisture correction factor) =

x 100

%
(C-A)

* * '
100

pH

A4: pHH20 and pHKC,
Principle
The pHofthesoil ismeasuredpotentiometrically ina 1:5 soiltosolutionsuspension.
The solution iseither H20or a 1M KClsolution.
Apparatus
Shaking machine
pH-meter with acombined electrode
Reagents
Potassium chloride (KCl)
Ampoules for buffer pH =4, 7 and 10.
1 Mpotassium chloride solution
Dissolve 74.5 gof KCl in 1litre water.
Buffers of pH =4, 7 and 10
Dilute the respective ampoules according to the manufacturer's instructions.

Procedure
For airdry samples, weigh5.0 (±0.05) gof sample into a50 mlshaking bottle.Add
25 ml H20or 1MKClsolution (for pHH20 and pHKCI resp.). Shake for2 hours.Allow
the suspension to settle for a few minutes. Calibrate pH-meter according to
manufacturer's instructions usingthe correct buffers (buffers 4 and7for pH<7and
buffers 7 and 10for pH > 7). Measure pH of the soil in the supernatant, reading 1
decimal.
For field moist samples correct for the moisture content as follows, weigh A g of
sample intoa50mlshaking bottle.Add Bmlof H20andshakefor2hours.ForpHKC,
add 1.86gof solid KCltothe soil/water mixture.
A =5*mcf
B =30-A
where
mcf = moisture correctionfactor (see chapter A3)
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Remarks
After settlingofthesuspension somesoils haveaclear supernatant andsome
have not. When there is still a suspension measure pH inthe upper part.
Instead of a 1M KClsolution sometimes a0.01 MCaCI2solution isused,
especially for soilfertility assessment.
Don't keep buffers too long instorage.
Cleanthe electrode regularly.
Prepare buffer pH=10freshly.
Check calibration regularly during measurement.
Reference
N.E.N. 5750, 1989. Soil- Determination of pH insoil samples (in Dutch).

PHN,

A5: pHNaF
Principle
Treatingsoilswithfluoride,removes hydroxylgroupsfromthecomplex.ThepHofthe
solution is measured potentiometrically. This analysis is an indication for the
dominance oftheamorphous substances inthe adsorption complex ofvolcanicsoils.
Apparatus
pH-meter with acombined electrode
Reagents
Sodium fluoride (NaF)
Hydrofluoric acid48%(HF)
Ampoules for buffer pH =7 and10.
1 Msodium fluoride solution
Dissolve 45 g of NaF in 1litre distilled water. Let the solution stand for two days and filter off excess
NaF. Measure pH.pHshould be between 7.2 and 8.1. If pH is higher add afew drops of 0.1 MHFto
adjust pH.
0.1 Mhydrofluoric acid
Add 3.6 ml of concentrated hydrofluoric acidto about 800 mlof distilled water. Make upto 1litre and
homogenize. Store ina polythene bottle!!
Buffers of pH =7 and 10
Dilute the respective ampoules according to the manufacturer's instructions.

Procedure
Calibrate pH-meter according to manufacturer's instructions, using buffers 7and 10.
For airdry samples,weigh 1.0 (±0.02) gof sample intoa 100 mlshaking bottle.For
field moist samples,weigh in A gof soil. Add 50 ml sodium fluoride solution. Shake
by hands for 60 seconds. Immerse the electrode to the suspension and swirl for
another 30 seconds.After another 30 seconds, measure pH,reading 1decimal.
A = 1*mcf
where
mcf = moisture correction factor (see chapter A3)
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Remarks
Don't keep buffers instorage too long.
Clean the electrode regularly.
Prepare buffer pH=10freshly.
Check calibration regularly during measurement.
References
Mizota, C , and LP. Van Reeuwijk. 1989. Clay mineralogy and chemistry of
soilsformed involcanic material indiverseclimatic regions.SoilMonograph2.
International Soil Reference and Information Centre,Wageningen. 186pp.
Van Reeuwijk, LP., 1992. Procedures for Soil Analysis. I.S.R.I.C. Technical
Paper 9, 3rded., page 6-2.
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Carbonandnitrogen

A6: TOTAL or ORGANIC CARBON andTOTAL NITROGEN (elemental analyzer}

Principle
Carbon and nitrogen in the sample is oxidized in an oxidation column at high
temperature. The formed nitrogen oxide is reduced by copper to N2.The mixture of
C0 2 andN2isseparatedbygaschromatographyanddetectedbythermalconductivity
detector (T.C.D.). This method is known as the "flash combustion" technique.
Optionally carbonate is removed by HCl beforethe analysis.

Apparatus
Elemental analyzer
Micro-balance
Tin capsules ( 8 x 5 mm)
Silver capsules (121/2x 5mm)
Aluminium block with placefor capsules
Micro-pipette for 40 u.1
Hot plate
Reagents
Acetanilide (C8H9ON)
Magnesium Perchlorate anhydrous (Mg(CI04)2)
Quartz wool
Hydrochloric acid 37%(HCl)
10% hydrochloric acid
Add about 300 mlwater to a500 ml measuring cylinder and carefully add 135 ml HCl 37%.Allow to
cool, make upto volume with distilled water and homogenize.

Procedure
Standards:
Weigh 0 to 3 mg (accuracy of 1 u.g) of acetanilide into a capsule (tin for noncalcareous samples and silver for calcareous samples). Weigh in at least 4 portions
of acetanilide with different weights. Close the capsule andtransfer ittothe sampler
of the elemental analyzer.
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Organic and inorganic carbon and nitrogen:
Weigh 15to20mg(accuracy of 1u.g)of groundsample intoatincapsule, usingthe
micro-balance. Close the capsule and transfer it to the sampler of the elemental
analyzer.
Organic carbon andtotal nitrogen for calcareous samples:
Weigh 15to 20 mg (accuracy of 1n.g)of ground sample into asilver capsule using
the micro-balance. Place the capsule inthe aluminium block. Add40 ul of 10%HCl
usingthe micro-pipette. Allow to stand overnight. The next day add another 40\i\ of
10%HCl. Allowtostandforabout4hours.Placethealuminium blockonthehotplate.
Warm the block to a temperature of 65° C. Let the samples dry for about 3 hours.
Allow to cool. Close the capsule and transfer it to the sampler of the elemental
analyzer.
Measurement
Measure carbon and nitrogen according tothe manufacturer's instructions usingthe
instrumental settings of table 1. The formed H20 is trapped by a column filled with
Mg(CI04)2.
Table 1: Instrumental setting for carbon and nitrogen measurement by elemental
analyzer
Parameter
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Total carbon

Organic carbon

Oven temperature of oxidation
column

1020°C

1070°C

Oven temperature of reduction
column

650°C

650°C

Oven temperature of
gaschromatograph

60°C

60°C

Filament temperature

190°C

190°C

Cycle time

360 seconds

360 seconds

Sampler open after

10 seconds

10 seconds

Sampler closed after

15 seconds

15 seconds

Oxygen injection during

40 seconds

40 seconds

Peak enabling

30 seconds

30 seconds

1

Helium flow

±90 ml min"

+90 ml min"1

Purge flow

40 ml min"1

40 ml min"1

Oxygen flow

20 ml min"1

20 ml min"1

Carbonandnitrogen

Calculation
The calculation is done by the management software of the system. This software
prepares agraph of the absolute carbon or nitrogen weight against the peak areaof
the respective peak. The peak area of the samples is recalculated to the absolute
weight of carbon or nitrogen.The percentage iscalculatedfrom this absolute carbon
or nitrogen weight in relation to the weight of the sample. These results finally have
to be corrected for the moisture content by multiplying them with the moisture
correction factor.

Remarks
Whenthecalcareous samples havecooleddownandthesamples havetobe
stored overnight, this is best done in a desiccator.
The volume of 40 jxl 10% HCl isenough to neutralize ± 6 mgof CaC03. That
meansthat sampleswithCaC03-concentrationsof 50%orlesscan betreated
as described above. Samples with more than 50% have to be treated once
again with 40 |xl 10%HCl.
Carbonate can be estimated by subtracting organic carbon from total carbon
and recalculating this difference to carbonate.
A quartz tube,closed atthe bottom with a piece of quartz wool, is insertedto
the oxidation column to prevent clogging of the column with the oxidized
mineral material of the soils.
References
Eager 200 Instruction Manual.
Instruction Manual EA 1108 Elemental Analyzer.
Nieuwenhuize, J.,Y.E.M. Maas and J.J. Middelburg, 1994. Rapid analysis of
organiccarbonandnitrogen inparticulate materials.MarineChemistry45:217224.
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A7: ORGANIC CARBON (wet oxidation)
Principle
Theorganic carbon inthe sample isoxidizedwithamixture of potassiumdichromate
and sulphuric acid without external heating. The excess potassium dichromate is
titrated with ferrous sulphate. This method is known asthe Walkley-Black method.
Apparatus
Dispenser for 25 ml
Dispenser for 10ml
Burette
Magnetic stirrer
Reagents
Potassium dichromate (K2Cr207)
Sulphuric acid 96%(H2S04)
Phosphoric acid 85%(H3P04)
Ferrous sulphate (FeS04.7H20)
Diphenylamine-4-sulfonic acid barium salt (C24H20BaN2O6S2)
0.1b67 M potassium dichromate
Dissolve 49.04 g K2Cr207 in approx. 800 ml water. Transfer to a 1 litre volumetric flask. Make up to
volume with demineralized water and homogenize.
1 M (approx.) ferrous sulphate
Dissolve 278 g FeS04.7H20 in ca. 800 ml water and add 15 ml concentrated H2S04.Transfer to a1
litre volumetric flask. Make upto volume with water and homogenize.
0.16% diphenylamine-4-sulfonic acid barium salt (indicator)
Dissolve 0.4 gdiphenylamine-4-sulfonic acid barium salt in 250 ml of water.

Procedure
Weigh 1g(accuracy 1mg)of sample intoa500 mlwide-mouth conicalflask. Pipette
10 ml of the potassium dichromate solution. Add 20 ml concentrated sulphuric acid
using the dispenser. Swirl the flask carefully and allow to stand for 30 minutes.Add
200mlwater andallowtocool.Then add 10mlphosphoric acidusingthe dispenser.
Add 2 ml of the indicator-solution and titrate with ferrous sulphate while stirring
14
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magnetically. The colour changes from brown to purple to blue andfinally togreen.
The last change of colour is very abrupt. Forthe titration, more than 6 ml of ferrous
sulphate should be used. If the amount is lower, repeat the analysis using less
sample (see remark).
Calculation
Organic Carbon (%) = ™X(B-V) * Q.3® * mcf
B
W

where
B
V
10/B
mcf
W
0.39

= mlferrous sulphate used for blank
= mlferrous sulphate used for sample
= molarity of ferrous sulphate
= moisture correction factor
=sample weight (g)
=conversionfactor (includingacorrectionfactorforasupposed70%oxidation
of organic carbon)

Remarks
Execute the oxidation in afumeboard!
The oxidation inthis method is not complete. It is estimated,that only 70%of
the organic matter will be oxidized. Therefore the result of the analysis is
recalculated to 100%oxidation.
If morethan40%of the dichromate isusedfor oxidation,there isa possibility
that the oxidation is far less than 70%. Therefore the analysis has to be
repeated,when less than 6 ml of theferrous sulphate solution is usedforthe
titration.
The blank is also used to determine the molarity of the ferrous sulphate,
therefore preferably 3 blanks should beincluded.
It isdifficult to dissolve diphenylamine-4-sulfonic acid barium salt. So prepare
this solution 1day before using it.
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References
Nelson, D.W. and L.E. Sommers, 1982. Total carbon, organic carbon and
organic matter, in: Methods of Soil Analysis. Part 2 - Chemical and
Microbiological Properties. Agronomy No.9, 2nded., page539-579.
Van Reeuwijk, L.P., 1992. Procedures for Soil Analysis. I.S.R.I.C. Technical
Paper no.9, 3rded., page 5-1 and5-2.
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A8: TOTAL NITROGEN (wet oxidation)

Principle
The sample is digested in a mixture of sulphuric acid and selenium. The formed
ammonium is measured colorimetrically asanemerald greencomplex of ammonium
with sodium salicylate, sodium nitropmsside and sodium hypochlorite using an auto
analyzer.

Apparatus
Dispenser for 10ml
Kjeldahl digestion unit
Centrifuge
Auto analyzer for ammonium
Reagents
Sulphuric acid 96%(H2S04)
Selenium mixture according to Wieninger
Sodium hydroxide 32%(NaOH), special grade for ammonium determination
Sodium potassium tartrate (NaKC4H406.4H20)
Sodium phosphate, dibasic (Na2HP04.2H20)
Sodium salicylate (NaC7H503)
Sodium nitropmsside (Na2Fe(CN)5N0.2H20)
Sodium hypochlorite (NaOCI)
Ammonium sulphate ((NH4)2S04)
Hydrochloric acid 37%(HCl)
Brij-35 wetting agent
20% sodium hydroxide stock solution
Carefully add625 mlsodium hydroxide 32%to 350 mlwater. Allow to cool andmake upto 1litrewith
distilled water. Homogenize.
20% sodium potassium tartrate stock solution
Dissolve 200 gsodium potassium tartrate in 1litre water. Homogenize.
stock buffer-solution
Dissolve 89 g sodium phosphate, dibasic in 800 ml hot water. Allow to cool. Add 50 ml 32%sodium
hydroxide solution.Allow to cool. Make up to 1litre with water and homogenize.
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working buffer solution
Combine 200 ml stock buffer solution and 250 mlNa,K-tartrate stock solution.Swirl.Add 60 ml20%
sodium hydroxide stock solution.Swirl andallow tocool. Make upto 1litrewithwater, add 1mlBrij-35
and homogenize.
sodium salicylate/sodium nitroprusside solution
Dissolve 150gsodium salicylate and 300 mgsodium nitroprusside in800 mlwater. Make upto 1litre
with water and homogenize. Filter through a folded filter and add 1 ml Brij-35. Mix. Store in a dark
bottle.
sodium hypochlorite
Add5.0 mlsodium hypochlorite to 80 mlwater. Make upto 100 mlwithwater andadd2drops of Brij35. Homogenize. Prepare fresh daily.
1 Mhydrochloric acid
Add 80 ml hydrochloric acid 37% to 800 ml water. Allow to cool and make up to 1 litre with water.
Homogenize.
5,000 mmol(+)m"3 ammonium stock-solution
Weigh 330.0 mg ammonium sulphate (dried at 105°C) into a 150 ml beaker and dissolve in 100 ml
water. Transfer to a 1litre volumetric flask. Make upto volume with water and homogenize.

Standard series
Add200mlof water and3drops 1MHClto a250 mlvolumetric flask. Pipette 25ml
5,000mmol(+)m"3ammoniumstocksolutiontotheflask.Makeuptovolumewithwater
and homogenize. This solution is now 500 mmol(+)m"3ammonium (=standard7).
Add to 50 ml volumetric flasks a few ml of water and 1 drop of 1 M HCl. Pipette
respectively: 0, 5, 10, 20,30,and40 ml of the 500 mmol(+)m"3ammonium standard
to theflask. Make upto volume with water and homogenize. The standard series is
now:
Standard1
0 mmol(+)mJ NH 4
Standard 2
50 mmol(+)m"3NH 4
Standard 3 100 mmol(+)m"3NH 4
Standard 4 200 mmol(+)nrï3 NH 4
Standard5 300 mmol(+)m"'1NH 4
Standard 6 400 mmol(+)nT3NH 4
Standard 7 500 mmoK+Jnrr*NH4+
Procedure
digestion
Weigh 1 g of sample (accuracy 1 mg) in a digestion tube. Add 500 mg selenium
18

Carbonandnitrogen

mixture.Add5mlsulphuric acidusingadispenser andplacethetube inthedigestion
unit.Turnthe heating equipment to about 400° C.Continue heatingtillthe mixture is
transparent.Takethetubeofftheheatingassemblyandallowtocoolgently.Addvery
carefully a few drops of water and again allow to cool. Repeat this procedure until
there is no further reaction because of the addition of water to the sulphuric acid.
Transferthesolutiontoa100mlcentrifugetubeandcentrifugefor 10minutesat3000
rpm. Transfer the supernatant to a 200 ml volumetric flask and wash the residue
another time with about 50 mlof water. Centrifuge againfor 10minutes at 3000 rpm
andtransferthesupernatanttothesamevolumetricflask.Maketheflaskuptovolume
with water and mix thoroughly.
Measurement
Dilute the sample 5times with water and measure the ammonium content usingthe
auto analyzer.
Preparetheautoanalyzerfor measurement followingthemanufacturer's instructions
(for flow scheme see Figure 1). Wavelength is 660 nm, flowcell is 1.5 cm. Fill the
autosamplerwithstandardsandsamples.Runautomaticallyataspeedof30samples
perhour.Calculateconcentrationsofthesampleswithstandards.Runblanksregularly
to check the baseline. If the sample is beyond the calibration range dilute more and
if the sample is below standard 2, dilute less.
Calculation

total nitrogen(%) = <

C

^ *

D x

°2 8 x
W

mcf

where
C
B
D
W
mcf
0.28

=concentration ammonium for sample (mmol(+)m~3)
=concentration ammonium for blank (mmol(+)nrf3)
=dilution factor
=sample weight (mg)
= moisture correction factor
=conversion factor

Remarks
Use distilled water throughout this procedure.
Make sure that the fumes of sulphuric acid are sucked off with the suction
assembly of the digestor.
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Work in a fume cupboard.
Be very careful, when adding the water to the acid!!
Weigh in less material, when the sample is rich in organic matter (>10%)
Take care of the sodium hydroxide, because it is very etching.
Take special grade 32% NaOH-solution for ammonium determination.
Sodium nitroprusside is toxic.
Keep sodium hypochlorite in a refrigerator.

References
Begheijn, L.Th., 1980. Methods of Chemical Analyses for Soils and Waters.
Dept. of Soil Science and Geology, Agricultural University Wageningen,3rded.,
page 20-21.
Manual of Tecator digestion system 6/12, (1981).
Veithorst, E.J., 1993. Manual for Chemical Water Analyses. Dept. of Soil
Science and Geology, Wageningen Agricultural University.

20

Carbonandnitrogen

Figure 2. Flow scheme for ammonium determination
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A9: CARBONATE
Principle
Carbonate in the sample is dissolved in an excess of hydrochloric acid. The
remainder of the acid is titrated with sodium hydroxide. This method is known as
the Piper method. Because not only calcite is dissolved but also other carbonates,
the result is also known asthe calcium carbonate equivalent.

Apparatus
Shaking machine
Burette
pH meter with acombined electrode
Magnetic stirrer
Reagents
Hydrochloric acid 37%(HCl)
Calcium carbonate (CaC03)
Ampoule for 0.25 MNaOH
Ampoules for pH buffers 4 and7
1 M hydrochloric acid
Add about 800 ml water to a 1000 ml measuring cylinder and carefully add 86 ml HCl 37%. Allow
to cool, make upto volume with water and homogenize.
0.25 Msodium hydroxide
Dilute an ampoule according to manufacturer's instructions.
buffers for pH4 and 7
Dilute the respective ampoules according to manufacturer's instructions.

Procedure
Weigh 5 g of soil into a 250 ml shaking bottle. Instead of a reference sample also
500 mg CaC03 may be used as reference. Add 100.0 ml 1 M HCl using a pipette
and swirl gently. Place the cap onthe bottle but don't close it tightly.
Let it stand overnight. Close the shaking bottle and shake for 2 hours. Let the
suspension settle.
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Calibrate the pH meter according to the manufacturer's instructions. Pipette 5 mlof
the supernatant to a 150 ml beaker and add 20 ml of water. Add a magnetic
stirring rod and place the beaker onthe stirrer. Bring the electrode into thesolution.
Titrate to end-point pH=7.5 with the 0.25 M NaOH solution. Check pH calibration
regularly.
Calculation

CaC03 (%) =

(S-V)x i x 100 xmcf
W

where
B
V
t
W
mcf
100

= ml NaOH usedfor blank
= ml NaOH usedfor sample
= molarity NaOH
= sample weight (g)
= moisture correction factor
=conversion factor

Remarks
If pHH20 <7 nocarbonate isexpected.
When a low concentration of carbonate (<10%) is expected, 0.2 M HCl may
be used instead of 1 M. The NaOH-titration solution should then be 0.1 M
instead of 0.25 M.
Instead of a burette and a pH meter, an automatic titrator may beused.
Take care of C0 2 contamination, when preparing the NaOH solution. Use
fresh distilled water and close the burette with a C0 2 - trap.
Instead of a pH meter, also a 0.1 % Phenolphthalein indicator solution may
be used to detect the end-point. For this dissolve 100 mg of Phenolphthalein
in 100ml ethanol (96%).The colour will change from transparent to purple.
Not only carbonates are dissolved in hydrochloric acid but also some
minerals may dissolve. When this happens the carbonate content is overestimated.
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References
Allison, L.E. and CD. Moodie, 1965. Carbonate, in: Methods of Soil Analysis. Part 2 - Chemical and Microbiological Properties. Agronomy No. 9 page
1379-1396.
Van Reeuwijk, L.P., 1992. Procedures for Soil Analysis. I.S.R.I.C. Technical
Paper no. 9, 3rded., page 7-1 and7-2.
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AIO: GYPSUM
Principle
Gypsum (CaS04.2H20) in the sample is dissolved in water and precipitated by
acetone. The precipitate is dissolved again with water. The calcium of the gypsum
is measured by atomic absorption spectrophotometry (A.A.S.).
Apparatus
Dispenser for 100ml
Shaking machine
Centrifuge
Drying oven
A.A.S.
Reagents
Calcium sulphate (gypsum) (CaS04.2H20)
Hydrochloric acid 37%(HCl)
Barium chloride (BaCI2.2H20)
Acetone (2-propanone) (C3H60)
Lanthanum oxide (La203)
Ampoule for 1000 mgL"1Ca
1 M hydrochloric acid
Add about 200 ml water to a 250 ml measuring cylinder and carefully add 22 ml HCl 37%. Allow to
cool, make up to volume with demineralized water and homogenize.
1 Mbarium chloride
Dissolve 60 g BaCI2.2H20 in 250 ml water.
5% lanthanum-solution
Weigh 58.6 g lanthanum oxide into a 1 litre beaker. Add about 800 ml water and carefully add 100
ml HCl 37%.Allow the lanthanum oxide to dissolve. Allow to cool and transfer to a 1litre measuring
cylinder. Make up to volume with water and homogenize. If needed,filtrate over afolded filter.
2% lanthanum-solution
Bring 100 ml 5% lanthanum-solution to a 250 ml measuring cylinder. Add 50 ml 1M HCl and make
upto 250 mlwith water. Homogenize.
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1000 mg L"1Ca-stock solution
Dilute an ampoule for 1000 mg L"1 Ca according to manufacturer's instructions.

Standard series
Pipette 5 ml 1000 mg L"1 Ca-stock solution into a 100 ml volumetric flask. Make up
to volume with water and homogenize. This solution is now 50 mg L"1Ca.
Pipette from this solution respectively 0, 5, 10 and 20 ml into 50 ml volumetric
flasks. Add 10 ml 5% lanthanum-solution to each flask. Make up to volume with
water and homogenize.The standard series is now:
Standard 1
0.0 mg L"1 Ca
Standard 2
5.0 mg L"1 Ca
Standard 3 10.0 mg L"1 Ca
Standard 4 20.0 mg L 1 Ca
Procedure
extraction
Weigh 10 g (accuracy 0.1 g) of sample into a 250 ml shaking bottle. Instead of a
reference sample, 100 mg CaS0 4 .2H 2 0 may be used as reference. Add 100 ml
water by dispenser. Shake overnight. Transfer 35 ml of the suspension to a 50 ml
centrifuge tube and centrifuge for 15 minutes at 3500 rpm. Pipette 3 ml of the clear
supernatant to a test tube and add 10 drops 1 M HCl. Add 2 ml 1 M BaCI2-solution.
If the solution is getting turbid proceed with washing and measurement. If no
turbidity appears there is no gypsum in the extract.
washing
Pipette 20 ml of the extract to a 50 ml centrifuge tube. Add 20 ml acetone and
homogenize. Allow to stand for 10 min. Centrifuge for 10 minutes at 2500 rpm.
Decant the clear supernatant. Wash the residue with 10 ml acetone. Again
centrifuge for 10 minutes at 2500 rpm and decant the supernatant. Place the tube
in a drying oven at ± 50° C. Take good care of good ventilation in the oven and in
the room where this oven stands. Take the tube out of the oven and allow to cool.
Pipette 40 ml water in the tube and redissolve the precipitate. Dilute 5 ml of this
solution with 5 ml of the 2% lanthanum-solution. Homogenize.

Measurement
Measure Ca with the A.A.S. at 422.7 nm. If the sample is out of the calibration
range dilute more. Make sure that the lanthanum concentration in the measuring
solution is 1 %
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Calculation
Gypsum(%) = ( ^

x D x mcfx 0.08592
W

where
C
=Caconcentration in sample (mgL1)
B
=Ca concentration in blank (mgL"1)
D
= dilution factor (2 is standard)
mcf = moisture correction factor
W
=sample weight (g)
0.08592
conversion factor

Remarks
The precipation with acetone is specific for gypsum.
The maximum solubility of gypsum at 20° C is 2.41 g L"1water. Therefore if
the soil contains 2% or more gypsum repeat the analysis with a different
soil/water ratio.
Use transparent centrifuge tubes (e.g. a glass tube) if possible, so that you
can see if the supernatant is clear and if the precipitate is redissolved.
References
Van Reeuwijk, L.P., 1992. Procedure for Soil analysis. I.S.R.I.C. Technical
Paper 9,3rded., page 8-1 and8-2.
Weast, R.C., 1974-1975. Handbook of Chemistry and Physics. 55th ed.CRC
Press, Cleveland,Ohio.
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A11: EXCHANGEABLE BASES AND CATION EXCHANGE CAPACITY (CEC)

Principle
The exchangeable bases are removed with an excess of Ba. Thereafter, if the CEC
also has to be measured, the soil is brought to an ionic strength of about 0.01 M.
Then the Ba is removed with an excess of MgS0 4 . The Mg lost for the exchange
with Ba is measured to determine the CEC. The exchangeable bases and the
magnesium are measured with atomic absorption and atomic emission spectroscopy (AAS and AES). CEC can alternatively be calculated as the sum of the exchangeable bases and the exchangeable acidity (see chapter A12). This is also known
as the effective CEC. This is one of the possible methods to measure the CEC. Others are mentioned in Section G.

Apparatus
Shaking machine
Centrifuge
Centrifuge tubes with screw caps
A.A.S./A.E.S.
Diluter

Reagents
Barium chloride (BaCI2.2H20)
Magnesium sulphate (MgS0 4 .7H 2 0)
Lanthanum oxide (La 2 0 3 ) or Lanthanum chloride (LaCI2.7H20)
Hydrochloric acid 37% (HCl)
Cesium chloride (CsCI)
Ampoules for 1000 mg L"1Ca, Mg, K and Na
0.1 Mbarium chloride
Dissolve 24.4 g BaCI2.2H20 in water and transfer it to a 1 litre volumetric flask. Make up to volume
with demineralized water and homogenize.
0.0025 Mbarium chloride
Pipette 25 ml of the 0.1 M BaCI2 solution into a 1 litre volumetric flask and make up to volume with
water. Homogenize.
0.02 M magnesium sulphate
Dissolve 4.9296 g MgS04.7H20 in water and transfer it to a 1 litre volumetric flask. Make up to
volume with water and homogenize.
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1 Mhydrochloric acid
Add about 800mlwater toa 1 litre measuring cylinder andcarefully add86mlHCl37%. Allowto
cool and make uptovolume with water. Homogenize.
5% lanthanum-solution
Weigh 58.6g La203 into a 1 litre beaker. Addabout 800mlwater andthen carefully add100 ml
HCl 37%. Allow thelanthanum to dissolve. (Alternatively weigh in 133.7gof LaCI2.7 H20 and add
10 mlHCl37%). Allow tocool andtransfer ittoa 1 litre measuring cylinder. Make upto 1 litre with
water and homogenize. If needed filtrate over afolded filter.
1.11% lanthanum-solution
Transfer 222mlofthe5%lanthanum solution toa 1 litre measuring cylinder. Add600ml 1M HCl
and make uptovolume with water. Homogenize.
10000 mgL'1cesium solution
Weigh 12.7gCsCI into a 150mlbeaker. Dissolve in100 mlwater. Transfer the solution toa 1 litre
measuring cylinder and add 27mlconcentrated HCl. Make upto 1litre with water. Homogenize.
1250 mgL"1cesium solution
Transfer 62.5mlofthe 10000 mg L"1Cs-solution to a500ml measuring cylinder. Make upto 500
mlwith water and homogenize.
1000 mgL"1standard solutions of Ca, Mg,KandNa
Dilute therespective ampoules according to manufacturer's instructions.

Standard series
Ca and Mg
Pipette 10 ml 1000 mg L"1 Mg stock solution to a 100 ml volumetric flask. Make up
to volume with water and homogenize. This solution is now 100 mg L 1 Mg.
Pipette 5 ml 1000 mg L"1 Ca stock solution into a 100 ml volumetric flask. Pipette 5
ml of the 100 mg L"1 Mg solution to the same volumetric flask. Make up to volume
with water and homogenize. The mixed solution is now 50 mg L"1 Ca and 5 mg L"1
Mg.
Pipette from this mixed solution respectively 0, 5, 10 and 20 ml into 50 ml volumetric flasks. Add 10 ml 5% lanthanum-solution and 5 ml 0.1 M BaCI2 to each flask.
Make up to volume with water and homogenize.The standard series is now:
0.0 mg L"1 Ca and 0.00 mg L"1 Mg
Standard 1
5.0 mg L"1Ca and 0.50 mg L 1 Mg
Standard 2
Standard 3 10.0 mg L 1 Ca and 1.00 mg L 1 Mg
Standard 4 20.0 mg L"1Ca and 2.00 mg L"1 Mg
(1 mg L"1 = 1 ppm)
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Na and K
Pipette 5 ml 1000 mg L 1 Na-stock solution to a 500 ml volumetric flask. Pipette 10
ml 1000 mg L"1 K-stock solution in the same volumetric flask. Make up to volume
with water and homogenize.
This mixed solution is now 10 mg L"1 Na and 20 mg L'1 K.
Pipette from this mixed solution respectively 0, 5, 10 and 20 ml into 50 ml polypropylene volumetric flasks. Add 5 ml 10000 mg L 1 cesium-solution and 10 ml 0.1 M
BaCI2 to each flask. Make up to volume with water and homogenize. The standard
series is now:
Standard 1 0.0 mg L"1 Na and 0.0 mg L"1 K
Standard 2 1.0 mg L"1 Na and 2.0 mg L"1 K
Standard 3 2.0 mg L"1 Na and 4.0 mg L'1 K
Standard 4 4.0 mg L 1 Na and 8.0 mg L"1 K
Mg for CEC
Pipette 10 ml 1000 mg L"1 Mg-stock solution to a 100 ml volumetric flask. Make up
to volume with water and homogenize. This solution is now 100 mg L"1Mg.
Pipette 5 ml of the 100 mg L"1 Mg-solution to a 100 ml volumetric flask. Make up to
volume with water and homogenize. The solution is now 5 mg L"1Mg.
Pipette from this solution respectively 0, 5, 10 and 20 ml into 50 ml volumetric
flasks. Add 10 ml 5% lanthanum-solution to each flask. Make up to volume with
water and homogenize. The standard series is now:
1
Standard 1: 0.00 mg L" Mg
1
Standard 2 0.50 mg L" Mg
Standard 3 1.00 mg L 1 Mg
Standard 4 2.00 mg L"1 Mg
Procedure

Exchange of bases
Weigh 2.5 g of soil (accuracy of 1 mg) into a 50 ml centrifuge tube with screw cap.
Weigh the tube with the soil (weight FW). Add about 30 ml of the 0.1 M BaCI2
solution and shake for 1 hour. Centrifuge for 10 minutes at 2500 rpm. Decant the
supernatant into a 100 ml volumetric flask. Repeat the shaking and centrifugation
step two times. Every time, decant the supernatant into the same volumetric flask
of 100 ml. Fill the volumetric flask to the mark with 0.1 M BaCI2 and homogenize.
In this solution (]) the exchangeable bases are measured.
Add 30 ml 0.0025 M BaCI2 to the soil in the centrifuge tube and shake overnight.
(The concentration of the BaCI2 now should be about 0.01 M). Centrifuge for 10
minutes at 2500 rpm and decant the supernatant. This supernatant is not needed
for analysis. Again weigh the tube with the soil (weight SW).
Add 30 ml of the 0.02 M MgSCysolution to the soil and shake for 2 hours.
30
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Centrifuge for 10 minutes at 2500 rpm and decant the supernatant over a coarse
filter in an erlenmeyer flask. Stopper the flask. In this filtrated solution (M) the CEC
is measured.
Measurement
exchangeable Ca and Mg
Dilute the extraction solution Q) 1+9 with the 1.11 % lanthanum-solution. Measure
with the A.A.S. The wavelength for the Ca-measurement is 422.7 nm and for the
Mg-measurement 285.2 nm. If the dilution of 10 times is not enough, dilute the
extract again, but make sure that the matrix of the solution is 0.01 M BaCI2, 1 %
lanthanum and 0.8 M HCl.
exchangeable Na and K
Dilute the extraction solution (J) 1+4 with the 0.63 % cesium-solution. Measure with
the A.E.S. The wavelength for the Na-measurement is 589.0 nm and for the Kmeasurement 766.5 nm. If the dilution of 5 times is not enough, dilute the extract
again, but make sure that the matrix of the solution is 0.02 M BaCI2 and 1000 mg
L"1cesium.
Mg for CEC
Pipette 1 ml of the CEC-extract (M) into a 250 ml volumetric flask. Add 50 ml of the
5% lanthanum solution. Make up to volume with water and homogenize. Measure
with the A.A.S. The wavelength for the Mg-measurement is 285.2 nm.

Calculation
Exchangeable bases

Exchangeable cations (cmol{+) kg-* soil) = ^C $

x D x mcf

x

10

Wx E

where
B
C
D
mcf
W
E

= concentration of cation in blank (mg l_1)
= concentration of cation in sample (mg L"1)
= dilution factor (standard is 10 for Ca and Mg; 5 for Na and K)
= moisture correction factor
= sample weight (g)
= eguivalentmass of respective cation
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Ena=
'-Mg

=

^Na

=

EK=

20.04
12.16
22.99
39.10

CEC
CEC (GmoH+) kgA soil) =

(B-G) x (30 + SW - FW) x 2.056 x mcf
W

where
B
C
FW
SW
mcf
W
2.056

= concentration of magnesium in blank (mg L"1)
= concentration of magnesium in sample (mg L"1)
= first weight of tube with sample (g)
= second weight of tube with sample (g)
= moisture correction factor
= sample weight (g)
= conversion factor

Remarks
If only the exchangeable bases are to be measured, there is no need to
weigh the tubes. The procedure may be concluded then after the last
extraction for the exchangeable bases.
The results are given in Sl-units; cmol(+) kg"1 is equivalent to the formerly
used meq 100 g"1.
This method should not be used for soils with allophane, because sulphate
is adsorbed at the complex. For allophane containing soils we recommend to
determine the ECEC.
For ECEC in the exchangeable bases extract (0.1 M BaCI2 extract) also
aluminium and total acidity can be measured (see also Chapter G).
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A12: EXCHANGEABLE ACIDITY
Principle
The acid cations (Al3+ and H+) of the adsorption-complex are exchanged with an
excess of KCl. The extract is titrated to measure the total exchangeable acidity.
Exchangeable AI is measured by atomic absorption spectrometry (A.A.S.) using a
nitrous oxide/acetylene flame. The difference between total exchangeable acidity
and exchangeable AI isthe exchangeable H+.

Apparatus
Shaking machine
Dispenser for 50ml
Centrifuge
Centrifuge tube with screw cap
Burette
pH-meter with combined electrode
A.A.S. with a nitrous oxide/acetylene burner
Reagents
Potassium chloride (KCl)
Ampoule for 0.01 MNaOH
Ampoules for buffers pH4 and 7
Hydrochloric acid37%(HCl)
Ampoule for 1000 mg L"1aluminium
1 Mpotassium chloride
Dissolve 74.6 g KCl in 1litre of demineralizedwater.
0.01 M NaOH
Dilute an ampoule for 0.01 M NaOH according to manufacturer's instructions.
buffers for pH4 and 7
Dilute the respective ampoules according to the manufacturer's instructions.
1000 mg L'1aluminium stock solution
Dilute an ampoule for 1000 mg L"1aluminium according to the manufacturer's instructions.
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1 Mhydrochloric acid
Add about 800 ml water to a 1000 ml measuring cylinder and carefully add 86 ml HCl 37%. Allow
to cool and make upto volume with water. Homogenize.

Standard series
Pipette 20 ml of the 1000 mg L"1AI stock solution into a 100 ml volumetric flask.
Make uptovolume with water and homogenize. This standard solution is200mg.l_"1
AI.
Pipette 0, 5, 15 and 25 ml of the 200 mg L 1 standard solution into 100 mlvolumetric flasks. Add 2 drops of 1 M HCl and 7.5 gof solid KClto eachflask. Let the KCl
dissolve and fill each flask to the mark with water and homogenize. The standard
series is now:
Standard 1: 0 mg L"1Al3+
Standard 2:10 mg L'1Al3+
Standard 3:30 mgL'1Al3+
Standard 4:50 mgL'1Al3+

Procedure
extraction with 1MKCl
Weigh 5 g (accuracy 0.01 g) of sample into a50 ml centrifuge tube with screw cap.
Add 30 ml 1M KCl usingthe dispenser. Screw the cap onto the tube and shakefor
30 minutes. Centrifuge for 15 minutes at 3000 rpm. Decant the supernatant over a
filter into a 200 ml volumetric flask. Repeat the shaking and centrifugation step
another four times. Decant every time into the same volumetric flask. After the last
extraction, wash the filter two times with about 10 ml KCl and fill the flask to the
mark withthe 1M KCl solution. Homogenize.
Measurement
Titration of total acidity
Calibrate the pH-meter according to manufacturer's instructions, using buffers of pH
= 4 and 7. Pipette 50 ml of the extract into a 100 ml beaker. Place the electrode
into the solution and stir magnetically. Titrate with 0.01 M NaOH to endpoint
pH=7.8. Check calibration of the pH meter regularly.
Measurement of exchangeable AI
Usethe A.A.S.for measurement. For AIthe wavelength is 309.3 nm and the flame
is anitrous oxide/acetylene flame. AIcan be measured directly inthe extract.
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