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CORRIGENDA

In Note 2, insert fullstop after "report papers";

continue "Full details of these books, bibliographies and journal or
report papers are given in..."

Linesa 15-16, insert fullstop after "deiocnization"; continue "A high
degree of hardnees affects both distillation and deionization, producing
depoBite...."

Line 31, for "tape" read "tapa".

Line 31, for "II.3.D.", read "II (p.255)".

Line 36=3T7; insert fullstop after "table"; continue "In general,
the number of columne of resulte in a table ahould not exceed 10-12."

Line 9, for "nland”, read "Uhland".

Line 21, for "B", read "V",

Line 21, for "hera=" read "hexa-"

Line 33}, for "to (remove cabonates)" read "(to remove carbonates)".
Line 37-38, delste "thus the molution is 0.5 N as sodium carbonate.”
Exchange the last two paragraphs.

Lire 48, "Brush" and "Small porcelain basins" are separate items.
Lines 27-28, for "to regard” read "regard to".

Line 17, insert "{1i)" before "Calculate..".

Equation (3) should read "X = ¢ "

T
Line 20, for “{put to 50)" read "(up to 50)".

Line 10, should be "T = 2.5 C if 40 g oven-dry soil is used".

Line 3, for "11n" read "tin".

Line 37, dealate "thesa",

Line 7, ineert after "... 1 N potassium chlorida" the worde "to moil ime

altered; but, with 0.0l M caleium chloride, the pH value.."

Lina 4, for "KEKV" read "KU"

100 100

Line 11, should read: "ar zizig:—zl par cent”

Line 14, for "3.3" read "3.53".

Lina 16, for "Ses" read "Set".
Lina 43, after "(i)" insert the heading "After Macro Digestion"

Lina 4, should read "...to the neutral point of the mixed indicator".

-tt,l"(tt-
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135:
1491
1661
167:

168:

Line
Line
Lina
Line

Line

22, for "ration" read "ratio".

34, for "10" read "to"

47, ineert "ml" betwesen "10" and "ammonium".

4, for "and" read "an".

3, insert "to" at end of line.

Insert "(2)" before the second paragraph under 13-2.F. NOTES.

Line
Lina
Line
Line
Line
Line
Line

Line

Line
Line

Line
Line
Line
Line
Line
L

Line

Line

2%, deletes "neutral'.
12, delete "netural".

3, delete "neutral".
delete "pH 7.0"
delate "Check the pH™
changs "1N" to "0.SN"
chwﬂ "_12” ta 1r21"

4,
35
38,
13,
21,

13,

25,
28,
12,
13,
39,

T

Lines 3

Line

i,

change "10 ml of 1 N" to "20 ml of 0.5 N".

for
for

for
for
for
for

for

for "k, Hgl

"muet be" read "becomes’.

HE3H21ﬂ6” read ""‘3H21°5"'

LL} if‘ll r"d “Df" 4
"any" read "either".
"S00 ml to 600 ml beaker" read "S00 ml to a 500 ml

"or" read "of".

"or" read "of".

for "sulpahte and sample', read "sulphate and samples".

oHEl, read K?H514 .

for "or" read "of".

and 13, for Phathalate" read "Phthalate".

ingart "and" between '"M" and "allow".

beaker".
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AUTHORS®" PREFACBE

An asnalyst asked to determine & particular constituent in a soil
or water sample or to evaluste & precise property, such as cation exchange
cupucity, usually has & variety of methods from which to choose.
Published cellectiones of scil and water analyses offer the most common
and popular techniques; while scientific jourmale contain alternative
procedures which individual analysts or groups of analyste bhave found
more sulited to certein soil types or more accurate or more rapid in
oparation without loss of accuracy. Furthermore, the science of soil
and water analysis ie being continually advanced by the work of Agricul-
tural Research Statione, So0il Institutes, Government Laboratories,
University Departments of Agriculture and private firms in many count:riews.
Thus the variety of methods available to an analyet Ffor any one determina-
tion is often guite wide and choice of which technigue to use difficult.

In this Guide we have included methode of analysis which we coansider
suited to scil and water laboratories recently or presently established
in developing countries. We suggest that the majority of the determina-
tions could form the initial basic routine of such a labgratory, wWith
selection where necessary to suit perticulusr claeses of soila., In
choosing methuds and procedures we bave been influenced by some years'
experience io vurioue countries, under different working conditions, We
have assumed that present-day soil and water laboratories in most de-
veloping countries are equipped with modern instruments for weigh.ng,
shaking, heating, providing suction or preasure under controlled ceondi-
tiona, measuring the Bpectral absorption properties of sclutions e&nd the
emission preperties of flames and so on; but we have not included
methods based on the use of insetruments which are, pnow, relatively more
expensive, Thie state of affairs will undoubtedly change and, for
instance, atomic absorption spectrophotometry will scon be used in routine
work, particularly for elements like magnesium.. It is hoped, however,
that the technigues presented are neither too advanced for laboratories
established some years ago nor too cut-of-date for laboratories now
being planned.

The Guide has been written on the assumption that its readers have
2 basic knowledge of soll science and related fields in analytical
chemistry and practical physics., MNo doubt the principles involved will
need more explanations in some cases, but this is left to individual soil
chemiste in charge of training who can adjust their instruct ons to the
needs of their staff,

We shall be grateful if readers will send us suguest.ons for impro-
vement or comments on their experieace with any of the technigues
advocated, particularly oan the eoils of developing countries.



INTRODUCTION

Tn all the 117 member countries of FAQ agricultural and other research
ie being carried out and the field activities of FAO and UN Agencies and of
many national organizations sre designed to FPacilitate, etrengthen and make
more effective the practical application of our knowledge in the general
procesa of uGevelopment, Thie work invelves a large number of institutes
and laboratories which use, Ffor similar purposes, very different methods
of investigation and analysis, the results of which cunnot normally Dbe
compared directly uand easily. Coordination and stundardization would
obviously Facilitate matters, save preciocus time and make results and
conclusions useful for much larger regiona of the world than is the case
now, To take steps in this direction is obviously one of the Functions
of internaticnal crganizataignsg.

Sgil research snd so1l testing laboratories spread all over the world
are typical of the situation described. Their purpose is practically the
same.everywhere but the analytical methods employed vary widely and direct
comparison of results from one lasboratoery to another or from one country
to another is often difficult or even impossible, In order to obtain basic
infermation en the mctusl situastion concerning types of s¢il laboratories
and analytical methods, FAD made & world-wide survey and the resulte are
published in Scil Bulletin Mo. 2, entitled "4 Survey of Soil Latoratories
in Sixty-Four FAOD Member Countries". Among much useful information, this
gurvey brought out clearly which of the analyticesl methods are being used
on the widest scale., Methods varied with climatic regions and, therefore,
with soil groups, as wWwas expected; and it is recognized that variations
in analytical procedures of this type are inevitable and Pully justified.
Related informetion From the survey aslso showed how a greater uniformity
of analytical methods aand more etandardization and coordination is practi-
cally feasible in the future.

The present publication i1s a practical guide in so0il and water analysis
whieh includes all those methods which, according to the FAD survey, are
employed most widely. Laboratories Pollowing these methode will, in the
end, belong to a large graoup "talking the same language™ and comparing
their results directly, Explanations, descriptions, procedures and
calculations of results are arranged systematically in easy language &0
that this guide can be used by laboratory personnel with a wide range of
educational level, Also basio values and factors needed fo. calculating
results are given in each method so that no extra booksa and tablesa are
normally reguired, although some exceptions cuould not he mvoided.

Thie Guide, together with FAD Soil Bulletin No. 3 ("Guide wn General
and Speciaiized Eyuipment for Scil Laboratories™), should be valuable for
budgeting, designing and operating & modern 401l and water analytical
_aboratory with up-to-date methods suitable for most developing countries.



GENERAL NOTES

Throughout this Guide, the word "water" has the meaning "distilled

or deionized water of low conductivity, in equilibrium with clean
air".

(see Section I.3-1.B.)

At the end of Section I and at the end of each method im Sections
II, IIT and IV, references are listed, qguoting books (by the name
of the author(e) or editor) and bibliographies and journal or

report papers are given in the "Liast of Referencesa™ at the end of
the Guide.



I, I. LABORATORY FACILITIES

i-1, GENERAL DESIGN = AIR CONUITIONING.

Laboratories for soil and water anslyeis do not usually conform to a
standard design because reguirements vary from place to place throughout
the world., Neverthelese, it is possible to offer recommendations to soil
scientiste and architects who are cooperating to create a laboratory Ffitted
for all the physical and chemical analyses deacribed in thie Guide, These
recommendations can be modified for smaller laboratories of limited scope
but the main principles i1involved should not be ignored,

1. The general building lay-out should normully consist of two separate
blocks -

() A Scientific Block, for analytical determinations, staff training
and administratign.,

() A Storage Block, FPor receipt, preparation and etorage of eamples,
witich, in case of ascils, imevitably involves the
danger of contamination of other material.

Transport of prepared soil samples to the scientific bleock vhould be
through a passagse or buffer room or, if the blocks are on two levels,
by means of a service elevator. There should not be direct connection
{eimply through a door) between a room in which soils are being ground
and a room in which analyses are being done.

2. The scieatific bloek may tske various forms but an idesl building
would contain separate groups of laboratories as follows =

(a) Laboratories Ffor preliminary operations on scile, involving (say)

1. weighing of semples Ffor analysis, including sub-eampling an
and Fine granding where necessery {(in a separat room) ,

iir. oven drying,
iii1, extraction, ignition or oxidation feor some -‘nDalysés.

{b) Laboratories for the physaical examination of wogile by the methods
of Section JI.

(e} Laboratories For general chemical processes involving the use of
concentrated acids or ulkalies or ammonia, where fumes may be
evolved, even 1f these opeéerations are conducted (ase they should
be} under fume hoods und Tthe room is air-conditiened.

(d) "Clean"™ Laboratories where instruments can be ueed without danger
of being affected by fumes vr adverse atmospheric conditions (see
(eee I.2-4.}; this includes the trauditional "balance room"
{which need not be restricted to balances) and rooms for
specialized purpowves such as ammonia micre-distillation and
certain processes in minor element analysis.



le) Rooms for preparation end storage of distilled and/or deionized
water on a lurge scale, for general washing end drying of laboratory
ware, for repair of instruments and for glass-blowing and construction
of apperatus.

The groups of laboratories (c) and (d) should be so arranged and equipped that
no eoil samples need be taken into them, except those already weighed For analy-
8is and contained in covered vessels (see 1.4-3). Although 1t may be convenient
to carry out all the stages of en individual analysis in one room, thie oFften
conflicts with the need to keep delicate instruments away From dust, Fumes and
vibration and frequently leads to sanecessary duplication of eguipment.

A separate group of roome should aleo be provided for office mdministration,
Filiag of records, etaff meetings and theoretical training, reception of visi-
tors, medical treatment and s0 on.

3+ The storage block should consiet of a minimum of three rooms for -

(a] receipt and registrsation of all samples (swil and water), with areas
of Lench and shelf space sufficient to deal with the expected input,

v} &rinding and sieving of soil samples, with measures to reiove dust From
the air,

{c] storsge, both befure and after analysis, with adeguate shelf space,

In addition, in many countries some form of accelerated drying of soil
samples may bLe reqguired and a suitable room should be provided,

4. Rooms should be set aside For the unpackang and the systematic and orderly
atorage of maintenance supplies of apparatus and chemicals, with the special
precautions usually demuanded by law for poisons and iaflemmable material,
These storage rooms may either be located an the scientific block or the
storage block, although it is usually more convenient to site them togethsr
Wwith roome for eo0il prepsretion and storage., In this cese, high grade
chemicules must be adequately protected from contamination.

5. The design of luboratory benches and the arrengement of Pittings For water
and drainage, electricity and gas (and wvacuum and compress~d air in larde
laboratories) should be stendardized throughout the scientifiec bloeck. The
materials used in construction should be aimmune to attack by chemicals as
far as possible (see I.2-2 and 2-3) .

6. The whole building should be equipped with fire extinguishers For the cun-
trol of semall fires, The advice of the local fire prevention authorities
iftuuld be sought in the choice und siting of eguipment and all estaft should
know how to use the extinguishers in emergency.

7+ First mi1d equipment should be wuvapilable for dealing with minor injuries to
ataff through cuts, burns, skin damagde from chemicals, electrical wshock,
aaphyxistion and B0 on. UOne or two stuff members should have some knowledgoe
of Firet si1d and be held responsible for maintaining medicwal supplies an -
good order. The addresses and telephone numbers of doctors and hospituls
should be displayed or be eamily accessible Por emergency calls on their
BETVICEHR,



The air temperature of the laboratory and working rooms should ideaslly

be maintained at u cunstant level {usually between 18 and 259C.) end

the humidity should also be kept reasonably steady at about 50 per ceat.
In many tropical countries air conditioning of the whole building 1is
virtually as essential as central heating in cold and temperate countries;
while, in countries having a continental climate of hot summers and co
cold winters, both air cooling and central heating are necessary.

The importance of supplyinyg clean air, at a conetant favourable tempe-
rature and humidity, to all partes of a scientific laboratory building

is too often neglected in the interests of economy, particularly in
tropical countries where the seduction of temperuture and humidity on

& large scale during hot sesasons may be costly. However, if some

form of ceatral air-conditioning control is oot provided, the efficiency
of the work done is bound to be reduced and other expenses incurred
through the Pollowing Pactors -

(a) Analytical processes normally carried out at room temperature can
be affected by differences in Tthis temperature so that an analysis
perfermed in a "cold” room can give a different result to one
performed in a "het"” room, For example, the extraction of soils
ie often so aflected (wee Section III1.12-1.). Control of tempe-
rature is possible on & small scale by the use of thermostatic
water baths but thas iw usually impructicuble for large scale
routine operativne, lemperature corrections can, of course, be
spplied in some cuses but these may be inaccurate for wide
differences.,

(b} Many chemicals ure affected by the temperature and humidity condi-
tions under which they are stored, particularly if these condition
Pluctuate, Thus, & substunce may absorb water from humid eie oOF
ePPloresce in dry air or decompose at high temperatures, becoming
either useless or needing purification. {see 1.3-1.].

() Modern scientific inetruments can be guickly and permanently
dumaged by changes in Temperature and humidity, which often cause
condensation, tarnishiog and short-circuits (see I.3=1.]4

{d}) The efficiency of all laboratory wourkers is undoubtedly rocduced
by abnormally high or low temperatures or high humidity and by the
presence of even moderate amounts of dust or chemical fumes in cthe
@ir, thus affecting output both in quantity and qualicty,

{e) The use vf apparently cheaper ulternutives Lo central control of
sir conditions, such as andividual <o¢laing unats or aeaters in each
room or - %o reduce temperature - FPane or blands on windows facing
the sun or ingenious use of natural breezes by carcPul architec-
tursl design iw only partially effective and may even aggravate
the disadvantuges of absence of control. Almost inevailably,
corridors, storerccoms, little-used roums and, often, soil prepa=
rution rooms are agnored and this muy lead To wide difterences of
temperature and humaidity between such places and snulytical labo-
rutories, which ie most undesirable. For instance, the air-dry
moisture 1a a4 suil sample taken struight from s hot and humid store-
room {(or 8 very cold one) may be yuite Jafferent From that in a
similar sample hept in an air-condationed laboratory; yet Loth
may be weighed Ffor unalysis st the sume Time a@ Pair=-dry" wamples,.
Again, the litersture often speaks of the eflfects of storage on the
results of snslysiw of so1l samples (vee Sections I.4-J and IIT.11.);
this "storuge effect" may vary with temperature and bhumidity.



1-2. ELECTRICITY - WATER AND DHRAINAGE — GAS SUPPLY

A conetant supply of electricity at a steady voltage is essential in any
modern laboratory employing electronic instruments, electric heating
devicea and apparatus for shaking and stirring and supplying compressed
air and suction based on the lectric motor, Small field laboratories of
limited (but mevertheless useful) scope can be designed to operate from

a portable gas supply (for heating) and from battery-driven transistorized
instruments; but a laboratory for the methods of analysis given in this
Guide oeeds maine electricity.

The design of the mains wiring depends on local arruangements but a safe
and reliable system should conform to the following regulations -

1. The muin cuble should be cupable of carrying the Full current needed
to run all the electrical apparatus &t the same time snd have the
appropriate size of main awitch and Puse, with an ample safety margin
to allow for the introduction of Further apparatus,

2. Rooms or groups uf rooms should have their own subsidiary ewitches
and Puses so that a Fault in one place does not affect the whole
building.

J. An adequate number of points should be provided in stratepic positions
throughout the laboratories s0 that apparatus can be used ‘here it is
wanted wWwithout heviny to be connected to the electricity supply by
long lengths of flex., Ideally, each piece of electrical apparatus
should be individually fused at the point, even if a fuse is provided
in the instrument itself,

4, Two or three pieces of apparatus (particularly those using large cur-
rents) should not be cunnected to one electri¢ point by meana of two-
or three-way adapters unless it is certain that the cable to that point
(and ite fuse) can deal safely with the combined current,

5. Earthing or grounding of all electrical apparatus ie advisable for
safety and this practice often leads to more efficient operation of
e#lectronic equipment, Some mains supply circuits contain a third
wire For this purpose and thie is adequate in most cases, although
delicate instrumente may still need a direct connection to earth.
Apparatus connected to a two-wire syatem of electrici -y supply
should be earthed separately, When apparatus is supplied with a
three-wire cavle, the colour coding of the insulation should be
checked before attaching to the mains supply, as different countries
may employ different colour systems,

6. All electric wiring should be reliably protected from chemical liguide
and Fumes, particulur attention being puid to the maintenance of
flexible cables (from apparstus to point) in good condition.

7. If the mains electricity supply normally Fluctuates, a volrtage
stabilizer should bée included in the circuits to electronic inetruments
and other apparatus which might give inaccurate performances through
voltuge variation,

The tap water supplied to a laboratory Ffor eoil and water analysie should
be entirely Free of pollution, ss Free as possible from insoluble matter
and under a good and steady hydrostatic pressure, It may be necessary to



Filter the supply to certain pieces of eguipment (see deionization below).

A main stopcock should be provided at the entry point of the water supply,
insulated against freezing in Countries with cold seasons; and a number of
subsidiary stopcocks should be fitted to control supplies to individual

rooms or groupa of rooms (see point (2) above, on electricaity). The posi=-
ticne of all these stopcocks should be easily sccessible and known to the
laboratory staff so that water can be turned off guickly if there is danger

of Plooding, an important consideration in buildinge with more than one floor.

Drainage should be to a main drein if possible or to good-sized "soskaways".
Effluents from soil laboratories contain considerable guantities of waste
801l in addition to amcid and mlkaline liguids; this, not only should acid
and alkali proof Ffittings be employed but also [acilities should be provided

in the design of the druinage system Ffor periodic cleaning and removul of
golid matter.

The supply of gas For heating or For specific pieces of apparatus such as

a Flame photometer or a blowpipe Por glass working cun be either From a
central generating plent or Ffrom individuasl gas bottles or cylinders (assum-
ing that there is no town gas supply). BSelection depends on the requirements
of easch laboratory and on the availability of supplies. Where a central
generating plant is set up, main and subsidiary stopcocks should be provided,
in addition to the bench gase taps, for adequate safety control.

1-3.

UISTILLED AND DEIONIZED HATER.

Present-day laboratories have the choice of making "pure" water “or analyti-
cal purposes either by the traditional distillatiosn process or by the modern
technigque of deionization (or deminerslization) with cation and anion exchange
resine., Both processes, when efficiently operuted, can produce water of very
low conductivity, virtually FPree From salts or any of the elements For which
soils and waters may be analyveed. However, the production of this high
guality water may not be necessary Ffor general purposes and usually two or
three grades may be provided ino daffering amounts.

The Pollowing factors govern the choice of apparatus for makiog "pure" water
in a laboratory -

1.

Distillation consumes electricity or Puel for heating in large quantities
and needa much cooling wuter, which usually rums to waste. Hconomic
operation of water stills 1e only possable if the supply of electricity
{or other fuel) and water is plentiful and cheap. The large-scale
production of distilled wuater in arid countries or countries wWwith seasonal
shortages of water should only be undertaken 1f the cooling water can

be used For other purposes.

Deionization involves no loss of water and no fuel i1s used. Exhausted
resine can be either replaced by new stoecks purchased From lahoratory
suppliers or regeneruled by treatment with acid and alkali, at little
cost,

Ilistillation, which involves heating, means thet the water produced
may contain traces of the metals or other substances used in the
manufacture of the apparatus., Thus distilled wuter from metal stilla
often conteins copper or zinc snd that from borosilicate glass stille
may cootain boraste ion; both may have conductivities near 5 micromhos.
This grade of wuter may, however, be yuite suitable for general la-
boratory purposes (e.K. rinsing glassware] and for certain analyees
{e.g. physical determinations on so1il), QDoukle or triple distillation
in sll-glass stills produces higher guality water, free of metals and
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with a conductivity of about 1 micromho; but this water may contain
traces of borate,

Deionization mostly produces water of low conductivity (1-2 micromhos)
and a second deionization can reduce the conductivity to below 1 micromho
{but see 1.3-1B). "Heavy" metals (copper, zinc, etc.,) are effectively
removed, Some resins can aleoc eliminate carbon dioxide, if this is de-
sired. However, deionization is entirely an icnic procesa and it doea
oot aPfect non-electrolytes. Thus deionized water made from & water
supply contaminated with eocluble orgunic matter or bacteria and other
micro-organisms will still contain the contaminante: and then distil-
lation must be used for purification., The distillate may, of course be
further purified by deionization,

Apart from pollution, the tap water supply may contain insoluble
matter; this does not affect dietillution but it must be removed
{usually by means of a porous ceramic Filter) befoure deionization,
producing deposits of colecium and magnesium carbonates in the boiling
chamber of a still and exhausting a resin more gquickly.

storage, testing and use of "pure™ water is discussed in 1.3

I. 2, LABORATORY EQUIPMENT

PFURCHASE.

eyuipment needed for moset of the determinations described in this Guide
been reviewed and listed ia FAQ Soile Bulletin No.3. In choosing in-

dividual items for purchese, advantage should be taken of receni developmenta
in the design and coupnstruction of apparatus so that an analytical operation

can

be performed ae efficiently as present-day techniques and equipment allow

having due regard to the degree of accurscy appropriate to & particular
operation. Because of the rapid progresa in development of scientific
apparatus, eqguipment must be continually reviewed and new items brought imto

use

48 they become more suitable than existing cooew. However, care must

be taken Tto Fuerd aguainst indisecriminate purchase of newly availuable ap-
paratus just Ffor the suke of being up-to-dute; & new kind of apparatus
is emly justified if it will incresase the accuruacy or efficiency or speed
of an analysis.

-2,

GLASSWARE AND GENERAL APPARATUS.

Laboratory glasswanme is almost universally made from some form of borosili-
cate glass because of ite low coefficient of expansion when heated. It ie
suitsble Por all purposes except the accurste determinution of truaces of
boron; however, borosilicate glass is attacked elightly by alkaline
so0lutionse and it 1w unwise to use it Por storage of such solutions (eee

1.3=-

d.) .

Soda glase ie cheaper than borosilicate glase and ie used for the manufac-
ture of simple appurautus (e.g. bottles, wiatch-glasses, tubing) which

may

be quite suitable fur some purposes, It is important that soda glass-

Wware is not mixed with borosilicate glasvware in anslytical operations;
borosilicate glaes is ueually etamped with the maker's tradeo-maerk, altinough
this 18 Dot always possible (e.g. on gluss tTubing].

Volumetric glass wWare is normally made in various grades, according to



the accuracy of the graduation marks as guaranteed by the manufacturer
or by a central testing establishment (e.g. the National Physical Labg-
ratory in U.K.). Supplies of at least two grades should be available
and the appropriate grade used Par an enalytical operation. Thus, pre-
paration and dilution of standard solutions For titrimetry, colorimetry
and flame photometry should be done with high grade (usually "Grade A")
volumetric flasks and pipettes; and high grade burettes should be used
For titrimetric standardizationes. But a less accurate grade (usually
"Grade B") is suitable for routine dilutione, taking of eliquots and ti-
tratione, Since graduated cylinders are mainly used for rough measurements
of volume, high grade ones are rarely needed.

All glassware should be kept clean and Ffree from grease, which tends to

cover the surféces in a thin Ffilm, There is a tendency to use detergents

in the form of washing powders or liguids to remove grease; these are
effective but they are usually alkaline and may contain substances difficult
to remove From the glase surfaces before the apparatus is used for analyti-

cal determinatione. Such washing materials should always be used with care
and excluded completely in connection with some analyses (see Section III.12.);
after use, it is a good practice to wash the glams well with water and then
with dilute acid (say, 1l:1 hydrochloric acid} before giving a Final wash’

and rinese with dietilled or deionized water.

The removal of grease by the traditional method of soaking in “chromic

acid" solution (1 litre of commercial concentrated sulphuric acid added
carefully to 35 ml of saturated sodium dichromate solution) is very effecti-
ve and the glaes surfaces are not ettacked. The liguid should be used with
care and the Facts that it is a strong oxidant and will become hot in con-
tact with water remembered at all times, OGlase-ware <leaned with chromic
acid should be thoroughly washed and rinsed to remove all traces of acid.

Grease Ffilms are especially troublesome in volumetric ware and such ap-
paratus should be kept scrupulously clean. In general, eilicone greases
should not be used on the tape of burettes or automatic pipettes, plain
veseline being much the best lubricant; if this does creep on to the
inner surface of the pipette or onm to the burette scale, it can be easily
oxidised with chromic acid but eilicone grease must be removed by more
drastic measures which may be haurmful to the spparatus.

The nature of materials contaminating glassware should be borne in mind

when choosing the method of cleaning, which need not always be with chromic
acid, DPeposeite of chalk are most easily disesolved with dilute hydrochloric
acid; the tin compounds which tend to atain glassware in the molybdenum

blue reaction for phoephorus {(ueing stennous chloride as reductant) can

only be effectively removed with hot, nearly concentrated hydrochloric

acid; permanganate staines can be destroyed with warm oxalic acid; and s0 on.

Although borosilicate glass is resistunt to fairly sudden changes of tem-
peruture, it should not be subjected to thermul shock unless this is ne-
cessary to control the violence of a chemical reaction. Also, it is not
good practice to use the same vessels for concentrated acid and concentrated
alkali solutione successively or alternately, the life of the vessels beinyg
shortened by such treatment, Thue the common Kjeldahl method of digestion
with concentrated wsulphuric acid, Ffollowed by distillution with a highly
alkaline solution in the same flask is not to be recumnended; the acaid
acid digest should be trunsferred to a second Plask Ffor dietillation and
the two sets of Fflasks (one FPur digestion and one for distillation) should
be clearly labelled and kept apart (see Section III.4.).

Apparatus which has to be heated to high temperatures is made of porcelaan



or si1lica {quarty) or platinum, the use uvf platinum being reserved,
because of its expense, to fusions with sodium carbonate, which would
sttuck the surfuces of porcelain or silica vessels (see Section III.9.).
Becnuse of the high temperatures used, the surfacew of porcelain and
s1lica ware can soon become stained, Cleaning should follow immediately
after completion of an snaelysis; use of abrasive cleaning powders should
be avoided 1f poussible as these will damage the glaze in time,

Other laboratory spparatus for which metuals are used in manufacture has
been greatly improved by the use of corrosion reeistant alloye and stain-
less steel and treatmant of metallic surfaces with plastic films or paeints,
Thus the dangers of contemination of analytical solutions by metale has
been lergely reduced, slthough some care still has to be taken.

2-3. PLASTIC WARE.

Most plastic materials are unaffected by acids agd wslkalies and salt

solutions; and thus they are very suitable for the manufacture of some
lahoratery vessels, This apparstus 18 also unbreskuble, althouogh it may
some times split; but 1%t cannot be directly heated. However, hot

solutions can be poured 1ntoe veswsels made of some types of plastic without
soPtening the mauterial. The general properties of the different types
of synthetic plastic are given in manufacturera' catalogues.

The ume of plastic bottles for storage of distilled ur deionized water
18 recommended and nearly all standerd solutions, especially thyee con-
taining alkali, should be stored im plastic reageant bottles (see 1.3-4)
Flastic centrifuge tubes, made from rigid material, do not break.
Plastic wash bottles, made From flexible material, are easy to handle
and ensure that the solutions in them are not contaminated with carbon
dioxide, as is the cese with glass wash bottles; however, glasa waah
bottles must be used Ffor washing with hot liquide, Plastic tubing tends
to last longer than rubber tubing under hot conditions.

The use of beakers, funnels, cylinders and similar apparatus made of
plastic for routine cvperations reduces the breakage rate, as compared
With the use of glassware; but plastic were 1is rarely transparent and

if it is when new, i1t soon becomes scratched and opague. It also stainse
rather easily, In analyticel operations it is ususlly desirable to see
solutions ciearly wnd glass remains at present the best material for most
analytical vessels.,

2-4. LABORATORY INSTRUMENTS.

A modern phyeical and chemicul laborutory For so0il and water analyseis

uses techniyues which rely extensively on electronic and other electrical
iostrumenta. The methods in thie Guide are dependent on pH meters, con-
ductivity meters, Flame photumeters and spectrophotometersa or other in-
Btruments For measuring the relative colours of eolutions. In addition,

the more traditionsl anslytical processes of weighing, stirring, shaking,
filtering under suction, heating, drying, incubating and centrifuging

are done wlmust exclusively with the mid of electrical machines and devices,

Electronic eyuipment and balances are expensive and often delicute and
must bLe maintained ingpod conditiun for lasting and efFficient performance,
which simply means organizinyg the laboratory roome in such a way that the
ejuipment 1e not exposed To dust, Fumes und wide changes of temperature
and humidity. It is not always cunvenient to place-such ampparatus in
Beparste rooms but this ia normally the best way to maintain 1% in a clean
and efPicaient conditioun, esgeciwmlly if general air conditioning is not



inetalled, Where electronic or welghing apparatus is 1solated in a special
room at a ressonably steady temperature and humidity, the machines con-
trolling the asir condition should be kept running at all times, Switching
them off during the night or at holiday periods causes Pluctuatione in
tempzrature and humidity which may have serious damaging effects on elec-
tronac circuites and the Bccuracy of delicate balances,., When instruments
are kept under good, clean conditions, it ie unnecessary to cover them with
the plastic vovers usually provided, Being impervious to water vapour,
plastac filme may give rise to increased condensation on the instrument;
indeed, it could be said that if a plastic cover is needed toc keep con-
tamination ofFf an instrument, then this instrument is being housed 1n
unsuitable surroundings.

Electric motorse should be examined st frequent intervals and commutator
brushes replaced when worn. Many motore are supplied permanently greased;
athers need perigdic attention, The muving parts of shakers, stirrers,
suction pumpe and centrifuges should be .kept greased or oiled and free of
abrasive dust. Heating applisnces, which are necessarily exposed to fumes
angd steam, should be examined freyuently and particular attention paid

to the state of electrical insuletion. All electrical apparatus should

be efficiently earthed. (eee [.I-2,)

Most lesboratory insetrumests are supplied by manufacturers with instruction
booklets which include descriptions and diagrams of the apparstus, the
recommended method of use, the measures necessary to maintain thte eguipment
in good order and how to find out what is wrong if a fault develops. Thesse
booklets should be preserved and the instructions followed carefully, In
addition, a special meter should be available Ffor testing volbages, current
coneaumption and resisetances of electronic circuits, sc that faulte can be
detected and repaired in the luaborataory,

Large-scale routine operstions such es sheking, Piltering, dispensing
measured volumes of liyuid snd #0 on can be carried out guickly by

using, in c¢onjunction with standard spparatus, various labour-saving

devices which usually have to be made especially in the laboratory work-
shop to suit indivaidual regyuirements, They are very useful once an analyti=
cal method has been proved suitsble for the soil types received by the
Laboratory.

Automsatic analysers are worth installing when very large anumbers of samples
are involved and methods owf mnelysis have been standardised. The equipment
18 expensive and needs expert maintenance., Alsa, the output of resulte

may become so great that compulers are necessary to handle Lhe interpreta-
tion of analytical Figures and provide the informaticon needed by the farmers,
growers, so0il surveyors or sgronomists who submitted the so0il samples in

the first place,
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I. 3., CHEMICALS AND SOLUTIONS

3-1v. QUALITY,.

3-1.A., CHEMICALS.

Moet chemiculs are supplied :n Lwo Or more grades and the appropiate
guality should be selected for purchese, asccording to the proposed use
of the chemicale in analysis, ©Generally, a high grade, guaranteed by
the manufacturer to conform to B stated gquality, is advisable For all
anslyticusl operamtions; and, in mowt cases, this chemical may be used
confidently without further purafication. Lower gredes of chemicals
{whiech are, of coupse, cheaper) should be available Ffor cleaning purposes
and for certain analyticel processes where the lower graede, although
senerally less pure, may still contain negligible amcounts of the ei-mant
being determined (e.4g. the concentrated scdium hydroxide solutiocn used
for ammonia distillation may be prepared from a low grade solid sodium
hydroxide which 18 etill mitrogen-free). On the other hand, Ffor special
analysees (e.g. minor element determinations in s¢il) some chemicals may
need extra purificution 1n the laboratory.

Certain chemicals absorb water Ffrom the air or lose water of crystalliza-
tion and, if posesible, their purchase and use should be avoided, especially
if wir conditicning is not anstalled., QOFften there are better alternatives;
for example, &an anhydrous salt may be more stable than one containing

water of crystallization., When a4 substance does change tnrougl loss or
gain of water, it may have to be purified before uvee i1f new stccke cannot
be obtained quickly (e.g. old samples of sodium borate decahydrate should
be recrystallized). Anhydrous substances can ususlly be safely cleared

of water by heating at 105 C for a few hours (see I1,3-3.A.).

Quality is, of course, closely pescociated with ecunomy. 2ince high grade
chemicals are more expensive, their purchase and maintenance in good
condition is &n important pert of laboratory organization, The use

of chemicale should be studied in relation To their cost and the possibility
of employing alternatives, Not all galt sBolutione need be made by simply
dissvlving the selt in waeter. Thue, ammonium acetaste sclution made from
gmmonia and acetic acid coste about half that made from solid smmonium
acetate; and, since stannous chloride crystals oxideze quite rapidly,
stannous chloride solution is best made by dissolving tin in hydrochloric
acid,

3-1l+B, MWATER

The distilled or deironized nater used [or maeking solutincns should be

of a guality commenvurate with that of the chemicals being diesolved

in or mixed with 2t. Continual checking of guality ie advissble and usually
this anvelves a daily meawurement of conductivity and an occasional check

af pH value, Deronization eyuipment usually includes B conductivity meter
in line, 5o that continuous control of the effluent is easy; but the
contente of the luboratory storuge vesselw Btill need checking,

Either dietilled or deionized water of good guulity in contact waith air
of sveruge carbon dioxide cuntent has a pH value of 5.8 — 6.0, It 1w
saometimes called "mir-equilibrium” water, When testing the pH of such
water, the electrodes must be well waushed a number of times after the
meéter calibration wath buffer solutions. 1t 16 best Lo Ci.ibrace the pn
meter First with a evlution near pH 7 {see Secticon [1I.]l.)] =znd seconily
with 8 solution of ¢H 4 (potassium hydrogen phthalate] before thoroughly



washing the electrodes end resding the pH of a sample of distilled or
deignized water.

Distilled weter usually has a conductivity of 3-b micromhos (at EEDC}
depending on the apparatus used. A secund or third distillation (preferably
from slightly nalkeline potassium permanganate) can reduce this to about

i micromho, Deionized water has a conductivity of 1-3 micromhos, which may
e reduced to less than 1 micromho by a second deionization treatment,
However, both waters in conatact with air of average carbon dioxide content
have & conductavity of about 1 micrombo.

Once-digtilled water 1w pure enough FPor the preparation of reagent solutions
but water used For the preparation of standard solutions should have a -con-
ductivity of less than 2 macromhos. For certain purposes, pure water FPree
from carbon dioxice is needed; this may be prepsred by boiling ("boiled-
out" water) or by eeraticn with carbon dioxide free air. The product should
have a pH value of 6.8 = 7.2 ard will probably have a counductivity a little
dnder 1 micromho, elthough there is a danger Tthat boiling may dissolve traces
of salte Prom the glass., Once prepared, this water should be used for

making the solution required snd the remainder (only a little, usually)
discarded or used for rinseing glassware. (see I.3-4.)

3-2, PREPARATION OF FEAGENT SCLUTIONS.

In the methods of analysiw in Sections II, IIT and IV, "Reagents' includes
all solids and solutione needed, whether bought directly or prepared in
the laboratory, This sccount deals with the laboratory preparation of all
reagent solutions other than standard solutions (see I.3-3.}), which need
special consideration,

The care and accuracy reguired for the preparation of a particular reagent
solution should be clear From the context, after e short study of the
procedure advocated For the analysis involved. In general, weighing of
Bolids need only be carried out to an accuracy of U.1 - 0.5 per cent of the
weight tuken; °‘the weights given are recorded mostly to this degree of
accuracy and sometimes the word "about" or "spproximately" is used to denote
8 rough weighing, when s varzastion of 1-2 per cent in the weight is unim-
portant, An appropriate balance ghould be uwsed, capable of wupporting

the total weight of contsiner and solid and of weighing to the required
degree of accuracy; 1t 18 gensrally unnecessary to use an analytical
balance of high sensitivity {(O.1 mg) although one uccurate to 1 mg may

be useful for small weights (e.g. of indicator solids).

Measurement of wvolumes of liguids 1s slways done with gradueated cylinders.
AFter dissolving a solid or d:luting a liguid, the Finael =djustment of to-
tal volume is ususlly done 1n & rautine grade volumetric "lask, when the

temperatur of the solutian haws bhecome egqual to that of the laboratory
room, Socetimes, Fuowever, a soi:d may be simply dissolved in a measured
volume of l1icuid (e.4. indicator soluticns}; or two volumes of liquids

may be mixed {(e.g. preparaticn of an ampproximate dilute acid solution}.

A sait with water of crystullizsetion which dissolves easily in weter may
ronveniently be weighed in a beaker and dissolved in this vessel beflore

being tranaferred to a volumetr:c Flask For volume adjustment., Anhydrous
salts which also form cryetals contuining water of crystallization (e.g.

sodium sulphate} should preferably be pdded slowly to water (after weighing
pn a watch glass or ecoop)] bedsuse some tend o “carke" on the addition
of water; however, unhydrous splte which do not form salts containing

wuter of crystallizetion (e.g, potassium chluride] may be dissolved easily



by the addition of water, Jome chemicels need special cere in dissolution;
thus, 1f water ig3 asdded to sodium hexametaphosphate, a glassy mass 18
produced which is very daftficult to dissolve - but solution is rapid if

the powdered chemicul 1s added slowly to well stirred water.

It is convenient to make large yuantities (i.e. 5 or 10 litres) of sume
reagent solutions used in routine spil analysis. TP wvolumetric Flasks

of these capacities are not availsble (they exist but are uncommon)}, a
boiling Flask of sppropriate size may be calibrafed at a volume which
brings the level oF solution into the neck of the flask - e.g. a "5-licre”
boiling Flask may hold 5,500 ml of liquid to & mark on the neck. The
weight of salt needed 15 adjusted proportionately, together with the
golution is to be stored, It muet be remembered that temperature chanpes
alfect large volumes of liquid yuite considerably and sclutions should

be given ample Time Lo attain room temperature before the adjustmen. of
final volume,

3-3. PHREPARATIUN OF STANDARD SOLUITONS.

A standard solution in analyticual chemisatry 18 Oone which has an exact

and known concentration., I'ne accuracy of all the titrimetric, colorimetric
end fiasme photometrac analyses described in this Guide and all pH and
conductivity megsurements depends ultimately on the reliability of the
standard wolutioens used in them, These must therefore be prepared with
great care frum the purest chemicals and high grade Jdastilled o> deiocnized
Wwater, using accurete apalytical bHulances (sensitavity UO.1 = O.05 mg)

#and guaranteed volumetric glassware.

It may be mentioned here thit it 18 possible to buy certain volumetric
solutions already prepared for use and guarantewd to be corcectly stan-
dardized; 1t is also possible to buy sealed ampoules containing vocurate
weights of solids or liquids for the preparation of standard solutions

by dissolwving in or diluting to & definite volume with water., These ready
prepared products are, of course, more expensive but they may be convenient
in guwme circumstances. However, it 15 assumed 1n this account that
standurd solutiona are prepared in the 301l and wuter laborstory us they
are required,

J-3.A. NMOLUMETRIC SOLUTIONS FOR TITRIMETRY.

Theswe are prepared so that the FPinal solution has a xnown normality or
malarity. In this Guide, the solutions advocuated are an exsct fractica
ar multiple of "Noermal®”™ or "Molar® because this mukes caler cation of
results easier and less liable to error than employment of a factor
(eo2s O.1037 N anstead of O,20060 N}, Having standardized a solutiun,
1t 16 only a little extra Eruvuble to dilute 1t to an exact frection or
multiple of N vor M und restandardize as a check (see below).

Where very pure chemicalses of exwct cumposition cCun be used (e.g. putussium
Jichromate and ethylenediagminetetraacetic acid, Jdisodium salt), calculaced
wiElghts accurate to dabout W.UL per cent are dissulved to an exact volume
At a temperature near 0% {the usuul temperature 4t which volumelric
flusks wre caplaibruted), In huwnid condations, anhydrous salts should be
dried at 105 C for a4 Pew hours = wr at Exgher temperatures 1n indaividual
Cuden (2,2, potassium dichromate at 150 C) - or salts contalning water

of crystallization may Le heated st specified temperatures (e.g. ethylene-
Jiaminetetraacetic acid, disodium salt at BUYC) to easure that the chemi-
cal comnusitiun 1s Ccorrect; and then the saltys wre cooled 1a dJdry air
before weighing. %inre an exact weight 15 reguilred, the use of weighing
bottles iy awkward; but the selt may be guickly and conveniently weighed



on v Wwatch glass with a rapid automatic balance, {Subsetances which absorb
or lose water 1n the minute or two required For weighing on an open watch
gluss mre unsuitable for the preparastion of standard solutions in this way).
After weighing, the salt is trunsferred curefully with water Tto an appro-
priutely sized beaker, dissolved and the solution then transferred quantita-
tively to a volumetric Plask and made to the reyuired volume,

Substances which cannot be weighed accurately because of deliquescence
must be weighed roughly, using a slight excess to allow For abscorbed water,
and then dissolved to volume., The solution is standardized and then diluted
to the exact concentration required, For example, to prepare G 020 N
mercuric nitrate solution [see Section IV.10.) proceed as follows -
Dissoclve about 7 g mercuric nitrate, Hg{NDE]E.H
approximately 0,05 N nitric acid,

20, in 2000 ml of

Hemove 100 ml (uwsing & dry cylinder) and transfer part to a 50 ml
burette, Titrate against 10,0 ml of 0.0S50 N standard chloride
solution (sodium or potassium chloride is suitable].
Let
T be the volume in ml of mercuric nitrate solution used
in the titration (T should be slightly less than 25)

Then, ite concentration is
10 x 0.05 0.5 N
T T
(which should be slightly greuter tham (.02 N}

Now, 1900 ml of this solution remains. And this volume is egual to

1900 x 0.5 m1 oFf 0,020 N solution
u.u2 x T
= 1900 x 25 ml
iy

Thus, the volume of wuter needed to dilute The mercuric nitrate
aolution to expctly O.020 N is

190U (25 - 1) ml
T

Add this volume of water, mix well and titrate the prepared mercuric
nitrate solution with 10.0 ml of 0.0U%0 N standard chloride solution
to check that 1ts cuencentration is U,020 N,

Similar procedures are used to prepare standard solutions of sulphuric
and hydrochlerie acids., Calculated (appruximate] volumes of the con-
crntrated acids (see Appendix 1.} are diluted to the regquired volumes
and the solutions are stundurdized and then diluted to the exact norma-
lities required, as abouve, Staundardization may be Héuiﬂﬂt a weighed a
wmount of sodium carbonate, previvusly hoated to 270°C to convert any
bicarbonale tu carbonate, or against & weighed amount of sodium borate
decahydrate, preferably Freshly recrystallized. Weighing bottles can be
used since the amount of salt taken can vary although its exact weight
muet be known [usually to U.l mgl. The end-point in the tatration af
sodium borate with Bcid may be detected sccurately with methyl red -
bromocresoal green mixed indicator (see Section IIT.4.}; but this indi-
cutor cun only be used 1o the titration ol sodium carbomate with acid if
must of the acid is added and the carbon Jioxide builed out before com-



pleting the titration, A4 reascoably good end-point can be obtained in
the soulium carbonate etandardization by using methyl orange sgreened
with indigo carmine or xylene cyanol FF (see Section IV.9.), without
removal of carbon dioxide,

Yery dilure stendard solutiuvns of acids are beet prepared by the accurate

dilution of more concemtrated solutione, e.g. O, U010 N acid from 0,100
B oor O,200 N scid.

The commonest standard alksline solution is sodium hydroxide, This cuannot
be prepared accurately from the solid because this absorbs water and
carbon dioxide from air guite rapidly. A saturated solution is made (500
B sodium hydroxide sdded to 500 ml water) and allowed to stand; the
godium carbonate impurity 1s not soluble in the seturated sodium hydroxide
solution end settles out, leaving a clear solution above, which is alout
16 N, This iws diluted to near the reguued normality with carbon dioxide
free water, standurdized and adjusted to exact concentration,

UOccesionally, a standard solution needed 1n a titration is not stable

(e.g. ferrous ammonium sulphate) and in thias case a solution of approxi-
mately the correct concentration iw made and standardiced afresh with

ezch batch of titrations, A iimited volume is made, juzt enough to

last about one or two weeks - or encugh for & particular batch of enalysee.

3-3.B, STANDARD SOLUILONS FOR COLORIMETRY AND FLAME PHOTOMETRY ,

In order to calibrete a colorimeter (or apectrophotometer or abedrp-—
tiometer) or & flame photometer, a series of standard eclutions is requieed
containing exact and increasing amounts of s caticon or anion over a select-
ed range. Concentrations are usually in miliieguivulente per litre

(a 0.001 N solution cuntains 1 milliequivalent of either caticn o1 anign

per litre) or in parts per million (i.e. milligram per litre or microgram
per ml).

These series of "working standerde" are alwaye prepared by dilution from
more concentrpted molutions, which, in the methods in this Guide, are
usually made by digsolving exusct weighta of pure wsalte to a definite
volume with 8 care end accurascy esgual to that advocated Por volumetric
a¢lutions for titrimetry., It is advisable to take an initiwl weight of
at least 1-2 g of selt when using a balance accurate to O.1 - .2 mg;
amounts near .1 - 0,2 g (which are sometimes advocated in celorimetric
methods) should be weighed on a more sccurate bDalance.,

Dilution to the series of working stendards can be directly from thias
initiwl solution or through an intermediate stage, depending on the
relative concentraticnse involved, It 18 convenisnt to T a1ke volumes of

& to 256 ml of concentrated solution for dilutiono to 50U md op 1000 ml

in the preparation of the final series of etandards for calibration.,

The volumes may be meagured by bulb pipettes or by a burette, using high
quality Zlassware,.

OFf course, in the preparation of these standard scluticons, wWwide chunges
of temperature should be avoided and the water used shasld have reached
equilibrium with the room tempersature. Although vwolumetpric glassware

is calibreted in manufacture at a definite temper ture {usually 20YC),

oo appreciable earcors will arise Prom 1its use at other temperatures

near this, but errora will be 1ntroduced 1f the room iempe aturs

chenges much between measurement of & emall wvulume of a concentrated
solution and meusurement of the large volume of the corresmponding diluted
golution, Thus all dilutieas ahould be performed togelher,



3-3,C. OTHER STANDARD SOLUTIONS,

9olutions for the celibraution of pH metera aAand conductivity metera

muwt be prepared carefully from high grade chemicala and water but the
wrightes of salts taken need not be yuite mo accurate (say, O.1 per cent).
Arr-equilibrium water with o conductivity of about 1 micromho is euitable
for theae solutions, except for prepering O.01 M sodium borate when
corbon dioxide Pree woter muwt be uwed,

Buffer solutions for pH wurk cun be bought reuady prepared; also, bulffer
tublets and buffPer "concentrates" cun be bought For digwolving in water
and Jdilution with water to a definite volume, The compusition of these
tublets and solutions is not uwsually stuted, The bLufPfer sclutions
sdvocated ror wunwlyses I[I1.1 und IV.2 are among those recummended by

the United States Natronmal DBureau of Standurds.

-4, EIERAQE

J-4A. SOLUTIGNS.

Once preparad - usually in volumetric Plusks - reasgents and standarcd
solutions should normally be translerred to eturage bottlea, (Solutions
needed immediately for tests, then to be discarded, may be excluded from
thia "rule")

Bottles ol plastic materisl (mowtly polythene) are recommended for
nesrly anll solutions — the one exception (in this Guide) beiny the
atandard wolytions of sodium boreste For the colorimetric determination
of buron. Boruvwilicate gluww hottles are suitable For acidse but should
not be used [or alkslies. Sode glnse bottles should valy be used Ffor
cleaning wolutivns wund perhaps some genurhl qualitative reagenta (and
Lthe bLoron standurd wolutions). WHhen polythene storuge botctles are used,
there 18 no Jdifficulty over stoppers sticking in Lhe necke, as there is
sometimes wilh glass stoppers and bottles, Alksline wolutiona should,
of courwe, never be stored i1n gluss botiLles with glasw stoppers,

All storage bottles shuould be labelled clearly and permanently. A
plustic adhewyive strip which may be embossed with the necessary wording
1w recommended, In sddition, the date of preparsution should be recorded
in grewse pencil ur on & paper label which can be chunged when the
solution 1w made afrewh.

Most acid solutions keep in guod condition during etorage but alkaline
volutivne tend to absorb carbon dioxide unless a suitable trap ie used.
Even then, carbon dioxide 1w ubsorbed slightly when the solution 1e
removed Prom the bottle. This is not usually sericous but standard
wolutions of sodhum hydroxide intended to be used for titratione over

8 long period should be stured in such & wWay that solution can be
trunsferred to a burette without exposiny it to carbon dioxide, Salt
solutions often encourage mould growth and preservation with a ¢cryetal
of thymol 1s then worth trying, although it is not alwaye efficaceous;
pH puffer solutions and solutions of alkali metal salte For Flame
photometry cun certainly be preserved with thymol. Chloroform iwe another
preservative but it 18 not wuitable for solutions to be used 1n flame
photometry. 9ume solutiune are their own mould killers (e.g. mercuric
nitrute}. Solutiona which tend to deteriorute chemically at room tem-—
perntures (e,g., stannous chloride) should be kept in & refrigerator at
J=5"C.



J=4.B. WATEH.

Having removed salts and impurities From water by distillation or by
Piltration.and Jeiunizution, the pure product should be stored under
clean and satisfactury conditions which prevent the re-entry of even
amall guuntities of gimilar snlts and impurities. Containers made of
polythene are recommended throughout; this material cannot impart any
dalts to water and, since il 18 said to absorb borate ion, it thereby
contributes an extra degree of purification by removing the traces of
borutes which may be present in glass-distilled water,

Tre prepared water should not Le allowed to drip or run through the
open neck of the main storege bottle or aspirator. This neck should

te fitted with a 2-%ole stopper containing boroceilicate glass or

rigid plastic tubes, one connected to the still or deionizing plant

and pne to 8 trap containing cotton or glass wool to prevent possible
contamination from the air, the wool being supported on filter paper

to stop emull Fibrode particles entering the air gpace above Tthe water,
If B series of bottles Or us,aralors 18 used, connected by siphone,

the siphon tubes should be of polythene and each botile should have

& Trap to keep out dirt, This applies particularly an large
laboratories where the distailled or deionized water is prepared in

A4 e urate room, The muin storagde capacity at the preparation plent
wWill wvary sccordaing to individual reguirements but bottles Or aspirators
of MU litres ur more are available.

For bulk atorage an laboratories away From the main source, po ythene
gepirators of 20U - 50 litres are suitable, if Ffitied with polithene

taps which do rnot lezck. The mouthws of the aspirators should be closed
With traps againest dirt, as 1n the case of the main storage containers,
Bottles and eiphon tubes of pulythene may be used in place of mepirators,
1f preferred. Water needed for analytical purposes should nuot normally
be stored in laboratories where ammonlia or volatile acids are uvaed; 8
gecond grade guality for raneaing glassware may be permitted,

Although 1t muy eeem superflucus, all containers of wauter should be
permanently labelled, particularly if two or more grades are prepared,
It is not usually necessary to store carbon dioxide Pfree water: for
the purposes needed in this Guide, it can be made as wanted,

I. 4. 30TL AND WATER SAMPLES

4=1. PACKING_ AND TRANSFORT,

As Boon as & yuantity of soi1l 18 remuved Prom a Field or profile pat

and s s00n as a4 Vvolume of water iw removed From a rive~ or well, 2t
becomes & sample Fouor analywie and, as such, 1ts 1mmedirie Treatment 1s
the res . onsibility of the svil and water laboratory. Thus, the
laboratory staff should cooperate with wamplers axl decide, together,

the moat =fFi1cirent methods of packing end labellinyg samplews and
traonsporting them to the laburatory 1n a condition which mukes the
subsegquent expenditure of muoney and ekill on analysis a4 worthwhale
operativn, (In general, a laboratory should not accept wamples of Bo1l
aor waler submitted by uvnyualified persons or private :ndividuals; apart
from administrative consideratiuvne, These "wamples” gre uften improperly
packed = ®so01le 10 newwpaper orf old tine, Walters 1n roudghly wished bottlew
bottlew - end are almest certainly unrepresentataive,).

[he most suitable cuntuiners {ur 801l samples wure polythene buge made



of film about O.13 mm thick, which may be sealed by twisting and Tying
the neck or by means of rubber bands or adhesive tupe, They may be
enclosed 1n etrong paper bags or cloth bags (or in a second polythene
bag) for extra protection and should be packed for transport in small
cardboard cartons or wooden boxes (free of i1nward-projecting nails).
Water samples should be transferred to polythene bottles with screw caps
{unless boron is to be determined - see I,.3-4.) and packed Por transport
in strong cardboard cartons or wouden boxes having divisions separating
each bottle from ite neighbours, of a type used universally For transport
of bottles of liguid refreshment., Spaces 1n the boxes should be stulffed
with packing material so0o that the so0il bags or water buttles canngt move,
because 1n many Ccountries these boxew mustT he transported over rough roads
and semples "jqumping aboutl”™ in the boxes can throw an undoes strain on the
sample containers.

Samplers should be aware of the analyses reguired on the so01l samples
taken 8o that these can be treated correctly and without detriment to

the accuracy of subseguent work. In this Guide, only the determination

of bulk density requires a spil sample in the undisturhed state, usually
taken with a special sumpling tool. In all other cuses, a soil sample
consieta of a number of small borings taken over a selected area or of
8 number uwf portione from an horizon of a soil profile. The amount of
goil Bample should be adeguate For the analyses reguired but not excesslive;
usuully one kileiram 1s about raight and il the sample taken exceeds Lhie
weight to any pgreat e ree, 1T shoild be well mixed and sub-sampled
correctly (wee I.d-3.) down to the average sive., In the majority of cases,
large stones and pireces of gravel can be discarded, especially il they
heve sharp edges. However, it 18 sumelimes useful to know Lhe percentage
of gravel (dismeter 7.6 to 2.0 mm) and in Lthis case the whole sample,
preferably of 23-3 kilogram, 1s kept, It 18 an advantage to dry out very
wet samples, unledgs moisture studies are involved; the method of drying
may vary according to the conditions under which sampling 15 being done
but, a1n ail cises, high temperatures must be avoirded and great care must
be taken to ensure that there is no conCaninantion of one sample with
another or with extraneous s¢il or dust. In tropicsl countries, air-
deying 18 often convenient, The soirl is broken up and spread ouT 1o a
thin luyer on strong paper or polythene Film, preferably on a rack af

wire mesh To ullow asir to circulate underneath, and mixed occasionally

tu expose fresh surfaces; sumples should be well separated and the drying
area protected from direct sun and wind, Urying should nut be prolunged,
particulurly Por clay =2o1ls, which are 1jore easaily ground at the labora-
tory 2F & small damount ot moisture 15 present,

Since polythene 19 1mperviocus Lo Waler Vapoaur, 4 soil sample placed an

a seuled polythens bag retains 1ts naturdal moisture content, which 15
usef 1l 1n soil-water stodies, Ine sealed sumple muy, howsver, uandergo
chemicul changes due tu bucterial action and other Causes Jduring its
traasport to the laboratary and this must be borne in mind when certain
annlyses (mostly Jealimyg with nitrogen compounds) are nunted [see 1,4-3}).

In general, treutment:of svil samples immedrately after they have been
taken should aim at providing the swil laboratory with au seriew of
samples of approximately the sane size, Pree frum large or sharp stones
and large soil agiregates, and at a4 cunsistient moisture cundit:an, which
1% usually wir=dry but may be af u ressonuble ield moisture eqailibrium
For scme analyses, Packing and transport Ls thereby made easier and u
good Jeal 1s done to eliminate erratic eflects on subseguent analytical
resul ts due to varyin, trestment of ssmples befure they reach the labo-
ratory,



Water samples normally need no treatment.after they have been taken

(fer the analyses described in thiy Guide); 4F ammonia and nitrate are

to be determined and the samples cannot be delivered at the laboratory

Yor some time, it may be necessary to add toluene to kill organisms. The
main care in taking Water samples is to ensure thet there ie enough Ffor

“he anal; @8 reqguired. Samples in which boron is to be determined must

ko taken and traneported i1n soda glass botiles and, if this analysise is
reguired, it is probably best tu take two samples, one main one {one litre)
in polythene bottles and one.gmaller (250 ml] in soda gzlass bottles.

2. LABELLING AND REGISTRATION.

50il and wWater samples should be labelled by field staff so that they

can be easily and clearly indentified subseyuently by laboratory staff,
Perhape the simplest way of doing this is to use so1l bags and wuter
Lottles which are mlready clearly numbered with waterproof ink or paint,
these "bag numbers” or "bottle numbers" being entered in the sampler's
record book, as each sample 1s taken, together with the other information
he needs to identify and describe the samples. If soil-samples are placed
in polythene bags wathin bags of cther material, both baygs should he
numbered (sume number) 8o That & ssmple 1s yuickly identified without
unfastenang the guter bag; and water bottles should be numbered 1n dupli-
cate., PHReliance should not be pleced vn o single number, as this may
become defaced 1n trans:it,

This method of numbering only needs preliminary planning and erginization
Lefore setting out on & samplang trip. It does not involve Writing out
labels in the field and tying them on bugs or bottles from which they can
be torn; and 1t does not involve laboratory sataff in attempts to decipher
Lubels pleced inside swil bags end damagded in trensit or in attempts tTo
understand words written on bags snd bottles in pencil or ink which has
smeared,

However, lualels may have to be used in swome cases. If so, they should
either heve printed numbers on them already or waterproof ink should

be used to> write information on them ([this excludes pencil, washable

ink pens and ball-poaint pense). For soil wamples, duplicute labels should
be pluced between the two bags, never in the bag with the soil; For water
samples, duplicate labels should be Pixed to the botitle with adhesive

tape., The wmount of information on a lubel whould be kept to & minimum -
preferably » number, which may bé either a "bag (bottle) number” or a
"eample number” (see below). Depths may be given usePully For woil profile
samples 1n some casea, Hhen labels are handwritten, special care should

be taken to prevent ambiguity. Fur arabic numbers, "6" and "9" and combina-
tione like "69" and "96" should be underlined; and "1" and "7" should be
clearly distinguished. Where letters and numbers are used, "5" maoy easily
be confused wath "5"; and so on, This is why printed labels are always
bhetter.

F-eld sumplers will normally hove s numbering system of thear own and

may have a record book containing pranted forms for the entry of information,
#erially numpbered. These "sumple numbers™ Are the main i1dentiflicntion or
ecil and water samples For most purposes but the relevant Form should also
huve a record of the "bag” or "bottle"” number and the subsequent "laboratory
number"” [e8e¢e below). When a box of samples 1w dewpatched to the lLaborataory,
it should contain a packing note givaing the totsl number of samplew, the
"wample number" of each sample and its corresponding "bayg number™ or "bottle
number™, the depth of woil samples From profile pits and other i1nfoemation
needed by the luboratory stafl' fur registrstaion purposes (as agreed), par-
‘icularly on the analyses reguired. A duplicule packing note should be scnt



separately 80 that missing boxes can be i1nvestigated.

On arrival at the laboratory, the contents of a box should be checked
sgaingt the pecking note and any discrepancies reported to the samplers.
Having established what analyses are required, the samples are registered,
giving each semple a "laboratory number” according toc a system suited to
individual laboratory organizationa, For small laboratories, soil and
water samples may simply be numbered senially ase they arrive. Lerger
laboratoriesa may need to have two or more numbering systems, using a
prefixed letter (or group of letters} to distinguish them, this procedu-
re helping to channel pamples into various analytical streams, Two-way
croes—-references to "sample numbers" are essentisl so that a sample can
be rapidly truded either through its "laboratory number™ or its "sample
number™. Bither registration books or index cardse can be used, as de-
sired, these usually containing most of the information collected on

8 sample. Large laboratories may need to use a "punched card" system or
gome other means of etoring complete information con all samples soc that
data can be recovered guickly.

It is essential to keep & record of the date of arrival and the source

of all samples. Where samples come 1in regularly from a series of Ffield
centres, a table can be drawn up each month with a column for each centre
end a row for each day. Row totsls give the daily input and column totals
give the monthly arrivale from esch centre; B grand total shows the
monthly arrivals from all centres, Such tables present a clear and imme-
diate picture of the sample situation at any moment,

4=3, FREPARATION AND SAMPLING FOR ANALYSIS,

4=-3.A, SOILS,

(1) Preparastion,

A8 indicated in I.4-1, the first steps in the preparation of a soil
sample for analysie may often be taken in the Pield by ensuring that
eamples are of a uniform size, are free of stones (unless the percentage
of gravel is required), contain no soil aggregates bigger than about

1 em acroes wend (except in epecial cases) are ut s conesistent moisture
content, which is normally air-dry. If samples arrive at the laboratory
in this condition, they only need grinding and sieving.

When no preliminary field treatment has been given and s scil sample
arrives at the lwboratory more or less as8 it has been taken from the
sampling tool, it ie ewpread out on a tray of metal (aluminium, usually,
unlews exchangeable aluminium 1e to be determined) or plastic or even
Btout brown paper, stones are removed and large soil aggregutes broken up,
Usually, obvious pieces of undecomposed orgunic matter are also discarded
at this stage, unless there is particular interest in the total organic
“ontent and epecial procedures ar¢ laid down. IFf the sample is unduly
large, 2t 1s well mixed, spread out on a large sheet of paper in s thin
layer and divided into four parts with a large spsatula., Then either one
or two (opposite) yuarters are discarded cumpletely, brushing off FPaine
material as well as laryger aggregates, (A sumple splitter may be used

if availsable). The remainder of the sample i1s returned to its tray.

After thim preliminary preparation, the sample 1s lubelled with its
"lutoratory number", which should preferably be printed on s piece of
plastic material, since thims label has T0 remuin permanently with the
sample until it is no longer reyuired. Use of different coloured plustic



labels may help to distinguish quickly between samples 1in difFferent
numbering systemsz. Thick card may be used if plastic is not available

Tt 18 usually inconvenient to label the trays containing the samples,
since they must be used in rotation Ffor many different samples; it is
only necessary to ensure that the plastic or card labels are not acciden-
tally trensferred From one sample to anather, or lost - and this is a
matter of laboratory organization and discipline,

Samples are then normally left to attain equilibrium with the moisture
of the air. Where samples are often received in a wet astate, a slightly
elevated temperature may be used to hasten "air-drying"™ but this should
not exceed about 40°C, During air-drying, samples should be kept 1in
well ventilated conditioss so that water vapour can escape easily;
shelves of open wire mesh are convenient and, if air conditioning is
not installed, FPans should circulate the air gently. Samples may Lo
mixed during drying to expose fresh survaces,., For certain analyses

or experimental work, field-moist samples may be regquired; after rapid
preliminary treastment to remove atones, ¢t¢, these samples are rubbed
through a wire mesh sieve with openings about 4-5 mm across and weighed
immediately for analysis and dry matter; clearly, these samples must
have been transported gquickly to the laboratory in plastic bags and
they must receive priority attention,

After air-drying, s80il samples are crushed gently i1n a pestle and morctar
and sieved through a 2 mm sieve, the process being continued . :til the
material retained on the sieve contains no soil egureguates; ti! 2 material
larger than 2 mm is discarded unless the percentage of gravel is wanted,
The pestle and mortar may be of porgelain or stoneware or iren for most
analyses but, naturally, iron eguipment cannot be used if analyses for
iron are to be performed on the soil. Samples for minor metal analysis
(copper, zinc, manganese, molybdenum) should be crushed in a morcar

of porcelain Jr stoneware [or sgate, if available)] and sieved thrcugh a
stainless steel or nylon sieve. Crushing should alwWays be gentle To
avoid breaking up gravel; care must be taken Wwith samples containing
aoft chal¥ or limestone, where the degree of grinding can greatly affect
the analytical result for calcium carbonate,.

Crushing with rollers on flat hardwood or plastic boards may be employed,
Special soil grinding machines have been developed which allow crushed
material to pass through a 2 mm sieve during operation; machkines which
grind the whole semple (including gravel) must not be used.

The air-dry soil sample, passing the 2 mm sieve, should b returned

to ite tray end left om a shelf i1n & temporary storusge sgpace until

needed for analysis (see I.d-3.A.(ii). ©Certain analyses reguire a

sample passing a U.5 mm sieve; the 2 mm sample 1s spread out in a thin
layer and small portions, taken ut random with a spatula, are transferred
to # mortar until a sub-sample of the reguired si1ze is obtained (usually,
25-50 g 19 ample)., Alternatively, the sample may be halved and quartered
or poured repeatedly through a sample splitter, The sub-sample is then
ground until all of it passes through a U,5 mm sieve and transferred

to & suitable small tray or dish to await anmlysias,

{ii) Sampling for Analysis.

When the weight of air-dry s0il required Ffor analysis is 5 g or more,
a 2 mm eemple 18 suitable; for weights less than 5 g, 1t 1s advisable
to use a 0,5 mm sumple, thereby reducing the sampling error.



Because & 2 mm sample of 801l contains particles of different sizew,

the removal of emall portiuns For analysis must be dune in such a

way thet each portion contuinse, as Far as possible, the same proportion
of different sized particles as in the main sample. The safest way to
ensure this is to spread out the well-mixed sumple on a Flat tray and
take amall portions 88 random with a spatual {as in the sub-samplang
procedure above) untii the reguired weight is obtauined. The random
spatula portions should be taken at the Full depth of the soil layer and
not just from the surface., It is inaccurate to take a 2 mm sample for
analysis etreight From a bottle or carton, the contents of which may not
be uniformly mixed,

Ihese considerations govern the recommendution {abuve)] to leave a 2 mm
soil ssmple, after grinding, in its tray until the reyuisite samples have
been weighed for anulysis; in this way, the s0il can be well mixed easily
and swmpled accurately. Trays should not be staucked, one in another,

for transport from the soil preparation room to the soil weighing room

but should be wheeled in on a trolley having shelves so that each tray is
accommodeted separately. OUnly one tray at a time 16 placed by the balance
during weighing, thus avoiding contamination of samples by accidental
spillage.

For routine analyses involving large numbers of samples, sampling by
volume may be used in place of sampling by weight; a spoun or scoop of
the requisite volume is drawn through the soil sample {usually 2 mm),
tapped down gently and the surfmce levelled with & spatuld., Such a
method of semplaing ie suitable for some pH and conductivity determinations,
And in analyses for fertilaity levels, in which finnl results may be
expressed in units such as "kilogram per hectare, 10 cm depth", it may

be claimed that snalysis of a volume of s¢il 18 more realistic than ana-
lysis of & weight; Ffor the analytical Figure on a weight basis has to

be converted to a volume bLasis by taking an arbatrary Figure For the
weight of & "hecrare 10 cm" wvolume of soi1l, 1f volume measures are used,
the fact should be stated clearly in the records of analytical results,
with a note of the volume of soil or its ratio to the volume of water

or soil extractant used in the analysis (see J.6-2,.).

A goil sample is usuully wWerghed ocut on a scoop of glass, plastic
material or metal (mccordaing to the wanaslysis involved) and transferred
to the bottle or flask or other suitable vessel for asnalysis, brushing
off the ecoop into the vessel with a clean cumel hair or sable hair
brush. In some cases, the sample may be weighed directly into the
container used Ffor analysis - e.g. Por the determination of dry matter,
into special aluminium soil moisture tins (with lids), the -zeights of
which must also be known.

A sorl sample taken by volume is tapped fruom the measuricng spoon into
the reyuired vessel [For analysais and any wsoil remaining in the soon
18 dislodged by gentle tapping; the spoon may then be brushed out or
Wwiped clean bLefore proceeding to Lhe nexl swmple.,

all messurenents of soal samples for analysis should be done in @

gepurute room because it is impossible to sveld contamination of the

air with fine particles of so0il during saumpling. The measured samples

may be treated with extractiog solutions or wWwater, etc., ia the sume

room or transferred to other rooms for analysis after the vessels have
been covered; indeed, 1t 18 & good ,ractice to close a vessel immediately
after 8 weighed or mewsured sample hes been put into 1t, to sveid the
sccrdental sdditiun of a secuend sample or inadvertent contamination with
foreign materi1al .



"Air-dey" soils contain adsorbed water in amounts depending on their textu-
re and on the humidity and temperature of the air. Sandy socils adsorb
emall guantities which vary only slightly with air conditions; but soils
containing clay or organic matter or both adeorb large and variable guantis
ties of water, As air-dry d0ils uare heated, they usually lose water
zradually over quite a wide range of temperature; and this loss of water
muy be mccompanied by oxidation of organic matter, even At low temperatures.
In addition to loss of adsorbed water Ffrom scil particle surfacea, structu-
ral water is gradually removed from clay minerals and water of crystalli-
zation From salts or minerals such as gypsum and limonite; and hydroxides
may be converted to oxides, Furthermore, a s0il heated at any particular
temperature may continue to lose small amounts of water slowly Ffor some
days.

Thus, oven-drying (nmormally at 1059C) does not cause the loass of a precise
category of soil water. However, when carried out under standard conditions
it does produce a consistent "oven-dry" basis for calculating results of
soil analyses and the advantege of this is that analytical Figures From

A number of countries with wide differences in climate can be compared

more reliubly thanm figures on an "air-dry" basis. With certain exceptions,
it ias recommended in this Guide that results be calculated on "oven-dry"
s0il, The procedure adopted for moisture determinution ie as follows:

(a}) Air-dry samples

Transfer 10,0 g air-dry soci1l (2 mm or 0.5 mm or both) to a metal
dry matter tin (moisture tin) having a closely [fitting 1lid, Then
trensfer a convenient weight of the same ailr-dry soil, depending
ofi the number of analyses reyuired, to an mir-tight container (a
screw-capped bottle with a rubber or plustic ring Ffor sealing is
effective), Place the dry matter tin (lid removed)] in an oven at
105°%C during the closing period of a working day and leave until
the next morning - & periocd of 16-18 hours, normally. Remove the
tin from the oven, ¢lose with the 1lid and cogol in a desiccator to
ropom temperature. Weipgh and so find the weight of "oven-dry" soil,
which may bLe recorded to U.1 or Q.05 g for moast purposes.

(Note - do not alter the standard procedure in any way, Ffor instence
by leaving soils in the oven Ffor the two or three day period over
the normal weekly rest days) .

Let the weight of oven-dry soil be D gram,

Then, 10 g of air-dry Bo1l contains D g oven-dry muterial and thus,
1 2 of oven-dry material is contained in

%? g air-dry soil

Ubtauin this value from a table of reciprocala and 80 calculate the
weipht of wmir-dry so0il containing the weight of oven-dry soi1l needed
for analyeis (1.0, 2.0, 2.5, 5.0 etc.).

(L} Field mpiet samples

Froceed essentially as for air-dry soils, using material which has
been rubbed through a 4=5 mm sieve and taking a larger weight (say,
2% or SU g) on & rapid belance,

When weighing the required amount of air-dry or field-moist s80il, the sample



ias, preferably, tipped out of 1ts air-tight container and mixed and sampled
gquickly, using a rapid balance; then it ie returned at once to 1te con-
tainer, No serious changes in moisture content can take place during

this operation, For 0.5 mm air-dry soil, it is probably accurate enough

to sanple with care from the container,

An alternative method which can be adopted if some cases is to woigh out
separste 80il sumples For unalysis and moisture determination, at the same
time. In thie case, the weight of oven-—-dry soil is not known and thus the
method cannot be used if an exact rutio of oven=dry soil to extractant
dolution 18 required, Huwever, it may be undesirable to keep Field-moist
soile Ffor a day (until moisture contents are known) Lefure sampling for
analyesis because of changes in compoeition through oxidation or microbiasl
action; then sampling for analywis and moisture ie done at the same time
and suveequent analysical procedures are modified appropriately.

After the necessary samples have been taken Ffor analysie, soils may be
etored in The air-dry state in glase or polythene bottles or in polythene
bage inside cardboard curtons, clearly labelled. Experimental samples on
which further analyses may be required should be kept in conditions of
reasonably constant temperature and humidity. Stocrage can affect some
anslyses and the etfect may be influenced by the conditions of storage,
which should therefore be kept constant and, if possible, recorded. Sto-

rage in isolated buildinge exposed to heat or cold or dampness is not
advisable.

4=-3.B. WATERS.

Water samples naturally need no prepuration for the analysis of insocluble
matter, For most other amalyses in this Suide, the sample should be FPfree
Erom insoluble material and thus should be Filtered., Usually, the con-
centration of salts ie sufficieant to clarify the samples by Flocculating
clay and simpl~ decantation through fine Ffilter papers is efPective; but
ceramic Filters may be necessary in difPicult cases.

Complete clarification is not needed for the determinution of pH and
conductivity; and the determination of sulphate (colorimetric) and
ammonia (by distillation or using zimc hydroxide] may also be done on
turbid sumples, (wee Section IV.ll-2 and IV.13.).



1. 5. ANALYTICAL ACCURACY

5-1. TYPES OF ERRORS AND THEIR CUNTROL.

The procedures advocated in the methods of analysie in thie Guide, if
followed with cere, should be capable of giving coasisteént results near
to the true answers. Where they are used om a small scale for research
purposes, adequate replication and calculation of a mean Figure for an
individuasl analysis should produce a fully reliable result.

However, in many of the laborutories For which this Guide is intended,
gsome s0il and water analyses are carried out on & large routine scale,
Wwith limited copportunities for replication and therefore with reliance

on single values For the great majority of samplesa, Under the coaditions
imposed by the need for numerable snd rapid analyses, a certain percenta-
ge of error is inevitable; but careful organization and sound training
of staff can reduce this error to & minimum.

If it is assumed that the technique used in a particular determination
is based on sound scientific principles, then the analytical reault may
deviate from the true answer through two main types of error -

{a} Errorse due to faulte in instruments, glaseware or other apparatus
employed in the determination; or to the use of samples or chemi-
cale or solutions which have been improperly prepared o.© have
deteriorated or becume contaminated,

{b) Errore {(more properly culled mistakes) Jdue to careless work ain the
actual analyses.

Clearly, errors under the heading (a} can be reduced to a safe minimum
by workin, in well-designed laboratories, by proper selection of appara-
tus and i1ts maintenance an ygood condition and by the cureful preparation
and storage P chemicals and reagents and samples For analysis. The
guidance in Cthese matters given in Parts 1 to 4 of this Section should

increase the accuracy of soil and water analysis by the methods described
in Sections II, III and IV.

Errors under the heading (b) can be reduced by patient and efficient

training of etafPf and eselection of suitable work FPor each individual,

FParticular attention should be given to =

1, Cleanliness and methodicsl organization of work,

2. Care of anstruments and accurate reading of ascale:,

3. Manaipulation of apparatus and correct use of volumetric glassware,

4, Judgment of titrimetric end-points - muking allowances for partial
colour-blindness, which should be investigated if jJjudgment of end-
pointse is uncertain or erratic.

5, Accurate recording of results and correct calculations,.

It 18 particularly amportant that training should ensure relaiabaility

in preparution of wamples and of reagents and standard solutions, where

the two main types of errors overlap. Sometimes these dulles are
trested somewhat haphazardly so that woi1l samples becume unreprevsentalive



or even incorrectly labelled und solutions are made From impure chemicals
or inaccurate weights are taken.

Even when correct principles are efficiently ampplied to an analytical
determination by well trained stafP, certain inherent errors remain,
which may lead to deviations from the true pesult, An example is the
Pact thut scales on instruments or burettes must usually be assessed,
since a true reading is dafficult - perhaps because s galvanumeter needle
"hovers" over a range of values, as often happens in flame photometry.
These errora are, however, mostly small and of no significance compared
with the errors due to unsatisfactory laboratory conditions, Faulty

apparatus, poorly prepared samples, insccurute solutions and careless
Work.

5-2. REPLICATION AND STANDARD SAMPLES. SCRUTINY.

In routine soil and water analysie, replication of all unalyses is usually
impowsible and is probably undesirable on economic grounds. A system of
duplication of a percentage of sumples is often adopted to keep a check

on the accuracy of analyses. For this sysetem to be Ffully effective, certain
rules should be followed =~

1., Duplicate analyses should not be done on the same day,

2. They should preferably be done by different snalysts, usinji different
eolutions and daiPFferent instruments.

J+» They should be done without the operator being aware that the sample
has beea analysed before - and certainly without a knowledge of the
previous result.

In practice, a duplicate system can be easily organized to accommodate

rule 1 but it is difficult to organize one incorporataing rules 2 and J
unlesas the laboratory work is on 80 large a scule that each method is
carried out by two operators independently. In the more common case, when
one assistant carries through a routine procedure for one determination each
day, a8 compromise has to beé reached, A Buitable procedure for checking 10

per cent of analyses done at the rate of 50 per day by one Operator would
ba =

Each day, select five sumples from the previous day's work, either
4t rundoem or to cover a range of values. Include these i1in the present
day's work, if possible without revealing to the operscor which are
duplicate analyses [although he should, in genersl, be aware of the
laboratory practice of running 10 per cent dJuplicatina of his work),
Thie ie difficult if sumules are numbered seriaslly bLut it may be
possible to conceal the duplicate samples 1in some cases by applylug
temporary fictitious numbers, . Spread out the Five duplicate samples
over the day's gquota and conceal the previous day'™s results by tne |
use of laboratory work-sheets (see I.6-1.) rather thao notebooks, in
which operators can "turn back" to previous resulte.

Such a procedurc should provide honest duplacute values 1f the operator
is cuonscientious and well=trueined. Yariutions can be adopted, of course;
an interval of 4 Few days can be allowed to elapse before aincludang
duplicate samples, or the operator can be Lold to take o different

weight of sample (as 1n organic curbun anslyses).

For some 60il analyses, & large Juantity of well-mixed, air-dry goil
cen be prepured and used as v "standard soil semple®™, bLeing analysed



with the routine samples st scelected intervals, Similarly, a large
gquantity of water containing known amounts of salta can be preserved

with thymol and used as a "standard water sample™, at any rate for a

few weeks, A number of standserd soil and water samples can, in fact,

be chosen to cover different ranges of values in the routine analyees,

it being necessary only to ensure that the concentrations of the elemente
or radicles being measured do not change with etorage.

The series of values For snalyses on standard samples provides a useful
check on the reliability of routine resultse - although it is B drawback
that, through cumstant repetition, the averasge analytical result for
each analysis is bound to be known in advance,

It is fortunate that, in so0il and water analysie, helpful checke on the
accuracy of results are provided by inter-relationships of figures. A&
scerutiny of relative wvalues guickly reveals discrepancies and hence iae
need for repetition of work. DOxamples of relationships which ars useful
in this wWay a&are -

1. In analyses of wuters and water extracts of soils, the sum of tha
figjor cutions [calcium, magnesium, sodium and potaasium) should be
nearly egual to the sum of the major menions (sulphate, chloride and
bicarbonate - soOmetimes with carbonate) in millieguivalent per litre,
also, there are fPfairly definite relatiovships between tot:l salt
concentratiuns and cooductivity values (see Sections IIl.b and 1V.J:.

2. In soi1l snalyeesa, pH values correlate with waricus other an lyses
such ae calcium carbonate content, amount of water soluble sod
exchangesble sodium, exchungeable hydrogen and lime reyuirement and
0 on., This applies not ovnly tu single pH walues but to the ratiocs
of pH values determined with different amounts of water,

J. Spil con“uctivity values are not vnly releted to wuter sclulle salts
but ulso to the behaviocur of soil-water suspensiona, which clucify
gquickly by wettliing when the conductivity values are high, with
culcium salte predominatiog. Aleo, high scdium can provide dark
coloured extracts Ffrom organic soils due fo solubility of humus,

4. Organic carbon Pigures sre abuvut 10-.2 times total nitrogen faigures
for many asgricultural soils bul may rise to 15-20 times for highly
organic peat snd muck soils,.

§. Particle w#ize daswtribution figures can be judged approrimately
correct from sull texture assessments esnd saturation [ .rcentage
values.

Furthermore, the reliability of a esoil analysis ¢an oft n be julged
approximately from ite known history or ¢pep performance. Samples from
the hirrzune wf a proufile alwo often show & gradation of properties,

Zuch scrutiny, admittedly, only serves to reveal gross inaccuracies; hut
this is worthwhile and examination of soil analyeses in this way should
oot be neglected, Sometimes an mppareat "inaccuracy" turns out to be

an abnormal result and then replicatiun is necessary to confairm the
Figure 8o thut the result can be reported confidently.

When replicution or the analyweis of "etundard" samples or scrutin:
reveals analytical errors, a programme of search:nyg for the socurce of
theee errorsa must be set in moticn, the routine wWork being nalted
temporarily. Such a programme should huve three main objectives -




(a) Examinsation of all instruments used in the analysis For mechanical
und electronic accuracy (most manufacturers give definite instructions
on fault-finding in their literature).

{b) A check of all reagent und standard solutions for correct concentra-
tions.,

{c}] FEetablishment of the reliability of the operutor's technigque,
iacludiog entry of results and calculations,

Once the reason for discrepsncies hus been discovered, it is adviwable
to ¢ buck a little over the routipne programme to ascertain the exact
point at which faults arvse and, of course, remove incaccurate results
from the laboratory recordw.

E-3. DEGREES OUF ACCURACY AND CALCULATIONS.

An analyst must assume that the sample he is hundling is Ffully repre-
sentative and therefore justifies careful work. He must then carrcy out
his snalysis and record the instrument scale reading or titration volume
or precipitate weight, et¢, with ao accuracy appropriate to the operation
involved, Thuse, as exampleas -

{a} & moil sample of "6 g" fur & pH determination is not weighed on an
analytical balance with a sensitivity of 0,1 mg but rather omn a
rapid balance 80 thaet the weight lies between 4,9 and 5,1 g: while
a similar weight for the determination of cation exchange capacity
should be measured with v baleaoce accurate tov about 5 mg,.

(b)) A volume of 50 ml of an extrattion sclution may be added to a

weighed soil sample with a messuring c¢yliader - but anm aligyuot
volume of 50 ml from a water sample should preferably be taken by
pipette.

{e} A titration volume should be recorded to the neareat 0,068 ml 1f the
end-point cun be judded correctly by the sddition.of one drop
(U0 ml]) of the titrant solution; if, bowever, i1 is crLaimed that
hualP u drop 18 sullicient to produce a clearly detectable colour
chonge, tien the bLurette reading may be recorded to 0,02 ml.

In general, ao analyst whould work intellagently ¢ that he is neither
strainiog for mn unattainable degree of accurscy oor introdvcing un-
necessary experimeolal errors. He must at sll Times use the appropriate
instrument or piece of appsratus for each anelytical operatiom and avoad
both & haphucard sttitude and too much attention to meticulous detail.

The Final analyticwal result 1w calculated carefully (as set out in the
methods in this Guide)] and then recorded with an accuracy which iy
s:ited to the type of snalysis and the technijyue used. The Following
examples show the prainciples involved and serve a8 a guide ©To The
recording ol other analyses.

1. Routine wsoil pH valuee should nurmally be recorded to The neusrest
0.l unit, Figures recorded to the nearest 0,05 or 0,01 unat muy
sometimes by Justaified in research work, after replication and
calculation of means, but they rarely have practical significance,

2. Rewults Ffor waturation percentage need only De recorded to The
nearest whole number becususe the techniyues involved do not jJustify
Breuster accuracy.



3. Analyses for organic carboo can be recorded to two decimal places
with Pair confidence (unless the value is above about 5 per cent)
if replicate analyses are done by a reliable technigue and no
recovery factors are involved. A method (such as the common Walkley-'
Black procedure) involving an average recovery fPactor cannot yield
Figures reliable to more than one decimal place, even with replication,
when used for a 'variety of soil types. Conversion of organic carbon
Pigures to "organic matter™ is only a rough approximation but often
the Pactor 1.724 (itself a fulsely accurate figure based on the avera-
Ze carbon content of organic matter as 58 per cent} is used and Bhe
angwer recorded to two or three decimal places. A better factor is
1.7 = and even a simple doubling of the organic curbon Ffigure is accu-
rate enough 1n most cases.

4. When values cover a wWide range, itis often best to record results
to an approxXimate percentage accursacy. Thus, in the determination
of available potassium, it muy only be possible to work with an
overall accuracy of about one per cent; so0o values Ffor "ppp K in soil"
might be recorded as Follows -
Up to 99 - nearest 1 ppm
1UU - 248 - nearest 2 ppm
250 - 750 - nearest .5 ppm
Above 750 - nearest 10 ppm

When recording a result, an, 6 analyst should ih geaneral look particularly
at the last digit he has written and ask himself if he is satislied that
this digit is correct and could not perhaps be one more or one less.
Thus, a recorded figure of J1.76 implies thut the snalyst is sure that
the true answer lies between 31.75 and 31.77 (or, strictly, between
J1.7556 and 31.765). IFf he feels this implication is not justified, then
he should consider other ways of recording his result, To put 31.8 means
that the true answer probubly lies between JL.75 and 31.85 and in most
cuses this would be a more honest result; on the other hand, the analyst
might Pfeel he should return a result of 31,75, with a note that his work
is recorded to the aearest 0,056, implying that the true answer lies
between 31.73 and J1.77. It is impossible to lay down rules on this
matter as each determination must be cunsidered individually. But an
analyst should never given spurious air of accuracy to his results by
writing down too many sigonificant Figures. Shorter Figures are nearly
always better and easdisr ro interpret in terms.of soil composition and
propertiesa,

Caulculations have been kept as simple uas possible in this Cuide, because
it is often easy to arrange technigques so that a Ffinal titration value
{say) is equal to - or a simple multiple or fraction of - the required
answer, Where calculations are unavoidable (as in the case of the
application of temperature factors), it is often worth while preparing
tables Ffur use in routine work (see Sectiom IV.3).

Simple nomogrums are also suited to sometypes of analysis. The determination
6f saturation percentage involves & division sum For each soil. This

cannot be avoided or simplified because the weight of oven-dry scil

{the denominator of the division sum) in a suturated soil paste caonot be
fixed., But, by taking a weight of saturated so0il paste within epecified
limits, the weights of water and oven-dry so0il Fall between known values

und it is possible to prepare a nomogram From which the saturation percen-—
tuge cun be yuickly read to the nearest whole number. (see Appendix 2,)



I. 6. LABORATORY RECORDS

6-1. WORK-SHEETS.

The data associated with a method of analysis - sample number, vessel
numbers, aliguot taken, titration value, weight of precipitate,
inpstrument scale reading, etc. - can be recorded either in notebooks

or on laboratory work-sheets., Notebooks are suitable for research and
development but as soon as & method is accepted for routine work, the
data for it are best entered on a standard work-sheet, carefully designed
to be as cunvenient as possible for the operator., For simple analyses
like the determinativon of pH, a work-sheet need only consist of sets of
three columns for laboratory sample number, beaker number and pH meter
reading, with sufficient horizontal lines to permit the entry ofran.
average dany's work or a Fraction of it .(for large laboratories). In the
case Jf more complicated mnalyses such as particle size distribution,

a number of work-sheets are reguired, each designed very carefully
ugcording to indivadual laboratory conditions and procedures.

In Appendix 3, two sxamples are given of work-sheets which would be
suitable for the recording of laboratory data in the determination of
the sand fractions (USDA esystem) and the clay Ffraction ([pipette method)
in particle eize distraibution analysis (Sectiovn II.J3). Typicul analysia
figures are included in these examples. The following points in design
of work-gheets may be noted -

l., When subtractions are involved (weight of container plus material
less weight of container - or the difference of two burette readings)
it is best to arrange the work-sheet so that the sum is performed
vertically, Subtraction of two mumbers when they are entered side
by side (horizontully) often leuds to errcrs.

2. An individual so0il sample can be defined throughout its analysis
either by writing 1ts laboratory onumber temporarily oo all vessels
used in the analysis fur this sample - or by employing vessels which
are permanently numbered or lettered. Work-sheet II.,3.D. is designed
For vessels with permanent numbers,

J. Only essential data should be included in the woerk-sheet. Thus, 1t
18 not necessury to record the temperature for the clay determination,
although it has to be read to establish the setctling time, IF
reguired later, it can be obtained from the recorded settling time
by means of the tables in Appendix 4.

4. A brief record should be included of the essential Fixed data
reyuired for calculativns. Fur example, in the clay determinuation,
a dU ml aliquot is tuken from 1 litre of suspension (and hence
residue per litre = 5U R) &nd 5 18 1.0U an this partilular modifi-
cation (see Section II.J3-L1. Note (5).

6§, It is convenient to introduce & code ByYstem to serve BAs & constant
reminder of the calculations involved,

Work-sheets are best printed on Foolscap paper (34.5 x 21.5 cm) and the
space filled as fully es posesible. Thus, four lots of the data 1in
work-sheet I1.3.C. (example in Appendix 3) can be iacluded comfortably.
Two or more analyses should not be cumbined in one shevt, even where
this i1s possible (e.g. pl determinuations). The advantage of keeping ovne
sheet to one analysie (or purt of an analysis) 1s thal replicatiuvn is
made more reliable by conceslment of previous results (see I1.5-2).



When completed, work-sheets are immediately filed accordiog to analyses
in order of laboratory numbers; thus there is guick and easy access to

all

present and past analytical resulta. It is useful, for some determi-

nations, to have summary sheets on which groups of analysee can be recorded

for

4.

rapid ecrutiny (see I1.5-2). Examples of such groupe are

pH values at different soil-water ratios or using salt solutions.
Particle size distribution figures.

Bxchangeable cations and cation exchange capacity.

Organic carbon, total nitrogen and the C/N ratio.

These summary sheets serve as half-way stages between individual aanzlyses

and

6=32,

full compilations of results (see below).

PRESENTATION OF RESULTS. OUTPUT RECORDS.

Analytical figures are preferably presented in small tables, grouped for
convenience in interpretation. These tables may take various forms but

for

the methods in this Guide, suitable groupings of soil analyses

might be = -

1.

6.

7.

The physical determinations of Section II, excluding meth>d 6§, which

-often ‘needsa m.separate Sable.

pH values, calcium carbonate snd eoil acidity determinations (i.e.
methods 1, 2 and 14 of Secticn III),

Conductivity and water soluble icns (methods 5 and 6 of Secviom III,
method 6 normually coneieting of the resultse of methods 4-11 of

Section IV), with totals of cations and anions - and gypsum requirement
(method 15) where appropriate,

Exchangeable cations and cation exchange capacity, coupled with

organic carbon and total nitrogen (methodes 3, 4, 7 and 8 of Section
ITII1).

Molecular ratiom in the clay faction and free iron oxides (methods 9
and 10 of Sectiom III).

Available nitrogen, phosphorus and potaesium (method+ 11, 12 and 13
of Section III).

Minor elements, (method 16).

Results of wuter unalyeses are usually presented together but, if all the
determinations of Section IV are done, the major cations and anions
(methods 4-11), with their respective totaule, are probably better in a
table by themselves, Individusl laboratories will naturally design their

owWn

groupingse and emall scale work can usually be presented in one table

8 ould not exceed 10-12.

The

column headinge should describe exactly the unite in which resvlta are

presented und contuin other essential data for umambiguous interpre-
tation of the figures by & soil ecientist who is completely unfamiliarc
with the laberatdry procedures. " If this involves too muay worde,
descriptive footootes should be added %o the table. .For examplej}



"pH" alone is8 not clear; the ratio of soil to water should be etated

(see Section III.l}; and "available" nitrogen, phosphorus or potassium
results should be accompanied by a clear statement of the method of
assessment. Aleo, if reeulte are calculated to special units such as
"pounds per acre", the baseis of the calculation should be given (e.g.

one acre of soll to a depth of 6 inches taken to weigh two million pounds).

All s0il and water laboratories should keep records of analyses done

and thie is rendered simple by serial numbering of samples and use of
dated wourk-sheets., Tablee can be prepared of daily or weekly output

for each methad by noting the laboratory numbere of samples on completed
Work-=sheets ut appropriate times.

The anslytical work involved in some determinations.ie far greater than
in othera and there is & wide difference in the skill and training
needed for (say) a pH determination and & minor element analysis.

A report that a laboratory curries out 10,000 soil analyses per year is
mganingless unless this figure is broken down into details of the work
done,

It ie suggested that leboratory cutput would be better reported in terms
of oumbers of "determinatione", useing this word to mean a process resultiag
in » single analytical Figuresy Thus, the analysis of & soil for

particle size distribution according to the USDA system involves 6
"determinationa" (5 sand fractions and 1 clay frection - the silt not
counting ae & "determinution" since it is obtained by difference only)

and thus the USDA mechanical analysis of 10 scils counts as 60 ‘determi-
nations™. "Weighting™ analyses in this way helps to give a more realistic
picture of the effort needed to obtain results, although wvariations in
time and ekill cannot be fully equalized. Perhapu anslyses should be
divided into "short"”, "medium" and "long" methods and the totale of
‘determinations” Ffor each kept etrictly separate in reviews of laboratory
WOrk.
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SECTION II

PHYSICAL ANALYSIS OF SOILS

INTRODUCTORY NOTE

These selected analyses provide basic information on density, particle
Blze distribution and water retention,.

A sample of s0il in the undieturbed state is reguired For analysis II,I
and, in some cases, for analysie II.5. The other analyses (including II.5)

are carried out on air-dry so0il samples which have been ground to pass a
2 mm sieve, ™

All results are recorded on an oven-dry soil basie (16-18B hours drying
at 10§°9C.).,



II. I. BULK LENSITY

I.A., PRINCIFLE.,

Bullk density - or apparent density of soil - is the mass of @ven-dry
material per unit volume of eodil 1in iia natural undisturbed state,
Its value is expressed in gram per cm” and may lie between 1.0 and
1.8 for mineral soile.

It is imporcsnt that the svil sample be submitted to the laboratory

With 1ts neturul structure undisturbed, If a core sampler of known
volume [such as the Unland type) 18 used, the determination of bulk
density is simply a matter of drying the contents of the sampler and
weighing, If, however, only a clod of soil of irreguluar shape is
submitted, the volume must be found and this is normally done by

finding the loss in weight in water after coating the clod with paraffin
wax To prevent absorption of water.

I.B. AFPPARATUS

Balance, accurate to 10 mg
Moieture tims

Drying oven

Desiccator

Can for melting paraffin wax
Brush (optional)

Thread

I.C. REAGENT,
Paruffin wax, sp, wr. 0,20 = 0,01

1,0. PROCEDURES.

:{n} Sample of known volume aubmitted in core gampler.

Transfer the contente of the sampler completely to & Tared moiature rin

and dry in an ovea at 1059C for 16-18 hours, Cool in & desicoutor "dand weigh.

{b) Sample (clod of unknown volume submitted.

Break the clod 10to LWwo plEces.

Take one piece and break it into emaller pieces to Facilitate drying.
TransPfer immediately t0 a4 tared moirsture tin and weigh the tain and s0il.
Dry iz an oven at 105°C for 16-18 hours. @€Ggol in a desiccator and weigh.

Tie a length of strong thread to the other piece of clod and weigh the
sample. Coet the clod with paraffin wax by ammersing it in melted wax

or by brushing the melted wax carefully on to the surface, Allow the wax
to solidify, then apply a secund cost as quickly as possible., Weigh the
cpoated clod in air and then immersed in water, Finally dry it with
pbsorbent paper and check that the weight in sir is unaltered. IFf the
weight has changed (probably due to absorption of water through a snall
hole in the wax), apply another coat of wax and repeat the weighings in
air and water.



1.8, CALCULATICNS,

(a)

Let

Then,

(b)

Sumple of known volume submitted.

¥V be the volume in :m3 of the sampler
M be the welght in gram of oven-dry materiel contained in it
the Bulk Density ie_M gram per r:mE
Y

Sample of unknown volume submitted.

(1) Moisture determination.

Let
X be the weight in gram of the soil esample in ite natural
state, broken ioto emall pieces

Y be the weight in gram of the same sample after oven drying

Then, the moisture percentuage on an oven-dry basis is

W0 ({X - Y}
Y

Let this be called M.

(ii) Bulk density determipation.,

e A be the weight in gram of the soil clod in ite naturcl state
B be the weight in gram of the soil c¢lod plus wax io air
C be the weight in gram of the 8uvil clod plus wax in water
The weight of wax is (B - A) g and its volume 18 B - A cma

]
The volume of the soil clod plus wax is (B - C} crng

Thua the volume of Tthe s0il clod iw (B = C)- EU:?A} r:m3

Lert thie be called B,

Since, from the moieture determinution, (10U + M) g soil in its
natural stdéte contains 100 g oven-dry material,

Then, A g 80il contuine

Tﬁ%gTﬁﬁ 8 oven-dry material

Thuse the Bulk Density is

100 A | G
VTi00 « %) nan R




1.F.
(1)

(5)

1.G.

NOTES.

The temperature of the melted paraffin wax should be only a
few degrees above the melting point and treatment of the soil
should not be prolonged.

The volume of the wax-coutead clod may be found approximately

by displacement of water in a meassuring cylinder.

If ooly & emall clod is submitted, meamsure A, B and C (see

culcularion (b} (ii) firet, them remove the wax coating, break

up the rlod and measure X and ¥ (calculation (b) (4}).

With loose-textured soils of no stable structure, the wax coating

method cannot be used. A sample of known volume is ususlly sub-

mitted to the laboratory in these cases, If thie is not done,

obtain the volume of the sample by transferring it to s dry measur-

ing cylinder and tapping down gently.

The accuracy of weighing depends on the sixe of clod under

examination; often the nearest O.1 g 18 sufficient. The bulk 3

density value may be calculated to the nearest 0.0l gram per cm
REFERENCES.

AKROYD. pp. 43 to 4b.

ASTAPOV, Chapter I1II,

BAVER. Chapter V, pp. 1680 to 181.

BLACK , Chapter 30. (G.R. BLAKE)

Bibliographies 751 and 360



II. 2. PARTICLE DENSITY AND POROSITY

2.A. PRINCIPLE.

Particle density - or real density of soil - is the mass of oven-dry
material per unit volume of air-free soil, averaged over the diPfferent
sized gnrticlnn below 2 mm diameter. Its value is expressed in gram
per cm* and is near 2.65 For mineral soils. If the organic matter
content is high, the value is usually lower.

The determination is

based on Ffinding the volume of the particles
contained in a known

weight of oven-dry soil by measuring the weight
of a liquid of known specific yravity displaced by these particles.
The liquid chosen is organic so that no salts are dissolved and no
absorption takes place which might lead to swelling of the particles.

Porosity of so0il in ite natural state is defined as the percentage of
the totwl volume which is occupied by air spaces between the soil

particles, It is Ffound by calculation [rom the real and apparunt density
values.

2.B. APPARATUS.,

Anelytical balance, accurate to I mg

Moisture tins

Drying oven

Desiccator

Pycnometers (density or specific gravity bottles) wide-mouth, 50 ml
Yacuum desiccator

Yacuum pump

Beaker, 250 or 400 ml

Thermometer, cuvering room temperatures

2.C. REAGEXNT

Kerosene, benzene, tuoluene or xylen, usus convenient

2.D. PROCEDURE.

Dry a little more thon 10 g of 2 mm soil in an oven at 105°C for 16-18
hours. Cool in a desicceator.

Dry the pycnometer and weigh (with stopper). Transfer the oven-dry
soil to the pycnometer and weigh again., Cover the soil with the
organic liguid chosen and place the pycnometer in a vacuum desiccator,
together with a beaker containing more of the liquid. Reduce the
pressure gradually to a vacuum of near 76 ©m mercury 4o that air is
removed Prom between the socil particles in the pycnometer and also
from the liquid in the beaker, Leave overnight.

Realese the vacuum slowly and then reapply tu ensure that all air has
been removed; repeat if necessary. Faill the pycoometer with the
air-Ffree organic liguid, insert the stopper, clean the outeide surface
and weigh. Finally messure the temperature of the liguid.



2.E. CALCULATIQNS.

(a) Particle density.

Let
n be the weight in gram of the pycoometer

B be the weight in gram of the pycnometer and oven-dry socil

C be ihe weight in gram of the pycnometer Ffilled with socil
and liguid

If the specific gravity of the liguid at the temperature of operation
ie G (from tables), the weight of liquid needed to Fi1ll the pycnometer
{volume 50 ml) in the absence of soil is 50 G gram

The weight of ligquid needed to Fill the pycnometer in the presenca
of soil 18 (C - B) gram

Thua, the weight of liguid displaced by the s0il purticles is
50 G - (C - B) or B0 G + B - C gram
Thus, the wvolume of the soil particles is

S0 G a Bow G o3

The weight of the soil particles is (B - A} gram
Thus, the Particle Density 1a

G(B - &) gram per em®
50 G « B - C

(b} Furug;tx.

Let
B be the bulk density (ur apparent density)

F be the particle density (or real density)
Then, a volume V ::m3 of Boil in its natural state contaias BY gram
of oven-dry soi1l particles which occcupy
&

By cm
1}

. 3
T us, the pore space 18 ¥V _ il:_"r or 1!‘?‘ ; Ht cmr

Txpresvanyg this as a percentuge of V, the purveity i1s

&EE&E?:_El per cent



2.F.

(1)

{2)

NOTES.

The method given is a simplification of the accurate procedure
using a constant temperature bath., It should give results
correct to the second decimal place if weighiogs are made with
an accuracy of sbout 2 mg and the determination is carried out
Bt a reasonably constant temperuture near the temperature of
calibration of the pycoomeéeter.

The main source of error is failure to remove aoall air entrapped
between the soil particles,

(3) The volume of the pycnometer may be checked by weighing it full
of air-Free distilled or deionized water of known specific
gravity (from tables).

{(4) The weight of liquid needed to Fill the pycnometer may be
determined directly by Filling with the liquid (at the same
temperuture s used in the determination of particle density)
and weighing. This also serves to check Lhe specific gravity
of the liquid.

2.6. REFBRENCES.
AKROYD. PP« 46 to 54.

ASTAPOY. Chapter III.

BLACK. Chapter 29. (G.R. BLAKE)

RICHARDS. Chapter 6, Methods 39 and 40.



I1, 3., PARTICLE SIZE DISTRIBUTION (MECHANICAL ANALYSIS)

GENERAL PRINCIPLES.

Mechanircsl analysis sepurates the inorganic mineral portion of so0il into
clasvsified grades according to particle size and determines their
relative proportions by weirght, In a Full snalysis, the whole sample of
801l and gravel would be examined; but 1mn the procedures below only
muaterial less than 2 millimeters diameter is considered.

For agricultursal purposes, two main systems of classification of the
particle esize grades Lelow 2 millimeters diameter are recognised =

I, International System [slso known &g the Atterburg System)

Particle Size Grades

millimeters microns
Coarse Sand 2,0 - 0.2 200 - 200
Fine Sand g.2 = 0.02 230 - a0
S5ilre ¢.02 - 0,002 20 - 2
Clay less than Q.0u2 less than 2

2, Unired States Uepartment of Agriculture (USUA) System

Particle Si1ze Grades

millimeters microns
Yery Coarse Sand 2.0 = 1.0 000 - 1000
Coaree Sand 1.0 = 0.5 Wwod - 500
Medium Sand 0.5 - 0,325 S00 - 750
Fine Sand 0,26 = 0,10 250 - 100
Very Fine Sand 0,10 - Q.05 100 - 50
Silt .08 = 0.002 B = 2
Clay less thuan 0,002 leas than 2

Since both these clussifications are used to designate soil textures and
study degree of weathering, clay movement and lithological d.iscontinuities
throughout soil profiles, procedures for determining both nets of particle
size grades sre described below, Sometimes shorteéned vers.ons of the
procedures may be sufficient, e.g. omitting the division of the sand
fractions (particularly in the USDA system) in samples containing only
small umounts aof wsand.

In genceral, the determinations involve three disetinct stages =

{a) Hemoval or inactivation of cementing agents (mainly organic matter
and culcium 1on but 1ncludaing colloidal iron or alumainaium oxides in
some woilse) and cumplete disperwsion of the soil sample an un
slkoline medium, (Pretreatment)

(b} Separation of the coarse sand Fraction (Interostional System] or the
total sdand Fraction [USDA System) by wet sieving; Ffollowed by division
of the total sand Pfraction (USDA System) by dry sievirng.

(e Letermination of the clay fractiuvn (bouth systems) and the salt
fruction {(Internstional System) in the dispersed sample by



either (i) taking samples by pipette
or (11} measuring specific gravity with a special hydrometer

@ach after calculated times which ensure that the required Fraction
is being determined,

These sntages are described separately.

It is an agreed coovention that the percentage of each particle size grade
is reported on the baeis of oven-dry soil free of organic matter.
According to early recommendations, calcium carbonate is also removed

from calcareous soils by acid treatment, so thaut, in these cases, the
particle size grade percentages refer to oven-dry soil Ffree of organic
matter und calcium carbonaute, This removal of calcium carbonate 1 now
regarded as optional,

NOTE.

The International System was recommended in 1926 by the First Commiseion
of the International Society of 3501l Science, which also advocuted the
removal of both organic matter and calcium carbonate.

The United States Department of Agriculture udopted the systen given
above in 1938, although very similar systéems had been in use io Lhe
United Stutes from the beginning of the ceatury,

II. 3-1. PRETREATMENT OF SOIL

J-1.A. PRINCIPLE,

Crganic matier is oxidized by heating with hydrogen peroxide aud the
excess peroxide is destroyed by boiling, ©Calcarecus soils may sub-
segquently be treated (if deaired) with sufficient dilute hydrochloric
acid to dissolve the carbonsate and provide an acid eolution of about 0.2
N concentration. If the hydrogen peroxide treatment only 18 used and

the #0il is non-saline, the treated soil is heated to remove the bulk of
the water and then oven-dried; if the acid treatment is used, the wsoil
suspeneion 16 [filtered and washed neuarly free of acid before oven-drying.
The oven-dry residue 18 weighed as inorganic soil free of organic matter
and adsorbead water; and, 1F acid has been uwsed, free of calcium carbonate.
See Note 3.)

The prepared mainersl portion of soil iw treated with sodium hexameta-
phosphate solution and stirred mechanically at high spezd to disperwe
the particles, The chemical used 1s effective wWith most soiles maily
because 1t forms an undissociated complex with calcium ioos, s0 inacti-
vating their power of binding clay particles together. This 13 s0 even
1f the 80il a1s calcarecum and high in exchangeasble calcium; but the
trestment may not be effective with soils high 1in gypsum or colloidal
iron und aluminium oxides. (see Notes)

3-1.B. APPARATUS.

Balance, accurate to U,5 g
Beakers, tell form, 400 or 600 ml
Watch glusses, to fit beakers

Hot plate or sand bath

Measuring cylinders, 10 and 50 ml
Filtering media -



either (i) ceramic Ffilters, e.g. Pasteur-Chamberland candles,
Fineneas "F"
or {ii}) hardened, Fine-textured Filter paper, Buchner Funnels
and filter Fflasks
Suction pump
Wash bottle, plastic
Glaes rods, Ffitted with rubber 'policemen' or stoppers
Beukers, 280 ml
Drying oven
Desiccator
Balance, sccurate to 10 mg
Pipette, 20 ml
High-~speed stirrer, specially made For mechanical inﬂlyais
Interval timerp

J-1.C. REAGENTS.

Hydrogen peroxide, 30 per cent, 100 volume

Hydrochloric acid, 2 N

Sodium hexametaphosphate dispersing solution -
Dissolve 35.7 g dry, powdered sodium hexametaphosphate and 7.94 g
anhydrous sodium carbonate to 1 litre,
Dissolve the hexametaphosphate firet by adding the dry powder

~slowly to about 750 ml water which is well stirred during the additionm
Then add the sodium carbonate and make to 1 litre, {see nute &)

J-1.D. PROCEDURE.

Trunsfer 20 g (*¥ 0.5 @) air-dry soil, passing 2 mm (but see Note 7) to

# 400 or 600 ml tall-form beaker (using the larpger beaker for soils con-
taining much organic matter) and add 50 ml water. Add 5-10 ml 30 per
cent hydrogen pergoxide and cover with a watch glass. IF effervescence is
brisk, keep cool; otherwise warm gently on a hot plate opr sand bath,
Repeat the treatment with successive small portions of hydrogen peroxide
until warming produces no Further reaetion. Then boil gently to remove
excess peroxide, (eee Note 1) '

If the s0il contuins X per cent calcium curbonate and it is wished Co
destroy this, add a volume of [2X 4+ 25) ml of 2 N hydrochloric acid to-
gether with sufficient water tu make the total volume about 250 ml,
Proceed carefully if the so0il is very culcurecus. Leave until effer-
vescence ceases. IFf the s0il is not calcareous or it is wished to
include calecium carbonate in the analytical results, omit this acaid
treatment,

When acid has not been used, transfer the peroxide treated soil to a

tared 250 ml besker, evaporate the bulk of the water by gentle hesting
{see note 3) and Finally dry the beasker and contents in an oven at 105°C
for 16-18 hours. When acid has been used, [i1lter the soil suspension

by suction, ueing whichever Filtering medium 1s convenient or effective,
and wash the 891l with water Ffour or Pive timews, Transfer the washed

soll to a tared 250 ml beaker with the minimum quantity of water, using

& rubber 'policeman' or Etopper to remove the last traces of FPine moterial
from the surface of the filtering medium, Evaporate gently to dryness

énd then dry in an oven at 1059C for 16-18 hours., After cooling in

i desiccator, weigh the beaker and contents to the nearest 10U mg and record
the weight of woil for subsequent calculutions,.

Add 20 ml sudium hexametaphosphate dispersing soclution by pipette to the
dry so0il and leave overnight. Then trunsfer the mixture with water to
the cup of a4 high-speed stirrer and make the volume to about 530 ml,



Stir for 2-10 minutesa depending on the eoil and then wash down the stirrer
blades as they are removed from the suspension.

3-1.E,

(1}

(32)

(3)

(4)

(s)

NOTES.

Remoral of emall amounts of organic matter (organic carbon less
than 055 per cent) is UDNECESBRATY.

Soils which uare non-calcarecus and contwein less than 0.6 percent
erganic carbon normally need no pretreatment prior to dispersion.,
Approximately 20 g soil 18 oven-dried and weighed before the Pinal
stage of etirring with dispersing solution., (but see Note 3]

Saline ecils may need special treatment, according to the amount and
kind of salts present., This apecial treatment only arises wh:n acid
is not used since, when acid is used, the subsequent filtration and
Wwashing with water will remove soluble salts or reduce them to small
amounts wunlikely to affect the analysis,

When acid i1sa not ueed, the kind of salts nresment must be known and it
18 prefersble to have the results of a soluble salt analysais (Section
IIT.6.) Naturwslly, the guantities will affect the weight of oven=dry
material and corrections may have to be spplied (see IT.3-3.85.(0'.
Sodium salts do not normally affect practical procedures but calcium
(und possibly mugnesium) wulphate Fflocculutes cluy and, ‘hen present
in large amounts, may countersct the diepersing power of sodium hera-
metaphosphate, When much gypsum is present and acid trea<ment is not
used, the concentration of gypsum should be reduced by washing the
80il four or Ffive timee with large gquantities of water (gypsum being
sparingly soluble] before even-drying.

Washang soils entirely free of salts may lead to deflocculation of
clay and passage of the clay particles through the filter., Therefore,
washing should not be prolonged, except to reduce gypsum Lo amounts
which will not interfere with proper dieperaion of the silt and clay
particles.

Clay eoils may be difficult to Filter, paurticulsrly when associated
With sodium iona. PFretrestment of alkaline sodium cluys with acid
to (remove carbonatles) 15 not recommended, ss subseguen: filtration
may be difFicult,

The dispersing solution is the one ugdslly advocated, It 18 U.35% N
a8 sodium hexametaphosphate and O.15 N as sodium carbonate; tChus
the soclution 18 U.5 N &8s sodium carbonate; thus the solution 1s
0.5 N in sodium ion, In order to ensure that these normalities are
correct, the chemicals have to be dried and weighed exact.y,

A mixture of sodium hexametaphosphate and sodium carbonate is ob=
tuinable under the trade name "Calgon'",., This may be dried and 50 g
diesclved to 1 litre.

The solution iw swid to lose its effectivenesss efter & Time but
authorities seem uncertain how lony 1t will lust, Probably the wse-

lution should not be more than one month old,

However, care should be taken to evoid commercial washing powder

preparations under the pame "Calgon", which may contain differsn®
proportions of sodium hexsmetaphosphute and sodium carbonete or other
chemicals; where the composition of "Calgon™ 18 not stated, The we-

parate chemicals mhould be umed,



(6)

(7}

In the pipette method for determining FPine particles, the concentra-
tion of salts in the dispersinyg soclution has to be known exactly in
order to apply a correction to the oven—dry weight of clay or silt+
clay. 20 ml of the above diepersing soclution contains O,B728 g dry
selta. However, since other concentrations of sodium hexametaphospha-
te have been advocated and the amount of sodium carbonate (to prevent
reversion to orthophosphate) is uncritical, alternative and more
convenient coocentrations may be made, For example, using 40 g sodium
hexametaphosphate and 10 g sodium carbonate (accurately weighed after
drying) per litre, the solution containe 1,000 g dry sslts per 20 ml
and use of it leuds Lo easier culculation of the silt and clay Fractions
in the pipette method, with a 20 ml aliquot of the diepersed soil.,

It 19 claimed that sodium hexametaphosphate is not effective in
dispersing e0ils containing laterite (plinthite), much colloidal iron
or aluminium oxides, or soils derived from volcanic ashes., Better
dispersion may be obtained with sodium hydroxide, with ammonium car-
bonate and sodium hydroxide mixtures, with trisodium orthophosphate,
with tetrasodium pyrophosphate, with socdium carbonate or even with
ammonia, VYery good dispersions are alsc obtumined with Ultrasonics
(see references) .

If the hydrometer method is to be used For determining wsilt and clay
in medium or hesvy textured soils, and pretreatment is to be carried
out, rather more than 50 g of air-dry soil 1s taken so that, after
oxidetion with hydrogen peroxide and ucid treutment (if employed),
exactly 50 g of oven-dry s0il can be weighed For analysis. For sands
100 g oven-dry soil 18 reguired but in this case pretreatment is
rarely necessary. irefer to method Il.3-4),

I1, 3-2. SAND FRACTIONS

3-2.4 PRINGCIPLE,

In mechanical snalysis according to the Internationasl System 1t is
only possible to separate the coarse sand fraction by sieving, since
no sieve having apertures as small as 0,02 mm diameter is available to
separate "fine sand" from silt. But, tor the U5DA System, the whole
of the esand fractions can be separoted in this way, since Tthe limit

of "very Fine sand” 1 set at Q,05 mm,

The pretreated woil suspension prepared in JI.Jd-1 18 passed through
the wupropriate sized sieve und the sand Fraction is washed and
oven-dried and weighed, In anslyses for the USDA System, the dried
total sand Praction 18 then eieved through four appropriate sized
sieves by mechanical wshaking and the separated fractions are weighed,

3-2.0,  APPARATUS.

Funnel, 10-12 cm dJiwsmeter, aupported on sTand
Measuring cylinders, 1 lilre

Whsh bottle, plastic

Glass rode, Pitted with rublber '"policemen' or stoppers
Lrying owven

Watch glasses, 1U-12 cm diameter

Brush Small porcelain basinas

Desiccator

Bulance, eccurate to 10U myg

PLUS either, For the International System



ASTM standard sieves No, B0, J-inch or 5-inch diameter
or, for the USDA System -

ASTM standard sieves No, 325, J-inch or G-inch diameter

Set of ASTM etandard sievesa, J-inch or 5 inch diameter, Nos. 20, 40, 70
and 170, with receiver

Mechenical sieve shaker

Interval timer

3-2.C. PROCEDURES.

(a) International System.

Arrange a No, 80 sieve on a setand over a funnel end 1 litre cylinder,
Pour the dispersed soil suspension (from procedure J-1.D.) through the
sieve, which retains the coarse sand Pfraction. Wash this Fraction,
rubbing it VERY GENTLY with a rubber ‘policeman' or atopper T0 assist
finer particles through the sieve

Drain the sieve, place it on a watch glass and dey in an oven for

J0O-60 minutes. Shake the sieve wall by hand {(or use a sieve shaker

if preferred] to remove puarticles lesa than 200 microns and then transfer
the coarse sand Praction to a small taured basin, brushing off the sieve
surfaces carefully, and dry at 105°C Por two hours, Coocl in a desiccator
and weigh to the nearest 10 mg.

{b} USDA System.

Proceed as in (a) above, using a No. 3256 sieve in place of a No. B8O, so
determining the total sand fraction.

Transfer the dry total sand Fraction to a set of sieves (Nos. 20, 40, 70
and 170 - No, 20 at the top) and receiver. Place on a mechanical shaker
and shake For five to fifteen minutes, according to the performance of the
ahaker. Transfer the finest fraction (very fine esand) to the original
emall tared basin and weigh to the nearest 10 mg. Add the fine sand
fraction and weigh again. ©Obtain the successive weighings after adding
the medium sand, coarse sand and very cocarse sand fractions; and check
that the final weight is the same as the weight of the total sand re-
tained on the No. 325 sieve,.

J-2.D., CALCULATIONS,

Let
M be the we’ght in gram of the oven-dry, organic free so0il
sample (see procedure 3-1.D0.).

This Figure is used in all calculatione.

{a) International System,

Let
X he the weight in gram of coarse sand

Then, the coarse sand percentage is

100 X
M



(b) USDA System,

Let
Y be the

welght

in gram of the

Then, the total sand percentage is

Let
A be the
B be the
C be the
U be the

weight
welght
weight

weight

Then, the percentages

Very fine

Fine sand

sand

Meadium sand

Coarse sand

Very coarse sand

3J-2.E. NOTES.

in
in
in
in

of

100 Y
M

gram of the
gZram of the
gram of the
gram af the
the wvarious

100 A
M

100 (B = A)
M
100 (C - B)
M
100 (D -~ C)
M

ma;; - D)

total sand

frection 50 - 100
fraction 50U - 250
fraction 50 - S0U
fractian 50 - 1000

sand fractions are

{1) The ASTM (Americaun Sociefy of Teéesting Materinls)
hae wire mesh screens forming wyguare holes whach

length by the

sguare root of 2,

Since the diagonasl

would tend to

Pourth root of 2

= and thus differ

Sieves hwuving aide lengths of
microns are made but There are no sieves of 200,
side length,

micron
micron
micron

micron

aeries of sieves
differ in wside
in area by tha
1000, 50U and 250
100 or 50 microns

across a square aperture 16 longder than the
side, the use of sleves consisting of square holes whose side
length is exactly equal to the fraction diameter to be retwained

lead to luw results 1a the retwmined sample, havaing

to regard the arregular shape of the sand perticlee. lheretore,

a slightly lowse#r side

The sieves chosen Lo separate

length 15 uned,

Lthe sand fractions

ale —



Sieve No. S5ide Length Grade Division

{ASTM} microna microns
20 840 1000
40 420 500
70 210 250
170 88 100
325 44 50
80 177 200 (Int, Syustem)

{(2) The wire mesh of the finer sieves is very Jelicate and must he
treated with greut care, particulurly in Lhe wWel sieving processes,
The N. 325 sieve tends to have a short life and a number of spares
must be available.

{3} IPf the smand fractions are weighed to the nearedt 10 mg, the eand
percentages can be recorded to the pearest 0.1



I1, 3-3. PIPBTIE METHOD FOR SILT AND CLAY

3-3.4., FRINCIPLE,

The muterial passing through the No, B0 sieve (International System]
contains the fine sand, silt and clay fractione; both silt and clay
fractions are determined in this, giving the fine sand by difference.
But the material paeseing through the No. 326 sieve (USDA System) only
containe the silt and clay fractions; 8o thut it is sufficient to
detarmine just the clay fraction in this cuse, the silt being cbtained
by difference.

The volume of the suspension is made to 1 litre in a cylinder and it

is well mixed and allowed fo etand at a reasonably constant temperature,
(see Note 1) The eoil particles Ffall through the liquid at varying
rates, depending on their 8ize, according to Stokes' Law, After a
calculated time an sliquot is removed by pipette from a definite depth
below the surface and this is evaporated to dryness and the residue is
oven=dried and weighed, Two different times of eettling are necessary
for the Internaticonal System, one (short] to provide a messure of the
silt+clay and the other (long) to provide a measure of the clay only,

One time of settling is suPfficient for the USDA System, in which clay is
measured,

3-3.B. APPARATUS,

Measuring cylindere, 1 litre, &e used in method J-3

Special plunger for mixing, consisting of a circular brass disc, about
65 mm diameter, fastened to a 600 mm length of brass rod, The disc
is pierced with 8 to 10 holes of 4-5 mm diameter.

Pipette, 27 or 25 ml, fitted to a rack by means of which_ 4t can be
raised or lowered measured distances, (supplied specially for
mechanical analysie) '

Suctiom device for use with the pipette (see Note 2)

Interval timere, one for minutes and seconds, one for hours and
minutes - or stop-watch - or acc¢urate clock with econds hand

Thermometar, coverinyg room temperatures

Evaporating basine, capacity JI5-50 ml.

Waeh bottle, plestic

Water bath

Deying oven

Desiccator

Analytical balance, wccurate to 0.2 mg

3J-3.C. PROCEDURE.

Moke the dispersed swmple, collected in a cylinder, (from procedure
3-2,C.) toe 1 litre and measure ite temperatureé. Mix thoroughly with
the special plunger, remove it and wait until the swirling motion of
the aprticles haes Just given way to a steady settling under gravity.
Start the timer or stop-watch; or record the time.

About 30 weconds before the appropriate sampling time (see Calculutions
and Appendix 4), lower the pipette (previously fixed above the centre

of the cylinder) until the tip just touches the surface of the suspension.
Note the verticel ecule reading and than lower the pipette to the regui-
red depth, Fill the pipette by gentle und steady suction (see Note 2}

end remove Ffrom the suspeneion, Transefer the asliguot to an evaporating



basin and wash the pipette twice with water, adding the washings to the
basin, Evaporate to dryness on a water bath, dry the residue in an oven
at 105°C for 16-18 hourw, cool in a desiccator and weigh to the nearest
U.2 mg.

Waeh the pipette with ethanol or &acetone and dry by passing air through
it, Then repeat the sampling it a eecond time (Ffor the International
System) after remixing the. suspensicn with the plunger.

Dilute 20 ml sodium hexametaphoephate dispersing solution to 1 litre and

fill the pipette with this diluted sclution. Transfer to an evaporating
basin and obtain the oven-dry weight of residue in the aliguot,

J-3.D. CALCULATIONS.

{a) Settling times and depths.

Stokes' Law, as normally qucted in the literature, states that the veloci-
ty of fall of a spherical. particle through a liquid medium 1ia

2 {D1 - BQ} G 32 cm per aecond

9 P
where -
Dl is the demsity of the particle in gram per cm
D2 18 the deneity of the liquid in gram per cm3
G is8 the nCCElera:;pn due to gravity in cm per .[:mu::i‘2
R is the radius of the particle in cm
P is the wviscosity of The liguid in poises (gram per cm

per second)

In applying this Law to mechanical analysis, it is sassumed that soil
particles behave as aphercs and that D1 is 2,65 and D2 is 1.00,

Alaso, G, at sea level, is 981.
Subatituting thewve valuea, the velocity of Fall becomes

2
359.7 R cm per second
P
or, the time taken to Fall 1 cm 18

P
seconds

359.7 R g
For the largest clay particles, R 18 10 80 thut the time for these
particles to Ffall 1 cm 2am

P x 10°

el P seconds
359.7



For the largest s8ilt particles (International System), R is 10~3 and

the time to Fall 1 cm is 6
P x 10
359.7

seconds

Viscosity varies markedly with temperature so that times of Fall have
to be calculated for the room tempersatures of each laboratory.

Using these relationships, the tables of Appendix 4 are constructed.
Laboratories situated well above sea level should use the appropriate
(lower} vulue of G.

(b} Clay percentages [(both systems]

Let

C be the weight in gram of the reaidue Prom the aliquot taken For
clay determination

This weight consists of clay particles, plus sodium hexametaphosphate
carbonate from the dispersing solution, plus any soluble salts not gpemoved
by pretreatment,

The weight of residue is corrected for these salts (see Note 3] by sub-
tracting & weight F gram, 80 that the weight of clay only is

(C - F)} gram
Let the aliguot tuken be A ml
Then, the weight of elay an the total volume {1000 ml) of suspension is

1008 (C - F)
4

As. M 1s the weight in gram of the oven-dry, organic free soil sample
from which the suspension was made (see J-2.D,), the percentage of clay is

gram

1000 (C - F} _ 300
A ™

(C - F) x 10°

AM

{e) Silt percentage (International System)

Let
S5C be the weight in gream of the residue Ffrom the aliquot tiken for
silt+clay determination

By wimilar celculations to (b] above, the silts+clay percentage ise

(SC - F) x 10°
AN

from which the si1lt percentupge is obtained by subfracting the clay per-
Centage.,

(d) Final calculatione.

Obtain the fine sand percentade (International System) by adding the
coarse sand, silt and clay percentages aud wsubtracting from 100 ,



Obtain the silt percentage (USDA System) by adding the total sand and clay
percentages and subtracting from 100U,

3-3.B. NOTES.

{1) Ideally, this determination should be carried out in a constant
temperature room; or the cylinders may be placed in a large tempera=
ture contrelled water bath, Where these Pacilities are not available,
a room cf only slightly Ffluctuating temperature should be chosen,

{(3) The pipette should FPill at a steady rate in about 30 seconds. It
It may be uttached to a suction pump having a controlled leak, pre-
vicouely aditsted., Or it may be connected to the mir space (closed)
above water in an aspirator bottle and waeter allowed to runm ou. =f
the bottle ut the rute of 20-25 ml per 20 seconds. This rate can he
controlled by a length of capillary tubing in the outlet tube, Never
fill the pipette by moucth,

All mechanical analysis pipettes have a 2-way tap at the 20 or 25 ml
mark which is closed when the suspension risesa above it. The small
amount of suspeneion above the tap is discarded before ellowing tuw
aliquot to run out into the evaporating basin,

{3) The correction for the saltes from the diepersing solution is obtained
by experiment (see J=3,C,), which is done as a check even 17 the ori-
ginal chemicals are carefully dried and weighed,

Soluble salts moatly need not be taken inte sccount in calculations,
#ither because they are low in the original scil or heve been removed
during pretreatment, IFf, in special casea, & s0il containing high
amounts of soluble salts in being snalysed without removine aalte
{e+gs 8 nun-calcareous subseoil clay), a correction can be made by one
of two methods -

{i) Sheke 10 g air=dry soll with 500 ml water and allow to stand
in a cylinder, When sufficient liguid is clear, take out 25 ml
and determine the salt content by evaporation and drying. A
residue of Y g ealts indicates that the aoil contains 200 Y per
cent of soluble sultw,., IFf the soil does not eettle, then either
the amount of salte ie not encugh to affact the results or the
soil is wvery alkaline {i,e. contains sodium carbanate) and the
quantity of e¢luble sBalts cannot be determined it this wWay.
{see below)

Calculate the appraoximate percentage of eoluble eslt im the
suil by multiplying the conductivity of a 1:5 suspension [dee
method IIX.5.] in millimhos by 0.3,

As a4 rough guide, soills having conductivities (1!5 suspension} above
1.5 millimhos should hove a correction For woluble salte, if these
area not removed during pretreatment and accurate mechaeanical analysis
resul te are wanted,

{4) IP the weighings of residues are made to 0.2 mg, it is possible
to calculate the clay and silt percentages to the nearest 0,85 or
0.04 (depending on the aligquot taken). Hesults may he recocied
to the nearest OU.1, as in the case of the send fractions,



IT., 3-4., HYDROCMETER METHCD FOR SILT AND CLAY

j=4,A. PRINCIPLE,

The density of u woil suspension at s given depth becomea less as the
particles settle,. Ite value at different times is related empiricaldy
»o particle size, ®o thet, by selection of times, a density reading can
be & measure of either siltsclay or clay.

The density ie measured with a special hyanpmeter of streem=lined design
whose stem ie calibrated directly in percentages ([usually 0-60)., These
Pigures refer to the percentage of particles lese than a definite size

in m suspensaion containing 100 g of oven-~dry soil per litre, Because

the methoud was introduced by Bouyoucos in 1927 and advocated by him for
many Years, the hydrometer became known ae the Bouyoucos hydrometer;

it im calibrated at 20°C (68°F) but may be used {with suitable corrections)
over the range 15-25°C ([59-77°F), Another hydrometer — ASTM No.152 H -

is now asvailable; this has eimilar scale markings in gram per litre but

is associpted particularly with an alternative procedure developed by P.R,
Day.

The technigue recommended by Bouyoucos involves no pretrestments to remove
organic matter or calcium carbonate, so0ils being simply dispereed with
sodium hexsmetaphoephate, The results are then unavoidably approximate

if the eoils contain much organic¢ or calcareous materiaml, More reliable
resulte are obtained by putting scils through the mormal pre-treatment
procedures (see II.3=1l) before dispersion in sodium hexametaphosphatex

Bouyoucos advocates settling times for silt+clay and clay based on
comparisons of hie method (without removal of orgenic maetver or caelcium
carbonate] with the standard pipette method (see II.3=3), These times
are not derived strictly from Stokes' Law but eeem to give reasonable
results in many cades. (see Notesa (1) and (2] More recently, Day has
suggested different settling times based on & moure raigid adherence to
Stokes' Law and careful calibration of the ASTM 152 H hydrometer in soil
sugpensions, No definite ruliaog can be given on procedures which will

Buit all sci1ls ang each laboratory must choose its own technigue boased
on the suggeeltions below:

3-4,.B. APPARATUS.

Apparatus as given in J-1 and 3-2 for pretreatment and separation of
coarse send {(International System) or total sand (USDA System)

Special plunger for mixing, &s in J-3,.B.

Thermometer, covering the temperature range 15-35"0

Interval timers, ovne for minutes and seconda, one for houra and minutes -
or atop-watch = or accurute clock with seconds hand

Bisuyoucos hydrometers or ASTM hydrometers No.l1l52 H
Hydrometer jarse, markéed at 1000 ml.

J-4.C. REAGENTS,.
Reagenta as given in JI-1 For pretreatment snd digpersion, using 5 per
cent Calgon solution or 44U g sodium hexametaphospate plus 1U g sodium
carbonate per litre.

d-4,0. PHOCEDURES,

(#}) DBawved on the Ttreditional Bouyoucos' method.




(b)

3-4.E.
(1)

Estimate the texture of the soil to be tested and classify it aa
either "saody (sil+clay less than about 15 per cent) or "not sandy",
Transter 850 g oven-dry "not sandy" scil or 100 g oven-dry "sandy"
soil (or an amount of air-dry soil couotaining such weights of oven-
dry material} to a 250 ml beaker and add 100 ml B per cent solution
of sodium hexametaphospate - sodium carbonate, Soak overnight and
then transfer so0il and solution to the cup of a mechanical stirrer,
Wwashing out the beaker and making the volume in the cup to about BUU
ml with water. Stir for 2-6 minutes,

If the soil cuntains an appreciable amount of orgunic matter or

calcium sulphate, reduce the amounts by treutment with hydrogen peroxi-
de or water, as described inm section J-1; then dry and wedigh as above
(see Note 1}.

Transfer the dispersed s0il suspension to a hydrometer jar, washing
out the stirrer cup and adjusting the volume in Lhe jar to one litre
with water., (eee Note J}) Mix with a long glass rod and read the
temperature, which should be between 15% and 25%°C. Then mix with

the special plunger (see J=3.C,) and start timing. At the appropriate
selected times, lower the Bouyoucos hydrometer carefully imto the
centre of the suspension end release it gently so that it does not
rotute nor move up or down too violently., Tuake the reading on the
sCcale to the nearest 0.5 unit,

The times advocated by Bouyoucos are =

Particles less than 50 microns - 40 seconds
Particles less than 20 microna = 4 minutes
Particles less than 5 micraons = 1 hour
Particles less than 2 microns - 2 hours

However, these times (particularly that for 2 micron clay) may have
to be changed in some cases (see Note 2},

Finally, prepare gne litre of a 0.5 per vent solution of sodium
hexametaphosphate ~ sodium carbonate (dilute the stock soclution

ten times), tranefer it to a hydrometer jar and adjust the temperature
to 20°C. Insert a Bouyoucos hydrometer and obtain the reading {to

be ueed as a blank)., Discard the solution.

Based on Day'se modifications.

Carry through the dispersion prucedure given above, starting with
either 40 or 50 g oven-dry materisl (or ite equivalent), irrespective
of texture and removing or reducing appreciable amounte of organic
matter or calcium, Take readingse with the ASTM hydrometer ac 30
seconds and 1 minute (without removing the hydrometer) and subsequently
st 3, 10, JO&, 90, 270 and 720 minutees, where practicable. Alternative-
ly take readings at specified times based on Stokes' Law and the tempe-
rature reading, (see J-4,E.(ii) (c} and Note 5]

Obtain & blank reading when the hydrometer is immersed in a 0.5 per
cent solution oF sodium hexametaphosphate — sodium cuarbonate within
+ 2°C of the temperature uf the svil sBuspensions being analysed.

CALCULATIUNS,

Bouyoucos Method.




Correct the scale reading (if made at & temperature other than 20°C}
by adding or subtracting the appropriate figure from the table below -

Temperature Correction
o
C g per litre
15 - 2.0
16 = 1.5
17, 18 - 1.0
19 - 0.5
20 Nil
21 + 0.6
232, 123 + 1.0
24 + 1.5
5 + 2.0

Then eubtract the blank reading obtained with the 0.5 per cent
dispersing solutivan at 20°C, thus allowing for the apparent density
of the solution without soil particles.

The figures soc obtained are direct percentages of clay (less than
5§ micren or 2 micron, according to time) or siltsclay (lees than
50 micron or 20 micron, according to time) if 100 g oven-dry soil
(or ite equivalent] was taken for analysia; if 50 g oven-dry soil
was taken, multiply the Figures by 2 to give percentages.

Day Method.

{a) Theory

In section 3-3.D. it wss seen that, from Stokee' Law, the velocity
of Pall of a particle of soil of radiue R em in a ligquid of visecosity
P poises 18 approximately
360 r2 cm per second,
P

assuming that the density of e0il particles 1s 2,65 g per cmﬁ’
the density of the liguid is 1.00 g per cm?® and the acceleration
dus to gravity i3 981 cm per sec per sec.

If the particle falla H cm in t seconde, then we have

H _ 360 R®
T P
and so
B oa (1)
Jol ot

It 18 mure Cconvenient to work 1o microns and to cefer to diameters
of soil particles rather thun their radii; &nd 1t 14 also more
convenient to wourk in minutes. Therefore, putting

R X
PN

and 14 = 60 T



(b)

Khere X - diameter of particle ian microow
and T = time of fall in mianutes,

equation (1) becomes

9 "
X - lﬂ'b .

PH . 1
e 000 F =
3 e
or X = 10 x/rPH 2 1 (2)
B 7T

JT
3
The expression 10 ., _%E__ ies called the "sedimentation
q

parameter”™ ( © ) and o wWe have the simple relationship,

x = .. @ 8

— —

T

@ .iw not a constsant wheao e bydrometer is used to meamure the concen—
tration of a woil suspension, eince H (takeo as the distance between
the top of the liquid and the centre of the hydrometer bulb) varies
with this coacentration,

However, if the scale reading is called R, H ie dependent on R and

80 the srdimentation parameter & is related to R and in Pact may be
calculated for various values of R by substituting for H the measured
distances (in cm) from the scale readings R to the centre of the hy-
drometer bulb.

Practice - (Accurate procedurse)

Construct a 2-way table giving cslculated valusse of @&, the eedimen-
taticno parameter, for a range of values of R [put to 60) at normal
room temperatures (which affect the viscosity, P.). If a constant
temperature room or buth ie used, eimply draw up a lietr of values of
@ corresponding to the normal range of valueas of R,

The expression given above ie accurate encugh for cs’culation of @

if the laboratory ie situated near sea level und no informarion ias
avsilable on the correct soil particle density, The full expression
in terms of the density of the soil particles (Dy), the denseity of the
liguid {DQ} and the acceleration due to gravity (G) 4w

e = 10°, /30 PH
G (D,-D,)

and more accurate values for G, D1 and D! .may be used where these
ire Kangwn,

For an individual analyeis, let R De the actual ecals reading et any
chosen time,



(e)

J=d.F.
()

Let R be the scale reading when the hydrometer is ineerted in a 0,5
per c®at solution of ecdium hexametaphosphate — sodium carbonoate at
the same temperature, 7

Theno the concentration of the suspeneion ie given by

e - (R = R_ ) g per litre

L
If ¥ is the percentage of particles (less than the size corresponding
to the time of reading) in oven-dry woil - i.e, the summution per-

centage, then

Y = a0 if 50 g oven-dry soil is used.
or Y - 2.5C 1f 50 g oven-dry ec0il is used,
Calculate Y for esach time oF reading (T minutes) and then calculete
the largest purticle daiwmeter (X microns)] at the same times from
equation (J) above, using a value cf & Ffor euch calculation related
to the obeerved value of R,
Plot values of ¥ (linewr wcale) against values of X (logarithm wcale)
and e0 conetruct the sumnation curve, from whach the summation per-

centage at any eelected particle diasmeter may be recorded.

Pructice = [(Approximate procedure}

Equation (3) may be rearranged -

'r-(_H (4)

and thus the time to take readinges for s particular value of X
(particle diameter} may bDe calculsted For a given range of values
of @, these being dependent on R, the scale readinge.

Therefore, prepare & 2-way table, giving values of T for various
valuas of R, at appropriate temperatures (as already noted, if a
conetant Temperature room or bath ie ueed, thie becomes & list of
values of T for varioue values of R.,}) Prepare one tables for each
Fnrticlu size diameter needed 1.8, usually, three tebles are reguired
or

X - 2 microne {(clay)

X - 20 microne (eilteclay, IS55S5)

X = 50 microne (eilt+clay, USDA)

Having obtained m resding R mat the appropriate time, correct it
for the blank reading [RL} and calculcate the summation percentage
as noted above.

_NOTES.

The hydrometer method was 1ntroduced by Bouyoucos primarily a&s a
raprd techniyue which wouid Zive rosulte fairly near the atandard
pipette method Wwithin ® resscnable time, withuut tedioue pretreatment
and long periode of standing and esvolding accurate weighing of amall
smounta of colloidal muterial., It 1w etill best suited to analytical
programmes in which a large number of clay and silt determipation sre
needed with only moderate accuracy on so0ile which are free of gypsum



L)
—

.3)

(4)

(5)

and relatively low in orgaric matter. Then, s»“ter a eeries of
comparisons wWith the pipette methond, the simple Bouyoucos procedure,
wilthout pretreatment, may be used with some copnfidence.

ime firat three times of readinyg advocated by Bouyovucos (40 seconds, 4
rinutes and 1 hour)! courrelate well with the porticle size diameters
ilos rathmic basis) &and agree approximately wilh Stokes' Law; but the
time neeled Ffor 2 micron clay on the same basis 18 approximately 6.5
hours. However, thisa time was shortened to 2 hours by Bouyoucos as
the result of numerous comparisuns with the pipette method and the
silorter Lime probably acts 1n some cases B8 un empirical correction to
the errors introduced by the relatively poorer dispersing on solls
which Huve not been pretreated to remove [locculating agents.
Individual laboerstories must choose thear own times based on their
experience wiith the soil types they ere asked to snalyse. In general
it should be sssumed Tthat shorter timesa are needed when no preCr-atment
18 used; when organic matter 18 removed (and in the absence of gypsum),
more accurate resultis are probably obtained by taking hydrometer
ieadings at approximately 0.5 hours.

The Bouyoucos procedure aand apparatus has been modified Prom time

to time, TIn earlier techniques, the volume of the. suspension was made
up to 1130 ml (5U 3 soal teken) or 1205 ml (100 g soil taken) after
the hydrometer had been inserted, thus applying corrections Por the
velume of so0il and the hydrometer bulb, Special hydrometer jars with
appropriute marks at these volumes are etill obtainable but are only
needed with old-style hydrometers.,

Day's modificaticns improve the determination of the concentration of

& 801l suspepsion by means of & hydrometer and make it more scientifa-
cally correct and accurate, However, thie ie hardly worth while if

the presence of flocculating sgents introduces an uncertainty into

the efficiency of dispersion. Thus the Day technique should really
only be wsed cn soil materaal which has been Preed Prom organic matter
and large amvunts of calcium (whether present ms sulphate or carbonate),

However, improvement of the procedure 1n Thiw way destroys 1ts usefulness
&8 & rapid technigue., 40 or B0 g of s0il 1e needed (100 g 1n supine cases)
and pretreutment must take longer thanm with the 20 g considered suitable
for the standard pipetie method., Times of standing to cover Z-micron
Clay becume ampracticably loog and do not fat anto normel working-day
routines {Day'w suggested Final reuding 1o after 12 hours and periods

of the order of 8-.1 houre are needed tor 2-micron clay determination

at 20°C). There 18 no way of shortening thewe timew (& with the pipette
method, where the depth of eampliog can be reduced).

Thue the Day method becomes an mlternative to the stuadard pipetlle
method, Lakiog about Che same time, Euach laboratory must ma.e 1ts
own deciwsion om which method to adopts In wny cCave, comparison ol
hydrumeter methods with the pipetie method 1e slwayse advieable,

In tuking hydrometer rewadaings by the approxamate Duy procedure (see
J=4,B.(11) (c¢) & difliculty arises 1n thut the tire T is dependent oo

the scale reasding R. Ubeervalion on the w01l under test will give a
rough i1dea of the approximute scale reading to be expected and u time
6hould be selected whaich correspends to a vulue of KR above this (T varies
inversely with R). A reading 1w taken AT tLhis selected time und Lhiw
Kives a better idea of *he right settling time +o use 80 Lhkal 1t wzill
correwpund to the observed vaulue of KH; This Lime i1e 0l course laterv

thun the time selected for the FPairst reading, provided Lhe estimate of
the probuble velue uwl H ie reusonsbly good,



Io Jeterminstiovns of wilt+claey, when sertling times are short, Lhe
hydrometer may be left in the suspension uatil the time corresponding
to the obaerved scale readaing R, For clay, it 1s best to remove the
hydrometer carelully after the First reading.
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II. 4. SATURATION PERCENTAGE

Saturation percentage is the weight of water in gram associated with
100 gram of oven-dry eoil in a saturated soil paste. For mineral soils
ite value racges from about 320 in sande to about 80 in silty clayes,.

The presence of organic matter incresses the value, however, and peat
and muck so0ils may give high vulues over 200,

Soil ie brought to the saturated condition with water either by mixing
to a charsacteristic "saturated soil paste' or by allowing it to absorb
water under free capillary attraction., The amount of wWater retained is
then determined by oven drying.,.

4.B. APPARATUS, ;

Beakers, plastic, with covers, 250 ml

Spatula

Crucibles, glasss, with fritted glass discs, porosity 1 (coarse), 30-40 ml

Large Plat tray, glaes or plastic

Filter paper cups, made from 11.0 cm diumeter hardened Filter paper

Large Flat tray containing washed fine sand, particle size betWwsern
100 and 500 micronoe

Moisture tina

Drying oven

Desiccator

Rapid balance, accurate to 0,1 g

4.C, PROCEDURES.

{a) Miximg method,

Place about 100-150 g soil (unweighed) in a 250 ml plastic beaker, add
sufficient water to moisten the soil and etir with a spatula, Continue

to wdd wuter and stir until the scil is just eaturated, The saturated
80il paste 8o Fformed glistens on the surface and slides emoothly ofF the
spatuls; and, For most normal soila, if a depression is made in the sur-
face, no water collects in it and the depression only slowly Fills by Plow
of the pawte under gravity. (see Note 1)

Cover the beaker and leave for one or two hours to reach equilibrium,

IF liquid has collected on the surface after Tthis time, add more soil to
absorh it; on the other hand, if the paete has dried out, add mo-e water
to restore the saturated coandition, Tranefer about 25=30 g of the msa-
turated 801l Tto a tered moisture Tin and weigh immediately, Dry 1in an
oven at 108°C for 16-18 hours, ¢ool in & desiccator and weigh,

{b] Capillary attraction methods,

(i) Using fritted glass crucibles,

Dry a fritted glaes crucible at 105°C, cool in a desiccator and weigh.
Place the crucible in water to saturate the glesees disc, remove excess
water wilh FPalter paper and weigh, Tranefer about 25-30 g wsoi1l to

the crucible, tap it down gently and level the surface, Immerse the
crucible in water in a Flat tray so that the water level 18 just above
the upper surface of the Ffritted glaws disc and leave under a cover



4.0.

4.E.

for a few houra, Then take the crucible out of the water, dry the
gutar glaee surfaces and weigh immediately. Dry in an oven at 105°¢C
for 16-18 hours, copl in a desiccator and weigh.

(r1) Using FPilter paper cups.

Transfer about 26-30C g eoil to a filter paper cup and place this on
# bad of washed fine sand which ie well saturated with water, Leave
under & cover for a Few hours, maeking sure that the sand does not
dry out. Then remove the cup From the sand bed, transfer most of
the saturated Boal to & moisture iion and weigh immediately., Dry in
an oven at 105 C For 16-16 houra, cool in a desiccator and weigh.

CALCUL ATIONS

(s} Mixing method and capillary attraction method (Pilter paper cup]

Let
A be the weight in gram of the dry moisture tin

B be the weight in gram of the moisture tin and saturated aoil
C be the weight in gram of the moisture tin and oven-dry secil
Then, by definition, the saturation percentage ia
100{3 - Cj
C - A

(b} Capillary attraction method [fritted glass crucibles}

Let
A be the weight an gram of the dry crucible

B be the weight in gram of the crucible with wetted disc
€ be the weight in gram of the wetted crucible and saturated soil
D be the weight an gram of the dry crucible and oven—dry soil
Then, the weight of the saturated Bo1l isw (C —-B) gram
and the weight of the oven—-dry scil 18 (D = A) gram

Thua, the weight of water is (C - B) - (D = A) gram

Then, by definiticn, Tthe saturwtion percentuage 18

100(A - B + C = D)
b - &

MOTES.

(1) In method (&) the assessament of the correct saturated paste condition
18 difficult with sands end with wilts or clays whaich conatain much
sodium and wWatTh peat or muck soils. With sands, whach have emall
powers of absorption. & little wWaler peurly always collects on the
surface Wwhen the 'paste' 18 left Lo wtand; thia criterion of satura-
tion should therefocre be ignored. With sodium clays or silte, there
is s teodency For the eatur.ted paste to puass gradually o a slurry



(2)

(3)

4.F.

which does not show over-saturation by liquid collecting on its
surface after standing; thus the addaition of water should be stopped
when the puaste firset glietens and slides smoothly off the sputula,
Peat or muck soile, which have large powers of absorption, require a
long period of wetting; they should be leftr overnight in & saturated
atmosphere and then the criteria of saturation should be carefully
checked.

It 18 best to use a capillary attraction method for all sc¢ils where
there is uncertainty in judging the paturated paste condition by the
mixing method.

A formula has been published for calculating the saturation percen-
tage from the weight of a knownon volume of saturated soil paste, This
may be unreliable, particularly if the soil particle density is very
much lower then 2,65, If it is necessary to measure. saturation per-
centage Pairly accurately without access to a drying oven, make a
preliminary comparieon of saturation percentage values (determined

a4 above) with weights of & known volume of the saturated soil; and
prepare a gruph From which the saturution percentage values can be
assessed,

Alternatively, if the sBoil particle density (see II.2.) For each
sample 18 known, the published Fformula can be used, after substituting
the known density Ffor 2,66,

Make all weighinge to the nearest 0,1 g and record the saturation
percentage values to the nearest whole number, The division sums
may be avoided by using a nomogram, (see Appendaix 2)

REFERENCES.
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RICHARDS, Chepter 6, Methods 27(a), 27(b) and 27(c).



II.8. WATEH BRETENTIUN UNDER CONTROLLED CONDITIONS

5.4+ PRINCIPLH.

A saturated soil containe an amount of water which is dependent on the
80il'e physical and chemacal composition and, to & certain extent, on its
structure ia the matural state, Whea this saturated scil ie subjected to
gradually increasing alr pressures, the percentage moisture falls in a
characteristic manner which is also dependent on the soil's natural
properties. A study of the changing moisture percentages of a soil

at differenat air pressures is eessential in estublishiag soil:water
relationahipse.

Three ways of expressing presasure values arce normally used in connection
with soil:water studies. They are -

(a] Atmospheres.

The average air pressure st sea level and normal temperature {EUEC]
ie taken as "1 atmosphere™. This is the unit of measurement,
¥ atmosphere can support a column of mercury about 76 cm high,.

() Pounds per Sguare Inch,

The average @ir pressure eguivalent to 1 atmosphere is 14.7 pounds
per sguare iach, written as 14.7 psi. 10 atmospheres is eguivalent
to 147 pei, 15 atmospheres to 220 pei and so on.

(e} pF Values.

A column of mercury 76 cm high is roughly equivalent to a column
of water 1U00 ecm high, The logarithm [to base 10} of this height
18 taken as the "pF walue®™, Thus 1 stmosphere is equivalent to pF
3.0 and 10 atmospheres to pF 4.0 and so on,

Pressures commonly aselected for measuring recognised molsture characte-
ristics of soils are -

{e} One-tenth stmosphere, 1.5 pai, pF 2,0

Measures the field capacity in light, sandy soils,

(b) One-third atmpsphere, 4.5 pei, pF 2.50-2.55

Measures the field capacity in medium and fine textured soils.

(c] Fifteen atmouspheres, 220 psi, pF 4.2

Messures the wilting point in all soils.

In the method below, saturated soil 1w placed in & closed chamber,
subjected to4 known air pressure and allowed to stand while water is
forced out P it through & porous plate or membrane to s graduated tube
outside the chamber., After eguilibrium has been reached, the moisture
content of the sample 1a determined in the normal way by oven—drying.

A second sample of the same 60il is then subjected to & diftferent pressure
and the corresponding molsture cuntent determined., This 1s repesated at

s many different pressures a4s reguired and the molsture pErcenlages
(oven-dry basis) plottod against pF values.



It 1s necessary to use two different chumbers 1n the mesasurements, une
cperating up to 1 atmosphere and goe operating at higher pressures,

E.By APPARATUS,

Beakers, plestic, with covers, 280 or 400 ml
Spatula

Moisture tins

Drying oven

Desiccator

Balance, mccurats to 10 mg

Specisl soil moieture apparatus, as follows = (eee Note 2]

Compressor, giving air pressures up to about 250 pai,

Twy maenifold assemblies, with valvees and gauges, for control &nd measure-
ment of &ir pressures; one operating up to 15 pesi and one operating
in the range 1% to 250 pei; both connected to the Bame COMpre&ssaur
but controlled individually,.

Pressure plateé extractor, connecting hose and accesscries, to aold sci’
samples at pressures up to 15 psi

Pressure membrane extractor or 15 bar ceramic plate extractor see Nof-=
1 and 3) with connecting hose and accesscries, to hold suil sample.
a4t pressures 1in the runge 16 to 250 pei.

6.C. PROCEDURE.

If a study of water retention ie required on a 8pil io its natural etate,
obtain a special sample of undieturbed soil in a ring fitted to a core
gampler such ae is used for analyeie II.1; alternatively, slice off a
portion vf the soil core seample which will Ffit into the "retaioer ringse"
or ceramic cupe supplied with the extrsctors to be used. Allow thie disc
of eoil to abeorb water to the saturated etate by placing it on filter
paper on waet sand (see II,4.C(b) (ii)}. Prepare a number of saturated
disces for use as different pressurcs.

To study water retention of so0il which has been air-dried and ground o
pass a 9 mm sleve, prepare a eaturated sample uf the required size (de
pending on the number of different pressures to be used) as described iu
IT.4.

Keap all these esaturated scil samples in air-tight cuatsiners [ur 1n &
large desiccator containing water) until required. Thea transfar them
to the appropriate extractor, previously teated Ffor leaks and naving itr
plate or membrune wetted., Samples are normally held in these retainer
ringms or ceramic cups; press the soil down gently in these to achieve
good contact with the porous surfuce and level with & spatula, Close
the extractor and apply the required preesure, Leave until water ceasqd
to Plow out of the sumples and then for some hours more to ensure egui-
librium [overnight may be convenient]).

o
e

Close the outflow tube [or tubes)] with a clamp and gently relew: . U
preesure, Open the extractor, tranefer most of each aoil sampla i

moisture tione snd weigh immediately., Dry im un oven at s
hours,.

Repeat mt other air pressures as reguired.



5.0, CALCULATIONS,

Calculate the moisture percentuges on an oven-dry basis as given for
the saturation percentage (IIl.4.D.{a)).

If the preesure gauges are marked ino atmospheres, multiply the readings
by 1UC0O snd take the logarithms to base 10, If the gauges are maried
in pei, multiply the readings by 70 and take the logarithms to base 10,
These logarithma are the pF values,

E.E. NOTES.

(1)

(3)

(4)

(5)

The "atmosphere” unit of pressure is aleo koown as & "bar",
Fractions of atmospheres may then be expressed in "millibare®,
.8 Uyl mtmosphere ie 100 millibarse,

This apparatus 18 supplied specially for soil moisture work and
can ba & permanent inetallation ion the laboratory. The 15 bar
cesramic plate extractor is an alternative to the pressure membrane
extractor but both may be used. With a third manifold assembly
{15)co 250 psi), all three extractors can be installed.

Usually, a number cof different scil samples are placed in one
extractor and other samples in A second extractor at a different
pressure, After opening an extractor, transfer the eoi. s guickly
to numbered moisture tine and ¢lose them. Then weigh.

Weighinge may be made to the nearest 10 mg and percentage moisture
figures calculated to the nesrest 0.1, since the moleture is deter-
mined at a precise [resesure. (unlike the determination of estura-
tion percentage, which ia more uncertainm) .

pF values need only be recorded to the neareat 0,1 sbove 3.0 but
more accurate values may be necessary in the range 3,0 to 2.0 (or
lower), wWwhere small changes in preseure may produce lerge changes
in moieture percentage.

Molsture percenteges may be plotted againest etmospheres or psi
if preferred, using a logurithmic scale For the pressute valuen,.

Tha water beld between pPF 4,2 and pF 2.5 (or 2.0) is said to he
"aevailable water".

E.Fs REFHRENCES,

ASTAPQY, Chapter YIT.

T atk

Chapter 8, Sectione 8-1 and 8-2. [(L.A. RICHARDS)

RICHARDS, Chapter 6, Methads 29 to 33.



SECTION ITI

CHEMICAL ANALYSIS OF SOILS

INTRODUCTORY NOTE

The analyees included in this eection provide the chemical information
normally required for soil classification and assessment of soil ferctility.
One eoil sample will never pneed ell the enalyses and & selection is made
according to the type of soil under test and the chemical data desired.

Soil samplee which have been allowed to come into equilibrium with clean
air without the application of heat and have then been ground To pass a
2 mm sieve are preferable as basic ("air-dry") eamples for all analyses;

when less than 5 g of soil ie to be weighed, a sub-sample should be ground
to pass 0.5 mm sieve.

Procedures 1 (pH values), 5 (conductivity)] 14-2 (lime requirement] and

15 (gypsum requirement) may be curried out on air=dry 2 mm soil; pro=-
cedures 2-1 snd 2-3 (calcium carbonute) muy be carried out on air-dry

2 mm or 0,5 mm so0il, as appropriate, In all octher cases it is recommended
that air-dry mulutura is determined by drying a known weight of 2 mm or .
0.5 mm scil at 105 °Cc for 16=18 hourse (aece I.4-3.,A. (i1)) before carrying
out ana&lyeses on the original air-dry samples; results should be reported
on the basis of oven-dry soil,

When it 1s possible, the determination of svailable nutrients (phosphorus,
potassium and the minor e¢lements) may be usefully done on Ffresh soil
samples; the moieture must also be determined by the standurd oven-drying
procedure and the resulte reported on the basie of oven-dry soil,



IIT. 1. pH VALUES

l.A. PRL..IPLB.

The pH wai.e of the polutign surroundiog 80il particles in the natursal
state Pluctusntens because of changing socil:soclution relationehips brought
about by climare, cultivastion, crop growth and other Factors. A vsample
of sopil may have a particular pH value at the time it is taken in the
field but this changes in the sample as it ie dried and prepared for ana-
lvees., In the lahoratory, ¢he scil is subjected to re-wetting proce=zces
with wWwater and with certaan salt soluticonse to establiseh the probable range
af pH values 2t would have in ite naturzl state,

A meassured quantity of =so0il is shaken with a convenient volume of water

or salt solution under coneistent conditions and the pH of the suspension

is determined electronically on a direct-reading pH meter, using & glass
@glectrode with a saturated potassium chloride - calomel reference electrode,
Almost any retice and conditions can be employed but some have been [ound
suitabls for thisw work and the pH values so obtained are capable of useful
interpretativn. In the procedures below, three different ratios of soil

to liguid are suggested and three salt soluticons are iacluded,

I.B. APPARATLS,

Balance, accurate to 0.5 g - or volume measures (see Note 1l.)

Measuring cylinder, 60 ml - or diepeneing burette, 250 or 500 ml

Wide-mouth ecrew-cepped jarse, BO-100 ml (4 counces)}, preferably huving
a mouth wide enocugh to admit the pH electrode assembly

Reciprocatin, shaker

Interval timer

rH meter

Glees electrode

Reference electrode, saturated potassium chloride - calomel

Beakers, 10G0 ml

Wash bottle, plaustic

l;":. RE.&GENTS.

Fotassium hydrogen phthalate, 0.056 M -
Dissolve 10.21 g potassium hydrogen phthalate to 1 litre in mir- equi=
librium water. (see Section I.3, - 1,B.,)

Potaesium drhydrogen phosphate + Disodium hydrogen phosphute, erch 0.025 M
Disso.we 3.40 g potassium dihydrogen orthophosphate and 4.45 g disodium
hyarogen orthophousphate dihydrute (Sorensen's salt - NlﬂHPﬂ .EHEUj ta

: i : 4
1 litre in wir-equilibrium water.

Sodium borate, .01 M -

Dissolve J.81 g wodium borate (Na,B 0?.1UHQD} te 1 litre :in carbondioxide-
free water, (Bee Sectron I.J.-I.E.?

Potaswium chloride, 1 N -
Diesolve 372 g potassium chloride to B litres.

Potaasium chlorade, O,1 N

Diasoclve 37 g potassium chloride to 5 litres or dilute 1 K solution ten
times.



Calcium chloride, 0,01 M -
Disscl¥e 7.5 - B.O g 'dried' calcium chlorade (70-75 per cent LuCro
to 5 litres. ©Check that the concentration ie near 0.01 M by titrai:on
of the chloride ion with mercuric nitrate or the calcium ion with EiTA,
(see IV.10 and IV.5] Adjust if necessary.

I.D. PROCEDURE

Tranefer 10 or 20U g - ur a suitable volume meuwsure - of air-dry sor) to

@ HO-100 ml wide-mouth jar and add B0 ml water or 1 N potassium chioride
or 0,1 N potassium chloride or 0,01 M caleium chloride, as reguired.

Screw on the lid and shake on & reciprocating shaker for 16 minutese then
allow to stand For 30-60 minutes 8o thut the soil settles reasonably well,

Calibrate the pH meter with phthalate and phosphate buffer sclutions
according to the maker's iostructions and wash the electrodes well; thea
arrange them in their holder so that the glasse electrode iw about 2 cm
below the tip of the reference electrode (or, if the meter is used solely
For pH measurements on eoils, keep the electrodes arranged in this way).
Insert the electrodes into the partly settled woil suaspensicn, with the
glases electrode i1in the 8#cil at the bottom of the jar and the tip of the
reference electrode just immersed in the top 1 cm of *v« suspenalusn,
Switch the meter to pH reading, wait 30 seconde and recced The pH val.s
To the nearest U.1 umit,

Make pH readings wlso on a4 eaturated eoil puste (see I1.4), inserting
the electrodes very carefully to avoid abrasicn of the glass electrode
by sand.

If pH vulues sbove 8.5 are obtained, check the performaence of the meter
in thie range '"1th borate buffer solution.

I.E. NOTES
¥y
{1} The eoil need only be weighed roughly, say to about - § per cent,
Routine work may be apeeded up by ueing volume measures, These
muy conveniently be made from braes tubing, sheet and rod which ie
cut and soldered together to make a4 small cup with a handle attached.
Suitable internal demensions for The cups are -

1 g soil (2.4 tms} Diameter of tube 1% mm, length 30 mm
@ g soil (1o.8 cm®) Dismeter of tube 25.4 mm, length 33 mm

These dimensions assume an smpparent specific gravity of ahowt 1.2
tor sir-dry loam puewssing 2 mm, This figure cun be checked oo an
alternatave one found by messuring the average volume occupied 1n o«
dry cylinder by a conwtunt weirght (say, 5U g}, of u number abf the
suils under test,

Fifteen minutes mechunical ehaking 18 wsually sulfficient to bring
meet Boil iwalter maxtures to eguilibraium; 1f no shaker 1s avallable,
ehake or stir antermittently by hand For J0-60 minutos. Stead; and
accurute resadings wre usually obtained al' the glaws electrode s
immereed in LThe settled wsoi1l and the calomel electrode only an Lhe
supernatant suspeénesron {which wiall normally be ciear 1f ralcium chi.-
ride or potassium chloride 18 used). However, 1f the meicer nevdie
tends to drift when measuring the pH values of soil:iwaler mixtures,
wllow 1t To resch a wtready value. Soil:salt wolutiun mixfures nearly
#lways give steudy readingu,



i3)

(4)

(5)

(6)

(7)

(8)

(9)

The electrode stands ehould be Pitted with a etop to allow the gless
electrode to be lowered to the correct point without touching the
bottom of the jar.

Aa more water is uesed per unit weight of poil, pH veluew normally
tend to rise, Pigures for a esaturation paste often being 0.5 to 1.5
units less than those for a 1:8 suspension. Similar differeaces
are also found when the ratio of 1 N potawsium chloride is often
independent of the soil:solution ratie, The presence of potassium
chloride or calcium chloride generally loweras the pH.

(aee III.14 For the use of 1 N potassium chloride in measurement of
exchange acidity)

pPH values ehould slways be reported precisely, according to the ratio
and liquid used. For example, a pH value obtained by shaking 20 g
#cil {weighed)}, with BU ml 1 N potassium chloride solution should be
reported as "pH inm 1 N KC: = 2:5 w/v", If volume measures are used,
pH values may be recorded omn w/v baeis, although it ie more correct
to record as (for example), "pH in water - 1:6 v/v", using a 10 g
measure of the above dimensions (Note 1), and 60 ml water. If pH
values in 0,01 M calcium chloride are found to be independent of soil:
'ulftiun ratio, the result cen be reported simply as "pH io O.01 M
CaCl_",

2

Difficultise of procedure and interpretation sometimes arise with
highly organic esoile, These may absorb relatively large amounte

of liquid so that a 2:5 w/v ratio is not even saturated, In these
cases, it is best to use wider w/v ratios or keep to v/v ratios; and
report the apparent specific gravity of the 2 mm soil as an additional
help to interpretation,

The "pH value™ of a soil, if reported without any gqualifying details,
is usually underetood to mean the pH of a soil:!water suspension at

a w/v ratie of 9:6, But it ie always best to avoid uncertainty by
reporting precisely.

In the preparation of the phosphate buffer solution, 3.556 g anhydrous
disodium hydrogen orthophosphate (dried gt 105—L30°C} may be used in
place of Sorensen's salt.,

Keep the glase electrode in water when not in uese and ensure that the
reference electrode always contains saturated potassium chloride
sgclution in contact with solid potassium chloride crystalas.

The correct pH values of the buffer molutions at normal] room tem-
peratures are given in Appendix 6,

1.F. REFERENCES.

BATES. Chapters &, 9, 10, 11.

BEAR, Chepter 7, (L.F., SEATZ and H.B, PETERSON)
BLACK, Chapter 60. (M. PEECH]

JACKSON . Chapter J, Sections J-1 to 3-3%

RUSSELL . Chapter ¥III,

STROUTS. Yol, II, Chapter 17.

VOGEL. Chapter XVI, Sectione XVI,1 and XVI.2

Bibliogrephy 652



IIT, 2-1. CALCIUM CARBONATE - CALCIMETER

2-1.4. PRINCIPLE.

Soil is treated with dilute hydrochloric acid and the volume of carbon
dioxide evolved from carbonates 18 measured at atmospheric temperature
and pressure, The determinatioca is conveniently and gquickly dune in a

Collineg' rcalcimeter, specially made For this analyeis in woils and
minerals.

The method does not dietinguish between dafferent forme of carbonate

but for the purpuses of calculetion it is assumed that calcium curbonate
is the most common in soils,

2-1.B. APPARATUS.

Balance, accurate to 5 mg (see Note 1)
Collina' calcimeter and special slide rule
Erlenmeyer FPlasks, 150 ml
Viale, plastic, marked at 15 ml
(both flasks and viale supplied with calcimeter|

2=1.C., REAGENT,

Dilute hydrochlorac acad
Add 100 ml concentrated ewcid to 3OO0 ml water

2-1.D. PROCEDURE,

(A simplified diagram of Colline' calcimeter is given in Appendix &
and the letters guoted below refer to this diagram)

Tranefer an appropriate weight of sir-dry soil (see Note 1) te a 150 ml
Erlenmeyer flask (F), Pour 15 ml dilute hydrochloric acid into a
plastic vial (T}, imsert the vial into the Plusk and attach the flask
to the calcimeter. Immerse the flask in the water jacket of the
calcimeter and Leave For & minute or two for temperature adjustment.

With taeps A snd B open, blow air geatly by a rubber hand bellowa (at Y)
into the Flask E until water has risen in tubes M and N as far as the
zZero mark on M, Close tap B, then close tup A. BHxpel the air from

the reservoir of the hund bellows and open tap B, allowiag the level

of water in tubes M and N to drop, that in N dropping further because
it 18 subject to atmospheric pressure.

Tap the flask F so that the acid acte on *he soil and shake wells HPut
the Flask in the water jacket and leave for a minuwrte or two for Lempe-
rature adjustment, Gently blow air into flesk B until the levels of
water in tubese M and N aure eygual and note the volume on the graduasted
tubes M, Repeat this pruocess until a steady reading is obtuined.

E. CALCULATION,

A alide rule 18 supplied with Collins' calcaimeter. Sel This Lo Lhe
atmospheric pressure and temperature of the water jacket and read off
a factor K against 15 ml acad

Ihen, K ie the weight 1o milligram of calcium carbounats which
produces 100 ml carbon dioxide under the conditions of the
determination



Let
W be the weight in gram of soil

¥ bpe the volume in ml of carbon dioxide preoduced

Thus, ¥ ml carbon dioxide is produced from KK ¥V mg calcium cuarbonate
and tihrts ie the amount in W g of soil. 100

Thus, 100 g soil containe K V mg calcium carbonate, equivalent to
W

KV per cent GECGJ
1000 W

F. NOTES.

(l} Carry out preliminary tests on the soil to establish a rough idea of
the amount of carbonate present Pfrom the degree of eflfervescence
with dilute acids, The following tuble showe how the appropriade
welght of soil may be judged and iocludes the range of calcium
carbonate percentage figures for velues of ¥V from 10 to 40 ml.,

(E teken as 425)

Degree of Weight of air-dry soil Range of CuaCOj figures
effervescence gEram por cent
Moderate 5.0 O.b to 3.4
Feirly vigorous 2.0 2.1 to 8.5
Yigorous 1.0 1,2 to 17
Yery vigorous 0.5 E.56 to 34
Extremely vwigorous 0,2 21 to &5

In order to reduce sampling error, the so0il should be ground to pass
a 0,5 mm sieve when weighaings Ffrom 0.6 to 5.0 g are tauken,., Beluw 0.5
B 1t 18 advisable to grind more finely. Weighingse may bDe made to
within abput 2 per cent gf the weight required.

(2) IFf Collins' calcimeter is not available, other gus measuring apparatus
muy be used or a copy of the calecimeter made io the laboratory Prom
the diagram in Appendix &, The calcimeter, as purchascd, is water-—
jacketed but this is not necessary if a room of reasonably constant
temperature 18 uJsed and time ise allowed for the reaction Flask to at-
tain thisw temperature. Any apparatus used can be calibrated with =
geries of accurate weights of calcium curbonate and the sams method
can be employed to check the Colling' slide rule.

i3] Estimate K to the neasrest & (mg) and ¥V to the nearest C,1 mli. Hecord
percentage culcium carbonate results to ebout 2 per cent of the values
Found,

{4} Selle conteining reactive mangunese dioxide together with organic
matteér can relesse carboa dioxide in hydrochloric acid solution through
oxidation of the orgsnic matter by the menganese Jdioxide, This oxi-
dation muay be circumvented Ly adding a few crystals of a reducing
agent (€.g. stannous chloride, Fepruus suelphace or hydroxylamine
hydrochloride)] to the wWweighed s0oil sample hefore sllowing il Lo resit
Wwith the hydrochlorie scid. Thia pregaution 16 vnly likely to be
necesdary for acile rich in resactive munganesae dioxide.



(E) See Nots (4) of method III.3-3 for a poesible correction to be applied
EQo very alkaline eoils contaloing sodium carbonate.

2-1.0G REFERENCES.
BLACK, Chapter 91, Section 91-6. (L.E. ALLISCN and C.D. MOODIR)

JACKSON, Chapter 4, Section 4-77,



III. 2-3. CaLCIUM CARBONATE — ACID NEUTRALIZATION

i-2.A. PRINCIFLE.

S0il ie treated with an exceew of estandard hydrochloric acid, destroying
carbonaten. The amount of excese acid is determined by titration with

stenderd esodium hydroxide, after separation Erom the soil by filtration
or ceatrii.zation,.

The ecid diascolves a certain amount of iron and aluminium From oxides
end mcil material; - arld theee metals are precipitates as hydroxides when
the pH rises towards the end of the titration with alkali. The amount
of acid destroyed in dissolviog the metales is eqguivalent to the amwuat
0f wlkali used to precipitate their hydroxides, S0 no error arises

from this source, However, acid is lost by reaction with caelcium and
magnesium in <¢lay and passibly by reaction with primary mineruls. Alka-
line soiles of high pH alan destroy some acid through neutralization

by socdium carbonate, Results for calecium carbooate by this method are
therefore high, perticulurly on heavy or very alkaline soils, although
appraoximate corrections can sometimes be made [see Note J).

-3.B. APPARATUS

Belence, accurate to 10 mg

Beakers, 250 ml

Watch glusses, 90 mm dismeter

Pipettes, 20 and 25 ml

Volumetric flasks, 100 ml

Funneis, 75 mm diameter

Wash bottle, plastic

Filter papets, 12.5 Cm disameter (&.g. Whatman No JO)
or Centrifuge, with 50 ml tubee

Erlenmeyer Flasks, 130 ml

Hot plate

Burette, 25 ml wath U.lL ml divisions

2-2,0. HREAGENTS.

Hydrochlorie acad, 1.00 N
Sodium hydroxide, 0,20 N

Fhenol phthalein
l per cent in 50 per cent ethanol

Q-Q.D- PRO{:_;PL:RE-

Transfer & suituble weight of air-dry scil({eee Note 1), passing O.5 mm,
to & 350 ml beuker and carefully edd 25 ml of 1.00 N hydrochloric acid
down the mide of the beuker., Cover with a watch glass and stand for a
about one hour, ewirlaing occmsionally to mix the contente. Then transfer

the mixture guantitativaly to a 100 ml volumetric Elask, make to 10U ml
and mix,

Filter through & dry filter paper into a dry Flask - or centrifuge part
of the mixture = pnd tranefer 290 ml of the clear liguid to a 150 ml
Erlenmeyer PFlusk, 4dd & laittle water and bring just tc the beoal. Cowol
for a minute, add about U,2 ml phenol phthalein and titrate hot with
,20 N sodium hydroxide until the pink indicator colour persisets for

10 seconds.,



2-2.E.

Let

CALCULATION .,

W be the weight in gram of scil

T be the volumae in ml of the titration with sodium hydraxide

Since 20 ml of liguid, after reaction with the soil, contains excess
acid eguivalent to T ml of 0,20 N sodium hydroxide, .100 ml containwe
Tml of 1.00 R excess acid,

Thus, the acid deatroyed in reaction with the soil is {25 = T) ml
of 1.00 N

Thus, W g scil contains O.0B(26 - T) g calcium carbonate

=» §{25 = T} per cent
W

which may be reported as an spparent calcium carbonate percentage or
8 a "neutralizing value™,

2-2.F,

(1}

{2)

(3)

(4)

2=-2.G.

NOTES.

From the calculaution, 5 g s0il im suitable for apparent calcium
carbonate values up to about 20 per cent; 3 g ecil for up to about
50 per cent; and 1 g soil For higher values,

An idea of the weighr to take is given by a praliminary test
(see 2-1.Fa(l}}s

The titruticn end-point is not sharp, being affected by the metal
hydroxides, but it ie improved a little by heating. Titration in
the cold may be uaed if preferred,

If a Boil contains C millieguivalents per 100 g of exchangeable
Ca+Mg (see III.8~2) then this ie equivalent to 50C mg per 100 g of
calcium carbonate, L.¢, 0,05C per cent, Thus, uan approximate
correction can be made to the calcium carbonate percentage value
found by acid neutralization = i.e.

Corrected value = [etermined value - E_
20
The correction assumes that all the Ca+Mg is repleaced by H during
the acid treatment, which is unlikely; but & corrected value for
calcium carbonate i8 usually nesrer that Found by the culcimeter
(see 2-1.]s+ The correcticon does not apply iP the experimental
reault is reported a8 a" "peuvtralizing vaealue",

An alkaline eoil containing eocluble sodium carbonate amounting to
5 milliequivalents per 100 g will alsc give rise to & positive
error of 0,055 on the culcium carbonate percentage value, this
affecting the calcimeter method as well, The "error" is not
usually large but may be applied to very alkalane soils.

REFERENCES,

BLACK . Chapter 91, Section 91-4. (L.BE. ALLISON and C.D. MOOLOE)
JACKSON. Chapter 10, Sections 10-121 to 1U-126,
RICHARDS. Chapter &. Method 23(c).




111, 3. ORGANIC CARBON

J.4. PRINCIPLE

oil organic maetter is oxidized under stenderdized conditioms with
potese’om dichromate 10 sulphuric acid solutions. A measured amcount of
potassium Aighr-mate 135 used in excess of that needed to destroy the
grganic m. ‘«r; and thise excewss is determined hy titration with ferrous
ammonium sailphate eolution, wsing [erroin to detect the first appearance
of unoxidized Ferrous iron,

The most gritical part of the determination is the oxidation process,
which must be carried out in hot solutions The amount of heating is
carefPully controlled to give a high degree of oxidatiom of the soil
grganic watter without undue loss of dichromate by thermal decomposition,
Simple air condensers reduce evaporation of water during the: heating
process, dichromate tending to be decomposed more easily in more concen-
trated solutions of sulphuric acid,

The calculation of the amount of organic cerbon in the seil is based on
the oxidation, under the same experimental conditicoms, of the disocdium
salt of sthylenedigminetetracetic acid, a convenient organic standard,

3,B. APPARATUS,

Analytical balance, gccurate to Q.1 mg

Analytical balance, accurate to 1 mg

Erlenmeyer Plusks, 500 ml, preferably haviog oecks fitted with
standard ground glase sockete

Air condeosers, 40U0-~500 mm long, with ground glass cones to fit the
flaske or made from 8-10 mm internal diameter tubing inserted into
rubber stuppers, for ordinary Erlenmeyer Flasks

Electric hot plate, 30 x 45 em, with variable heating control

Pipettea, 20 and 52 ml

Dispensaing burette, 0 or 250 ml, with coarse jet

Measuring cylioders, %0 and 100 ml

Volumetric flask, 250 ml

Funnela, 75 mm diameter

Wash bottle, plastac

Erlenmeyer flasks, 250 ml

Pipette, 2 ml, wath coarae et

Burette, 25 or S50 ml, with 0,05 ml divisions

J.C, REAGENTS.

Potasseium dichromate, 1,000 N
Draavlwve 19,04 g dry potussium Jdichromafe tg 1 litre

Sulphuric acid, concentrated, sp.gr. l.84, 98 per cent w/w
Sulphuraze acid, 5 N {approxamately)
Orthophosphoric scid, syrupy, ep.gr. 1.75
Ferrous amsonium sulphate, 0.2 N [approximately)
hhiesolve 16u g ferrous ammonium sulphaie, [FESO4.{NH4}ESG4.EH2U} in

2 latrea of U5 N sulphuric acid.
{use 24 ml concentrated suclphuric acad per 2 litres)



Ferroin indicator
Diasolve O.695 g ferrous sulphate {FGSG4.7HEGI and 1,485 g

orthophenanthroline monohydrate {clﬂHaND'HEG} to 100 ml

3.0, PROCEDURE.

Transefer &4 suitable weight of mir-dry soil [see Note 1), passing 0.5 mm,
to a dry 500 ml Erlenmeyer flask, Add 20 ml 1.000 N potassium dichromate
aolution, mix with the 80il and then add 20 ml concentreted sulphuric
acid from @& dispenseing burette with constant shaking. Ineert an air con-
deneer and heat on an electric hot plate for one hour, adjusting the heat
cantrol eo that the acid mixturg just simmers quietly and a gentle reflux
cccurs 1o the base of the air coandeneer (the top being coocl).

Remove the flaak from the hot plate, allow it to cool a little sand add
about 100 ml water, Cocl again, trensfer quantitatively to a 250 ml
volumetric Flask and finelly, after adjustment to room temperature, make
the volume to 250 ml and mix., Leave overnight to allow the soil teo settle;
alternatively, centrifuge about 76 ml of the mixture.

‘Transfer 50 ml of the clear, eupernatant liquid to & 250 ml Brlenmeyer
Plask, add 50 ml water and about 2 ml orthophosphoric acid, Mix, add

two drops of Ferroin indicator and titrate with approximately 0.2 N
ferrous emmonium sulphate. As the dichromate ion is reduced the solution
becomes greener and just before the end-point is a clear bluish-green;
then, &8 soon as there ie a elight excess of ferrous ion, the colour
changes tge a greyish-red, thie being the red ferrous-orthophenanthroline
complex masked by the green chromium ion. Record the volume of Ferrous
ammonium sulphate solution used to the nearest 0.05 ml.

Immediately before or after a batch of titratione, dilute 20 ml 1,000 N
potasesium dichromate to 250 ml, tranefer B0 ml to a 250 ml Erlenmeyer

Flusk, add 30 ml 6 N sulphuric acid, 20 ml water, about 2 ml aorthophosphoric

6cid and two drops of ferroin indicator and titrate «with the ferrous
emmonium sulphate to determine its exact normality.

Te Ffind the quantitative relation between the volume of potassium dichro-
mate Bolution reduced gnd the weight of carbon oxidized, dry & latitle EDTA
{disodium salt of ethylenediaminetetracetic acid) at Bﬂﬁﬂ for two hours

and eool in a desiccator, Weigh (toc 0.1 mg) amounts varyirg from 256 to

1235 mg and transfer them to dry 6U0 ml EBErlenmeyer flaske, OUxidize and
determine the volume of potaseium dichromute decomposed by the above pro-
cedure, 1 grum of a clean form of powdered inert (non-organic) material
such as pumice or fing sand may be included to simulate the phyrical el fect
of woil meterial on the heating process.

J.F. CALCULATIONS.

(&) VYolume of potassium dichromate ueed in oxidation.,

Let 50 ml diluted potassium dichromate sclution (O,U80 N) need & ml of
ferrous wolution in the standardizing titration

Then, the ferrous sclution is
20 x 0,2 N
A

Let this be F x 0,2 N i.e. the normality fuctor F is 20
A




vlhewt
T be the volume in ml of FPerrous solution needed (ip & determination)
to reduce the excess dichromate in 50 ml of diluted solution,
after oxidation.
Thie i8 equivalent to TP ml of 0.2 N Perrous solution

Thus, the 250 ml of diluted solution would need B TFE ml of 0,2 N ferrous
sclutien - or TF ml of 1,000 N solution,

The oxidiziong solution, originally coatasaining 20 ml of 1,0C0 N potassium
dichromate, therefore contains ufter oxidation the equivalent of TF ml,

Thue, the soil organic matter is oxidized by
(20 = TE} ml 1.000 N potassium dichromate

(b} Relation between potassium dichromuate end carbon,.

From the resulte of oxidation of varyiaog weights of EDTA, plot volumes
of 1,000 N potaesium dichromate decomposed (X ml) againet weighte of
carbon preeent (Y mg), assuming EDTA containe 32,27 per cent carbon,

Calculate the regression equation between X and Y (Y = aX + b and

prepare a table lieting weights of carbon (mg) corresponding to volumes

of potassium dichromate from 3,0 ml to 14.0 ml (x 0.1 ml). It .e useful

to provide in the table the percentage carbon figures 1n soll corresponding
to initial weights of .1, 24, J und 4 g of sample,

If there ie Y mg carbon an W g soil, the percentage carbon is

W0 Y or Y
1000 W 10 W

J.F. NOTES.

{1} For many surface soils it 18 convenient to take 1.0 g air—-dry soil,
this coverinyg & range of U.9 to 4.8 per cent carbon 1f the 1,000
N potassium dichromate used lies between 3 and 14 ml, For subsoils
and surface soils low in organic maetter, it is better to take 2, I
or 4 § #oil s0 that the volume of potassium dichromute used it ut
least 3 ml. For haghly organic eoile, 0.5 g may be t.ken but, 1f the
crganic carbon 15 greater than 10 per cent, the volume of 1.000 N
potuwasium dichromate added ainitially muet.be increased above 20 ml
und corresponding adjustments made to the volume of concentrated
sulphurac acid and to subsequent calculations. It 13 unsa.e to have

less than & ml poteesium dichromate in excess after oxidatioo of the
spil,

Becauge of the approximate naturce of thism determination, analyses on
sir-dry msoil wamples are uvsually satiefactory, But, if percentuge
carbon Figurea are required &Ln -oven—-dry #o0il, determine the adsarbed
moisture in sir-dry samples by drying 5.0C0 g in an oven at 105°C

for 16-18 hours, cooling in & desiccator and weighing, Calculate
the weirght of water (M g! mesociasted with 1LU g oven-dry eoil; then
#1ther uvwe thaie to correct the percentage carbon determined on the
air-dry sample

(thaim becomews 10 Y }
W({100 - M)



or weigh out an amount of gic~dry sample (etored 1n mm Bir-tight con=-
tainer during molgfure determinatics} containiong W g oven-dry soil,
[see Lad-J.4.(idi))

[2) In ovxidizing & batch of soile (10 or 12 ie cunvenient Por the hot
Flate specified), Bdd the concentrated sulphuric acid as quickly
as possible and place the flasks on asbestocs in a sheltered position
while thise is beiag done. Theno insvert the aealv condensers and place
all the Flaeks oo the hot plate withir one to two minutes. The hot
plate ehould be ewitched on about IO minutes before adding the acid,

{3} In the oxidation of ecil crgunic mutter it is generally eesumed
that 1.0 ml of 1.000 N potessium dichromate is equavaleat to J.00 mg
carbon, The oxidaticon is aleo reckoned to be incomplete and recovery
Figures of 85 %o 96 per cent have been reported for technigues similar
to that given above, leasding to Figures Prom 3. 3 to J.16 mg for the
carbon equivalent to 1.0 ml of 1,000 N potawsium dichromate,

In tests of the oxidation of EDTA, the FPigure of mg carbon equivalent
to 1,0 ml of 1.000 N potassium dichromate varied From 3.0 when X

{see above] wam J.0 ml to 3.4 when X wae 14.0 ml, ss compared with a
theoreticel value of 3,16,

{4] It is unwise to ¢arry oOut & "blunk™ determinstion in an Ettempt to
measure the amount of potaesium dichromste destroyed oy thermal de-
composition end o subiract this "blank™ walue Prom sn sctual deter-
mination., Although up to about O.5 ml 1,000 N potassiuvm dichromate
can be "used” in euch blank determinatione, the ssme amount is not
neceassarily destroyed during oxidation of organic matter,

f{§) Chloride destroys dichromate and saline soils may therefore give
riaw to e#vrrors. For non-toxic levels of chloride, however, these
errores are low end uvsually negligible in relaticon te the variations
between replicates found iom the determioation of organic carboa by
&8 wet oxidation process of the above type.

Orher materials which may reduce potussvium dichromate (elemental
carbon, freshly formed manganese oxides #ud Perrous iron) are normally
absent or very low in s0il samplea which huve been properly preparad
for wnalysis,

{6} Idesally, the procedure above should be compared with s standard pro-
cedure for orgenic matter, which is usually dry combustion of a soil
{carbonsete-Frae) in a stream of oxygen and mewsuremeot of the carbon
dioxide evolved by absorption 4in a suitable alkaline medium. IFf this
ig poseible, the values of carben found in & series of woile of varying
organic content mhould be related to volumes of 1.000 N potresium
dichromute used in the asbove method either by use of a Factor [if cCha
relationsghip 318 consefant) or by @ regression eguation, &8 described.

However, such & comperison with & standard procedure 18 ol Ten impowwible
or ingonvenient and the methpd described must be Judged approximale
only {like &ll mimilsar methods). Useful informatico on the validity

of the methods of calculation euggested above may be obtained by taking
varying weights of a single aoil soc that the volume of 1,000 N potsasium
dichromete used covers the range J.U $to 14.0 ml.



It is recommended that organic carbon determinations should be done
in duplicate, taking two different weighta of soil,
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111, 4., TOTAL NITROGEN

4,4, PRINCIPLE

Organic matter is oxidized by treating ecil with boiling concentrated
sulphuric acid, nitrogeno in the organic compounds being converted into
ammonium sulphate during the oxidetion; ammeonium ione in the socil are
also trapped ion the acid but nitrate and nitrite icoe are lost., (see
Note 7} Sodium or potassium sulphate is added to raise the boiling
temperature of the acid and so provide more effecTtive oxidation; and
the reaction ie catalysed by the addition of a copper sulpahte-selenium
mixture. (see Note J)

It bhae bean found that a preliminary treatment of the eoil with boiling
dilute sulphuric acid often produces higher resultes, especiaelly on clay
s0ila, Ammonium ions caen be present within the lattice etructures of
clay minerals and these ionse may not be removed by direct treatment of the
80il with concentrated sulphuric acid; wuse of dilote acid seems to break
up the clay mineral more effectively and releases the ammonium ions,

APter digestion, the mixture is made mlkaline and the released ammonia is
distilled quantitatively into dilute boric acid and titrated with
standard acid to pH 6, the boric acid not affecting the end-point.

The determination may be carried cut on either the macro or the semi-
micro scale, according to preference; or the digestion can be done on

the macro scale, the digest made to a definite volume and the distillation
carried out on the semi-micro scale, using an aliquot of the diluted
digest,

4.B. APPARATUS.

Macro-Method,

{({a) Digestion

Balance, accurate to 10 mg

Kjeldahl flaske, long neck, 500 ml or 800 ml

Dispeneing burette, 250 ml, with coarse jet.

Messuring cylinders, 50, 10U and 500 ml

Volume messure, to hpold 10 g salt-catalyst mixture,.

Kjeldahl digestion apparatus, Ffor §00 ml or 800 ml flasks, with means of
Pume dieposal (see Note 5]

Asbestos gloves

(b} Distillation

Erlenmeyer f[lasks, 350 ml

Kjeldahl distillation apparatus, to take BUO ml kjeldahl Fflasks or LUOU
ml round bottom flaeks.

Burette, B0 ml, with O.,1 ml divisions.

Semi-micro Method.

(a) Lligestion i

Balance, accurate to 1 mg

Kjeldshl Ffleske, long neck, 100 ml

Dispensing burette, B0 ml, with coArsese jet.

Measuring cylinders 10,25 and 50 ml,

¥clume measure, to hold 2 g of salt-catalyest mixture.



Kjeldahl digestion apparatus, for 100 ml fleeks, with means of fume
disposal, (sees Note 6)

Asbestos gloves

Yolumetric Fflasks, 50 ml

Funneles, 45 mm diameter

Hash bottle, plastic

ib) Distillation

Brlenmeyer fleeks, 150 ml

Pipette, 10 ml

Pipette, 5 ml, with coarse jet
Micro-distillation apparatus (e@.g. '"Markham')
Steam generator

Interval timer

Burette, 10 ml, with 0.02 ml diviwsions.

Macro Digestion plus Semi-micro Dietillation.

Apparatus given under "Macro-Method (a)" above, plus -

Volumetric Fflasks, 200 or 250 ml
Funnele, 75 mm diameter
Wash bottle, plastic

and mpparatue given under "Semli-micro Method (b)" above,
4.C, REAGENTS
Sulphuric¢ acid, conceotrated, ep.gr. 1.84, low in nitrogen

Mixed salt-catalyst
Grind 100 parte of anhydrous sodium or potassium esulphate with 10
partes of copper sulphate {CWSG4.EHgﬂ] and 1 part of eelenium (red,
precipitataed).

Capryl alcohol {cctan-3-0l)

So0dium hydroxide, 45 per cent
Dissolve 4.5 Eg sodium hydroxide in 10 litres water, Stand for a few
days to allow insoluble sodium carbonate and impuritiees to setile,
thea syphon ofFf the clear liquid into & 10-litre aspirator fitted
with a carbon dioxide trap. This solution muet not contain carbonute.

Mixed indicator
0.2 g bromocresol green and 0.1 g methyl red in 100 ml ethanol (see

Note 8)
Fiue, either, for macro-distillation =

Pumice, granulated, 6-10 mm

Boric acid, 2 per cent

Sulphuric acid or hydrochloric acid, 0,100 N
Or, Por semi-micro-distillation

Boric acid, 0.35 per cent
Sulphuric acid or hydrochloric acid, 0.010 N



4.D. PROCEDURES,

(a) Macro Digestion,

Transfer a weight of sir-dry soil (passing 0.5 mm) containing 5.00
4 oven=-dry muterial (see Note 1) to a B0OO ml or BOO ml Kjeldahl
Flask and add 50 ml water, washing down woy soil adhering to the
neck of the Fflask, Walit 30 minutes, then add about 10 g salt-
catalyst mixture (see Note J) and 35 ml concentrated sulphuric acid
and mix carefully, particularly if the soil contains calcium carbo-
nate. Ylace on the Kjeldahl digestion ampparatus and heat gently,
controlling any frothing by adjustment of hesting and sddition of

a drop of capryl alcohol, if necessary. When water has evaporated
and Ffrothing has stopped, bring the mixture to the boil, Swirl the
contents of the Flask from time to time and digest until the dark
colour has turned to green-blue and then continue Por another one
to two hours., (see Note 4} Allow the mixture to cool until crystals
begin to Form and then add 50 ml water with continuocus mixXing. See
aside to cool well.

(b) Semi-micro Digestion.

Tranaler "a weight of air-dey soil (passing a 0.5 mm sieve or Fincr)
containing 1.,U0 g oven-cry muaterial (see Note 1} to a 1UU ml Kjeldah!
Flask and add 6-10 ml water, Wait JU minutes, theo add about 2 g
salt-catalyst mixture and 6-7 ml concentrated sulphuric acid and

mix carefully. Proceed with the digestion as described :n (a)

above finally adding 10 ml water,

{e} Mucroc Distillation,

Trunefer the acid digest gquantitatively to a B00 ml Kjeldahl flask
or 1000 ml round bottom flask, using about 300 ml waler und decan-
ting from the sand fraction as much as possible, Add a FPew pieces
of grenuluted pumice and cool [eec¢ Note 6). Transfer 25 ml of 2
per cent boric acid and Q.5 ml o! mixed indicator to a 350 ml
Erlenmeyer flask and place thiws in position under the condenser of
the dietillation apparstus with the tip of the delivery tube below
the level of the liquid (adding a little water if necessary).

Four 100 ml of 45 per cent sodium hydroxide carefully down the neck
of the distillation flask to Pform a lpyer under the acid mixture.
Attach the Flask to the distallation apparatus and mix by swirling
gently. Apply moderate heat at Ffirst, then incresss the heat and
distal about 150 ml liquid into the receiving Flassk (30 to 40 minutes),
Wash dowo the delivery tube and titrate the ammonium ion with O, LU
N acid to the neutrul point of the mixed indicator (see Note &),

{d) Semi-micro Distillation

(Based on the 'Markham® upparatus])

(L} Transfer the acid digest quuntitatively to a 200 ml or 250 ml
volumetric flask, decanting from the sand fraction as much ae
possible. Mnke to volume. and mix well. Transfer 20 ml of O.%5
per cent boric scid and 0,2 ml of mixed indicator to & 150 ml
Brlenmeyer Flusk and pluce this in position under the condenser
of the distillation apparatus with the tip of the delivery tube
just above or just touching the liguid, (Iosertiun of the tube
into the boric acid is nut necessary bul may be done if desired).
Transfer 10 ml of the diluted digest to the apparatus, add 5 ml



(e}

4,E.

Let

(a)

(b}

of 45 per cent sodium hydroxide and heat with steam until
about 25-30 ml liguid has been distilled over (4-5 minutes).
Wash down the delivery tube and titrate the ammonium ion with
0,010 N acid to the mixed. indicator (eee Note 8).

(ii) After Semi-micro Digestion,

Transfer the acid digest quantitatively to & 50 ml volumetric
flask, decanting from the sand. Meke to volume and mix well,
Use 10 ml of this diluted digest For determination of ammaonium
oitrogen in the 'Markham' apparatus, as ocutlined above under

(a) (1)
Elankn.

Whichever method is used, carry out a Ffull wsnalyses without soil,
thia measuring the volume of etandard acid consumed by traces of
nitrogen in the resgents and by slight alkali spray during dietilla-
tion.,

CALCUL ATIONS .

V be the volume in ml of sBtandard sulphuric or hydrochloric acid
{(either 0.100 N or O.010 N) used for titrating the amronia ni-
trogen, after correction for the blank.

Macro-Distillaetion.,.

The acid is Q0,100 N and thuse ¥V ml corresponds to (0.l x V) milli-
equivalents of nitrogen.

Thig is present in § g oven-dry soil

Thus the 8o0il contains 2V me per 100 g nitrogen
or (0,038 x V) per cent nitrogen

Semi-microe Distillation.

The acid is 0,010 N and thus ¥V ml corresponds to (O0.01 x V)
milli-gquivulents of nitrogen.

(i) After Macro Digestion

{#) Digest diluted to 200 ml

The 10 ml aliquot of the diluted digest corresponds to 0,25
g oven-dry soil

Thus the so0il containe 4¥ me per 100 g nitrogen
or (0,056 x ¥) per cent nitrogen.

{b} Digest diluted to 250 ml

The 10 ml aliquot corresponds to 0.20 g oven-dry soil

L]
Thus the Boil containa 5V me per 100 g nitrogen
or (0.070 x V) per cent nitrogén



4.F.

(1i) After Semi-micro Digestion,

The 10 ml mliguot of the diluted digest corresponds to 0.320 g
oven-dry scil.

Thus the eoil containe EV me per 100 g nitrogen
or {(0.070 x V)] per cent nitrogen.

NOTES.

There are many variations of the Kjeldahl method Ffor totml nitrogen in
plant and animel organic material, The procedures given above may ba
modified to suit individual laboratory conditione and apparatus. Some of
the reasons for choosing ths detasils of the methods advoceted are noted
below, together with commente on pomseible alternatives.

(1}

(2)

(3)

(4)

In the Full macro metheod, 5.00 § oven-dry scil conveniently covers
nitrogen values up to about 0.6 per cent, giving titratione up to

18 ml of 0,100 ¥ acid. If the macro digestion ie Ffollowed by semi-
micro distillation, titrution values are about 7 ml or 9 ml of 0,010
N acid ([depending on the degres of dilution of the digest) for O.B
per cenot nitrogen in the soil,.

Similarly, for the Ffull semi-micro method, nitrogen velues up to

0.5 per cent in the eoil are conveniently covered, yiving titrations
up to 7 ml of 0,010 N acid.

Less soil should be taken if the nitrogen content ie more then 0.8
per cent and in this case the sample should be very finely ground,

iP poassible to pauss a 100-mesh sieve (particles smaller than 0.15 mm),
Peat and muck socils, which may contein up to 3} or 4 per cent of
nitrogen, are probably best smnalysed by macro digeetion, as the weight
of eoil for semi-micro digestion would be toc small {about 0.10-0.15
g) for accurate sampling.

Frothing is a danger with ecome soile, developing when the water has
oearly evaporated and carrying particles of soil up inte the neck
of the Kjeldahl Flask, It cen be controlled by careful hesting and
uae of capryl alcohol, If it is eerious with certain types of soil,
800 ml Kjeldahl Flasks should be used for macro digesetion.

The salt-catalyst mixture prescribed is one of the most effective;
poetassium sulphate is probably slightly better than sodium sulphate,
Mercuric oxide or mercuric esselts are sometimes used in place of
selenium but are inconvenient as the mercuric ion must be precipitarted
before distillation to prevent ammonims being treapped ws the mercury-
ammonium complex; thie precipitation ie usumlly effected ue the
sulphide and leads to objectionable odours in the distillate and
scmetimes bLlack deposits in the condenser.

Tablets containing epecified amounte of the normal catalyets and
sulphates, either singly or in combination, are obteinable and are
moat convenignt to use.

During digestion, if gus burners are used, the [flame should not come
into direct countuct with the flaek above the level of the acid maixture

Bumping is often a serious hazard with sandy scile and Finer grinding
of Buch samples 18 sdvimable. The Kjeldahl flasks may be preventad



(8}

(6)

(7]

fruoam bumping right off the Jigestion a.peratus by having an ashbestos
covered rod reeting, on the neck, juet at the sehoulder.

After digestion, the mixture sehould not be allowed to cool complete-
ly or it may solidify and then be difficult to dissolve in water.

The dieposal of the eulphur dioxide mod trioxide Fumes given off
coplously durinyg digestion is best accomplished through absorption

in wa sr or alkali,. If there ie an adequate water supply and good
acid-proof dreinage facilities, the fumea can be extracted through
e glass or lead water Filter pump. An all-.glass digestion unait

containing ao alkali trap ie also aveilable.

Wnen fume dispoeal is carried out in epecial apparatus, it is best

to evaporate off most of the water by boiliong the mixture of acil

and dilute acid until fumes just begin to appear, then the Kjeldahl
fluek can be attached to the FPume disposal apparatus end digestion
continued. Frothiong must be more rigidly controlled when jointed
all-glass unite are used and it is wise to add a Ffew drops of capryl
elcohol before attaching the Kijeldehl Fflask; bumping is also more
@@erious with these unite and soil samples must be very finely ground.

Fumes from the digestion ehould not be releused into the air, parti-
cularly in towns, because of the danger to hesalth,

Boroeilicate glams deteriorates much more rapidly if subije. ted to

the action of hot concentrated sulphuric acid and bolling a kaline
soclutions alternately. For thie resson, it is unwise and, indeed,
dangerous to use the same Kjeldahl Flasks Ffor digestion and dietilla-
tion. Thua, if apparatus is used which employs Kijeldahl flaske Ffor
dietillation, they should be marked and reserved For this opcration
only and not used for digestion aleo.

Trunsfarence of digest from one Flask to another alsc effects sepa-
ration of sand, which can be a cause of sericus bumping during Macro=
dietillaetion 1f direct heating with gaes burners ie used.

In macro-distillation, the acid liguid should not be warm cr too
coocentrated when the alkali is asdded; on mixing, the heat produced
may be sufficient to cause sudden boiling and loss of the analysis,

Nitrogen present as oitrate or nitrite is lost during the digestion by
conversion to volutile oxides of nitrogen. The amount of nitrute

and pitrite in o1l are ugually very wmall in reluticr to the total
anitrogen and they mre normally neglected in this determination.

However, if there is reason to believe nitrate plus nitrite is haigh
ancd 1t isa wished to include it in the analysie, then the digestion
procedure may be modified, Selicylic scid is added to the sulphuric
acid and the mixture hemted with the soil [without additiovn of water).
The ealicylic ucid¢ is ditrated and subseguent trewtment with sodium
thiosulphate reduces this to amino-selicylic amcid which 1e oxidized
guantitatively in the digestion,

For the macro digestion, the procedure is -

Transfer u weight of air-dry woil (pasesing C,5 mm) containing 6,00 g
oven-dry material to a 500 ml or BUD ml Kjeldahl Flask ard add 35 ml
concentrated sulphuric acid containing 2.5 per cent salicylic acid.
Mix and leave overnight, Add 6 g powdered sodium thiosulphate
{NlHSQOJ-EHQG] through a dry long-stemmed funnel wnd heat carefully



until Ffrothing has ceased, Cool, add water and ssalt-catalyst and
proceed in the normal way (4.D.(a) above)

For micro digestion adjust the guantities of sulphuric-salicylic
#r1id and sodium thiosulphate appropriestely.

(B) The relative amounts of methyl red and bromocresol green in the
mixed indicator may be altered to suit individual reaction to colour,
To the analyst's eye the colour should change from green through a
neutral grey to pink, the end-point being taken at the first appea-
rance of the pink colour.

(9] The carbon-nitrogen ratio is obteined by dividing the percentajge

of orgenic carbon (determinationm III.3) by the percentage of total
nitrogen and expressing the result to one decimal place.

4.G., REFERBNCES.
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III. 6., ©CONDUCTIVITY

5.4, PRINCIVLE.

The conductivity of a eo1l is the specific conductivity at 25°C of a
water extract obtained From a eoil and water mixture of & definite ratio.
It ip messured on & copductivity meter ([see IV,J.) and is normally re-
ported in millimhose, the value giving information on the total amount

of water soluble salte present in soil, i,e. on the degree of sslinity.

The most waeily interpretable conductivity values are those Oon R satura-
tion extract, prepared from s saturated eoil paste (sege Il.4.). It is
also useful to obtwin routine conductivity readings on soil:water mixtures
at other ratios, usually 2:5 or 1:5, separating socil as much as possible
by settling.

5.B. APPARATUS.
Items For preparation of saturated soll paste {see IT.4.)

S50il paste Filtration apparaeatus, consisting of specially designed
Buchner-type [funnels and receiving bottles, mounted in a rack with
suction control (ses Note 1)

Yacuum pump

Filter paperw, to fit funnels, 5.5 cm diameter (e.g. Whatman No &)

Balance, accurate to 0,5 g

Measuring cylinder, 50 ml - or dispensing burette, 250 or 500 ml
Wide-mouth ecrew—-cupped jars, 80-100 ml {4 ounces),
Reciprocating shaker

Conductivity meter

Conductivity cell, pipette type, for small volumes

Thermometer, covering room temperatures

Centrifuge, with 50 ml tubes {[optional)
5.C. FROCEDURH.

(n) Conductivity of saturation extract,

Prepare a saturated scil paste by one of the methods desciribed in Section
11.4, using 100-150 g s0oil. Trensfer this to the Funnel of a s0il paste
filtration apparatuas, previously fitted with filter pap2r. Apply suction
and collect the saturation extract in dry bottles (see Note 2}

Allow the extract to attain room temperature (it is coocled during suction)
snd Fill the pipette fype conductivity cell, Meausure the conductivity
value on a meter and record the temperature of the extract,

{b) Conductivity of soiliwater mixtures,

Tranafer an uppropriste weight of sir-dey soil, usually 10 or 20 g, to a
80-100 ml wide-mouth jar and a&dd 50 ml water. Screw on the lid and shaka
on & reciprocating shaker Ffor 30 'to 60 minutes., Leave For & fow hours or
overnight in order to allow the bulk of the soil to eettie - or centrifuge
sfter about two hours, if preferred. ‘

Fill the pipette type conductivity cell with the clearest portion of the



g0il :water suspension from the surface layer (the tip of the cell need
only be inserted & few millimeters - unless the liquid is clear) and
messure tre conductivity. Record the temperature of the mixture.

§.D., CALCULATIONS,

Check the conductivity cell conetant with itnndlrd solutiona of potassiun
chloride and calculaete the soil conductivity at 35 9C in micromhoe ae
given in Section IV¥.J. Divide the result by 1000 to give the eoil
conductivity in millimhos,

E.E. NOTES.

{1} For the routine preparation of saturation extracts it 18 eseential
to use the soil paste Piltrution apparatus (see FAQ Solils Bulletin
¥o 3, Section 3JE, item 1140), enabling the maximum smount of extruc:
to be cbtained from & paste. On a small escale, test-tubes (capac:it
about 25 ml) may be Pixed to the stem of a small Buchner funnel with
pressure tubing (containinyg a bole inm the side) before fitting the
funnel in @ filter Plask, #c thut the emall amount of extract ie
collected in the test=tube.

{2) It is advieable to fit a vessel containing esilica gel (eelf-.
indicating) between the filtration apperatus and the suction pump
to prevent: moiesture condensing in the pump and caueing corroseion,

(3) Saturation extracts are usually clear; if turbid at first, pour
the extract back on to the paste in the funnel and substitute & cl o
dry bottle., Occaeionally the Ffilter paper breaks; if go, repeat
the Filtration with double papers.

The volume of ssturation extract should be sufficient to enable the
conductivity cell to be waeshed through once with the extract before
filling., If thie can be done, do not waeh out the cell with water
between determinaticne, When there ie only sufficient saturstion
extract to fill the cell once, wash the cell with water and then
with either ethanol or ascetone and dry it with air,

{4] The presence of soil particles in the conductivity cell causes a
#'ight incresse in conductivity but this cannot be avolded when
soluble saltes are low, It does not detract Ffrom the usefulness of
procedure (b} me & guide to soluble salt content, Ae the salt
concentration rises, the eoil settles more effectively and the
conductivity reading becomesa more ECCurnte.

(6] 4@ noted im IV,3, the mccuracy with which it is poesible to reud
the logarithmic scale of a conductivity meter varies With the mag: .
tude of the reading. In general, scil conductivity flgures need
only be recorded with an accuracy of about 2 to 6 per cent of the
value,

(6] Relationships between conductivity values and soluble sualte wure
noted in Sections III.6 and IV,3.

(7) The direct conductivity of the saturated soil paste, as measured
in & specia&l cup (U.,5, Bureau of Soile) can be used aa a rough
guide to soluble salt percentage in the soil (see III.6.).
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ITI., 6., WATER-SOLUBLE CATIONS AND ANIONS

6.A. PRINCIFLE.

Soluble salts which may be present in soils consist mainly of the chlorides
and sulphutes of calcium, magnesium and sodium; there are ususlly small
amounts of bicarbonate and potassium; &and carbonate ia present in very
alkaline soila. This analysis is concerned with the extraction of these
cations and anions and with interpretation of the results in terms of
salts in the so0il, Chemical analysis of the water extracts is dealt with
in Section IV, methods 4 to 11,

S50il and water are mixed together in definite ratios and a clear extract
is obtained by filtration or centrifugation or a combination of the two.
Fatios of water to 'oven-dry soil of 3:1 and 5:1 by weight are commonly
used; and the saturation extract (see III.,5.) can also be prepared for
analysis. However, because of wvardiahility: in the kinde and amounts of
salte in soil, no definite procedure can be laid down for extraction,

In general, if only chlorides are present, a narrow ratio and a short
time of contact are sufficient to bring them into solution; while, if
sulphates are present, wider ratiocs and longer times of contact are ne-
cessary to ensure complete solution, particularly of calcium sulpnate

in the form of gypsum crystals, When times of contact longer than

about s8ix hours have to be used (overnight standing or shaking is often
convenient) bacterial action may affect the ionic composition and a
eterilizing agent is added.

During water extraction of soils high in soluble saslts, cation exchange
(end perhaps anion exchange) may teke place between the ions dissolved

and those attached to the Boil colloidal complex., The ionic composition
of the extract may not then be truly representative of the socluble salts
present in the soil. However, in spite of this, the analysis 3is coften
useful in giving an approximate idea of the water-soluble cations (and
anions) so that, in analyses for exchangeable cations, correcticns can

be applied for the yuantity of extracted cations derived from salts rather
than eoil (see III,8,).

The preparation of a clear extract is usually easy if the concentration
of Boluble Bsalta is moderate to high (conductivity of extract greater
than 1 or 2 millimhoe), When the concentration of salts ie low, finer
filtration media or faster centrifugation must be used. Purified barium
sulphate is sometimes helpful in clarifying sodium wmoil extracts and
pure activated carbon should be used to take out the coloar of soluble
organic matter

6.8, APPARATUS,

Balance, sccurate to 10 mg

Bottles or Erlenmeyer flaske, with rubber stoppers, 500 ml

Megasuring cylinder, 500 ml

Reciprocating or end-over-end shuker

Filter funnels or Buchner funnels, about 90 mm diameter

Filter papersa, various grades and size:

Cerumic filters, fine poroesity (e.,g. Pasteur-Chamberland, fineness "F")
Yacuum pump

Centrifuge, with 50 ml tubes, plastic

Plus apparatus For moisture determination and preparation of saturated
s0il paste and saturation extract, il required



6.C. RBAGENTS.

Barium sulphate, specially purified for soil work
Activated carbon, pure, inert to cations and anidns

6.D, PROCEDURES,

If the chemicul analysies of a saturation extract is needed, prepare this
a8 described in Section III,5, using sufficient socil to provide 25-30 ml
of extract (see Note 1),

For water extracts at other ratios, first determine the moisture content
of air-dry eoil, if this is not known, Then transfer an appropriate
weight of air-dry eoil to a 500 ml bottle or Flask and add the volume

of water needed to give the required soil iwater ratio (eee Caolculations]),
Shake mechanically For one to two hours, If gypsum is thought to be
present (rapid settling during analyses for pH or conductivity is good
evidence), allow to stand for up to six hours, with occasional additional
shaking, or allow to stand overnight after addition of a crystal of thymol
Otherwise, allow to stand for about one hour.,

Observe the degree of clarification of the supernatant liguid after
standing. If a deep, clear layer appears, Filter the extract through
Whutman No 30 or 40 papers (or similar). If only a shallow, clear layer
appears, centrifuge the extract at 2000-3000 rpm for 10-15 minutes and
filter the supernatant liquid to remove any FPragments of organ: ¢ matter,
If no clarification ensues, try Filtering the extract under suction
through the finest toughened filter pspers (e.g. Whatman No 50 or 52) or
through ceramic filters of tine porosity; or use very high speed centri-
fugation, if thie is available.

When it ie impossible to obtain a clear water estract with available
apparatus, try shaking the turbid extract with barium sulphate, followed
by filtration or centrifugation, If this does not produce a clear extract,
add thymol to the turbid liquid, stopper the flask and allow it to stand
in a cool place, Often, slow Fflocculation causes the clay particles to

settle after a few days; then decant the supernatant liquid carefully
through a Pine Ffilter paper.

If the extract is coloured, shake it with activated carbon and filter
into a dry Flask. Activated carbon is also sometimes useful in clearing
turbid extracts,

Determine the conductivity of the wuter extract and then analyse it Four
calcium, magnesium, sodium, potassium, carbonate, bicarbonate, chloride
and sulphate (as appropriate) by the methods described ‘n Section IV, a
to 11. Preserve the extract with a little thymol while these determina
tions are being done,

Yor extracts of alkaline souile it is also advieable to add, For every 25
ml of extract, one drop of sodium hexametaphusphate solution (1000 ppm)

to prevent precipitation of calcium carbonate; this does not introduce

a significant ercor into the sodium analysis,

6.E. CALCULATION,

(a) Water-soil ratios, '

Let -

M be the weight in gram of water associated with 100 gram of oven-
dry wsoil in an air-dry sample



Then, suitable weighte of air-dry socil and volumes of water Ffor extractigng
at various ratics in a 800 ml container are -

Ratio Weight of Volume
air-dry soil. of water.
Waeter to
oven-dry soil. gram ml
i 150 + 1.5 M 300 = 1.6 M
5:1 60 + D.,6 M JOO = 0.6 M
10:1 30 + Q.3 M 300 -« 0,3 M

(see Note 3)

(b} Concentrations of cations and anions in soil,

Results of analyeis of water extracts are celculated in milliequivalents
per litre. These figures are converted to milliequivalents per 100 g of
oven-dry soil by multiplying by a suitable factor, as Ffollows -

Ratio
Water to Multiplication
oven-dry soil Factor
2:1 0.3
5:1 0,5
10:1 1.0
Saturation percentege : 100 Saturation Percentage
(in saturated scil paste) 100D

{c) Concentration of gypsum in soil.

Soile containing gypsum must receive specisl treatment, by virtue of
the sparing solubility of thie salt, The presence of gyps'm is shown
not only by rapid Flocculation of clay but aleo by conductiivity values
of about 2.3 millimhos at 25°C and calcium and sulphate cuncentrations
of 30-32 millieguivalents per litre in water extracte, when othur salts
are low in amount,

Ir the asaturation extract of a gypsiferous soil, it ie likely that all

*he gypsum has not dissolved From the soil, The concentration of gypsum
in solution may be taken as equal to either the calcium or the sulphate
concentration, whichever ie lower. In more dilute extracts, more gypsum
digsolves and it is necessary to prepare extracts at ratios of 2:1, 5:1
and 10:1 and so on, increasing the ratio until the concentration ¢f either
calcium or sulphate falle below 3U-32 me per litre, It may then be assu-
med that the sulphate brought into sclution in addition to that in the
saturation extract comes entirely £rom the gy¥ypsum in the sgil, (The
additional celcium may powssibly be affected by cation exchange).



Thue,

(1)

{2)

Then,

let
A be the concentration of calcium by saturation extraction

B be the concentration of sulphate by saturation extraction

"C be the concentration of sulphate by dilute extraction
{all in milliequivalents per 100 g oven-dry socil}

if A is less than B,

Gypsum in soil = (C=B}) + A& me per 100 g

or, if B ie less than A,

Gypsum in soil = (C - B) + B =« C me per 100 g

The amount of soil needed to provide 265-30 ml of saturation
@xtract depends on its texture. Appropriate weights of air-dry
soil ara -

Loamy sands 400-600 gram
Sandy loama 250-400 gram
Loams 160-250 gram
5ilt losame and clay loams 100=-150 gram
Clays 50-100 gram

Air-dry soil should be used for water extraction because drying at
1069C may affect the salts present; .28« Bypsum, CaS0,.,2H O may

be chenged partially to CaS0,.,0.5H_0, which has a différenf solubili-
ty; ard this may affect an lnnlysau at a given ration, Iut the
analytical results should be reported on an oven-dry basis and this
involves e separate determination of air-dry moisture. Errors of
caleulation caused by changes in water of crystsllization of salts
during dryiog are normally small; Dbut they may have to be taken
into account in accurate work if gypsum is present in high amounts.

For light scile in dry atmoepheric conditions, the air-dry moisture
is low and no appreciable error is ceused if it is neglected. For
meoet @oile in humid conditionse, however, the given procedure should
be followed,

When the ionic concentrations in a water extract are expressed

in milliequivalents per litre, the sum of the cati<n concentrations
should be equel to the sum of the anion concentrarions an+ this

sum is 8leo equal to the concentration of total ealts in milli-
equivalente per litre. In praectice there is usually a slight
difference between the sum of cations mnd the sum of anions, partly
due to neglect of othee ionse present in small amounts and partly
due to analytical errors.

The ionic concentrations in milliequivelents per litre can be
converted to concentratione in milligramse per litre (parts per million
by multiplying by the appropriate ionic eyuivalent weight. Tha sum

of all such ionic concentretions (catiocne plue anions) ie the.con-
centration of totel salte in milligramse per litre,

By similar calculatione, iomic concentrations in millieguivalents
per 100 g oven-dry soil can be converted into concentraticons in



(4)

milligrams per 100 g and hence, by summation, to milligrams of
total salts per 100 g oven-dry ecil; this can be expressed as a
percentage.

Studiew have been made of the relationships in soil :water extracts
between conductivity figures ian millimhos at 259C and total sealt
concentration in the extract or in the soil., These relationships
can be used to calculate approximate salt concentrations from a
measurement of coaductivity only, mided by simple gqualitative tests
for calcium, sodium, chloride and sulphate to show the relative
amounts of these ions. The following table gives a summary of
useful data for this purpose -

Conductivity of 1 millimho at

o x i i
Ionic nature 25°C in the extract is equiva- Mean equivalent
of extract lent to a total ealt concen weight for total
tration of salts taken as

milliegyuivalent |

per litre gram per litre 4

Mainly calcium and 12,5 0,85 68

Calcium, sulphate,

saulphate

sodium & chloride 10 0,64 54

Mainly sodium and

all present

chloride 8 .48 60

is)

The derived concentrations in the water extrect can be converted
to concentrations in oven-dry eoil by means of the usual factors.

It must be remembered that such relationships are only approximate
and may feil with soils containing much magnesium or carbonate
(Erom sodium carbonate) or with soils which have been heavily
fertilized. The relationships work best with naturally saline
80iles which are not alkaline.

It is also possible to relate conductivity (or resistance) values

on saturated soil pastes to parcentages of soluble sslts in moils,
thuse removing the need for preparation and analysis of water extracts,
The measurements are made in a standard "resistance cup" (U.5. Bureau
of Soils) and converted to percentages of salts in the soi'! .by means
of tables, taking intoc account tlie texture of the soil. The method
ie uyseful in the FPield and also in the laboratory as a very rough
duide to the need for preparation of a water extract,.
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III., 7, CATION EXCHANGE CAPACITY

7.4+ GENERAL PRINCIFLE.

The cution exchange capacity of soil is traditionally determined by a
bueic two-stage process. The colloidal complex of the soil is Ffirst
saturated with a selected cation (the satureting cation), all exchangeable
cations originally essociated with the complex being removed in this
treatment (see 7.C.). Secondly, the saturating cation ie displaced
quantitatively by ancother selected cation (the replacing cation) and tha
emount displaced ie measured and expressed in terms of milliequivalents
per 10U g of oven-dry soil.

The first stage = sasturation - is effected with & solution of a salt
conteining the saturating cation buffered at a definite pH (neutral to
alkaline) to avoid secondary effects due to a change cf hydrogen ion
concentration during saturation. Acetates are often employed in con-
centrations of either 1,0 N or 0,6 N, these salts providing adegquatae
exchanging power &t buffered pH veluee and having very little solvent
action on soil organic matter or iron compounds. Soil is subjected to

a series of attacks with these sclutions; each attack consists of
tresting 1 part of e¢il wWwith 4 to 6 parts of eclution, with ehaking or
setanding, Followed by filtration or centrifugation to separate the phases
as much ae possible. The residual spil is then treated again with &
fresh portion of saturating sclution., After four or Five of such
treatmentes in succession, making & Fingel ratio of soil to socluticn of
about 1:25 or more, the soil colloidal complex ie considered to be Ffully
gaturated with the selected cation.

At this point in the determination, the scil ie wet with saturating
80lution and therefore contains saturating cation in excess of that
asspciated with tha colloide., This excese must be removed or measured,
Removal is effected by washing the soil with water or a water-ethanol
mixture (in which the saturating salt ie soluble) about three times,
taking care to avoid hydrolyeis and deflocculation of the colleids as
the salt soluticn is wasehed away. Memsurement ie possible iFf the sa-
turating sclution containa an indicator ion (chloride is suitable)
which is not absorbed by soil; then the washing process is omitted

and the dieplacement of the saturating cation is carried out as given
below, the concemntration of indicator ion in the Final solution being a
measure of the excess satursting cation (see mathod 7-4),

The eecond stage = displacement of the saturating cation = is effected
by salt solutione containing the replacing cetion which are usually of
similar concentration to the saturating solution but may have different
pH values and need not always be buffered. 4Again, the cation-saturated
8cil is subjected to a series of attacks with the replacing solution, as
in the saturation process. The successive portions of extract are
combined and made to a volume which ime 26-50 times the original weight
of soil; and this final solution ie analysed for the suturating cation
{(and For the indicator ion, iFf this ie present).

7.B. GENERAL PROCEDURES FOR SATURATION, WASHING AND REPLACHMENT.

Procedures for treating soil with' saturating, washing and replacing
solutions can be varied but two basic methods are usually followed,
depending on laboratory facilities.

Air-dry s0il is used becauee oven-drying before treatment may alter



the exchange capacity of some semplee, The air-dry moieture is determined
separately.

(1} LBACHING,
(a) APPARATUS

Balance, accurate to 10 mg

Beukers, 250 ml

Stirring rode, with rubber tips

Watch glusses, 90 mm diameter

Measuring cylinder, &0 ml

Wash bottles, plastic

Buchner Punneles, for 6.6 cm diameter filter papers
Filter papers, 5.6 cm diameter, hardened (e.g. Whatmaa No 542 or 544}
Filter flasks, 50U ml

Yacuum pump

Volumetric flaske, 250 ml

Funoele, 75 mm diameter

(b) -PROCEDUHE.

Transfer a weight of air-dry soil containing either B or 10 g of
oven-dry material (esee Note 1 and Section 1.,4-3) to a 250 m. beaker
and add 50 ml saturating eclution., Stir, cover with a watchl glasse

and leave overnight. PFix a filter paper into the Buchner Fu:.nel by
wetting and applying gentle suction; then decant the supern:tant
solution Ffrom the beaker on te it, collecting the filtrate ir a filter
flask without suction, APter the liquid has passed through, transfer
the soil to the Punnel with saturating solution and allow to drain,
Leach the soil with 25-30 ml portions of saturating solution, allowing
each portion to drain through before adding the next, until 200-30 ml
of solution hae been collected. If filtration under gravity is too
slow, apply gentle suction; but the leaching process should take at
least one hour and preferably longer. Save the liquid if exchangeable
cations are to be determined,

Wash the soil by adding %26-30 ml portions of the wash liquid, dreipning
between each addition, until s total of 75-100 ml of liquid has passed
through (see Note 2).

Transfer the well-drained soil to a 250 ml beaker with replacing so-
lution, make the volume to about B0 ml, stir, cover wit. a watch glass
and leave overnight, Decant the supernatant solution on to a filter
paper in the Buchner funnel (using a clean filter fle~k) and then
proceed as im the initial saturating procese until about 200 ml of
liquid has been collected, Trunefer this quantitatively to a 250

ml volumetric Plask and muke to 250 ml with replacing solution.

{2) SHAKING AND CENTRIFPUGING.

{a) APPARATUS.

Balance, accurate to 10 mg

Reciprocating shaker

Centrifuge, with head to take 8 or 12 tubes

Centrifuge tubes, rigid plastic, 50 ml, with rubber stoppers
{see Note 4)

Racks for centrifuge tubes

Stirring rods, tough plastic or metal

Balance for equalizing welights of centrifuge tubes



Measuring cylinder, 60 ml

Interval timer

Funnels, 75 mm diameter

Filter papers, 12.5 cm diameter (e.g. Whatman No 40 or 42
Yolumetric flasks, 200 ml.

(b} PROCEDURE.,

Transfer a weight of air-dry ecil containing 5 g of oven-dry material
(see Note 1 and Secticn I.4-3) to a 50 ml centrifuge tube and add

o6 ml saturating eolution, Prepare a batch of 8 or 12 tubes to fill
the centrifuge. Stopper the tubes, place them in a horizontal position
in a reciprocating shaker and shake for 15 minutes. Remove the
stoppera and wash the adhering s0il into the tubes with saturating
solution, balance the tubes in pairs (or bring them all to the same
weight) and centrifuge at 2000-2500 rpm for 15 minutes. Pour off the
supernatant liquid (through a filter into s 200 ml volumetric flask
if needed for determination of exchangeable cations) and add enother
JO0 ml saturuting soclution to the residual soil. Mix with a rod,
breaking up the packed soil at the bottom of the tube, and wash down
the rod with solution, Stopper, shake and centrifuge as before.
Repeat until the soil has been treated five or six times (see Note 1},

Wesh the socil in the same way, using three or four portions of 28-30
ml of washing liquid,

Finally treat the washed, saturated soil with replacing solution in
the seme way, using Five or six portions of about 30 ml each and
pouring off the supermatant liguid after each centrifugation through
a filter paper into a 200 ml volumetric Flask. Make the volume of
collected extract to 200 ml with replacing solution.

7.C. CHOICE OF METHOD.

A wide range of cations has been suggested for saturation but the most
commonly used are members of the alkali and alkalipne earth groups and
ammonium,. The primary factor to be teaken into consideration in selecting
a cation From thesee is the type of soi1l undergoing analysis; with a
range of soil types, more than one saturating solution ie usually advi-
sable for accurate work, Secondary consideratione can be tuken into
account when mora thaun one saturating sclution is suitable Ffor & parti-
cular so0il type, These are mainly -

(e} The methuod to be used For determining the saturating cation in the
presence of a large concentration of replacing salt; including
availability of suitable apparatus.

(b} The need for determination of exchangeable cations in the liguid
from the saturuting process, which can only be done if the satuo
rating cation is not pne normally present in soil as an eéxchangeable
cation (except in trace amounta),

Four different saturating cations and five solutions are suggested in

the Following methode 7-1 to 7-4, this being done to cover most normal
soil types, As & guide to choice of method, the suitability of each so-
lution for different soil types is indicated in the table below, togelher
with the advocated method for chemical analyseis of the Final extract for
the saturating cation and the possibility of estimating exchangeable
cations in the extract after saturation. The kind of predominant claey



mineral in the so0il can also affect choice of analysis and cam be taken

intu account 1Ff known.,

{see Notes on each method),

GUIDE TO METHODS OF CATION EXCHANGE CAPACITY ANALYSIS

Saturating Cation Ammonium Sodium Barium Lithi
pH of Solutaion AR R
7.0 8.2 8.0 7.0 4.2
50il Type
Acid
pH [(1:5 w/v in HEG] X X
i¢ys than &.,0
§lightly acid
to neutral. X X X
pH 6.0 to 7.5
Calcurepus, X X X
Saline andjor X X X X
grpeifercus.
Organic. X % X
more than
J per cent carbon
i
Method for Distilw Flame @rav, ppt.
Determination lation photometry | of barium Flame photometry.
of Saturating Cation sulphate.
Suitability for Bxch,
Exchangeable X Acidity X X

Catione Analyseis.

The suggested pH values and carbon percentange are approximate.,

7.0, NOTES.

1y T[o engure that the saturating cation displaces all the exchangeable

cationa,

other hand,

1t is advisable to use,
te 1 part of esoil.

on average,
Sandy s0ils low in exchange capacity may be
extracted satiefactorily at a ratio lees
clay soilse,

2% parts

than this,;
particularly organic onesa,

pf solution

but, on the
may need to be

treated at a ratio of 40:1 or 50:1 Ffor scocurate results,

S5imilar coneideratione apply to the replacement process,

added Ffactor in some cases that the Pinal concentration

Wwith the
of the

geturating cation in the replacing sclution should be convenient

For chemical sralysis.

Thus & wide ratio may not only ensure COom-

rlete replacement of the saturating cation but plso dilute 1te CoO-
centration to a level more suitable for determination,

Peat and muck soile are more difficult to

anal yae

48 Lhe cation

exchange capacity of humue is high and saturation and replacement



7aB.

{32)

(3)

(4)

(5)

(6)

(7)

are often lengthy oparatione, It ie advisable to use a wide ratio
of BO:l and carry out a duplicate determination at a wider ratio
(say 78:1) to check the effectiveness of the exchanges,

The removal of excess saturating solution may be accompanied in

the final stages by hydrolysie and deflocculation of clay. It is
imposeible to lay down & precise proucedure for all soil types and
sll saturating catione; but, in general, three treatments with the
wash ligquid should be sufficient to remove moet of the saturating
solution (eee individual msthods),

In the second stage of the leaching procedure, the washed soil may
be treated wholly on the Buchner funnel without transferring it

to a beaker for an imitial mixing with replacing sclution. IFf this
modification is adopted, plug the etem of the Buchner funnel, add
§0 ml replacing solution mnd stir it cerefully with the soil
without tearing the Filter paper., Then cover the funnel and allow
the mixture to soak overanight bhefore starting the leaching process.

Ao ordinary type centrifuge tube allows soluticon To be mixed with
the compacted soil mass (produced by centrifugation) more easily
than & narrow-necked tube, However, the large rubber stoppers
needed tend to slide out of the tubes, especially if wet. Special
racks should be made to hold the tubes and stoppers tightly together
during mechanical shaking.

The processes of ssturation, washing and replacement can be
carried out wholly by allowing the appropriate solutionse to
percolate at a steady rate through a soil sample contained in a
leaching column or a Ffritted glass crucible, Clay e0ile may have
to be mixed with sand and "channeling" may lead to incomplete
cation exchange but the method is worth coneideration for large
scale routine work.

Analytical errors are unavoidable in the determinatiorn of cation
exchange capacity, dus mainly to incomplete exchange processes,

too little or too much washing of the saturated soil and fixation
of cations by clay minerals. Results should be recorded, therefors,
only with an accuracy of about 1 per cent of the value obtained,

The method of determination of cation exchange capacity should be
reported wWwith the result since the use of different saturating
cations may lead to different figures, due to variation in cationic
size, hydration and electric charge affecting the mechaniem of
exchange. Cation exchange capacity is not necessarily an absoclute
constant for a particular soil but mey have a range of wvalues
according to the cation involved in its determination,

GENERAL REFERENCE.

Bibliography 7E9



YII. 7-1, CATION BXCHANGE CAPACITY - AMMONIUM SATURATION

7.1.A. PRINCIPLE.

S0il ie trested with 1 N ammonium acetate at pH 7.0 to saturate
the colloidal complex and the excess salt is removed with ethanol
containing B per cent water., Then the ammoanium ion is displaced
with potassium by treatment with 10 per cent potassium chloride

et pH 2.6 and Ffinally the ammonia is measured by disetillation

from alkaline solution, ebeorption in boric acid and titration
with standard acid. An alternative procedure is to omit the
displacement of ammonium ion and measure it by direct distillation
from the soil in alkaline solution,

?-1 -B- &PP&R*TUE ]
Items for treatment of soil as in 7.B. (1) or (2)
Plus, either, for macro-distillation of solution -

Pipette, 50 ml
Messuring cylinders, 26 and 500 ml

Distillation apparatus, consisting of 600 or 760 ml flasks,
spray traps and condensers

Erlenmeyer flaske, 350 ml

Burette, 25 ml with 0.1 ml divisions

or, for micro-distillation of solution =

Pipettes, 5§ and 10 ml

Pipette, 2 ml, with coarse jet

Micro-distillation apparatus (e.g. 'Markham' design)
Steam generator

Interval timer

Erlenmeyer flasks, 150 ml

Burette, 10 ml, with 0.03 ml divieions

or, for macro-distillation of soil -

Wash bottle, plastic

Measuring cylinders, 25 and 500 ml

Dietillation apparatus, conaisting of 750 ml Plaeks (or BOD ml
Kjeldahl Flasks)}, spray trape and condensers

Erlenmeyer fPlasks, 350 ml

Burette, 60 ml, with O,1 ml divisions



7=1.C.

Ammonium acetate, 1 N, pH 7,0 + 0.1
Dilute 600 ml glacial acetic acid and 750 ml concentrated
ammonia solution (sp.gr.0.91, 25 per cent NH_) to 10 litres.
If the pH is less than 6,9 or more than 7.1 idju-t with ammonia

or acetic acid,
Ethanol, 95 per cent (see Note 3)

Potassium chloride, 10 per cent, pH 2.5 *0.1
Diseolve 1000 g potassium chloride in about 9 litres water,
add 32 ml 1 N hydrochloric acid and make to 10 litres

Plue, for distillation -

Sodium hydroxide, 45 per cent
Mixed indicator

and

Pumice, granulated, 6-10 mm
Boriec acid, 2 per cent
Sulphuric acid or hydrochloric acid, 0.100 N

or, for micro-distillation -

{as given in Section III.4.C.)

7-1.D.

Saturate 5 or 10 g oven=-dry soil with ammonium ion and wash out
the excess ammonium acetate, as in 7,B. (see Note J). Then
determine the absorbed ammonium ionm by one of the two following

methods,

(a)

Treat the washed soil with portions of acid potassium chloride

as in 7,B,, collecting the extract Finally ia a 200 or 250 ml
volematric flask and adjusting to volume with replacing solution,
Determine the ammonia in this sclution by either macro-distillation

or micro=distillation =

REAGENTS.

either, for macro-distillation -

Boric acid, 0.25 per cent
Sulphuric acid or hydrochloric acid, 0,010 N

PROCEDURES

Leaching and disti]llation

(i) Macro-distillation.

Transfer 100 ml of solution to a 500 or 750 ml distilling flask
and add 250 ml water and granulated pumice. Pour 20 ml of 45
per cent sodium hydroxide down the side of the flask to Fform

a layer underneath the solution, connect to the distillation
apparatus and mix, Distil into 25 ml of 2 per cent boric acid
containing 0.5 ml of mixed indicator, previously placed undar
the condenser. Collect 150 ml of distillate and titrate with
0.100 N acid to the neutral point of the indicator., (eee III.4.D.(b))




(ii) Micro-dietillation,

Tranefer 10 ml of solution (or 5 ml of solution plus 5 ml
water for high cation exchange capacities) to a micro=-
diestillation apparatus, add 2 ml of 45 per cent sodium
hydroxide and distil with steam into 20 ml of 0.25 per
cent boric acid contaiming 0.2 ml mixed indicator, pre-
viousely placed under the condenser, Collect 25=30 ml

of dietillate and titrate with 0,010 N acid to the neutral
point of the indicator., (see III.4.D.(c})

(b) Direct distillation,

Tranefer the washed, ammonium-saturated soil and filter paper

(if used) quantitatively to a 750 ml distillation Flask or BOO

ml Kjeldahl Flask &nd make the liquid volume to about 360 ml,

Add a little granulated pumice, pour 25 ml of 45 per cent sodium
hydroxide down the side of theflask to form a layer underneath
the solution, connect to the dietillation apparatus and mix,
Dietil into 25 ml of 2 per cent boric acid containing 0,5 ml of
mixed indicator, previously placed under the condenser. Collect
200 ml of distillate and titrate with 0,100 N acid te the neutral
point of the indicator, (see Note 2)

Whichever distillation method is used, carry out a blank distillation
on & similar volume of liquid and measure the amount of acid consumed,

7-1.B. CALCULATIONS.

Let
D be the weight in gram of oven -dry eoil in the weight of
air-dry esoil taken for anelysis (see Section I.4-3,)

¥ be the total volume in ml of the Final solution containing
the ammonium ion (from D g oven -dry soil)

T be the volume in ml of standard acid (either O.,100 N or
0.010 N) used for titrating the ammonia nitrogen, after
correction for the blank

{a) (1) Macro-distillation of solution containing ammonium ion,

100 ml is distilled and the ammonie nitrogen 1s titrated with
0,100 N acid

Then, 100 ml ammonium solution conteine (0,1 x T) milliequivalents
cation

Thus, ¥ ml contains Q,1 TV milliequivalents {= TV }
100 1550
and thie is the cation exchange cupacity of D g oven=dry soil

Thue, cation exchange capacity = TV millieguivalents per 100 g
10 D



{(a) (1i) Micro-dietillation of solution containing ammonium ion.

The ammonia nitrogen is titrated with C.010 N acid
IF 10 ml1 ammonium solution ie dietilled,

Vml containe 0,01 TV milliequivalents (= TV )
10 1000

Thue, caticn exchange capacity = TV milliequivalents per 100 g
(as above) 10 5

If 6§ ml ammonium solution ie dietilled,

cation exchange capacity = TV milliequivalents per 100 g

(b} Direct dietillation of soil

The ammonia nitrogen is titrated with 0,100 N acid
Thus, D g oven .=dry escil contains (0.1 x T} millieguivalents cation

i,e, cation exchange capacity = 10 T milliequivalents per 1CO g
D

7-1,F., ROTBS

(1) The ammonium acetate method has been used a great deal Ffor
cation exchenge capacity determinations but it is really only
suited to neutral and non-calcarecus soils, since diesplacement
of hydrogen ione from acid scils may be incomplete and calcium
and magneasium carbonates dissclve to & large extent inm ammonium
acetate at pH 7, the presence of calcium and magnesium ions
in the saturating solution tending to interfere with the collaoids-
ammonium exchange. JThe method may =lso give low resulte if
the soil contains predominantly l:1 type clay minerals (kaolinitig
or much organic matter. For nearly neutral, non-calcareous soils
containing mainly S2:1 type clay minerals (montmorillomitic) and
moderate amounte of organic matter, the method hae the advantage
of providing in the first saturation etage an extract in which
exchangeable cations can be essily determined. (aee III.B=1).
Bxtraction with ammonium acetate is aleo a reliable method for
determination of cation exchange capacity in acid soile if it is
combined with another method for measurement of exchange acidity.
The exchangeable calcium, magneeium sodium and potassium (and
perhape manganese)are determined in the ammonium acetate extract
and exchange acidity (exchengeable hydrogen plus exchangeable
aluminium) is determined with 1 N potassium chloride or barium
chloride-triethanclamine (see III.14.), The msum of all the
exchangeable cations then gives a good estimate of cation ex-
change capacity,



(2) The direct dietillation of moil with sodium hydroxide may
lead to partial breakdown of organic matter, thus intro-
ducing & poesibles error with most surface epilse. Also,
if the cation exchange capacity ie large, the Final titra-
tion will be large if 10 g soil ie present (capacity value
same as titration)}, Thus, Ffor direct distillation of heavy
clay soile, mainly montmorillonitic, it ime batter to take
5 g soil Por analysis.

(3) The ethanol-water should be neutral in reaction and it maey
be purified from organic acids by distillestion after adding
calcium hydroxide. pH tests with a metoer or indicator are
unreliable,

In the washing process, the third portion of extract may be
teated Ffor ammonium ion with Nessler's reasgent as a guite

to the efficacy of the washing. After washing, do not allow
the soill to dry out as thie may cause loas oFf absorbed ammonia.

{4} Preparation of ammonium acetate from the salt is ebout twice
a8 gXpéensive and the reagent may be less pure, It is con-
venient to use reagents in the distillation as prepared for
determination of total nitrogen,

'9-1,6, RBFERENCES.
BLACK. Chapter 57, Section §7-13, (H.D. CHAPMAN)
CHAPMAN and PRATT, Chapter 1, Sectione 1-17 and 1-22,

JACKSON , Chapter 4, Sections 4-25 to 4-28,



I1I, 7-2. CATION EXCHANGE CAPACITY - SODIUM SATURATION

7-3.A. PRINCIPLE.

Suturation of the soil colloidal complex is effected with 1 N sodium
acetate at pH B.2 and the excesms sualt is removed with ethanol contair
6 per cent water, as in method 7-1. Then the sodium is replaced by
ammonium, udeing 1 N ammonium acetute at pH 7,0 and the sodium is dets
mined in the final solutiom, after dilution, by Fflame photometry.

7=2,B. APPARATUS.
Items for treatment of soil ae in 7.B. (2) (see Note 1)
Plus, for the determination of sodium =

Pipettes, 5 and 10 ml
Yolumetric flasks, 250 ml
Flame photometer, with sodium filter

7-2.C. REAGENTS,

Sodium acetusute, 1 N, pH 8.2 - 0.1
Dissolve 1360 g sodium acetate, (CH_.CUONa,3JH,O0) to 10 litres.
Adjust to pH 8.2 with 1 N sodium hy#roxide - 8bout 4-5 ml.

Ethanol, 96 per cent

Ammonium acetate, 1 N, pH 7.0
Prepare as given in 7-1,C

Sodium standard solutions for flame photometry -

{a] Stock solution containing 50 milliequivalente per litre ino wa
Dissolve 1.4612 g dry sodium chloride to 500 ml

{b) Working standards containing 0.1, 0.2, 0.3, 0.4 snd 0.5
milliequivalents per litre in 0,04 N ammooium acetate
Dilute 2, 4, 6, 8 and 1U ml of etock solution to 1 litre eoa
after incorporating in each soluticon 40 ml 1L N ammonium ace

7=0,D, PROCEVDURE .

Use procedure 7.,B.(2) to saturate 5 g§ oven-dry soil with sodium, was
out the excess sodium acetate with 95 per cent ethaool and finally p
pare 2.0 ml of 1 N ammonium acetate caontaining the absorbed sodium,
{eee Notes 1, 2 and 3}. Prepare a batch of such solutions,

Dilute 10 ml of each of these ammonium acetate solutions to 25U ml »
water. Calibrate the flame photometer with the sodium working stande
over the range O to U.5 milliequivaiente per litre., (eee Note 4] 1
determine the escale readings Ffour the diluted extracts. IF any readi
are higher than 0.5, dilute 5 ml of the appropriate soil extracte ar
5 ml ammonium acetate replacing solution to 250 ml with water.
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CALCULATIONS.

be the concentration in millieguivalents per litre of sodium
in the diluted extract, from the calibration graph

for the noemal diluticon of 1 to 25, the concentration of sodium
¢ 1 N ummooium acetate extract is 26 A milliequivalents per litre,.

200 ml of this extract is prepared from 5 g soil, 25 A me of sodium
esent in 25 g soil.

the cation exchange capacity 1is
100 A milliequivalente per 100 g oven-dry soil
dilution of 1 to 50, the cation exchange capacity is
200 A milliequivalenots per 100 g oven-dry soil

he general cuse, when D g oven-dry material is present in 5§ g of
ry 80il {or near this) taken Ffor anelysis, the above expressions
e, respectively -

500 A and 1000 A
b D

NOTES.

Thie method has been developed particularly for saline and saline-
ulkaline soils and those containing calcium and magnesium carbonates,
which are not dissolved to any great extent by the saturating
seolution. Shuaking and centrifuging is advocated for the so0il treat-
ment because sodium soils mey leach ruther alowly.

The original method recommends leaching to 100 ml only, using 4 or

&t g soil initislly, depending on texture. This may be sufficient
for sandy soils but in general and especially for clay soils, leach-
ing to 200 ml ies safer.

Only three washings with ethanol are advocated in the original
method, which also states that the epecific cooductivity of the
ethancl Ffrom the third washing should be less than 40 micromhos.

Moet Flame photometers operate satisfuctorily with sodium solutions
contuining up to ©.5 millieguivalents per litre (ll.5 ppm). Other
ranges may be used 1f more convenient, with appropriate adjustments
to the degree of dilution of the [inal extract.

With the method advocated and 25 times dilution, cation exchange
capacity values up to 50 milliequivalents per 100 g are covered.

REFERENCES.

3 Chapter 57, Section 57-3. (N.D,CHAPMAN}
AN and PRATT. Chapter 1, Section 1-23.

OXN . Chapter 4, Bections 4=-23 and 4-24,

RD3. Chapter 6, Methed 19,



III, 7=3, CATIOR EXCHANGE GAPACITY - BARIUM SATURATION

The saturating solution is Q.5 N barium chloride buffered at pH 8.0
with triethanclamine inetead of using the acetute., Barium chloride
alone ie used at the end of the saturating astage and the excess barium
salt is washed out with water, hydrolysis and deflocculatioa of clay
being less troublesome with a barium-saturated soil,

Barium is Ffinally displaced by treatment with 1 N ammonoium chloride at
pH 8.0 and determined gravimetrically as sulphate, The precipitation
of barium sulphate is carried out in homogeneous solution, the sulphate
ion being generated by hydrolysis of sulphamic acid in hot solution -

+ + a-
HH=H$03 + Hgﬂ = NH4 +« H + 80
This method, particularly in the preeence of ammonium chloride, produces
a coarsely cryetalline precipitste which filters easily,

?"3‘-3- JBIPP.J‘.R.I‘IETUS.
Items for treatment of ecil as in 7.B, (1) or (2)
Flus, for the determination of barium =

Pipette, B0 ml and graduated pipette, 5 ml, with 0,08 ml divieions
Measuring cylinder, 100 ml

Beakers, 250 ml

Water bath

Glass rods, fitted with rubber.'policement?

Wash bottle, gless, For hot water

Drying oven

Muffle Furnace

Desiccator

Analytical balance, accurute to O,1 mg

And, either =

Funnels, 75 mm diameter
Filter papers, 11.0 cm diameter, (e.g. Whatman No 42)
Crucibles, porcelain or ailica, 32 mm diameter

or -

Filter crucibles, porcelain op silica, fine porosity (eee Note 4)
Filter flaske, with adaptera For crucibles
Yacuum pump

7-=3.,C. REAGENTS,

Barium chloride, 0,6 N, buffered at pH 8.0 2 0.1 with approximately
0,068 N triethanolamine

Dissolve 610 g barium chloride (BaCl_,.2H_ U] toc about 5 litres,

In a separate vessel, dilute 70 ml tgiatﬂannlaminn (7.8 = 8,0 N} to

about JOO ml and add 240 ml I N hydrochloric acid.

Mix the two solutions and make to 10 litres, Check the pH and adjust

if necessary with triethanolamine ({(diluted) or hydrochloric acid.

Protect the solution from carbon dioxide,



Barium chloride, O.1 N
Dissolve 61 g barium chloride {BaCln.EHEO} to 6 litres

Ammonium chloride, 1N, pH 8,0 % 0,1

Dissolve 636 g ammonium chloride to nearly 10 litres, add 100 ml
B N ammonia soluticn and make to 10 litres, Check the pH value,

Hydrochloric acid, 5 N
Sulphamic acid

7-3,D. PROCEDURE.

Saturate § or 10 g oven-dry soil with barium chloride = triethanclamine
solution as in 7,B, (see Note 2). Then trest the soil with three or
four lotas of 26=-30 ml O,1 N barium chloride, Ffollowed by three or Four
lota of 25-30 ml water, Finally displace the barium with ammonium
chloride, preparing 200 or 250 ml soluticn.

Tranefer 50 ml of final sclution to & 250 ml beaker, make the volume to
100-125 ml with water and add 1,6 mlsN hydrochloric acid. Add 1 g sul-
phamic acid and heat on a water bath, continuing the heating for 30
minutes after the precipitate begins to appear. Filter the barium
sulphate immediately through a fine Pilter paper or a Filtering crucible

(see Note 4}, wash with hot water and treat the precipitate finally as
discribed in Section IV,11=1.

7=3,B, CALCULATION

Let

D be the weight in gram of oven-dry scil in the weight of air-dry
80il taken for analysis (see Section T.4=3,}

¥ be the total volume in ml of the Pinal solution containing the
barium ion (Ffrom D g oven-=dry soil)

W Dbe the weight in gram of barium sulphate from 50 ml of the
final soluticn

1l gram barium sulphate = B.567 milliequivalents

Thus, 50 ml finel solution contains (8,567 X W) millieguiva.ents barium

Therefore V ml containe

E;%gz_ﬂi milliequivalents
and the cation exchange capacity is B,567 WV . 50
&0 #]

- 17.;34 WY milliequivalents per 100U g oven-—dry soil

7-3,F. NOTES

{1] Thise method is suited to all types of soils except those containing

soluble sulphates in moderate to high amounte “{particularly as
g¥psum) because of removal of barium Ffrom sclution as barium sulphate
during treatment, It 1e superior to ammonium acetate saturation Ffor
organic scile and those containing 1!1 type clay minerale; and since
calcium and magnesium carbonates becume coated with insoluble barium



carbonate and so do not dissolve, the method is particularly suitable
for calcareous spils,

(2) The Pirst extract with buffered barium chloride may be analysed
for exchanjeable cations if desired, although the presence of a
high concentration of barium is a disudvantage. For acid soils,
the Pfirat extract may be used in the determination of exchange
acidity (see III,.14.,) but in thie case it is preferable to use
procedure 7.B,.(l) with 10 g soil for the saturation of the soil
with barium,

{3) In the original method, 5 per cent calicum chloride at pH 8.0 is
" used to dieplace barium after saturaticon. The precipitation of
barium aulphate in the presence of high amounts of calecium (eyen
in homogeneous solution) is liable to be affected by co-precipita+
tion of celcium sulphate. Thus ammonium chloride at pH §.0 iy
preferred,

{4) Porcelesin or silica crucibles with porous bases are preferatle
to filter papers, as there ie no danger from reduction of sulphate
by carbon from the paper during ignition, (see IV.11-1.)

{(s) For the normal range of cation exchange capacity values, a 50 ml
aliquot of the Final eclution provides an amount of barium within
the optimum range for accurate gravimetric determination, (see IV,
Il=I.} For sandy eoils extracted at a ratio of 1:50, an aligquot of
75 or 100 ml might be better, increasing the emount of & N hydro-
chloric acid to 1,75 or 2.0 ml respectively. The calculation also
needs adjustment,

7-3.G. REFERBYCES.,

BLACK. Chapter 59, Section 59-3, (M., PEECH)
CHAPMAN and PRATT. Chapter 1, Sections 1-1% and 1-20,
WILSON ., Vol, I.A, Chapter ¥I, (S.e. - L. Gordon]

Vol, I.C, Chapter IX, (2.c. Barium, (a] - H, THOMAS])



I1T, 7-4, CATION EXCHANGE CAPACITY - LITHIUM SATURATION

7=4.4, PRINCIFPLE

The saturating solution containg lithium at 0,6 N concentration, partly
a3 the acetate at O.1 N for buffering and partly as the chloride at

Uu4d N to act ae an indicator ion, so that the intermediate washing atage
for removal of excess saturating salt can be omitted. The solution is
buffered either at pH B,.2 for extraction of alkaline and calcareous

soils or at pH 7.0 For the extraction of acid, neutrel and non-calcarecus
soils, (see Note 1)

After saturation, the lithium atteched to the colloidal complex is
displaced by 0.2 N calcium acetate solution, buffered at the same pH
value as the saturating eolution, this process aleso removing the excess
lithium saltes, The Ffinal eclution is analysed for lithium by flame
photometry and For chloride by titraetion with mercurine nitrate.

?-4-31 ﬂPPﬁRATUS!

Itema Ffor treatment of eoil as in 7,B (2}
Plus, for the determination of lithium =

Pipette, 10 ml
¥olumetric flaska, 50 ml
Fleme photometer, with lithium Filter

and, for the determination of chloride =

Pipettes, 10 and 20 ml

BErlenmeyer flasks, 250 ml

Measuring cylinder, BEOQO ml

Graduated pipette, 1 ml

Burette, 25 ml, with 0,05 ml divisione

and in wddition, For checking saturating eoclutions -
Volumetric flasks, 100 and 200 ml
7-4.C. REAGENTS,

Lithium saturating solutions =
Add 170 g anhydrous lithium chloride elowly to about 2 litres water.
Cool and dilute to about B litres. Dissolve in thie 102 g lithium
acetute {CHECDULi.EHEG} and finally make to 10 litres,

Adjust 10 pH B.2 with U.1 N lithium hydroxide or to pH 7.0 with
1 N scecic acid, Lithium swlts tend to vary in purity but only a Few
ml of each of these adjusting solutions should be needed.

Uetermine the exact concentration of lithium and chloride. (see
procedure])

Calcium acetate replacing solutigns =
Dissolve 176 g calcium acetate {{CHJCDG}QCa.HgG} to 10 litres

Flhe pH 18 usually near 8.2: adjust to pH 8,2 (if necessary) with 1 N
acetic acid or Preshly made saturated calcium hydroxide - or to pH 7.0
with 1 N acetic acid.



Lithium standard sclutione for frame photometry -

{(a} Stock eclution containiong 100 millieguivalents per litre in water
Dissclve about 4,3 g anhydrous lithium chloride to 1 litre,
Titrate 5 ml with 0,020 N mercuric nitrate to determine the
concentration of chloride (ses Sectiom IV,10) and dilute to
0,100 N exactly,

{b) Working standarde containing 1, 2, 3, 4, 6 and 8 milliequivalents
per litre in 0,04 N calcium acetate,
Dilute 6, 10, 18, 20, 30 and 40 ml of stock solution to SUU ml
each, -after incorporating in each sclution 100 ml O,2 K calcium
acetate,

Sclutions for determination of chloride =

Nitric acid, 0.5 N
Mercuric nitrate, 0.020 N
Prepare as described in IV,10.
Diphenylcarbazone
O.5 per cent in ethanol

7-4.D., PROCEDURES.

Use procedure 7.,3,(2} -~ (see Note 2) - to saturate 5 g oven-dry soil with
lithium, collecting the extract in a 200 ml volumetric Fflask iPf exchange-
able cations analysis is required, After saturation, remove the

@xcess saturating eolution and replace the absorbed lithium by treatment
With celegiom acetate, aleo as in 7,B.(3), collecting 20U ml of extract,

{(a) Determination of total lithium,

Dilute 10 ml calcium acetate extract to 60 ml with water, Calibrate
the flame photometer with the lithium working standards containang

2, 4, & and 8 milliequivalents per litre, using 0,04 N calcium acetnate
ae 8 blank sclution; then obtain readings Por the diluted extracts.
IP readinge are obtained indicating less than 4 millieguivalents per
litre, recalibrate fhe flame photometer with lithium working standards
containing 1, 2, J and 4 milliequivalents per litre and obtain new
readings FPor the diluted extracte. (see Note 3]

{t) Determination of chloride, to measure excess lithium,

Tranafer 30 ml calcium mcetavte extract to a 250 ml Brlenmeyer flask |
and dilute to BO ml, Add 10 ml O.6 N nitric acid and 0,5 ml diphenyl-
carbazone indicator., Titrate with 0,020 N mercuric nitrate tg the Firset
permanent pink-violet tinge. (eee Note 4)

{c] Determination of the lithiumichloride ratio in the saturating
solution,

Dilute 10 ml of waturating eolution to 100 ml with water; then dilute
10 ml of the resulting sclution to 100 ml after adding 20 ml 0.3 N
calcium acetate. Calibrate the flame photometer over the range O-§
milliequivalents lithium per litre [see above) 2nd ohtain a resding for
the diluted saturatinyg solution.

Dilute 13U ml of saturating solution to 200 ml with water, Transfer

20 ml to a 250 ml EBrlenmeyer Flask, aid 90 ml 0,3 N calcium acetate

and 10 ml water, Add 10 ml U,5 N nitric acid and 0,5 ml diphenylcarba-
zone and titrate with 0,020 N mercuric nitrate to the firet permanent
pink=violet tinge. (eee Note 4)



7=4,8. CALCULATIONS.

{a) Total lithium,

Let
A be the concentration im millieqguivalents per litre of lithium

in the diluted calcium acetate extract, from the calibretion
graph.

Then, the concentration in the 0,2 N calcium acetate extract is
. § A milliequivalents per litre

(b} Chloride,

Let
T be the volume in ml of O0.030 N mercuric nitrate used For titrating
20 ml calcium acetsate extract, after correction Ffor the blank

Then, 20 ml extract containe (T x 0,02) milliequivalente chloride

Therefore the concentration is

T milliequivalents per litre

(c)] Lithium:chloride ratios

Let

B be the conentration in milliequivalsots per litre of lithium
in the diluted saturating eclution, from the celibration graph,

Then, the concentration of lithium in the saturating soluticn is
1U0 B milliequivalents per litre
Let
¥ be the volume in ml of Q,020 N mercuric nitrate used For titrating
20 ml diluted saturating solution
Then, the concentration of chloride in the saturating solution is

20 ¥ milliequivalents per litre

Thus, the ratio of lithium to chloride is 100 B
0 ¥

where B is near 5 and V is near 20
Let this ratioc be R (near 1.25}

{d) Caticn exchange capacity.

The concentration of excess lithium in the calcium acetate extract is
RT milliequivalents per litre

Thus, the concentration of lithium associated with the colloidal complex
of the soil is

{5 A = RT) milliequivalents per litre



Since 5 g s0il is extracted to 200 ml, the cation exchange capacity ise
4(5 A - RT) milliequivalents per 100 g oven-dry soil

When D g oven-dry soil (near 5 g} is taken, the cation exchange c.paciéy
is

20 (5 A = RT)
D

milliegquivalentas per 10U g

7=4.,F, NOTES.

{1) This method, with extraction at pH 8.2, has been developed Ffor
saline and calcareous soils but can be employed on all types ¢
s0ils by adjustment of pH of the saturating and replacing sclutions.
The uese of pH 8,2 solutions could be restricted to soile having
pH values (1:5 w/v in water) of 7.6 and above; while pH 7.0 solu-
tions could be used Ffor all soils up to pH 7.5.

(2) Shaking and centrifuging ie preferred as lithium-saturated scils
may leach rather elowly, Also, since lithium is a weak exchanging
ion, a series of mechanical shakings is more eflfective,

The firat extract can be used for determination of exchangeabls
cations (eee I1II.B8-2,),

(3) Recommended ranges Ffor the Flame photometric determination of
lithium are usually less than that given above but the range
suggested is satisfactory, although there is not a linear
relation between wscale readings and concentration of lithium,
Calibration over two runges is advised so that the most accurate
readings can be taken,

In the preparation of standard lithium solutione, the calcium
acetate incorporated should really be of the same pH value as ia
used in the soil treatment, necessitating two sets of standards,
However, in practice, one set of standards, made with either calcium
acetate sclution, is sufficient,

(4) It is advissble to prepare a colour standard For the chloride
titration and at the same time estimate a blank value by titrating
10 ml 0,020 N magnesium chloride with 0.020 N mercuric nitrate,
Wwith and without the addition of 20 ml 0.2 N calcium acetate. (sew
IV.10.) The titration value in the presence of calcium acetate less
the titration value without it is a blank to be subtracted Fram each
determination. It may be necessary to carry out cother blank deter-
minationa with different quantities of 0.020 N magnesium chloride
{near those found for chloride in determinations).

The amount of 0,5 N nitric acid added to the calcium scetate anl-i-
tions Adjustsa the acidity to A level providing a sharp end-poLin.: to
the titration.

¥=4,5., REFERENCE,

YAALON, ({Journal paper}




III, 8. BEBXCHANGEABLE CATIONS,

8.A. GENERAL PRINCIPLES,

As noted in Section III.7, the extructs prepared during the saturation
process in cation exchange capacity analysee contain the exchangeable
cations of the soils, consisting mainly of calcium, magnesium, sodium and
potessium, with sodium in larger amounts from saline suviiw &._ hydrogen
and alumioium in addition Ffrom acid soils, When the ammonium ign or
lithium is used to saturate soiles, the extracts are suitsble (with some
exceptions, noted below] for the determin.tion of calcium, magnesium,
sodium and potassium by methods based on Sections IV,4 to IV.7 and ana-
lyses are normally restricted to these four cations., However, exchangeable
manganese may be determined in the neutral emmonium acetate extract.

(see III,16.} Special alternative methods are usually used to measure
exchangeable hydrogen and aluminium in acid soils (see III,.l14,).

The determination of exchangeable cations is satraight forward when the

s0il contains only very small amounts of water soluble salts of the

cations concerned. But extracts of saline socils contain calcium, magnesium,
sodium and potassium from the salts deposited in the soils and allowance

has to be made for the umounts of these dissolved in the extraction process,
It is virtually impossible to wash out the soluble ssults without disturbing
the relative proportions of the exchangeable catione; thus, extractions
With ammonium acetate or lithium chloride = acetate are carried out in the
normal way and separate determinations of water soluble cations are done
{eee III.6.)., However, it is uncertain what is the most suitable soil:
Water ratio to use in determining the water soluble salts; some advocate
the saturation extract and some one part of socil to two parts of water. .
When saline soils are neutral or alkaline, it is possible to check analyses
partially from the fact that the sum of the exchangeable cations should be
nearly equal to the cation exchange capacity., But analyses for exchange~
able cations in saline Boils are never very accurate and can only be an
approximate guide to the cation situation in the soil which is complex and
‘ever=changing.,

Ammonium acetate at pH 7.0 dissolves considerable amounts of calcium

and magnesium carbonates under the prolonged treatment in the extragtion
procedure and this solution cannot therefore be used for csicareous soils,
The lithium extracting solution at pH 8.2 is, however, suitable., It is
probable that the full analysis of calcareous scils for ex :angeable
calcium, magnesium, sodium and potassium is unnecessary in most cuases,
eince it muay be assumed that the exchange complex is predominantly
asgociated with calcium « or with calcium and magnesium in dolomitic

areas = and an analysir for sodium and potassium (plus cation exchange
capacity) may be sufficienu.

Wheén a soil is both calcareous and saline, the lithium extracting solution
can be used For determining exchangeable plus water soluble cationas., Water
#xtracte must aleo be made and analysed And it ie useful to determine the
cation exchange capacity so that the appropriate soll:water ratio can be
found, as indicated above.

E,B, PROCEDUXES FUOR PREPARATION OF EXTRACTS.

Follow the procedures given in III,7.B,(l) or (2) to make 250 ml of
ammonium acetate extract from a weight of 2 mm air-dry soil eguivulent

to 5,0 g oven-dry socil., Follow the procedure given in III,.7.B.(2) to make
200 ml of lithium chloride - acetate extract, also from the equivalent

of 5.0 g oven-dry so0il, These ratios are suitable for most cultivated



B.C,

8.D.

soile but they may need to be widened for soils containing high amounts
of organic matter, which often have a correspondingly high concentration
of exchangeable cations., When these are analysed, reduce the weight of
oven-dry eoil (equivalent) to 2,5 g, ueing soil material ground to pass
a 0,5 mm sieve, Very sandy soile with cation exchange capacity values
less than 10 milliequivalents per 100 g oven-dry soil may be extracted
With ammonium acetat® using the eguivalent of 10 8 oven-dry soil; but
thie ie inadvieable for the lithium extraction method,

GENBRAL NOTES,

(1) The uncertainties and variabilities associmted with exchangeable
caticn analyeis make it unwise to record results with greater
accuracy than 0,1-0,3 milliequivalents per 100 g oven-dry soil.
Since end-pointe in titrationms with 0,020 N EDTA can only be judged
to about one drop (0,05 ml), thie Ffits the advocated degree of
accuracy; because, if one~tenth of the prepared extract ie taken
for titration (ae advised in the following procedures), one drop
EDTA corresponds to 0.2 milliequivalents of exchangeable cation
(calcium or magnesium) per 100 g soil when 5 g soil is extracted
(or to O,1 me when 10 g soil is taken - or to O.,4 me when 3.6 g
soil is taken)

Although, in the absence of major interferences, sodium and potassium
can be determined by emisseion Fflame photometry over the range

O = .2.6 milliequivalente per 100 g oven-dry scil to the nearest
0.01-0,02 me, it ie usually unnecessary to aim at this accuracy
when the figures are merely wanted for comparison (and summation)
with calcium and magnesium Figures which are normally much larger.
In this case, interferences can often be neglected., IFf, however,
these results are required for conversion to parts per million to
assess availability (particularly of potaesium), then interferences
must be studied and an accuracy of 0,01 me per 100 g (4 ppm K in =
80il) approached. (see III,13-1,)

{2) The need for "correction™ of exchangeable cation values for water
eoluble cations may be judged conveniently from conductivity
measurements on soil water extracts or suspensions prepared Ffor pH
determinationse, Thue, if & 1:5 suspension has a conductivity greater
than O.,1 millimho, this means that the soil contains more than about
0.6 milliequivalents per 100 g soil of water soluble cations, Then,
in accurate work, a water extract must be made and analysed; " but
this ie often difficult if the concentration of water soluble cations
doees not exceed about 5 me per 100 g and sodium predominates., In
these cases, it ie often impossible (particularly with limitecd
equipment) to produce reliable results For true exchangeable cations,

GENBERAL REFERENCES,

BLﬁ¢K¢ chlpt.l" 541 {'c'I. RICH.]
Chapter 68, (W.R. HEALD)
Chapter 71, Section 71=3, |}
Chapter 72, Section 72=3. ) (P.F. PRATT)

CHAPY AN and PRATT, Chapter 23, Sectione 23J=1 and 23-=-2,

JACKSON ., Chapter 6,
Chapter 18, Sections 18-24 and 18-25,

See alwo the references given Por Sections IV.4, IV.6, IV.6 and 1IV.7,



III, 8-1, BXCHANGEABLE CATIONS - AMMONIUM ACBTATE EXTRACTION

B-1.A, PRINCIPLES.

Calcium plue magnesium may normally be determined in ammonium acetate
extracte of soile by direct titration with BDTA according to the principles
outlined in Section IV.4.,A., The presence of the ammonium acetute does not
interfere with the titration if thie is carried out by the procedure
advocated below; and the amount of organic matter dissolved is usually

too emall to affect the colour change of the indicator,

Similarly, calcium alone may be determined by direct titration with EDTA
according to the principles outlined in Section IV.5,A.

Sodium and potaesium can aleo be determined by direct flame photometry in
the soil extracte, ueing standarde made up in neutral 1 N ammonium acetate,
The main interference effects (calcium on sodium and sodium on potassium)
may be studied as described in Section IV.6.,U,(a) = in the presence of
ammonium acetate - and appropriate measures taken to eliminate them or
correct the resulte, if accurate analyees are required, (see III,8,C,(I)

The determination of exchanyeable managanese in ammonium acetate extracts
is described in Section III,16-3,

8-1.B., APPARATUS,

Apparatue for the determination of calcium plue magnosium, calcium, sodium
and potassium, as given in Sectione IV.4.B., IV.5.B., IV.6.B, and IV,.7.B

8-1.C. REAGENTS.

Reagentes for the determination of calcium plue magnesium and calcium only,
as given in Sectione IV,4.C. and IV,.5.C,

Plus, for sodium =

Sodium chloride, 0,050 N
Dissolve 1,4612 g dry sodium chloride to 500 ml

Ammonium acetate, 2 N, pH 7,0 % 0,1
Dilute 600 ml glacial acetic acid and 750 ml concentrated ammonia
solution (sp.gr. 0,91, 25 per cent NH.) to § litres. IFf the pH ie less
than 6,9 or more than 7.1, adjust uitﬁ ammonia or acetic acid,

Sodium chloride, etandards containing O.,1, 0.2, 0,3, 0.4 and 0.5
milliequivalente per litre, in 1 N ammonium acetate.

Dilute 2, 4, 6, 8 and 10 ml of 0,050 N sodium chloride solution each to
1 litre, after adding 6500 ml 2 N ammonium acetate,

And, for potsssium =

Potassium chloraide, 0,050 N
Dissolve 1,8640 g dry potassium chloride to 600 ml

Ammonium acetate, 2 N, pH 7.0 * 0,1 (see above)

Potassium chloride, standarde containing 0,1, 0,32, 0.3, 0.4 and 0.6



milliequivalenta per litre, in 1 N ammonium acetate,

Dilute 2, 4, 6, 8 and 10 ml of 0,050 N potassium chloride solution each
to 1 litre, after adding BOU ml 2 N ammonium acetute.,

8-1,D, PROCEDURES.

(a) Calcium plus magnesium.

Tranefer 25 ml extract to a 350 ml Erlenmeyer Flask and make the
volume to about 650 ml with water. Add a few crystals of hydroxylamine
hydrochloride’ (or ascorbic acid), 1 ml of 2 per cent potassium cyanide
(From a burette), 1 ml of 2 per cent potassium Fferrocyanide and 10 ml
of ethanolamine buffer (see Note 1). Warm to about 60°C, add 0,2 ml
eriochrome blue-bluck B and titrate with 0.020 N BDTA to a pure tur=
quoise blue without any trace of red,

Before carrying out a batch of determinations, titrate 20 ml Q.02 N
magnesium chloride solution with 0,020 N EDTA in the presence of 25 ml

1 N ammonium acetate solution, This provides a blue colour standard

for the other titrations; the presence of ammonium acetate may effect
the shade of blue but the end-point is 8till readily detectable. Record
the "blank" wvalue if traces of calcium plus magnesium are Found in the
ammonium acetate solution.

(b} Calcium only.,

Tranefer 25 ml extract to a 250 ml Erlenmeyer flask and make the volume
to about 50 ml with water, Add hydroxylamine hydrochloride, potassium
cyanide and potassium FPerrogyanide as given above for calcium plus
magnesium, Wait a few minutes, then add 4 ml 8 N potassium hydroxide
and a spatula point of HHSNN indicator mixture, Titrate with 0,020 N
EDTA to a pure blue without any trace of red,

Before carrying out a batch of determinations, titrate 20 ml 0.02 N
calcium chloride eolution with 0,020 N EDTA in the presence of 25 ml
1 N emmonium acetate sclution., Record the "blank" value if traces of
calcium are Found in the ammonium acetate solution,

{(¢) Sodium,

l, Preliminary operutions,

Study the calcium plus magnesium values in relation to the cation
exchange capescity and exchange acidity of non-calcarecus and acid
Boila. Assuming potassium to be comparetively low (eay, leses than
1 milliegyuavalent per 100 g) in most soils, essess the p.obable
sodium level. If thie is lees than 2,5 milliequivalents per 100 g,
(For 250 ml extract from 5 g soil), proceed with the sodium deter-
minations on the undiluted extrecto. IF it ie more than 2.5 me
per 100 g, dilute the extracts appropriately as described below,

When ecution exchange capacity and exchange acidity values are not
avoilable, aeeeee the possible sodium levels in the extracts from
other suitsble data (e.g. conductivity, water soluble salts |} or from
known facts about the soile or From the“appearance of the Flame
when the extracts are aprayed guulitatively. In general, extracts
of cultivaeted soile cen be eprayed directly but extracts of saline
80ile mostly need dilution,




2. Determinations,

If the sodium concentration of the extracta is assessed at less than
0,5 milliegquivalents per litre, bring the flame photometer into use
according to the maker's instructions,. Spray B standard sodium
s3olution and 1 N ammonium acetute alternately and operate the sensi-
tivity controls until the standard reads a selected point un the
photometer scale and the ammonium acetate reads zero (or a "blank"
value), Spray the other standard sodium solutions and record the scale
scale readings. Then spray the test solutions and recurd their

values, checking the photometer performance at frequent intervals,

If the sodium concentration of the extracts is greater than O.5 me
per litre, make anpropriate dilutions before calibratiny the flame
photometer, These dilutions may be made with 1 N ammonium acetate
solution and the same standard soluticaos used for calibration; or
they may be made with water and sodium standards prepared in the
same dilution of ummonium acetate (see Note 2).

Use the preferred procedure to deal with any serious interference
fsf?cﬁﬂi ??ich are mostly due to high calcium:sodium ratios., (see
«b.D.(a

{d} Potassium,

Bring the flame photometer into use as noted above, calibratifig it
with the potassium standards in 1 N ammonium acetate, Then spray
the test solutions and record the photometer scale values,.

Concentrations of potassium in ammonium acetate extracts (1:50) are
rarely above 0,5 milliequivalent per litre and dilutions are not
normally needed, It may be necessary to allow for the effect of
high sodium:potasaium ratios in rhe analysis of saline soils.

4-1,8B. CALCULATIONS.

(a} Calcium plus magnesium; calcium.

Let
W be the weight in gram of oven-dry soil extracted to 250 ml

T be the volume in ml of 0.020 N EDTA used in the titratioo
(Por Ca+Mg or Ca, as appropriate) after correc .on for any
traces of Ca+Mg or Ca in the extractant.

Then, as in IV.4.8. and IV.5.E., the EDTA used is equivalent to
0.02T me Ca+Mg or Ca.

This amount is derived Ffrom 0.1 W g oven-dry esoil (for a 25 ml
aligquot) .

Thus, the concentration of Ca+Mg or Ca is

0,02 T x 100
0.1 W

= 20 T milliequivalents per 100 g oven-dry soil
N

-

Normally, when W = 5, this expressicn is 4 T me per 100 g




(b)

(e}

§-1.,F.

(1)

(2)

(3)

(4)

Sodium: potassium.

Let
W have the meagning given in (a)] above

G be the concentration in millieguivalents per litre (Na or
K} of the prepared extract, obtained from the calibration
graphs, corrected For any interferences and allowing for
dilutions.

Then, the concentration of sodium or potassium in the soil is

100 G
4 W

Normally, when W = 5, this expression ie 5 G me per 100 g

millieguivalents per 10U g oven=dry soil

Exchangeable cations in galine soils,

Convert concentrations of calcium, magnesium, eodium and putasalum
in water extracts of saline soils (methods IV.4 to IV.7) to
conceatrations per 100 g oven=dry soil by uultiplying by upprnpriata
Pactors, as given in III.6.E.{b}).

Subtract these values, respectively, from the concentratione of
exchangeable plus weter soluble cations {me per 100 g soil) ob-
tained from ammonium acetate anslyses to give an semessm=nt of
exchangeable calcium, magnesium, sodium and potassium,

NOTES.

10 ml of ethanclamine buffer should be adequate to give the
required pH of 10.0 (% 0,1) but this should be checked. Ammonia =
ammonium chloride bufter may be used if ethanolamine is not
available.

In the analysis of saline soils, large dilutions may be necessary
for sudium analyses and then it ie obviously better to dilute with
water and 80 economize on ammaonium acetate., Standarda may be
required in 0.2 N or 0.1 N ammonium acetate - or even less, Five
times dilution covers sodium values up to 12.5 me per 100 g (W = §}
and ten timesa dilution up to 25 me per 100 g.

If highly organic soils are analysed or difficulty is found with
the advocated procedures for calcium and magneeium, a measured
aligquot (say, 1U0 ml) of the ammonium acetate extract may be eva-
porated to dryness and treated with hydrogen peroxide and nitric
acid to destroy organic matter and ammonium acetate, The residue
is taken up in dilute hydrochloric acid, filtered and made to the
original aliquot volume, giving a solution of calcium and magne=
gium of the same concentration as the original extract, as chlorides
in very dilute hydrochloric acid,.

If thie is done, the amounts of ethanclamine buffer (Ca+Mg) or
potaseium hydroxide (Ca) may have to be adjusted to give the re-
quired pH valuea, In general, for most mineral ecils, Tthis extra
treatment ie uUnnNecesBarY.

All Pour exchangeable cations may be determined by atomic absorptiocn
spectrophotometry if the apparatus is available, Interference
efPects may be less but must be studied at the levels and ratios
found in the s0il extractse, (Appendix il.)}
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11T, 8-2, EXCHANGEABLE CATIONS ~ LITHIUM CHLORIDB-ACETATE EXTRACTION.,

B~2,A, PRINCIPLES,

Calcium plus magnesium may be determined in lithium chloride-acetate
extracts of soils by direct titration with EDTA according to the prin-
ciples outlined in Section IV.,4.,A. As with ammonium acetate extracts,
the presence of the extractant salts does not seem to interfere with the
titration, apart from a possible slight alteration of the shade of blue
4t the end-point,

However, calcium alone cannot be determined by direct titration with

EDTA sccording to the method given in Section IV,5.D, Therefore, calcium
ig precipitated and separated as calcium tungstate (the pH of the ex—
tracting solutions — either 7,0 or 8,2 — being suitable for this pre-—
cipitation) and magnesium 18 determined in the remaining ligquid by
titration with EDTa,

Sedium and potassium can be determined by direct Flame photometry in
lithium chloride-acetate souil extracts, using stendards made up in the
extractant, The ususl interference effects may be studied in accurate
HOTK .

8-2,B., AI'PARATUS,

Apparatus for the determinstion of calcium plus magnesmium, sodium and
potassium, as given in Sections IV.4.B., IV.6.B. and IV.7.B,.

Plues, for calcium =

Centrifuge, with 50 ml tubes (glasa)

Stirring rods

Bulb pipette, 1 ml

Water bathe, Ffor heating and coolimg, with holder Por centrifuyge tubes
(600 ml beakers may be used in small-scale work)

8-2.C. REAGENTS,

Reagents Ffor the determination of caleium plus magnesium, as given in
Section IV.4.C,

Plus, ror calcium separation -

Sodium tungstate, 20 per cent

Lissolve 100 ; sodium tungstate, Na, WO, .2H

oHO, 0, to 500 ml und filter

2
and, for sodium -

Sodium chloride, 0,050 N (see III.B=1.C.}

Sodium chloride, standards containing O,1, 0.2, 0,3, U.4 and 0,5 millie-
quivalents per latre, in lithium extracting solution

Dilute 2, 4, 6, 8 and 10 ml of 0.050 N sodium chloride salution each
to 1 litre with lithium chloride-acetate extracting solution
(see I111,7-4.C. and Note 1}

And, Por potassium =

Potassium chloride, 0O.US0 N (see III.8-1,C.)




Potassium chloride, standards containaing G,1, 0.2, 0.3, ¢.4 and 0.5
milliequivalents per litre, in lithium extracting soclution.

Dilute 2, 4, 6, 8 and 10 ml of U,U50 N potassium chloride solution
each to 1 litre with lithium chloride-acetate extrecting solution.

B-2,D. PROCEDURES.

{(a) Calecium plus magnesium.

Tranafer 20 ml extract to a 250 ml Erlenmeyer flask and make the volume
to about 50 ml with water, Proceed as given in ITT.B-1,D.(a), carrying
out a "blank"” titration of 20 ml 0,02 N megnesium chloride solution in
the presence of 20 ml gof lithium extractant.

(b} Magnesium only,

Transfer 20 ml extract to a 50 ml CEntrxfuga tube and warm in a water
bath {(or a beaker of water) to 80°C. Add 5 ml of 20 per cent sodium
tungstate and &tir, Leave for wbout five minutes, theo wash down the
stirring rod with 1 ml water., Cool the tubes in iced water and centri-
fuge at 2500 rpm for 5-10 minutes. Pour the supernatant liguid into

a 250 ml Erlenmeyer flask, add 25 ml water to the calcium tungstate
precipitate, centrifuge aguin and udd the supermatunt liguid to that
#lready in the Erlenmeyer Flask.

Determine magnesium in the calcium-free extract according to the pro-
cedure giveno in IIT.8-1i.D.(a).

(e} Sodium and potassium.

Froceed as described in III,.8-1,D,(c) and (d}, using the appropriate
etandarde and lithium extractant blunks, Note that in the procedure
advocated for preparation of lithium chloride-acetate extracte (III.8.B.)
200 ml of extract is normally prepared from 5 g soil; thus, lavels of

godium or potassium above 2.0 milliequzvalanta per 100 g oVen-dry soil
involve dilutions. (see Note 2)

8-2,E., CALCULATIONS.

{a) LCalcium plus mugnesium; magnesium.

Let
W be the weight i1n gram of oven-dry socil extracted tu 200 ml

T be the volume in ml of U.U20 N EDTA used in the titration
(For Ca+Myg or Mg, as appropriate} after correction FPor any
traces of Ca+Mg or Mg in the extractant.

Then, s B 20 ml aliquot is taken from a total extract volume of
200 ml, the reguired concentration of Ca+Mg or Mg is

ngl milliegquivalents per 10U g oven-dry soil
a8 nouted in IITI H8-1.E.(a)}.

(b) Sodium; potassium.

Let
W have the meaning given in (a) abuve



(c)

§-2.F.

(1)

(2)

{3)

{4)

4-2.G.

G be the concentration in millieguivalents per litre (Na or k)
of the prepared extract, obtained from the calibration
graphse, corrected for any interferences and allowing Ffor
dilutions.

Then, the concentration of sodium or potassium in the soil ise

l%EﬁE millieguivulents per 100 g oven-dry soil

Normally, when W = 5, this expression is 4 G me per 100 g

Exchan;auble cations in saline soils.

Calculate these values as described im IIT.8-1.E.(c).

NOTES.

The volume of extract is advised as 200 ml to conform Tto the
published procedure (Yaalon et al) but, of course, 250 ml muay be
prepared and suitable adjustments made to the methods and Calcula-
tions, where necessary (e.g. take 25 ml for the EDTA titrationsa).
Since lithium is a weak replacing ion and its concentration is
half that of the ammonium acetate extractant in III.8-1., it may
be considered advisable to widen the ratio in all cases; certainly,
as noted in III,.8.B., the weight of soil taken should not be more
than 5.0 g (oven—-dry buawsis].

Lithium salte are EPrequently contaminated with sodium and batches
from different manufacturers must be tested before use. However,
sources can be Found with levels of sodium low encugh To provide
the reyuired accuracy for moet work, particularly in anulyses of
saline soils.

Lithium suslts are expensive and diluticns in flame photometry are
best done Wwith water, calibrating with similarly diluted standards,

The lithium extracting solution used in preparation of the standard
sodium and potassium solutions may be either of pd 7.0 or 8.2;

and the stundards may be used in the analysis of extracts of either
pH.

All four exchangeable cations may be determined by atomic absorp-
tion spectrophotometry if the apparatus 1s availuble., Interference
effects may be less but must be studied at the levels and ratios
Found in the soil extracts. {appendix Ll1.}
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III, 9, EBLEMENTAL RATIOS IN THE CLAY FRACTION

9.A., GENERAL PRINCIFLES,

Characterization of solls ie aided by a knowledge of the ratios involwing
silicon, aluminium, diron and titanium in the clay fractione, particularly
in the horizones of a eoil profile, Although titanium ie usuwally present
in small amounte, aes compared with iron and wluminium, it is included in
the analysia to give a more accurate total for the relevant metals,

Other elementsa in the clay fractions, mainly calcium, magnesium, potassium
and phosphorus (with emall amounte of sodium and manganese) are not
measured as they bave no beuring on the ratice regquired.

In order to aeparate the cluy minerals of & soil a® much as possible
From primary minerals, only particles smaller than 1 micron dismeter

#re analysed, Separation i1s effected by repeated dispersion of the soil
sample and removal of the 1 microo Ffraction after setiling FPor & time
calculated Prom Stokes' Law. After collecticon of the clay Praction
{which aleo contains colloidal humus}, it i1e washed to remove soluble
materiale and then dried and finely ground, using an agate mortar to
prevent contaminsetion with the alements to be determined,

A small sample of the 1 microo Fraction is next ignited to destroy
organic matter uand remove combined water; and the ignited residue is
sccurately weighed., It is then fused with sodium carbonate and the
fused material is dissolved in dilute hydrochloric acid, producing a
sclution containing silicic acid (which may partly precipitate) and
the chlorides of the metals regquired, 5Silica is separated From the
metallic ealts by dehydration of the eilicic acid with perchloric acid
and, after filtration of the precipitated silica, iron, titanium and
aluminium are determined in the Filtrate by colorimetric methods.

The procedures advocated should give results of sufficient accuracy
for soil characterization through elemental ratios.

9.B., CALCULATION OF ELEMENTAL RATIOS.

The results of analysis in Sections ITI,.9-3 to III,9-6 are recorded

46 percentages of =ilicoa, i1romn, titanium und aluminium im the ignited
clay fraction,

Let these results be, respectively, &, B, C und D per cent,

Dividing each result by the atomic weight of theelement concerned

{the nearest whole pumber being accurate encugh), the respective
grum-atom percentages are deraved -

Silicon - A
28
Iron - B
56
Titunium - | #
*IE
Alumindium - D



The required elemental ratios are then obtained by dividing the appro-
priate gram-atom percentages.

Thus, for example -

si

A .

mo ok U, & 2_A
Fe 2 B B
?11_1 w ok oy @B o, Ju¥ K

i 28 ;i =t

Si A
22 4 A 3 827 o 0.96 4
Al 28 D D
Al U

H = x E_E_ = 2.0? D

Although an expression for the ratio of silicon to total metallic elements
{Fe + Ti + Al) can be worked out in terms of A, B, C and D, it is easier
to calculate the gram—atom percentages for each metal separately, add
them and divide the total into the eilicon gram-atom percentage.

9.C. NOTE.

It is perhaps more conventional to express the resultes of elemental
analyeie as percentages of the respective oxides [S;G Fe U TiC, and
Al U.) and to calculate from these Figures the “mulaculnr g Elﬂﬂ" of the
oxidés, The calculatione are straightforward and, if this coovention is
adopted, involve multiplying each percentage element figure by the ratio
of oxide to element und then dividing by the molecular weight of the
oxide to produce the "gram-molecule percentage" The latter ie identical
with the gram-atom percentage in the case of s111con and titanium; Tbut,
for iron and aluminium, the gram=molecule percentages are one half of thu
gram-atom percentages, since each oxide contains two atoms of the respecti=
ve metal. Thus, the molecular ratios 5i0,/Fey0; and Si0g3/Al Uy are each
twice the respective elemental ratiows Eifﬁe nnd S;!hl, but Eha molecular
rutios Al,Us/FeyU3 and 5i0,/Ti0, are the same as the respective elemental
ratios Al?Fa and Si/Ti.

The cunventional "silica/esesquioxide ratio" (commonly designated Siﬂﬂfﬂghi
can be calculated From the gram-molecule percentages of ths oxides in &
gimilar manner to the rutio of Si to (Fe + Ti + Al}).



III. 9-1. SEPARATION OF CLAY FRACTION

9-l.4., PRINCIPLE.

Soil is disepersed in dilute ammonia solution end allowed to settle for
4 calculated time until particles larger than 1 micron diameter have
fallen through a especified distance, according to Stokes' Law. The
upper layer, containing clay particles and humus smaller than 1 micron
diameter, is then removed; and the process is repeated until the
majority of the dispersed material required has been separated,

The ammoniacal suspension is neutralized, the clay+humus is Flocculated
with magnesium chloride and then separated From the liquid by decan-
tation and centrifugation, The flocculated materisl is next washed
Wwith ethanol and Ffinally dried and ground.

9-1,B. APPARATUS,

Balance, general purpose
Reagent bottlesa, 1000 ml, tall type with rubber stoppers, marked at
two levels, one near the shoulder and one 8 cm below,

Reagent bottles, 2000 ml

Shaker, end-over—end (see Note 2)

Apparatus for transfer of suspensions or supernatant liquid by suction
or siphoning (eee Note 4)

| Measuring cylinders, 10, 258 and 500 ml

| Centrifuge, with 50 ml polypropylene tubes
Waesh bottle, plastic

Evaporating basine, 100-150 ml

Water bath, for evaporation

Agate mortar and pestle

Sieve, ASTM No. 100 (0,15 mm diameter holes)

9-1.C, REAGENTS.

Ammonia solution, 5 N }
Acetic acid, 5 N }
Magnesium chloride, 1 N, pH 7.0
Add 102-105 g maegnesium chloride, MgGIE.EH O, to B00 ml water and
read the pH value. Adjust to pH 7.0 with g N bhydrochloric acid or
magnesium hydroxide suspension, if necessary. Dilute to 1 litre,

(see Appendix 1)

Ethanol, 95 per cent, neutral (see III.7-1. Note 3)
Silver nitrate, O,1 N (qualitative reagent)

9-1.,D, PROCEDURE.

Transfer an appropriate weight oF goil (see Note 1) to a 1000 ml reagent
bottle, marked as described above., Add abouat 450 ml water and 10 ml

§ N ammonia solution, stopper and shake For two hours, preferably on

an end-over-end shaker (see Note 2). Remove the stopper and Fill the
bottle with water to the marked level near the shoulder. Shake by

hand, loosen the stopper and allow the soil to settle for a period of
about 22 to 25 hours (see Note 3).




At the appropriate time remove the top layer of suspension to a depth

of 8 em, traunsferring it by gentle suction toc a 2000 ml reagent bottle
(ses Note 4), Add B ml 5 N ammonie solution to the residual soil suspen-
sion, shake mechanically for one hour, refill to the upper level as
before, shake by hand and allow to stand for a eecond period of 23 to

25 houra before removing the upper layer, Repeat two or three times for
a total of Pour or five settling periode, depending on the amount of
clay present, Stop when the upper 8 cm layer is only faintly turbid.

Add B N acetic acid to the combined suspensions until the liquid ie
neutral (test with pH paper). Then add 2U ml neutral 1 N magnesium
chloride and ehake well, Allow the Flocculated clay+humus to settle
and remove the clear supernatant liquid by sucticn. Transfer the solid
to 50 ml centrifuge tubes, balance the tubes and centrifuge at 2500 rpm
for about 15 minutea, Wash the clay+humus with peutral ethanol by
mixing and centrifuging repeatedly until the supernatant liguid is Ffree
of chloride (teet with eilver nitrate).

Transfer the washed solid with ethanol to a 100-150 ml evaporating
basin and eveporate to dryness on & water bath, Finally transfer the
solid to an agate mortar and grind to pase & sieve having U.15 mm holes.

9-1,B. NOTES.,

(1} & to 10 gram of clay is needed for a reliable sample and the weight
of soil taken depends on the 1 micron clay perceatage. This is not
normally koown but it can be assessed roughly from texture or satu-
ration percentage or the 2 mi¢ron clay percentage found in method
II,3. The weight of humus can be neglected,

{2) Although an end-over-end shaker is advocated, a reciprocating type
may be used il this only is available,

{3} The settling times for 1 microm clay to a depth of 8 cm at various
room temperatures are obtained by multiplying the appropriate
figures in Appendix 4.B by four., Over the room temperature range
of 20-25°C the times are abuut 232 to 25 hours, There is no need
to fix the eettling period very accurately as the epecific gravity
of the clay particles may not be 2.66.

{4d) A gentle suction device baseed on the running out of water from an
aspirator (ae used in Appendix %) is convenient (eee cls0 Section
I1,3-3., Note 2). The end of the tube inserted in the suspension
should be turned up to avoid removing too much material below 8 cm
from the surfuce.

9-1,F. REFERENCE.

MACKENZIE, (Journsl paper)



ITI, -2, PRELIMINARY TREATMENT

9-2.4. PRINCIPLE.

Afsorbed and combined water and humus sre all removed by ignition and

the residue is accurately weighed, the concentration of elements being
ctalculated on an ignited e0il baseis., Ignition coanverts the clay minerals
mostly into oxides of silicon, aluminium and iron; while other metallic
slements (titanium, calcium, magoesium, etc,), present in emaller amounts,
are alsc converted into oxidem or are present in the ignited material as
phosphates, carbonates, sulphates or other salts in trace amountas,.

The mixed oxides and salts, together with any unchanged silicates, are
fused with sodium carbonate to convert the silicon ioto soluble scdium
gilicate, This fused material is then dissolved in dilute hydrochloric
acid to decompose carbooates and produce & solution containing silicon
s soluble silicic acid (slthough part may precipitate at this stage)
and the required metallic elements as chlorides.

9-2.,B. APPARATUS.

Balance, general purpose

Platinum c¢rucible, capacity 20-30 ml, with 1lid
Mul'fle furnace

Tonge, platinum tipped

Deaiccatar

Analytical balance, accurate to 0.1 mg
Stirring rod and brush

Burner, Meker type

Tripod and pipeclay triangle

Beakers, 250 ml, with watch glaes covers
Measuring cylinder, 35 ml (or pipettes, as required)
Wash bottle, plastic

-2,C., REBAGENTS.

Sodium carbonate, anhydrous
Hydrochloric acid, 5 N

9-2.,D. PROCEDURE.

Transfer approximately U.5 g clay+humus Ffraction to u tared, ignited
platinum crucible and place in a cold muffle furnace, ERaise the tempe-
rature slowly to 700-800°C and maintain at thiae level for 30 minutes.
Remove the crucible and allow it to cool to 1U0-150°C, then complete
the cooling to room temperature in a desiccator, Weigh and recced the
weight of ignited residue (M g) to 0.1 mg.

Add 3 g sodium carbonate to the crucibie and mix it well with the
ignited residue, brushing off the stirring rod carefully; add another

1 g sodium carbonate on the top, Without mixing. FPlace the lid on the
crucible and support the crucible at a slight engle on & trisngle. Heat
gently with a low oxidizing flame for 10 minutes, keeping the crucible
covered; then carefully raise the lid to let in a little air, making
sure the mixture has passed any poewible sputtering etage {cautious heating
should prevent uny spatiering at all)]. Then sloWwly raise the tempera-
ture until the crucible bottom ie bright red (about 900%C.). Remove the
lid und rotate the crucible to ensure that all the mixture is melted to-
gether, replace the 1id so that sir can enter through about a quarter of



the space and heat strongly for 10 minutes., Remove the lid, heat for
2 minutes longer, obeerving that the melt is guiet, and then turn out
the flame, As the molten material coocls, rotate the crucible so that
the liquid solidifies partly over the sides and does not collect in a
hard mass at the bottom,

when the crucible ie cool, add sufficient water to cover the Bolid material
and heat very gently., The bulk of the Fused mase should dislodge; transfer
thie to a 250 ml beaker, add 6§ ml 6 N hydrochloric acid to the crucible,
dissolve remaining particles and transfer the liquid quaentitatively to

the beaker., Also clean and wash the crucible lid with water end a few
drops of 6 N hydrochloric acid, adding the washinge to the beaker, Finally
add another 20 ml B N hydrochloric acid caref'ully to destroy all carbonate
and make the solution acid., Keep the guantity of water used in these operui-
tionse to a minimum,

Proceed as in I1II.9-3,D.
9-2.E, NOTES.

(1) Various temperatures from 600 to 900°C are advocated For the ignition
of so0il material. 700-800°C should be adequate for the removal of
co?Eined water from claey minerals and complete oxidation of organic
matter.

{2) The Fusion with eodium carbonate may be carried out in a muffle
furnace if no suitable gas burnere are available. But the fusion
process cannot be controlled so well,

(3) Platinum crucibles are expensive and they should be treated with
care, Instructions for their use are given in the references,

It is etated that material high in iron or manganese may lead to
attack of platinum crucibles but in analyses of normal clay minerals
the amounts of these two elements are not likely to be dangerous.
But the point should be watched,

(4) If the procedure advocated doee not loosen the Fused residue in the
crucible, put the crucible in the 250 ml beaker, cover the beaker
with & watch glass and carefully add 25 ml 6§ N hydrochloric acid,
When effervescence cease® remove the crucible and wash it well into
the contents of the beaker.

B_E-Fn REFERE“CESI

BLACK, Chapter 63. (Y. KANEHIRO and G.D. SHERMAN)

CHAPMAN and PRATT, Chapter 1, Secticn 1-3.

JACKSON . Chapter 11, Sections 11-1 to 11-18, 11-35, 1l1-36 and
11-102 to 11-109,

STROUTS . Yol, 1, Chapter 4, pp.81 to 83.

YOGEL, Chapter II, Section II1.37,

Chapter ¥, Section V,70.



III. 9-3. SILICON

9-3.A, PRINCIFLE.

The liquid containing the soluble products From the Fusion in III,9-2

is heated in the presence of perchloric acid and, when water has eva-
porated, boiled with the concentrated acid. This effectively and guickly
converts silicic acid to insoluble silicon dioxide without coprecipi-
tating more than trace amounts ofF the metals to be determined later

in the analysie. The silica is Filtered off, ignited and weighed,

The filtrate from this operation is collected and reserved Por the
determination of iron, titanium and aluminium,

9-3.B. APPARATUS,
Measuring cylinder, 10 ml

Water bath }

under efficient fume hood
Hot plate or sand bath } oo

Funnels, 50 or &0 mm diameter

Filter papers, 9 cm dismeter, ashless (e.g. Whatman No. 432)
Beakers, 250 ml

Wash bottles, plastic

Platinum crucible, 20-30 ml

Muffle furnace

Desiccator

Analytical belance, accurate to 0,1 mg

9-3.C. REAGENTS,.

Perchloric acid, 60 per cent
Hydrochloric acid, approximately 0.5 N

9-3,.D. PROCEDURE.,
(continued Ffrom III,9-2,D,)

Add 10 ml 60 per cent perchloric acid to the acid solution and digest
on a water bath until the volume is reduced to near 25 ml., Then heat
more strongly on & hot plate or sand bath until fumes of perchloric
acid appear. Cover the beaker and boil gently For 10 minutes., Allow
to cool.

Add about 10 ml water, boil to diesolve salts and filter through an
ashleas 9 ¢m paper (e.g. Whatman No. 42}, collecting the filtrute in
another 250 ml besaker, Wash the precipitated silica 4 or 5 times wWith
U.5 N hydrochlorac acid and then 4 or 5 times with waler, collecting

the washingds in the same beuker, Reserve the filtraute for subseguent
analyses (see III.9-4.0.).

Transfer the precipitate and paper to a tared, ignited platinum crucible
and dry in an oven at 1069C, Then place the crucible in a muffle furn:zce,
raise the temperature gradually to 900°C and ignite For 15 minutes.

Remove From the furnace, allow to cool to 100-1509C, trancfer to a de-—
Biccator, cool to room temperature and wWweigh the crugdible and contents.
Record the weight of silica to U.l mg.




8-3,E,

Let

CALCULATION,

W be the weight in grem of eilicon dioxide obtained

Then, since 51{5102 = 28,086/60,086,

H gram of eilicon dioxide contains Q,4674 W gram of silicon

Thie is produced From M grem of ignited clay (see III.9-2,0.)

Thus, the clay contains

iﬁ:%ﬁ_ﬁ per cent silicon

IP the result is required in terms of the oxide, the clay contains

9-3.F.
(1)

(2)

(3)

{4)

9-3.6.

EE%_H per cent silicon dioxide

NOTES .

Silicic acid can be dehydrated by evaporation to dryness with
concentrated hydrochloric acid; but the process is longer (two or
three evaporations are necessary) and there is more danger of
coprecipitation of metals, particularly iron.

More accurate results may be obtuined (if desired) by treating the
weighed silica wWith sulphuric and hydrofluoric acidse and evapora%ing
to remove silicon as volatile silicon tetraflucride. After 4 second
ignition, any residue (metallic oxides curried down during the
dehydration of eilicic acid) is weighed and the difference in weiught
between this and the original ignitod silica is taken as the accurate
welight of silica,

If this procedure is adopted and a measurable amount of metullic
oxides is left after volatilization of silica, the residue must be
refused with sodium carbonate, dissolved in ac:d and the soclution
added to the main solution Fur determination of iron, titanium ani
aluminium, With perchloric acid dehydration of silicic acid, this
extra work is rarely necessary.

The ignition of the silica may be done with a Jas burner [Meker
type), if preferred, so that the destruction of the filter paper
can be observed and controlled more carefully.

Aa usual in gravimetric analyseis, the crucible can be reheated
after weighing and cooled and reweighed, to check that the welgui

is constant,

REFERENCES,

JACKSON, Chapter 11, Sections 1ll-110 to 11-121

VOGEL . Chapter ¥, Section V,70,

WILSON, Vol., I.C, Chapter IX, [d.D.(a) - H. THOMAS)



III, 9=4, IRON

9-4.A., PRINCIPLE.

The acid solution left after removal of silicon ie treated with ammonia
golution in the presence of asmmonium chloride at-pH 6.3 (not more
alkaline than pH 6.4) to precipitate the hydroxides of iron, aluminium
and titanium and so separate these metals from calcium, magnesium and
manganese anod from excess sodium and perchlorate ione, IF phoaphate is
present, this will uleo precipitate as iron or aluminium phosphates but
this does not affect the snalyeie. The precipitute ie washed and then
redissolved in hydrochleric acid to give a sclution containing only
iron, aluminium and titunium chloridee (with a little phosphate) Efrom
the clay fraction. Thie solution is made to a definite volume.

Iron is determined in & suitable aliguot of this solution by reduction.
to the ferrous state with hydroxylamine hydrochloride and Pormation of
the orange-red ferrous-orthophenanthroline complex. The reaction
proceeds best at pH 3-5 and the solution is therefore buffered neuar

PH 4 with acetic acid - smmonium acetate. Although iron and aluminium
phosphates can precipitate at thie pH and so introduce turbidity as well
as affecting the iron concentration, the amount of phosphate present in
the aliquot is usually too small to cause sericus error or trouble.

9-4.B. APPARATUS,

Measuring cylindere, 10 or 36 ml and 50 ml

Graduated pipettes, 1 ml and 10 ml, with O,.1 ml divisions

Hot plate (or gas burner, tripod and gauze)

Funnela, 75 mm diameter

Filter papera, 11.0 cm diameter, for gelatinous precipitates and
hardened (@#.g. Whatman No, 54)

Beakers, 250 ml

Stirring rods

Wash bottles, glass, For hot liquids

Volumetric flasks, 200, 100 and BO ml

Bulb pipettes, 10 and 2 ml

Spectrophotometer, with celles or tubes of 1.0 -— 1.6 om cross=-sectiun

9-4,C., REAGENTS.

Hydrochloric acid, § N ) ]
Ammonia solution, 5 N ) (see Appendix 1)

Bromo-crescl purple indicator
0,05 per cent in ethanol

Ammonium chloride, 1 per cent, pH abave 6.0
Dissolve 10 g ammonium chloride 1n 1 litre ot water and check the pH.

if thas ia below 6.0, bring it up to 6.0-6.5 by adding 5 N ammonia
solution.

Hydroxylamine hydrochloride (hydroxyammonium chloride), 10 per cent

Urthophenanthroline, O,28 per cent in water =
Add 0.25 g orthophenanthroline to 80 ml water, warm to dissolve, cool
and make to 100 ml

Acwtic ucid - ammonium acetate buffer solution, pH 4.1 - 4.2 [Acetic
acid, 1.5 ¥ pius ammonium acetate, 0.5 N)



Add 120 ml glacial acetic acid to 500 ml water, then add 37.5 ml
concentrated ummonia solution (sp.gr. 0,91, 25 per cent NH,), cool and
muke to 1000 ml. Check that the pH is near 4.1 - 4.2. =

Standard ferric iron solution, 500 ppm Fe (see Note 1)
Mix B0 ml § N sulphuric acid (see Appendix 1) with about 200 ml water, 1
add 3.511 § ferrous ammonium sulphate, FeSO0 .(NH4I S0,.6H, 0, and
dissolve. Stir and slowly add 26 ml of 1 pgr cent“pu@aasfum perman-
ganate saolution; then continue to &add the same solution drop by drop
{about another J ml is required) until the pink colour just staye.
Transfer to a 1 litre volumetric Fflask and make to volume.

Standard Perric iron solution, 50 ppm Fe
Dilute 25 ml 50U ppm solution teo 250 ml

9-4,D. PROCEDURE

(i} Separation of Iron, Titanium and Aluminium,

Add to the filtrdte From the silica separation (see IIL.9-3,D.} 10 ml
5 N hydrochloric acid and about 0.3 ml bromo-crescl purple indicator.
Bring the ligquid just to boiling and add 10 ml 5 N ammonia soclution;

continue to heat and add § N ammonia solution drop by drop until the

colour of the ligquid becomes purple., Boil for one minute, allow the

precipitate to settle and check the colour of the supernatant liquiuj
1P this has become yellow again, add more ammonia solution tu restore
the purple colour, reheat Fur one minute and allow the precipitate to
settle,

Decant most of the clear liyuid through a hardened filter paper suited
to gelatinous precipitates (e.g. Whatmaun No, 54}, then add 50 ml hot

1 per cent smmonium chloride solution to the beaker, stir with the
precipitate, allow to settle and decant the clear liquid through the
Pilter paper, as befure., Then transfer the precipitate to the paper
and wash it with hot 1 per cent ammonium chloride solution two or three
times, Without allowing the precipitate to become dry., Discard the
filtrate, :

Unfold the Pilter paper inside a clean 250 ml beaker and wash off most
of the precipitate with hot water. Then run 10 ml hot B N hydrochloric
acid over the paper to dissolve any remaining precipitate and wash it
sysin with hot water. Stir the precipitute in the hot acid until it is
completely dissolved, allow to cool and then transfer the solution to a
200 ml volumetric flask und make to volume.

Designate this Solution X, to be used for the determination of iron
{see below), titanium (see III.9-5,) and aluminium (see III.9-3.).

(24) Determination of Iron

Dilute 1U ml solution X to 100 ml and designate this Solution Y (to be
used also Ffor the determination of amluminium]) .

Trunefer 5 or 1U ml solution ¥ (see Note J) tuo a 50 ml volumetric Flask
and, at the same time, transfer 1, 2, J and _4 ml of the standard iron
solution (50 ppm Fe) to four other 50 ml volumetric flasks; incluue a
flask Por the blank, Add 2 ml 10U per cent hydroxylamine hydrochloride
and 10 ammonium acetate - acetic acid buffer to each flask, Finally
add 2 ml 0,256 per cent orthophenanthroline solution and make each volume
to 50 ml., Leave For 30 minutes to ensure complete reduction of iron



(the temperature should be at least 2,°C), then read the absurbance or
transmittance of light of 508 millimicron wavelength (blue-green t1lter)
against the blunk, containing the same amounta of reagents.

9-4.B., CALCULATIQON

Plot the absorbance or transmittance values obtained with the standard
iron solutions againset the amounts of iron present. With the method
specified, these amounts are O - 200 microgram Fe.

From this graph, record the number of micrograms of iron correspondiag
to the absorbance ur transmittance values given by the test soluliuns.

Let
G microgram Fe be an individual wvalue

A ml be the aliguot taken (usually 5 or 10U}

Then, solution Y contains
EE%_E microgram Fe

And solution X contains

EE%E_E microgram or _2 G ngi1ligram Fe
A

Thie is derived from M g of ignited clay (see III,9-2.D.)

Thus, the percentage of iron ise

2 G X 100 o
A 1000 M 5 A M

If the result is required in terms of the ovxide, since 111.6% Fe 15
egquivalent to 159.69 Fegﬂa, the percentage is

1.43 G
B oA M

9-4.F. HNOTES.

(1) The ferrous ammonium sulphate used Ffor the standard eolution
{500 ppm Fe) must be from a recently-opened bottle of good
quality material, Alternatively, pure iron wWire may be used,
dissolving ©.500 g in about 55 ml 5 N sulphuric acid (Wwarming ma
be necessary), oxidizing with potassium permanganate and dilutt.
to 1 litre.

¥
(=)
[=2

These standard solutions need not necessarily be oxidized to the
Perric condition but it is aAdvisable to do eo; the standard -olu-
tion then contains iron in the same state as the test solutions. The
introduction of mangancus ion by the oxidation does not affect the
analysie, by the procedure advocuted.

(2} Hydroquinone, which is msometimes suggested as "a reducing agent, 1s
said to give & brown colour with titanium aud 80 15 less surtable
than hydroxylamine hydrochloride, slthough the concentratiun of
titunium may be too small, in most cases, o give serious Lirguble,



(3) With the quantities advocated, a b ml aligquot of solution Y covers
values up to about 16 per cent Fe (23 per cent Fey04) in the ignited
clay (M near 0.5 g). For valuee below B per ceat Fe (l1l1.5 per cent
Fagls), a 10 ml aliguot should be Taken.

9. 4.G, REFERBNCES,

BLACK. Chapter 66, Section 65-1,3.3. (R.V., OULSON)
CHAFMAN und PRATT. Chapter 13, Section 132-2.
JACKSON . Chapter 15, Sections 15-6 to 15-14.
SANDELL., Chapter XXII, (II.B).

YOGEL . Chapter X, Section X.,12.

Eibvliography 876,



4-5.4s PRINCIPLBE.

Tetravalent titanium forms & yellow complex with hydrogen peroxide in

und acld medium, preferably sulphuric acid of a concentration between

1,6 N and f.8 No OF the other elements present in solution X (eee III.
9-4,F.), <nly iron may posesibly interfere by contributing a elight yellow
colour of :ts own, if the concentration ie high. The effect of this is
comMpenssated by comjparing the test solution against a blank containing

the same concentration of iron but without hydrogen peroxide. Phosphate
may reduce the colour of the titanium = hydrogen peroxide complex but

the amounts of phosphste normally present in clay materisl [and the
associated humus) are negligible in this respect,

9-5,B, APPARATUS,

Bulb pipettes, 10, 20, 25 and O ml

Ureduated pipettes, B or 10 ml, with U,1 ml divisions

Yolumetric Fflaskse, 100 ml

Spectrophoiometer, with c¢ella or tubes of 1,0 — 1.5 cm cross—section

Beakers, 26 or 5U ml (optional)
9-6.C. REAGENTS,

Sulphuric acid, 20 N (approximately)
Add B55 ml concentrated acic to 450 ml water, cool and adjust the
vyolume to 1 litre,

Hydrogen peroxide, J per cent {lU-volume)
Prepare fresh from more concentrated soclution {preferably 30 per cent)

Standard titanium solution, 500 ppm Ti
Transfer 3.697 g pure potaseium titanium oxalate to & 500 ml Kjeldahl
flask and add 8 g ammonium sulpbate and 100 ml concentrated sulphuric
acid, Heat graduelly until boiling and boil Ffor 10 minutes. Cool and
pour the liguid into sbout 700 ml water, washing out the Flask well.
Cool the diluted solution and make to 1 litre.

9-5,0., PROCEDURE.

Transfer 76 ml (50 ml + 26 ml by pipettes) of solution X

(see III.3-4.0.) to & 100 ml volumetric Flaek, add 10 ml 20 N sulphuric
acid and make to volume, Transfer two lots of a suitable a’'iguot

(10 A ml, where¢ A = 1 or 9, usually) to dry vessels (e.g. the tubes

or cells Pitting the spectrophotometer). To one aligquot - the blank -
add A ml of water; to the other add A ml of 3 per cent hydrogen
peroxide. Mix and obtain the absorbance or trunsmittance of light

of 410 millimicron wavelength (deep blue or violet Ffilter) by the
peroxidized sample, as sgainst the blank,

At the same time, transfer 1, 2, 3, 4 and B ml of standard titanium
solution tgo five 1UU ml volumetric flasks, add iU ml 20 N sulphuric
sacid to each and make to volume, Transfer 10"Amlof each solution
(where the wvalue of A 18 the sume as the value used in the test solu-
tion) to five dry vessels and add A ml of 3 per cent hydrogen peroxide
to each., Mix and determine the absorbance or transmittance of light
of 410 millimicron wavelength, Bgainst 8 water blank.,




9-6.B. CALCULATION,

Plot the sbsorbance or tranemittance values obtained with the standard
titunium solutione against the smuunte of titanium present in the aliquots
of standard solution taken., With the volumes specified, these amounts

are 0.5 = 2,5 milligram Ti,

From thie graph, record the number of milligrams of titanium corresponding
to the sbcorbance or transmittance values given by the test solutions,

Let
G milligrem Ti be an individual value

Then, 20 ml of solution X conteins

WU G op B G milligram Ti
76 3 j

Thie is derived Ffrom M g of ignited clay (see III1,9-2.D.)

Thue, the percencage of titanium iws

BG y _100 4G
3 1000 M is M

If the result is required in terms of the oxide, wince 3.00 Ti is
equivalent to 5.00 TiU,;, the percentage is

4 G

9
9-5,F, NOTES.

(L) Potassium titanium oxalate is obtainable as a pure analytical grade
reagent and therefore is very suitable as a starting point Ffor the
preparation of standard titanium solutione. Preparation from other
materiale (e,g. titanium dioxide or potassium Fluotitanate) seems
to be less convenient,

(2) If the amount of irca in the sample is low and First tests show
there is negligible absorbvance by the blank solution (as compared
With water), the procedure may be modified for subsequent analyses
on similar materiale, as follows -

After adding the 20 N sulphuric acid to the aliguot of solution
X to produce the required acidity, add 10 ml of J per cent
hydrogen peroxide and make to 100 ml., Use a s.milar method Ffor
the standards aed make all aspectrophotometric readinge against
4 water blank.,

On the other hand, if the emount of irom is high and a coneiderable
absorbance is recorded For tne blank, it may be better to reduce the
iron colour by adding 5 or 10 ml orthophoaphoric ®e€id (concentrated
acid diluted with an egual volume of water) to the aliquot of solu-
tion X plus 20 N sulphur:- acid before making to 100 ml. Then
proceed as in 9-5.D. sbove, esdding the phosphoric mcid to the
standards as well, because of the slioht bleaching effect of phospha-
te on the oxidized titanium colour, !




(3)

Solution X ie about 0,356 N as HCl and some procedures advocate
heating thie with the sulphurfc acid to Puming, in order to expel
the chloride ion, Thie ion may incresse the iron colour but the
procedures given above take care of thie effect, Thus this extra
evaporation to fuming may normally be avoided,

{4) With the method given, concentrations of titamium up to about
1.3 per cent (2,3 per cent TiOg) in the ignited clay (M near 0.5 g)
are covered, This is adequate Ffor moet samples,
9=6,.,G., REFERENCES.
BLACK . Chapter 66, (G.D. SHERMAN and Y. KANEHIROD)
JACKSON , Chapter 11, Sectione 11=156 to 1ll-161
SHDBLL. CBIP ter IL‘F. {II ..‘1 -

VOGEL. Chapter X, Section X,1l4.



IIT, 9«6, ALUMINIUM

9-6,A., PRINCIFLE.

Ammoondium aurintricarboxylate ([("Aluminon™) Forme a rod lake with slumini
in a weakly acid solution of pH 4.0 - 4.9, with the optimun pH value at
about 4.2. The reaction ie very eeneitive, 50 ml of coloured scolution
preferably containing O - 40 microgram sluminium; wsolution Y therefore
hue to be diluted Purther,

Ferric iron forma & red-purple complex with mluminon under the same pH
conditions but, at the concentrations of iron normally present in dilut:d
solution Y, the formation of thies complex can be prevented by addition
thipgglycolliec acid, which reduces the iron and forms ite own (colourles:
complex, As a sacondary effect, thioglycollic acid lowers the basic
colour of the s«luminon reagent (alsoc red) and the colour of the alumino:-
aluminium complex; but this @FFfect is not = disadvantage.

For convenience, The acetic acid - ammonium acetate buffer solution mads
for the iron determaination (see III.9-4.) cem be used in this procedure.

9-6.,B., AFPPARATUS.

Bulb pipettes, 5 and 10 ml

Graduated pipettes, 5 and 10 ml, with 0.1 ml divisionse

Yolumetric Flasks, 50 and 100 ml

Spectrophotometer, with cells or tubes of 1.0 - 1.5 cm cross-section

9-6,C. REAGENTS,

Acetic acid - ammonium acetate buffer eolution, pH 4.1 = 4,12
{ese III.9-4.C.)
Thioglycollic (mercaptocacetic) acid
Dilute 2.5 ml of the acid as bought (about 50 per ceant) to iU ml,
A fresh sclution is best,

Aluminon, 0,2 per cent in water (eee Note 1)

Standard aluminium solution, 250 ppm Al (see Nota 13}
Dissolve either 4,200 g ammonium alum, (NH,) S0 ,4Al_(S0 ]} .94H10, ar
4,396 g potaesium alum, K2304.Aln{50 )24 ,3. $n afouc *640 ml water,
add 1U ml & N hydrochloriec acid and daffa to’1 litre,

Standard aluminium solution, & ppm Al
Dilute 10 ml 250 ppm solution to 500 ml

9-5,0. PROCBDURE,

Dilute 10 ml sclution ¥ (see [II.9-4.D.{ii}.}) te 100 ml. Transefer 1U ml
{or 5 mlL Por high aluminium concentrations) of this diluted asolution to
a 5 ml volumetric flask, At the game time, transfer 2, 4, 6, & und 10
ml of standard aluminium scluticn (&5 ppm Al) to PFive 50 ml volumetric
Flasks end include & aixth Fflaak For the blank.

Add to each flesk 10 ml acetic acid - ammonium acetate buffer solution,
L ml diluted thioglycollic acid and 2 ml 0,3 per cent sluminon reagent,
Uilute to 50 ml and allow to setand four 30 minutes, Then read the
absorbance or transmittunce of light of 520 millimicron wavelength [green



Filter), setting the blank solution at zero absorhbence (optical density]
or maxXimum transmitiance.

9-6,B, CALCULATION,

Plot the abeorbance or transmittance values obtained with the standard
aluminium solutivna against the amounts of aluminium present, With the
methud specified, thewe amounte are O = 50 microgram al,

From thie graph, record the number of micrograms of aluminium corres-
ponding to the absorbance or tranemittance values given by the test solu-

tione.,.

Let
5 microgrem Al be an individual value

Then, for a 10 ml eliquot of diluted solution Y (l:10}), solution Y
itealf rontains

100 G microgram Al
ai# solution X contains
2000 G microgram or 2 G mailligram Al
Thia is derived from M g of ignited clay (see III.9-2.0D.)

Thus, the percentage of aluminium is

2 G X 100 &= G
1000 W 5 M

If the result is reguired in terms of the oxide, since 53.963 al is
equivalent to 1ULl.961 Alﬂﬁa, the percentage is

1,85 G
E M

{(If a 5§ ml mliquot of diluted solution ¥ is taken, multiply easch of
the sbove percentage expressions by 2)

9-6.,F. NOTES.

(1) Some batches of aluminon Zive rather deeply coloured solutiuns and
thesse eshould be avoided if possible, The volume of reasgent should
be accurately measured and it may be preferable [(1f only deaply
coloured aluminon 1w availeble) to make 0,04 per cent reagent
suvlution and add 10 ml,

(2 The ammonium or potassium slum used for the stundard solution must
be From a recently-cpened bottle of good guality materiml. PFPure
aluminium metal may be uwed instead, dissclving U,350 g in 16 ml
§ N hydrochloric acid and diluting to 1 litre.

{3) With the method given, uesing a 10U ml aliquot of diluted {l:iu]}
sclution ¥, values up to about QW per cent 4l (38 per cent Al Uq)
in the ignited clay (M near 0,5 g4} are covered, IFf the graph ia
unsatiafactory above 40 microgram aluminium, the limating value 18
16 per cent Al [(3U per cent aliﬂsl. For higher vaslues, a 5 ml



aliquot of diluted soluticn Y ie taken,

9-6,G. REFERBNCES.

BLACK, Chapter 67, Section 67-3.3. (E.0. MACLEAN
CHAPMAN mnd PRATT, Chapter 4, Section 4-1,
JACKSON , Chapter 11, Sections 1ll-B6 to 11-99%



(1)

(2)

{31

(4)

GENEAAL COMMENTS

The "clay" FPraction obtained by the procedure advocated contains
humus particles which remsai.n in muspension in the ammoniacal 8 cm
layers. Because humus has a specific gravity lower thanm 2,65,
some of these particles have diumeters larger than 1 micron.

During subsequent oxidation by ignition, elthough the greater part

of tne humus is volati! ized, small gQuantities of some elements may

be adled to the residue. It is considered that, for the mineral
80ile normally subjected to elemental anmalysis, the amounts of
gilicon, iron, titanium and sluminium added from humus are negligi-
ble in their effects on the elemental ratios required and The amounts
of other elements added are too small to interfere with the analyses,.

The humus in the clay fraction can be destroyed by heating it with
hydrogen peroxide; but, if it is desired to prepare a true organic-
free clay fraction (say, from a highly organic clay soil) uncontam-
inated with any possible mineral eleaments associasted with the humue,
it is wafer to subject the whole s0il sample to the preliminary
treatment with hydrogen peroxide and acid described for the determ-
ination of particle size distribution (see II.J-1.) before the
dispereion with ammonia in III.S9<1. above.

The methods described huve been selected and saimplified solely to
give a fairly rapid means of determining elemental ratios of use in
characterizing clays. They can, of course, btz modified r extended
to provide other analytical regults. Thusg -

(a) The air-dry clay sample (near 0.5 g) can be accurately weighed,
dried in an oven at 105%C and weighed agsin tu measure adsorbed
water. After ignition and weighing, a "loss on ignition"
Figure cam be calculated. These modifications would erable
the results for silicon, iron, titanium and aluminium to be
cal.ulated on an air-dry or oven-dry basisa,

(b) Phosphorus can be measured in the solution left after removal
of silice or in wsolution X,

{c)] Instead of discarding the filtrate aftey precigartation of iron,
titanium usnd sluminium, it can be used for the determination of
total calcium, magnesium und manganese in the clay Fraction.

{d) The precipitate of iron, titanium and sluminium hydroxides can
be dried and ignited to the oxides and weighed. Subsequently,
the oxides are fused with potassium pyrosulphate and dissolved
in dilute sulphuric acid Por colorimetric sanalys:.a of the
metals. The weight of combined uxidepn serves <8 a check on
the metal snuslyses - and, of course, it is & Jirect measure of
"seayuioxides" (Rp04). The presence of phosphorus isn amall
amounts does not seriocusly affect this procedure,

A gravimetric macro-procedure is selected for silicon, although a
g0od colorimetric method is aveilable, because silicon 18 normally
present in high amounts in clay materiasa! =snd also it is bhest to
remove it befoure proceeding with the other determinalions,

Becausee of the lurge dilution Factors involved in cthe iron and
aluminium determinatione, results cannot be accurate Lo more than
about 1 per cent, It is probably advisable btw csrry out analyses
on the prepared cley Fraction in duplicate or traiplicate and
calculute mean values.



I11. 10. FREE IKON OXIDES

10.A. PRINCIPLE.

The "free" iron oxides haematite and limonite {but not magnetite and
ilmenite, the Jdouble oxide with titanium] and amorphous ferric oxide
coatinge on so0il particles usre conveniently removed by reduction with
sodium dithionite and dissclution as FPerrous salts. A subeequent treat-
ment with filute mcid dissolves any precipitated ferrous sulphides
formed by the reduction process. The reduction and acid treatment
processes a'e repeated once or twice to ensurs complete removal of the
iron oxidas.

The &acid solution, contuaining excess dithicnite, is usually elightly
turbid with colloidal sulphur and sometimes coloured with soluble organic
matter., Both turbidity and colour are removed by treatment with pure
activated carbon and Piltering (see Note 1). The clear, colourless
solution contains ferrous iron which is determined colorimetrically by
means of the uvrange-red ferrous-orthophenanthroline complex, as used in
IIT.5%=-4. The iron oxide extraction process normally removes no elements
or radicles in sufficient gquantities to interfere with this colorimetric
procedure .,

10.08. APPARATITS |

Bulance, accurate to 5 mg

Centrifuge, with 50 ml tubes (glass)

Water bath, with holders for centrifuge tubes

Stirriog rods

Yolumetric Flusks, 250 and 50 ml

Funnels, 75 and 55 mm diameter

Erlenmeyer flasks, 100 or 125 ml

Filter papers, 11.0 c¢m diameter (&.g. Whatman No. 40)

Bulb pipetiss, 1, 2, 65 and 10 ml (as reguired)

Spectrophotometer, with cells or tubes of 1,0 — 1.5 em cross-section

1G.C. HREAGENTS.

Sedium dithaonite, powder, N325104
Hydrochloric acid, 0.02 N
Activated carbon, Darce G.,60

Hydroxylumine hydrochloride, 10 per cent ]
Orthophenanthroline, 0.25 per cent in water | =seas I111.9-4.C
Acetaic acid - ammonium acetate bufFFfer

Standard ferrous iron sclution, 500 ppm Fe
Proceeqd as in II1.95-4.C, omitting the oxidation with permanganate

Stwscdard ferrous iron solution, 50 ppm Fe
ilute 25 ml 500 ppm solution to 250 ml

10.L. PROCEDURE.

Tranefer 1,00 g air-dry soil, pasaesing 0.5 mm, to a 50 ml centrifuge tube
and add J0O ml water, Harm in & wWater bath at 40-459C for 15 minutes,
then add 1 g sodium dithionite powder and stir rapidly to dissolve with
8 glass rodd, Digeat for 15 minutes, stirring occasionally; wash down
the rod with 1 ml water and remove it. Centrifuge at 2500 rpm for 10
mi:nutes and pour O0ff the clear supernatant liquid into a 250 ml
volumetric [lask.



Add 25 ml 0.032 N hydrochlor:c acid to the ecil residue, stir with a
glaass rod and digest ia the water bath at 40-50°C for 6 - 10 minutes.
Wash and remove the rod as before and centrifuge, adding the supernatant
liguid to the dithionite extract in the 250 ml volumetric Flask.

Bepeat the dithionite and acid treatments once or twice (see Note 2},
combiniong all supernatant liguids. Finally make the volume of extract
to 2%, ml with water and mix well.

If the extract ie turbid or coloured, pour about 50 ml into a dry 100 or
125 ml ir-leomeyer flask and add a little (about 0,2 g) activated carbon,
Mix, stand for & Few minutes and PFilter intc a dry flask.

Transfer a suitable aliquot of the clarified extract (see Note 3} to a

60 ml volumetric flask, add 10 ml acetic acid - ammonium acetats buffer
and 2 ml 0.25 per cent orthophenanthroline eclution and make the volume
to 50 ml. At the same time prepare standard iron solutions and = DbDlank
as described in III,.9-4.D.(ii), using hydroxylamine hydrochloride to
ensure that the iron in the standards ie reduced (see Note 4). Leave
for about 30 minutees and then read the abscrbance or tranemittance of
lignt of 508 millimicron wavelength against the blank {or against water) .

10.E., CALCULATION,

Plot the absorbance or tranemittance values obtasined with the standard
iron solutions sgainet the amounts of iron present. With the method
specified (see III,9-4.E.), these ere O = 200 microgram Fe,

From this graph, record the number of micrograms of iron correcponding
to the absorbance or transmittance values given by the test solutions.

Let
G microgram Fe be an individual value

A ml be the aliquot taken (usually 1 to 5 ml}
Then, thg'extract contains

250 G microgrem Fe

und thie is derived from 1,00 g air-dry socil

Thus, the concentration of diron ae Pree iron oxides is

250 G ppm Fe in air-dry aoil
A

;_E__ per cent Fe in air-dry soi.
40 A

or 1,43 G

in air-dr soil
40 A ¥

per cent Fu=05

i0,F. NOTES,

{i) The pure activated carbon should be tested for absorption of
Ferroue ions; this is negligible with the Darce G,60 product. In
some cases the carbon treatment may be unnecessary because anly
emall aliguots are taken and are diluted in the colorimetric
procedure to 50 ml.



(2)

(3)

(4)

(5)

(6)

For levels of Free iron oxides below 3-4 per cent Fe, one repetit-
ion of the dithionite-acid procedurs is sufficient. If the firat
analyeis shows a level much above J per cent Fe, it is advieable

to repeat with 0,60 g svil or to treat 1.00 g soil three times with
dithionite and acid.

Aliquots of 1 to 5 ml are usually suitable and 2 ml should be tried
in the Ffirst instance; this covers the range O - 2.5 per cent Fe
(0 = 3.6 per cent Fa 03]. If preferred, the extract can be
diluted Five times afnd aliquots of the diluted extract of 5 to 25
ml taken Ffor colorimetry.

The excess dithionite in the extract seems to keep the iron in the
ferrous state satiefactorily and there is normally no need to add
hydroxylamine hydrochloride to the test solutions, although this
may be done as a precaution if there is some delay in analysing the
extracts after their preparation.

An alternative method of extraction involves chelation of the
Fferrous iron with citrate at a pH of 7-8, using sodium bicarbonate
as buffer. This procedure gives a clear extract, usually contain-
ing more organic matter &nd iron in the Ferric state by rapid
oxidation in air, Clarification with activated carbon can still
be used to remove the organic matter and iron can then be measured
with orthophenanthroline if hydroxylamine hydrochloride is used fur
reduction, according to the procedure given in III.9-4.

The dithionite-citrate-bicurbonate method may be more suitable for
Boile containing much calcium carbonate, which will tend to
neutralize the acid used in the procedure given above. Alternat-
ively, the acid concentration may be increasecd quantitatively to
allow for the calcium carbonate present,

Analyees for Free iron oxides are normally reported on air-dry soil
but may, of course, be reported on oven-dry scil if required.

10.G. REFERENCES.

BLACK. Chupter 44, Section 44-4. (G.W.KUNZE)
Chapter 65, Section 65=4. (R.¥.0OLSON)

JACKSON. Chapter 7, Sections 7-105 to 7-111.

SANDELL. Chopter XXII. (II.B).

VOGEL . Chapter X, Section X.12,

Bibliography 876.



ITIT. 11. AVAILABLE NITROGEN

11,A, PRINCIPLE

During growth, non=leguminous plants depend very largely for their
nitrogen supply on nitrate ione absorhed from the ecil solution,

These icne are produced from the decomposition of organic material in

the soil by micro-organisme, mainly bacterial in form, Thus, the
"availability™ of nitrogen in soile for non=leguminous plant growth is
dependent on the activity of the variocus micro-organisms which eventually
produce nitrate ions,

Attempts to measure "available" nitrogen by purely chemical means have
moetly been unsuccessful because it is almoset impossible to imitate

the bacterial decompoesition processes, Theresfore, traditional methods
have concentrated on epeeding up the natural activity of the soil's
micro-organismg by placing samples in an environment conducive to rapid
production of nitrate; i.e. by kncp%ng wall aerated samples of soil

of optimum moisture content at J0=-35"C for a definite period of time
{usually two to three weeks), The amount of nitrate produced under

these steandard conditions hae been measured by extraction and distillation
or colorimetric analysis (see IV.13)

More recently, better correlations with responses to nitrogencus ferti-
lizers have been obtained by measuring the ammonium and nitrite nitrogen
produced during incubation, as well as the nitrate nitrogen, In investi-
gational studies, the inorganic forms of nitrogen may be determined sepa-
rately but, for routine availability teste, the total inorganic nitrogen
can bs conveniently measured, after extraction, by a simple distillation

with alkali, using Devarda's alloy to reduce pitrite and nitrate to
ammonia,

The adjustment of the water content of soils to the optimum amount is
gimplified by mixing soils with sand to egualize the texture differences
as much as posmible, After incubation, the inorganic Eorme of nitrogen
are extracted with a fairly concentrated solution of potessium chloride,
which is used to ensure complete removal of exchangeable ammonium ions,

In practice, the amounts of (NH, + NO_ + NO_.) produced during incubation
are cPten affected greatly by adereredces ifl the period and conditions

of storage, in the air-dry state, before incubation, Although no defi-
nite optimum periode and conditions can be laid down, it ie recommended
that standaerdized proceduree should be Followed in air-drying &nd storage
of soil mamples which are to be analysed for "available™ nitrogen by
incubation metheds. (see alsc Note 3J).

i1.B, APFARATUS.

(Excluding that For preparation of soils and Ffor
moisture determination)

Balance, accurate to 0,03 g

Bottles, 280 ml, with special closure davices (see Note 1) and
s0lid rubber stoppers. 2

Incubator.

Dispensing burette, 50 ml

Measuring cylinder or dispenseing burette, 100 ml

Reciprocating shaker

Filtering apparatus (optional]

Bulb pipettes, 20 ml



All-glees distillation apparatus, for eteam dietillation (see Note 2) |
Erlenmeyer flasks, 100-150 ml

Measuring spoons, (.9 § each, for magnesium oxide and Devarda's alloy
Graduated pipette, 1 or 2 ml, with 0,02 ml divieione

Juratie, 6 or 10 ml, with 0,01 ml divisions.

11.C. REAGENTS,

Sand, pucified
FPase fine guartz sand through a sieve of between 30 and &0 mesh {particle
eize diameters 250-590 microns) and discard material retained on the
eieve, Wash the sieved sand with dilute hydrochloric acid {about B N}
and then with water. Dry and store in an air-tight container, away
from smmonia fumes,

Potasaium chloride, 2 N
Dissolve 744 g to 6 litres

Magnesium oxide, heavy, purified
Heat the oxide at 600-700°C for 2 hours to destroy any carbonate,
cool in a desiccator and etore in an air-tight container,

Devarda's alloy, (80 per cent copper, 46 per cent aluminium and
§ per cent zinc)
Use & product which ise very Pinely grourd, having particles smallwr
than 150 microns in dismeter (100 mesh sieve)

Boric acid, 0.25 per cent |}
Mixed indicator } see III.d.C.
Sulphurie aecid, 0,010 N }

Standard nitrogea solution, containing 40 milliequivalents ammonium ion
sand 40 milliequivalents nitrate ion per litre,

Dissolve 1,3216 g dry ammonium sulphate and 2.0222 g dry potasaium
nitrate to 500 ml

Stundard nitrogen solution, containing 1 milliegquivalent ammonium ion
and 1 milliequivalent nitrate ion per litre.

Dilute 325 ml eabove solution (40 me per litre each ion) to 1 litre

11.D. PROCEDURE,

Dry soil samples in air under stendardized conditicgns of temperature

and humidity ase far as possible, then crush them to pasas & I mm sieve.
Take sub-samples of about 50 g and grind them to pass a 0.5 mm or 0.2 mn
sieve, as convenient. Store theae Bamples in air-tight containers at

8 conatant temperature for severul weeks before analysis (see Note 3.

Cne day before the start of incubation, remove 5,00 g of Boil and
determine the adsorbed moisture by drying overnight at 105°c, cooling
in a desiccator and weighing. (Calculate the weight of air-dry soil
containing 10.0 g oven-dry soil (see I.4-3.A.(ii]), Weigh out two lota
of this amount, mix each with 30 g sand and transfer to two 250 ml
bottles containing 6 ml water,

Add the ecil-mend mixture to one bottle so that it is spread evenly 1in
the water and level the surface by tapping; then close the bottle with




the special closure device or with polythene Film securely Fastened

Wwith adhesive tape, Weigh it (nearest O.1 - 0.2 g) and place it in
an incubator st 30°C. (see Note 4)

4dd to the second bottle a volume of 2 N poteseium chloride equal to 94
ml less the volume of water in the soil semple, giving exactly 100 ml

of ligquid (mee Note 5). Shake on & reciprocating shaker for ome hour
and either filter or allow to stand B0 that the soil eettles, Transefer
20 ml of the Ffiltrate or supernatent liquid to the flask of the steam
distillation apparatus. Trenafer 20 ml of 0.25 per cent boric acid and
0.2 ml of mixed indicator to a 100-160 ml Erlenmeyer [Plask and place
this under the condenser of the distillestion apparatus, with the cip of
the condenser just in the liquid, Add to the distillation flask,
through a dry Funnel, 0.2 g magnewium oxide, followed by 0.2 g Devarda's
alloy. Steam distil until esbout 25-30 ml of dietillate has been
collected and then titrate the ammonia with 0.010 N acid to the neutral
point of the mixed indicator.

After 14 days of incubation (eee Note 4), weigh the firet bottle to
check that the weight ie unchanged and then extract the soil with 2 N
potassium chloride as described above. [Determine the {HH4 + NI{ZI_J + NOJ]
nitrogen in 20 ml of the extract, as described above,

Check the distillation procedurs periodically by dietalliag 20 ml of
standard nitrogen solution (2 milliequivalent NH, + NO, ions per litre)

for which the titration (after correction for any blank] should be 4.00
ml of O,010 N acid,

L.BEy CALCULATION.

Let
X be the volume im ml of 0,010 N sulphuric acid used for
titrating the {NHdl + NGD + Nﬂﬁ} nitrogen after incubation
Y be the volume in ml of 0,010 N sulphuric acid used for
titrating the {I'IH4 + HO2 + NDJI nitrogen hefore incubation
Then

L]
(X = ¥} ml 0.010 N acid ie equivalent to the (NH, + NO, + NDSJ
nitrogen produced during incubation, designated available nitrogen.

This is (X = ¥} x 0.0l millieguivalents available nitrogen and it is
produced by 2 g oven-dry soil,.

Thus, the available nitrogen ie
0.5(X = ¥} milliequivalents per 100 g oven-dry soil
or 70(X = ¥) parts per million (oven-dry basim}
(see Note &)

1,F, NOTES.

{l} The ¢losure device samploys & permeable membrane to allow fres
pussage For gases but not for water vapour. Thus oxygen and
carbon dioxide can circulate through the bottle during incubation
but no water is lost Prom the moiet soil, Polythene film is

also sffective in the same mAnNNer.

{3)] The Markham design of apparetus noted in method ITI.4 is not



suitable here. The distillation chamber should have u capacity
of 80-100 ml and it ies more convenient to have one with a special
entry for the dry powdere, (see below]

{3) The period of storage seems to have variable effectes on the
available nitrogen result with different soile, JIndividual
laboratories should carry outl their own Ceets on the optimum
period suited to their soile, Probably at least three montha ie
adviaalle in most cases,

It is claimed (Hesse-private communication) that, after any_length
of storage, useful information is obtained by incubat.omn in two
etages, Thue, duplicate soil samples are incubated for two weeks,
then one is extracted and analysed while the other is incubatsd

for a further two or three weesks before extraction and analysis,
The firat two-week incubation measures mainly the (variable) anitri-
fication induced by sturage; the second period of incubation then
measures available nitrogen more accurately,

{4) Although various temperstures between 25 and 35°C have been advocated
for incubation, 30°C seems best; 35°C shouid not be exceeded, The
time of incubation may be varied but should not normally be lennm
than 10 days.

(5) The volume of water in the air-dry woil will usually be only about
1 ml or less but it may rise to 2 ml FPor heavy organic soile in
humid atmospheres, The volume of 2 N potassium chloride added need
only be measured to the nearesst 0.5 ml. There ig & dilution of the
potassium chloride by the 6~8 ml water but this ie unimportant in
thie anaelysis,

(6) Since the available nitrogen is measured by a difference beiween
two titrastione, based on identical distillations with the aame
aliquot size, the blanks should be the same and cun be ignored.
However, because the two extractions and distillations sre separated
by 14 deys (or some suitable perigd), it 18 importsant to measure ]
theses blanks to ensure that the reagents (2 N potassium chlor:ide,
magneaium oxide and Devarda's alloy) have not become contaminasted
during the incubation period, IF & larger aliquot is tTtaken For cthe
distillation before incubastion, because of the lower nitrogen
content, & blank must certainly be carried out,

When recording results, report the period and conditions of st .r.g4e
ae well as detarls of the incubatiorn technique,

11.G. REFEREBNCES.,

BLACK, Chapter 88, (J.M. BREMNER)

Bibliographies 766, 854, 966 and 1006




III., 12, AVAILABLE PHOSPHORUS

2.4. GENERAL PRINCIPLES.

In the determination of "available" phosphorus an attempt is made
measure by chemical means that portion of the total scil phosphorus
which can be utilized (or bears some consistent relation to that
utilized) by plants. Many different solutions have been suggested for
the extraction of this "available" phosphorus; some have had more

general success than others and four of theee have been selected for
inclusion in this Guide.

The Piret is a slightly alkaline solution of sodium bicarbonate and
this is most suited to the analysis of calcarepus soile, although its
vse need not be restricted to them, The second is a dilute solution
of sulphuric acid bufPered at a pH of 3.0 and thie has been Ffound to
give a good indication of phosphorus availability in acid soiles. The
third snd fourth are weak solutions of ammonium Fluoride, made acid to
two difFerent degrees with hydrochloric acid; these solutions are
suited to most types of soils,

The extraction of available phosphorus Ffrom soils ies affected, im

general, by the following physical factors, apart from the chemical
reatctions involved -

1, The nature and moisture content of the soil semple = i.e, whether
field=-moist or air-dry.

2., The amount of grinding to which the soil is subjected in its
preparation For analysie, reflected mainly (but not wholly) in the
mesh size of the sieve through which it is Finally passed,

5., The ratic of soil to extractant sclution. (see Note 1.)

4. The time of contact between so0il and extractant solution, including
both the shaking period and the time taken to filter,

5. The kind and degree of mechanical sheking.
6., The temperaturs (usually room temperature} of extraction.

With all these Factors lisble to causes variation in the phosphorus
content of the extracted solution, it is clear that the procedure of
extraction must be rigorously standardized so that any differences in
the phosphorus measured in extracts of different soils can be ascribed
solely to chemical or physico-chemical reasons and thus, posesibly, to
availability of soil phosphorus,

Published methods usually say whether a soil sample should be freah

ir air-dried and specify suitable soil isclution ratios and shaking
times, These need not be strictly Followed and, in Fact, the extraction
of available phosphorus (by the solutign selected here) is nearly

always done by individual lsboratories with their own variations,

which suit their working conditions or which have given good correlations
with phosphorus responses on local soile.

As there is 80 much varistion in the methods of extruction usually

used, the procedures given below For each extractant solution (see
12-1,D, 12-2.D and 12-3.D) merely record the most common ratios of so1l
to solution and the shaking times normally suggested. ilowever, because



the extraction of phosphorus can be affected by sao many physical
Pactors, a general procdedure is described (see 12.B.) which lays
emphasia on the precautions necessary to minimize these effects.

The ccncentration of phosphorus in & so0il extrect is almost universally
determined by adding a soluble molybdate and a reducing agent under
precise conditions of acidity and concentrstion 5f molybdate and reductant,
when a blue colour ("molybdenum blue") develops wWhich is directly related
to the quantity of orthophosphate 1on., Many variations of this colorime-
tric technigue are available, selecticn dependang mainly on the quantity
of phosphorus to be measured snd on the nature and amount of interfering
ione .

In the method selected, the determination of phosphorus in each of the
sxtracte hus been standardized so that the weme molybdate solution and
the same reductant (etannous chloride) can be used, irrespective of the
solution employed to extract the soil phosphorus. The procedure
described (see 13,C,) is the most sensitive, the optimum working range
being O - 25 microgram P in a total volume of 50U ml, ensbling very low
phosphorus levels to be measured accurately. The molybdenum blue colour
ie developed in a solution which is 0.40 N as sulphuric acid and which
has a molybdate concentration of 0,1 per cent, Under these conditions,
there is no interfPerence from silicon (reduction to molybdenum blue of

a silicate-molybdate-acid mixture can occur only at lower acidities)

and Perric iron up to abeut 100 microgrems can be tolerated - thise
amourt being greater than that in-suitable aliquots of the extc-acts
prepared below., Only arsenate can cause high results, becauge @en
arsenate-molybdate-acid mixture is also reduced to molybdeaum bLlue under
the conditions specified; ®so0 that the method given is unsuitable

For woils which are contamineted with arsenaste from ersenious plant
Bprays,

The molybdenum blue colcur develops at a rate depending on the tempera=
ture and the stannous ion concentration; it is stable for & certain
1imited period and then begine to fade somewhat rapidly, Thus the
analyesis of the soil extract should be carried Oul under constant
temperature conditione and the depth of celour must be rend within the
period of stability., As with the extraction of phoasphorus from moil,
rigorous standards must be established to give consimtent and accurate
resulte Por the determination of phosphate ion in soil extracte,

12,B, GBNBRAL PROCEDURE FOR EXTRACTION OF AVAILABLE PHOSPHORUS.

(i) Preparation of eoil and determination of moisture content

Proceed ms cutlined in Section I,4-3A, (ii). Use either Zield-moist
woils which have been rubbed through a wire-mesh wieve wWith openinge
about 4=5 mm across or air-dry soile which have been dried under
consistent conditions of temperature and humidity, aes far as powssitle
certainly avoiding wide differences in temperature, Alr=-dry woils
should be ground to pase a 0.5 mm sieve.

While the moisture is being determined, keep the bulk soil samples
in air-tight containeres, After the Final weighings, calculate the
weight of water (M g) associsted with 10L0 g of oven-dry woil in the
original Ffield-moist or air-dry sample. -




(44)

{144}

Calculation of soil weight and extractant volume,

Select the ratio of oven-dry soil to extractant soluticn (thie
may vary from 1:6 w/v to 1:200 w/v) and hence fix suitable values
for the weight of oven-dry soll and volumgof extractant. Usually,
1 to B gram of eoll ie extracted with 20 to 200 ml of solution.

Let
D be the weight io gram of oven-dry soil required for ana-
lyeis

R be the ratio between the volume .of solution (ml) and the
waight of oven-~dry soil (g)

Then, the volume of extraoctant sclution required is RD ml

Let
M be the weight in gram of water asssurciated with 100 g of
oven-dry 8oil in amn air-dry ©Or {ield-moist eample.

Then, in general, the weight of air-dry or Field-moie% soil
required ies

(D + 2,01 MDD} gram
and the volume of liquid needed to extracl it is
(RD = 0,01 MD) ml

In moet cases, 0,01 MD is emall in releticr to RD and the addi+
tion of RD ml of the extractant eolution to (D + 0.01 MD) g eoil
is allowable without introducing eighificunt er~urse, But, Ffor
moist moiles extracted at narrow ratiom (R = 10 or less) the water
in the soil sample may have gn apprecieile d:lution =Fffect on the
extractant solution, In theee cases, precpare sn extractant having
twice the concentration of the normal one; then add to (D + 0,01
MD) gram of moist eoil (0.8 RD = 0,01 MiJ) ml water and (0,5 RD)

ml of the doublea concentration extract solutian, {sema Note 1)

Shaking und filtering.

Carry out ull operationa involved in thne preparation of soil

extracte for phospicorus determination at a constant temperature.

If this is not practicable, study the effect of change of tem-

perature on extraction and apply a correction f=ctor or Pactors.
(aee Nute 2.)

Use bottleas or Flasks of identical shape for all extractions;
the capacity should vary according to the soil:solution ratio
chosen and should have s constant relation te the volume of
solution used (i.,e. 350 ml capacity For 100 ml, 125 ml capacity
for 60 ml and s0 on,) The aim should be to have a conesistent
type of swirling motion imparted to the soil during the shaking
pericd., Always use the ssme kind nf mechanicsl shaking machine
(usually reciprocal), running at the esame apeed and with the
same load, -

For e selected "shaking time"™, meke the actuasl contact Lime
between each esoil sample end ite appropriate volume of extractant
88 constant as poseible, With lcr . m* “ing times and small
batches of eamples, individual addetion ¥ sulutian to sorl before



shaking and individual Filtering after whaking does not cause
much variation in the total contact time; but With short shaking
periods (one minute and less have been advocated - see 12-3.),

it 18 impossible to do routine work consistently wWithout a
dispensing apparatue which adds solution to all soils (one laoad
in the shaking machine) simultaneocusly nor without a device Ffaor
the aimultanecus pouring of all mixtures (after shaking) into

the Filtering funnela,

In Filtration, use dry apparatus and filter papers larie eacugh
to hold a volume of soil—extractant mixture which will give a
volume of Filtrate adeqguate for the normal amliguots needed for
molybdenum blue colour development., In the methods Jiven beéelow,
the largest sliquot ise 25 ml mnd it 1a really only necesssry to
collect about 36 ml of extract (unless duplicates are to be
done), Filtering a large amount of soil-extractant mixture
often introduces variation in the total comntact time accordaing
to the speed of failtration, as influenced by eoil Texture,

Filtration usually produces a clear sclution ut once but, 1f not,
wait until the Ffiltrate ie passing through clearly and then
diescard the turbid part, IFf the losa of soluticn cannot be
toleprated or s0il purticles pereist an paseing the Filter, allow
the mixture to "Filter™ For the normal time (producing a li1ttle
more thun the reqguired volume of liquid) end then clarify the
extract by Filtration through s Finer pnper or a ceramic Ffilter,
if poeeible. A turbid filtrate should not be poured back through
the soil on the filter peaper unless it 1s established that this
action does not affect the extraction of phosphorusa.

12.C. "MOLYBDENUM BLUE" COLOUR DEVELOPMENT AND MEASUREMENT.

{1}

Apparatus.

Bulb pipettes, as reyuired for aliguotsa

Messuring cylindar, BO ml

Yolumetric Flasks, BU ml

Bulb pipette, 5 ml; or dispensing burette, 50 ml (Ffor molybdate)

Graduasted pipette or burette, 5 or 10 ml, with 0,058 ml diviwsiune
(For reductant)

Wash bDottle, plamtic
Spectrophotometer {or colorimeter, With red filter), with cells
or tubes of 1.0 - 1.5 cm c¢ross—-section

Reasentsa.

Ammonium molybdate, 1 per cent in 4.N sulphuric acid
Dissolve 10 g powdered smmonium molybdete in about 250 ml warm
Wwater and cool . In p sepurate vessel, wodd 112=113 ml wsulphuric
acid (8p.gr, 1.84) to 500 ml wuter and cool, Add the ammonium
molybdate soclution to the sulphuric scid with continusl stirring,
cool and dilute to 1 litre.

Stannous chlorirde, approximately O,1 M
Heat 1,2 g pure tan foal in 10-12 ml concentrated hydrochlorae
acid containing a crystasl of copper sulphate. A8 scon ae The
tin hae dissolved (apart from a few black particles) coul aad
make to 100 ml, Filter intoc & bottle contalning a emall piece
of tin foil and store in 8 refrigerator at J-59C, (see Note Jj




Standard phosphorus solution, BOU ppm P
Diesolve 9.197 g dry potassium dihydrogen phoephate or 2.873 g
disodium hydrogen phosphate dihydrate (Sorensen's salt -
HnnHPD4.2H20} te 1 litre,

Standard phosphorus solution, 100 ppm P
Dilute B0 ml 500 ppm solution to 260 ml

Standard phosphorus sclutione, 1, 2, 3, 4 and 6 ppm P
Gilute B, 10, 15, 20 and 256 ml 100 ppm solution respectively
ta BCO ml,

{ii1} Procedure,

Tranefer & suitabla aliquot (A ml, whare A is not more than 356}

of the soil extract to m 50 ml wvolumetric Fiack and bring the
volume up to s Fixed quantity (X ml, normally equal to the largest
aliquot taken} by adding (X = A) ml of extractant, Ipo method
12-1, treat the extract with acid as described, Then, in all
casesa, make the volume to about I35 ml with water,

Add & ml ammonium molybdate reagent, wush down the neck of the
Flask with water and shake without etoppering and inveprting
the Flesk, Add 0,25 ml atannous c¢hloride reagent, mix, mahks
to 50 ml with water and then stopper the flaek and shake well,

At the mame time, transfer & ml of each of the stundard phosphorus
wolutions (1, 2, 3, 4 and 5 ppm P} to five B0 ml volumetric flusks,
Add to esch Plpek (and to a sixth Flask, Ffor the blank] X ml

(X as above) of the appropriate extractant and make the volume

to about 35 ml with water, Treat wWwith molybdate and etannous
reagents as already described,

Leave all ecluticns for &0 minutes (Eesuming the room temperature
to be in the range 230-25"C), then read the absorbance or tranamit-
tance of light of 5560 millimicron wavelength (red filter) as
compared with the blank solution (aet at zero or 100}, By adding
the stannous chloride at suitable timed intervals (may every U
seconda) ensure that readings of molybdenum blue colour are

made at near 10 minutes after such additions - and, in any case,
at not more than 20 minutes after such additionsa,

13,0, CALCULATION

For sach method, plot the absorbance or tranamittance values obtained
with the standard phosphorus solutiones against the amcunte of phosphorus
present (U = 26 microgram P).

From the graphs, record the number of microgramsa of phosphorus corres-
ponding to the abeorbance or transmittance valuss given by the tTeost

solutione.

Let
G microgram P be an individual value

Also, wWe have
A dims the sliguot {in ml) of the soil extract tuake=n

R ie the ratio of extractant (ml} to oven-dry moil (g)
(see 13.B above)



Thus, the concentration of phosphorus in the soll extract is

G
A

parts per million

and hence the concentration of phosphorus in the oven-dry ecil ie

12.E.

(1)

GR_ parts per million.

A

NOTBS.,

The method given inm 12.B.(ii) for fixing the weight of air-dry or
Pield-moist soil im relation to the volume of extractant and [aor
enesuring that the concentration of the extractant ies consatant, ie
a precise one for use io investigational work om the suitability
of extractant solutione, It gives final resulte strictly as ppm P
on an oven—dry basis (microgram P per gram of oven-dry soil) whiceh
are unaffected by differences or changes in the moisture content
of mir-dry or moist samples.

When BD ml of extractant sclution ie added in all caees to soil
samples contauining varying amounte (0,0l MD} of water, two errors
are introduced =

a, The volume of liquid becomes (RD + 0,01 MD) ml and the rutioc
of this to the weight of oven-dry soil (D) becomes (R + 0.C1 M}
in place of R,

b. The extractant is diluted by the addition of M/R ml water per
100 ml extructant.

In the case of air-dry eolle, M may vary from 1 or lesa for sandy
soils in dry atmospheres to 30 or more for heavy organic soils in
humid atmospheres (in the absence of air conditioning). Thue, the
dilution efPect is unlikely to be serious, M/R probably not exceeding
§ ml and being much less iAo mMOoSsT cases,

But the effect on the ratio R may be worth considering and thie
only mesns an adjustment of calculation., Thus, 4if M is 20 and a
narrow ratio (R = 5) is being used, the corrected value for the
retio is 5,2; then, For example, a concentration of 2.0 ppm P in
the soil extract should be recorded as 10,4 ppm P in oven-dry soil,
inetead of 10.0 ppm P,

In the case of Field-moist eocils, M is capable of & much wider
range of values, rising to 100 or more for heavy organic soile
sumpled under wet conditions. It is therefore advisable to adopt
the precise procedure of 13.B.(ii) in moet cases, only excluding
drier soils extracted at wide ratios,

For routine work on a large scale, designed to provide rapid and
approximate estimates of soil phosphorue availability, the additicn
of a conetant volume of extractant to a conatant welght (or even
volume) of air-dry scil is normal practice. In this case, resul ts
are bound to have inherent expsrimental errors from variations ina

R (apart From other effects) and the figures should not be recorded
with any yrewst accuracy. Over the range O — 25 ppm P in air-dry
80il, which covers deficiency levele in must cases, the nearest 1 ;yn
P is probably sufficiently accurate.




(2) Rise of temperature usually increases the extraction of phosphorus,
presumably due to more active solubility and ion exchunge processes,
The proportionate increase is not normally constant For all types
of soil but it may be poeaible to relate correction factore to &
few weall-marked soll types, The effect of temperature chunge on
sny selected phosphorus extraction method must be studied if room
temperatures fluctuate,

{3) The steannous chloride sclution made by the method given is stable
for a week at lepst if etored in a refrigerator., Sclutions may
also be made by diesolving 2,26 g stannous chloride crystals,
50Cl,.3H 0, in 10 ml concentrated hydrochloric acid and diluting
to 100 m?, provided the etannous chloride is fresh. O0ld etocks
of stannous chloride must not be used without testing For the con-
centration of etannous ion,

In order to establish whether a solution of stannous chloride is
suitable Ffor molybdenum blug colour development, proceed as follows =

Transfer 10 ml of prepared solution to a 200 ml glass—stoppered
flask and add 25 ml water, 285 concentrated hydrochloric acid and

5 ml carbon tetrachloride, Titrate with 0,1 N potassium iodate
{6.36 g KIO3 per litre). At first, the iodine liberated is rapidly
converted to iodine monochleoride but, after 10-12 ml potassium
iodate has been udded (assuming the stannous solution is near O.1 M)
the iodine persists for & longer time and diesolves in th= carbon
tetrachloride layer, Titrate more slowly, stoppering and shaking
the Fflask fyrequently, until the wiolet colour of the carbon
tetrachloride layer just disappears,

0,1 M solutions of stannous chloride give a titration of 20 ml of
0,1 N potassium iodate. Solutions giving titrations of 18 ml or
more (..e, at least 90 per cent stannous ion) are acceptable for
molybdenum blue colour development.

(4) Calibrustion curves for phosphorus may vary elightly from day to
day, according to fluctuations in temperature, slight detericration
of stannous chloride solutions and perhape other causes, It ia
advisable to include a Full set of estandards Ffor calibration wWith
each batch of determinaticns.

If molybdenum blue colour development must be done below 20°C or
above 259C, investigate the period during which colov.re are stable
at their maximum level,

(6} Alkaline washing powders (which often contain phosphates) should
not be used to clean glamsware needed for phosphorus determinetions,
Thorough cleaning with fairly concentrated hydrochloric acid is
advimable, Blthough chromic acid cleaning solution can be used.

Do not allow molybdenum blue solutions to etand ia volumetric
flaeks. Wash the Flasks (and spectrophotometric cells or tubes)
immediately after use, If a deposit of tin does form inside
glamsware, dissoclve’'it with hot hydrochlefic acid,
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III. 12-1. O.5 M SODIUM BICARBONATE BXTRACTION, (OLSEN ET aL}.,

12-1.A, PRINCIPLE.

All eoils contain "“ineoluble” phosphates, maily the di= and tri=calcium
phosphates in neutral and alkaline soile and aluminium and Perric
phosphates in acid soils, Phoesphate ions (HPO, and H/ PO,} are however
present in amaell concentrations in the soil solution, according to the
ralptive amounts of calcium, aluminium and ferric iona, IFf the con-
centrations of the metallic ions are reduced, the concentration of

the phosphate ions increases in order to maintain the various solubildity
products at their constant velues,

An alkaline (pH 8,5) bdcarbonate solution can repress Tthe concentration
of calcium ions by precipitation as calcium carbonate and of aluminium
and Fferric¢ ione by precipitation as hydroxides, Thus phosphate ion
concentrations are increased and "available" phosphate can be extracted
From soil by shaking with alkaline sodium bicarbonate and filtering.
The extruction ia particularly dependent on time of contact and on
temperature and these factors have to be taken into account,

The solution selected for this method has two minor disadvantages,

It tends to disscolve organic matter, producing coloured extracts; and

it muet be acidified before molybdenum blue can be developed, producing
carbon dioxide bubbles which interfere with colorimetry, Thue, activated
carbon must be used with most soils to adseorb the scluble organic

matter (this muet be phosphete free and without eFfect on phosphate

ions) and it ie necessary to allow time Ffor the carbon dioxide bubbles
to eacaApe,

12-1.B, APFPARATUS,

Balance, accurate to 0.01 g
Shaking machine

Suitable glassware for soil and extractant mixtures and for Filtering
as already noted [12.B.{iii])~

Apparatus for molybdenum blue colour development and measurement, as
given in 12.C. (i}

12-1.C, REAGENTS,

Bxtracting solution: O.&8 M sodium bicarbonate, pH 8.6
Dissolve 420 g sodium bicarbonate {sodium hydrogen carbonatse, NnHCGJJ
to 10 litres, incorporating about 45 ml 6§ N sodium hydroxide to
adjust the pH to 8,56 £ 0,1

Activated carbon, purified,
Teast the carbon for phosphorus by shaking with extractant [at a ratio
near that used in the actual determinstione), Filtering and developing
molybdenum blue, If & measurable amount of phosphorus ies obtained,
shake the main etock of carbon with extracting solution, filter and
wash the carbon well with woter. Dry in an oven and pulverize to a
powder., Retuet to establish the abeence of phosphorus,

Do not uee stocks which are grosely contaminated with phosphate,

Sulphuric acid, slightly greater than 1 N,
Dilute 60 ml sulphuric acid (ep.gr. 1l.%4) to 2 litreae,.



PLUS
Reagents given in 12,C, (ii}

12=-1,.D, PROCEDURE,

Transfer a suitable gquantity of the field-moist or air-dry soil,
containing the selected weight (D is normally 2,5 or 6.0 g} of oven-=dry
soil, to the extraction vessel and add a emall guantity of activated
carbon, depending on the obeserved amount of organic matter, Add the
required volume of extractant and shake for the selected time (ses

Note 1,} Filter

Transfer 10 ml of extract (this can normally be used in the first
instance, whatever value of R ie melected) to a 50 ml volumetric Plask
and add 5 ml of sulphuric acid elightly greater than 1 N, Prepare:
standards aleo coataining 10 ml extrectant and 5 ml sulphuric mcid,
Shuke all Fflaesks without stoppering at intervals for 1 hour (or leave
overnight if convenient) to eliminate carbon dioxide bubbles. Then
proceed with molybdenum blue colour development and measurement as
described in 12.C, (idii).

If the colour from 10 ml of extract is greater than the top standard,
teke A 5 ml aliquot, add 6 ml extractant and 5 ml sulphuric acid, &as
above; or (Ffor very deep colours) tueke a 2 ml aliguot, add B ml
extractant and 5 ml sulphuric acid.

14-1.,E, NOTES.

(1) The published method advocates a soil:extractant ratio of 1:30,
uses air=dry scil and a shaking time of 30 minutes; but it ims
made clear thet more phoephate will be extracted by a longer
shaking time in some ceses.

f2) Using R = 20 und 4 = 10, the method covers the range 0=50 ppm P
in oven-dry soil, which is adequate Ffor most caees, IF the levels
of phosphorus are consistently lower than 10 ppm P, it would be
better to take 20 ml of extract (adding 10 ml of sulphuric acid]
and thus work over the range 0-25 ppm P. TIn this case, the standar

phosphorua soclutions should be treasted with 20 ml extractant and
10 ml sulphuriec acid,




ITI, 12-2, 0,002 N SULPHURIC ACID BXTRACTION. (TRUOG).

12~2,A. PRINCIPLE.

The phosphate soluble in dilute mcida can be a useful measure of the
availability of phosphorue in acid and neutral soils, Sulphuric acid
buffered ot pH 3.0 ie sBuitable and provides an extract in which phosphate
can be determined directly withuut any pre-treatment,

Wide soiltiextractant ratip® are advocated (R = 100 or 200) to encourasge
maximum solubility., And it is claimed that better correlations with
responees to phosphatic fertilizere may be obtained by analysing FPresh
Field-moiet samples. The method is unsuitable Ffor celcareocus soils,

as the extractant ie quickly neutralized or reduced in acidity.

13-32.,B. AFPARATUS,
As given for 12-1.B.

12-2.C, REAGENTS.

Extracting solution: ©O.002 N sulphuric acid, pH 3,0
Prepere by diluting 0,20 N acid one hundred times, adding 3 g potassium
sulphate or 3 g ammonium sulphate per litre of extractant made,

PLUS Reagente given in 12,C,(idi)
12-1,D, PROCEDURE,

Tranafer a quantity of field-moist or sir-dry soil containing 1.00 g of
oven-dry soil to the extracting vessel and add either 100 ml or 200 ml
extractant (see Note 1l.), Shake For 3O minutes or any selected time
and filttt‘-

Transfer 25 ml of extract to a 50 ml wolumetric Flask and develop and
megasure molybdenum blue as elready described, in association with
standards containing 25 ml extractant, (see Note 2.}

12-2.E. NOTES,.

(1] Small weights of s80il must be taken in this method and duplicute
analyses are advisable, especially for Field-moist samples,
Although R is traditionally 200, the lower value of 10U has been
used and this is probably better Ffor soile low in phosphorus.,

{(2) When R = 200 and A = 2B, thie method covers the range 0=200 ppm P
in oven-dry soil, Use of a emaller sliguot of extract is rarely
necessary for field samples,



IIT., 12-3. AMMONIUM FLUORIDE - HYDROCHLORIC ACID EXTRACTION. [(BRAY & KURTZ)

12-3.4. PRINCIPLE,.

Fluoride 1ons from ammonium Flucoride complex aluminium and ferric ions
in acic solution in the form of double Fluorides, AlF,_.JNH,F and
FeF-.JNH F; thus, in contact with aluminium and ferrig phosphates, tihe
alum;niuﬂ and ferric ion concentrations are reduced and so the phosphate
ion conicentration is ingcreased to maintain the solubility products at
their constant levels [compare l12-1.4.).

WHhen ammonium Ffluoride in acid solution is used to extract acid or
neutral soils, it will remove some phosphate ions from "insoluble"
phosphates of iron and aluminium and also dissolve a little calcium
phosphate. Increase of acidity tends to dissolve more calcium
phosphate, When similar solutions are used on alkeline soiles contuin-
ing calcium carbonate, the acidity of the extractant is reduced or
destroyed, depending on the amount of carbonate and the ratio of soal 1
solution, But, in neutral solution, ammonium fluoride still forms the
aluminium complex (but not the iron complex) and some phosphate is
extracted; the chemical reactione with alkaline soils are, however,
more variable and the determinution of available phosphorus may be legs
satisfactory.

Two solutions of different acidities were chosen by the authors of th:s
method. With a common emmonium Flucride concentration of 0,03 N, the
acidity of "BRAY I"™ ie 0,026 N (&s HCl) and this 18 said to remove
"adsorbed” phosphorus; the acidity of "BRAY II"™ ie 0,10 N (as HCLl) and
this is said to remove both ®"adsorbed” and "acid-soluble" phosphorus,

Very short shaking timee (one minute or less) are advocated. In FPuact,
for many socils, there is little change in the"phusphate concentration uf
the extract with increase of time; but, for some soila, either more cor
less phosphate is extracted - and this may be useful information,

The Fluoride ion hes u slightly depressant effect on holybdenum blue
colour development, so its concentration must be kept constent in tewts
and standards, The addition of boric acid to eliminate the fluoride
ion interference is not Fully effective and is omitted in the proceduse
below.

12-3,B. APPARATUS,
As given for 12-1.B.
12-3.C. REAGENTS,

Ammonium fluoride, 1 N
Digsolve 37 g smmonium fluoride to 1 litre, Store in polythene,

Hydrochloric acid, 5 N (see Appendix 1)
Extracting solutione;

(m) Ammonium fluoride, 0.03 N in hydrochlorie ecid, 0,025 N ("BRAY T
Dilute 300 ml 1 N ammonium fluoride and 50 ml 5 N hydrochlor:c
acid to 10 litres -

{b) Ammonium fluoride, 0,03 N in hydrochloric acid, 0.10 N ("BRAY (1"
DMlute 300 ml 1 N ammonium fluoride and 200 mi § N hydrochloric
acid to 10 litres

{see Note 1)



12=3.D. PROCEDURE

Transefer a suitable quantity of the field-moist or air-dry soil,
containing the selected weight of oven-dry eoil, to the extraction
vessel und add the required volume of extractant (eee Note 2). Shake
Ffor the chosen time and filter (see Note J).

Transfer 5 ml of extract (see Note 4) to a 50 ml volumetric flask;
prepare standards uleo containing 6 ml of extractant, Develop and
measure molybdenum blue as described in 12.C, (iii).

12-3.E. NOTES.,

{1} The extracting solutions are very stable and thus large volumes
may be made.

{2) The origional ratio of soil to extractant, based on air-dry soil,
was 1:7 but ratics of 1:IU and 1:50 huve alsc been advocated,
Using the narrower ratios, the volume of extractant may be 21 ml
(R = 7; D= 3,0} and 20 or 25 ml (R = 10; D = 2.0 or 2.5}, giving
sufficient extract for the subsequent molybdenum blue development.
When R = 50, D should be either 1.0 or 2.0,

(3} The advocated shaking times were 1 minute Ffor "BRAY I"™ and
40 seconda For "BRAY II"™, both of which require carefully
organized procedures and sapeciasl apparatus in routine work.
Periods up to 5 minutes have also been tried; and longer periods
can, of course, be used., But it is probable that shorter shaking
times are more suitable for these extractants,

(4) Owing to the effects of the fluoride ion oma molybdenum blue colour
development, not more than 5 ml of extract should be taken, even
iPf soils are very low in available phosphorus, When R = 10, the
range covered is 0=50 ppm P in oven-dry soil, For phosphate-rich
soils, reduce A to 2 ml and add J ml of extractant to keep the
fluoride ion concentration constant; the range is extended to
125 ppm P in oven-dry soil,



ITT, 13-1. AVAILABLHE POTASSIUM - AMMONIUM ACBTATE EBXTRACTIONS

1J-1.A., PRINCIPLE.

The total potasasium io the eXTtracts made with neutral 1 N ammonium aceta-
te, #8 in procedures III.7.B., is traditionally coneidersd to be availabls
to planta. For most s60ils Tthe potassium removed is largely that nnnnniand|
with the ¢lry and humus complex as exchangeable iones but in some salinse

801l extracts there may be a fair amount of water-soluble potassium [ews
ITi.B.). In the aseessment of availability, exchengeable and water-
#eoluble potassaium ione are not differentisted, the sum of the two mimply
being memsured in the wsoil extract, usually by flame photometry,

Iln routine studies it is accurate encugh to ahake so1l with ammondium
acetetes soluticen 1a a Padrly wide ratie (1:20 or more), a procedure
Which normally removes 90-95 per cent of the exchangeable potaseium and
#ll the water-scluble potassium; or, alternatively, soil {[or a soil:sand
mixture) may be leached with ammonium scetate solution in a eimilar ratic
to give 95-100 per cent extraction of the exchungeable potassium, Ex-
truction of field-moist so0il (which is often advocated) is best done by
mhaking.

Whereas exchangewble and water-soluble potassium values ere usually

reported io millieguavalents per 100 g oven-dry soll, available potassium

valugs are plways reported in parts per million potassium in the soll,
13-1.B. APPARATUS,

{a) For extraction by shaking.

Balance, accurate to 10 mg

Erlenmeyer Flasks, with stoppers, 250 or S00 ml

Erlenmeyer Fflaska, 125 or 150 ml

Mensuring cylinders, 100, 200 and 250 ml, as reguired
Funnels, %5 or 75 mm diameter

Filter popers, 11.0 or 12.5 com diameter (e,g, Whatman No, 40)
Heciprocating shaker,

(b} For extraction by leasching.

Falance, wmecurate to 10 mg

Leaching columnw, boroailicate glaass tubes, sbout 2 cm diameter and
40-50 cm long, Pitted with stoppers and capillary tubes or
apecially made with tapering ends, mounted in asuitable stands

Filterzng medin (uvee below)
Beakers, 50 ml

Funnels, 40 mm dismeter
Volumetric flaseka, 100 ml

Plua

Fleme photometer, with potassium Filter
Small beakers or sample holderwe,
13-1.C, REAGENTS.

£

Extracting solution, ummonium scetate, 1.0 N, pH 7.0 - 0.1
(#ee TTIT.7=1,C.1



Ammonium acetate, 2.0 N, pH 7,0 % 0,1
(ses III . B-1,.C.}

Potassium chloride, 1000 ppm K
Diesolve 1,207 g dry poteesium chloride to 1 litre

Potaysium chloride, standarda containing &, 10, 15, 20 and 26 ppm K
in 1.0 N ammonium acetate
Diluta B, 10, 15, 20 and 256 ml of 1000 ppm K etandard solution each
to 1 licre, after adding 600 ml 2,0 N emmonium acetate

Sand, washed (K-free}, U,5 - 2,0 mm (for extraction by leuaching)

13-1.0. PROCEDURES.

(e7 Extraction by shaking.

Tranafer a weight of air-dry soil containing 5,00 g oven-dry soil
to a 2%0 ml Erlenmeyer flask and add 100 ml 1.0 N ammonium acegfate
splution, Shake on a reciprocating ehaker for 30 minutes and Pilter

If field-moist ecoil is analysed, use a welght contsining 10,0 or
13.5 g oven—-dry scil and shake with 200 or 2580 ml of extractant in
a 500 ml Erlenmeyer flask, IF the soil is very wet, ell»w For the
volume of water in it as described in IIT,.12.B,(1ii).

(b} EBxtractionm by leaching.

Prepare the leaching column with ite Piltering medium, which may he
a disc of Pilter puper or a pad of Pilter pulp or ashestos or a
sintered glasse disc, as preferred, Pour about 5 g dry waeshed sand
on to the filter.

Mix the required weight of air-dry soil (containing 6,00 g oven-dry
s0il} with 16 to 25 g ssnd, according to texture,., Pour this mixture
into the leaching column and add 5 g sand on top, Place a 100 ml
volumetric flask under the column and then scoak the soil:sand
mixture with 15 ml extractant, After one hour add ancther 15 ml
extractant to the column and allow this to pass through, Continue
to add five more lotes of 16 ml of extractant, allowing each lot

to pass through before adding the next, Remove the volumetric

Flask when the volume oF extract hss reached 100 ml and mix the
contents.

(c] Determination of potassium in extracts,

Measure the potassium concentration of the extracte by Fflame
photometry, as indicated in IIT.B-1,D., calibrating the photomeoter
with the wsbove standerds containing O0-25 ppm K in 1,0 N ammonium
acetate. Meke allowasnces for any interference From eodium in Luwe
analysile of saline eoile.

17-1.E., CALCULATION

From the calibration graph, let the concentration of an individual soil
extract be
A ppm K



Then,

Thus,
13-1.F.

(L)

(2)

(3)

the concéntration in oven-dry soil is
20,4 ppm K

the range covered by the standard procedure is O-500 ppm K in scil,

NOTES .,

The advocated procedures may be modified to sulit different aocils,
although it is unwise to use less than 20 parte of extractant to

1 part of soil, even with sendy, potassium—deficient samples. IF
results are consistently less than 200 ppm K, the Flame photometer
should be calibrated with standarde in the range O0-10 ppm K, On the
other hand, if potassium-rich soils (above 500 ppm K) are analysed,
it is safer to extract the equivalent of 2,50 g oven-dry soil with
100 ml extractant,

IP exchangeable potaseium values are determined by methed III,.8-1.,
in milliequivalents per 100 g soil (nearest 0,01 me), multiply the
potassium values (without correction Ffor water-soluble potassium]
by 391 to obtain available potassium values in ppm K.

It is usually accurate enough to record available potassium values
to the nearest 5 ppm K, up to 500 ppm K; above thie, the nearest
10 ppm K ie adegquate.



I11I. 13-2, AVATLABLE FOTASS5IUM - SULPHURIC ACTD EXTRACTION.

13.2.,4, PRINCIPLE

It is claimed that some potassium temporarily FPixed by clay minerals in
A non-gxchangeable form may be available to plants. Thia potaesium CAanD
be removed by treatment of 801l with hot dilute minersl acids; and a
convenient method of doing thise ie to use the heat of dilution of
conceantrated sulphuric acid with water which is already in contact wWith
goil. After this initial attack, the soil is washed and leached with
0,1 N sulphuric acid to & definite volume,

I'ne resulting extract is in a fFairly concentrated acid solution [about
3.6 N in the procedure below) and it is advisable to neutralize most of
thig acidity with ammonia before Bpraying into a flame photometer.
Analysis of the extract measures the sum of water s0luble, exchangeable
and "fixed" potassium.

15-2.,B, APPARATUS,

Balance, accurate to 10 mg

Beakers, 100 ml, with caovers

Measuring cylinders, 10 and 25 ml

Stirrcing rods

Funnele, 76 mm Jdiameter

Filter papere, 12,5 om diameter (e.g. Whatman No. 40}
Volumetric flasks, 50 and 100 ml

Bulb pipettes, 25 ml (and as required)

Flame photometer, with potassium filter
Small beakers or sample holders

13-2.C, REAGENTS.

Concentrated sulpburic acid (ep.gr. 1.84)
Sulphuric acid, Q.1 N (approximately)
Prepare by dilution of 5 N etock solution (see Appendix 1)

Ammonium Bulphate = sulphuric acid, spproximately 3.6 N as sulphate,

pH less than J
Add 400 ml concentrated sulphuric acid to apout 2 litres water and <ool,
CarePully add 1050 ml ammonia solution (Bp.gr. U.%1, 25 per cent NHsj,
cool and maeke to 4 litres,

Sulphuric acid, 3.6 N (approximately)
Dilute concentrated acid 10 times

Ammonie solution, 5 N (eee Appendix 1)

Potassium chloride, 1000 ppm K
See 111113_11(:.

Potsseium chloride, setandards comtaiming 5, 10, 15, 20 and 25 ppm K
in ammonium sulphate -~ sulphuric acid, approximately 1.8 N aa sulphate,
pH less than 3J

Dilute 5, 10, 15, 20 and 25 ml of 1000 ppm K standard solution each to
1 litre, after adding 5U0 ml ammonium sulphate - sulphuric acid mixture
([approximately 3.6 N, as above]



13--3.D, PROCEDUHE

Transfer a weight of air-dry soil containing 5.00 g ovea-dry soil to &
100 ml bsaker and add 25 ml water. Then carefully add 10 ml concentrated
sulphuric acid, stir well, cover the beaker and leave on an asbeetos
sheet for 30 minutes. Pour off the supernatant liquid through a filter
paper {(®.2« Whatman No. 40) into a 100 ml volumeteric Flask and wash the
#0il by dwcantation with Pour 10 ml lote of O.1 N eulphuric acid.
Fioally, traoefer the socil to the filter paper and leach with 0.1 N
sulphuric acid uatil the volume of extract is 100 ml,

Transfer 26 ml of extract to a 50 ml volumetric flask, add 15 ml 5 N
ammonia ealution and make to 50 ml with water, Determinoe the potassium
concentration of this partially neutralized extract by flame photometry,
calibrating the photometer with the etandards countaining 0-26 ppm K in
ammonium sulphate - sulphuric¢ acid of a conceatration resembling that in
the soil extracts, IFf the concentration is greater than 25 ppm K, repeat
the analyeis by taking 20 or 10 ml of the original extract, making the
volume to 25 ml with 3.6 N sulphuric acid, adding 16 ml 5 N ammonia
eolution and diluting to 60 ml with water; then spray this solution,

13=2.,B. GALCULATION,

Let
4 ppm K be the concentrution of an individual diluted scil extract

X be the volume in ml of original soil extract diluted to 50 ml

Then, the concentration of potassium in the original soil extract ie
X
and the conceantraticn in oven-—-dry soil ie
1000 4 5om x |

1J-23,F., NOTES.

(1) As X (in the calculation) ie mormally 36, the range covered by the
standard procedure ies 0-1000 ppm K, which is adequate Ffor many soile,
in spite of the fact that the technique may extract much more
potassium FProm some soils than the ammonium acetate procedure., IF
resultes mre conaietently less than 400 ppm K, modify the flame
photometry by calibrating with standards in the range 0-'0 ppm K.

The method is scarcely afPected by the presence of carbonates in
calcareous socile; poesibly, for very calcareous soils, some
adjustment may have to be made to the volume of 5 N ammonia used
for neutralizing the bulk of the acidity.

GENERAL REFERENCES.

BLACK. Chapter 71, Section 71-4. [(P.F. PRATT)}
JACKSON, Chapter 6, Sections 6-=67 to 6-74

Bibliography 720, 10u4, 1U86 and 1093,



IIIl. 14. SOIL ACIDITY

GENERAL INTRODUCTION,

A material is normally judged to be acid when its pH value is belaw
7.0, But in the case of a soil, "pH" mey have a range of wvalues
according to the procedure adopted for determination (see III.l.)
Therefcra it is difficult, when thie pH range embraces the neutral
point of 7.0, to say when a particular eoil is "acid™ and when its
,"acidity" should be studied Ffor its effect on plant growth.

The lowest pH value for a esoil can usually be produced by shaling

with 1 N potassium chloride at a narrow ratio (eay, 1:1 w/v); ¢ thie
minimum value is 7.0 or above, then the soil is certainly nct acld.
Strictly, if this value falls below 7,0, then the soil has some amall
measure of "acidity" - but this may b¢ considered negligible, It is
suggested that if the pH of a meoil in i N potassium chlorids 237 3
ratic of 1:1 wf/v 18 below 6.0, then it may be useful to investigate
ite sxchange acidity (see below), even though the treditiovnal "pH"

(at a ratio of soil:water of 1:5 or 2:5 w/v] may be above 7.0,

The hydrogen icne in acid scile are uble to release abluamin: .o 1

from clay minerales and the sum of the coocentrations of ©roue Leo
ions (in milliequivalente per 100 g oven-dry soil)] is thae “'g:iotangs
acidity™ of the soil, This is alsoc the diPPerence LoIWEed i Lab:on

exchange capacity and the eum of the exchangeable "bases" (i.e., calcium,

magnesium, potassium, sodium and, perhaps, manganese!. Hxchange acidity

can be measured by extraction of exchangeable hvdrogen and aluminium

ions with a neutral salt sclution !method III.14-1.; or by determinziion

of the lose of alkalinity of a solution of barium chloridetriethenolamine
{pH 8,0) after it hus been used to extract an &acid egil, {(ace 1IT.14-1.

Fo (3},

In a so0il or & scil-water mixture, the acidic groups are opl ~ ire bt
diseociated (giving rise to the pH value) but, revertheless, woBL ol
them become disscciated and release their hydragen curing exttactioen
with & netural sslt solution, However, a amall emount of Hy irouuin

ie strongly held by the clay and organic matter and cz3n only he raro.ed
by treatment with alkalies. Thus, althoughk the smount of alkali naesed
to "neutralize™ an uacid ecil can be fairly well assessed from its
exchange acidity value in relation to its cation exchenye cepacity, s
direct titration is the more reliable method, Tris le.us

to an estimation of "lime requirement™, a term which 18 uncectuln in
ite meaning in the same way that an "acid" ascil 18 urcertsin,

Although laime reguirement may be defined as the amourt of pure 1img
{usuelly calculated as calcium carbonate) needed to bring the Goil, iw
(say) & pH of 7.0, thie definition involves the secondary definition

of "pH of 7,0," Therefora, the result of a lgboretory test si.. 'd 7«
reported io precise terms &0 that the expected ellect of Lthe advocated
dressing of calcium carbunate is clear.



ITI,., 14-1. EBXCHANGE ACIDITY

14-1.A, PRINCIPLE

5011 is lesched under consistent conditions with neutral 1 N potassium
chloride solution, exchangeable hydrogen and aluminium paseing-into
solution, The leachate ie thus acid and can be titrated with =&
standard solution of an slkali, the amount of alkali used being
equivalent %o the sum of the hydrogen ione and aluminium ions -

+

H + oH - H 0

ALY 4+ FOHT = Al (OH)

The titraticn is taken to the alkaline side {pH 9), using phenol=
phthalein as indicator; the alumimium hydroxide tends to make . the
end-point a little uncertain and to absorp indicator but a fairly good
titration can ueually be obtained,

The alumirium is then complexed with sodium fluoride, releasing an
equivalent suantity of alkali

AI[GHJG + 6 NaF = HnSAIFE + 3 NaOH

The released alkali is titrated witk standard ecid t9o measure the

exchangeable alwninium. Alternatively, if preferred — or if there is
diPficulty with the second titration - the aluminium may be determined
colorimetr cally in the originel leschate with aluminoca (se¢ 177.9-6,)

14-1.B. APPARATUS,

Bulence, accurate to O.05 g

Funnels, 75 mm diameter

Filter papers, 12.5 cm diameter (e.g. Hhatman No. 42}
Volumetric Plasks, 100 ml

Measuring cylinders, 10 or 25 ml

Bulb pipette, 50 ml

Erleonmeyer flasks, 150 cor 200 ml

Graduated pipette, 1 ml

Burettes, 25 ml, with 0.1 ml divisions

Plus, if needed, apparatus For determination of aluminium as given
ian III.9=& .0,

14-1.C. REAGENTS,

Fotassium chloride, 1 N, pH 7.0
Dissolve 372 g potassium chloride to 5 litres. Check the pH.

Sodium hydroxide, 0.050 K
Hydrochloriec acid, O,050 N

Sodium FPluoride, 1 ¥
Disnclve 42 g wodium Flucoride to 1 litre.

Fhenol phthulsin, 1 per cent in B0 per cent ethanol




Plus, if needed, reagents for determinstion of alumiaium as given
ia III-;'—E'G-

14~1.,D. PROCEDURE.

Transier a we:ght of air-dry soil containing 10.0 g oven-—dry acil

(see Note 1.} to a dry filter paper in a fumnel in a 100 ml volumetric
flask, Add 10 ml of 1 N potaseium chloride to the soil and allow the
solution to percolate through. Add a further nine portions, each 10 n'
of 1L N potassium chloride at approximately 13-mianute intervale 80 that
the leaching process takes not less than 2 hours, If the filtrationm
rate is too slow, repeat the anaslysis after mixing a second weighing

of soil with 20-30 g Pine sand or 6-10 g powdered cellulcse,

Adjust the volume of the leachate to 100 ml with 1 N potaasium chior.
Messure its pH value, especially if the pH of the soil im 1 ¥ joTasa"
chloride hes not been determined,

(a) Determinaotion of exchange ascidity.

Transfer 50 ml of soil extract to a 160 or 200 ml Brleomeyer flask,
add 0.2 ml phenol phthalein and titrate with 0,050 N sodium hydroxide
until the solution (containing & gelatinous precipitate of aluminium
hydroxide) is just permanently pink., Add an extra drop of indicator
if tbe colour is absorbed by the alumina gel.

(b) Determination of exchsngeable aluminium by titration,

Just destrey the colour (after the above titration) with one or two
drops of 0,050 N hydrochloric ecid and add 10 mi of 1 N sodium fluoraide,
If exchangeable asluminium ie present, the solution becomes pink againm
by release of hydroxide ione from the aluminium hydrcxide, Titrate = th
0,050 N hydrochloric acid until the solution is colourless for at leant
two minutesa.

(¢) Determination of exchangeable aluminium by colorimefry.

TransfPer 6 ml (or less) of the potsssium chloride extract (dependirg
on its pH and the determined exchange acidity) to a BO ml volumetri-
Plask and determine aluminium as described in III.9-6.0. Prepare =
blank and stendards containing the same (constaat) volume of 1 N po-
tassium chloride as in the test solutions.

14-1.B., CALCULATIONS.

(a) Titration methods,

Let
¥ be the volume in ml of 0,050 N sodium hydroxide used in the
first titration.

Y be the volume in ml of 0,050 N hydrochloric acid used in the
second titration.

Theas volumes correapond to (0.05 x X) and (0,05 x Y) millieguivelents
reapectively; and these amounte are both derived from § g oven-dry soll.



Thus,

(b}
Let

Then,

the soil containg =
X me per 100 g oven-dry soil exchange acidity

¥ me per 100 g oven-dry soil Exchunghhble gluminium

(X = Y) me per 100 g oven-dry scil exchungeable hydrogen

Colorimetric method for aluminium.

A be the volume in ml of the aliguot taken for analysis.

be the number of microgram Al found in this aliguot,
the conceotration of aluminium in the extract ia

_G_ parte per million
A

and the concentration of exchangeable aluminium in the soil is

i%g ppm (oven—-dry scgil basis)

This corresponds to

14-1.F.

(1)

(2)

(3)

P o milliequivalents per 100 g oven-dry soil

9 4
NOTES

The accuracy of this method does not really justify the returno
of the results on en oven-—-dry soil basis but, if these resulrts
are to be compared with cation wexchange capacity figures, they
must be on the same basie, For routine examination of extchange
acidity air-dry soil is satisfactory.

If cution exchange capacity and exchangeable cations have been
determined (methods III.? end III.8), add the exchangeable calcium,
magnesium, sodium and potassium Ffigures (plus exchangeable mangangse
if much ie present) and pubtract the total From the cation exchange
capacity Figure (all in milliequivalents per 100 g oven-dry soil).
This method may mot give a very accurate result for exchange acidity
because the errors of the individual cation determinations may be
gumulative,

If cation exchange capecity 18 to be determined by method ITI.7-3
with barium chloride - triethanclamine on acid socils, preserve the
extracts made during the saturation with barium and make the .olume
to 250 ml with saturating solution (starting with 10 g oven-dry
80il). Tranefer thie quantitatively to a 500 ml Erlenmeyer FPlask,
Wwashing out the volumetric Plask with water, add 0,5 ml bromocresol
green - methyl red mixed indicaeator (see III.4.C.,) and titrate with
0.20 N hydrochloric acid to the end-point of the indicator (just
pink). Similarly titrate 250 ml of barium chloride - tristhanclamin
saturating solution,

IfF the titrativae are X ml Ffor the saturuting solutionm aod Y ml
for the soil extract, then (X - ¥} ml of 0.20 N acid corresponds
to the exchange acidaty of 10 g oven—-dry soil and thus the exchange




(4)

ucidity is 2(X = Y) milliequivalents per 100 g oven-dry soil,

Reports have been received by the authors that potaseium chloride does
not remove exchangeable hydrogen quantitatively from some tropical
soiles, although it is effective in removing exchangeable aluminium,

In these cases, use of the barium chloride~triethanoclamine technique
{in Note 3) would be preferable for exchange acidity,



III. 14-2, LIME REQUIREMENT

14-2.A. PRINCIPLE ]

Samples of constant weight ol the soil under teat are treated with
conatant volumes of culcium hydroxide solution of increasing concentra=
ticn. After equilibration, which normally takes about three days, the

pPH values are measured and the effect vf the calcium hydroxide on the
ecil pH studied graphically.

14-2.B. APPARATUS,

Balance, accurate to U.5 g

Wide-mouth screw-capped jars, 80-100 ml (see IIT.1.8.)
Dispensing burette, 1lU0 ml, Ffitted with a carbon dioxide trap.
Reciprocating shaker,

pH meter

Glass electrode

Reference electrode, saturated potassium chloride = calomel
Wash bottle, plastic

14-2,C. REAGENT,
Calcium hydroxide solution, Baturated (approximately 0,04 N)

Maintain about 10 g calcium hydroxide in contact with 4-5 litres of
carbon dioxide free water for m day or two, ehaking occasionally.
Allow the excess solid to settle and siphon off the clear ligquid
into an aspirator fitted with a carbon dioxide trap (see Note.l).
Determine the calcium hydroxide cuncentration by titration with setandar
0,10 ¥ hydrochloric acid,

14-2.D, PROCEDURE.

Tranefer six 10 g portions of air-dry, 2 mm so0il to wide-mouth screw=-
capped jars and add, respectively, O, 10, 20, 30, 40 and 50 ml calcium
hydroxide solution, Make ezch volume to 50 ml with water., Screw on
the lids and shake on & reciprocating shaker for 15 minutes, Then
leave to reach equilibrium for three days, shaking occasionally if
convenlient (leaving over a week-end breask is suitable, without shaking].
Finally shake on the reciprocating shaker for 16 minutes and allow te
stand undisturbed for JO-60 minutes.

Read the pH values as described im III.1.D,.

i4.2.E, CALCULATION.

Let

C be the concentrafion im millieguivalents per litre of the
calcium hydroxide (C is near 40 at 20-35°C)

Then, the solution contains soluble calcium equivalent to B0 C milligram
per litre of calcium carbonate.

Thus, the amounts of calcium carbonate added teo 10 g soil under test
are, respectively, nil, 0,6 C, 1.0 C, 1.5 C, 2,0 C and 2.6 C milligram,

And ®0 the amounts added to 100 g eoil would be, reepectively, nil,
BC, 10C, 16 C, 20 C and 25 C milligram,




Plot these vulues againet the respective pH values Found in the test.

From the graph, let

M be the number of milligram of calcium carbonate reyuired to
produce the chosem pH leavel (l:5 w/v water basis} in 10U 4 eoil.

Then, 100 kilogram soil reqguires M gram calcium carbonate.

Let one hectare of ecil to a depth of 15-17 cm be taken to weign 2,5L. lew
kilogram,

Then, the lime requirement is 26,000 M gram per hectare

= 25 M kilogram calcium carbonate per hectare

14-2,F, NOTES.

(1) The calcium hydroxide solution may pbeed filterirg through a very
fine paper or a ceramic filter candle,

(2) The method advocated is For soil of moderate to high acidity and
it may only be necessary to use 1t in full for soils having a pH
value [1l:5 w/v in water) of 5,0 and under. If the lime reguirement
is needed for adjustment to pH 6.5 only (a normal figure For mineral
soiles), the analytical work may be reduced For sandy ecilis
with pH values between 5.1 and 6,4 by using only 10, 20 and 30 ml
portions of calcium hydroxide solution, Other modificetions can
be made in the light of texture differences, smount of organic
matter and B0 on, with particular regard to the degree of neutrali-
zation needed for specific crops,

(3) Kilogram per hectare may be taken ae roughly equal te pound per
acre, Neutralization in the field is lesxs effective than ia the
laboratory and a "field factor™ (usually 2 or 3} 18 normally used
on calculating the Field dressing.

GENERAL REFERBNCES.,

BEAR, Chapter 7, (L.F., SEATZ and H.B. PETERSON)
BLACK ., Chapter 59, Sections 59=1 and 59-3. (M, PEECH}
Chapter 61. (M. Peech)
Chapter 67, Sectiom 67-3, (B.0. MACLEAN)
CHAPMAN and PRATT. Chapter 26, Section 26-11.
JACKSON , Chapter 4, Secticons 4-50 to 4-65,
RUSSELL. Chapter XXVIII

Bibliographies 869, 870, 922 and 979,



III, 15. GYPSUM REQUIREMENT

15.A. PRINCIPLE

Soils contuining high amounts of exchangewuble sodium in relation to
exchange capacity can sometimes be effectively reclaimed by the help
of treatment with gZypsum which, in conjuction with adequate rainfall
{or irrigation) and drainage, accelerates the reguired replacement
of sodaum by calcium, An epproximate assesament of the amount of
gypeur required for reclamsacion of a particular soil may be obtained
by a guantitustive test with saturated calcium sulphate soclution.

The soil ie shaken at a Ffairly wide ratioc with saturated calcium
sulphate solution and filtered, During shaking, calcium 1is renuvved
from the solution by cation exchange for sodium; apd 1t is also
possible that some magoesium may be removed From the soil by wxchongr
processes, Although the sodium ion is the main cause of pocr phreire
conditione in saline soilms, magnesium ion cenm wleoc contribute to loss
of structure; thus the amount of calcium iom lost by exchange with
both sodium and magnesium is conseidered to be a meagpure of the gypam
requirement of the soil, This loes in determined as the difference
between the calcium roncentration of the original calcium sulphate
solution end the calcium concentration of ithe scil filtrate,

The required concentraticone are convealently determined Ly EBOTA titre-
tion as described in Section IV,5,

16.B. APPARATUS,

Balance, accurate to 5-10 mg

Brleomsyer Flaeke, 250 ml, with stoppers

Erleameyer flaaks, 150 ml,

Cylinder, messuring, 100 ml

Reciprocating shaker

Funnels, 75 mm diameter _
Filter papers, 12.5 cm diameter {®,g. Whatman No. 30}

Plus mspparstua for BEDTA titratiome as liasted in Section IV.4,B,
using 50 ml burette instead of 25 ml birettis.

15.C, REAGENTS.

Calcium sulphate solution, saturated
Shake 5 g calcium sulphate dihydrate, CaS04,2H,0, wath 1 litre of
water Por 1 hour '{or more) and filter,

Plus reagents For determination of caleiuwm 35 licied in Section
I¥V.5.C: iv.5.C,

15.D. PROCEDURE,

Tranasfer 5 g sir-dry soil to 250 ml Erleamcyer flasak snd add 100 ml
saturated calcium esulphate solution. Insert a stopper and shake on

a recliprocating shaker for JJ mainutes,., Failter into a dry 150 ml
flask,

Tranefer 20 ml of the Ffailtrate to a4 titrwtirion Plase and delermine
the Ca+Myg coocentration by titratiuon with 000 N EUTA svlution ad



s#t put in Section IV,5,D, Similarly, titrate 20 ml of the originai
calcium sulphate solution to determine the calcium concentration.

i5.E, CALCULATIONS

(1)

Let

Then,
But,
Thus,
(11}

Since

viten

i-'.

Using 20 ml aliquote, the titration values are numericelly egual
to the concentrefionse of Ca in the saturated calcium sulphate solu-

tion and the soil filtrate, respectively, measured in milliequlva-
lents per litre.

A be the concentration in me per litre of calcium in the saturated
calcium sulphate solution

B be the concentration in me per litre of calcium=plus magnesium
in the soil filtrate

the "calcium ion™ lost is (A = B) me per litre
l litre of eoil filtrate corresponds to 50 § air=-dry seoil
the calcium ion difference ie 32(A — B) me per 100 g soil

Let 1 hectare of moil to a depth of 16-17 cm be taken to weigh
2,500,000 kg.

, Prom the above calculation, 100 kg soil requires 9(A - B)
%k’“t' of calcium iom, them 2,500,000 kg requires B5O,000(A = B) equi-

1l hectare requires 50,000(A -~ B) equivalents gypsum

or, since the equivalent of gypeum is 86, 1 hectare requires

Suita

15,F., R

(1)

(2)

4,300(A = B) kg gypsum

ble practical applications would be -

(a) 4.8({A — B] metric tons per hectare

{b) 2(A - B) tons per acre (6~7 inches deepl

OTES .

The concentration of calc¢ium in saturated calcium sulphate ie
about 30 me per litre., The prepared solution should oot have &
copcentration less than 28 me per litre,

If the concentration of Ca in the soil Filtrate is found to be
greater than ths concentration of calcium in the saturated calcium
sulphate solution, then the esoil contains sufficient calcium for
reclamation.

16.G. REFERENCES.,

BEAR.

Chapter 7, (L.F. SBATZ and H,B. PETBR3ON)

JACKSON . Chapter 4, Sections 4-44 to 4-49,
RICHARDS. Chapter 6, Method 22(d).
RUSSELL. Chapter XXXIII (p.500)



III, )6, MINOR ELEMENTS FOR PLAN NUTRITION

INTRODUCTION.,

Knowledge of the total concentraticns of the minor elements in soils is
rurely useful in correlation of soil enalyses with deficiency or toxicity
effecte in crope. If required for research or ecademic purposes, the
total amounte of minor elements may be determined more conveniently by
spectrography or activation analysis than by chemical methods, Both

cf these are outside the scope of thie Guide,

As in the cesee of the major elements, there have been many attempts to
find suitable extractant solutione for the determination of "availeble"
minor elementes,., Solubility in water is usually so low that analyses of
the water extract are difficult; this method has only met with success
{in termse of correlation with crop performance}) inm the case of borom =
for which hot water extraction is used - and poesibly manganese., Sioce
four of the minor elemente are metals (molybdenum is extracted end measursd
as molybdate), determination of exchungeable forme by treatment of soil
with neutral salt solutions has been tried but has only been useful in
interpretation of menganese results, Generully, for scile which are
uncontaminated, the minor elements must be encouraged to pass into
golution by increaeing the hydrogen ion concentration of the esxtractant
to diesolve "acid-#oluble”™ forme or by including chemicals or ions which
combine with the minor elementes to form complexes or which break up
complexes in the soil holding the elemente in "Unavailable" forms, Use
of a simple acid (0,1 N HC1l) ie sometimes effective ino measuring available
copper and zinc; and an ascid buffer like ammonium acetate - acetic acid
at pH 4,8 ie a "general purpoese™ extractant which may give useful Ffigures
for available iron, manganese, copper and zinc - and aluminium in the case
of acid woile, (It may be noted that eodium acetate - acetic acid at

pH 4.8 - Morgan's solution = may of'ten be used in place of the ammonoium
buffer)., Techniques iavolving these two extractants are described below,

Other acids or acid selts or acid and salt mixtures have been advocated
and may be highly correlated with crop performances in limited areas or
on certain soil types; these must not be ignored by individual labora-
tories,

For molybdeaum extractiop, ae molybdate, the acid salt is an oxalate and
the extractant combines acid solubility and complex formation and possibly
anion exchange to bring molybdate ione into soclution., In one successful
method for manganese, a reducing agent is used 1n a neutral salt solution
to reduce manganese ions of high valency to the divalent form. (This
techanigue is eimilar to that ueed to measure "free" iromn oxides - see
111,10). Copper and zinc are extracted in higher smounts from svila by
including complex formere = HDTA to chelate copper and dithizone to form
zine dithizonate,

While eingle extraction splutions have been included for available iron,
molybdenum and boron on the grounds that these have proved useful oo a
wide range of soile, it has been difficult to sele¢t any one “best" ex-
tractant for availeble manganese, copper and zinc, thus, three extraction
methcds are cffered in each caee,

The literature on extractiuvn of minor elements contains not only many
diPFferent extraction solutiopns but Aleo a variety  of soil:eoclution. ratios
and shaking times and extradtiom technigues, Vruvlonged treatment by a
leaching procedure may be aseumed to give the highest yield in most cases




but often, if the amount of the minor wlement ie at a deficiency level,

a gimple shake at & convenient nerrow ratio may not only give a similar
high yield but &also rewult in & solution more suitable For the chemical
analysis of the element concerced, mainly because it is more concentrated,
BExcept in the boron method, wihere the extraction procedure is Ffairly

well established, it is suggested here that shaking at a ratio of one

part of oven~dry soil to 5 or 10 purtse of extructant should be used ae

a preliminary treatment to inveatigate levels of concentration, Other
ratios can then be uscd if necessary to provide more efficient extraction;
or leaching techniques can be adopted,

Chemical determination of the minor elements ie by colorimetry. Methods
bhove been made as aimple .as possible and should be euccessful on all
normal ecils. Although the major interferences have been dealt with,
scile of unusual charascter may Kive rise to anulytical troubles whi-h
must be overcome according to the nature of the interfering cation of
apion or other material. The range of valuesa found may be wide, covering
deficient and toxic levele; &adjustment of aliyuot size or extraction
technique usually deusls with thie aspect of minor element mnalysis,
having due regard to the conditione (often precise) under which the fimnal
colorimetric analysis muet be made., Thuws, taking a larger =liquot to
increase the amount of minor element also increases the amount of the
salt or acid i1a the extractani, which may be undesirable; then & suitable
modification must be introduced into the method.

The analysis of socils for minor elements zan only be satiefacterily carried
out if care ie taken to exclude contamination from all eources, During
sampling of the scil and preparation for analysis, no metal apperatus

must be useed which may introduce measurab.s ergountas of the element to be
determined or undesirable guantitiss of imteriaericg elements, Thus, For
example, passage of seocil through a brass =sieve would contaminate it with

copper and zinc; and cruahing in an ircn mortar might intreduce molybdenum
a8 well ae iron. In anslyses, too, contact with metal apparatus is simi-
larly bad; and there are other instances of pousible contaminativn - zZzinc

from rubber, boron from borosilicate glass, co-;er Prom metal etille, and
80 on, It i1s possible to reduce contaminati.e from impurities in reagents
by purchasing specially prepared "micro-analytical reagenta™ which ure

well worth their extra cost., Failing this, purification inm the laboratory
by distillation or solvent extraction of the unwanted element can be fairly
eapily done in most cases,

In the following directions (ib6-1 ty 10-E&E) ail the snalyses are carried

out on air-dry soil Ffor cornverience, although resulte are returned on an
oven-dry basis. Analysis ¢f Field-moist soil is sometimes recommended in
the literature (e,d. fOor manganéese) snd this can be done 1f circumstances
are favourable, No ettempt has been made to interpret pussible results

in terms of "low", "medium”™ and "high" availability because criceria are

g0 variahle; but the determination ¢of wsvailable minor elements in soiles

is useless without some form of correlation with crop responses Or symptoma,

Finally, it may be mentioned that the determination of iron, manguancse,
copper and zinc (and probably molybdenum)] in soil extracts may be done by
atomic absorpticon spectrophotometry if the luborateory is equipped with this
spparatus. For large scale routine work, Tthis mothnd ie certainly prefe-
rable; but for small scale investigations, colorimetric methods are

likely to be useful for some time, .



IIT, 16~1, AVAILABLE IRON l

1-6-'1. .-Aa PRINGIPLEI

Iron is extracted by treatment of eoil with 1 N ammonium acetate sclution
buffered near pH 4,8. Shaking at a ratioc of 1:% (w/v) ie convenient and
efFPective for a preliminary assessment of evailable iron level; then, if

desired, modified ratios may be used or & leaching technique adopted,
(aee Notes 2 and 3).

The extract ie analysed for iron by reduction with hydroxylamine
hydrochloride and development of the ferrous-porhtophenanthroline colour
as described in III.9=4. One advanteye of the use of ammonium acetate
buffer at pH 4,8 for extraction is that no adjustmnet of pH is normally
negded before developing the iron colour, When calcureous soils are |
anal yseed, however, (Bnd theae are the most likely to show iron deficiency)
the acid in the extractant ma¥Y be partly or wholly neutralized and it is
advisable to check the pH of the socil extract and adjust it if necessary
before proceeding with the iron determination,

The extract may be coloured with small amounts of eocluble organic matter,
This may be removed with activated cerbonr; or a compensatory method may
be used in the coleorimetric procedure. (compare IIL.9-5.)

16-1,.B, APPARATUS.

Balance, accurate to 10 mg

Erlenmeyer flasks, 100 ml, with etoppers

Measuring cylinder, 50 ml

Reciprocating shaker

Funnels, 55 cm diameter

Filter papera, 12,5 cm diameter (e.g. Whatman No 40)

(Note - alternative apparatus may be needed for other extractiom or
leaching procedures)

Volumetric Flasks, 50 ml

Bulb pipettes, 2, & and 10 ml

Graduated pipette, B ml with 0,1 ml divigions

Spectrophotometer, with cells or tubes of 1.0-1.5 cm diameter {or larger,
if available)

16-1.C. REAGENTS,

Ammonium acetute - acetic acid, 1 N each, pH 4.6 to 4.8
Add 120 ml glacial acetic acid to 50U ml water, then add 75 ml
conceatrated ammonia solution (sp.gr. 0.91, 25 per cent ammonia), cool
and make® to 1 litre, Check that the pH is between 4,6 snd 4.5,

Activated carbon, Darco G.60 (optional]

Acetic acid, glacial and 5 N solutions, (optional in the case of some
calcarecus scile)

Hydroxylamine hydrochloride {hydroxyammonium chloride) 1O per cent
Orthophenanthreline, 0,25 per cent in wWater

(see III.9-4.0.)
Standard ferric iron solutioas, 500 ppm pnd 50 ppm Fe,

(see III.9-4.C,)




16-1.D., PROCEDURES.

Transfer a weight of sir-dry 2 mm soil containing 10U g oven-dry eocil to
a 100 ml Brlenmeyer Pflask, add 50 ml ammonium acetate - acetic acid
extractant and shake mechanically Ffor 30 minutes. Filter intgo dry
flask through an acid-washed paper (e.g. Whatman No 40),

If the extract is appreciably coloured, add a little activated carbon,
ehake and filter, using dry apparatus, Alternatively, use the compen-
satory method for colour comparison desscribed below, If the soil ie
inclreoua, read the pH value of the extract,

(a) Direct method For determination of iron in colourless extracts,

Transfer 10 ml of extract to a 50 ml volumetric Flask. If the pH
is above 4,8, add 2 mlL 5 N acetic acid, Add 2 ml of 10 per cent
hydroxylamine hydrochloride solution and 2 ml of 0,26 per cent
orthophenanthroline solution and make to volume with water., At

the same time, trunsfer 1, 2, 3 and 4 ml of the etandard iron solu-
tion (650 ppm Fe) to four 50 ml volumetric flaske; add to each

{and to a Pifth Plask ae blank) 10 ml extractant solution, 2 ml of
10 per cent hydroxylamine hydrochloride solution and 2 ml of 0,25
per cent orthophenanthroline solution and make each to 50 ml with
water, Leave all Flasks for JU minutes to enesure complete reduction
of the iron.

Determine the abesorbance or transmittance of light of 5U8 malli-
micron wavelength (blue-green FPilter) against the blank.

(b) Compensatory method for determination of iron in coloured extracta.

Tranafer two aliquots of the coloured extract (each 10 ml) to two
50 ml volumetric Flasks. To one add hydroxylamipe hydrochloride
and orthophenanthroline as described above; to the other add
hydroxylamine hydrochloride only. Make each to 50 ml with water,
allow to stand Ffor 30 minutes end then determine the absorbance
or tranemittance of light of 508 millimicron wavelenmgth for both
solutione againet the normal blank., Prepare the satandards and
blank as described in (a) above.

If the colours of the ferrous—-orthophenauthroline complex are very

pale, corresponding to less than about 25 microgram iron, repeat the
analyeis with a larger aliguot of extract (up to 40 ml if posaible -
after making more extract), using the same volume of extractant in the
standards and blank, Alternatively (or in addition Ffor very low wnounts
of iron), use tubes or cells in the spectrophotometer bhaving a light
path of 2 or & cm, where thess are available, ([see Note 1)

16-1,8, CALCULATION.

Plot the aubsorbance or tranemittunce valoes obtained with the standard
iron solutions against the amounte of iron present, With the method
specified, these smounts are U = 200 microgram Fe.

From this graph, record the number of micrograms of iron correspunding
to the abeorbance or tranemittance values for the soil extracts,



Let
G microgram Fe be an individual value

A ml be the esliguot taken (a42-1wlly 10 ml])

Then the soil extract containe G ppm Fe
A

And the woil containa (for a 1:5 soil:extract ratio)

EIE_ ppm availuble Fe (on an oven-dry busis)

(see Note 1)

In the case of the compensatory method (b)), allow FPor the apparent

concentration of iron produced by the colour of the scil extract by taking
the number of micrograms of irco as the difference belween the two valies,
one for the extract treated with ¢orthophenaathroline and one for the :
extract not treated with orthophenunthroline.

16-1,F., NOTES.

{1) With the normal procedure suggested, available iron values over
the range O = 100 ppm in oven-doy svil sre covered, This 15
probably too wide Fur many soils and the procedure should be i
modified 1f consistently low Values are LPu:ind., By taking
aliquot of 40 ml of extract, the range cun be reduced to © - 25
Ppm Fe in the soil; and by using cells of 2 or 4 e¢m Llight path
{and reducing the iron in the standards appropriately to, say,

O - 100 or 0 = 50 microgram), the range can be reduced to O ~ 10
ppm Fe or less, giving more accurate values for iron-deficient
soils,

[

If the compensatory method 18 used for 40 ml aliquots, naturally
a greater volume of extract must he made (1.e., shake 20 or 27 §
soil with 100 or 125 ml extractant, Alwce, 1Ff 40 ml extract i
used and the pH value is above 4,4, add 1 or 2 ml glacial afeiis
acid, depending on the actual pH figure.

{2) Iron-defPicient soils can be extracted Tt a4 narrower ratio (1:34 ap
1:2) in order to increase the i1ron concentration in the extrant,
1P desired, But, if large sligquots are needed,
more extractant muset be used; thus, 40 or 50 g »o0il (oven-dry
eyuivalent) may need to be shaken with 100 ml extractant - or
an appropriate volume allowing for the volume of water in the
soil (esee III.12.B.(ii}).

So0ils having moderate to haigh smounts of wvaalable diron rmey be
leached, using a techrig.e similar £ that for cation exchange
capacity (III.7.B.(l}) or lPor exchaigeable aluminium (ITT.24.0,
In this cuse, ratios should not ke wider than 1:10

(3) Ammonium pcetaste - acetic wcid extraction at pH 4.8 is suitalie
for the assessment of ™available"” manganese, copper and Zinc in
some socile; and it 1s also advocaied for the determinataon of
"extractable™ aluminium in acid soile, Thus, 1n a preliminary
survey of minor element availatilities  frur celements cuon be
determined in this one extract (Ffave Lf the 801l is ascad],.
Procedures for maanganewse, coppcr znd z:7o sre noted 10 the
appropriate Following sections, I[I1T.,:c.2, 111.16=3 and TII.1Ff-4.
Although different ratioe of 201l te s=trmacfant may be advocsied



for each element, an extraction at 1:5 or 1:10 (w/v) can serve for
an approximate assessment uf their relative amounte,

Leaching is most suited to the determination of "extrectable™
aluminium in acid eoils, using a Final ratio of 1:10 and a procedure
similar to thut given im II1,.,14-1.D for removel of exchangeable
aluminium, Determine aluminium in 5 or 10 ml of the leachate by
adding thioglycollic acid and aluminon reagents, as described in
IIT,9=64Ds, there beinyg no need to adjust the pH of the extract if
the ammonium ecetate ~ acetic acid extractent solution is added to
the standards (volume equal to aliquot taken) in place of the buffer
of pH 4,1-4,9 used in III.9=6,.0

16-1,G., REFERENCES,
BLACK, Chapter 65, Section 65-3. (R.V., OLSON)
JACKSON , Chapter 15, Sections 16-6 to 15-26,
SANDELL. Chapter XXII, [II1.B}
VOGEL. Chapter X, Section X.12.

Biblipgraphy 876 and B77,



IITI. 16-2. AVAILABLE MANGANKESE

16-2.A. PRINCIPLE.

A variety of sxtraction solutions have been used to assess the avail-
abilaivy of manganese which, although classed as & minor element, isa

often present in soils 1n guite high total amounts. Most methods try
to assess the actual or potential levels of divalent manganesa, the
form absorted by plante. Water scluble manganese i8 sometimes

sufficiently high to be conveniently measured; and exchangeable mang+
anese may be extracted in addition with the traditionsl neutral 1 N
ammonium acetate - or with calcium or magnesium nitrates - the smount
removed by these neutral salts [water soluble plus exchangeable) being
Jesignated "available" msngenese. (Compare "available" potassium, III.
13-1.4). Extraction with acids or acid ealts removes "acid soluble"
muanganese 1n addition sand solutions proposed for these methods include
0.2 N acetic uscid, O.1L N phosphoric acid, 3 N ammonium dihydrogen
phosphate and ammonium acelate - acetic acid (or sodium acetate -
acetic ecid) buffered at pH 4.8, Also, in attempte to measure the
potential available manganese level, neutral ammonium acetate containing
quinol has been used to extract "eusily reducible” manganese, the
extract also containing water soluble and exchangeable manganese.
Convenient extructicnws with the sclutions based on ammonium acetate are
described in this method, leading to assessments of "available", "acid
soluble”" and "easily reducible" manganesa,

Determination of manganeee in these extracts ie based on its guantita-
tive oxidation by periodate to the coloured permanganate ion in a
sulphuric or nitric acid medium (or both), Organic compounds and soioos
and all reducing substances must be absent, so thesee are oxidized by

a preliminary evaporation of part of the extracte to drynees wWith
sulphuriec ¢r nitric acid andhydrogen peroxide, destroying acetate,
guinol (where used), organic matter and any traces of reducing ions,
Chloride icn reascte with permanganate and it is best to remove it from
extracts of saline soile by evaporation and heating with sulpburic

scid (which drives off hydrochloric acid gas) before adding nitric

acid and hydrogen peroxide (see Note 1l}. A recommended acidity of

3,5 N as sulphuric or nitric is used during the pericdate oxidation

for the normal range of mangenese levels (up to 250 microgram Mn in a
50 ml volume)}; and phosphoric acid is aleo added to suppraess the colour
of ferric iron and prevent precipitation of manganese as iodate oOr
periodate, Excess periodate ion emsures that the perman.anate colour
is stable - and, in Ffact, standards (once prepared) may be kept for
some weeks in the dark and used for checking the calibratica of the
spectrophotometer with each subsequent batch of analyses,

16=-2,B. APPARATUS,

Balance, accurate to 10 mg

Erlenmeyer Flasks, 250 ml

Measuring cylinders, 26 and 100 ml

Reciprocating ehaker

Funnele, 76 mm diamebder

Filter papers, 12,5 cm diumeter (e,g., Whutman No 40)

OR - leaching apparwtus {III,7,B,{l})), if preferred
Beakers, 100 ml

Bulb pipettes, 2, 5, 10 and 35 ml
Hot plate



Water bath
Volumeteic flasks, ©0 ml
Spectrophotometer, with csiie or tubes of 1.0-1.5 ¢m cross-section

16-2,C, HEAGENTS.

Extractents.

il} -oopnium acetate, L N, pH 7.0
See I1Il.7-1,C,

{2) Ammonmium :.state — acetic acid, 1 N each, pH 4.8
See 1II.16-1,.C.

{3) Ammonium acetate, 1 N, pH 7,0, containing 0,2 per cent guincl
Prepare as tor (1) above and dissolve 3 g guinol in each litre
of sulutibn, immediately prior to use for extraction.

Sulphuric acid, cuncentrated, sp.gr. 1,84
Nitric acid, concentrated, sp.gr. 1.42
Hydrogen peroxide, 3O per cent (100 volume)
Orthophosphoric acid, 8p.gr. 1.76
Potuwsium periodste, solid (see Note 2|

Standard manganese solution, 1000 ppm Mn

Dissolve 2.877 g potassium permanganete in about 250 ml water to which
10 ml concentrated sulphuric acid has been added, Boil for a few
minutes, then carefully add 12 g sodium sulphite crystals, NHQSDE.?HQG,
to reduce the permangente ion to divalent manganese., Boil again to
remove the sulphur dioxide, cool and make to L litre. (see Note 3)

Standard rmunganese solution, 25 ppm Mn

16=2.D.

(a)

Dilute 25 ml of 10U0 ppm soclution to 1 litre, (see Note 3J)

PROCEDURES.

Extraction of manguiese.

For the most accurate sesessment of the various categories of soil
manganese, make extracts with the different extracting solutions at the
same time, under the same conditivns, on three lots of air-dry soil,
normally as follows -

Transfer three lote of air-dry, 2 mm soil, each equivaleat to 10 g oven-
dry soil, to three 250 ml Erleameyer flasks. Add, respectively, 100 ml
1 N neutral smmonium acetste, 10U ml ammonium acetate - acetic acid at

pH
on

4.5 and 100 ml 1 N neutral ammonium acetate containing quinol, Shake
a reciprocuating shaker for 30U minutes and then leave for at leust six

hours with intermittent shaking. Filter.

Lt

neutral 1 N smmonium acetate extruacts are beiny made for the deter-

mination of exchangeable cutions by leaching {(see III1.7.B and I11,.13=-1,04},
similar processss may be used Por extractions with acid ammonium acetate
and newtral ammonium acetate conftaining gquinoel,

(&)

Determination of manganese,

Tranafer 25 ml extract f{see Note 5) to a 100 ml beaker and evaporate Lo
dryness on a hot plate, continuing to hea: untail Ffumes have ceased, It
the eoil conteine chlorides above trace wnounts, add o ml concentrated



Bulphuric acid before evaporation and heat at the Puming stage of the acaid
for about Pive minutes (see Note 1), Cool, udd 10 ml concentrated nitric
acid (6 ml iFf sulphuric acid has been used} and 2 ml 30 per cent hydrogen.
peroxida; evaporate hgently to dryness to oxidize organic matter, &tc and
drive off excess peroxide (see Note 4). Cool.

Add 25 ml water, 5 ml orthophosphoric acid and Q0,2 g potassium periodate
{eee Note 2), Bring the solution to the boil and digest on a water bath
for 1 hour. Ceool, transfer guantitatively to a 50 ml volumetric Plask
and make to 60 ml with water.

Prepare three blanks by evaporating 25 ml of each of the extractaont so-
lutiona and carrying these through the same processes; include a Fourth
blank (with ong extractant)’ if sulphuric acid is 'used, Prepare Btandards
by transferring 0,2, 4, 6, & and 10 ml of manganese solution (25 ppm Mn)
to six bepkers, adding water to make 15 ml, then 10 ml conceatrated aitric

acid, & ml orthophosphoric acid and 0.2 g poterssium periodate and digesting
these mixtures for 1 hour on the water bath,

Measure the absorbance or transmittance of light of 540 millimicron wave-

length for all blanks, standarde and test solutions, against the blank
containiag no mManganese,

16=2,B. CALCULATION,

Plot the absorbance or trunsmittance values obtained with the atandard
manganese sclutions against microgram manganese (650, 100, 150 200 and
250} .

From this graph, record the number of micrograms of manganese corresponding
to the absorbance or transmittance values Ffor the soil extracts.

Let

G microgram Mo be an jpdividual value [corrected For Eny manganese |,
in the appropriute extractunt solution}

Then, by the supggested procedure, thie 18 derived from 2,5 g oven-dry soil

Thus, the concentration of mangeanese in the spil is

%g ppm (on an oven-dry basis)
IE
A 18 manganese gxiracted by neutral 1 N ammonium acetate
B is manganese extracled by acid ammonium acetate at pH 4.8
C is manganese extracted by neutral 1 N ammonium acetate with guianl
Then,

4 may be called "available manganese™ (exchangesable plus water
soluble)

BE may be called "extractable manganese™ (compare aluminium -
ILIl.16=-1.F.{3)}]

B - A may be called "acid soluble manganend”
C - A may be culled "eassily reducible mangunese”™,



16-2.F,

(1}

(3)

(4)

(5}

(6)

NOTES ..

It ie claimed that the normal amounts of chloride in extracts of
non-saline soils do not interfere with the manganese colour
development, as the,comeentratioa of periodate is sufficiently great
to counteract the reducing action of the chloride., No clear
information is available on the actual concentration of chloriue
which could interfere under the experimental conditione edvoceted;
accordingly, if conductivity values on saline soile show mcderate
levels of esalts ([epecific conductivity for a 1:5 extract above 0,5
millimhos), it is conesidered safer to assume the presence of
interfering amountes of chlorides and carry out the sulphuric acid
treatment., As the concentration of scluble salts becomes greater,
however, the use of sulpburic acid to remove chloride may lead to
the formation of amounts of calcium sulphate which do mot dissolve
completely in 60 ml of final coloured solution, This ariees in the
standard procedure {(using 26 ml extract} if 100 g soil containe

more than about 60 milliequivalents calcium - as exchangeable calcium
or gypsum or forms of calcium carbonate = dissolvable by the ex-
tractiog seolutions; 4i.e, the level of calcium must be greater than
about 3O milligrams in the aligquot teken for analyseis, IF this
level ie exceeded and turbidity from c¢alcium sulphate is unavoidable,
FPilter or centrifuge the final solution after adjustment to 50 ml.

Potassium periodate is the normal pericodate chosen but the sodium
salt may be used instead. These are metaperiodates, The use of
trisodium paraperiodate, Nnaﬂalﬂﬁ, has alsoc been advocated,

The potassium permanganate used Ffor the standards must be of very
good analytical grade quality., The ordinary laboratory supply of
distilled or deionized water is satisfactory Ffor the preparation

of the concentrated standard mangenese solution, as boiling destroys
any elight amounts of organic matter which may be present.

The dilute stendard manganese solution should preferably be
made with water of low conductivity which has been bodled to steri-
lize it,

Control of the acidity near 3.6 N as sulphuric or nitric or a mixture
ture of both depends om the acid treatmenta of the residues being
carried out under coneietent conditione. Preolonged or too vigorous
heating during the nitric acid - hydrogen peroxide treatment may

lead to loss of acid end thie must be avoided., Slight lossea mre
acceptable if they are reasconably constant.

The procedure suggested covers the range 0=100 ppm Mn in oven-dry
soil, For the analyeis of manganesas deficient soils, 50 or 75 ml
of extract can be taken; and for the analyeis of soiles containing
toxic levela of manganese, 10 or 5 ml may be suitable, covering
concentrations up to 500 ppm Mn in the soil,

Water soluble manganese may be determined in water extracts of soil
{see III.6) if desired. Levels may be low, however, and there is
then & danger of incomplete oxidation by the method given for the
ammonium acetate extracts, More complete oxidation msy be obtainad
by developing the permanganate colour in 2 N sulphuric acid
coataipning about 10 mg silver nitrate,

Water extracts of saline soils may give undue amounts of saltse 1P
large volumes need to be evaporated for manganese snalyais; use
of sulphuric acid to remove chloridesa is then prolonged and ingcen-
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venient and it moy wleo lead to furmation of undesireble guantities
of calcium sulphate (see Note 1}, A better procedure 1s L0 precipi-
tate manganese From the water extract with sodium or potasaium
hydroxide, adding about 10 mg ferric iron to provide ferric hydroxide
am & coliector (although calcium and magnesium hydroxides may alao
act in the game manner), The precipitate 1s coagulated by boiling,
filtered of P and washed with U,1 per cent alkali snd finally dis-
aclved in mitric acaid Ffor the colour development given 1o Tthe normal
procedure.

A rapid method for estimution of manganese in neutral or acid
ammognium acetate extracts (or ascid sodium acetate extracts) is based
on oxidation with sodium bismuthate which does not need heating.

If the extract is free of chlorides, decolourize it with acTivate
carbon and then transfer 25 ml to a 80 ml centrifuge tube, add 2 ml
concentrated mulphuric acid or § ml concentrated nitric acid and mix,
Add 0,2-0,4 g sodium bismuthate powder, mix and leave [for IO minutes
with pccasional stirring. Centrafuge at 2500 rpm for 10 minutes,
decant the clear liguad into a 50 ml volumetric Flask, wash the tube
and residue once with 10 ml water (mixing and centrifuging) and
finally make to 50U ml wWith water.

If levels are low, the clear supernatant liguid after cen:irifuging
can be transferred directly to the spectrophotometer tube or cell
without dilution te 50 ml, Treat standzrds in the same way as the
test solutions,

REFERENCES,

Chapter 26, Sections 26-18,

Chapter 15, Sectionse 15-27 to 15-40

Chapter X, Section X.13




IIT, 16-3. AVAILABLE COPPER

16=3.A4. PRINCIPLE.

Levels of available copper are normally low in s0ils unless cootamina-
tion hae resulted From the use of Ffungicidal sprayas containing COpPpEer.
Very little of the Boil copper is water soluble or exchangeable; thus,
acids or salt—acid buffers are frequently used Ffor extractiun and some
success has been achieved with solutions (alk.line, oeutral or ucid]
containing ethylenediaminetetraacetate (EDTA] to complex the copper,

48 noted in wection III,.16-1, extraction of scils with 1 N ammonium
ucetate — acetic acid at pH 4,8 can be helpful in assessing the available
levels of minor elements and it is included in the methods sBuggesnted
here; wextraction with O.,1 N hydrochloric acid is useful For measuring
organically held copper and this extract cam also be employed to measure
available zinc (see III.16-4); and use of 0,05 M ammonium EDTA a.lt

st pH 4,0 is an example of the extraction methods involving chelation of
copper, (sece Note 1}

A number of orguanic reagents are availasble Por the colorimetric determi-~
nation of small amounts of copper., The dithiocarbamates can remove
copper Erom its BDTA complex and thus are suitable for the determinatz: n
of copper in ammonium-EDTA soil extracts; accordingly, the same reageuat
is used, as a matter of convenience, for the preacribed method in ana-
lysing the other extracts with acid ammonium acetate and hydrochloric
acid, (see Note 2) The traditional copper reajent is sodium diethyl-
dithicocarbamate, although zianc dibenzyldithiocarbamate is also re-
gommended (see Note J).

Sodium diethyldithicocarbamate gives & brown colloidal complex wWith cupric
ion which can be dissolved out by selvent extraction with carbon te-
trachloride or chloreform to give a yellow solution, The reaction
between copper and the diethyldithiocarbamate suffers some interferences
Prom iron, manganese, cobult, nickel and bismuth by the production of
coloured compounds; however, iron, manganese, cobalt and nickel can

be complexed by EDTA in ammoniacal solution and the amount of bismuth in
apil extracts is negligible., Addition of citrate also helps to complex
iron, Zinc dpes not interfere because its complex with diethyldithio-
carbamate is colourless, For normal soile, the interfering metals are
likely to be 8o low in amount that no EDTA need be added but it 18 usurl
to do s0 as & precauticn.

Care must be tauken to avoid or remove contamination with copper during
the analysesa, (see Notes 4 and 5)

16-3.B. APPARATUS,

Balance, accurate to O,1 g

Erlenmeyer Flasks, 150 ml

Meusuring cylinder, 50 ml

Reciprocutinyg shaker

Fuannels, 75 mm diameter

Filter papers, 12,5 cm digmeter, (e.g. Whatman No 40}

Separating funnels, 100 ml

Bulb pipetres, 1, 10 and 25 ml

Spectrophotometer, with tubes or cells having & Cross-— section of 1.U-
1.5 cm
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venient and it moy wleo lead to furmation of undesireble guantities
of calcium sulphate (see Note 1}, A better procedure 1s L0 precipi-
tate manganese From the water extract with sodium or potasaium
hydroxide, adding about 10 mg ferric iron to provide ferric hydroxide
am & coliector (although calcium and magnesium hydroxides may alao
act in the game manner), The precipitate 1s coagulated by boiling,
filtered of P and washed with U,1 per cent alkali snd finally dis-
aclved in mitric acaid Ffor the colour development given 1o Tthe normal
procedure.

A rapid method for estimution of manganese in neutral or acid
ammognium acetate extracts (or ascid sodium acetate extracts) is based
on oxidation with sodium bismuthate which does not need heating.

If the extract is free of chlorides, decolourize it with acTivate
carbon and then transfer 25 ml to a 80 ml centrifuge tube, add 2 ml
concentrated mulphuric acid or § ml concentrated nitric acid and mix,
Add 0,2-0,4 g sodium bismuthate powder, mix and leave [for IO minutes
with pccasional stirring. Centrafuge at 2500 rpm for 10 minutes,
decant the clear liguad into a 50 ml volumetric Flask, wash the tube
and residue once with 10 ml water (mixing and centrifuging) and
finally make to 50U ml wWith water.

If levels are low, the clear supernatant liguid after cen:irifuging
can be transferred directly to the spectrophotometer tube or cell
without dilution te 50 ml, Treat standzrds in the same way as the
test solutions,
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phases to separate, Run off the lower (organic] layer through a small
Pilter paper or plug of cotton wool into the spectrophotometer Lube or
cell; it is sometimes neceasary to discard the First 1 or 2 ml wuich
may be affected by drops of tie ayueous phase,

Prepare blanks by transferring 25 ml of each of the extractant sulutions
to three sepurating Punnels; prepare standards by transferring O, 1, 2
d, 4 and 5 ml of copper solution (6 ppm Cu) to six separating Funnels,
Add to mll blanks and standards 10 mi ammonium BDIA snd proceed as
described above for esoil extracts,

Read the absorbance or transmittence of light of 440 millimicron wave-
length for all blanks, standardse and test solutions, against the blenk
containing no copper.

16=3.Bs CALCULATION.

Plot the absorbance or tranamittance values obtuined with the stenldared
gopper solutions against microgram copper (5, 11U, 15, 20 and 25).

From this graph, record the number of micrograms of copper corresponding
to the absorbence or tranemittance values for the soil extracte,

Let
G microgram Cu be un individusl value (corrected for a:ry coppee is
the appropriste extractant solution}),
Then, by the suggested procedure, this 1a derived From 5 g oven-dry soil,

Thus, the concentration of copper in the soi1l is

_%_ ppm (on &n oven-dry basis)
16-3.F, NOTES.
(1) When neutral or alkaline solutions containing EDTA are used, . due
amounts of organic matter are dissovlved From swome soile, es, ¢ wlly
1f the socdium 8all 18 employed. When ammonium EDTA at gH 4 10 iwed.

almost no organic matter s dissclved,

Performance of the extracting solutions with calcareous soils 18
uacertain, Presumably the ammonium EDTA salt would be efFective;
and sufficient extira acid could be added to the O,1 N hydrochloric
acid extractant to neutralire the carbonute in any particulsr woil
(eee III.16-4.0,.{a)).

(2} I[f the EDTA extiraction i3 not included, other organic resgents may
be used for estrmation of copper in &cid ammonium scetate and .l
N hydrochloraec scid extracts, The most specifac is 2,2'-biguinoli-
ne (2,2'-diginolyl), which rreracts with the cuprous 1on to Five o
purple coloured complex, extractable by amyl alecohel [either n-
or iso-) 1a which the reagent ie normally Jdissolved, Unfortunately,
2,2'- biguinolaine 18 very expensive - ul prezent aboui 400 times
the cost of purafied wodium diethylditbhiocarbumate,

(3) Zinc dibenzyldithiuviarbumate Jives & reacCtion with cupric ioas
gimilar to sodium diethyldithiorarbamales but the coloured solution
in carbon tetrachloride i3 more wtable to light, There 18 alwo less
intertference from iroa, cobalt and nirkel, ihe extraction of .upper
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from agueous solution is carried out at an acidity of 1 N and it 1.
presumed, this would be entisfactory with the extracts made above,

In the preparation of reagents, use the purest chemicals obtainable,
Thua, 1t iws possible to buy trismmonium citrate which is guaranteed
low in copper und specially pure copper sulphate For the standard

solutions, Use Wwater which has been deionized — or distilled in an
all-,iass appuratus; never use distilled wuter from a copper etill,

If blanks are haigh, the extractants can be purified of copper (and
some other metala) by shaking them with emall portions (20 ml For

up to 1 litre of solution) of U.0l per cent dithizonme in carbon
tetrechloride (see III,16-4,.A.) until the colour of the organic phase
remains green; this method can be used with the ammonium citrate
suolution also. After this treatment, traﬁaa of dithizone are removed
by shaking with carbon tetrachloride alone until all green colour
has gone,

Carbon tetrachloride and ammonia solutions can be purified by distil-
lation but this is rarely necessary; however, it is worth recovering
carbon tetrachloride from the coloured solutions after analysis. Teo
do this, add granulas dried calcium chloride to about 2 litres of: was
carbon tetrachloride and allow te stand to absorb water, Pour off
into the Fflask of an all-glaes distillation apparatus, add 10-20 g
calcium oxide und distil, discarding the first 100 ml,

The so0il must not be sieved through & brass sieve; use nyloo or

stainless steel, The extraction flasks must be closed with plastie
stoppers or rubber stoppers Wwhich have been covered with plastic fila
especially 1P the extracts ure to be anaelysed For zinc (II1,.16-4,.F,(2

A ratio of 1:5 (soil:extract) is a useful gemeral one if the analysis
ia being done without any idea of the available copper level. It can
be changed according to the level found. Three hours shaking is
recommended for removal of copper with EDTA but less time may bhe
sufficient for the other extractants, The amount of soluble orgasic
matter in the extractse ie normally very low and does not interfere
in the subseguent procedure,

Using standarde containing 0-25 microgram copper and the suggested
procedure, available copper concentrations of O-5 ppm in the soil
are covered, This is suitable for most uncontaminated soils; for
soils containing toxic levels of copppr, smaller aliquots can be
taken or wider ratios used for extraction.

The sodium diethyldithigcarbamate-copper complex is affect.d by
sunlight snd the Pinal stages of the mnalysis should be performed in
& darkened room or by artificial light, [see Note 3)

REFERENRCES.

Chapter XVI, (IT,A and B)



III. 16-4. AVAILABLE ZINC

As in the case of copper, available zinc is comparatively low ain soilsy
unleass contamination arises; and this is cuused only in unusual
circumetunces such as contact with galvanized iron materials in old
glesshouses, The extractants uscd Lo measure copper may also be used

to measure Zzinc and two of them (ammonium acetate -~ acetic acid at

pH 4.8 and 0,1 ¥ hydrochloric acid) are included here; the third ex-—
tractant is replaced by neutral 1 N ammonium acetate used in conjunction
with an immiecible carbon tetrachloride solution of dithizone which com-
plexes zinc and thus acts in principle like the ammonium—EDTA salt for
copper.

Dithizone is, in Ffact, The only common, reliable organic reagent for the
colorimetric determination of zinc., It is diphenylthiocarbazone and
dissolves in chloroform or carbon tetrachloride to give a green sclution;
it forms & red zinc dithizonate when the organic solutinns are shaken
with aqueous solutions of zinec under specified conditipons, When working
in the proper range, the production of increasing amounts of the red
zinc dithizonste is accompanied by a gredual reduction of the green
dithizone colour, While some procedures advocate removal or the excess
dithizone, this 18 not really necessary (and may affect the zinc dithi -
zonate) and it ie gquite possible to measure the red zinc colour in the
presence of the remaining green dithizone colour = or to measure the
gradual decrease in green colour,

Dithizone FPorms coloured dithizounates with other metals und thuse present
in the relevent soil extracts in more than negligible amounts are
probably iron, manganese, copper, cobalt, nickel and lead, Iron only
Forma en unstable dithizonate when in the ferrvus form; Fferric iron
tends to oxidize dithizone in mlkline solution; and manganese dithizo-
nate is very unstable through oxidation of the mangancus aon. Thus,
although dithizone reacts with many metals, Tthe only onea which may
interfere in the analysis of the scil extracte suggested afte copper,
cobalt, nickel and lead., (see Note 1).

Control of pH ol the agueous solution cen be partly usecd tuo separate
the dithizoonates of the interfering metsls but sddition of complex
Pormers is aleo necesspry. Zinc reacts with dithizone in carbon te-
trachloride when present inm slightly acid solutions (near pH 5); af
apdium thiosulphate is added in sufficient excess, copper and lead

do not react — and if potaseium cyasnide is also added, cobalt end
nickel do not react, In practice - and for most normal soi1is - tLhe
addition of sodium thiceulphate alone is enough, as the dithizonates of
cobalt snd nickel will only interfere if their concentration 1s high.
These coneiderations make it practicable to determine Zzinc in aAcid
ammonium acetate extracts directly (because 1ts pH is near the optimum
desired) and also to uwe the same procedure Ffor the O.1 N hydrechloric
acid extracts, after adjustment to near pH 4.8,

The third extrection procedure resultse in & corucn tetrachloride solution
containing zinc and other dithizonutes, This is shaken wath dilute
hydrochloric acad and only zinc and lead are gquantitatively extractuws
into the agueouws phase. The adjustment of pH and treatment with sodium
thicsulphate cun follow a8 in the other procedures..

Care must be taken to Avoid or remove contaminpnation with zinc duraing the
anul yses, (wee Note 2)



16-4.B. APPARATUS.

Balance, accurate,to 10 mg

Erlenmeyer flaskse,,150 ml

Memsuring c¢ylinder, 50 ml

Heciprogating shaker

Funnels, 75 mm dismeter

Filter papers, 19.5 cm diameter (e.g. Whatman No 40)

Separating funnels, 50 and 100 ml

Centrifuge, with 50 ml tubes

Bulb pipettes, 1; 5 mnd 10 ml

Spectrophotometer, with tubes or cells of 1.,0-1,5 cm cross-—ssction

16=4,C. REAGENTS

(see Note 3)
Extractants,

(1) Ammonium acetate — acetic acid, 1 N each, pH 4.8
See III.16-1.C.

(2) Hydrochloric acid, 0.1 N

{3) (a) Ammonium acetate, 1 N, pH 7,0
Sﬁ' III;?'—'I*C.,

() Dithizone in carbon tetrachloride, Q.01 per cent
Dissolve 0,1 g dithizone in 1 litre carbon tetrachloride

Hydrochloric acid, 0,02 N
Dilute 4 ml of B N acid to 1 litre

Sodium thiosulphate, 25 per cent

Dithizone in carbon tetrachloride, 0.001 per cent
Dilute 100 ml of 0.01 per cent wolution to 1 litre

Standard zinc¢ solution, 500 ppm Zno

Dissolve 0,B6000 g pure zinc powder or 0.62324 g zinc oxide, Zn0, in
§ ml B N hydrochloric acid and dilute to 1 litre.

Standard zinc solution, 1 ppm Zn
Dilute 10 ml of BOO ppm solution to 100 ml with water and then dilute
5 ml of this diluted solutiom (50 ppm Zn) to 250 ml

16-4,.D, PROCEDURES.,

{a) Extraction of =zing,

Prepare extracts at 1:6 ratio with ammonium acetate - acetic acid ag pH
4.8 and with 0.1 N hydrochloric acid as described Ffor copper (III
16-3.D,}s If the spil is calcarwous, add extra hydrochloric acid to
neutralize the carbonates and leave 0.1 N solution in excess (mse Note 3|,

To extract s0il with ammonium mcetate — dithizone, transfer 25 ml neutral
1 N ammonium acetate solution and 26 ml 0,01 per cent dithizone solution
in carbon tetrachloride to a 150 ml Erlenmeyer flask and add a weight of
air-dry 0,5 mm so0il containing 2.5 g oven-dry soil, Shake FPor one hour
and then transfer the mixture to a 100 ml separating fuonel. aAllow the



organic phase and soil to settle, then run this into a 50 ml centrifuge
tube, Centrifuge at 2500 rpm For 10 minutes and remove particles of

s0il and any remaining aqueocus phase on the surface by suction, [oee
Note 4)

(b) Determination of zinc = preliminary treatments.

(i} Ammonium acetate — acetic acid extracts.

Transfer 5 ml to a 50 ml separating Funnel and add &§ ml water,.
Proceed as in (c) below,

{ii) Q.1 N hydrochloric acid extracts,

Transfer 5 ml to a B0 ml meparating funnel and add & ml ammconium
acetate — acetic acid extracrant (pH 4.8). Proceed as in (c) below,

{i1ii}) Ammonium acetate - dithizone extracts.

Transfer 10 ml of dithizone extract to a 50 ml separating funnel
and add 10 ml 0,02 N hydrochloric acid. Shake for 1-2 minutes,
ellow the phases to separste and run off the carbon tetrachloride
layer intoc & second 50 ml separating funnel. Add 5 ml Q.02 N
hydrochloric acid to the second funnel, shake For 1 minute and allow
the phases to separate, Run off the carbon tetrachloride layer
and discard it (its colour is & guide to the amount of copper
present - in the abeence of large amounts of cobelt and nickel}.
Combine the two hydrochloric acid sclutionsa, containing zinc and
lead, in one separating funnel and add 5 ml ammonium acetate -
acetic acid extractant, Proceed as in (c}.

{c} Determination of zinc - final operations.

Add to the agueous phases containing zinc {at pH 4.5 - 4.8} 1 ml of 25
per cent sodium thicsalphate solution, mix and add exactly 10 ml O.0U1
per cent dithizone in carbon tetrachloride. Shake for one minute and
allow the phases to separate, Run off the carbon tetrachloride layer
through a small filter paper or plug of cotton wool into the spectropho-
tometer tube or cell, discarding the First 1 or 2 ml if necessary

(eee III,16=-3.D.) .

Prepare blanke by taking 5 ml of acid smmonium acetate extractant and
5§ ml 0,1l N hydrochloric acid through the same procedures used for the
corresponding soil extracts., For the third blank, shake 25 ml ncutral
1 N ammonium acetate with 25 ml 0,01 per cent dithizone in carbon
tetrachloride Ffor one hour, separaste the phases and take 10 ml of the
organic phase through the operations given in (b)) (iii)} and (cv] above.

Prepare standards by transferring U, 2, 4, 6 and B ml of standard
zinc solution (1 ppm 2Zn) to five separating funnels, adding 5 ml ammooium
acetate - acetic acid at pH 4.8 and making ewsach to 1% ml with wWater,

Add 1 ml 25 per cent sodium thioceulphate asand extract the zinc with ditha-
zone a8 given in (c) above,

Read the absorbance or transmittance of light of 535 millaimicron
wavelength for 811 blanks, standards and test solutiona, either against
the 0,001 per cent dithizone solution or carbon tetrachloride alone, as
preferred,



16-4,B. CALCULATION,

Plot the absorbunce or tranemittance values obtained with the standard
zinc solutione against microgrem zinc (2, 4, 6 and B).

From this graph, record the number of micrograms of zinc corresponding
to the absorbance or transmittance values Ffor the soil extracta.

Let
G microgram Zn be an individual value (corrected for any zine in
the appropriate extractant solution - thie blank must be very
smalll)

Then, by the suggested procedure, this is derived from 1 g oven-dry soil,

Thus, the concentration of zinc¢ in the soil is

53 ppm (om an oven-—-dry basis)

16-4,F. NOTES.

(1} When the emm@nium acetate - dithizone extractant is used, it is
fairly certain that more of the interfering elements will be
extracted (if present 1in the soil) through Fformation of their
dithizonates, But treatment of the carbon tetrachloride solution
with dilute acid effects useful separations, only zinc and lead
passing completely into the nquﬁphu phase, IF cobalt and nickel
are present, their concentrations in the agueous phase will be
much reduced and copper will be absent,

Stannous tin Porms a red dithizonate under the conditions specified
but it is unlikely to be present in more than Ttrace amounts in
normal soils, Care should be exercised, however, in analyses of
soile Prom areas near dejposita of tin ores,

{(2) A8 with the reagents FPor copper, only the purest chemicals should
be used, Dithizone, carbon tetrachloride and sodium thiosulphate
are often obtainable in a grade which can be used without purifica-
tion., The extractants (including the neutral ammonium acetate]
can be purified if necessary by shaking with 0,01l per cent dithizone
in carboan tetrachloride; and carbon tetrachloride can be recovered
after the analyses by drying and distillation, (sme III.16-3,F,(4)]

Water must be zinc-free, easily produced by deionization im boro-
silicate glmss or polythene apparatus. Contact with metal Ffittings
containing zinc must be aveuided at all stuges of the analysis;
similarly, contact with rubber is inadmissable. Soils must of
course be sieved through nylon or stainlessa steel sieves, And it
is wise to reserve apecially clewuned borosilicate glase ware for
use im zinc analyses only.

{3) Published methods recommend that extraction of cslcareous soils
with 0,1 ¥ hydrochloric acid should be done by a number of treatments
until the final extract is acid (pH less tham 2}. A similar efflect
can be obtained by shaking With acid of such a concentration that
the carbonates are neutralized and 0,1 N acid is left in excesas,

For a ®o01l containing X per ceant of calcium carbonate (by method
II7T,2-2), dilute (2X + 5) ml of 1 N hydrochlorie acid to 50 ml and
add this to 10 g soil (oven-dry eqguivalent) in the extraction



(4)

(8)

(6)

16=-4.6G.

procedure.,. In shaking, allow the carbon dioxide to escape.,

Some procedures advocate extracting the soil with ammonium saCetate-
dithizone in a separating funnel which is shaken vertically ain a
special device, If this apparatue is not available, the extractian
can be done in a flask and the mixture transferred to & eeparating
funnel afterwarde. This ime perhaps more convenient if only
occasional zinc analyses are called for.

The reatios of extraction cen be chenged in accordance with the <inc
concentration found in the 1:5 extract; and different aliquots

can be taken for analysis, The procedures suggested cover the

range O«8 ppm Za in the soil and the amounts of zinc present in

the Final stage must be adjusted to cover a similar range in micrc=-
gram Zn,

If preferred, the Finmal spectrophotometric readings may be done
with light of 620 millimicron wavelength, which measures the con-
centration of dithizone left after reaction with zinc,

It ie mleo quite possible to assess the level of zinc with a Fair
degree of accuracy by visusl meana, AT the concentrations given,
there are distinct colour ‘changes from .green througk blue, grey,
grey-violet, violet and red-viclet to increasinyg depths of red and
these can be detected for dﬁffernncuu in amount of zinc of 1 micro-
gram or leess, If this method 18 adopted, there is no nesed to use
separating Ffunnels; carry out the finel extraction of zine with
dithizone in glass—stoppered test tubesw (selected For uniformaity

of diameter) and judge the colour of the carbon tetrachlaoride layer
after settling, Standards varying by 1l microgram are essential,
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III. 16-5, AVAILABLE MOLYBUENUM

16=5.,A, PRINCIPLE,

Molybdate ion is extractedfrom soil by shaking with 0,2 N oxalic acid
buffered at pH 3,3 with ammonium oxelate., An aliguot of the extract is
evaporated to dryness and i1gnited to destroy oxalate and the residue is
taken up in dilute hydrochloric acid,

The molybdate ion in this solution is reduced (7-valent molybdenum
becoming 5-valent) by stannoue chloride in the presence of thiocyanate
and an amber-orange coloured complex ie formed between the thiocyanate
ion and S5-valent molybdenum, Because amounts of molybdate are usually
small im most soil extracts, the cuoloured complex is dissolved out of
the agueous phase into a esmall volume of immiscible organic solvent,

a mixture of carbon tetrachloride and iso-amyl alcohol being most
suitable, A preliminary treatment of the solution (prior to addition
of thiocyanate and reducing agent) with the organic solvent ensures
that the agueous phase is saturated with it and therefore there is oo
subseyuent volume change of the crganic phase when the thiocyanate-
molybdenum complex is Pinally wsnd gquantitatively extracted. The
thiocyanate and stannous solutions are made up in a concentrated form so
that only 1 ml of euch ie needed-

When the thiocyunate-molybdenum complex i1s formed, the acidity (as HCl)
should be near 1 N and the thiocyanate concentration should be at least
0.5 per cent {1l per cent as the potassium salt). Consideruble variation
in the concentratiuvon of stannous chloride is, however, allowable; a
Pinal concentration of 1-2 per cent is usually used. The presence of

at least 1 milligram of iron ensures Full colour development of the
thiocyunate-molybdenum complex and there ie no adverse effect from larger
amountse; thus about 1 milligram if iron (ferrous or Perric may be

used) is added, although some may be present already in the soil extract,

The estannous chloride reduces ferric irom und soc prevents the Fformation
of red ferric thiocyanate,

Interferences are possible From tungsten, titanium, vanadium and platinum
but none of these is likely to be present in acid oxalate soil extracte
in amounts sufficient to cause seriogue errors,

16-54B. APPARATUS.,

Balance, accurate to O.1 g

Erleameyer flasks, 250 and 500 ml

Measuring cylinders, 10 and 250 ml

Reciprocating shaker

Funnels, 756 mm diameter

Filter papera, 15,0 cm diameter (e,g. Whatman Nec 40)

Evaporating basine, silica or porcelwsin, capacity J0U-35 ml

Muffle furnace

Separating funnelm, 50 ml, preferably with plastic stopcocks and having
ahort exit tubew Por easy , dryinyg (Squibb type]

Holdere or stunde Ffor separating Funnels

Bulb pipettes, 1, 2 and 5 ml

Spectrophotumeter, having celly or tubcs of 1,U-1,5% ¢cm cross seclion
and A& capacity ot 5 ml or less (see Note J)



16=6,C. REAGENTS.,

Extractunt eolution, 0,2 N oxalic acid with 2.5 per cent ammonium
oxalate, pH 3.3
Dissclve 250 g ammonium oxalate, (NH ) C O . H O, and 126 g oxalic acid,
H,C,0,.2H,0, to 10 litres. 4 34773
Check that the pH value is near 3.3

Hydrochloric acid, & N (eee Appendix 1)

Ferrous or ferric iron solution, 500 ppm Fe ({see III.9-4,C or I1I.,10,.C.)
OR

Ferrous ammonium sulphate, approximately 0,01 N (as reductant)
Dilute 0,2 N solution (see III.3.C.) twenty times,

{Note = 2 ml of any of these irom solutions contains 1 milligram Fe)

Potassium thiocyanate, J0 per cent
(Sodium or ammonium thiccyanate of the same concentration may be used)

Stannous chloride, 30 per cent in 1 N hydrochloric acid
Add 30 g stannous chloride, SaCl, .2H;0, to 20 ml § N hydrochloric acid
and dilute to 100 ml, Filter if turbid and store in the refrigerator.

Organic solvent,
Mix equal volumes of carbon tetrachloride and iso=smyl alcohol’
(3-methylbutan-l-ol)

Standard molybdenum solution, 100U ppm Mo
Dissolve 1.500 g molybdenum trioxide, MoU., in 6§ ml of 5 N sodium
hydroxide, dilute to about 500 ml and just acidify with about 2 ml of
5§ N hydrochloric acid, Finally dilute to 1 litre.

Standard molybdenum solution, 10 ppm Mo
Dilute 5 ml of 1000 ppm solution to 500 ml. Prepare only as required.

16-5,0., FROCEDURE.

Transfer a weight of air-dry soil containing 25 g oven-dry soil to a
500 ml Erlenmeyer Flask, add 250 ml acid oxalate extractant and shake
for a convenient time (eee Note 1), Filter.

Evaporate :a total of 200 ml of extract to drynessa in a silica or porcelain
basin [capacity JU-35 ml} which has been lightly greased round the top
with vaseline to prevent the oxalate crecping over the edge. Include

200 ml of extractant solution in a separate basin s & blank, Ignite

the residue at 450°C for 3-4 hours in & muffle furnusce to destroy oxalate
{and the grease on the edge of the basin) .,

When cool, add 5 ml 5§ N hydrochloric acid, dissolve the salts and transfer
the liquid to a 50 ml separatiog funnel, bringing the volume to 20-21 ml.
(see Note 2) Then add 2 ml iron soclution and mix, Prepare a blank (in
addition to the blank on the extrectant solutiuvn) and standards by
transferring U, 1, 2, 3, 4 and 5 ml of stendard molybdenum solution (10
ppm Mo) to six separating funnels, adding 5 ml 5 N hydrochloric acid

and 2 ml iron solution to each and making the volume to 22-23 ml,

Add 2-3 ml organic solvent and shuke well for two minutes Co aaturate
the aquecus phase. aAllow the phases to scparate, Tapping the lfunnel or
swirling the liquid to produce ua clean boundary line; then run offl the



lower (organic) phase. Add 1 ml 30 per ceat potessium thiocyanate
solution to the aquecoue phase, mix, add 1 ml JO per cent stannous chlo-
ride solution and mix agein. Then add exactly 5 ml organic sclvent and
cshek’s well for two minutes. Invert the Punnel in a stund so that the
stopcock is uppermost and dry the exit tube ahd stopcock bore with
absorbent paper or suction, as convenient, After 15 minutes, shake the
ligquids egain quickly and allow them to meparate once more, with the
funnel supported in the normal position, Make sure the exit tube is
still dry and then run off the coloured organic phase into a suitable
spectrophotometer tube or cell,

RBenad the absorbance or transmittance of light of 470 millimicron wave-
length, as compared with the blank containing no molybdenum,

16-5.B, CALCULATION

Plot the absorbance or transmitfance values obtained with the standard
molybdenum solutions againet microgram molybdenum (10, 20, 30, 40 and
50) .

From this graph, record the number of micrograme molybdenum present in
the extracts analysed,

Let |

G microgram Mo be an individual value (corrected for any molybdenum
in the uscid oxalate extractant)

Then, by the suggested procedure, this is derived from 20 g oven~dry wsoil,

Thus, the conceotration of available molybdenum in the soil ia

G ppm (on an oven-dry basis])
3]

16-5,F, NOTES.

{1} The method given conforms basically to that published (see Relerences|
but the sdvocated sehaking times for extraction of the soil vary
from 8 to 16 houre {(i.e&., overnight). It would seem more convenient
to use two short shaking periods (say, 1 hour each) with an over-
night standing period, It ie assumed that a long period of contact
is essential to extract all the available molybdenum from ell soils;
but this may not be BO.

{2) IFf the reeidue does not dissolve completely in the acid, the liquid
may be filtered through a small paper into the separating funnel,
washing the paper well, Slight turbidity ie not harmful, however.

{3) The range of values covered by the normal procedure is 0=2,5 ppm
Mo, This would be muitahle.for eoils known to give crope having
excess molybdenum, toxic to animale, Not very accurate results
are possible, however, with molybdenum deficient soile. For these,
larger amounts of soil can be taken and it seems possible to reduce
the soil:extract ratio to 1:6, finally evaporating a volume of
extract equivalent to 60 g ovso-dry soil, Altermatively, 50 g weoil
can be leached with the extractant (see III.7.B,(l)) and the whoule
of the extract ueed for analyeis. The range covered then becomes
O=1,0 ppm Mo.



The range may be reduced also by using less than 5§ ml organic solvent,
provided spectrophotometer micro-cells {or tubes) are available with
a light path of at least 1L cm and a capacity of only 2-3 ml,

16-5.G. REPERENCES.

BLACK. Chapter 74. (H.M. REISENHAURR]
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VOGEL. Chapter XY, Section XV.13.
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IIT, 16-6, AVAILABLE BORON,

16-6 .A. PRINCIPLE

The concentration of water-scluble borate iom in esoil is a useful measure
of boron availability. The amount of borate diesolved:-by_treatment with
water can vary in eome soile according to the ratio of soil to water and
the conditiona of extraction; thus any method selected must be carefully
standardized and correlated with boron deficiency and toxicity symptoms.

The meost used procedure is to subject soil to the solvent action of
boiling water for five minutes under a reflux which keeps the volume

of liquid conetant and the socil :iwater ratio at 1:2 (w/v). Use of water
alone may cause subseguent difficulty in the preparation of a clear
extract, unless the soil ie saline; thus & dilute neutral scolutiom of
magnesium chloride us used inetead to Flocculate colloidal material

(ae in III,9~1,), the presence of the salt having no influence on the
water aolubility of borate.

The clear extract produced is suitable for the direct colorimetric
determination of boron by the carmine method described in Section IV.14,
unless the boron content of the svil is lese than 1 ppm. Then it is
better to concentrate the extract by evaporation of & larger aligquot

to dryness in the presence of a mild alkali (to prevent loss of borate)
and subsequent dissolution of the residue in a small volume of dilute
acid; clarification of this solution may be necessary.

Precautions must be taken to prevent contamination by borate ion from
borosilicate glassware,

16-6,.,B. APPARATLUS.,

Balance, accurate to 0.1 g
BErlenmeyer Flaske, boron-free glass, 250 ml
Dispeneing burette, 100 or 250 ml
Reflux condensers, boron-free glase, water-cooled or air-cooled, as
available (see Note 3}
Electric hot plate
Centrifuge, with 50 ml tubes or Filtering apparatus, in lieu
(see Note 4)
Bulb pipettes, I ml
Dispensing burettes, (2}, 100 ml, with coarse jets, fitted with moisture
traps
Brlenmeyer Flasks, 50 ml, wstoppered, boron—free gluwe if possible
Spectrophotometer, With cells or tubes which can be stoppered or covered,

Plus, for concentration of extracts if nceded -

Silica basins, capacity 3J0-35 ml
Bulb or graduated pipettes, 4, 5, 20 and 25 ml, as convenient
Centrifuge tubes, 15 ml '

16-£,C, REAGENTS,
ey (see Note 1)
Magnesium chloride, 0,03 N (approximately)
Dissolve 2 g magnesium chloride, MgCl_,6H O, to 1 latre, Or, if L N
magneaium chloride (see IIT,.,9=-1,C,} is available, dilute 20 ml to 1
litre,




Calcium hydroxide, saturated,

See I11.14-2.C., however, the solution need not be separeted from the
e8olid for this method = and standardization is not necessary.,

Hydrochloric acid, O.5 N

Dilute 44 ml concentrated acid (sp.gr. 1.18) to 1 litre = or dilute
etock 6 N acid ten times,

——

Plus - Reagents for the colorimetric determination of boron, given in
Section IV.14.C, '

16-6.,D, PROCEDURE,

Transefer a weight of air-dry, 2 mm soil equivalent to 26 g oven-dry msoil
to a 3950 ml Erlenmeyer flask and add a volume of 0,02 N magnesium chloride
£ ‘lution sufficient to make the total volume of liquid 50 ml (asee Note 2},
I .sert an air condenser or a water-cooled reflux condenser, as preferred
(see Note 3) and bring the mixture to the boil. Continue to boil for
exactly five minutes, then mllow toc cool to room temperature with the
condenser 8till in place,

Remove the condenser and decant the liquid into a B0 ml centrifuge tube
or on to a dry filter paper., Centrifuge or Filter to Obtain a clear
solution (mee Note 4), Trensfer 2 ml of the water extract to a 50 ml
Erlenmeyer Flask and add two drops of concentrated hydrochloriec acid,

Then proceed to develop the carmine=borate colour as described in IV,14,
D in both the soil extracts and standards,

1f the.level of water—soluble boron is below 1 ppm in the so0il, more
reliable results may be obtained by concentrution of the extract,
Transfer 256 ml of the extract (if available = use 20 ml if not) to a
silica basin and add B ml saturated calcium hydrgxide. Bvaporate to
dryness and add 6 ml (4 ml if 320 ml of extract is taken origiomlly) of
0.5 N hydrochloric acid, Mix well with s rubber ‘'policeman' and pour
into s dry 15 ml centrifuge tube, Centrifuge te clarify the sclution

and use 2 ml of the clear liquid for colorimetric determination of boronmn,
At the same time as soil extracts are being concentrated in.this way,treat
30 ml water (boron-free) in each of six silica bagine with 6 ml of
standard boron solutions (O, 1, 2, 3, 4 and 5 ppm B respectively), add

§ ml saturated calcium hydroxide and take the solutions through the
procedure given for eocil extracte, (see Note B)

W¥hen the carmine-borate coloure have developed, determine the absorbance
or tranemittance of light of GB5 millimicron wavelength, using the red
ligquid obtained with 2 ml pure water for the reference solution.

16-6.B, CALCULATION.

Plot the absorbance or tranemittance values obtained with the standard
boron wolutione againet microgram boron (2, 4, 6, B8 and 10).

From this graph, record the microgram boron present in the 2 ml of extract
taken for analysis, For the normal procedure (1:2 extraction without
concentration), this is equal to the concentration of boron in the soil

in ppm B on an oven-dry basie,

If the 1:3 extruct has been concentrated five times (as above), divide
the number of micrograume of borom by B to obtsin ppm B in the soil,



16-6,.F.

(1}

(2)

(3)

(4)

(5)

(6)

(7}

NOTES.

The extracting ewolution and reagents used for the concentration
of the extract should be prepared with boron-free water, This is
best made by deionization and etored in polythene bottles., Simi-
larly, the reagente should be etored in polythene or soda glass
bottles. (Note -~ the standard boron solutions should not be kept
in polythene bottles: seqIV.14.C.)

The diluticns of 1 N magnesium chloride and 6 N hydrochloric acid
ehould only be done if the original solutione bave been kept in
boron=-Ffree bottles,

With the narrow ratio of 1:2, moisture in the air-dry eocil can
affect the procedure markedly, (see III.12,B,(ii}) and III.13,E,(1))
Thus, for an air-dry soil with 10 g water per 100 g oven~dry uaii
27.5 g of air-dry esample must be weighed and 47.5 ml of axtractant
muet be added, There is no need to allow for the dilution effect
of the water om the soclution because the magnesium chloride is only
preaent to act ag a flocculant., TIF the woil is sufficiently saline,
water alone may be used ae extractant,

Alr condensers are satisfactory and more suitable for routine work;
they may be made from ordinary soda glase tubing Fitted into rubbdr
stoppera, (compareIII,.3.) Water-cocled reflux condensers are
usually made FProm borosilicate glase and these are unsuitable;
special ones made from boron-Ffree glase muet be obtained,

If the soil contains particles of undecompoeed organic matter,
filtering is advisable even after centrifugation; thus Filtering
is often easier,

Alkall soile may give coloured extracte containing soluble organic
matter, It is then necessary to evaporate an aliquot to dryness
with calcium hydroxide and ignite gently (not above 450°C - to
prevent volatilization of borate) to destroy organic matter, The
residue is taken up in a volume of 0,5 N hydrochloric acid to give
&8 Pive timees concentratiocn of the extract; and, if this ie too
concentrated, {alkali soils may contain more borate)] the solution
can be diluted,

S5o0ile from arid regions may,nbntain more than 10 ppm B, Then =&
wider ratio (e.g. 1:6) may be used for extraction, although this
may affect the relative amount of borate ion dissolvaed.

Alternative methode of extraction are to add boiling water to the
acil and shake; to subject s0il to & continudous extraction process
(similar to a Soxhlett procedure); and to repeat the boiling
treatment A& number of times, finally making the copled extract to
a daefinite volume, All these methodse are longer and some may be
less preciee; but they may be adopted if preferred, Also, warter
alone may be used for extraction and the suspension flocculated
after cooling by the addition of a Few crystals of magnesium or
calcium chloride,

Other colorimetric methods for the determination of borate ion may
of couree be employed; that using 1:1 dianthrimide is more sensi-
tive and may be suitable For deficiency levele of boron without



goncentration of extract,
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SECTION IV

ANALYS5IS OF WATERS AND WATER EXTRACTS OF SOILS

INTRODUCTORY NOTH

These analyses are primarily selected {or assessment of the
suitability of river, well and ground waters FPor irrigation

and storage in reservoirs, Analyeis IV.,l must be done on the
weter sample in its natural state; and analyses IV.2, 3, 11-2
and 13 may all be done on turbid samples of water, if necessary,
Other analyses require water samples completely clear of
inscliuble matter,

Analyses IV.3 to IV.,11 provide information on the main water
eoluble ealts in saline or alkali soils, when carried out on
clear water extracts,




IV, 1. INSOLUBLE MATTER IN WATER

l.A. PRINCIPLE

This determination is only carried ocut on samples of natural water, in
which "inscluble matter"™ ueually consiste of Ffine particles on clay and
silt, lesa than 50 micron in diameter; but some water samples may
contain sand particles, greater than 50 micron in diameter, which settle
fairly rapidly. IFf the water containe only a small amount of total
sbluble salte or much sodium inm relation to calcium, clay particles may

be deflocculated and remain in suspension Ffor long periods and pass
through filters,

"hue, while simple Filtration may effectively separate soluble and
insoluble matter in many cases, some samples can only be analysed
satisfactorily by sub-sampling and evaporation, If such samples also
contain sand particles, these are separated on a 50-micron sieve before

sub-eampling, as it ie very difficult to take an accurate sub-sample
from & water containing eand,

Two procedures are therefore presented, the choice of which to use
depending on the nature of the inseoluble matter; it is assumed in these
procedures that a chemical analysie of the sample ie aleo reguired.

1.B., AFPPARATUS.

Meamsuring cylindere, 250, 500 and 1000 ml

Crucibles, glaes, with fritted glass disce, porosity 4 (FPine],
30=-40- ml

Filter flasks, 1000 ml, with adapters for crucibles

Vacuum pump

ASTM eteandard eieves No 3256, J-inch diameter (see Note 1)

Beeskers, various sizes and watch glassees, various sizes

Glase rode fitted with rubber 'policemen' or emall stoppers
Small brushes

Special sampling apparatus (see Appendix 9)
Evaporating baeine, capacity 26 and 76 ml
Water bath

Drying oven
Desiccator

Analytical balance, accurate to 1 mg

1.C. PROCEDURES.

Shake the water sample, pour rapidly into a dry 1000 ml cylinder and
record the volume to the nearest § ml, If the sample volume is greater
than 1000 ml, use a second cylinder of appropriate size,

(a) Analysies of Waters containing Flocculated clay, with or without
other material,

Filter the sample by suction through a tared crucible Ffitted with a Ffritted
gleess disc Fine encugh to retain the solid particles, collecting the
filtrate in a dry filter flask, After separation, remove the flask

and reserve the clear liquid for spobeequent chemical analysis.



Reconnect the filter flask and crucible, transfer any remaining solid
from the cylinder(s) to the crucible and wash the inscluble matter free
of salts, taking care that clay particles are not dispersed as salts
are removed. Dry the crucible at 105°C Por a Pew hours, cool in a
desiccator and weigh to the nearest 0,03 g.

{b) Analysie of waters containing dispersed clay, with or without
other material.

Mix the sample thoroughly and pour it through an ASTM No J25 sieve,
collecting the liquid in a large beaker, If any residue is left in

the cylinder(s), transfer some of the liquid which has passed through
the eieve back to the cylinder{e), bBhake to mix the residue and pour
rapidly through the sieve again (see Note 2}. Drain the eieve into the
liquid but do not wash the material on it; then place 1t on a watch
glass and dry at 108°C Por about ome hour, Transfer all the solid
paiticles from the sieve and watch glass to & emall tared basin,
cleaning the sieve surfaces with & soft brush, Dry at 105°C for a few
hours, cool in a desiccator and weigh to the nearest 0,02 g,

Stir the liquid which hae passed through the sisve and tranafer about
500 ml to 600 ml beaker ae rapidly as possible, Using the apacial
sampling apparatus (see Appendix 9), transfer 50 ml to a tared basin
and evaporate to dryness on & water bath, Dry the residue at 105°C for
s few hours, cool in & desiccator and weigh to the nearest 0,001 g.

1.D. CALCULATIONS.

Let
V be the volume in ml of the whole sample

(a) Analysis of waters containing flocculated clay.

Let
M be the weight in gram of inevoluble metter

Then, the concentration of ineoluble matter is

1000 M

v gram per litre

(b) Analysis of waters contuining dispersed clay,

Let
M be the weight in gram of the material not passing the sieve

W be the weight in gram of the residue from 50 ml of liguid
pessing the sieve

5 be the weight in gram of scluble salte per litre of water,
either assessed from the conductivity value (see Appendix 10)
or calculated Prum the full chemical analysis (see II1I.6 and IV.3
Thea, the concentration of material not paseing the sieve is

ig%g—! gram per litre

and the concentration of material passing the sieve ie

20 H gram per litre




but this concentration includes soluble salts

Thue, the concentration of total insoluble matter ie
ifiﬂgﬂ M , 20 W - s ) gram per litre
1.B. NOTES.

(1)

(2)

(3}

(4)

(5}

1.P,

It is not essential to use a standard sieve and any sieve near

the aperture size of the ASTM No 225 (44 micron square) may be
used, Whichever sieve is chosen, the relative amounts of insoluble
matter in the "eand"™ and "silt+clay" classes may be of interest,

The procedure given for separating "sand"™ is accurate enough Ffor
most purposes, IP it ie felt that too much material is left in

the cylinder (usually because it consists of larger sand particles),
this may bte washed cut into a tared basin, the water evaporated (it
may be possible to decant some) and the residue weight added to the
weight of the material from the sieve, Such samples may elso tend
to leave sand particlee behind in the original sampling bottle when
the volume is measured and these mey also be treated in the same
WaYs

The material not passing the sieve may contain Ffibrous organic
muatter., This is usually of negligible weight but if there. is
considerable bulk, the fraction may be gently ignited to destroy
the organic¢c matter before weighing,.

Hater samples containing dispersed clay are difficult to clarify
Por chemical anslysis (by methods ,numbered 4 onwards in this
section) unless very Ffine Filter candlee cor very high speed
centrifugation is available, The water may be shaken with pure
barium sulphate and perhaps activated carbon snd then filtered by
suction through a fine medium; or it may be left to stand for some
days, with a little thymol in 1t to prevent chemical changes, when
slow Plocculation may occur (esee III.6.}s It may be mentioned

that clarification is not necessary for methods 11-2 and 13.

When full chemical analyeis is not reguired, a water sample
contoining dispersed clay may (after determination of pH and
conductivity) be treated with saturated calcium sulphate sclution
to Flocculate the clay and then examined for insoluble matter

by method 1.C.(a)} above,

The accuracy of weighing specified produces s final figure to the
nearest 0,02 gram per litre, which is suitable for most purpoees.

REFERENCE.

OLTMAN, (Report paper)



IV, 2. pH VALUE

2.A. PRINCIPLE,

The pH value is measured electronically on a direct-direct-reading pH
meter, using a glass electrode with a saturated potassium chloride -
calomel reference electrode.

2.B. APPARATUS.

Beakers, 100 ml

pH meter

Glass electrode

Reference electrode, saturated potassium chloride = calomel
We h bottle, plastic

i'Cl RE.“GEHTE‘

Potassium hydrogen phthaulate, 0.0B M

Potassium dihydrogen phosphate + Disodium hydrogen phosphate, each 0,025 M
Sodium borate, 0.0l M

Prepare these three buffer solutions me described in Section III,.l.

2.0, PROCEDURE,

Celibrate the pH meter with phthalate and phosphate buffer solutions
according to the maker's instructions and weeh the electrodes well,
Transfer about 60 ml water or water extract of asoil to a 100 ml beaker
and insert the wlectrodesa, Switch the meter to pH reading and record
the pH value to the nearsst O,1 unit,

If values above 8,56 are obtained, check the performance of the meter in
this range with borate buffer sclution, (see IV,.8,)

2.B. NOTES.

{1) If ample amount of water or water extract is available, discard the
sample used for pH determination as it may be affected by slight
leakage from some types of saturated potassium chloride - calomel
reference electrodes., If there is a lamited supply of liquid for
snalysis, determine conductivity Firet, then pH; the same sample
may subsequently be used for cation-anion analyses except potassium
and chloride.

(3) Keep the glass electroude in water when not in use and ensure that
the reference electrode always contains eaturated potmssium chloride
solution in contact with solid potaseium chloride cryetals,

(3} The correct pH values of the buffer solutions at normal room
temperatures are given in Appendix b,

2.F. REFERENCES,

BATES. Chaepters 5, 9, 10 and 11,
STROUTS . YVol, II, chupter 17.
VOGEBL . Chapter XV¥I, Sectione X¥I,1 and XV¥1,2




IV, 3. CONDUCTIVITY

3.A. PRINCIPLE,

IFf a liguid Fills a cube of 1 cm sides, the conductivity between twWo
opposite Paces is the specific conductivity, which increases according
to the concentration of ions in the liquid and varies also with the
nature of these ions. In its measurement, a high-Freguency alternating
voltage is applied by a conductivity meter to two electrodes placed at
i Pixed distance apart and having a sample of the ligquid between them,
The electrodes may be of bright platinum, platinum coated with platinum
black or graphite; they are usually sealed into an open glass or plastic
tube which may be dipped inte the liquid or uaed as a pipette. The

re istance across the electrodes is recorded by the meter, which is
normally calibrated in micromhos.

The conductivity value obtained is adjusted to a standard temperature
of 25°C, it is usually reported in micromhos Ffor natural water samples
and in millimhos For water extracts of soil,

J,B. APPARATUS,

Beakers, 50 or 100 ml

Conductivity meter

Conductivity cell, pipette type or dip type
Thermometer, covering room temperatures

J.C. REAGENTS.

Potaseium chloride, 0.050 N
Dissolve 3,728 g dry potassium chloride to 1 litre

Potaseium chloride, 0,010 N
Dilute 50 ml (.050 N solution to 250 ml

Fotassium chloride, 0.006 N
Dilute 25 ml 0,060 N solution to 250 ml

Potessium chloride, 0,002 N
Dilute 50 ml 0.010 N solution to 250 ml

3.D. FPROCEDURE.,

Transfer & little water or water extract of soil to a suitable small
beaker, IFf @ pipette type conductivity cell is used, rinse this with
some@ of the sample and them Ffill it; if a dip type cell is used, make
sure this is dry and insert it in the sample so that the electrodea are
Pully covered, Obtain a scale reading on the conductivity meter,

pccording to the maker's instructions; and record the temperature of
the sample,

Check the cell conetant and meter performance by obtaining scale

readings for esch of the standard potassium chloride splutione, which

cover the values to be expected for waters and water extracts of aoil,
(see Note 2)



JeE.

(a)

CALCULATIONS.

Cell consteant and meter performance,

Most conductivity meters hauve a logarithmic scale marked in micromhos

and
are

also a range awitch giving & number of multiplication factore which
powers of 10, so that the meter can measure specific conductivities

from about 1 to 100,000 or 1,000,000 micromhos.

Let
5 be the scale reading in micromhos obtained with & standard
potassium chloride solution
R be the range or multiplication Ffactor
C be the cell constant
M be the published conductivity value in micromhos of the
standard potassium chloride solution, &t the temperature
of reading. (see Appendix 7)
Then
! wa op § = M (see Note 2]
SR
(b} sctivity of water or water extruct of eoil
Let

S, R and ©C have the meanings given in (&)
t be the temperature of reading in degreee Centigrade

F be the tempersture factor (see Appendix B)

Then, the conductivity of the sample at t°C = SRC micromhoe

Thus, the conductivity of the sample at 25°C = SRCF micromhos

J.F.

(1)

(2)

(3)

NOTES.

Aa the scales of conductivity meters are divided logarithmically,
the absolute accuracy wWith which readings can be taken becomes
less us the values increase from 1 to 10, 1In general results:
should bhe recorded only to about 2 to 5 per cent of the value
obtained, depending on the scale reading.

The cell conetant ie usually an integer (1, 2, 5 or 10) which is
reported and claimed to be correct by the maker, Occasionally,

a cell or a meter may have a slight error and the presence of such.
an error must be established and mllowed Por in calculations.

If the cell conetant (calculated aw in J.E.(a) sbove and so including
any instrument error) ise Found to be other than an integral value,

it is advisable to prepare & table relating scale readings (left-hand
column) and range or multiplication Factors (other column headings)
to conductivity values in micromhos or millaimhos at t'C, recording
these values with the possible degree of accuracy. A further table
may relate conductivity values at t9C (left-hand column) and various
values of t (other column headings) to the conductivity values at
25YC. again recording these valuews with the possible degree of
accuracy.



These tables, once prepared, save a good deal of time in routine
work and ensure that resultfts are recorded with consistent Accuracy.
They are useful even if the cell constant has an integral value,

(4) Moet nuatural waters contain mainly bicerbonates and sulphates of
calcium and magneseium, with small amounte of sodium, potassium and
chloride and truces of nitrates. In general, a conductivity value
of 1000 micromhos corresponds to wbout 10 milliequivalents per litre
total salte or about Q.70 g per litre (700 ppm), baeed on an average
equivalent weight of 70 for the predominant salts, (see Section III.6.
F.(5)) Ueing this relation, table A of Appendix 10 has been cons->
tructed, Ffor use in determinationm I¥,l. when no guantitative cstion-
anion analysis ia available and simple qualitative tests have shown
that sodium and chloride are low or absent,

(§) 5Saline waters contain moderate to high amounte of sodium and
chloride but aleo usually contain the bicarbonates and sulphates
of calcium and magnesium, with small amounts of potassium and traces
of nitrates. For these, & conductivity value of 1000 micromhos
corresponds to about 9,0 - 9.5 milliequivalents per litre total salta
or about 0,60 g per litre (600 ppm), based on an average equivalent
weight of 64 For the mixed salts, (see also Sectien III.&F.(5))
Using thie relation, table B of Appendix 10 has been constructed,
for use 1o determination IV,l1., when no quantitative cation-anion
analysis is available and simple gqualitative tests have shown that
godium and chloride are mcderate to high,

(6) Relationships between conductivity and soluble salts for wWater
extracte of goiles are discuesed in Section III.6.

(?) Conductivity values may be reported more precisely, if desired,
as "specific conductivity in micromhos (millimhos) at 25°C" or ae
P"conductivity in micromhos (millimhos) per cm at 25°C", Instead of
conductivity, the word "conductance" or the abbreviation "EC" (i,e,
electrical conductivity or conductance) may bhe used,

3,6, REFERENCES,

JACKSON ., Chapter 10, Sections 10-18 to 10-24 and 10-33 to 10-41.
RICHARDS . Chapter 8, Method 72,
STROUTS, VYol, II, Chapter 19.

VOGEL , Chapter XVII, Sections XVII.l snd XVII.2.



IV, 4' CALCIUM PLUS MAGNESIUM

4.4, PRINCIPLE

At an optimum pH of 10.0 the ethylenediaominetetraacetate ion (EDTA)
forms soluble complexes with calcium and magnesium ione, thue removing
them from solution without precipitation. The reactiopn is stoichio-
metric and essentially instantenecus at temperatures near 60°C  and

the complexes formed are very stable. At the same pH the dye eriochrome
blue-black B has & turquoise blue colour in the absence of calcium and
magnesium iona but forms red compounds with them which are less stable
than the EOTA-Ca and EDTA-Mg complexes.

The:, 1f & buffer eolution is Added to a solution containing calcium

and magnesium ionse (or either separately) so that a pH of about 10 is
produced and then eriochrome blue-black B is added, a red colour is
Pormed, If EDTA ie then slowly added, the calcium and magnesium ions
are gradually transferred from the dye complexes to the more stable EDTA
complexes until, when all have been transferred, the red colours of the
dye complexes zZ.ve way to the pure turquoise blue of the dye itself,
This colour change ise not very sharp if calcium only is present but

it is much improved by the presence of magnesium, even if thise is in the
EDTA-Mgz form; & small amount of EDTA-Mg complex is therefore added [by
incorporation in the buffer solution) to promote a sharper colour change,
in cases where magnesium is very low or absent in the soclutions being
analyaﬂﬁ.

Many other metals interfere inthiﬂgﬁetarminatiun and those which may
sometimes bLe present in natural waters and water extracts of soils in
sufficient amount to cause trouble are Zinc, manganese, copper and iron.
Zinc and manganese (Mn**) are complexed by EDTA and do not affect the
eriochrome blue-black B sp that they are titrated if present, leading to
erronecously high results Por the calcium plus magnesium analyses.
Mangzanese {Mn4+} and iron (Fe”") oxidjze “eriochrome blue-black B, causing
the colour to FPade rapidly: ironm (Fe*'), however, forms a complex with
EDTA which is very unstable and hence does not sensibly interfere.
Copper forms a very stable complex (red)] with eriochrome blue-blagk
which is not affected by EDTA snd this makes the titmation of otherp
metales impossible.

These metal interferences may be stopped by the addition of three
reagents, Firet, a reducing agent (hydroxylamine or ascorbic acid)} is
added to reduce 1ron &nd manganese; second, potassium cyanide is used
to form the unionized uad very stuble cyanides or copper and zinc (it
also complexeas iron (Fe**) as Ferrocyanide); third, excess potassium
ferrocyanide is added to precipitate manganese ferrocyanide., Addition
of all these reuagente may not always be necessary but it is advisable
to include them as a precautionary megsure; certainly, cyanide improves
the titration end-point, making the colours brighter and the change to
turquoise blue sharper.

4.B, APPARATUS.

Pipettes, 10, 20 and 50 ml, as reyuired for aliquots
Dispeneing burettes, 10, 25 or 50 ml, with 0,1 ml divisions
Measuring cylinder, 50 ml

Erlenmeyer Flasks, 250 ml

Spatula



4,C,

4.0,

Electric hot plate; or gas burner, tripod and gauze
Thermometer, 0-100°9C

Interval timer

Gruduated pipette, 1 ml, with 0,1 ml divisions
Burette, 25 ml, with 0,08 ml divisions

REAGENTS .

Hydroxylamine hydrochloride (hydroxy-ammonium chloride) or ascorbic
acid - both in solid form

Potassium cyanide, 2 per cent (see Note 1)

Potassium ferrocyanide, 2 per cent
Make enough for a few days only and keep cool

i thanclamine buffer solution, incorporating BEDTA-Mg complex
Dilute 250 ml concentrated hydrochloric acid to about 1 litre and
carefully add 620 ml ethanolamine (2-hydroxyethylamine, sp.gr. 1.017)
with constant stirring. Allow to cool,
Titrate 50 ml 0.02 N magnesium chloride with 0.02 N EDTA, recording
the exact volume [V ml) needed., Prepare BEDTA-Mg complex by adding
2¥ ml 0,02 N EDTA to 100 ml 0,02 N magnesium chloride.
Add the EDTA-Mg complex sclution to the ethanolamine hydrochloride
and dilute to 2 litres, (see Note 2)

Eriochrome blue-black B, O,F per cent in ethanol (see Note 2)

Ethylenediaminetetraacetic acid. disodium salt, 0,020 N
Dry the diedédium salt of ethylenediaminetetraacetic acid [(HDTA =
Nnnﬂ Cl H iﬂEN .2H,0) at 80°C Por about two hours and cool in a
deaufcn?u%. pfessofve 7.4450 B to 2 litres, using water of very low
conductivity.

Magnesium chloride, 0,02 KN
Dissolve 4.1 = 4,2 g magnesium chloride, MgCl_,6H,0, to 2 litres.
Standardize by titration with 0,020 N EDTA iﬁa difutu to 0,02 N
exactly. (The initisl sclution may be used for preparaticn of the
EDTA-Mg complex needed for the buffer solution]

PROCEDURE.,

Tranefer a suitable aliquot of the water sample or water extract of
soil (see Note 3) to a 250 ml Erlenmeyer Fflask and make the volume %o
about B0 ml with water, Add a Few crystals of hydroxylamine hydrechlor
de (or ascorbic acid), 1 ml of 3 per ceat potassium cyanide (Ffrom a
bucette), 1 ml of 2 per cent potassium fnrrucgnnidu and 5 ml of ethano-
lamine buffer (see Note 4). Warm to about 60YC ([see Note 5), add 0.3
ml eriochrome blue-black B and titrate with 0,030 N EDTA to a pure
turquoiee blue without any trace of red,

Before carrying out a batch of determinations, titrate 20 ml 0,023 N
magnesium chloride with 0,020 N BDTA in order to check the EDTA concen-
tration and provide a pure blue standard for use in the subseguent

titrations, It should be possible to titrate and record to the nearest
0.0 ml.

1=

Z



4.E.

Let

CALCULATIONS,

¥ be the volume in ml of the aliguot taken for analysis

T be the volume in ml of 0,020 N BDTA used in the titration

Since 1 ml 0,020 N EDTA complexes 0,02 milliegquivalent celcium plus
magnesium, [ ml complexes (0.0U2 x T) milliequivalent and this is the
amount of calcium plus magnesium in V ml of sample,

Thus, the concentration of calcium plus magnesium in the water or
water extract of soil is

4.F.

(2)

(3)

(4)

(5)

(6)

0.0 T 000 :
o X v X 1 o 23 L milliequivalent per litre

NOTES.

Extreme care should be taken in the handling of potassium cyanide,
All aclutions containing it must be discarded immediately after

a batch of analyses is finished and all apparatus thoroughly
washed, The drains must be well flushed and no scid allowed to
come into contact with the cyanide solutions.

The more common emmonia - ammonium chloride buffer and eriochrome
black T (see references) may be used if preferred, The ethanolamine
buffer advocated has no smell; and eriochrome blue-hlack B is
atable in sclution for some weeks, whereas eriochrome blaeck T

must be used in solid form to give good colours,

Eriochrome blue-black B is sodium l-({l-hydroxy-2=naphthylazo)-
2-naphthol-~4=sulphonate; eriochrome black T contains a nitro
group in addition and is sodium l=(l-hydroxy=3-naphthylazo)-
6-pitro-2-naphthol-4-sulphonate,

Where there is plenty of sample, 50 ml of a natural water is a
suitable aliquet for this determination, For water extracts of
80ils (other than the saturation extract), 20 ml is about right,
though 10 ml is better for gypsifercus socils,

Add 5 ml buffer to B0 ml water uand read the pH, which should be
10,0 * 0,1, Adjust the volume of buffer or ite original prepuration
if necessary (samples of ethanclamine may vary and need more or less
hydrochloric mcid}, It is unlikely that variations in the salt
concentratiome in watere or wWwater extracts of spil uill affact the
functioning of the buffer,

The buffer may be added before the other reagents without any
effect om their reactions with interfering metals,

Preliminary tests with about 55 ml water mnd a thermometer will
establish the length of time (say, about 2 minutes) needed to bmoing
this volume of liquid to near &60YC. In routine work, timing is more
convenient than temperuture measurement For each solution,

Atomic absorption spectrophotometry may be used to determine Ca
and My separautely, iFf the sppacratus isw svailable, (Appendix 11.)
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IV. 5. CALCIUM

5.4, PRINCIPLE.

If a solution containing calcium and magnegium ions is made etrongly
dalkaline (pH asbout 12), magnesium is selectively precipitated as
magnesium hydroxide, although when the amount of magnesium ies mmall

no evidence of 8 precipitate is seen, At the same pH, the dye 2-hydroxy-
1-(2-hydroxy-4-sulpho=l-naphthylazo)=3-naphthoic acid (referred to as
HH3NN or Patton and Reeder's indicator) Fforms a red compound with
calcium ions but is not affected by magnesium present as magnesium
hydroxide. As with eriochrome dyes, the colour of HHSNN in alkaline
solution in the absence of calcium iouns is turquoise blue; also, the
HHSNN-Ca complex is less stable than EDTA-Ca complex.

Thue, if & natural water or a water extract of & soil is made strongly
alkaline and treated with HHSNN, & red colour develops by reaction of
the dye with calcium ions. If BDTA is then selowly added, the calcium
ione are gradually transferred Pfrom the dye complex to the more stable
EOTA complex, until, when asll have been transferred, the liquid acquires
a4 pure turguoise Dlue colour, The reaction is virtually instantaneous
at normal roum temperatures.

Interferences Ffrom zinc, manganese, copper and iron are similar to
those found for the calcium plus magnesium determination (IV.d4,] and
the same meana of etopping the interferences are adopted,

B.B. APPARATUS,

Pipettes, 10, 20 and B0 ml, as required for aliguots
Dispeneing burettea, 10, 25 or 50 ml, with U.1l ml divisions
Megsuring cylinder, 50 ml

Erlenmeyer flaskse, 250 ml

Spatulaw

Burette, 25 ml, with 0.05 ml divisions

5.C., REAGENTS.

Hydroxylamine hydrochloride (or ascorbic acid), potassium cyanide and
potassium ferrocysnide, as used in determination IV.d,

Potussium hydroxide, B N

HHSNN indicator mixture
Mix 1 g HHSNN intimately with 100 g anhydrous sodium sulphate.
Store in & dark bottle away from light,

Ethylenediaminetetraacetic acid, disodium salt, 0,020 N
Frepare ae described in detecrmination IV.,4.

Calcium chloride, 0,020 N
Diesolve 1,001 g celcium carponate in 25 ml of 1 N hydrochloric mcid
und neutralize the excess acid with ammoniu (bring the pH to nesr 5,
using indicator paper}. Dilute to 1 litre.



5.D. PROCEDURE

Transfer a suitable aliquot of the water sample or water extract of soil
(see Note 1) to a 250 ml EBrlenmmeyer flask and make the volume to about

50 ml with water, Add a few crystale of hydroxylamine hydrochloride

{or ascorbic acid), 1 ml of 2 per cent potassium cyanide (from a burette]
and 1 ml of 2 per ceat potesseium ferrocyanide, Wait a Ffew minutes (see
Note 2}, then add 4 ml 8 N potaseium hydroxide and a spatula point

of HHSNN indicator mixture., Titrate with 0,020 N EDTA to a pure turquoise
blue without any trace of red,.

Before carrying out a bateh of determinations, titrate 20 ml O,02 N
calcium chloride (a little 0,02 N magnesium chloride may be added] with
0,020 N BEDTA in order to check the BDTA concentration, It should be
possible to titrate and record to the nearest 0,05 ml,

5.8, CALCULATIONS,

Let
V be the volume in ml of the aliquot taken Ffor analysis

T be the volume in ml of 0,020 N EDTA used in the titration

Then, as in the determination of calcium plus magnesium, the concentra-
tion of calcium in the water or water extract of acil is

EQ?I milliegquivalent per litre

(1) See Note J in determination IV.4.

(2] Manganese Ferrocyanide forme a little slowly at normal room
temperatures and it is adviseable to weit after adding the potassium
ferrocyanide, In anaelysis IV,4. the solution is waermed at this
stage and the manganese Ferrocyanide forms quickly at the nigher
temperature.

(3] The HHSNN colour sumetimes tends to Fade rather guickly and
a permanent blue standard cannot normally be used for matching.
If HHSNN is not available, murexide may be used, although the
colour chunge is much less satiefactory. Mix 0.2 g murexide with
40 g dry potassium sulphate powder and etore in & dark bottle
away EFrom light,

{4) To obtain the concentration of magnesium in the water or
water extract of soil, eubtraect the caslcium analysis from the
Ca + Mg enalysie result (IV.4.}

(5} Atomic absorption spectrophotometry may be used to determine calcium
snd magnesium (weparately), if the apparatus is available (Append. 11)

§.G. REFERENCES.

BLACK, Chapter 62, Section 62-3.2. (C.A., BOWER and L.V, WILCOX)
Chapter 68, Sections 68-2,3 and 68-3. (H.R. HEALD )

YOGEL . Chapter I¥, Section I¥,19,

WILSON, ¥ol,1.C, Chupter IX., (2.c. Calcium,(d)} - H. THOMAS



IV, 6. S0DIUM

6,4, PRINCIPLE.

Sodium is readily excited in s Flame, producing an intense yellow light,
Thie colour ie mainly due to radiation of B89.6 millimicron wavelength,
commonly known as the D-line of sodium, Although other radiations of
diPPerent wavelengths are emitted, theee are less powerful and they may
be blocked by & suitable yellow glaes (sodium filter) which effectively
allows only the D-line emission to pass through,

If a molution containing sodium ione ie fed, as a fine lgriy. into a
Fflame under coantrolled and standard conditions and the emitted light

im paesed through s sodium Filter, the intensity of the D-limw emisaion
m-'y be measured photoelectrically and related to the concentration of
grdium in the original solution, The flame photometer used for euch
measurements may be calibrated with a series of standard scdium chloride
eolutione and then used to find the sodium concentration of & solution
under analysie, within the sume range. PFor a particular instrument and
type of flame, there may be interference effects from mome of the other
cutione mnd anions present i1n the soclution and these effects muet be
studied and either suppressed or measured,

In the analysis of patural waters and water extracts of wsolls, the conly
ior. which may cause serious interference to modium measurements iwe
calciom; in some types of Plames, this tends to enhance the sodium
emission and the effect may be memsured for a range of calcium concentra-
tione or calcium:sodium ratios and appropriate corrections applied or the
interference may be neutralized by the mdditi.noibf aluminium ion, usually
a8 aluminium nitrate,

Since sodium ie easily excited, very small concentrations can be measured
by Plame photometry and a solution containing 6 ppm sodium [about 0.2
milliequivalent per litre) cen give a Ffull scale reading with many ins=
trumente when these are set at maximum seneitivity; &and under these
conditione & linear relation mormally exists between concentration of
godium and antensity of the D-line emiwsion, However, by decreasing the
sensitivity, the photometer may usually be made to function satisfacto-
rily and accurately over the range O = 0,6 or O = 1,0 millieguivalent
per litre, aslthough eaturstion of the Flame at the higher levels may
caus® the concentration — emission graph to become non=linear,

6.B, APPARATUS.

Flane photometer, with sodium tilter

Smell beakers or mample holders

Pipettesa and volumetric Plaske, as required For dilutionas, teste of
interference affects and possible additions of mluminium sclution

.0 REAGENTS .

Sodium chloride, 0,080 N
Dissclve 1.4612 g dry sodium chloride to 500 ml

Sodium chloride, working stsndaurde cuntasining Q,1, ©.3, 0.3, 0.4 and
U,.5 milliequivalents per litra
Dilute 2, 4, 6, 8 und 10 ml 0.050 N solution each to 1 litre
(see Note 1)




Saturated calcium sulphate, approximately 0,030 N
Shake about 20 g calcium sulphute, Ca504.2H20, with 5 litres wauter
at intervale for eome houre and FPilter.

Aluminium nitrate, 0.5 N
Diewsolve 62,6 g aluminium nitrute, AL{NGE}J.BHHG, to 1 litre.

6.0, PROCEDURE.

(a) Interference effecta,

Stbdy the literature wupplied with the Flame photometer to be used

and note if interference effects are poseible from calcium, magnesium,
potasseium, sulphate, bicarbonate and carbonate at the highest levels to
be expected in natural waters and water extracte of soile., Make =
prelimionary study of the mctual effecta, where these are likely, by
preparing sodium standard solutions containing a poesible interfering
ion (see Note 2) and comparing the Flame photometer scale readinge
obtained from these eolutions with those obtained From the pure socdium
standard solutions, When a measurable eflfect is produced, either test
if thies effect can be neutralized (see example below) or study the effect
84t various ratios of ainterfering ion to sodium, s0 that a correction can
be- applied to solutions under analysis.

Example - effect of calcium,

A already noted, thie cation tends to enhance the aodium emission

in many types of Plame photometer and in water extracts of some

soiles it may be present, mainly as sBulphate, in & much higher
concentration than scdium, For instance, water extracts of gypsiferous
soils can contain up to JO-J2 milliequivalents per litre of calcium
while the sodium level may be less than 1 milliequivalent per litre;

and in studies of the effects of application of gypsum on sealine soilas,
water extracts may contain caleium and eodium in a wide range of ratioce.

Prepare a series of standard sodium chloride solutions containing 0.1 -
0.5 milliequivalents per litre by dilution from O0.050N solition (see
65.,C,) but using esaturated calcium sulphate solution in place ol water.
These solutions contain about 30O milliequivalents per litre calcium as
sulphate., Calibrate the flame photometer with pure sodium chloride
standarde (see below), then spray the standards containing calcium
sulphate and measure any interference elfecta, IFf the effects are
seriocus, make up a pair of scdium etandurds, each of concentration 0,3
milliequivalents per litre sodium, one containing 500 ml saturated )
caleium sulphate per litre, the other 500 ml saturated calcium sulphate
and 30 ml1 0,5 N aluminium nitrate per litre. Aleo make up a blank
golution containing JO ml 0.5 N aluminium nitrate only per litre, =
Spray these three solutions to study the effect of addition of aluminium
({at the eame concentration as calcium, which is known to be correct

in some cames) on the interferinyg effect of calecium on acdium, allowing
for any sodium impurity in the aluminium nitrate,

If the aluminium neutralizes or partly neutralizes the calcium
effect, make further studies to find the beet aluminium:calcium
ratio, Alternatively, make a detailed study of the calcium effect
on sodium at various calcium:eodium ratios end prepare graphe
relating scale readings to eodium concentration at various calcium
levels. (sea Note 3J)



{b) Determination of socdium,

Make a preliminuary aseesament of the probable sodium concentration

in the water sample or wWater extract of soil From the conductivity
value and the calcium-plus-magnesium concentration (see Calculations],
If this assessment indicates a sodium concentration outside the range
of the scodium etandards, make sn appropriate dilution, When aluminiun
is ueed to neutralize any calcium effect, always make a dilution and
incorporate a measured volume of aluminium nitrate solution to give
the required aluminium:i:celecium ratio in the diluted sclution,

Bring the flame photometer into use according to the maker's instructions
and adjust the guases to the standard type of Fflame, Spray a standard
sodium solution and water alternately and operate the seansitivity controls
until the standard oeads a selected point on the photometer scale and

the water reads zero, (wee Note 4) Spray the other sodium standard
solutions and record the scale readinge,

Spray the samples for analysie and record the readings, Check the
performance of the photometer at Prequent intervals by spraying some
of the etandard solutions and adjust the sensitivity as necessery.

6.B. CALCULATIONS,

(a) Preliminery assesement of sodium concentration,

Let

C be the conductivity at 25°C in millimhos of the water sample
or water extract of soil

X be the concentration in millieguivalents per litre of calcium-
plus—magnesium in the same solution, From analysie IV.,d,

Then, aw a first approximation, the total salt concentration is

10 € milliequivalente per litre and the probable eodium concentration
is (10 C = X) milliequivelents per litre.

IP (10 C = X) is high in relation to X, a closer approximation for
#odium ie given by (8 C = X); while, if (10 C = X) is low in relation
to X, a closer approximation for sodium is given by (12 C = X)

(the concentrution of potassium may be neglected in these calculations)

{b] Determination of sodium concentration,

Prepare a graph relating sodium concentrations in milliequivalents

per litre to the photometer scale readinge obtained with the standard
sodium solutions. From this graph obtain the sodium concentration of
‘the sample under analysise in millieguivalents per litre, If this is

a dilution of the original sample, multiply by the appropriate factor,

When calcium affects the sodium emiseion and it is not neutralized,
reand of the sodium concentration From & graph relating photometer
scale readionge to sodium concentratione in the presence of calcium
near the level found in the semple under analyweis, (see &6.D,(a)] above)

6.,F. NOTEBS.

(L} The renge of sodium standardw suggested may be altered (esay, to
0,2, 0.4, 0.6, U.8 and 1.0 milliequivalents per litre) if this is



(2)

(3)

(4)

more suited to the flame photometer in use and to the samples
normally under ansalysis,

In teetinyg general interference effects, add the cations awe
chlorides and the anione us soluble salts of a non-interfering
cation (e.g. potassium).

The calcium effect on sodium emission produced by the procedure
suggested includes any effect due to sulphate., In water extracts

of soils, calcium ie more likely to be mssociated with sulphate

than wWwith other anions and calcium sulphate solution is therefore
used for the teete, In natural watere, calcium may be present

more often ae bicarbonate as well as sulphate. A saturated calcium
bicarbonate eolution may be prepared by passing carbon dioxide
through a calcium carbonate suspension in water and then filtering;
and thie may be used (after standardization - see IV.,9,) for testing
calcium effects on sodium in water samples.

In calibration, it is not obligatory to make the higheat esodium
etandard read the highest point on the scale, It is often more
convenient to adjuet the sensitivity eo that one of the intermediate
standarde gives a reading about halfway along the photometer scale.

(5) Sodium may be determined aleoc by atomic absorption spectrophotometry,
ig the apparatus is available, Caelcium does not normally interfere
in thie technigque.,

6,G, RBEFERENCES,

BLACK, Chapter 54. (C.I., RICH)
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STROUTS. ¥Yol, 1I, Chapter 26, (pp.397 to 403)

VOGEL , Chapter XIV



IV, 7. POTASSIUM

7.4, PRINCIFLE,

Potassium, like sodium, is algso excited in a flame ({though less readily)
producing a lilac colour, However, the strongest radiation ie in the
near infra~red region at a wavelength of 767 millimicron and this is
ueed to measure the potaseium emisésion in a flame photometer by a method
similar to that Pfor sodium, using a potassium filter which blocks most
radiations in the wvisible region up to near 750 millimicron wavelength,
Interference effects from other cations and anigns are usually less
seriocus than with sodium but they must be studied,

The concentration of potassium in natural waters and water extracts of
so0ilc ie normally very low (mostly less than 1.0 millieguivalent per
litre} but calcium, magnesium, sodium, chloride, sulphate and bicarbonste
may be much higher., Interference effects from these ions are small with
most flame photometers and the only one liable to cuuse measurable effect
ie godium, particularly at the high levels which may be present in woter
extracts or very saline soila, The sodium effect cannot be neutralized,
neither can the sodium ion be removed without affecting the potassium;
thus the effect must be measured and a correction applied.

As wWwith sodium, most flame photometere are capable of detecting small
concentratipne of potassium at maximum sensitivity (about 10 ppm giving

a Full scale reading) but the sensitivity may be reduced and a satisfactos
ry performance obtained over the range O - 0.5 or 0 = 1.0 milliequivalent
per litre,

7.B. APPARATUS,

Flame photometer, with potassium Filter

Small beakers or semple holders

Pipettes and volumetric flaskse, as required for dilutions and teate
of interference effects

7.C., REAGENTS

Potassium chloride, O.50 N
Dissolve l.864 g dry potgesium chloride to 500 ml

Potassium chloride, working etandards containing Q0.1, 0.2, 0.3, 0.4
and 0,5 milliequivalents per litre

Dilute 2, 4, 6, 8 and 10 ml 0,060 N solution each to 1 litre
{see Note 1)

Sodaum chloride, 1,0 N
Dissolve 29,2 g sodium chloride to 500 ml

7 b, PROCEDURE,

{a) Interference effects - particularly of wodium,

Prepare e seriew of standard potameium chloride solutions containing

Uul = 0,6 milliequivalentw per litre by dilution Prom Q0,060 N sclution
(eee 7,C.) but incorporating B0 ml 1.0 N sodium chloride in each.

These solutions contein B0 millieguivalentws per litre socdium, a
concentration which may easilly be Ffound in water extracts of ealine soils,

Calibrate fhe flame photometer with pure potassium chloride standards
(see below), then spray the standards containing sodium chloride and



measure any interference effects. IF theee are serious, etudy the
effects of other concentrations of sodium (less than 50 me per litre).

Study also the effecte of calcium as sulphate und ae bicarbonate by the
use of saturated solutione (ae given in IV.6.D.). Alwo, me & precaution,
study the effecte of magneeium (sulphate} and carbonate (eodium) at

the highest levels encountered in analyeis,.

(b] Determination of potassium,

Bring the flame photometer into use according to the maker's inetructicne
and adjuet the gases to the standard type of fPlame. Spray a standard
potaseium solution and water alternately and operate the sensitivity
¢oentrols until the standard reads a selected point on the photometer
scale and the water reads zero, {eee Note 3} Spray the other potassium
stanlard solutions and record the ecale readings,

Spray the samples for analyeis and record the readinge. Check the perfor-
mance of the photometer at frequent intervale by epraying some of the
standard solutions and adjust the sensitivity as necessary. If the

potaseium concentration ie higher than the top etandard, make an appro-
priate dilution,

7:E. CALCULATIONS.

Prepare a graph relating potaseium concentrations in milliequivalente
per litre to the photometer scale readings obteained with the standard
potassium solutions, From thie graph obtain the potassium concentration
of the sample under analysis in millisguivelents per litre. If this iwm
a dilution of the original sample, multiply by the pppropriate Pactor.

Wheno sodium affecte the potaseium emiweion, read off the potaseium
concentraticon from & graph relating photometer scale readinge to potasseium
concentration in the presence of sodium near the level found im the sample
under analyasis. (see 7.D.(a) above)

7.F, NOTES

{1} The range of potassium stendarde suggested may be altered (may, to
0,2, 0.4, 0,6, 0,8 and 1,0 milliequivalente per litre) if thiw is
more suited to the flame photometer in uee and to the samples normally
under analysia,

(2) The sodium effect on potassium emiesion produced by the procedure
suggested includes any effect dioe to chloride, Sodium is likely
to be present in waters end water extracts mainly in the form of
sodium chloride but the sodium effect may be tested by using

solutions of eodium eulphate if samples low in chloride are being
analysed,

(3) In calibration, it ie not obligatory to make the highest potassium
atandard read the highest point on the scale, [ (See IV.6.F.(4}])

(4) Potasesium may be determined also by atomic absorption spectropho
tometry if the apparatus ie avegilable,



7.G. REFERENCES

BLACK. Chapter 54. (C.I, RICH)
JACKSON , Chapter 18, Sections 18-1 to 18-34
STROUTS. VYol, II, Chapter 26, (pp.397 to 403)

YOGEL . Chapter XIV,



IV, B. CARBONATH

8.A. PRINCIPLE

When the pH value of a sample of natural water ar waeter extract of a soil
is above 8,4, carbonate ion is present, normally as sodium carbonate.
If the gample is titrated with a standard mineral acid to a pH of 8,4,
the carbonete ion is converted to bicarbonate =

2_

i -
COE + H HC{}3

and the amount of acid used is a measure of the carbonate present.
{(see IV.9.)

The titration ie best carried out potentiometrically; but the end-point
may also be sssessed by use of the mixed indicator cresol red - thymol
blue, which changes Ffrom violet at pH 8.8 to yellow at pH B.0, with a
digtinctive rose-red hue at pH 8.4, The end=point is judged in the
titration with indicator by matching the ceolour teo that of the wame
volume of buffer solution at pH 8.4 conteining the same amount of
indicator,

Standard hydrochloric acid is used because sulphuric acid may give rise
to turbidity From celcium sulphate with calcium=rich samplew.

8,B, APPARATUS .

Pipettes, 10, 20 or 50 ml, as required for aliquots
Burette, 10 or 25 ml, with 0,05 ml divieions

Plus, either, for potentiometric titration -

Beakers, 50 or 100 ml
pH meter and electrodes (see III,1 or IV.2,)
Magnetic stirrer and followers:

or, For indicator titration =

Erlenmeyer flaske, 100 or 200 ml
Graduated pipette, 1 ml, with 0.01 ml divieions

8.C. REAGENTS

Hydrochloric acid, 0.020 N

Boric acid - sodium borate buffer, pH 8.4
Diesolve 6,.1B45 g boric amcid and 7.4555 g potassium chloride to
500 ml. Mix 25 ml of this eclution with 4.3 ml of ©.2 N sodium
hydroxide and dilute to 100 ml. Check the pH value and adjust
if necessary.

Cresol red - thymol blue indicater
Diesolve 0.025 g cresol red and 0,076 g thymol blue in 100 ml of
ethanol.

8.0, PROCEDURBS.

(a) Potentiometric titration,

Transfer a suitable aliquot of natural water or water extract of soil



feee Note 1) to a wmall beaker, place on the platform of a magnetic
#tirrer and insert a "Follower™. Calibrate the pH meter with phoshate
and borate buffere (see III,1,) and then insert the electrodes in the
sample For analysie, With the pH meter switched on, start.the etirrer
and add 0,020 N hydrochloric acid drop by drop until the pH falle to
8.4, Stop the etirrer and check the pH, adding more acid and stirring
again if neceseary (see Note 3}. HRecord the volume of acid needed,

(b) Indicator titration,

Transfer a suitable aliguot of sample (see Note 1) to a 100 or 200 ml
Brlenmeyer Flask and add 0,2 -~ 0.4 ml crescl red-~ thymol blue indicator
according to preference, Tranefer to a similarly eized Flask a volume
of bufPer solution (pH 8.4) equal to the sample aliquot teaken and add
a volume of indicator equal to that added to the semple, Titrate the
sample with 0,020 N hydrochloric acid until the colour matches the
colour of the buffer solutiom, under the:same lighting conditione,

(see Note 3) Record the volume of acid needed,

8.,E, CALCULATIONS.

Let
¥ be the volumae in mk of the aliguot taken for analysie

T be the volume in ml of 0,030 N acid needed in the titration

Since the cesrbonate is converted just to bicarbonate, it is only halfl
neutralized and Pull neutralization would need 2T ml of acid,

Thus, the volume ¥ ml of sample containe (3T x 0,03) milliequivalent of
carbonate and the concentration is

iQ?I milliequivalent per litre

fl} Fer natural waters, 50 ml ise & suitable aliquot eince the carbonate
concentration ia normally low. Soils containing sodium carbonate
ure difficult to extract with water since clay is deflocculated
and organic matter is partially soluble; thus the volume of colourles
clear water exXtract obtainable is often emall and rarely is it
possible to take BO ml for this determination, 20 ml or 10 ml must
be used, cven though this may give only very low titrations, Gmall
aligquots maey be diluted to provide sufficient liquid to cover’' the
electrodee (in potentiometric titration) without sensibly aPffecting
the pH value, althouth it ie better to uee micro—electrodes it
these are available,

{2) pH values may be afFected by the stirring motion and they should
be checked when the ligquid is wmTi1ll,

{3) Carbonate concentratione are normally low and colour matching in
the indicator titration ie not affected by the dilution due te
the small amount of added acid,




8.G, REFERENCES,

BLACK., Chapter 62, Section 62-3.4, (C.A. BOWBR and L.V, WILZOX}
JACKSON , Chapter 10, Section 10-B7 to 10-93,

KOLTHOFF and STENGER. Chapter IV, Section V.5, (pps 131 to 133)
VOGEL. Chapter III, Section III.1E.

WILSON. Vol. I.B, Chapter VII, (4.f,(vii} = C. AYERS)



IV, 9, BICARBONATE

9.4. PRINCIPLE.

Bicarbonate ion reacts with minerel acid and releases carbon dioxide into
the solution =

+ =
HCO3 + H HEU + CDQ

the pH value at complete neutralization being about 3.8. Thus, bicarbo-
nate may be measured by titration with mineral acid to a pH of 3.8,
either potentiometrically or using an indicator unaffected by carbon
dioxide. Methyl orange is suitable and, if screened with a blue dye
such as indige carmine or xylene cyanol FF, givew a good colour change

from green through grey {(end-point) to red, which obviates the need
for a matching buffer sclution,

If carbonate is present, it also reacts with the acid but the emount
of acid reacting with the bicarbonate only can be calculated, As in
the determinaticn of carbonate, standard hydrochloric acid is used in
preference *» sulphuric acid,

2.,B. APFARATUS

Pipattes, 20 or 50 ml, as required for aligquots
Burette, 10 or 25 ml, with 0,06 ml divieions

Flus, either, for potentiometric titration -

Beakerse, 50 or 100 ml
pH meter and electrodes (see III.l.or IV.2.)
Magnetic etirrer and followers

or, for indicator titration -

Erlenmeyer flaseks, 100 or 200 ml
Graduated pipette, 1 ml, with 0,01 ml divisionas

5.C, REAGENTS,

Hydrochleoric acid, Q0.020 N

Screened methyl orange
Dissolve 0.05 g methyl orange and 0,125 g indigo carmipne in 100 ml
water or
Diesolve 0.1 g methyl orange and 0,14 g xylene cyanol FF in 100 ml
of 50 per cent ethancl - water,

9.,D0. PROCEDUHES,

(a) Potentiometric titration,

Transfer a wsuitable aliguot of netural water or water extract of soil
[e#ee Note 1) to a wmall beaker, place on the platform of a magnetic
wtirrer and ingert s "follower®™,., Calibrate the pH meter with phthalate
and phosphate buffers (eee TIT,TI,) and then insert the electrodes in
the sample Por analywis. With the pH meter ewitched on, start the
stirrer and add O,020 N hydrochloric acid until the pH falles to J.8.
Stop the wetirrer and check the pH, adding more acid and stirring again



if necesasary (eee Note 2), Record the volume of acid needed,

When carbonate is present and ie determined potentiometrically, (eee
IV,8,) the determination of bicarbonate can conveniently Follow in
the same sample. JTn thise case, the pH meter performance should be
checked initially with phthalate, phosphate and borate buffers.

{p) Indicator titration,

Transfer a suitable aliquot of eample ([eee Note 1) to a 100 or 200 ml
Erlenmeyer [flask and add 0,2 - 0,4 ml ecreened methyl orange according
to preference, Titraute with 0,020 KN hydrochloric acid until the

green colour of the indicator changes to & neutral grey with the
fainteset tinge of pink, Record the volume of acid needed,

S9.E. SALCULATIONS .

Let
V be the volume io ml of the aliquot taken Ffor analysis

(a)] Carbonate absent.

Let
T be the volume in ml of 0,020 N acid needed in the titration

Then, the volume ¥ ml of sample containe (T x 0.02y milliequivalent
bicarbonste and the concentration is

EOvT millieguivalent per litre

({b) Carbonate present,

(i) Potentiometric titration following carbonate determination,

Let
X be the volume in ml of 0,020 N acid needed in: the
determination of sarbonate by titration to pH B.4

Y be the volume in ml of 0,020 N acid needed in the
subseguent determinatinn of bicarbonate in the same
aliquot by titration from pH B.4 to pH 3.8

After addition of X ml acid, the solution containe bicartonate,
derived from the carbonate, equivalent to X ml 0.020 N acid,

Thus, the bicarbonate in the original aliquot consumes (Y - X} ml
G, 020 N acid and ite concentration is

20 3 R milliequivalent per litre

(id] Titration of carbuﬂgte and bicarbonate together,

Let
X be the volume in ml of 0,020 N acid needed in the
determination of carbooate by titretion to pH 8.4
{of V ml of semple)

Z be the volume in ml of 0,020 N acid needed 1n the
determination of curbonate plus bicarbonmate by titralion
to pH 3.8 of a separate aligquot, also of V ml of sample

(but wee Note J)



Then, as in IV,8_.E, the carbomate consumes 23X ml of 0,020 N acid
in the titration to pH 3.8,

Thus, the bicarbonate consumes (Z - 2X) mk of 0,020 N acid and ite
concentration is

20 Zv- 2X) milliequivalent per litre

9.F. NOTES.

{¥[ For natural waters, a 50 ml aligyuot is suitable except in the
case of hard waters from limestone areas, when 20 ml gives a more
convenient titration value, For water extracte of esoile, the
Largest aliquot (up to BO ml) which ie possible should be taken,
as soluble bicarbonate levels are normally low,

(3) pH values may be affected by the stirring motion and they should
be checked when the liquid is still,

{3y If, for any resson, the kliquot taken for carbonate determination
(say, A ml) is different from that taken for carbonate plue
bicarbonate determination (say, B ml), then the concentrations of
carbonate and carbonate plus bicarbonate are calculated separately
and the bicarbonate obtained by difference. The result (using
the symbols of calculation (b} (ii)) is ;

{EQEE_ - iﬁi;_} milliequivalent per litre

9,G. REFERENCES
BLAC*. Chapter 62, Section 63-3.4., (C.A. BOWBR and L.V, WILCOX)
JACKSON, Chapter 10, Sectiom 10-87 to 10=93
VOGBL. Chapter I1I, Section III.1B

WILSON, Vol, I.,B, Chapter VII, (4.f.(vii) = C, AYERS)



IV, 10, CHLORIDE

10,4, PRINCIPLE

Chloride ion combines with mercuric ion in acid solution to form
mercuric chloride, which iwe soluble but almost complerely unicnized,
Thue, if a chloride solution is titrated with mercuric pitrate in the
presence of s little nitric acid, the mercuric ion ie complexed by

the chloride ion until no chloride ion is left. The end-point of

the titration is denoted by the presence of Free mercuric ion which is
detected by ite senwitive reaction with diphenylcarbazone te form &
violet compound,

Tha 2ptimum acidity for the reaction is mbout pH 3. Since the amount
of c.rbonate and bicarbonate present is known from determinations
IV,8 and IV.%, this optimum pH = or cne near it - may easily be
obtained by edding a calculated volume of etandard nitric acid.

10,B, APPARATUS.

Fipettes, 5, 10, 20 or 50 ml, as required for aligquots

Graduated pipette, 1 ml, with 0.1 ml divisions E
Erlenmeyer Plemske, 100 or 150 ml

Burettes (two), 26 ml, with 0,06 ml divisions

Nitric mcid, O,08 N

Mercuric nitrate, 0,020 N
Dissolve about 7 g mercuric nitrate, Hg(NO,),.H,0 in 2 litres of
approximately 0,05 N nitric acid. Standaraizn gy titration with
a standard chloride solution [magnesium, sodium or potassium, as
convenient = usually 0,080 N sclutions as used in determinations
IV.4, IV.6 or IV,7.) and adjuset to exactly O,U20 N, (see Note 3}

Dipheanylcarbazone
0,5 per cent in ethanol

10.0, PROCEDURE,

Tranefer a wuitable aliquot of neturel water or water extract of soil
(ree Note 1) to a 100 or 150 ml Brlenmeyer flask and add a velume of
U.08 N nitrie acid sufficient to neutralize the bicarbonate or carbonate
plus bicarbonate (to pH 3.8) and provide L ml in excess (see Not- 2).
add 0.6 ml diphenylcerbazone sclution and titrate with 0.020 N mercuric
nitrate to the Piret permanent pink-violet tinge, Record the volume of
mercuric nitrate needed.

10,8, CALCULATION,

let
¥ be the volume in ml of the aliguot taken For analysis

T he the volume in ml of 0,020 N mercuric nitrate needed in
the titration,



Then, &s in previous similar calculations, the concentration of chloride
1%

20 T : ; 3
v milligguivalent per litre

10,F, NOTES.

{1] 20 ml is & suitsble aliquot in most cases, having the advantage
that the desired concentraetion of chloride in milliequivalent per
litre iw numerically egual to the titration value inm ml. Natural
waters are often low in chloride and 50 ml may be taken if preferrsd,
Hater extracts of saline soils may be high in chloride and 10 ml
{or even & ml) may then be more appropriate aliquots.

{2 If ¥V ml of sample requires M ml of 0,020 N acid For neutralization
of bicarbonate or carbonate plus bicarbonate (see IY¥,9,), the
volume of 0,08 N nitric acid needed is

(2. M, 1) ml

5

{3) The sharpness of the colour change at the end=point tends to Fall
ofP mw the amount of chloride increases, probably due to an
inhibiting effect of the mercuric chloride, There is no difficulty
in detecting the end-point with small amounts of chloride (titrations
less than 6 ml) but with larger amounts it is advisable to use a
colour staendard for matching., Thise ie conveniently made by tis
trating 6 or 10 ml of 0,050 N chloride solution (magnesium, sodium
or potassium — as used in determinations IV.4, IV.6 or IV.7.)

The titrations should be performed in ., -d lighting conditions

and the volume of the test soclution should be the same aw that

of the matching solution, in the same sized Flask, It may be better,
in some cases, to titrate to a conetant (elightly deeper) shade of
pink-violet, as produced by (say)] 0.1 ml 0,020 N mercuric nitrate

in excess and then uwe this volume as a "blank™ correctiom; with
such a procedure, the amount of chloride in the matching solution
should be roughly the same am that in the test solution,

{4) A mixture of 0.5 per cent diphenylcarbazone and .06 per cent
bromo-phenol blue may be used in plece of diphenylcarbazone alone
when the degree of alkalinity of the sample ie not known, O,05 N
nitric mcid is run in until the solution turns yellow and then
1 ml more ie added, Some analysts claim that the background
yellow colour makes it easier to see the end-point,

i0.64. REFERENCES,

RICHARDS. Chapter 7. Method B9,

VOGEL . Chapter JII, Section III.43.



i¥e 11-1, SULPHATE - GRAVIMETRIC

i1-1.,A, PRINCIPLE,

Sulphete ion reacte quantitatively with barium ion in a dilute
hydrochloric acid sclution (optimum concentration about 0,05 N} to form
inscluble barium weulphate, the acid preventing the precipitation of
barium carbonate, hydroxide and phosphate. Precipitation of barium
sulphate is carried out by the addition of barium chloride very slowly
in boiling solution to avoid supersaturation and to promote Fformation of

large crystals, which are again encouraged to grow larger by a period of
digestion in hot solutiom (eee Note 1),

504 + Eaﬂli - EaSD4 + 2C1—

The precipitate is filtered off, washed, ignited and weighed as barium
sulphate, BaS0O,.

The optimum amount of sulphate for an accurate determination liews
between 0.3 and 1,2 milliequivalents,

11-1,B, APPARATUS

Pipettes, 10, 20, 26, S50 or 100 ml, as required for aliguots
Measuring cylinder, 200 ml

Burette, 10 ml, with 0,05 ml divisdonwe

Beakers, 400 ml

Watch glasses, 100 mm diameter

Hot plate

Beaker (appropriate volume) and pipette, 10 ml, for barium chloride
Glase rode, fitted with rubber ‘policemen” :
Water bath

Wash bottle, glass, for hot water

Drying oven

Muffle furnace

Desiccator

Analytical balance, accurate to 0,1 mg

Plus, either -

Funnele, 75 mm diameter
Filter papers, 11.0 cm diameter, (e.g. Whatman No 412}
Crucibles, porcelain or asilica, 32 mm .diameter

or =

Filter crucibles, porcelain or silica, Pine porosity
Filter flaske, with adapterws for crucibles
Yacuum pump

11-1,C. REAGENTS,

Hydrochloric acid, 5 N

Barium chloride, 10 per cent
Dissolve 100 g barium chloride, BnCiz.QHHO. in about 600 ml water,
Pilter and make to 1 litre,

Bromo-cresol green
0.2 per cent in ethanol



11.1.D.

PROCEDURE.

Transfer an aliguot of natural water or water extract of scil containing
between 0,2 and 1,2 milliequivalent eulphate (ewee Note 3) to a 400 ml
beaker and add water to approximately 200 ml, 'Add 0,2 = 0.3 ml bromo=
crescl green and then 6 N hydrochlorie acid from a burette until the
colour chenges to yellow-green (see Note 3); then add 2 ml more acid,

Heat to boiling on a hot plate, at the wame time heating an appropriate
volume of 10 per cent barium chloride solution, While still hot, 'add
10 ml barium chloride sclution very slowly, stirring constantly. Cover
the heaker with a wateh glases and digest on & ngearly boiling water bath
for two to three hours,

Filter through a fine filter paper or a tared filrtering crucible (ees
Note 4, cleaning the beaker thoroughly with a rubber 'policeman', and

wag™

the precipitate with the minimum quantity of hot water (see Note §)

until the washings are free of chloride (teet with eilver nitrate).

If a filter paper i@ used, fold it carefully round the precipitate and
plece it in & tared porcelain or silica crucible. Dry this - or the
Filtering crucible (if used) = in an oven at 105°C, Transfer to a
muffle furnace and ignite elowly, finally increasing the temperature to
E00°C for ons hour, Remove the crucible from the furnace, coocl somewhat,
rlece in a desiccator, cool to room temperature and weigh to 0.1 mg,

11=-1,B

Let

CALCUL ATION

¥ be the volume in ml of the aliquot taken for analysis

W be the weight in gram of barium sulphats

1 gram barium sulphate = 8,567 milliequivalents

Thue,

¥V ml of sample conteine (8,567 x W) milliequivalent of sulphate

and the concentration is

l1l=1.F.

(1)

EE%E_E milliegquivalent per litre

NOTES,

Certain metals may coprecipitate with barium sulphate. In samples
of maturul water or water extracte of wsoil, calcium, magnesium nand
poeeibly sodium may be present in smounts sufficient tc cause &
slight error, This is reduced by elow precipitation and by digesetion
of the precipitate., No errors arisee from the anione normally present
in the samples under analysis,

An mssessment of the concentration of sulphate muset be made before
starting thie anelysis. The total salt concentration i1e either
ewtimated From the conductivity (see IV,.6.F.(a)) or taken as ths
sum of the cationa calcium plus magnewium and sodium (potaesium
being neglected} where these analyeesa have been done, The sum of
the chloride and bicarbonate concentratione {carbonate can usually
be neglected] is then subtracted to give the probable sulphate
concentration. For water extractw of seoil, chloride alone may be
wubtracted, wince bicuarbonate is normally low,



1-1'-1-IG L]

If possible, chooee an aliquot containing 0,6 - 1.0 milliequi-
valent sulphate. Por vepy low concentrations, take up to 200 ml
if thie amount of sample is available,

{3) 1If preferred, a calculated volume of 6 N acid may be added
{omitting the bromo-cresol green) when the alkalinity of the
sample is koown (from determinaticn IV,9.,). For many water
extracte of soil, this calculated velume comes to one drop or
less and then just 2 ml of 5 N acid can be added to adjust the
acidity to the reguired level,

(4] Whea the barium sulphate is ignited in the presence of filter
paper, there is some danger of its reduction by the carbon Ffrom
the paper, unless the temperature of the muffle furnace ie raised
slowly, Porcelain or esilica crucibles with porous bases are
praferable,

(5] Washing of the precipitate should not be prolonged after it is
free of chloride because of the slipght wolubility of berium
sulphkate in water,

b
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IV, 11-2, SULFHATE - COLORIMETRIC

11-2.A. PRINCIPLE,

In the gravimetric method, barium sulphate is precipitated by the
addition of barium chloride in approximately 0,08 N hydrochloric acid.
If barium chromate iw useed in place of barium chloride, the reaction
effectively involves the production of yellow chromate ion in an amount
egquivalent to the sulphate ion.

2~ -
50 BaCrO = BﬂSﬂ4 + «f.'h"i‘.’i“i

4 b 4
In fact, in the acid sclution of barium chromate used for the precipita-
tion, chromate ion ie converted temporarily into dichromate ion

2= +* L -
2 CrD4 + H - Crﬂﬂ? + OH

Then, after precipitetion of barium sulphate, the excess barium reagent
ie rendered ineoluble by making the eolution ammoniacal, when the
dichromate ion ie converted back to chromate ion. The combined
precipitates of bafium eulphate and barium chromate are Filtered off vo
give a yellow solution whose depth of ceolour is related directly to the
amount of sulphate in the original sample.

Thue, by making the mixture, after precipitation of barium sulphate and
barium chromate, to a constant volume, the concentration of chromate

in the Piltered solution cen be measured colorimetrically and related
to the original sulphate concentration,

11-2,B, APPARATUS,

Pipettewe and volumetric Flasks, ue reoquired For dilution of samples
Pipette, 5 ml (automatic, if possible) or burette, 50 ml

Burette, 25 ml, with 0,1 ml divisions

Volumetric flaaks, 100 ml

Funnels, 75 mm diameter

Filter papers, l1l2.5 cm diameter (e.g. Whatman No 42)

Erlenmeyer or Plat-bottom Flasks, 150 ml

Spectrophotometer, with appropriate celle or tubes (wee Note 1)

11-2,C., RBAGERTS.

. Barium chromate, O,1 N in 1.5 N hydrochloric acid
Dilute 130 ml concentrated hydrochloric acid, ®#.g§. 1.18, %o about
650 ml, add 12.7 g barium chromate and make the volume to 1 litre.
Stand overnight and filter if turbid,

Ammonium hydroxide, 6 N

Sodium sulphate, 0,200 N (200 milliequivalent per litre)
Dissolve 77,1025 4§ anhydrous wsodium sulphate to 500 ml

Sodium sulphate setandard eolutione containing 1,0, 2,0, 3.0, 4.0 and
5.0 milliequivalents per litre
Drlute 8, 10, 15, 20 and 256 ml of O.200 N solution each to 1 litre.



11-3,D0, PROCEDUREH.,

Betimate the sulphate cooncentration of the natural water or water
extract of e0il ae deecribed in IV,11-1,F,{(2). If this is more than

5§ milliequivalent per litre, dilute the sample, preparing 50 or 100 ml
of solution containing between O and § milliequivalent sulphate per
litre.

Traonsfer & ml acid barium chromate solution to each of a series of

100 ml volumetric Flaske, sufficient to cover the number of samples
under teat, Ffive standards and one blank, Add to each, from a burette,
1,2 ml 5 N ammonium hydroxide (see Note 2}, Then add 25 ml of sample,
or 25 ml of standard sulphate solution, or 256 ml water (for the blank)
respectively. 5Stopper the flaske, shake well and allow to stand for a
c nvenieot time (see Note 3}, Add 1.0 ml 5 N ammonium hydroxide to

e ch flask, make to 100 ml, stopper, shake and Filter through Ffine
Filter papers into dry 150 ml flasks.

Tranefer the yellow Ffiltrates to appropriate tubes or cells and measure
the abeorbance or transmittance of light of wavelength 410 millimicron
against water,

11=-2,B. CALCULATION.

Plot absorbance or transmittance values against concentration of sulpha-
te in milliequivalent per litre (range 0 - 5)

From this graph, record the concentration of sulphate. in the solution
used for analysise,

Hence record the concentration of sulphate in the uriginil sample,
multipl'ying by the appropriate dilution Ffactor, where necessary.

11-2,F. NOTES,

(1) The procedure is adapted to spectrophotometers in which light of
410 millimicron waveleangth can be produced and using cells or
tubes of 1.0 to 1.5 cm light path, Modifications may have to be
made for instrumente using coloured Ffilters (violet or deep blue)
or if cells of longer light path are used,

{2} The barium chromate solution is made up in 1.6 N acid to keep it
reasonable clear during storage (although it may have to be
filtered from time to time). The mcidity ie too great For the
accurate precipitation of barium sulphate, even after the dilution
resulting Ffrom the additionm of 325 ml of water, Thus a calculated
amount of ammonium hydroxide is added to reduce the acidiiy of the
solution in which barium sulphate is precipitated to noar the
regquired optimum level . (0,08 N),.

A very alkaline water may give rise to an acidity pather less
then 0,05 N but this does not affect the precipitation,

{(3) The time of standing after precipitation does not seem to be
criticel, Any convenient period from JO minutes to overnight
may be adopted,

(4) The usual difficulties Ffound in the qulntitntlfu precipitation of
barium msulphate - glight solubility, coprecipitation, etc, = are



avoided by analysing standard solutions of sulpahte and ssmple of
natural water or water extracts of soil under the same conditions
40 that any errores are common to both,

11-3,G, REFERENCE,

NEMBETH, (Journal paper)



IV. 13. NITRATE

13.A. PRINCIPLE.

It the reagent phenol 2:4 disulphonic acid in concentrated sulphuric
acid ies added to a dry nitrate, nitration of the reagent takea place

at room temperature and phenol 6 nitro 2:4 dieulphonic acid ie Fformed,
The alkaline salts of this acid are an intense yellow and thus addition
of emmonia or sodium or potassium hydroxide to a definite volume
produces a yellow solution whosee depth of colour depends on the amount
of nitrate originally present, Ammonia ie usually preferred for
producing the alkaline salt,

Samples of natural water and water extracts of soil may be analysed

for nitrate by this method provided they contain no organic matter,

no aitrite and only traces of chloride (less than one part per million).
Organic matter may impart yellow to brown colours to the sample and

also give rise to brown oxidation products during nitration; nitrite,
ue wall as nitrate, causes nitration of phenol 2:4 disulphonic acid;

and chloride can react with nitrate iu concentrated sulphuric acid
to give volatile oxides of nitrogen,

Natural waters which have been clerified for chemical analysis as
deéscribed in the introduction ({Section 1,4=3,) should contain
negligible quentities of organic matter; and nitrite is also negligible
in most cases, although it ie advisable to teat for it (eee Note 1),
Chloride, however, is sometimes present in high amounts and this must
be removed as silver chloride by the addition of the calculated
quantity of ailver sulphate, Water extracts of soil prepared as
described in Section III.6 may alsc be used For determining soluble
nitrate, although it is more usual to make special gxtracts for thie
purpose (esee III,1l,). Water extracts of soil normally contain negli-
gible amounts of organic matter and nitrite but chloride often

has to be removed, A qualitative test for nitrite should be carried
out as a precaution (eee Note 1), With all samples, particular care
whould be taken to ensure that activated carbon, which may huve been
used to remove soluble orgenic matter, does not ebsorb nitrate ion.
(see Note 2)

The sample solution, free of organic matter and nitrite and containing
leses than 1 ppm chloride, should be neutral or slightly alkuline (pH

7.0 - B,6) when evaporated to dryness before nitration., Most samples
under analysis come within this range; acidic samples may be treated
with calcium hydroxide solution and very alkaline samples with sulphuric
acid,

12,B., APFARATUS

Pipette, 50 or 100 ml

Beakers, 250 ml

Watch glasses end gless rode, for beakera

Burettes, (two} 25 or 50 ml

Evnparlting basins, porcelain or glass,, 100—195 ml and 25-30 ml
Water bath

Centrifuge, with 50 ml tubes

Balance, for centrifuge

Wash bottles, plastic

Dispensing burette with coarwe jet, 10 or 25 ml
Small glass rodas



Volumetric Flasks, 100 ml

Erlenmeyer Fflasks, 1256 ml

Funneles and Filter papers (d.g. Whatman No 412)
Spectrophotometer, with celles or tubes

12.C, REAGENTS,

Sulphuric acid, OU.1 N
Calcium hydroxide, saturated (see TI1I.14-3)

Silver sulphate, 0,04 N
lissolve 3.12 g silver sulphate to 500 ml

Phenol 2:4 disulphonic acid
Treat 26 g pure phenol crystale with 150 ml concentrated sulphuric
acid and, when dissolved, add 75 ml fuming sulphuric acid (13-15 per
cent sulphur trioxide). Digest Por two hours on a boiling water
bath or immersed in boiling water, Cool and transfer to an amber
xlasrs bottle and store in the dark, well stoppered, (see Note 3}

Ammonia eclution, 5 N

Potgseium nitraete, 50U ppm nitrogen
Dissolve 3,61 g dry potassium nitrate to 1 litre with nitrate-free
water.

Potassium nitrate, 10 ppm nitrogen
Dilute 10 ml of 500 ppm solution to 500 ml with nitrate-Ffree water,

12.D. PROCEDURE

TransPer 100 ml (see Note 4) of natural water or water extract of soil
to a 250 ml beoker and, if the pH is not between 7,0 and 8,5, adjust
to thie range with 0,1 N sulphuri¢ acid or saturated calcium hydroxide
solution, using pH indicsator pajper or a pH meter with a calomel
reference electrode of negligible leak, For a chloride concentration
in the sample (method IV,10) of X milliegyuivalent per litre, add 2.5 X
mlL 0,04 N silver sulphate solution, etir well, cover the beaker and
allow the mixture to atand in the dark for some hours (overnight ie
convenient).

Decant the clear ligquid intoc a 1004125 ml evaporating basin and start
heating on a water bath, Transfer the silver chloride precipitate and
remaining solution to & 650 ml centrifuge tube and waseh out the beaker
with a emall gquuntity of water, Centrifuge at 2500 rpm for 10 minutes
srdl 54 the wupernatant liguid to the evaporating baein, When the volume
han heen reduced to about 10 ml, transfPer the liguid to a 25=30 ml
evaporating basain, washing out the larger basin with & minimum amount

of weater, and comtinue the evaporation to dryness,

Yemove the basin From the water bath and dry the cutside, Add 2 ml
phenol 2:4 disulphonic acid resgent from a dispensing burette, bringing
#ll the residue rapidly into contact with the reagent, Stir with a
amall glass rod to help the solids to dissolve, APter about 10 minutes,
add 1U-15% ml cold water and stir tuo diswolve any remaining solids; then
add 5 N ammoniu solution From a dispensing burette until the sclution
turns yellow, Ffollowed by 2 ml more, Transefer the liquid gquantitatively
to & 100 ml volumetric flusk and make to 100 ml, Filter (if turbid)
through 8 fine Pilter paper into & clean, dry Erlenmeyer Flask, (see
Note §)



Prepare a set ol wtandards by evaporsting to dryness 2.5, 5.0, 7.5,
10.0, 15,0 and 20,0 ml (or other appropriate volumes in this range)

of potassium nitrate solution, containing 10 ppm nitrogen, end treating
each with phenol 2:4 disulphonic acid and ammonia as described sabove.

Transfer the yellow standard solutions and the test solutions to 1 cm
cells or tubes and read the absorbance or transmittance of light of
410 millimicron wavelength.

12.B. CALCULATION.

Flot the absorbance or transmittance values obtained with the standard
nitrate solutione against microgram nitrogen. With the volumes suggested
ebove, the nitrogen ranmge is 25-200 microgram.

F-om this graph, record the microgram nitrogen present in each af the
t.st solutions, Divide each value by 100 (volume in ml of aligquot
taken) to give the concentratioa of nitrate nitrogen in the original
sample in parts per million,

If- a difPerent mliguot is taken (way, V ml), divide the migrogram
value by V. If the result is required in millieqguivalent per litre,
divide the ppm Vvalue by l4.

12,F, NOTES

(1] To test For the presence of nitrite, make a solutiuvn containing
O.1 g sulphanilic acid and 0,08 g l-naphtol in 100 ml of acetic
acid solution containing 75 ml glacial acetic acid. Add 5 ml of
this reagent to 20 ml of the water or w.:er extract and note if
any pink colour develops., When nitrite is detected, estimate the
amount by comparing the colour produced in the above test with
that produced with 20 ml portions of standard sodium nitrite solu-
tiones containing O=100 microgram nitrogen per litre,.

In many cases, even if nitrite ie detected, the amount is too
small to affect the nitrate value seriously. Hhen the amount of
nitrite nitrogen is greater than U.1 ppm, the aliquot takean Ffor
nitrate determination may be treated with 1 ml 1 N sulphuric acid
and a little hydrogen peroxide (20-volume) For about 15 minutes,
to oxidize the nitrite to nitrate, before proceeding with the
determination of mitrate as.above, The total nitrate nitrogen
Pigure is then corrected for the nitrite nitrogen.

(2) IPF mctivated carbon is used tc remove organic matter colours,
it should be tested Ffor its possible effect on nitrate. Shake
20 or 25 ml standard potassium nifrat.- solutiom (conteinineg
10 ppm nitrogen)} with B little activated carbon and Filter into
a dry flask,. Determine the nitrate in 10U ml of the filtrate and
compare it with the amount in 10 ml of untreated potasaium
nitrate solution., If there is a significant reduction, the
activated carbon is unsuitable for removal of soluble organac
matter, In this cuse, the organic matter may be oxidized with
hydrogen peroxide, usinyg a period 5F digestion on a water bath
{depending on the amount of organic matter present) before eva-
poraticon to drynessa.

{3) If Puming sulphuric acid is not available, 25 g phenol may be
digested with 225 ml concentrated sulphuric acid for 6 hours.
The reagent can also be Bought ready prepared but it must be fresh.



12.G,

(4)

(5)

Nitraete concentraticaos are normally low enough in the samples
Under examination to need 100 ml of liquid for anelysis, Other
volumes can, of course, be taken but the amount of nitrate
nitrogen present should lie between 25 and U0 microgram,

When nitrate is very low, the appearsnce of a yellow colour to
denote Formation of the alkaline salt of phenol & nitro 2:4

disulphonic acid is not easily meen. The amount of § N ammonia
solution needed is upually 15=20 ml; 4if preferred, a constant
volume of ammonia solution, based pn exXperience, may be added,.

When small evaporating baeins are used, the nitrated acid may be
transferred to a 100 ml volumetric flask before adding the
ammonia solution,

REFERBNCES.
LLACK. Chapter B4, Section 845, (J.M. BREMNER)
BOLTZ, Chapter IV, Nitrate, I.A., ppe 135 to 152, (M.J, TARAS}

CHAPMAN and PRATT. Chepter 17, Section 17-3,

JACKSON, Chapter B, Sections B-48 to B-66

RICHARDS, Chapter 6, Method 16,

WILSON, Vol. I.C, Chapter IX. (5.a.(c} - A.F, WILLIAMS)




IV. 13, AZMMONTA

13.A, PRINCIOLE

An alkaline solut:on of potassium iodide and mercuric iodide in the
corregt p-op-orizcns containe potassium mercuri=iodide, kﬂﬂgl , known

as Nessler's resgent. Iis reacts with emall quantities of ammonia

to Porm a reil:isn-bGrown colloidel compound [given the empirical Formulae

H, Hg, I, and Hg0, (NH,I) in the literature) which is the basis of a
aegsigiea tolorimetric method for ammonia, applicable when micro distilla-
tion and titration i8 0ot accurate enough. The amount of ammonia nitrogen
ahould oreferably lie between O and 250 microgram in & test volume of
about 5J ml, 1f the emount of ammonia nitrogen ie more than this (near 1
milligram), the etronger coloure can estill be measured with light of a

di ?erent wavelength but there is danger of opalescence developing Ffairly
rapid.y as the armmonia compound precipitates and it is preferable to

adjuat the & ° ... of sample so that less than 250 microgram nitrogen is
present - or to use distillation and titration of the ammonia with O,01 N
acid.

The formation of the coloured compound with ammonia is affected by alka~

linity, tempierature and time;  and also by the method of preparation and
age of —he Nesaler reagent, Therefore it is neceasary to keep closely to
& stand- 1 .- .cegdure {for both ammonium salt etandards and test Boluticne,

Interfeérsncams may arise in the test solutions from cations which™ form
ansoluble hvdroxides; im the case of waters and water extracts of soil,
calcium, m=gneaium, manganese ‘and iron should be removed, Soluble organie
maotter must also be absent,

A common method of separating ammonia From interfering substances is

to distal at f'rom slightly alkaline solutions, this procedure also

serving +0 coiceatrate the ammonia, An alternative method, suitable

for must waters asnd water extracte of spil, is to Form a flocculent
precvipitate of Zinc hydroxide which carries down with it calcium, magnesium,
manganese, iron and orgaenic matter and any insocluble material. Remaining
traces aof mognesium can ba complexed with tartrate by adding 4 little
Rochelle sult solution, Choice of method depends mainly on the concentra-
tion of ammonia present, the volume of semple mvailable and the accuracy
reyuired.

13.B, APPARATUS,

Preliminary assessment,

Meapuring cyiinder, 50 ml
Pipettesn, 1 and 25 ml
Brlenmeyer [Fluska, 125 ml

Direct method,

Pipetiea, 5, 10, 20, 25 anad 50 ml

Yolumetric fladka, 100 ml

Gradusnted pipettes, & ml with 0,06 ml divisions
Centrifuge, with 50 ml tubean

Balance for centrifugo

Erlenmeyer flueks, 125 ml

Pipette, 1 ml

Spectrophotometer, wWith cells and tubes



Distillation method.

Distillation apparatus, preferably all-glass and fitted for ateam
distillation, capacity of distilling Flask 750 ml

Measuring cylinders, 250 and 500 ml

Pipettes, 1 and 10 ml

Volumetric flask, 50 ml ~« or Nessler tubes

Spectrophotometer, with celle and tubes

Burette, 10 ml with 0,02 ml divisions, if ammonia is titrated

13.C. REAGENTS,

Zine sulphate, 2ZnS0,,7H_0, 10 per cent
Sodium hydroxide, ig pelf cent

Rochelle salt solution, 50 per cent
Dissolve 50 g potassium sodium tartrate (tetrahydrate) in 100 ml
water, boil off about 20 ml to remove ammonia, cool and muke to 100 ml

Phosphate buffer, pH 7.4
Dissolve 14.3 g potassium dihydrogen phosphate, KH2P04 and 68.8 g
dipotassium hydrogen phosphate, 2HPD4 to 1 litre,

Nessler's reagent (see Note 1)
Jissolve 100 g mercuric iodide and 70 g potassium iodide in about
100 ml water, Dissolve 160 g sodium hydroxide in about 700 ml water
and cool, Add the iodides slowly to the alkali, stirring all the
time, then muke to 1 liktre,
Allow to stand for a few days before use, =~ precipitate settles and
continues to be Formed slowly; the clear supernatant liquid is used
and the mixXture is not disturbed,

Ammonium chloride, 500 ppm nitrogen
Dissolve 1,908 g anhydrous ammonium chloride to 1 litre

Ammonium chloride, 10 ppm nitrogen
Dilute 20 ml of 500 ppm solution to 1 litre.

13.D. PROCEDURE.

UOhtain a rough assessment of the probauble ammonia content of the sample
under anualysis by adding 1 ml Neaa}er reagent to 50 ml, at the same
time udding 1 ml Nessler reagent to 50 ml ammonium chloride solution
containing 250 microgram nitrogen. If the colour develpped ahows
nitrogen in the range 20-250 microgram or above per 50 ml sample,

either use the direct method or distillation and titration of tne
ummonis with 0,01 N acid, If the colour 18 very FPaint and an accurate
determination iy required, use distillation of a lurge volume of sample,
followed by colorimetric determination of ammonia.

yvid] Direct method,

TransfPer & suitable volume of the naturul water or water extract of

601l (usually between 50 and %0 ml - see Note 2) to a 10U ml volumetric
Plask, add 1 ml zinc sulphste socluticn and 0.5 ml sodium hydroxide,

make to 100 ml and mix. APfter standing for a few minutes, transfer

most of the liquid and precipitate to two 50 ml ceatrifuge Ttubes,

haulance the tubes und centrifuge at 2500 cpm for 5 minutes. Collect

50 ml of the clear supernatant liquid in a 125 ml Brlenmeyer Fflask by
pipetting 25 ml out of each centrifuge tube and add two drops of Rochelle



8alt solution,

Prepare a set of ammonia nitrogen standards by transferring 5, 10, 15,
20 and 25 ml ammonium chloride solution (10 ppm nitrogen)} to 125 ml
Erlenmeyer flasks, making each to 50 ml and adding two drops Rochelle
sult solution. Then add 1 ml Nessler reagent to all standards and test
solutions and mix well, AFfter 15 minutes, transfer the solutiocns to

1l cm cells or tubes and read the absorbance or transmittance of light
of 400-425 millimicron wavelength, Carry out a blank determination on
BO ml ammonia-free water to test For traces of ammonia in the reagents,

() Distilletion method,

Steam out the distillation apparatus until the distillate gives no
colov= with Nessler reagent, Transfer a suitable volume of sample

(up t 500 ml - see Note 2) to the distilling Fflask, adjust the volume
to about 500 ml and add 10 ml phosphate buffer (see Note 3). Distil

gently, collecting the distillate in 50 ml portions by means of volumetric
flasks or Wesaler tubes,

After the second 50 ml has been collected, develop and measure the
ammonia colour in the first two portions of distillate by adding 1 ml
Nessler reagent and proceeding as in the direct method, meanwhile
leaving the distillation to continue, IP there is a measurable amdunt
of smmonia nitrogen in the second portion of distillate, collect a third
portion and cOntinue until no more ammonia distile over,

Alternatively, distil over mbout 150 ml liquid, add bromocrescl green
methyl red indicator and titrate the ammonia witi 0,01 N atid described
in Section III.d4, (see Note 4)

13.,E. CALCULATIONS

(a} Colopimetry,

Plot the absorbsnce or transmittance values obtained with the standard
ammonia solutions against microgram nitrogen, With the volumes
sugiested above, the nitrogen range is 60-260 microgram,

From this graph record the microgram nitrogen present in each of the
test soclutions,

Let &n individual value be G microgram

(i) Direct method,

Let
V be the volume in ml of sample taken

Then, the volume of sample anaslysed for nitrogen is 0.5 V ml and
thie containe G microgram

Thus, the concentration ie

2 G

- parte per million

(i1} Distillation.

Let
¥ be the volume in ml of sample distilled



(b)

Let

5 Gﬂ GE - = be the amounts of ammonia nitrogen in
microgram in the successive 50 ml portions of
dietillate

Then, V ml sample containe(G; + GD + 0, + =)} microgram nitrogen

3
and the concentration ie

G1+G2+G;+—_

3 parts per million
¥

Distillation and titration,

¥ "be the volume in ml of eample distilled

Then,

T be the volume in pl of 0,01l N mcid needed to titrate the
ammonia dietilled, after correction for the blank

¥V ml sample contains 0,01 T milliequivalent nitrogen and the

concentration is

12T milliequivalent per litre
opr
éi%—z parte per million

13.,F. NOTES.

(1)

(2)

(3)

(4)

Varicus procedures for making Nessler's reagent appear in the
literature. That given is one of the simplest; it contains a
slight excess of mercuric iodide over the amount needed to react
Wwith the potassium lodide and this tends to increase the
sgnsitivity.

The clear supernatant liquid may be separated from the precipitate
by decantation or centrifugation immediately before use,

Amounte of ammonie nitreogen in water samples are usually very

small (less than 0.1 ppm) and distillation of 500 ml is often
necessary to obtauin an weccurate figure, If thie volume of sample

i8 not available, the sensitivity of the colorimetric method may

be increased by using 6 or 10 cm cells Ffor measuring the light
ubsorption and working over a lower range of standards (e.g. 0=50

or 0-25 microgram), When only small volumes of sample ai# available,
the direct method ise preferable to distillation,

Tne precaution of using a mild alkaline bufPer is necessary Ffor
waterea containing organic matter, which may be decomposed duriang
boiling with stronger salkalies, For wators or water extracts
conteining much culcium, more buffer is needed and & secondary
test should be matde to establish the correct volume of phosphate
buffer needed to maointain the pH of the sample near 7.4 during
distillation,

1 ml of U,01 N acid corresponds to 14U microgram ammonia nitrogen.
It is preferuble to have at least 100 microgram nitrogen present
in the volume of esample distilled, If more thaen 250 microgram
ammonia nitrozen ie distilled over, it iy advisable to trap the



ammonia in dilute boric acid (esee Section III.d4,).

(6) All water used for reagents and dilutione should be ammonia-free.
Deionized water is usually satiesfactorily pure; distilled water

may have to be redistilled from alkaline permanganate (see Section
I.1-4.).

Filter paper may contain traces of ammonia; if a centrifuge is
not available and the zinc hydroxide (in the (direct method) is
filtered off, the first 20=25 ml of Pfiltrate should be discarded

13,G6. REFERENCES.

BLACK . Chapter 84, Section 84-3. (J.M. BREMNER)
BOLTZ. Chapter IV, Ammonia., pp. 75 to 124. (M.J, TARAS)
CHAPMAN and PRATT. Chapter 17, Section 17-5,

vOQEL. Chapter X, Section X.10,



IV. 14. BORON

14.4. PRINCIPLE

Borate ion reacts with the red dye carmine or carminie¢ acid in nearly
concentrated sulphuric acid (about 90-91 per cent by volume] to Form,
Bt normal room temperatures, a blue compound, the concentration of
which may be measured colorimetrically at 585 millimicron wavelength,
The reaction proceeds slowly And about one huur}iu needed for Ffull’
colour development, after which the colour wvery gradually fades,
Nitrate ion interferes but ites effect can be prevented by adding
hydrochloric acid; oxidizing agents should be absent.

Amounts of boron suitable Ffor determination range from 1 to 10 microgram
in m total volume of about 20 ml, of which about 10 per cent (i.e, 2 ml}
is the volume of the sample under test. The method may thus be aspplied
directly to natural waters, unless the amount of boron ie very low,

when concentration of the sample may be necessary to obtain & reliable
figure (see Note 2). However, the determination is normally carried

out to detect toxic levels of boron (greater than 2-3 parts per million)
and un accurate knowledge of the lowest levels (bglow 1 part per million)
is not often reguired,

Boron determination in water extracte of solls is dealt with separately
(see Section III.16-6),

14.B, APPARATUS,

Dispensing burettes (two), 100 ml, with coarse jets, Fitted with
moiature traps

Pipette, 2 ml
Erlenmeyer FPlaska, capacity 50 ml, stoppered, boron-free if possible
Spectrophotometer, with celle or tubes which can be stoppered or covered

14.C., REAGENTS.

Hydrochloric acid, concentrated

Sulphuric acid, concentrated, sp.gr. 1.84

Carmine solutioan, 0,025 per cent in sulphuric acid
Stir 0,125 g powdered carmine (or carminic acid) rapidly into 500 ml
concentrated sulphuric acid and store immediately in a boron-free
glasa bottle.

Boric acid, SU0 ppm boron

Dissclwe 2.860 g boric acid, HSBGS' to 1 litre
Boric acid, 50 prm boron

Dilute 25 ml of 500 ppm solution to 450 ml

Boric mcid, etendards containing 1, 2, 3, 4 and 5 ppm boron
Dilute 5, 10, 15, 20 and 25 ml of 50 ppm solution each to 250 ml

(NOTE. store all standard boreon solutipgns in boron-Ffree glass bottles;
do not use borosilicete glasa or polythene or plastic — see Note 1.)



14.D, FPROCEDURE.

Transfer 2 ml wuter sample to a 50 ml Erlenmeyer flask. Also transfer
2 ml of each of the standard boron solutions {containing 1, 2, 3, 4 and
5 ppm boron) and 2 ml pure water to six other 50 ml Erlenmeyer Flasks,

Add one drop concentrated hydrochloric acid to each, Followed by 10 ml’
concentrated sulphuric acid, added slowly and with shaking, Stopper

the Flaskes and allow to cool. Add 10ml carmine solution, mix well,
stopper and leidve Ffor oone hour,

Transfer the sclutions to the tubes or cells supplied with the
spectrophotometer and determine the absorbance or tranemission of light
of B85 millimicron wavelength, using the red liquid obtained with 2 ml
pure water for the reference solution,

14.8. CALCULATION

’lot the absorbance or trensmission values obtained with the staendard
boron solutions againet microgram boron (2, 4, 6, 8 and 10},

From thia graph, record the microgram boron present in the water=s taken
Por analysis. Divide each by 2 to give the boron concentration in
parts per million, (see also Note 2

14.F, NOTES,

(1) Borosilicate glass is obviously unsuitable FPor storesge of standard
solutions of boron and it is claimed that polythene and plastic
material cam absorb borate ion, Thus boron-free glass bhottles
must be usged,

Although boron-free glassware should etrictly be used For the
determination, borosilicate glassware is allowable if standards

and blank and test solutions are all subjected to the same treatment
at the same time. Sometimes the tubes or cells supplied with a

particular spectrophotometer may be used for the colour development;
this is preferable,
{2} IP the water sample contmins less than 1.0 ppm boron and an accurate
Pigure is required, concentrate the wWwater sample as deacribed for
50il extractes in Section TIT,16-6.0., Using a five times concentra-
tion, the Final microgram boron Figure must be diviaed by 10 to

give the borun concentration in the water sample in purts per
million,

14.G., REFERENCES,

RLACK, Chapter 75, (J.I. WEAR]

BOLTZ., Chepter XT. (II.B). {G. PORTER and R.C. SHUBERT)

CHAPMAN und PRATT. Chapter 6, Section 6-2,

JACKSON Chapter 14.

RICHARDS, Chapter B, Method 73(b).



APPENDIX I

DATA ON CONCENTRATED ACIDS AND AMMONIA SOLUTION

Concentratad acid solutions and mmmonia solution are supplied For manalysis

with precise values or ranges of values for specific gravity and percentage
composition by weight, These tead to vary according to the source and the

Pigures given below are approximate only,.

It is useful to prepare stocks or 5 N solutions of the common acids and
smmonia and store them in borosilicate glaes or polythene bottles. These
are very convenient for general qualitative work and for the preparation
of raore dilute solutione for guentitative analysise,

‘ =
Millilitre
Specific Percentage needed to make
Sclution | Bruvity cbmpoeition Approximate 1 litre of & N
by weight noermality scluticn

Sulphuric acid C 1.84 98 37 136

Hydrochloric meidi 41.18 36 12 436

Nitric acid 1.413 73 16 310

Acetic acid 1,08 99 17 300

Phosphoric acid v d.7E 30 48 -

ammonia (for use 375

in hot countries)| ©-:91 a5 Al

REFERENCES,

JACKSCON, Chupter 1, Section 1-5
LANGE . Page 1007
VOGEL . Appendix A.6

Catalogues of Chemical Manufmcturers.




APPENDIX 2

USE OF NOMOGRAMS

4 - NOMOGRAM FOR DIVISION SUMS - GENERAL CASE.

Numeralor
| k] 3 d 5 B T 2]
A T T T T T T T B
Quotient
h: T T T I I ] L] F i Y
0.2 0.5 | 4 [ 8
Denominagtar
D T T T T T T T I !:
B 7 B - q 3 ) |

Let two parallel lines, AB and CD be drawn at a convenient distance
from each other.

ﬂquine AB, let & logarithmic scole be marked covering values expected
for the numerator of a divieion sum,

On line CD, let a logarithmic scale be marked, in the opposite directicn,
covering valuews expected for the denominator of a divieion Bum.

Then, the answer (yvotient) to any sum involving these expected vulues
appears on a logarithmic ecale on a third paralliel line XY, between AB

rnd CD, the quotient being at the point where a straight lime joining
numerator and deaominator cuts XY.

If the scales Pur numerator and denominator are equal, the gquotient line
lies midway between The two scales. If they sere not egual, the pomition
ni the guotient line must be found by construction or calculation,

B - NOMOGRAM FOR SATURATION PHRCENTAGE CALCUL ATIONS.

Method JI.4 leads to a diviesion sum

100 W
D

where W gram ie the weight of wuters



and D gram is the weight of oven-dry soil

in (W + D) gram of saturated soil paste.
By the procedures advocated, values Por W may lie between 4 and 25; and
values for D may lie between 12 and 30.

Now, the difference between log 30 and log 12 is 0.3979 and 100 times this

Etgg:e (39.8) makes a suitable ecale length, in centimetres, for a nomogram

Measure this distance on a line to denote oven-dry soil values and mark
the Ffirst point "12" (origin) and the last point "30",

The point for value "13" is at a diastance

100 ({log 13 - log 12} cm from the origin (i.e, 3.47 cm)
The point for value "14" is st a distance

100 (log 14 = log 12) cm Prom the origin (i.e. 6.69 cm)
and so oo,
Intermediate points for 0,1l g are marked in the same way.

Similarly, since the difference between log 25 and log 4 ie ©,7958, a
suitable length for the water scale is B0 times thises Figure (mlso 39.3}.

Measure thie distance on a line parallel to the oven-dry soil line and
mark the first point "4" (origin) and the last point "25", working in
the opposite direction to the oven-dry soil scale,
The point for walue "6 is at a distance

50({log 5§ - log 4) em Froum the origin (i.e. 4.84 cm)
The point for value "6" is At a distance

50(log 6 - log 4) cm Ffrom the origin (i.e, 8,80 cm)
and so0 on, 4
Intermediate points Por 0.1 g are marked in the same way,
Now draw a pencil line between the pointa D = 12 and W « & and & second
pencil line bhetween the points D = 3O and W = 15, These lines intersect
4t a pOINnt representing a saturation percentagse value of 50,
Draw a line through this intersection point parallel to the water and
oven-dry %o0il lines, All suturation percentage values fall on this line
and, in this particular case, its distance from the oven-dry so0il line is
twice its distance from the water line,
Tuking the probable lowest saturation percentage valuege as 20, mark off

this point (originm} by joining W = 5 to D = 25, The distances of other
yaturation percentage values from the origin are

For value "21" 100(log 21 - log 20} (i.e. G.71 cm)
3



For value "“22" 100(log 22 - log 20) (L.0. 1.38 cm)
3

and 80 on,

The illustrative diagram below is drawn to half eize and only the main
points on the scales are included, so0o that the construction is clear,

SUNNESTED NOROCHAM FOR SATURATION PERCENTAGE CALCULATIONS

(half-gize)
25 4 ~ 2
22
_ 13
20
-1}
] gg
8 = 14
L -
=
] o @
v &
16 — -
- 100
= 16
Wb
[:F]
E
E
e __IT 5
P =3
E =]
E =
E 18
= e
(=]
£ n
. = 19
-
v -
e =
= 20 !
: :
]
I o
| 22
- 24
= 26
- 28
a -



APPENDIX 3

BEXAMPLES OF WORK-SHEBTS - I

Project: FAO Laboratory:

So1l Anslysis Work Sheet II.J.C.
PARTICLE SIZE DISTRIBUTION SAND FRACTIONS
=T _ 100 250 500 1000 2000
Fraction Sizes in microns { to s0 to 100 to 250 | to 500 |to 1000

Laboratory Number 2468
Weight of soil (M) 19.320 g
Basin plus Total Sand

through LARGER Sieve B 24.16 26 .63 30.38 31 .96 32.412
Basin plus Total Saand

through SMALLER Sieve g 22.74 24.16 26,63 30,38 31,95
Sand Fraction 8 1.43 2.47 3.75 1,57 0.47
SAND PRACTION per cent 7.4 12.9 19,5 8.2 2.4

Laboratory Number

Weight of Soil (M)
etc.

Sand Fraction B
SAND PFRACTION per cent

If the baein weight is W and the sand fraction weights ("very fine" Firset)
are P, Q, R, 3 and T, then the weights recorded above are -

Basin plus Total Sand

through LARGUR Sieve W+P H+P+Q H+P+Q+R W+P+(Q+R+5 W+P+Q+R+5+T~
Basin plus Total Sand
through SMALLER Sieve W H+P H+P+( H+P+Q+R W+P+Q+R+S

Uriginal weight of oven-dry, organic-Ffres esoil is M g (from Work Sheet
IT.3.4A.)
Send Fraction per cent is 100 P , 100 y 8tc,
B "*ﬁ—g

Comments: Sheet Seguence:

Analyst:

Date completed:




APPENDIX 3

BXAMPLES OF WORK-SHEETS

- II

Project:

Soil Analysis

FPAOQ Laborastory:

Work Sheet II.3.D,

160 _C

CLAY per cent |

1

PARTICLE SIZE DISTRIBUTION CLAY LESS THAN 2 MICRONS
inla d .
Laboratory Number 123 ’ 124
Beaker Number 6 7
Cylinder Number 1 p
Dish Number 1 2 AR O :
Settling times Start 10 .05 10,16
for 6 cm depth Finiseh 14.13 14.23
D+ R Dish + Residue g [20.4184 21.9423
D Dish g |20.2488 | .21.8517
R Residue g 0.1696 0.0906
SOR Residue per litre g 8,48 4.53 — .
C = S0R-S) Clay per litre B 7.48 J3.53 U T
M Original wt. of Spil g |18.E65 18,76 —_—
100 C ! CLAY per cent [40.3 18.8
iRl
. |
foem
Laboratory Number S ity
: Beaker Number etc I _
hh__,ﬂfr——ﬂnuhh__,_gr-—ﬂhﬁ__,ﬁd—-lm‘_#,_uHJHhhg;ﬂH,_LHﬁtﬂ#,,"%ﬁhmmh_ﬂjg

|

“--..____._'___,..--"""' _“"-.\_,/'

M g oven-dry,

organic-Pfree soil suspended im 1 IXtro of dispersing solutien.

Resrdue (R) is clay plus dispersing salts imn 20 ml of thies suspension,
S 1s weight of dispersing salta per laitre of dispersing solution (1.00 g).

" Values of M nﬁpear in Hurk—Sﬁeet ! o i, G

Comments:

Sheet Sequence:

Analyst:

Date completed:




APPENDIX 4

FPARTICLE SIZE DISTRIBUTION (MECHANICAL ANALYSIS)

TABLE A - SETTLING TIMES FOR SILT PARTICLBS OF 20 MICRON DIAMETER

Temperature Viscosity Settling Times Ffor |Samplin: Depths of
Degreea Milli- 4 cm 6 cm B ¢m 10 cm
Centigrude, poieewn., mine., sece, | mins,. secsa, mins, .coce. | mine, seces
16 11.11 2 04 3 06 4 o7 5 09
17 10,83 P Q0 3 01 4 o1 5 01
18 10,66 1 67 2 56 a3 55 d 54
19 10,30 1 54 2 52 J 49 4 46
20 10,08 1 52 2 48 3 44 4 39
21 9,81 1 49 2 44 3 38 4 33
22 9,58 1 46 2 40 3 33 4 26
23 9.36 1. 44 2 36 3 28 4 20
24 9.14 i 43 2 32 3 23 4 14
25 8,94 i 39 2 29 3 19 4 o8
26 8.74 3 37 2 26 3 14 4 03
27 8,54 1 35 b 22 3 10 3 67
28 8.36 1 33 2 19 3 06 3 62
a9 8.18 1 31 2 16 3 03 3 47
30 8.01 i s 2 14 2 58 3 43
A i

Based on Stokes' Law (see Section II,.3.-3.D.(a), using =-
Density of particles {Dll = 2.65.

Density of liguid {DE} = 1.00
Gravity (G) = 981 cm per [iic}g

Laboratories situated above sea level must use different (lower) values
for G and prepare their own table,

REFBRENCE., (Viscoeity values)

L ANGE, page 1680



APPENDIX 4

BARTICIE 514B DISTRIBUTION (MECHANICAL ANALYSIG,

"TABLE B - SETTLING TIMES FOR CLAY PARTICLES OF 2 MICRON DIAMETER

4
lempsratele | Viacosity Settling Times Ffor Samplinz Depthe of
Degreuve | Millie 4 cm 6 cm 8 cm 10 cm
Tentigraag | Foines, hre. mins. | hre. mins,. hre. ming . hre. mine .
ik o i i,‘,_...._ e PR WS b Lt s | PR
16 ‘ ii,11 3 26 5 09 L] 52 ] 34
i? i 10,83 3 21 5 01 & 41 8 22
rg Hr  Re 3 16 |1 4 64 & 31 R i
15 a0 3 11 4 46 & 22 7 57
20 0,05 3 06 4 39 ] 12 ) 46
%1 ! 5.81 3 02 4 33 [ 04 7 34
Ea 1 2,88 2 58 4 26 5 65 7 24
23 I 9.36 2 53 4 20 5 a7 7 14
24 9,14 2 49 4 14 5 39 7 04
Fa 8,24 2 46 4 08 -] 31 ] 54
2¢ 1 8,74 2 42 4 03 & 24 [ 45
a? 8.54 2 38 3 ER 5 17 [ 36
a8 8.36 2 36 3 g2 1 5 10 [ 27
29 8,18 2 33 3 47 5 03 6 19
3G 5 8.01 2 28 3 43 4 57 [ 11

ﬁ««et an Ftokes' Law (see Section II,3.-3.D0,{a), ueing -
Daneity of particleas {Dil = 2,656
Density of liguid {Dn} = 1,00
Gravity (G) = 981 cm per [uac]i

Laborateiiwe cliivuated above sea level must use different (lower) values
For G mnd prepare their own table,

REFERENCE: (Viocosity valuca)

LAaMGe pege 1580



APPENDIX 4

PARTICLE SIZE DISTRIBUTION (MBCHANTCAL ANALYSIS

TABLE C - SAMPLING DEPTHS FOR SILT PARTICLES OF 20 MICRON DIAMETER

Temperature Viscosity Sampliog Depths in ecm for Settling Times of
lagrees Milli-
Centigrade. poises, 2 minutes 'J minutes 4 minutes 5 minutes
16 11.11 3.9 6.8 7.8 9.7
17 10,83 4.0 6.0 8.0 10.0
18 10 .56 4,1 6.1 8.3 10.13
19 10 .30 4.2 6.3 8.4 10.6
20 10.06 4.3 6.4 8.6 10.7
21 9.81 4.4 6.6 8.8 11.0
22 9.58 4.5 6.8 9.0 11.3
23 9.36 4.6 6.9 9.3 11.6
24 9.14 4.7 7.1 9.4 11.8
25 8.94 4.8 7.3 9.6 i12.1
26 8.74 4.9 7.4 9.9 12,3
27 8.54 6.0 7.6 10,1 12.6
28 8.36 6.2 7.7 10.3 12.9
29 8,18 5.3 7.9 10.86 13.2
3o 8.01 5.4 8,1 16.8 13.6
Based on Stokes' Law (see Sectiom II,.3-3.D.(a)), using =
Density of particles {Dl} - 2,65
Density of liquid {Dz} = 1.00
Gravity VG = 981 cm per {unc}i

Laboratories situated above sea level must use different (lower) values
for G and prepare their own table.

REFERENCE. (Yiscosity values)

LANGE. page 1680



APPENDIX 4

PARTICLE SIZB DISTRIBUTION (MECHANICAL AMALYSIS)

TABLE D - SAMPLING DEPTHS FOR CLAY PARTICLES. OF 2 MICRON DIAMETER

Temperature | Viscosity Sampling Depths in cm for Settling Times ol
D es -

Cnn:g;ﬁad-. ::iit._‘ 4 hours 5 hours 6 hours 7 hours
16 11.11 4,7 5.8 ﬂ 7.0 8.2
17 10.83 4,8 6.0 7.2 8.4
18 10.566 4.9 6.1 7.4 8.6
19 10,30 6.0 6.3 7.5 8.8
20 10.05 6.2 6.4 7.7 9.0
21 9.81 §.3 6.6 7.9 9.2
22 9.68 6.4 6.8 8.1 9.4
23 9.36 §.6 6.9 8.3 9.7
24 9.14 5.7 7.1 8.5 9.9
25 8.94 E.8 7.3 4.7 10.1
26 8,74 6.9 7.4 B.9 10,4
27 B.54 6.1 7.6 9.1 10.6
28 B,36 6.2 7.7 9.3 10,8
29 8,18 6.3 7.9 9.6 11i.1
30 8,01 6.5 B.l 9,7 11,3

Based on Stokes' Law (see Section II.3-3,D.{(a)), useing =
Density of particles {Dlj = 3.65
Deneity of liquid. {DE} = 1.00
Gravity {G) = 981 em per {suc]ﬂ

Lahoratories situated above sea level must use different (lower) values
for G and prepare their own table.

“EFERENCE, (Viscosity Vulues)

LANGE, page 1680



APPENDIX B

pH VALUES OF STANDARD BUFFER SOLUTIONS AT ROOM TEMPERATURES

Temperature Phathalate FPhoasphate Borate
i 0O
in YC
15 4,00 6,90 9.327
20 4.00 6.88 9.22
25 4,00 6,86 9,18
S0 4,01 6,85 9,14
35 4,02 6.84 9.10

Phathalate is Potassium hydrogen phthalate, C,05 M

Phosphate is Peotassium dihydrogen phosphate + Disodium hydrogen
phosphate, each 0,025 M

Borate is Sodium borate, 0.01 M

prepared ae described in Section III,l.

REFERENCES,

BATES Chapter 4, Table 4-6 (p.76)
Chapter 5, pp. 123-130

VOGEL Chapter XVI, Tuble 1. {p.910)
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DIAGRAM OF CALCIMETER
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APPENDIX 7

SPECIFIC CONDUCTIVITY YALUES OF POTASSIUM CHLORIDE SOLUTIONS

Micromhos

T‘“E:rzé“" 0.002 N 0.0U5 N 0.01L N 0.05 N
is 239 -%-1- 1,147 5,404
15 244 E98 1,173 5,527
17 249 611 1,199 5,661
18 455 635 1,225 5,776
19 260 638 1,251 5,889
20 266 651 1,378 6,024
o 271 60k 1,308 I 6,149
22 276 678 1,333 | 6,278
23 283 692 1,359 | 6,403
24 287 706 1,355 6,529
25 293 730 1,413 6,656
26 299 734 1,440 6,784
27 ! 304 748 1'455 6,912
28 310 763 1,496 7' 041
29 316 777 1,524 7,170
30 321 793 1,552 7,300
31 327 Ba7 1,580 7,430
33 333 821 1,609 7,861
33 339 837 1,537 7,692
34 345 852 1,666 7,824
35 351 Ba7 1,595 7,956

REFERENCE.

LaNGE. page 12233



APPENDIX 8

FACTORS FOR CONVERSION OF CONDUCTIVITY Va..is To 25°9C

Temperature

in °C Factor
16 1,36
186 1.313
1?7 1.19
18 1.16
19 1-.14
20 i.11
21 1.09
a2 1.06
23 1.04
24 1.093
as 1.0Q
26 0,98
27 0,96
28 0,94
29 U.23
30 Q.91
al L,89
3i J.87
33 L BE
34 Ua.ba
36 0,83

REFERENCE.

RICHARDS, Chapter 6, Table 15.
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SAMPLING APPARATUS FOH INSOLUBLE MATTER IN WATBRS

LIH_I'S EUEE Chp
|

H o
.!'.
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water x
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5T m T'JbE
FTEM[ Tube b,
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":I'-F ) | Srrew M /
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\
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"-II-. | 1 r__...,__:c
W | | acring as
\'".III | | kaffle
VY, |
g |
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9.A, CONSTRUCTIOCN OF APPARATUS.

Set up the apparatus shown in the disgram, using & Grade B 50 ml pipette
and holdinyg the parts in position on laboratory scaffolding. A firm
base is needed for the aspirator, The tip of the 50 ml pipette should
be about 12 cm above bench level, thus allowing a 600 ml beaker to be
placed conveniently underneath, In addition to the parts shown, a block
of wood about 8 em high 18 needed to support the beaker during sampling,

9.B," DIRECTIONS FOR USE.

l, Initiai Preparation,

To Fill the aspirator Wwith water, close tap Y, remove stopper P and
insert & large FPunnel in the wide glass tube, Allow a free pussage
for excluded air by turning tap X so that tube A connects with tube
€ and opening the screw clip G, Pour clear tap water into the aspi-
rator until the level is near the shoulder, Remove the Ffunnel and
insert etopper P tightly. Close screw clip G and tap X,

2: Adjustment of Air Leak.

Start with all taps and screw clips closed and stoppers M and P in
position. Place a 600 ml beaker containing about 500 ml water under
the pipette and raise oo the wood block so that the pipetiLe tip is
about 4 cm from the bottom of the beaker and 4-5 cm below the surface
of the water. Open tap Y end turn tap X to connect tube A with tube

C. Water runs out of the aspirutor and, correspondingly, water is
drawn out of the beaker into the 50 ml pipeite, When the level reaches
just above the 50 ml mark, close taps X and Y,

Lower the beaker to the beach and turo tap X to connect tube B with
tube C. Gently open ecrew clip H until air slowly leake in, allowing
the liquid level in the pipette to Fall, Adjust screw clip H carefully
80 that good control over the fall of liquid can be obtained with tap

X only; it i1e essential that the Ffall of liquid can be atopped exactly
at the 50 ml mark by operating tap X.

Remove stopper M allow the pipette to empty. Wash downm the pipetle
(through tube D) and allow it to drain, Replace stopper' M.

Jo Takiog a 50 ml aliguot from & Water Sample

Raise the beaker (containing about 500 ml of water sample) on the wood
block and switch on the stirrer, making sure the spatula baFFle is
preventing any centrifuging effect on the particles of insocluble
matter, Open tap Y and turn tap X to connect tube A with tube C.

When liquid hus risen in the pipette just above the 50 ml mark, close
taps X and Y.

Switch off the stirrer and lower the beaker to the beanch. Turn tap X
to connect tube B with tube C, allow the liquid level to fall to the
50 ml mark and close tap X, HReplace the beaker with & tared evaporating
basin, Remove stopper M, allow the 50 ml aliguot to rum into the basin

snd wash down the pipette with water, through tube D, Drain the pipetie
and replace stopper M,



glc-

{1}

(3)

(3)

NOTES.

When the. apparatus described is used for taking aliguéts from a
batch of water samples, a reduced pressurée forms above the water
in the aspirator and, if thie is allowed to build up, a bubble of
air may enter through the water when tap Y ie opened. Thus, after
abuout two aliquote have been taken, it is best, when the sample
beaker is in poeition, to turn tap X to conoect tube 4 with tube

C before opening tap Y, For the same reasen, tap Y may be closed

before t tnp X ae liquid rises near the 60 ml mark on the pipette.

Although the water trap is essential to prevent water getting into
the finely-adjusted air lesk, the air space between tap X and the
50 ml pipette must nct be too large or responses of the liguid
level in the pipette to movements of tap X will be sluggish,

Thue cotton wool is used to pack the trap.

Idsally, during adjustment of the liquid level tc the 50 ml mark,
the tip of the pipette should just touch the level of liquid in
the beaker, IFf this is not convenient, remove any drop of sample
oo the pipette tip with filter paper before transferring the
glique. to the evaporatimg basin,



APPENDIX 10

RELATION BETWEEN CONDUCTIVITY AND SOLUBLE SALTS FOUR WATERS

TABLE A, For natural waterse containing mainly bicarbonates and sulphatas
of calcium and magnesium

Conductivity Soluble Salts I Conductivity Soluble Salts

micromhos micromhos

at 25°C § per litre at 2589C § per litre
25 = 35 0.02 525 = 535 0.37
40 = 45 0.03 540 = _B50 0,38
50 = 60 .04 555 & 560 U,d%
65 - 75 0,05 566 - 575 0. 40
95 - 105 y 0.07 595 - 605 0.42
110 = 120 0,08 610 = 620 U.43
1256 - 136 Q.09 625 = 635 U.44
140 = 150 U,10 640 - ~45 0,45
155 = 160 ! 0.11 . 650 -~ 660 0.46
165 = 175 0.12 I 666 -~ 675 0,47
180 - 190 0.13 680 = 690 ! 0,48
195 - 205 0,14 b5 = F0bL I eak
210 - 220 0.15 710 - 720 L0
225 = 235 0,16 725 - 73% .51
240 - 245 0,17 740 - 750 i U.5%
250 = 260 U,18 755 - 760 0.563
2565 = 1276 0.19 765 - 776 0,84
280 - 290 0,20 780 = 790 055
295 - JOS5 0,21 795 .. BOS Q.5¢€
310 = 390 0,22 | B1O - 820 G457
325 = 335 0,23 825 - 836 .58
340 = 350 U, 324 B4l —~ Ba4S .59
355 - 360 0,25 ! 50 - B&O AP
J6s =~ 376 Q.26 | B85 - E7S5 .01
JA0 = 390 U, 27 880 = B30 Wt 2
395 - 405 0,328 895 - 905 .63
410 = 420 0,329 910 - 920 R LB |
425 - 41316 0,30 925 - 935 La%5
440 = 445 0.31 940 = 950 Q.btb
460 = 460 0,32 966 = 960 O.u7
465 = 476 G.33 965 -~ 975 .68
480 - 490 Ua.34 980 - 990 w9
495 = BOS6 .36 998 - 1006 UL 70

Based on the ralation =
1000 micromhos = 0.70 g salts per litre



APPENDIX 10

RELATION BETWEEN CONDUCTIVITY AND SOLUBLE SALTS FOR WATERS

TABLE B, For natursl saline waters containing sodium_and chloride in
addition to bicarbonates and sulphetes of calcium and magnesium

Conductivity Scluble Salts Conductivity Soluble Salte

micromhos micromhos

at 25°C B per litre at 25°9C g per litre
10 = 20 0,01 510 - 520 .31
26 = 40 .02 525 - 540 0.32
48 - 65 0,03 545 = 555 0.33
ol - 76 Q.04 E60 - 575 0,34
EQ = 90 0.05 580 - 590 0,35
95 - 105 Q.06 595 = 605 0.36
110 = 130 Q.07 610 - 620 Q.37
125 = 140 0.08 625 = 640 0,38
145 = 155 Q.09 645 - 656 0.39
160 - 176 0.10 660 - 675 0.40
195 - 205 .12 695 = 706 .42
210 - 220 0.13 710 - 720 0.43
245 - 255 0,15 ! 745 - 78S 0.45
260 - 275 0,16 760 = 775 Q.46
280 - 290 0,17 780 = 790 C.47
295 - JOB 0,18 795 - 805 0.48
10 - JF20 | 0.19 310 - B20 Q.49
325% = 340 0,20 825 - 8B40 Q.60
345 - J3BS U,21 845 = 855 .51
Jeu = 375 0,23 860 - B75 0,52
JA0 = 390 0.23 880 - 830 0.63
395 = 405 0,24 895 - 905 u,bd
410 = 420 0,25 210 = 920 l 0,585
425% = 440 u,26 925 = 940 U.56
445 = 455 b Q.27 945 = 955 l 0.57
460 = 475 | U, 28 960 - 975 Q.58
480 - 490 Q.29 980 = 9390 0.59
495 = 505 0,30 995 = w05 U .60

Based on the relation =

W00 micromhos = 0,60 g salts per litre



APPENDIX 11

ATOMIC AsSORPTION SPECTROPHOTOMETRY

During the time taken for preparation of this Guide, the use of atomic
absorption apectrophotometry has increased considerably in the general
Field of s0il and water analysis. Thus, at various appropriate points in
the script, the possibility of using this technigyue has been mentioned,

If a soil and water luaboratory possesses Or acquires an atomic absorption
spectrophotometer, it should certainly be used experimentally imn the
determination of calcium, magnesium, iron, manganese, copper, zinc¢ and
moly.denum to establish whether i1t gives more accurate results - or

results of similar accuracy more gquickly or more esasily = than the pro-
cedures included in thie Guide, In this experimentasl work, it is necessary
to take note of possible interferences and either measure them or eliminate
them, Although interferences are often less than in Fflame emission pho=

tometry, they can sTill exiset; thus phosphate can reduce the atomization
ef calcium, and mluminium that of magnesium,

For each individual element being determined, a full programme of experimen-
tal tests should be conducted, similar to those suggested in S5ection
IV,u,.D,{a}) for sodium by flame emission photometry, making Ffull use of

the literature normally supplied by the manufacturers of atomic abeorption
spectrophotometers to assess possible interfering ions or salts, It is
emphasized that soil extracts can vary a great deal in composition according
to the type of soil being analysed and care must be tfaken to allow for thise
in the study of these interference effects,

One type of atomic absorption spectrophotometer, using ooe kind of mixed
fuel, may not be equally suitable For déterminuticon of all the elements
mentioned above, Thue, & hot Flame (air-acetylene) may reduce chemical
interferences in the determinaticn of calcium and magnesium but be less
suited to the determinution of copper, zinc and manganese., Muny considera-
tions of this kind huve to be taken into account in deciding whether to
employ atomic absorption spectrophotometry an preference to other methods,
At present (1969) it seems likely that this new techomique will eventually
supercede the use of EDTA in the determinatioo of calcium and magnesium

in soils and waters, just as Fflame emission photometry has completely
replaced the old chemical methods for sodium and |[>tassium. Atomic
absorption spectrophotometry aleo hus obvious advantages 1in the determina-
tion of minor elements on a large scale, However, the chemical methods
included in this Guide are still ueeful as standard methods for comparison

purposes and may even be more suited to the working c!nditinnu of some
laboratories,
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Chapman and Hall Ltd., Loaden.

BLACK. 1965 METHODS OF SOIL ANALYSIS (Parts 1 and 2) by
various suthors under the chiefl editorship of C,a.
Black,

No. 9 imn the series "Agronomy".
American Society of Agrooomy, Inec., Madison,
Wisconsein, LUSA

{Note - Phyeical methode of analysis ere described
ig Part 1, chapters 7 to 651; chemical methode of
analysis are described in Part 3, chapters 52 to 97.)

BOLTZ. 1968 COLORIMETRIC DETERMINATION OF NON-MBETALS by variouc
suthore under the editorship of D.F. Boltz.
¥olume VIII in the series "Chemical Analysis".
Interecience Publishers, Inc., New York.
Interscience Publiwhers Ltd., London.



CHAPMAN 1961 METHODS OF ANALYSIS FOR SOILS, PLANTS AND WATERS by
and PRATT. H.D. Chapmac and P.F. Pratt.
University of California, Divieion of Agricultural
Sciences.

JACKSON 1958 SOIL CHEMICAL ANALYSIS by M.L, Jackson,

Prentice Hall, Inc., USA,
KOLTHOFF 1957 YOLUMETRIC ANALYSIS - YOL III, TITRATION METHODS;
and BELCHER OXIDATION-REDUCTION REACTIONS by I1I.M. EKolthoff and

R. Belcher, with the cooperation of ¥.A, Stenger
and G. Matsuyama.

Interscience Publishere, Inc., New York,
Interscience Publishers Ltd., London,

KOLTHOFF 1947 ¥YOLUMETRIC ANALYSIS - VOL II, TITRATION METHODS;
and STENGER ACID=-BASE, FRECIPITATION AND COMPLEX-FORMATION
REACTIONS

by I.M, Kolthoff und V.A. Stenger, Second edition.
Interscience Publishers Inc, New York.

RICHARDS 1964 DIAGNOSIS AND IMPROVEMENT OF SALINE AND ALKALI SOTLS

by varioue authors under the editership of L.A,
Richards.

Agricultural Handbook No, 60 of the United States
Department of Agriculture.

U.,5: Goveroment Printing Office, Washington, D.C.,
USA.

RUSSELL 1961 SOIL CONDITIGNS AND PLANT GAOWTH by E.W. Russell.
Ninth edition.

Longmans, Green and Company, Ltd., London

SANDELL 1969 COLORIMETRIC DETERMINATION OF TRACES OF METALS
by E.B. Sandell, Third editiogn,
¥Yolume III in the series "Chemical Anelysis”,
Interscience Publishere Inc, New York.

STROUTS 1962 CHEMICAL ANALYSIS - THE WORKING TOOLS VYOLUMES I,
II and III wedited by C,R.,N, Strouts, H.,N. Wilson
and R.T.

Parry-Jones with the assistance of J.H. Gilfillan.
Revieed edition of "Analytical Chemistry = The
Working Tools" (1955)

Clarendon Press, Oxford, U.K,.

(Note - no references are given to Volume III)

YOGEL 1962 A TEXT-BOOK OF QUANTITATIVE INORGANIC ANALYSIS,
INCLUDING ELEMENTARY INSTRUMENTAL ANALYSIS by A.I.
Vogel .

Third editign,
Longmanse, Green and Company, Ltd., London,

WILSON 1959 COMPREHENSIVE ANALYTICAL CHEMISTRY, VOLUMES I1.A,
1960 I.B and T.C. by various authors under the joinat
1562 editorship of C.L.Wileson end D.W.Wilson.

Elsevier Publishing Company, Amsierdam, London,
New York,



The following books will provide useful additional information.

DE AN 1960 FLAME PHOTOMETRY by J.A. Dean.
McGraw-Hill Book Company, Inc., New York.

DUCHAFOUR 1960 PRECIS DE PEDOLOGIE by P. Duchafour
Masecon et Cie, Paris, France.

GEDROITS 1963 CHEMICAL ANALYSIS OF SOILS by K.K. Gedroits.
Translated From Russian,.
Israel Program for Scientific Translations,

HILLEBRAND 1983 APPLIED INORGANIC ANALYSIS, WITH SPECIAL REFERENCE TO

and LUNDELL METALS, MINERALS AND ROCKS by W.F, Hillebrand,
G.B.F, Lundell, H.A. Bright and J.,I. Hoffman.
Second edition,

John Wiley and Scone, In¢., New York, Loodon, Sydney.

LANGE 1967 HANDBOOK OF CHEMISTRY _edited by N.A. Lange
Revieed teath edition.
McGraw-Hill Book Company, Inc., New York.

PIPER 13432 SOIL AND PLANT ANALYSIS by C.S. Piper
University of Adelaide, Australia,.
PURI 1949 SOIL, THEIR PHYSICS AND CHEMISTRY by A.N. Puri.
Reinhold Publishing corporation, New York.
RAINWATER 1960 METHODS FOR COLLECTION AND ANALYSIS OF WATER SAMPLES
and THATCHER by F.H. Raiowater and . .L. Thatcher.

Geological Survey Water Supply Paper 1454.
U.S. Government Printing Office, Washington, D.C,

USA.
SAIZ DEL RIO 1961 ANALYSIS QUIMICO DE SUELOCS by J.F. Saiz del Rio and
and BORNEMISZA 5.BE. Bornemisza,

Instituto Interamericano de Cienciae Agricolas de
la 0.B.A., Turrialba, Costa Rica.

II -- ANNOTATED BIBLIOGRAPHIES

These bibliographies are prepared by the Commonwealth Bureau of Soilese,
Rothameted Experimentul Station, Harpenden, Bogland from abetracte originally
printed in ite journal "Soils and Fertilaizers™, published by Commonwealth
Agricultural Bureaux, Farnham Royal, Bucks, Bngland. The bibliographies
cover world literature on s8oil ecience and fertilizer use; and short
summaries provide information on the papers quoted,

The Following are referred to in this Guide,



Serial

Number

508
651
661

668

689
690
719
720
751
766
779
789
862

854

860

869

870

877

BE76

BES

890
932
963

966

Years
Covered

1961-1963
1956-1963

1956-1963

1960-1962
1950-1962
1956=1963
1956-1963
1960-1963
1963-1964
1961-15964
1950-1964

1967-1964
1966-1964
1931-1964
19451964
1957=1964

1955-1964

1951-1964

1956-1963
1956-1965
1956-1965

1951-1964

Title

Mechanical snalyeis of soil,
The determination of eocil pH,
Phosphate determination in relation to crep responss.
Fertilizer reeponee in relation to some chemical

and physical eoil test values. Production

functiona.
Determination of manganese in soil.
Determination of zine in soil.
S0il deficiencies in Zn and Cu,
Potash Fixation,
Determination of bulk density and compaction,
Nitrogen determination in relation to crop responses,
Phosphate determination in relation to crop response.
Determinaticon of cation exchange Ccapacity.

Determination of boron in scil.

Effects of soil storuage and pre-treatment on ni-
trogen determination,

Sampling variation in eoil nitrogen, carbon and
bulk density.

Tolerance of forage crope, cereals and potatoes Lo
aluminium,

Determinetion of lime requirement and exchange
ﬂcidit}’ W

Effect of moisture, reaction and Q.M. o0a
availability of iron.

Determination of iron in soil.

Effects of so0il storage and treatment on nitrogen
transformations ,

So0il sompling Ffor soil analysis.
Aluminium im plant nutritien,
Mechanical analyeie of so1l .

Methods of measuring nitrogen mineralization .



979

983
1004
1005
1006
1012
1067
1077

1080

1086

1090

el

1945-1965
1956-1964
1964- 1965
1957-1965
1967=-1965
1958-1965
1957-1966
1953-1%66

1943-1966

1957-1965

1962-1966

1958-1965

Aluminium and s¢il acidity.

Phosphorue determination in tropical soils.

Phosphate determination io relation to crop response.
Potassium determination in relation to crop responseas.
Nitrogen determination 1n relation to crop responses
Effect of socil moisture on availability of P.
Molybdenum in soils.

Determination of zinc im soil.

Variability of s0il samples takenm Ffor chemical
analysiase

Chemical methods of assessing available potassium
.in ecilse

Availability of copper and zinc in soilas

BPfect of drying and storage on exchungeable K
in soil

-- JOURNAL OR REPORT PAPERS

The books and baiblicgruphies guoted above give extenesive references to
papere in journals covering the subject matiter of this Guide., These may
be consulted 1P more infurmation is needed on historical development of
individual methods or on detzilea of theory or procedure.

Eight pepers are guoted in the references as having appropriate information
not appearing (as far as is known) in the booke used.

These are =

DEB

LDEWIS

1963

LONGENECKER 1964
and LYERLY

A NEW METHOD FOR ESTIMATING GYPSUM TN SALINE AND
ALKALI SUILE bj" B-Ci Uﬂbi
United Arab Republic = High Dam Soil Survey
{Special Subjects and Investigations). Report of
United Natione Special Fund Project FAOQ/SF/16/UAR,
Appendix I, pp 3-9.

DEVELOPMENT QF SOIL AND WATER ANALYSIS by J.HW.
Dowis .

FAO/EPTA Report No, 1687 to the Government of Iran.

MAKING SOTL PASTES FUR SALINITY ANALYSIS: A
REPRODUCIBLE CAPILLARY PROCEDUME by D.E. Longenecker
end P.J. Lyeely.

Sopil Science, Yol., 97, p. 268,



MACKENZIE

NEMETH

OLTMAN

PIZER

YAALON

19558

1964

1362

1966

1962

MBTHODS FOR SEPARATION OF SOIL CLAYS IN USE AT THE
MACAULAY INSTITUTE FOR SOIL RESEARCH by R.C.
Mackenzie.

Clay Mineral Bulletin, Vol. 3, No. 15,

PHOTOMETRIC DETERMINATION OF SULPHATE IN SOIL EBXTRACTS
by XK. Nemeth.
Z. Pfl, Branshr, Ding., Vol 103, pp. 193-196.
Abstract 1378, Soils and Fertilizers, Vol XXVII,
P 19!-

FIBLD MBETHODS AND BQUIPMENT USED IN HYDROLOGY AND
HYDROMETEQOROLOGY by R.E., Oltman,
Flood Control Series, No. 22 (Section III.3)
United Nations, New York,

INVESTIGATIONS INTO COPrER DEFICIBNCY IN CROPS IN EAST
ANGLIA by N.H. Pizer, T.H. Caldwell and G.R. Burgess
&t al,

Journal of Agricultural Science, Vol 66, pp. I03I-J14.

THE DETERMINATION OF CATION EXCHANGE CHARACTERISTICS
OF SALINB AND ALKALINE SOILS by D.H. Yaalon, Y. van
Schuylenborg and 5. Slager.
Netherlande Jourmal of Agricultural Science;
¥ol 10, pp. 217-222.



