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FIRST SECTION

INTRODUCTION

This report details the standard methods of analysis currently

used by the Soils-Biochemistry Service of the Pacific Forest Research

Centre which were not included in Information Report BC-X-50. Instruc

tion sheets for the use of the equipment mentioned are available from

the Laboratory Service.

EXCHANGEABLE CATIONS

Theory

The principal exchangeable cations are calcium, magnesium, pota

ssium and sodium. With exchangeable hydrogen and exchangeable alumino

hexahydronium ions they occupy virtually all the cation exchange sites.

from which they can be displaced by exchange with neutral salt solutions.

The salt solution commonly used to displace exchangeable cations

is neutral IN NH40Ac. Extraction of a soil with this solution removes

exchangeable and water soluble cations. Saline soils may contain appre

ciable amounts of soluble salts. Therefore, with saline soils, the

amounts of soluble salts in an extract of a saturated soil paste are

determined and subtracted from the amount in the neutral salt leachate

to determine exchangeable cations. It is not recommended to leach soils

with water before determining exchangeable cations as hydrolysis of

absorbed ions and ion exchange may occur (Bower et al., 1952).

Ammonium salts dissolve free CaC0
3

and MgC0
3

, and if a soil is

known to contain these salts. exchangeable Ca and Mg are omitted. They

may be estimated by determining the cation exchange capacity by satura

tion with NaOAc, which dissolves much less CaC0
3

and MgC03 , determining

K (and Mg if CaC0
3

only is present. or Ca if MgC0
3

only is present) and
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subtracting the sum of these salts from the cation exchange capacity

(Bower et al., 1952).

Sodium, potassium. calcium and magnesium may be determined in

an NH
4

0Ac extract by atomic absorption spectroscopy. Excess Na is added

to samples and standards for K analysis to decrease ionization interfer

ence. Similarly, excess K is added to samples and standards for Na

analysis. Excess Sr is added to samples and standards to be analyzed for

Ca and Mg to decrease interference by phosphate, silicate, sulphate, iron,

aluminum and others which form involatile compounds with alkali earth

metals. The Sr acts as a releasing agent, forming involatile compounds

preferentially with the interfering substances and freeing Ca and Mg

(Rubeska and Haldan, 1967). Standards are made up in IN NH
4

0Ac to mini

mize matrix effects.

Reagents and Materials

1. Neutral IN NH
4

0Ac

- 77.08 g dry ammonium acetate dissolved to make lL ~ith distilled

H
2
0. Adjust to pH 7.0 with acetic acid or ammonium hydroxide.

2. Standard Solutions

- dry standard salts in petri dishes in a vacuum dessicator over

anhydrous CaS0
4

(e.g. drierite). Place evacuated dessicator in

oven and continue drying until the salt reaches constant weight.

If a hydrated salt (e.g. Mg(N03)2'6H20) is being dryed, use

CUS0
4

as dessicant and dry at a temperature below that at which

water of hydration is lost to remove surface water only.

2a. K Standards

- weigh accurately 1.90691 g dry KCl into a weighing boat
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- carefully rinse into a lL volumetric flask, dissolve and make to

volume with distilled H
2

O. This contains 1000 ppm K.

-with a volumetric pipette, transfer 10 ml to a 100 ml volumetric

flask, make to volume with distilled H
2

O. This contains 100 ppm K.

- using the dilution table below. make 0.2, 0.6. I, 2, 3, 4 ~d6

ppm standard solutions. Dilute with IN NH
4

0Ac containing about

1,000 ppm Na(2.5g NaCl/L).

2b. Na Standards

- weigh accurately 2.54603 g dry NaCl into a weighing boat

- carefully rinse into a It volumetric flask, dissolve and make to

volume with distilled H20. This contains 1,000 ppm Na.

- with a volumetric pipette, transfer 10 ml to a lOa ml volumetric

flask. make to volume with distilled H
2
0. This contains 100 ppm Na.

- using the dilution table below, make 0.2. 0.6. 1. 2. 3. 4 and 6 ppm

standard solutions. Dilute with IN NH
4

0Ac containing about 1.000

ppm K(1.9 g KCl/L) .

2c. Ca Standards

- weigh accurately 0.33967 g dry CaS0
4

into a weighing boat

- carefully rinse into a IL volumetric flask and dissolve in distilled

"20, If necessary. add a few drops of "2S04 to complete dissolution.

Make to volume with distilled "20. This contains 100 ppm ca.

- using the dilution table below. make I, 2, 3, 4. 6 and 10 ppm

standard solutions. Dilute with IN NH
4

0Ac containing about 1000

ppm Sr (3g SrC1
2

.6H
2
0/L).

2d. Kg Standards

- weigh accurately 1.05468 g Mg(N0
3

)2,6H20 into a weighing boat

- carefully rinse into a lL volumetric flask, dis901ve and make to



- 4 -

volume with distilled H
2
0. This contains 100 ppm Mg.

- using the dilution table below, make 0.1, 0.2, 0.4, 0.6, I, Z

and 4 ppm standard solutions. Dilute with IN NH
4

0Ac containing

about 1000 ppm Sr(3g SrCI
Z

,6HZO/L).

Diluting Table

- for 500 ml of standard solution

to make: ppm use: ml of 100 ppm stock or: ml of 1000 ppm stock

0.1 0.5
0.2 1
0.4 2
0.6 3
1 5
2 10 1
3 15
4 20 2
6 30 3

10 50 5

- transfer stock solution to a 500 ml volumetric flask with a volumetric

pipette. Make to volume with IN NH
4

0Ac containing appropriate 1001za-

rion repressor or releasing agent.

1. Centrifuge capable of 1800 X g when holding 50 ml screw-top centri-

fuge tubes

2. Shaker

3. Atomic absorption spectrophotometer

Procedure

1. Place 10 g 2-mm air-dry soil in a screw-top 50 rol centrifuge tube.

2. Add 25 ml of NH
4

0Ac solution and shake lengthwise for 10 min.

3. Centrifuge 1 or 2 min at 1800 X g.

4. Filter through Whatman #42 filter paper into a 100 ml volumetric flask.

5. Repeat steps 2-4 three times, filtering through the same paper.

6. Make flasks to volume with IN NH
4
0Ac, stopper and shake well.
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7. Divide extract into aliquots for analysis as follows:

(a) 25 ml for Na analysis. Using a scoop, made by bending small

bore glass tubing and trimming one end to hold 50 mgm Kel, add

50 mgm KCl. Store in a 12-dram snap-cap vial.

(b) 25 ml for K analysis. Using a scoop. add 60 mgm NaC! and store

in a 12-dram snap-cap vial.

(c) SO ml for Ca and Mg analysis. Using a scoop, add 150 mgm

SrCI
Z

'6H
Z

O and store in a 24-dram snap-cap vial.

Neither the extract nor the added salt need be precisely measured as

the sample need only be approximately 1000 ppm with respect to the

added salt.

8. Determine K in the aliquot to which NaCl was added by atomic absorp-

tion spectroscopy. If samples have absorbance greater than .400,

dilute with IN NH
4

0Ac and change the dilution factor accordingly, or

turn the laminar head until the absorbance is below .400 and re-read

standards. If the second method is used, it is necessary that stan-

dards have comparable absorbances to the samples. It may be nece-

ssary to make more concentrated standards than those described under

Reagents and Materials.

Calculate K in ppm in soil by

K(ppm in soil) - K(ppm) in extract x dilution factor

The dilution factor here is 10.

Calculate K in milliequivalents per 100 g air-dry soil by

K(meq.!lOO g) = K ppm 1n soil
391.02

If desired, convert to meq. per 100 g oven-dry soil.

9. Determine Na in the al~quot to which KCl was added by atomic absorp-
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tion spectroscopy, using appropriate standards. If samples have

absorbance greater than .400, proceed as in 8.

Calculate Na in ppm in soil by

Na(ppm in soil) - Na(ppm) in extract x dilution factor

The dilution factor here is 10.

calculate Na in m111iequivalents per 100 g air-dry solI by

Na(meq./lOO g) - Na ppm in soil
229.~B

If desired, convert to meq. per 100 g oven-dry soil.

10. Determine Ca and Mg in the aliquot to which Sr was added by atomic

absorption spectroscopy. using appropriate standards. If samples

have absorbances greater than .400, proceed as in 8.

Calculate Ca and Mg in ppm in soil by

ppm in soil· ppm in extract x dilution factor

The dilution factor here is 10.

Calculate Ca 1n milliequivalents per 100 g air-dry soil by

Ca(meq./lOOg) • Ca ppm in soil
200.4

Calculate Mg in milliequivalent5 per 100 g air-dry soil by

Mg(meq./lOO g) • Mg ppm in soil
121.56

If desired, convert to meq. per 100 g oven-dry soil.

References

Bower, C. A., R. F. Reitemeir and N. Fireman. 1952. Exchangeable cation

analysis of saline and alkali soils. Soil Sci. 73, 251-261.

Rubeska, I. and B. Haldan. 1967. Atomic absorption spectrophotometry.

C. R. C. Press, Cleveland, Ohio. 189 pp.
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EXCHANGE ACIDITY

SECOND SECTION

It has long been recognized that different soils have different

degrees of acidity. since they have different effects on indicators and

produce different potentials in a pH meter, and that the degree of aci-

dity effects plant growth. There has been debate as to whether the

+source of this acidity is H ions produced by clay acids or is a result

+++ +++ -of Al or Fe ions which neutralize OR ions by converting to 10801-

uble hydroxides at higher pH. since titration 15 necessary to measure

the total hydronium ion content of soils (Jenny, 1961). It is now

+thought that both H ions from humus carboxyl and phenolic groups, and

the aluminohexahydronlum ion contribute to soil acidity. The fact that

the aluminohexahydronium ion is a proton donor, but also is exchangeable

in KCl, underlies the debate about the nature of exchange acidity.

Further differences in the nomenclature of exchange acidity

arise from the fact that different salts have been used to displace

exchange acidity from the cation exchange sites of soils, and that they

displace H+ ions from different proton donors. Thus neutral Kel, a salt

+of a strong acid, will not displace H from all humus carboxyl groups as

they are weak acids. Salts of weak acids and buffered salts (e.g. BaOAc,

Ca(OAc)2' NH
4

0Ac, and Ba triethanolamine) will displace these. The acid

ity exchangeable with neutral solutions of salts such as KCl, CaC1
2

and

NaCl is termed "permanent charge acidity", and further acidity exchange-

able with buffered salts is termed "pH dependent acidity", (Jackson, 1963).

Coleman, Weed et a1. (1959) caution against regarding the "permanent

charge acidity" as that associated with lattice charges resulting from

isomorphous substitution 1n clay, especially in kaolins and latos01s.



- 8 -

They note that I1permanent charges" and "pH dependent charges I! are not

definite soil characteristics that can be measured without uncertainty.

In some soils, exchange sites are blocked by 'fixed' Al and

Fe, partially hydrolyzed Al and Fe ions which cannot be replaced by

neutral salt solutions of strong electrolytes, but which are released

by buffered salts such as Ca(C0
3
)2' This gives these 50ils high pH

dependent acidity. This partially hydrolyzed Al+++ and Fe+++ should be

+distinguished from aluminohydronium ions and H ions (Clark, 1964 (a)

(b) ) .

Several methods have been described for determining exchange

acidity which use buffered salt solutions and therefore include pH

dependent acidity. These include (1) indirect methods - saturating

the exchange sites with a cation; removing the saturating cation by

exchange with another cation and determining the amount of saturating

cation (and. therefore, the cation exchange capacity of the soil); and

then determining the exchange acidity by subtracting exchangeable

bases from this value, and (2) direct methods - displacing exchange

acidity, followed by titration. Barrows and Drosdoff (1958) compared

various methods and found results obtained by Ca(OAc)2/BaOH <distilla

+tion of NH) from an NaCl extract (of NH
4

saturated soil) ~BaC12/TEA

+<:distillation of NH) from NH4 saturated soil. They concluded that the

high results with distillation of NH) from soil were due to breakdown

of ammoniated organic matter by NaOH during distillation. and that the

Bael
2

/TEA method was the most satisfactory. The BaC1
2

/TEA method and

+distillation of NH
3

from NaCl extract of NH
4

saturated soil are most

frequently used. They have been compared by Peech,Cowa~Baker (1962)
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and Pratt and Holowaychuk (1954), who concluded that the BaeI
2

/TEA

method had the advantage of including total pH dependent acidity to

the point of full-base saturation. (By definition, a fully base

saturated soil is one that has reached equilibrium with excess CaC0
3

at the partial pressure of CO
2

in the air, and would have pH between

7.6 and 8.2.) The NH
4

0Ac method includes part of the pH dependent

acidity. The method of choice depends on the purpose of the deter

mination; if a value characterizing the theoretical total exchange

acidity of a soil 1s desired, the BBe1
2

/TEA method would be used,

while if a measure of the exchange acidity requiring neutralization

to bring a soil near neutral pH (e.g. in liming trials) is desired,

the NH
4

0Ac method might be more useful. Peech (1965) describes a

method for arriving at lime requirement, using the BaC1
2

/TEA method.

(A) Exchange Acidity by Indirect Method

Determine exchangeable cations as in first section. Determine

cation exchange capacity as in third section. Calculate exchange

acidity by:

Exchange Acidity (meq./lOO gm) • C.E.C. (meq./lOO gm) - Total

Exchangeable Cations (meq./lOO gm).

(B) Exchange Acidity by Direct Method

Reagents and Materials

1. BaCI
2

/TEA Extracting Solution

2N TEA

- pour 26.7 ml of 7.5 N triethanolamine (density 1.120 gm/ml)

into a 100 ml volumetric flask - make to volume with boiled,

cooled 00
2

free distilled H
2
0
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6N Ne1

- pour 51.6 001 of 11.6 N aCI (36% HCI) into a 100 001 volu-

metric flask

- make to volume with boiled cooled CO
2

free distilled "20

Extracting Solution

- dissolve 122.25 goo BaC12'2"20 in boiled cooled CO
2

free

H
2
0 in a 2L volumetric flask

- add 55.6 001 of 2N TEA

- add 8 001 of 6N Hel

- make to volume with boiled cooled CO
2

free distilled "20

- using the pH meter, adjust to pH 8.00 ~ .02 with Hel or TEA

(do this as quickly as possible to avoid CO
2

absorption)

- transfer to carboy with drain. Fit the air inlet with an

ascarite tube to prevent CO
2

absorption.

2. Standard Hel 0.2 N

- pour 17.2 001 of 11.6 N HC1(36% HC1) into a lL volumetric

flask

- make to volume with distilled H
2
0. This is approximately

0.2 N

- weigh accurately about 1.06 g dry Na
2

CO] (i.e. weigh to 5

decimal places). Carefully transfer to a IL volumetric

flask and make to volume with boiled cooled CO
2

free dis

tilled H
2
0. This is about O.OZ N; calculate exact normality

on basis that IN weight of NaZCO] is 5Z.9965 g

- with a volumetric pipette. transfer four 4-ml aliquots of

HCI solution into four lZ5-ml erlenmeyers. Titrate with

NaZCO] solution to an end point of 4.8. Calculate normality
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of Hel on basis

NormalitYl x Volumel W NormalltY2 x VOlumeZ

3. Mixed Indicator Solution

- dissolve 0.22 g bromocresol green and .075 g methyl red

in 96 ml of .95% ethanol containing 3.5 ml of 0.1 N NeOR

(0.4 gm NaOH/L)

L Filtrator with 1" diameter. 25 ml capacity. filt.er holders.

Procedure

1. Weigh duplicate 4g samples of air-dry soil screened to pass a 2-mm

sieve into 50-ml erlenmeyer flasks.

2. Add 40 ml of BaelZ/triethanolamine extracting salution to each

flask.

J. Stopper and mix contents thoroughly. Allow flasks to stand over

night.

4. Filter contents of flask into a 100 ml volumetric flask, using

filtrators with Whatm8n '542 paper. Do not allow the soil to suck

dry. If the extract froths and overflows the neck of the volu

metric flask, filter into 100 ml beakers and transfer, with rins

ing, to 100 ml volumetric flasks.

5. Rinse the erlenmeyer flask with extracting solution and leach the

column of soil in the filtrator with the rinse solution.

6. Continue leaching the soil until about 90 ml of leachate have been

collected. Never allow the soil to suck dry until the last leach

ate is being collected.

7. Make the volumetric flask to 100 ml with extracting solution.

B. Transfer contents of flask to a 250 ml erlenmeyer flask and add 2
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drops of indicator solution.

9. Titrate with standard 0.2 N Hel to a pink end point.

10. Rinse the volumetric flask with some of the titrated solution. pour

it back into the erlenmeyer flask and finish titrating.

11. Fill a clean 100 ml volumetric flask to the mark with extracting

solution and titrate this blank as for samples.

12. Calculate exchangeable H in milliequivalents per 100 g of air-dry

soil by

E.H .• (8 - 5)(25)(N)

where B a acid required to titrate blank

S = acid required to titrate sample

N = normality of acid

If desired convert to E.H. in meq. per 100 g of oven-dry soil.

References
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CATION EXCHANGE CAPACITY

THIRD SECTION

Soil particles are able to retain cations electrostatically at

negative sites (e.g. carboxyl and phenolic groups of humic acids,

silicic acid hydroxyl groups. and negative sites resulting from isomor

phous substitution in clays). These negative sites are normally occupied

largely by calcium, magnesium. potassium. sodium. hydronium and alumino

hexahydronium ions. The cation exchange capacity of a soil affects

plants growing in it since it determines the ability of the soil to

hold cationic nutrients. The cation exchange capacity of a soil is

commonly determined by saturating the cation exchange sites and deter

mining how much of the saturating cation was required to do this, or by

using the fact that

C.E.C. (meq./lOO gm) - total exchangeable cations (meq./lOO gm) +

exchange acidity (meq./lOO gm)

Whether the 'pH dependent' compOnent of exchange capacity is included in

either method depends on what salt is used to displace the exchange acid-

ity; ifa non-buffered salt of a strong acid (e.g. NaCl, KCl, CaC12) is

used, the pH dependent component will not be included, if a salt of a

weak acid or buffered salt (e.g. NH
4

0Ac, NaOAc, BaC1 2/TEA) is used, part

or all of the pH dependent exchange capacity is included (see second

section). As was discussed in the second section, some soils have high

pH dependent acidity because 'fixed' Al and Fe block exchange sites.

Whether these blocked exchange sites should be considered as part of

the total cation exchange capacity of the soil depends on the situation.

as they would be only very slowly exchangeable at the normal pH of the
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5011 but would be released on lim1ng (Coleman Weed et al.; Coleman

Thomas et al.; Pratt 1961).

If it 1s desired to exclude pH dependent exchange capacity

from the C.E.C. value. a method such as saturation with Cael
2

followed

by displacement with NH
4

Cl (Clark. 1964) or summation of exchangeable

bases plus KCl exchangeable acidity (Pratt, 1961) may be used.

Of the methods that include pH dependent exchange capacity.

saturation with NH
4
0Ac. saturation with NaOAc, and summation of exchange-

able cations and exchange acidity are widely used. Saturation with

ammonium acetate 1s frequently used. Ammonium acetate is highly buffered

and ammonium is easily determined. However, ammonium can be 'fixed' at

interlayer exchange sites in vermiculite clays and is not then replace-

able by usual methods, Cae0
3

is soluble 1n NH
4

OAc. so dissolved Ca

+
becomes part of the saturating solution 1n calcerous soils, and NH

4

does not completely displace pH dependent acidity.

Sodium acetate is used as the saturating solution for cation

exchange determination with calcerous soils. since CaOO) is much less

soluble in 1 N NaOAc at pH 8.2 than in neutral NH
4

0Ac (Bower, 1952).

Sodium acetate is also preferred for saturating vermiculite 90ils. since

+
they do not fix Na as they do ~+4

Summation of exchangeable bases

and BaC1
2

'TEA exchange acidity is used when it is necessary to include

all the pH dependent component of exchange capacity.

Smith. Moodie. Okazaki and Ellsworth (1966) examined the effect

of sample dispersion. index cation hydrolysis, and salt retention on cat-

ion exchange capacity determination and found that in some soils isopro-

panol used to wash out excess saturating cation may cause soil aggregation
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leading to incomplete washing. For such soils methanol, water or

acqueous salt solutions might be used for washing. Treating samples

with a.IN saturating salt before washing decreases the potential for

precipitation of saturating salt with alcohol.

Procedure

(A) Cation Exchange Capacity by Ammonium Saturation

Reagents and Materials

1- Neutral IN NH 40Ac

- 77 .08 g dry ammonium acetate dissolved to make 1L with dis-

tilled H
2

O. Adjust to pH 7.0 with acetic acid or ammonium

hydroxide.

2. Neutral 0.25 N NH
4
0Ac

- 19.27 g dry ammonium acetate dissolved to make 1L with dis-

tilled H
2
0. Adjust to pH 7.0 with acetic acid or ammonium

hydroxide.

3. 10% Ammonium oxalate.

- dissolve 10 gm ammonium oxalate in 90 ml distilled H
2
0.

4. 0.1 N AgN0
3

- dissolve 1.7 g AgN0
3

to make 100 ml with distilled H
2

0

5. Acid NaCI

- dissolve 100 gm NaCl in water in a lL volumetric flask. Add

0.43 ml of conc. (36%) HCl and make to volume with distilled

H
2
0.

6. IN NaOH

- dissolve 40 g dry NaOH to make lL with distilled H20
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7. 2% Boric acid

- dissolve 20 g boric acid to make lL with distilled H
2

0

8. Standard HCI. 0.1 N

- pour 17.2 ml of cone. (36%) Hel into a 2L volumetric flask.

Make to volume with distilled "20. This 15 about 0.1 N.

Standardize against NaZCD) as described in second section.

B-2.

9. Mixed Indicator Solution

- prepare as described 1n second section, B-2.

1. Centrifuge capable of 1800 X g when holding 50 ml screw-top centri

fuge tubes.

2. Reciprocating shaker.

3. Hacro-Kjeldahl distillation apparatus.

Procedure

1. Weigh duplicate 10 g samples of 2-mm air-dried 5011 into screw-top

50 ml centrifuge tubes.

2. Add 25 ml of IN NH
4
0Ac and shake lengthwise for 10 min.

3. Centrifuge to obtain a clear supernatant.

4. Decant supernatant into a 100 ml volumetric flask.

5. Repeat steps 2-4 three times. Decant a few ml of the last supernatant

into a test tube. Add a few drops of IN NH
4
Cl, a few drops of ammo

nium oxalate and a drop of NH
4

0H, make to about 10 ml with distilled

H
2

0, and heat over a bunsen flame. A white precipitate indicates too

much calcium in the supernatant. Repeat steps 2-4 until no precipi

tate appears.

6. If desired, keep combined supernatants for determination of exchange-



- 18 -

able bases.

7. To the B011 in the tube add 25 ml of 0.25 N NH40Ac, stopper and

shake lengthwise for 10 min.

8. Centrifuge to obtain a clear supernatant. Decant and discard

supernatant.

9. To the soil in the tube add 25 ml of 99% isopropanol and shake

lengthwise 2 min.

10. Centrifuge to obtain a clear supernatant. Decant and discard

supernatnat.

11. Repeat steps 9 and 10 twice.

12. To the soil in the tube add 25 m1 of acid NaCl. stopper and shake

lengthwise 10 min.

13. Centrifuge to obtain a clear supernatant. Decant supernatant into

a 250 rol erlenmeyer flask.

14. Repeat steps 12 and 13 five times.

15. Transfer the combined supernatants to an 800 ml Kjeldahl flask.

Rinse the erlenmeyer flask with distilled "20 and add the rinse to

the Kjeldahl flask.

16. Pour 50 ml of 2% H3B03 into a 250 ml erlenmeyer and place under the

downspout of a macro-Kjeldahl distillation apparatus.

17. Pour 25 ml of IN NaOH into the Kjeldahl flask containing the acid

NaCl supernatants, add two zinc chips and two boiling chips, imme

diately connect to distillation apparatus and distill 60 ml of

solution into the H
3
B0

3
• With each set, distill a blank (150 ml
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of acid NaCl) , If frothing is a problem add a piece of paraffin

before distilling.

18. To the "38°3 distillates add 10 drops of mixed indicator solution.

19. Titrate samples and blanks with standard 0.1 N HCI to an end point

which is just pink.

20. Calculate cation exchange capacity by

C.E.C. (meq./lOO gm air-dry soil) -

(Normality of acid) x (mI. of acid added to sample - ml of acid

added to blank) x (10).

If desired, convert to C,E,C, in meq. per 100 gm of oven-dry soil.

(8) Cation Exchange Capacity by Sodium Saturation

Reagents and Materials

1. IN NaOAc

- dissolve 272 g NaOAc'3HZO to make 2L with distilled HZO. Bring

to pH 8.2 with acetic acid or NaOH solution.

2. D.IN NaOAc

- dissolve 27.2 g NaOAc'3H
Z
O to make 2L with distilled H

2
0.

Bring to pH 8.2 with acetic acid or NaOH solution.

3. Neutral IN NH
4
0Ac

- prepare as described in (A)

4. Na standards

- prepare as described in first section except make dilutions

with O.lN NH
4

0Ac.

1. Centrifuge capable of 1800 x g when holding 50 ml centrifuge tubes.

2. Reciprocating shaker.

3. Atomic absorption spectrophotometer.
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Procedure

1. Weigh duplicate 10 g samples of 2-mm air-dry soil into 50 ml screw-

top centrifuge tubes.

2. Add 25 ml of IN NaOAe, stopper and shake lengthwise 10 min.

3. Centrifuge to obtain a clear supernatant.

4. Decant and discard supernatant.

5. Repeat steps 2-4 three times.

6. Add 25 ml of O.lN NaOAe, stopper and shake lengthwise 2 min.

7. Centrifuge to obtain a clear supernatant. Decant and discard super

natant.

8. Add 25 ml of 99% isopropanol to the soil in the tube, stopper and

shake 2 min.

9. Centrifuge to obtain a clear supernatant, decant and discard super

natant.

10. Repeat steps 8 and 9 twice. Tes t a few ml of the las t supernatan t

for chloride as described in A. 11. Continue washing with 99% 150-

propanol until the test for chloride is negligible.

li. To the soil in the tube add 25 ml of 1N NH
4

OAc, stopper and shake

lengthwise for 10 min.

12. Centrifuge to obtain a clear supernatant, decant supernatant through

Whatman #1 filter paper into a 100 ml volumetric flask.

13. Repeat steps 11 and 12 three times.

14. Make flasks to volume with NH
4
0Ac solution.

15. With a volumetric pipette, transfer 10 ml to a 100 ml volumetric

flask.

16. To each flask add about 0.2 g Kel, using a calibrated scoop.
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17. Make flasks to volume with distilled H
2
0.

18. Calculate Na in ppm in extract by atomic absorption spectroscopy.

If samples have absorbance greater than .400. dilute or turn

burner head as in first section. step 8. Calculate cation exchange

capacity in mililequivalents per 100 g air-dry soil by:

C.E.C. (meq./lOOg) - ~(~PLP;m~N=a-=in=-e=x=t=r~a=c~tr.)~x~(~dri=l=U=t=i=o=n-=f=a=c=to=r~)
- 229:898

The dilution factor here is XIOO.

If desired, convert to meq. per 100 g oven-dry soil.

C. Cation Exchange Capacity by Summation

Determine exchangeable cations as described in first section. Deter-

mine exchange acidity as in second section. Calculate cation exchange

capacity by

C.E.C. (meq./lOO g) ~ E.H. (meq./lOO g) + Total Exchangeable Cations

(meq./l00 g)
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IRON AND ALUMINUM OXIDES

FOURTH SECIION

Soil colloids enriched 1n hydrous oxides of Fe and Al relative

to 51 occur when 51 1s depleted in well-oxidized soils by leaching.

These colloids grade from amorphous to crystalline. They exist as dis

crete particles. as coatings on soil minerals. and as cement between min

eral particles. Allophane is a general term for amorphous aluminosilicate

gels of varying composition, including some iron oxide, which gives soils

a porous structure that encourages leaching. The most common crystalline

free hydrous aluminum oxide is gibbsite. Amorphous hydrous oxides of

aluminum are relatively rare. Iron oxides tend to occur as amorphous

coatings which gradually transform to crystalline forms such as hematite

and goethite as the amounts present increase. Iron oxides are of interest

in soil classification because of their importance in podzolization and

laterization, and are of interest in nutrient studies because they are

related to phosphate fixation. A large portion of amorphous iron oxides

and nearly all amorphous aluminum oxides are extracted with acid ammonium

oxalate in the dark. Amorphous and crystalline iron oxides are extracted

with buffered citrate-dithiontte. the degree of extraction from minerals

depends on how finely they are ground. Dithionite removes less Al from

amorphous Al-Si material than does oxalate. (McKeaque and Day. 1966).

Buffered dithionite removes iron oxides without destruction of other iron

silicate minerals in soil (Mehra and Jackson, 1960). A rapid method for

dithionite extraction has been described by Holmgren (1967).

After extraction. Fe and AI may be determined by atomic absorp

tion spectroscopy. Iron may be determined without further treatment of
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extracts. using an air-acetylene flame and standards made up in the

extracting solution. If necessary, strontium chloride is added to

oxalate extracts to prevent phosphate interference with iron determin

ation (Blakemore, 1968). Aluminum 1s determined 1n oxalate extracts

without further treatment, using a nitrous oxide-acetylene flame and

standards made up in the extracting solution. Organic matter in

dithionite extracts 1s destroyed with peroxide before analysis of

aluminum, since it causes a rapid deposit buildup on the burner which

interferes with the determination. Organic matter has also been found

to interfere with Fe determination, in some cases (Yuan and Breland,

1969).

A. Dithionite Extractable Fe and AI

Reagents and Materials

1. O.3M Na citrate

- 88 gm of Na3 C6"507'2"20, make to 1L with "20.

2. 1M Na bicarbonate

- 84 gm NaHCD3 , make to IL with distilled H20.

3. Saturated NaCl

- 380 gm NaCI, make to IL with distilled "20' set on stirrer

2 hours, filter and use filtrate.

4. Low Fe sodium dithionite (- sodium hydrosulphlte)

5. Acetone

6. 30% Hydrogen peroxide

7. Fe standards

- weigh exactly 4.9783 g of FeS04 ·7H20 into a plastic weigh

boat. Carefully transfer it to a IL volumetric flask. dissolve
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and make to volume with distilled "20. This contains 1000

ppm Fe.

- using the dilution table below, make I, 4, la, 16. 20 and 30

ppm standards. Dilute with the following solution:

2 g Na
Z

S
2
0

3

100 rol Na citrate, 0.3 M

20 ml saturated NaCI

10 rol 1 M NaHeD
3

20 ml acetone

3 gm SrC1
2

·6H
Z
O

made to lL with distilled H
2

0

8. Al standards

- weigh exactly 4.47428 g of AIC1
3

'6H
Z
O into a plastic weigh

boat. Carefully transfer it to a SOD ml volumetric flask.

dissolve and make to volume with distilled H
2
0. This contains

1000 ppm AI.

- using the dilution table below, make la, 30. 50, 100 and 200

ppm standards. Dilute with the following solution:

2 gm Na
Z

S
Z
0

3

100 ml Na citrate. 0.3 M

20 ml saturated NaCI

10 ml 1 M NaHeD)

20 rol acetone

200 ml 30% H
2
0

2

made to lL with distilled "20
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for SOD ml of standard solution:

to make: ppm

1
4

10
16
20
30
50

100
200

use: rot of 1000 ppm stock

0.5
2
5
8

10
15
25
50

100

1. Water bath with temperature control + 1 C.

2. Centrifuge capable of 60QX g when holding 90 rol glass centrifuge

tubes.

3. Atomic absorption spectrophotometer.

Procedure

1. Grind samples in a mortar and pestle to pass a IOO-mesh screen.

2. Weigh duplicate 1 gm samples into 90 rol glass centrifuge tubes.

3. Add 40 rol of 0.3 M Na citrate.

4. Add 5 ro! of 1 M NaRCO),

5. Bring tubes to 80 C (not more) in a water bath in a fume cupboard.

6. Add 1 gm solid Na
Z

S
Z
0

4
with a calibrated spoon and stir with a

glass rod for 1 minute, then stir occasionally for a total of 15

minutes. (WARNING - Toxic HZS is produced from the Na
Z

SZ04 so this

step must be carried out in the fume cupboard. If eyes water or

headache develops after using this procedure, the ventilation is

inadequate and must be improved. If sore throat, headache or

dizziness develops while using the procedure, the concentration of

H
2

S in the room is toxic. Remove samples from H
2
0 bath, evacuate

and close the room off from the rest of the building. Wearing a
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suitable mask, return to the room and wash the samples down the fume

cupboard drain with a large volume of water. Do not return to the

room without a mask until the room has been thoroughly ventilated.}

7. Remove from water hath and add 10 ml of saturated Nael 80lution and

10 ml of acetone.

8. Mix and warm in the water bath.

9. Centrifuge 5 min at 600 - 1000 Xg.

10. Decant the supernatant into a 100 ml volumetric flask.

11. If the precipitate is no longer brown or red (i.e., if it is cream,

grey or greenish), add a 10 ml of 0.3 M He citrate. mix, warm, and

centrifuge again. Add supernatant to previous supernatant in the

100 ml flask. If the precipitate was red or brown, or if the sample

contains:> 5% Fe, repeat steps 3-10. adding the supernatant to the

original in the 100 ml volumetric. then rinse with Na citrate as

described in 11.

12. Make volumetric flasks to volume with distilled H20. With a volu

metric pipette and a propipette bulb, transfer 10 m1 to a 25 ml

volumetric flask. Do not pipette dithionite solutions by mouth.

Add 10 ml of 30% HZOZ' Let stand overnight. Next morning. make to

volume with distilled H
2

0 and determine Al, using a nitrous oxide

acetylene flame and standards made up as described. Calculate Al

in ppm in soil by:

AI (ppm in air-dry soil) g Al(ppm in extract) x (dilution factor)

The dilution factor here is X250. If desired convert to ppm in

oven-dry soil.

13. Transfer 10 ml of solution from the 100 ml volumetric flask (step 10)

with a volumetric pipette and a propipette bulb to a 50 ml volu

metric flask. Do not pipette dithionite solutions by mouth.
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14. Add 0.3 gm SrC1
2

'6H
2
0 with a calibrated scoop. Make the flask to

volume with distilled H
2
0. Determine Fe in this solution by atomic

absorption. using the air/acetylene flame and standards made up in

the extracting solution. Calculate Fe in ppm 1n air-dry soil by:

Fe(ppm in soil) = Fe(ppm in extract) X (dilution factor).

The dilution factor here is XSOO. If desired, convert to ppm in

oven-dry soil.

B. Oxalate Extractable Fe and AI

Reagents and Materials

1. Oxalate extracting solution

a) 0.2 M NH4 oxalate (28.542 gm/L)

b) 0.2 M oxalic acid (25.214 8m of oxalic acid dihydrate/L)

Mix 700 ml of (A) and 535 ml of (B), make to pH 3.0 with

(a) or (b) (or make 19.98 gm of NH
4

oxalate & 13.49 gm of

oxalic acid dihydrate up to 1235 ml with distilled H20.

adjust to pH 3.0 with NH
4

oxalate or oxalic acid).

2. Fe standards

- prepare 1000 ppm Fe solution as described under dithionite

extractable Fe and Al

- using dilution table as described under dithionite extractable

Fe and AI. prepare I, 4, 10. 16, 20 and 30 ppm standards. Dilute

with oxalate extracting solution.

3. Al standards

- prepare 1000 ppm Al solution as described under dithionite

extractable Fe and AI.

- using dilution table as described under dithionite extractable
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Fe and Al, prepare 10. 30. 50, 100 and 200 ppm standards. Dilute

with oxalate extracting solution.

1. Reciprocating shaker.

2. Centrifuge capable of 1800 X when holding 50 ml centrifuge

tubes.

3. Atomic absorption spectrophotometer.

Procedure

1. Grind 2 rom air-dry soil 1n a mortar and pestle to pass a IOO-mesh

screen.

2. Weigh duplicate ~ gram samples into 50 ml screw-top centrifuge tubes.

(The same results are obtained if ~-gram or I-gram samples are used.

Duplication may be better if I-gram samples are used. but grinding

will take longer. Grinding will be faster if ~-gram samples are

used. but duplication.may be worse.)

3. Add 20 ml of oxalate extracting solution. (Add 10 ml of extracting

solution to ~-gram samples or 40 ml of extracting solution to 1

gram samples.)

4. Screw tops on tubes. place them horizontally in a closed box, and

shake on the reciprocating shaker for 4 hours.

5. centrifuge at 1800 x g. for 10 min.

6. Filter supernatant into 30 ml test tubes, using Whatman #42 filter

paper.

7. Transfer 2 ml of the filtrate into another test tube. To this add

6 mgm of SrCl2 ·6HZ02 , ~ ml of cone. HCl. and l~ ml of H
2
0. Determine

Fe in this and in 2 ml of extract diluted with 2 m1 25% HCI. If the

sample containing SrCl2 gives a higher value it will be necessary to
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determine Fe 1n samples diluted with 25% HCI containing 1000 ppm Sr,

to make Fe standards with extracting solution containing 1000 ppm

Sr and sufficient cone. Hel to prevent precipitation of oxalate, and

to change the dilution factor to xao. Otherwise, determine Fe and AI

in the filtrate as soon as possible to avoid precipitation of oxa

lates. If it Is necessary to leave extracts and precipitation

occurs, add ~ ml cone Hel to tube and change dilution factor accord

ingly .

8. Determine Fe by atomic absorption using the air-acetylene flame and

standards made up in extracting solution. Calculate Fe in ppm in

air-dry Boil by:

Fe(ppm In soil) - Fe(ppm in extract) X (dilution factor).

The dilution factor here is X40. If desired convert to ppm in oven

dry soil.

9. Determine Al by atomic absorption using the air-nitrous oxide flame

and standards made up in extracting solution. All adjustments of

the burner for maximum sensitivity are especially critical far alu

minum. Calculate Al in ppm in air-dry soil by:

Al (ppm in soil) = Al(ppm in extract) X (dilution factor).

The dilution factor here is X40. If desired convert ta ppm in oven

dry soil.
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TOTAL ORGANIC CARBON IN SOILS

FIITH SECTION

Soil organic matter affects many important 80i1 properties,

such as water absorptivity, cation exchange capacity and physical struc

ture. Since organic compounds by definition contain C, estimates of soil

organic matter are frequently based on measurements of soil C. Inorganic

C. if present in large amounts, is removed before determination of orga

nic C. Total organic C values may be expressed as such. If it is

desired to convert organic C values to total organic matter. the per

centage of C in the organic matter must be known. This varies depending

on the type of organic matter, e.g. from about 40% for polyphenolic com

pounds, to 45% for polysaccharides, to 70% for some lipids, to 85% for

hydrocarbons. A commonly used factor for converting total organic C to

organic matter is based 00 the assumption that soil organic matter contains

58% C; this is the "Van Bemmeleo factor" of 1.724. Broadbent (1953) found

the factor for conversion to organic matter to be 1.9 for surface soils

and 2.5 for subsoils in the soils he examined.

Organic C may be analyzed directly by combustion to CO
2

and

measurement of CO
2

, or indirectly by oxidation of organic matter with

dichromate and titration of the unreduced dichromate. Since this latter

method is subject to error. due to incomplete oxidation of organic matter

and reduction of cr
Z
o

7
- by other easily oxidizable substances in the soil,

it is necessary to apply a correction factor to convert values obtained

to total C. This factor varies for different soils. Allison (1960) points

out that though the Walkey and Black method of cr
Z
o

7
- oxidation has been

commonly used, it does not oxidize any consistent fraction of the organic
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matter present in different soil types. Determination of total organic

C by dry combustion 1s rapid, accurate, and does not depend on arbitrary

conversion factors. Carbon analyzers using induction furnaces are manu

factured for use in steel factories. and the technique for steel analysis

can be adapted to soil analysis (Young and Lindbeck, 1964). These induc

tion furnaces utilize the heat produced by a high-energy induction coil

around magnetic material to oxidize C containing substances in an 02 stream,

producing CO
2

" The CO
2

and 02 are collected in a buret and then forced

into a 33% KOH solution which absorbs the CO
2

, The 02 is then forced back

into the buret. allowing the volume of CO
2

lost to be measured. Since

soils are non-magnetic, iron and tin are added to generate heat when the

sample is placed in the induction coil. Since soils have higher e content

than steel, much smaller samples are used, to avoid explosive combustion.

Pure organic standard samples can be analyzed without explosion if the

sample size is kept low enough and sand is mixed with the sample. The

accuracy of the method can be checked periodically, using organic standards.

Since very small samples are used, the soil must be ground to 100 mesh to

obtain a homogenous sample and reproducible duplicates.

Reagents and Materials

1. 4N Hel

- pour 35 ml of conc. Hel (36%) into a 100 ml volumetric flask, make

to volume with distilled H20.

2. Sulphurous acid

- saturate distilled H
2
0 with 502' Do this in a fume cupboard. Store

tightly stoppered.
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1. Induction furnace. CO
2

analyzer and accessories.

2. Large ball mill.

Procedure

1. Grind about 10 g of 2-mm air-dry soil to pass 100 mesh screen with

a large ball mill.

2. Test samples for presence of carbonate by placing a small amount on

a depression of a spot plate, dampening with H
2
0 to displace air, and

adding 2 or 3 drops of 4N HCI. If effervesence occurs, carbonate is

present. Allow about 15 min for dolomite to react.

3. If carbonate is present, mix duplicate 250 mgrn samples of mineral

soil with sulphurous acid and allow to stand overnight. Remove water

by freeze drying. Carefully transfer whole sample to combustion

crucible.

4. If carbonate is not present, weigh duplicate 250 mgm samples of mineral

soil into combustion crucibles. Important: use only 50 mgm of litter

layers, or explosion may occur.

S. Prepare 2 blanks by putting 1 slightly heaped scoop of sand in each

of 2 crucibles.

6. To blanks, add 1 level scoop of Fe chip accelerator.

7. To samples, add I slightly heaped scoop of Fe chip accelerator.

8. To all crucibles, add I level scoop of Sn accelerator.

9. Following the instructions in the instrument manual, zero instrument,

test for leaks and analyze C in blanks and samples, taking readings

from ~ g side of the burette scale.



- 35 -

10. Calculate total organic C by

total organic C(X) ~ C(X) in sample - e(%) 1n blank x 2 x barometric

and temperature factor

The barometric and temperature factor is taken from the chart on the

side of the CO
2

analyzer.
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tOTAL SULPHUR IN SOIL AND FOLIAGE

Theory

Sulphur is an essential element for plant growth, being a con-

stituent of the protein amino acids cystine, cysteine and methionine, and

of the growth substances thiamine and biotin. Sulphur is absorbed by

plants as the sulphate 10n (and in small amounts as 502 gas) and is then

reduced and incorporated Into organic compounds. Sulphur in soil occurs

mainly in organic compounds. and as sulphate and sulphide. the largest

amount usually being associated with organic matter. These forms of 5ul-

phur may be determined by oxidative fusion to produce sulphate which can

be analyzed as 8a50
4

, or by combustion to S02 which is analyzed titrimetri-

cally. The
133BaS0

4
method may be useful for very small amounts of S as Ba

may be used to precipitate the 504-'
133and the Ba50

4
may then be analyzed

by scintillation counting (Kao et al., 1971). For foliage samples containing

> .01% S and soil samples containing >.001%5. an induction furnace and S02

analyzer of the type manufactured for use in steel factories may be used

(Tiedemann and Anderson, 1971). These furnaces utilize the heat produced

by a high-energy induction coil around magnetic materials to oxidize S

containing materials in an 0z stream, producing SOZ which is titrated with

I Z" If 50
3

is produced. it is not determined. Using the combustion condi

tions described. S02 is produced from standard FeS, K
Z
S0

4
and organic sulphur

containing compounds. To analyze non~agnetic materials in an induction

furnace. low S iron and tin are added to the sample. For foliage and high

organic matter soils. small samples must be used and sand must be mixed

with the sample or explosive combustion will occur. In order to use small

samples, the KI0
4

standard used for titrating is diluted to 1/20 strength.
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As a result small variations in the color of the end point make a difference

of up to 5 mgm S to the titration reading. In addition, a constant small

amount of usual strength KI0
4

must be added to the titration vessel before

analysis or the buret would be half emptied before the analysis began.

The normal end point adjustment is made after ~ ml of strong KI0
4

is added

to the titration vessel. The low S iron powder must be analyzed and an

average blank subtracted from each sample analysis. If the variation

between blanks is too high, it may be necessary to weight out 0.6 g of Fe

powder per sample rather than use a dispensing scoop. If the titration

vessel darkens before any KI0
4

is added. it may be necessary to place an

antimony tube in the delivery tube between the furnace and titrator and to

add sodium azide to the HCI solution. (This presents a health hazard and

titration vessel effluent gases must be bubbled through 10% KOH.) (Tiedemann

and Anderson, 1971).

Reagents and Materials

1. KI0
4

standard

- weigh exactly 222 mg KI0
4

into a weigh boat, carefully transfer it

all to a 100 ml volumetric and make to volume with distilled H
2
0.

- with a volumetric pipette transfer 10 ml to a IL volumetric flask,

make to volume with distilled H
2
0.

2. HCl solution

- as in instrument manual

3. Starch solution

- as in instrument manual

4. Strong KI0
4

solution

- 22 mgm KI0
4

made to 100 ml with distilled H20.
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1. Induction furnace, S analyzer and accessories.

Procedure

1. Weigh duplicate 50 mgm samples of foliage or litter ground to pass 35

mesh, or 100 mgm samples of mineral solI ground to pass 100 mesh into

S free crucibles.

2. Prepare blanks by placing 2 level scoops of sand Into each of 5 cru-

cibles.

3. Add 1 heaping scoop of sand to foliage and litter samples or ~ scoop

of sand to mineral soil samples.

4. To all crucibles add 1 rounded scoop of low S iron powder and 1

rounded scoop of tin.

5. Fill titration vessel as described in instrument manual, add exactly

~ ml of strong KI0
4

solution, bubble 02 through vessel and set end

point adjust as described in instrument manual.

6. Analyze blanks and samples as described in instrument manual. but add

exactly ~ ml strong KI0
4

solution to titration vessel after adding

starch. Be sure to wait for complete combustion (plate current should

go between 350 and 420 mamp, 02 should be left flowing for 3-4 min

after plate current drops).

7. Calculate % S in sample by

S(%) = (5(%) in sample - mean 5(%) in blank) X ( 50 )
(cs"am=p'l"'.--'s"iz"'.::-i'""n"-'m"gm=)

For mineral soils low in 5 it may be necessary to use a larger

sample; if so, omit sand and increase the amount of Fe powder

slightly, if necessary. to obtain an adequate burn. Do not use a

sample larger than 500 mgm.
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TOTAL ARSENIC

SEVENTH SECTION

Total As in plants may be rendered soluble by ashing at 550-600 C

with Mg(OAc)2 as it prevents loss of arsenic as does Mg(N0
3
)2 (Stone, 1967).

Ashing takes slightly longer with Mg(OAc)2 but eliminates the risk of

explosion associated with Mg(N0
3

)2 ashing (Greweling. 1969). Ashing elimi

nates the analytical problems associated with incomplete digestion of

pyridine containing compounds if acid digestion is used to render As soluble

(Small and McCants, 1961). Sodium carbonate fusion could be used to render

total As in soils soluble, eliminating the risk of explosion associated

with use of perchloric acid digestion for this purpose (Analytical Methods

Committee. 1959; Small and McCants, 1961). Arsenate in solution may be

determined by reaction with molybdate to form heteropoly molybdiarsenate

which, on reduction, forms a blue soluble complex that can be analyzed

calorimetrically. Phosphate, silicate, gerrnanate and tungstate react

similarly and must be absent. Arsenate can be isolated from interfering

materials by volatilization as arsine, AsH
3

. Arsine is produced by reduction

of As+5 to AS+3, followed by reaction with HZ generated by zinc in acid

solution (Official Methods of Analysis. A.O.A.C., 1965). The distillation

apparatus must be leak proof and have a HZS scrubber (e.g. glass wool soaked

in PbOAc solution). It lliUSt be possible to add Zn to the distillation

flask and quickly close the apparatus. An apparatus with all ground glass

fittings is suitable. The evolved arsine is absorbed in I Z solution, and

arsenic is measured in this solution by the molybdenum blue method.
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Reagents and Materials

1. Magnesium acetate

- 500 g Mg(CZH30Z)Zo4HZO dissolved to make IL with distilled H20

2. 2N Ne1

- 172 ml of cone (36%) Hel diluted to lL with distilled H
2
0.

Caution: when diluting. add acid to water.

3. KI solution

- 15 g KI dissolved to make 100 ml

4. Stannous chloride

- 40 g 50C1202"20 dissolved make 100 ml with conc. (36%) HCl.

5. Zinc

- grind mossy zinc to pass 4-mesh screen

6. l Z/KI solution

0.4 g KI dissolved in a little distilled water in a 100 ml volu

metric flask

- add 0.25 gm 1
2

and swirl until all 1
2

is dissolved

- make to volume with distilled H
2
0

7. Molybdate reagent

- dissolve 25 g of Na
Z

Mo0
4

0 2H
Z
O in ION H

2
S0

4
" make to IL with

ION H
2

S0
4

(280 ml of cone (98%) H
2
S0

4
diluted to IL. Caution:

add H2S0
4

slowly to water. Wipe up spills immediately. Strong

acid.)

8. Hydrazine sulphate

- 1.5 g hydrazine sulphate dissolved in double distilled H
2
0 to

make lL.
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9. As standards

- weigh exactly 1.320 g of AsZO] into a weigh boat, carefully transfer

it all to a IL volumetric flask

- add about 500 rol distilled H
2
0 and then 10 ml of 35% NaOH solution,

swirl until the AslO] dissolves

- neutralize with cane. Hel (about 10 ml)

- make to volume with distilled H20. This contains 1 mgm/ml As

- with a volumetric pipette, transfer 10 ml to a 11 volumetric flask,

make to volume with distilled H
2
0. This contains 10 ugm/ml

- with a volumetric pipette, transfer 1 ml of the 1 mgm/ml As solution

to a lL volumetric flask. Make to volume with distilled H
2
0. This

contains 1 ugm/ml As. Wash hands well.

1. Muffle furnace

2. Sand bath

3. Distillation apparatus - 50 ml long neck flask (e.g. Kjeldahl flask),

HZS trap (e.g. adapter with PbOAc soaked cotton wool), connector with

opening and stopper (e.g. still-head with stopper). distillation tube

(e.g. bent air condenser with fritted disk at one end), all with ground

glass fittings.

4. Spectrophotometer capable of operation at 824 nm.

Procedure

1. Weigh duplicate 1 gm samples of freeze-dried 3S~esh plant material

into crucibles.

2. Add 3 ml of Mg{Ac)2 solution. mix and evaporate to dryness on the sand

bath.
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3. Cover and ash at 550 C to a white ash that does not contain large

lumps of charcoal (4 to S hr).

4. Remove and cool crucibles.

5. Add 10 ml 2N Hel and warm until ash dissolves.

6. Filter through dampened Whatman 040 filter paper into a 100 ml volu-

metric flask.

7. Rinse the crucible and filter paper twice with distilled H
2
0.

8. Make flasks to volume with distilled H
2
0.

9. With a volumetric pipette, transfer 10 ml of this solution to a 50 ml

long neck flask with ground glass joint that can be fitted to a

distillation tube.

10. Make volume to about 20 ml with distilled H
2
0.

11. Add sufficient cone. Hel to make total concentration of Hel In flask

5-6 ml (i.e. add 4-5 ml cone Hel)

12. Add 2 ml of 15% KI.

13. Add ~ ml of Snel
2

solution.

14. Stopper and allow to stand 15 min.

15. To a 15 ml test tube add 1 ml of 1
2

/KI solution.

16. Add 4 ml distilled H
2
0.

17. Assemble the distillation apparatus in a fume cupboard with the down

tube of the distillation tube submerged in the 1
2

/KI solution.

18. Add 2 g of 4 mesh Zn through a paper funnel to the flask and immediately

close the apparatus. Avoid trapping pieces of Zn between the ground

glass surfaces as this will cause leaks. Caution: arsine 1s toxic

(threshold limit value for daily exposure .05 ppm 1n air). Dizziness.

nausea, and anemia are symptoms of arsenic poisoning; if they occur

after using this procedure, replace all joints of distillation apparatus.
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use more adequate ventilation and seek medical advice. If a faint

odour of garlic is noticed, the concentration of arsine in the air

is excessive - evacuate ead close off room. Wearing a suitable mask,

return to room, dissassemble apparatus and wash thoroughly, ventilate

room thoroughly.

19. Allow distillation to proceed for 35 min.

20. Remove distillation tube and test tube together.

21. Lift the down tube above the surface of the IZ/KI but keep it in the

test tube. Rinse the end with 3 ml distilled H
2
0.

22. Stopper test tube and proceed with next distillation.

23. Distill standards containing 0, 1. 2, 5, 10, 15, 20 and 30 ugm As.

To standards add 5-6 rol cone. He! after making volume in distillation

flask to about 20 ml with distilled H
2
0. Thoroughly wash fume cup-

board after using this procedure.

24. When standards and samples are distilled, add 1 ml molybdate reagent

to each tube, stopper and shake.

25. Add 1 ml hydrazine sulphate solution to each tube. stopper and shake.

26. Unstopper and heat in covered steam bath for 10 min. Cool tubes in

water.

27. Read absorbance at 824 nm. Color is stable 2 to 3 hours.

28. Calculate ugrn of As in the aliquot of sample from standard curve.

29. Calculate As in sample by

As(ppm) - (ugm in aliquot) (dilution factor)
sample weight (g)

The dilution factor here is XID.
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TOTAL CALCIUM AND MAGNESIUM IN PLANTS

Theory

Total calcium and magnesium may he determined in plant material

ashed at 500-550 C (Association of Official Ag, Chern •• 1965). After ashing,

calcium and magnesium may be analyzed by atomic absorption, as described in

first section.

Reagents and Materials

1. 2N Hel

- 172 rol of cone (36%) Hel diluted to lL with distilled H
2
0. Caution:

when diluting. add acid to water.

2. .0 IN HCl

- 0.86 rol of cone (36%) HCI diluted to lL with distilled H
2

0

3. Calcium and magnesium standards

- prepare as described in first section except make final dilutions

with 5 rol 2N Hel + 3 g SrCI
Z

'6H
Z
a diluted to lL with distilled H

2
0

1. Muffle furnace

2. Sand bath

3. Atomic absorption spectrophotometer.

Procedure

1. Weigh accurately duplicate 1 g samples of freeze-dried 35-mesh plant

material into crucibles.

2. Cover and ash at 500 C to a grey ash which does not contain large

~umps of carbon (about 2 hr).

3. Remove and cool crucibles.

4. Thoroughly wet the ash with 2N Hel.
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5. Slowly evaporate to dryness on the sand bath.

6. Transfer to hot plate and bake 5 min after ash turns white to dehydrate

silica.

7. Cool crucibles.

8. Add 5 ml 2N HC1, warm to dissolve ash.

9. Filter through dampened Whatman #40 filter paper into a 100 ml volu-

metric flask.

10. Rinse the crucible and paper twice with .DIN HC1.

11. Make flasks to volume with distilled H
2
0.

12. With a volumetric pipette, transfer 10 m1 of this solution to a 100 ml

volumetric flask.

13. Using a calibrated scoop add about 0.3 gm SrCI
Z

'6H
Z

O to each flask.

14. Make flasks to volume with distilled H
2
0.

15. Determine Ca and Mg 1n ppm in the diluted extracts by atomic absorption

spectroscopy.

16. Calculate Ca and Hg 1n ppm 1n plant material by:

concentration (ppm) - conc.(ppm} in dilute extract x dilution factor
weight of sample (g)

The dilution factor here is XlOOO.
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SOLUBLE PHENOLIC COMPOUNDS

NINTH SECTION

A great variety of phenolic compounds. compounds with hydrox

ylated aromatic nuclei. occur in plants and plant debris. Lignin, a

phenolic polymer. is a main constituent of wood. Flavanoids are wide

spread in plants and have evolutionary significance as the source of

flower color, as indirect growth regulators, and as the basis of some

disease resistance mechanisms. Tannins, which occur in high concentrations

in dead cells e.g. heartwood of trees, have great ability to H-bound pro

tein and consequently are enzyme inhibitors. Inhibition of enzyme acti

vity. as a result of high tannin content, is probably responsible for

decreased degradation of plant debris in some high mor humus soils

(Harborne 1964).

Phenolics can be analyzed, after extraction, by paper or thin

layer chromatographic separation and detection with a variety of reagents.

Since there are such a number of phenolics with different properties, a

variety of solvents have been used to extract free phenolics from wood.

Methanol has been used to extract wood of hemlock and true fir (Barton

and Gardner, 1961). Chloroform and acetone are widely used as an extrac

tant for phenolics. Chromatographic separation of phenolics has been

obtained on paper (Ibrahim & Towers, 1960), silica gel thin layers (Hillis

and Inoue, 1965), polyamide thin layers and cellulose thin layers (Egger,

1967). Many different solvents have been used to separate phenolics. In

this lab. two dimensional separation using n-butanol/acetic acid/water

in the first direction and 6% acetic acid in the second direction has

been useful for separating phenolics of~ on cellulose thin layers.
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TWo dimensional separation using butanol/acetic acid/water followed by

benzene/acetic acid/water has been useful for separating phenolics in

soil leachates on cellulose thin layers. The method of detection of

choice varies with the chemistry of the phenolics. Fluorescence under

short and long wave ultraviolet light is useful for a number of pheno

lics. and fluorescence changes after exposure to NH
3

vapors may be use

ful. Ferric chloride - potassium ferricyanide (Barton et a1., 1952) is

a very general reagent which gives blue spots with less than a ugm of

many phenolics. Diazotized sulphanilic acid gives intense, often char

acteristic, colored spots many monohydroxy phenolics and much weaker

spots with dihydroxy phenolics. Diazotized p-nitroaniline gives a

greater range of colors. Tetrazatized benzidine gives red spots with I,

3 and I, 3, S phenolics while I, 2 and I, 2, 3 phenolics give poor colors

(Smith, 1960).

Reagents and Materials

1. Butanol/acetic acid/water solvent

- mix 80 ml n-BuOH + 20 ml glacial acetic acid + 100 ml distilled H20

in a separatory funnel

- when layers separate, drain off and discard lower layer

2. Benzene/acetic acid/water solvent

- mix 114 ml benzene. S6 ml glacial acetic acid and 30 ml distilled

H20 in a separat~ funnel

- when layers separate drain off and discard lower layer

3. 6% acetic acid solvent

- make 6 ml glacial acetic acid to 100 ml with distilled H20
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4. Ferric chloride - ferricyanide reagent

- dissolve 3 gm FeCI) in 100 rol H20

- dissolve 3 gm K
3

Fe(CN)6 in 100 ml H
2

0

- before use. dilute each solution 1 ml to 9 ml H
2
0 and mix equal

volumes. Be sure there are no NH) vapors on plates when spraying

with this reagent.

S. Diazotized Sulphanl1ic Acid

- dissolve 0.9 wn sulphanilic acid in 9 ml cone 06%) HCI and 90 ml

H
2
0 - solution (a)

- dissolve 5 gm NaN0
2

(N.B. - sodium nitrite) in 100 ml "20 - solu

tion (b)

- dissolve 10 g NaZCD) in 100 ml H
2

0 - solution (c)

- before use. mix 10 ml of solution (a) and 10 ml solution (b) and

allow them to stand 4 to 5 min at room temperature. Add 20 ml

solution (c) carefully as it will effervesce.

6. Diazotized p-Nitroaniline

- dissolve 0.3 g p-nitroaniline in 4.5 ml conc. (36%) HCl and 95 ml

H
2

0 - solution (a)

- dissolve 5 g NaN0
2

(N.B.-sodium nitrite) in 100 ml H20 - solution (b)

- dissolve 10 g anhydrous Na
2

C0
3

in 100 ml H
2

0 - solution (c)

- before use, mix 10 ml of solution (a) and 2 ml of solution (b) and

allow to stand 4 to 5 min at room temperature. Add 10 ml of solu

tion (c) slowly as it will effervesce.

7. Tetrazotized benzidine

- suspend 0.5 g benzidine dihydrochloride in 1.5 ml of conc. (36%)

HCl, then add 98 ml H
2
0 - solution (a), stable 1 week
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- dissolve 10 g NaNO
Z

(N.B.-sodium nitrite) in 100 ml H
2

0 - solution

(b)

- before use. mix equal volumes of (a) & (b).

1. Soxhlet extractor

2. Thin layer plates. 500 u thick. slurry prepared by homogenizing 25 g

avicel 104 with 105 ml H
2

0 for 1 min at 23,000 rpm. This slurry

will coat five 20 x 20 em plates.

3. Ultraviolet viewer

Procedure

For Wood

1. Extract chopped or ground wood in a soxhelt extractor with methanol

overnight.

2. Concentrate methanol to 1-2 mt, spot four 10 or 20 ul replicates on

thin layer plates prepared as described.

3. Chromatograph 1n first direction with butanot/acetic acid/water.

4. Dry plates thoroughly; remove all traces of solvents.

5. Chromatograph at right angles to first direction in 6% acetic acid.

6. Dry plates thoroughly; remove all traces of solvents.

7. View plates in ultraviolet light.

8. Expose a plate to NH) vapor and note any fluorescence changes. Blow

this plate completely free of NH) vapors.

9. Spray one plate with FeCI)/ferricyanide. one with diazotized sulphan

ilic acid, one with diazotized p-nitroaniline, and one with tetrazo-

tized benzidine. Note differences. Reagents that give similar

results need not be duplicated in future runs.



- 52 -

For Soil Leachates

1. Concentrate 500 to 1000 ml soil leachate to 1-2 ml by freeze-drying.

2. As soon as possible, spot four 10 to 20 ul replicates on thin layer

plates prepared as described. Do not allow concentrated solutions

to stand long as phenolics may polymerize.

3. Chromatograph in first direction in butanol/acetic acid/water.

4. Dry plates thoroughly; remove all traces of solvent.

5. Chromatograph at right angles to first direction in benzene/acetic

acid/water.

6. Continue as in 6-9 above.

References

Barton. G. M., R. S. Evans and J. A. F. Gardner. 1952. Paper chromato

graphy of phenolic substances. Nature~. 249-250.

Barton, G. M. and J. A. F. Gardner. 1962. The occurrence of mataire

send in mountain hemlock (Tsuga mertinsiana) western hemlock

(Tsuga heterophylla) and balsam (Abies amabilis). J. Drg. Chern.

£]. 322-323.

Egger, K. 1969. Plant phenol derivatives. In Thin Layer Chromatography,

E. Stahl, ed. Springer, N. Y. 687-706.

Harborne, J. B. ed. 1964. Biochemistry of Phenolic Compounds. Academic

Press, London. 618 pp.

Hillis, W. E. and T. Inoue. 1965. The formation of polypheno1s in trees 

III. The effect of enzyme inhibitors. Phytochem.1, 483-490.

Ibrahim, R. K. and G. H. M. Towers. 1960. The identification, by chrom

atography, of plant phenolic acids. Arch. Biochem & Biophys.

~, 125-128.



- 53 -

Smith, I. 1960. Chromatographic and Electrophoretic Techniques. Vol.

1. Intersclence Pub. N. Y. 617 pp.



- 54 - TENTH SECTION

SOLUBLE NITROGENOUS COMPOUNDS IN SOIL LEACHATES

Theory

Amino acids in concentrated soil leachates may be analyzed by

the method used for amino acids extracted from foliage (McMullan, 1970).

Iodoles, ureides and hexoseamines may be identified after the same thin

layer separation with appropriate reagents. Ehrlich's reagent produces

purple spots with indales, blue-purple spots with hydroxy-iodales, and

yellow spots with ureides. The Elson-Morgan reagent produces red spots

with hexoseamines (Smith, 1960). Chromatograms of soil leachates

should be run as soon as possible after concentrating the leachate by

freeze-drying, since polymerization of phenolics in the concentrate occurs

on standing and apparently removes soluble nitrogenous compounds from

solution.

Reagents and Materials

1. Formic/Acetic buffer

- 17 ml formic acid (91%) + 57 ml glacial acetic acid (99%) made to

1L with distilled water.

2. n-Propano1 solvent

- n-propano1/distilled water/n-propy1 acetate/acetic acid/pyridine,

120:60:20:4:1 volume/volume.

3. Ninhydrin reagent

- 100 mg cadmium acetate + 100 ml H
2
0 + 5 ml glacial acetic acid.

- 1 g ninhydrin + 100 ml acetone.

- mix aqueous and acetone solutions immediately before use.

4. Cellulose acetate solution

- 6 g cellulose acetate + 2 g camphor + 2.7 ml diethylene glycol.
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+ 33 ml n-propanol + 67 ml acetone.

- set on shaker for 4 hr.

5. Color eluting solvent

- 100 ml methanol + 100 ml ethyl acetate + 100 ml distilled H
2

0 +

3 mI. acetic acid (glacial) + 3 g cadmium acetate.

6. Standard amino acid mixture

- purchased standards •.DIM.

- mix equal amounts of appropriate amino acids.

7. Ehrlich's Reagent

- dissolve 1 g p-dimethylaminobenzaldehyde in 10 ml cone. (36%) HCI

- mix with 40 ml acetone juse before flooding plate.

B. Elson-Morgan Reagent

- dissolve 0.5 g KOB in 2 ml H20. add 8 ml EtOH - solution (a)

- dissolve 1 g acetylacetone in laO ml EtDH - solution (b)

- dissolve 1 g p-dimethylaminobenzaldehyde in 10 ml cone (36%) Hel -

solution (c)

- EtCH

- just before use, mix 2 ml of (a) and 20 ml of (b). Flood plate,

heat a 110 C for 5 min. Mix 1 ml of (c) with 14 ml EtOH, flood

plate, and blow dry with air at room temperature.

Procedure

1. Freeze-dry 500-1000 m1 soil leachate.

2. Dissolve residue in 1 m1 50% EtOH.

3. Spot 20 ul aliquots on each of 4 thin layer plates.

4. Separate components by electrophoresis and chromatography as described

in BC-X-50, Ninth Section.



- 56 -

S. Determine amino acids on two plates as described. (If quantitative

results are not required, omit standards except for first run. omit

one leachate replicate, and identify amino acids after ninhydrin

treatment but without coating plates with cellulose acetate).

6. Flood one plate with Ehrlichts reagent, blow free of acetone. As

spots appear, note rate of appearance, changes in color and perma

nence. Identify iodales and ureides by comparison of position and

color reaction with standards.

7. Place a spot of standard glucoseamine in the corner of one plate.

Treat this plate with the Elson-Morgan reagent as described. Hexo

seamines give transient purple colors with this treatment. When

the glucoseamine spOt reaches its maximum intensity (in 1-2 min).

and the chromatogram is free of aCid, place the chromatogram in an

oven at 80 C for 4 or 5 min. Hexoseamines will produce permanent

red spots on a blue to green background. Reducing sugars may give

blue-green spots. Ureides will give yellow spots, as the second

part of this reagent is acid p-dimethylaminobenzaldehyde. Identify

hexoseamines by comparing position and color reaction with standards.
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