B.Sc. Th|rd Year V Semester
ANALYTICAL CHEMISTRY
Paper X111 [Applied Analytical Chemistry-1]

Environmental Analysis - 11

Analysis of Soill —
Dr. Subhash M. Lonkar Z£¢8

Professor & Head

Department of Chemistry & Analytical chemlstry,
M.S.P. Mandal’s

Shri Shivaji College, Parbhani, [MS]431401 8
Cell : 4919421864138, +918999890115

Email: drsubhashlonkar@gmail.com




Introduction Analysis of Soil
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O An ecosystem (also called as environment) is a natural uioting of all plants,
animals and micro-organisms (biotic factors) in an area functioning together with all of
the non-living physical (a biotic) factors of the environment.

1 A natural body occur on the earth’s surface, supporting plants and consisting
of mineral and organic materials. It characterized by relate horizons resulting
from the interactions of climate and vegetation or various parent material over
varying periods of time and modified by local relief.

What is soil ?

Unconsolidated mineral and organic material on the
immediate surface of the earth that contains living and nonliving
matter and serves as a natural medium for the growth of land plants.

Functions of soil for plants

anchoragsce =« water - oxveen - nutrients

Soil Quality Indicators

qualitative and/or quantitative techniques

* collect measurements

 evaluate patterns, if any
e compare results to measurements taken at different

time/location
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* Soil analysis is g set of various
chemical Processes that
determine the amount of
available plant nutrients in the
Soil, but also the Chemical,
Physical ang biological soj

pProperties important for plant
nutrition, or "soj health".
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Soil Sampling/ Preparation

1. pH 6. Loss of Ignition
2. Moisture Content 7. Total Nitrogen
3. Bulk Density 8. Nitrate Nitrogen
4. Specific Gravity 9. Organic Matter
5

. Water Holding Capacity 10. Potassium & Sodium

—

1)

Registration

Analyzing 2) Deying

3) Crushing

4)Weighing and sieving




« After being registered, the soill
. The soil samples samples were dried out at a well air-
received. ventilatiol

* The quantity of
samples were
checked.

« The soil samples
were registered and
put on the labelled

box to dry it out.

~ Crushing and sieving
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Analysis of Soil

pH 6. Loss of Ignition
Moisture Content 7. Total Nitrogen
Bulk Density 8. Nitrate Nitrogen

Specific Gravity 9. Organic Matter
Water Holding Capacity 10. Potassium & Sodium

abrwhE

1. pH

The definition of pH is the negative logarithm of
the hydrogen ion (H+) activity in a given
solution.

e The range of the ph scale is from O to 14.

¥

1:1 Soil-water Suspension

A

Method: R —— s
Weight 10g of air-dry soil / sediment. Soil pH

To this add 100ml distilled water for making e J:"g"'jv M

a suspension of 1:10 w/v dilution. Find out somp Lt e {sras e

the pH of suspension by as follows method ===
. . . . . M3 4
and give the dilution while reporting the result. -

pH of pH range of
acidic mineral soils
peats in humid regions

pHS  pkEs

——

pHE pIH? p e

pH range of Highly
mimeral soils  alkaline
in arid regions  soils



2. Determination of Moisture Content

= ‘Water present in the soil serves the following purposes :

(¢) It acts as a solvent.

(és) It acts as a transporting agent. 1 23
(#4z) It maintains texture and compactness of soil, therby ma

ing it habitable for plants and animals.

Soil gets moisture from infiltration of precipitated water and

Its constent in the soil at any time is more or less depen-
However, it drains

irrigation. A
dent upon the water holding capacity of soil.
through percolation, evaporation, and uptake by plants.

Oven ; and chemical .balance. y — _ '
Method —

_ Collect a fresh homogenized sample of soil. Now weigh it.
Then dry it in an oven at 105°C until we get a constant weight.
Cool it in a desiccator. Finally record the final weight of sample.

e MOISTURE (
X100 AR

Calculation: o of Moisture content =
A1

Where, X; = Initial weight of sample in grams |
X, = Final weight of dried sample



3. Determination of Bulk Density
O Definition: Bulk density is an indicator of soil compaction. It is calculated as the dry
weight of soil divided by its volume. This volume includes the volume of soil particles

and the volume of pores among soil particles. Bulk density is expressed in g/cma3.

One may define the bulk density of the scil as the dry weight
of a unit volume of it. It may be expressed as ‘g/cm?®*. Generally the
bulk density has been found to range from 1.1 to 1.5 g/cm® for
medium to fine textured soil and from 1.2 to 1.65 g/cm® for coarse
textured soil. However, it has been slightly higher in case of alkaline
saline soils. The soils having high bulk density have been found to
be inhibitive to root penetration, and have low permeability and
infiltration. The bulk density has been inversely related to pore
space of soil.

Material .
Oven ; measuring cylinder ; and chemical balance.

Niethod
Collect the sample and dry it in an oven at 105°C until we get
its constant weight. Now put a little dried soil to a measuring
cylinder and record the volume. Now find out the weight of this
volume of soil on a balance.
Calculation. It is found out by the following equation :

- Bulk density ——_ Yeight of soil (&) > r
. Volume o! soil (cm?3) Al >
ir air

==...g/cm?

Water Vwater Vsail

Mialids Vsolids

EEENNN
EEEEN
II’II
BN HEN
II“III
EEEEN




4. Determination of Specific Gravity

1 Specific gravity is also called relative density, ratio of the density of a
substance to that of a standard substance. .

Density of the object P object
Density of water (o H.O

Specific gravity =

The specific gravity of the soil has been directly related to its

bulk density. It bas been used as an index of som
i . € aspects £ =
quality as in case of bulk density. : pec of soil

Materxial

Oven ; glass bottles ; and chemical balance.
Method

Collect the soil.sam it i |
Ple and dry it in an oven at 10>°C . i
we get a constant weight. > until

Fill a pre-weighed glass bottle of knt
volume with dried soil and not . 8 ottle o nown
e down its weight. Fill i i isti
water and record its weigh. g i1l it with distilled
Calculation

L * - Specific Gravity using Pycnometer
Specific gravity— Z2— %1 iy
vhere z; —weight of empty bottle ‘ -
. B bt of h I -/
>4 of empty bottle+soil : :
Zg=—weight of empty bottle4 water i
w1 wz w:l w4
Empty Container Container  Container
Container  +Dry Soil + Dry Soil + +Water
Water

Specific Gravity of Soil by Pycnometer Test



1 Soll water holding capacity Is a term that all farms should know to optimize crop
production. Simply defined soil water holding capacity is the amount of water that a
given soil can hold for crop use. The larger the surface area the easier it is for
the 50|I to hold onto water so it has a higher water holding capacity.

‘ ter fills all

' When we saparate the soil absolutely with water, wa -
- ~ the proes between the particles of soil and nio air space exists as in
. the case of aguatic sediments. Such a soil is said to be at its maxi-
mum water holding capacity or saturation.

. Matexrial -
: Perforated circular soil boxes filter paper Whatman No- 1) 3
dish ; chemical balances and oven.

- Collect the soii sample and crush it. Dry this sample in an
RS-, Keep a filter paper (Whatman INo-. 1) inside the
bottom of the circular soil box. Then weigh the box.
! nn it with dried soil sample. Then, ind out the weight of box
=d with dried soil. Keep the box in Petri dish of 10 cm diameter,
ibvinge water., for about 12 hours, so that water enters the box and
md the soil. Remove the box‘'out of water., wipe it dry on
- and find out its weight.

Calculations

WHC (26) — (===l ‘%‘ﬂ—‘)(‘{,oo

where W,;— Weight of empty box
W.o.— Weight of box with dried soil
Wa— Weight of box with water saturated soil
W HC=—Water holding capacity.

Maximum Water Holding Capacity
"European Method™

&« Cylinder

Water Lewvel
-

Soil Lewel Saturation Field Ccpomy W'I'mg Point

All pores are full of  Avallable water for No more water is
water, Grovilational plont growth avaidable 1o plants

Absorbent Membrane woler is lost




6. Determination of Loss of Ignition
O Loss on ignition (LOI) is one of the most widely used methods for measuring
organic matter content in soils but does not have a universal standard protocol. A
large number of factors may influence its accuracy, such as furnace type, sample
mass, duration and temperature of ignition and clay content of samples.

Method
O Weigh the empty crucible that the sample is to be placed in and record it. Place the

sample in the empty crucible and weigh the crucible again with the sample in it.
Place the sample in the drying oven or blast furnace as required. Set the oven or
furnace to the desired temperature at 700 — 800 °C in for over night. Allow the oven
and sample to cool down before removing the sample from the oven. Weigh the
crucible with the sample again. Subtract the empty crucible weight from this new
weight and that is the sample's dry weight.
Calculation:

Xy — X
1 2 X100 (40 onlgition

% loss of ignition =

Xy

Where, it s L
X, = Initial weight of sample in grams a0
X, = Final weight of sample after ignition - m s

hanpe in cobor and bows of sl taken

-
|
|
|
|
|
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Limidde of Muilte Farnace conimining
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https://en.wikipedia.org/wiki/Crucible

/. Determination of Total Nitrogen by Kjeldahl’s Method

[ Total N in soils J

Organic N NO,, NO,, NH,* NH,* fixed

(Organic matter) (Soil solution) (2:1 clays)
+ NO, is seldom present in detectable amount water out
trap._ TR
« Amount of NO; in agricultural soil is usually low - . condenser

* In soils with high amount of 2:1 type of clay minerals fixed r
digestion

NH,* may account for about 10% of total N. flask

trapping
flask

sample
~
water in

Total N = Organic N + NH4+ (in soil solution) heater‘ -

Kjeldahl's Method (1833)

O Samples are digested with H,S0, to convert
N in the sample to (NH,),S0,.

O Determination of the NH4* in the digest 2 H,SO, — Oxidizing agent used to oxidize organic N to

Kjeldahl’s Method

by distillation and titration. (NH,).SO,
O Wet oxidation process 3. Na,SO, - salt used to rise the temperature of the digestion.
Digestion (Se-Cus0,)

1. Organic N + H,S0,

Na,S0, (NH);50, + H,0 + CO; 4. Se-CusSQ, - catalyst used to speed up the oxidation rate.



0 Kjeldahl’s Method: 3. Titration

1. Digestion The amount of NH, liberated and captured by boric acid
» Weigh 10gm soil into 500ml Kjeldahl flask. is determined by titrating with 0.1N HCI
« Add10ml distilled water and leave to stand for 10 minutes. NH«":H.BOs+HCl = NH,Cl + H,BO,
» Add the catalyst, Add 2 tablets Na,SO0,. T ARG SIREROL HEHIRER AL

2. Titrate with 0.IN HCI till colour changes to grey and then
« Add 20ml Conc. H2804. suddenly flashes to pink.

o DlgeSt until clear and colourless (1-15hrs) 3. Carry out blank determination with distilled water.
« Further digest for 30-45 minutes.
* Allow the flask to cool, Decant or filter the fluid into a100ml

volumetric flask washing the sand with altogether 50ml 4. Calculation

isti i V,— V,)XNX 14
distilled water, small at a tlrr_le._ Kjeldahl's mmgm(mg z’g)= (Vy— V)
» Make up to the mark with distilled water. x
il At V,— V,)XNX14
2. Distillation Kjeldahl's Nitrogen (%) = Vy— Vy)
i) Free NH, is liberated from the solution by steam

distillation in the presence of excess NaOH:
heat

(NH,),SO, + 2NaOH 2NH; Na,SO, + 2H,0O Where
i) The NH; evolved is collected in excess boric acid to V, =\ol. of titrant is used against
form ammonium-borate complex. sample in ml.
NH; + H;BO, NH,*: H,.BO; + 2H,0O V, =\ol. of titrant is use against
1. Transfer an aliquot of 10ml of the liquid into distilled water (blank) in ml.
the Kjeldahl apparatus N = Normality of titrant (0.1N).
=2_ Add 1S5 mil of the stromg NaOH . x = Wt. of soil is used in grams.

3. Distil over steam for 10 minutes into 10 ml of

the Boric acid in a 500 ml conical flask.



8. Determination of Nitrate by Laboratory Method

O Nitrate-nitrogen (NO;-N) measures the amount of available nitrogen in the soil that can be
absorbed immediately by plants. To determine the amount of nitrogen fertilizer needed to meet
crops' demand, the NO;-N concentration is being subtracted from the nitrogen requirement of the

crop.

Matexrial
Laboratory reagents (in addition to those _used for mnitratece

estimation in water as given bclow

€a) Fatraction reagent. (a) Weigh 12.5 g of copper . sulphate.
Dissolve if in distilled watexr to make 100 ml of solytion. (&) Weigh
0.6 g of silver sulphate. Dissolve it in distilled water to make 100 -
mil of solution. Mix 20 ml and 100 mil of solutions (a) and (&)
respectively., To this add distilled water to make 1 I of nnratc
extraction reagent. &8 '

(&)Y Calecvivwern hydroxide. Dry, powdered.

(¢) Magnesium carbonate. Dry, powdered.
ANlethod '

Dry the soil/sediment in air. Now weigh 50 g of it and put it
i an Erleomeyer flask (500 ml). To this add 250 ml of extraction

reagent (reagent A). Shake fos 1S5S minutes. To this add 04 g of
calcium hydroxide (reagent B), shake for 5 minutes. Then add 1 g

of magnesium carbonate (reagent C). Now filter the contents
through filter paper (Whatman No. 50). Then measure the total
volume of filtrate. Find out the nitrate content in filtrate by using

rhenol disulphonic acid method discussed for wate
CTalculatiomnm

NO,— N (mg/g) — o hr v

1000 < X _
where, Y =NOs—IN determined in filtrate (mg/l) ; V=total volume
of Rlterate (ml) ; and X=weight of dried soil/sediment used (g).




9. Determination of Organic Matter

SOM is helping
What is Fulcrum? o : B Y LEVERAGE
me a lever long enougn, input & technology
and & fulcrum strong 0"'009'] investments
and | will move the Earth. . ield fi
g AP into yield & profit
Lever Technology/management
Fulcrum SOM
What is Soil Organic Matter? Components of Soil Organic Matter
Soll organic matter (SOM) Is the grganic matter component e
of soll, consisting of plant and animal resldues at various R s

stages of decomposition, cells and tissues of soll organisms,
and substances synthesized by soll organisms.

' Stalsh o
SOM exerts numerous positive effects on soll physical and o
chemical properties, as well as the soll’s capacity to provide ogewmuant R m

(Active fraction)

I'eglllitorv ECOSY S ETVILES. 0%

Particularly, the presence of SOM is regarded as being critical ‘
for soll function and soll  quallty. soumma ORGANIC HAIILR



Matexaal . :
() Potassium dichromate solution (1IN). It is. prepared by dis-

solving 49.04 g of potassium dichromate in distilled water to get 11
of solution.

() Sulphwuric acid (concentrated).

(e) FPhosphoric acid (concentrated).

(@) Sodiwum fluoride. Dry, powdered. : ;

(e) Diplhenylamine indicator. It is prepared by dissolving 0.25 g

of diphenylamine in 10 ml of distilled water and 50 ml of concen-
trated sulphuric acid is gradually added to it.

CS ) Ferrous ammonium sulphate solution (0.5 ). 20 ml of

concentrated sulphuric acid. is added to 800 ml of distilled water.

Then dissolve_ in it 196.1 g of ferrqus ammonium sulphate. Further
add more distilled water to make the volume 1 Z.

Method

Dry the soil-sediment in air. Now weigh 0.5 g of it. Then put
it in 500 ml Erlenmeyer flask. To this add 10 ml of potassium
dichromate solution (reagent A) and gradually 20 ml of sulphuric
acid (reagent B). Kecep it as such for about half an hour. To. this
add 200 ml of distilled water, 10 ml of phosphoric acid (reagent C),
0.2 g of sodium fluoride (reagent-D), and 1 ml of diphenyvlamine
indicator (reagent E). Then contents are titrated against ferrous
ammonium sulphate solution (reagent F). At the end point the dull
' FrEee colour gets changed through turbid blue to the brilliant green.

Run a distilled water blank simmultancousliy .

Calcmiaticon 5 5
- S. 791 V' j
ONDA (nmg/s)— '—)(-E I — v . >< 10O
onM (Zm>—S-Z2 E 1 2
e S. 791 V2
Carbon (%) = >< 1-724[ v ,]
In the above relation., Ol\d-=organic matter s X—weight of scil/
sediment taken (=) 3 Vai=—wvolume of titrant used Aaai

nst sample (1) 3
and Ve—vwvolume of titrant usced against distilled water HBIanic Coni).



10. Determination of Sodium & Potassium

L Sodium

Materxial
(¢) AIll reagents which are needed for determination of sodium

in water ; (¢¢) filter paper (Whatman No. 50) ; and (4éi:) other

reagents, such as given below :
(a) Ethyl alcokol. Absolute and 409].
(6) Ammonium acetate solution.

Merthod _
LPreparation of soil extract. Dry the soil/sediment in air. Now
put SO g of it in a flask. To this add 100 ml of 40%, of ethyl alcohol
(reagent A). Then shake well, wait for about 10. minutes, and filter
the suspension through filter paper (Whatman No. 50). Then wash
the soil residue on filter paper with 409 ethyl alcohol and finally
with absolute ethyl alcohol. Now put the residue into a beaker. To
this add 100 ml of ammonium acetate solution (reagent B). Now
Stir, and keep it overnight. Filter the supernatant through filter
paper (Whatman No. 50). . Then collect the filtrate (soil extract).
Measure out the total volume of soil extract.
Find out the sodium content in extract by using the method
©of sodium determination in water.

Calculation

) X X<V
Sodium (mg/8) = 576660

where, X —=sodium content of soil extract (mg/l1) ; V—total volume
of soil extract (ml) ; and W = weight of air-dry soil/sediment which is

taken for extraction (g). e o



O Potassium
Material
() All reagents, needed. for the estimation of potassium in
water ; (+¢) filter paper (Whatman No. 50) ; and (#i%) other reagents,
such as given below : : |
(a) Ethyl alcohol. Absolute and 40%.
(b) Ammonium acetate solution.
Method .
The soil extract is prepared by the method as described for
determination of i Determine the potassium in extract as it
has been determined in water. "y
Calculation |
Y XV
X % 10000
Here, Y=potassium content of soil extract (mg/l) ; V=total

volume of soil extract (ml) ; and X-==weight of air-dry soil/sediment
which is taken for extraction (g).

Potassium (mg/g)=

...... SUGGESTIONS 2
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