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Derive a New Equation to Find the Total Dissolved
Salts in Soil by Applying the Hydrometer Test

Maysam Th. Al-Hadidy"

Abstract:

The adding of water to the soil dissolved the salts (that could be soluble) by breaking its
down into ions. These ions attract with the water molecules which in turn bind them tightly
and that will increase the amount of matter per volume (density). So the (soil solution) is
denser than the distilled water and this because of the dissolved salt. This is the point to
start from it in this research to find the total dissolved salts.

The hydrometer test In usual used to find the curve of the particle size distribution for the
soil, in this research a new equation derived to find the total dissolved salts by applying the
hydrometer test.

This derivation built on the base of that the dissolved salts of the soil could be calculated
from finding the density of the (soil solution) at the end of the sedimentation of the
hydrometer test. In this paper this derived equation is present with a proposed procedure to
find the total dissolved salts, and it give a very good result where the correlation factor
equal to(0.988) and the root square equal to(0.9755).

By applying the proposed procedure, the dissolved salts test could be easier, and this

because it applied indirectly during applying the ordinary hydrometer test and that will

make the test of the total dissolved salts faster and cheaper.

Keywords: hydrometer,dilution, total dissolved salts, saline density, gravimetric
method,deflocculating agent
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Introduction:
In many regions of the world a large areas are covered with soils containing
water-soluble salts. These saline soil conditions tend to prevail in many
regions of the Middle East countries (Al-Amoudi and Abduljauwad, 1995;
Bilsel, 2004). Construction on these soils is quite problematic especially in
regions of dry and hot climates due to the severe effect of salt corrosion on
structural elements(Rongzhen et al., 2006) and due to its high collapse
potential and low-bearing strength(Al-Amoudi, 2001).

The minerals of soils are predominantly formed by atoms of oxygen, silicon,
hydrogen, and aluminum, organized in various crystalline forms. These
elements along with calcium, sodium, potassium, magnesium, and carbon
constitute over 99 per cent of the solid mass of soils.(Mitchell and Soga,
2005), and all natural waters contain soluble salts. Water in the soil also
contains soluble salts (sometimes called free or nonattached salts).(El-
Swaify, 2000).

However, it is worth remembering that various types of salts might be
present within the soil, but the most frequent and significantly soluble types
are listed in Table 1. These salts have high solubility relative to the
carbonates (Osama et al., 2008).

Densities

Density should be considered to be a function of pressure, temperature of the fluid
and concentration of dissolved solids:

Where:
p = density (kg/m®),

p = pressure (M LT ™?),
T = temperature (°C),
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S = salinity1 or total dissolved solids (TDS) (mg/l).
Table (1): Salts encountered in soils with their densities and solubility, (Weast

1974).After Osama et al., (2008).

Salt formula Salt name Molecular Specific Solubility at | Solubility at
weight, M, | gravity 20°C, as 25°C, as
g/mol A% A%

CaCh.2H,O 147.02 0.84 427 52.1

CaCl.6H:,0 219.08 1.71

CasS0, Anhydrite 136.14 2.96

CaS04.0.5H:0 Bassamite 14515 274 ..

CaS0,.2HQ Gypsum 172.16 232 0.2014 0.2082

MgCh .. 95.22 2.32

MgCh.6H,0 Bischofite 20331 1.57 353 355

MgS04 . 120.37 2.66

MgS0.H-:0 Kieserite 138.39 245

MgS0:4H,0 Leonhardtite 202 45 2.01

Mg50:.6H,0 23847 1.72

MgS0.7H,0 Epsomite 246.48 1.68 252 26.7

Kl Sylvite 74.55 1.99 255 264

K804 Arcanite 174.27 2.66 10.0 10.75

Nacl Halite 58.44 2.16 26.38 26.43

NSO Thenardite 142.04 2.67 . .

NapSO4.10H,0 Mirabilite 322.14 1.46 15.97 21.88

The influence of pressure can be neglected under the given circumstances for most
hydro geologic systems. Furthermore, the influence of temperature on density is of
minor importance with respect to the influence of dissolved solids concentration
within many hydro geologic systems (Gualbert, 2001).

Hydrometer Testing:

The hydrometer method was originally proposed in 1926 by Prof. Bouyoucos of
MichiganAgriculturalCollege, and later modified by Casagrande(1931). This
method depends upon variations in the density of a soil suspension contained in a
1000 mL graduated cylinder. The density of the suspension is measured with a
hydrometer at determined time intervals; then the coarsest diameter of particles in
suspension at a given time and the percentage of particles finer than that coarsest
(suspended) diameter are computed.

The change in specific gravity is related to the fall velocities of specific
particle sizes in the liquid. This part of the test is commonly referred to as a
hydrometer analysis (Zhou, 2006).

The hydrometer method is based on the change of density of a soil and water
suspension upon the settling of the soil particles. Stokes' Law is used to predict the
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settling times for various sized particles. Stokes' law states that the rate which
particles fall in a viscous medium (water) is governed by the radius of the particles
and the force due to gravity (Bouyoucos, 1962).

Use of the hydrometer in establishing extremely accurate clay measurements is
accepted as the ultimate gauge by soil scientists. Use of the hydrometer by novices
is possible and practical. Much practice is necessary and instructions are carefully
described in several of the technical books. (Howard, 1981)

Because of the strong influence of electro-chemical forces on their behavior,
colloidal sized particles may remain in suspension indefinitely (particles with sizes
from 10-3 mm to 10-6 mm are termed “colloidal.”) Sample grain size distribution
curves are shown in Figure (1). The nomenclature associated with various grain
sizes (cobble, gravel, sand, silt or clay) is also shown in Figure (1). Particles having
sizes larger than the No. 200 sieve(0.075 mm) are termed “coarse-grained” while
those with sizes finer than the No. 200 sieve are termed “fine-grained.” The results
of the sieve and hydrometer tests are represented graphically on a grain size
distribution curve or gradation curve. As shown in Figure (1), an arithmetic scale is
used on the ordinate (Y-axis) to plot the percent finer by weight and a logarithmic
scale is used on the abscissa (X-axis) for plotting particle(grain) size, which is
typically expressed in millimeters(Zhou, 2006).
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Fig. (1): Sample grain size distribution curves. After (Zhou, 2006)
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Deflocculating Agent (Dispersion):

Individual soil particles must be separated from each other, and kept separated
during the determination in order to correctly measure particle size distribution.
Since aggregates of solid particles are usually held together by some kind of
binding agent, it is first necessary to remove these substances, or at least render
them ineffective. Once the soil aggregates are separated into individual particles,
they are described as dispersed particles.(Bashour and Sayegh, 2007)

A deflocculating agent can either act as a protective colloid on the soil particle or
alter the electrical charge on the particle to prevent the formation of soil flocs. Two
commonly used deflocculates are water glass(sodium silicate) and daxad no.
23(polymerized sodium salts of substituted benzoid alkyl sulfonic acid), made by
the dewey and almy chemical company of Cambridge, mass. The easiest way to
select the best deflocculant and the amount to use for a given soil is by trial. Two
cc of a freshly prepared 10% solution of daxad no. 23 has been found satisfactory
for many types of clay; likewise, one —half to one cc of 40°baumé sodium silicate
has been found satisfactory for many types of clay. Sodium pyrophosphate has also
been used successfully (Hofmann, 1942),after (lamb, 1951).

Dispersion is achieved by chemical and mechanical
means.Sodiumhexametaphosphate is an effective chemical dispersing agent for two
reasons:

1. The sodium monovalent cation replaces the usual polyvalent cations adsorbed
on soils, thereby breaking interparticle linkages. The polyvalent cations are also
reduced in activity as a result of reaction with the phosphorus and consequent
precipitation.

2. The adsorbed sodium cations raise the electronegativity of colloids until these
particles repel each other and remain dispersed. After the binding agents are
removed, aggregates breakdown is further facilitated by mechanical stirring.
The mixture of dispersed soil particles in water is called a soil
suspension.(Bashour and Sayegh, 2007).

Pug soils require soaking overnight with the calgon alone, and after that possibly
also pounding with a pestle for dispersion of aggregates before water is added.
(Standard Specification for Urban Infrastructure Works, 2002)
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In this research in all samples tested or compared with the deflocculating agent
used was (sodium hexametaphosphate, (NaPOs)s with a 4% solution. And from this
solution (125 cm®) mixed with each sample.

Measuring and expressing salinity:

The concentration of total dissolved salts (TDS) may be determined in many ways,
but it is commonly done either by separating and weighing the salts or measuring
the electrical conductivity of the soil solution. (Swaify et al., 1983)

1. Direct gravimetric method.

A specified volume of an aqueous solution is dried, and the salts contained in it are
weighed and expressed as milligrams per liter(mg/L, equivalent to parts per
million, ppm) or as grains per gallon(gpg); (1 gpg = 17.1 ppm).

2. Electrical conductivity:

Inorganic salts are electrolytes that, in agueous solutions, are capable of conducting
an electric current. The higher the salt concentration, the higher the electrical
conductivity (EC).Such measurements are made by specially designed conductivity
meters and sensors, and they can be taken either in water or directly in the soil (in-
situ).

Dilution effects:

When water is added to a soil to facilitate extraction, slightly soluble salts such as
CaCO03 and gypsum will dissolve if they are present (Reitemeier, 1946). Certain
minerals that occur widely in soils dissolve or decompose when exposed to salt
solutions (Chapman and Kelley, 1930), but normally these minerals are not
abundant enough to merit special consideration.

From the foregoing it may be summarized that as a soil-water mixture is made
more and more dilute, the concentrations of dissolved substances tend to deviate
further and further from those prevalent under field conditions. Consequently, it
has been found desirable to limit the addition of water to soil samples to the
minimum amount compatible with the extraction of sufficient soil solution for
analysis. This has led to the great popularity of the saturated paste extractions
suggested by workers at the U. S. Salinity Laboratory (United States Salinity
Laboratory Staff, 1954).after (Kenneth, 1967)

In a study of 1:10 soil-water extracts of a Miami soil, Andersonetet al. (1942)

found that the dissolved solids increased from 600 parts per million after one-day

contact of soil and water to 3,600 parts per million after 23 days of contact. An
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extract containing 0.25 grams thymol per liter of water had corresponding values of
600 parts per million and 2,250 parts per million. They postulated the latter value
was lower because of the partially antiseptic conditions introduced by the thymol.

The increase in soluble material brought about on long standing appeared to be due
largely to biological activity. It may also be due in part to the slow solubility of
some of the compounds present, and possibly to hydrolytic activity (Andersonetet
al., 1942). Reitemeier(1946) also found that the CO2 produced by microbial
activity caused an increase in the dissolved calcium concentration.

The derive procedure:

In this research attempt made to derive an equation to find the total dissolved salts
in soil as follow:

This principle is true for all solutions as well: the more dissolved solutes, the
denser the solution.

The final point of the distribution curve almost represents the salt particle. From
this the derivation is start to find the total dissolved salts in soil sample as bellow:

The final reading of the hydrometer = r

To find this r there are two prangs, the first one from the percent finer and the
second from the final diameter, any one of them could reach to the result which
represent the total dissolved salts.

Starting now with the first prang as follow:

N final
ina %100
[ Asieve no 200}
( GS J < chlinder = yw@zo“c
r = GS - 1 Wsoilin used h ydrometer 10

1000
3
(Z)The chlinder =1000 cm , Wsoilinusedh ydrometer =50 gm,
Yw@are = 0.9982 gm/cm® by simplifying equation (1), equation 2 will be as

follow:
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T,
50.09 x< Nsieve no 200

- [GSS—J L eee et 3)

1000
This value could be taken or the value of r could be found from the second prang as
below:

D““'K xTime in min —[ZQ-—lﬁiJ
@GgandT 2AJ
ze VR (g, _VH
2AJ 2AJ
30

r = +1
1000

2

K could be found from Figure(2), Z,; and Z,, found from hydrometer dimension as
shown in Figure(3) and(VH/AJ) could found as shown in Figure(4).
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Fig. (2)- Chart for aid in solving stokes equation.(Courtesy of H.P. Aldrich of
M.1.T.).After (Lamb, 1951).
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Fig (4): Graduate and hydrometer, after (lamb, 1951).

rfinal = psoluble =
total

Wsoluble: T T S PP
In hydrometer test the effect of the deflocculating agent should be taken in mind as

follow:
The reading of the hydrometer in cylinder with the deflocculating agent only equal

to (1.003) but with the present of soil a lot of this agent settles down with soil
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particle. So the final solution density could be found by using equation (6) as
shown by (Van, 2002)

P1= PuaaterLHFOB3XCg ) oo )
Where:
p, = solution density (water + dispersing agent) without salts in g/cm3
Pume, = Water density in g/cm® at temperature T
c. = Concentration dispersing agent in glem®

In hydrometer test the concentration of the dispersing agent equal to 0.005 g/cm®
By simplifying equation 7 we get 5, = (1.00315x pyarer )

Wl :plxvtot?ﬂ ....................................................................... (8)

The final hydrometer reading after the constant reading represents the soluble
density. So the weight of the solution with the present of salts could be found in
equation 9 as bellow:

W (P XV e 9)

Wi ubte = Vo Wit oo (10)
Weatt = Wagtuble = Wi veveeeeeeeee oot (11)
Weare = [(F = 20)%2000] ..o (12)
T.DS.= % 5100 .o (13)

And rearranging, the following is obtained:

T.DS = [((r ~ (100315 pyae ))xlooo)} 100 - e, (14)
WSOIL

Puater Depending on the soluble temperature and could be taken from Table (2),
which taken from international critical, 1928 after (Lamb, 1951).

So the final equation number (14) could be used to find the total dissolved salts in
soil.

Where:
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T.D.S = Total dissolved salts in soil in %.
Wi = The Weight of the soil used, in gm.

r= final hydrometer reading which could be found from equation(2) or (3) or

directly from hydrometer test when the reading be constant that reading refers to
salts content.

Table (2):Specific gravity of water - after (Lamb, 1951).

K O A T S S SR SR S

0 0.009 0009 1000 10D LOND LN LOO 0.4999 0.9909  0.9008
10 0.097 0.9 0.9 0.0 0.963 0009 0.090 0.998 0.0985 0998
D099 0.8 0.0 0.0 067 097 0.9% 0.5 0.0  0.90%0
0000057 0.0 0.0 09047 0.0 0040 0.9 0934 0.990  0.99%
0002 0.9 0.0015 0000 0.907 0902 0988 0.9 0.0 0,988
N0 008U 0.9 0987 0057 082 0957 0052 0088 0080 0088
LB 0.0 0.087  0.82 0.8 09811 09806  0.950 0.7 0.979  0.9784
0O00T8 00T 00T 0061 0975 0.0M0 00 09T 09ml o9
0008 0972 0075 0060 00693 0.06%5 0.960 0967 0.0687 09680
00963 09647 0.040 0963 0.06% 0960 0962 0.9605 0.008  0.9501

————

* Also the density or unit weight of water in grams per milliter,

From Indernational Critieal Tables, Vol, TIT, McChaw-Hill Book Co,, 1928,

Samples properties

The soils used in this study were vastly different in chemical characteristics andthe
general soil properties of the soils samples given in Table (3).

Experimental procedure:

For each sample the following tests are done:

1- Standard hydrometer test according to ASTM standard no.D422

2- The total dissolved salts test as described in(Earth Manual(E2), 1974).
3-the specific gravity test according to ASTM standard no D 854-02.
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Table (3): The Properties andthe Description ofthe Samples.

Sample | Sample
no. Name

Depth Location Gs O.R. S03 CL- TDS %o Soil Description

278 1.3 1.86 1050 | 4.4 | darkbrown clayey sit with

some sand
276 1.2 31 100 837 brown silty clay
273 1.1 224 180 4.5z |Laghtbrown clagey silt with
gypsum
277 1.2 4.58 225 .58 light brown silty clay
276 1.6 344 150 209 light brown silty clay
278 0.8 2.52 425 g3p | dark brown clayey silt and
full | and organic maturia
wellow to light brown silty
2.67 1.2 4.29 225 11.31 sand with small gravel
white to yellow sandy silt
2.69 1.3 345 75 241
with clay , with salts
white to yellow sandy silt
277 1.93 8.93 250 21.13
with clay , with salts
wellow to light brown silty
2,68 1.1 332 100 9.92 sand with small gravel
269 343 4.06 100 1033 |Prownte red sty sand with
clay and salts and organic
2 67 0 2 66 100 g7z | Yellow to light brown silty
sand with small gravel
red to brown clayey silt with
277 21 5.03 100 12.33 | sand and high organic and
gypsum
278 2.52 7.08 125 17.33 | redsity clayey sand with
gypsum
white to yellow sandy silt
271 272 272 75 732 with clay , with salts
279 03 273 2075 | 571 |Prewnclayey sandy sit with
wery high organic
279 0.4 272 | 250 | gqp | Sy clay with Sl material
and salts
2774 2.1 311 - 76 brown clayey silt
silty clay with il material
275 1.1 .81 150 9.62
(broken brick)
271 2.9 4.23 00 11 brown to gray clayey silt
2.69 1.1 142 100 375 dark gray clayey silt
276 08 1.38 50 3795 |darkaray Sﬂtyﬂctlay to clayey
s
brown silty clay stiff with
274 2.9 3.54 - 10.5 broken bricks
275 1.8 0.91 - k) brown clay with silt
265 1.3 1.37 - 375 brown sit with clay
274 139 4.01 B 1175 | brownsiy clay to clayey
silt with sand
278 0.5 1.03 S00 311 brown clayey =ilt
2777 0.1 0.36 - 075 brown silty clay
276 0.3 0.47 - 0.8% brown clayey sit
271 11 548 B 293 silty coarse and fine sand
with gravel
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Note:

Puater Depending on the soluble temperature and could be taken from Table (3),
which taken from international critical, 1928 after (Lamb, 1951).

3 -

Fig. (5): Recommended hydrometer test for the soil samples.

The results of the hydrometer test for all samples shown in figures from 7 to 10.

These figures represent particle size distribution, in this research the last reading of
the hydrometer and the temperature of the soluble are what we need for finding the
total dissolved salts. This reading could be found from the particle size distribution
curve by applying equation number(3), or could use equation no.(4) If we know all
properties of the hydrometer used.

The results what needed are shown in Table (5).
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Fig. (6): the combination between the hydrometer test and the proposed TDS
test.

Figures (7, 8, 9 and 10) show the particle size distribution curve for the soils
samples shown below:
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ASTM D 422

Gravel Sand

Silt

Clay

Coarse [Mediun{ Fine

=
o
o

o O
o o

B g o 9=
o o o o

Percent finer by weight , %

w
o

—a— Baghdad BH 2,Depth 10.5-11 m
—&— Baghdad BH 1,DEPTH 13-135m
—6— Baghdad BH 2.Depth 2-25m
—o— Al jadreah D3.Depth 2-2.5m
—3— Baghdad BH 1,Depth 8-85m
—o— Baghdad BH 1,DEPTH 0-1.5m
—<o— Koit BH 1,Depth 19.5-20

K
R
J

=N
o o

o

100

10 1

0.1 0.01

Diameter in mm

0.001 0.0001

Fig. (7): The particle size distribution curve for the soils samples

ASTM D 422
Gravel Sand Silt Clay
Coarsel Medium ‘ Fine
100
90
s 80
£70
% —— Baghdad Al sader BH 2,Depth 7-7.5m
260 —a— Baghdad Al sader BH 1.Depth 8-8.5m
>
-E —e— Badrah BH 5.Depth 3-35m
@50 || —s—Badrah BH7.Depth 05-1m
% 20 —a— Al kedir BH 1.Depth 2-25m
o —o— Salah al-Deen BH 2.Depth 9.5-10m
& 30 —n— Baghdad BH 2,DEPTH 25-45m
20 —o—Baghdad BH 3 DEPTH 1.5-2m
10
0
100 10 1 0.1 0.01 0.001 0.0001
Diameter inmm

Fig. (8): The particle size distribution curve for the soils samples
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ASTM D 422

Gravel Sand Silt Clay
Coarse‘ Mediun{ Fine

~N o
o O

D
o

a
o

—O— holy karbala BH 1,Depth 5-9m
—o— holy karbala BH 1,Depth 19-26 m
—&— holy karbala BH 3,DEPTH 24-30 m

N
o

Percent finer by weight ,%

30 —&— holy karbala BH 3,Depth 18-24 m
20 —0— Diyala-Bakobah BH 1.Depth 1-1.5m
—#— holy karbala BH 7,Depth 15-18 m
10 —a— Diyala-mikdidiah BH 3.Depth 25-3m
0
100 10 1 0.1 0.01 0.001 0.0001

Diameter in mm

Fig. (9): The particle size distribution curve for the soils samples

ASTM D 422

Gravel Sand Silt Clay

Coarse ‘ Mediurd Fine
100 O
90 \

80

70

60

50

40 —&— "Diyala-Bakobah BH 1.Depth 7.5-9.5m
—a— Diyala-Bakobah BH 2.Depth 9.5-10m
30 | —~— holy karbala BH 1,Depth 13-19m
—— Diyala BH 4.Depth 35-4.5m

20 || —® "Diyala-Bakobah BH 2.Depth 0-1m
—— holy karbala BH 3,Depth 10-14 m

10 —a— holy karbala BH 3,DEPTH 7-10m
—0O— holy karbala BH 8, DEPTH 12-16 m

Percent finer by weight ,%

0

100 10 1 . 0.1 0.01 0.001 0.0001
Diameter in mm

Fig. (10): The particle size distribution curve for the soils samples
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The experimental results shown in Table (5) as below:

Table (5): The experimental results

1.001

1.00875

1.00575

1.00475

1.0065

1.0065

1.008

1.00825

1.014

1.007

1.0075

1.00&

1.008

1.01025

1.00825

1.0025

1.0055

1.0035

1.00&

1002

1.00175

1.00175

1.005

1.0015
1.00125

1.00525

1.004
1.00275

1.00275

1.0055
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The total dissolved salts could be found by applying the derived equation (14) in
the last column in Table (5) these results are shown.

These results drown in Figure (11) to find the compatibility between the actual and
estimated total dissolved salts.

28

26 A

24 A

22 A

20 A

18 4

16 A

14 A

12 A

10 o

Actual Total dissolved salts by usual method %

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Estimated Total dissolved salts %

Fig. (11): The Relation between the Estimated Total Salts and the Actual
Dissolved Salts.

Figure (11) show that the derived equation get a very good results were the
correlation factor equal to (0.988) and the (R?) equal to (0.9755).
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Conclusions:

1- This research prepared to submit the equation to find the total dissolved salts
but form the hydrometer test which usually used to find the particle size
distribution curve. The equation underneath could be apply to find the total
dissolved salts.

((r — (100315 X Puwater )) X 1000)
WSOlL

T.D.Sz{ :|><100

Where
r = the final hydrometer reading, when the reading be constant.

2-The proposed method is a rapid and reasonably precise determination that does
not alter or consume the samples.

3-The results which found by the derived equation give a very good compatibility
with that found by the ordinary method. The root square equal (0.9755) and
correlation factor equal (0.988).
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Sample used:
T.D.S= Total dissolved salts in %

Wso,. = The weight of the soil used, in gm.

r = Final hydrometer reading which could be found from equation(3) or (4) or
directly from hydrometer test when the reading be constant that reading refers to
salts content.

o, = Solution density(water + dispersing agent) without salts in g/cm3
Pune, = Water density in g/cm® at temperature T

c, =Concentration dispersing agent in glem?

p = Density(kg/m®),

p = Pressure(M LT ),

T = Temperature(C®),

S = Salinity: or total dissolved solids(TDS)(mg/l).

V

cylinder = 1000 Cm3

Wsoilin usedh ydrometer=50 gm

Vwaaoe- = 09982 gm/cm’



