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Derive a New Equation to Find the Total Dissolved 

Salts in Soil by Applying the Hydrometer Test 

Maysam Th.  Al-Hadidy1
 

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 

 :سْتخَلص مُ 
انًٕجٕدح فٍٓب عٍ طشٌق ركسٍش رهك  (انقبثهخ نهزٔثبٌ)راثخ الايلاحإنى انزشثخ رعًم عهى إضبفخ انًبء إٌ إ

 ٔانزي ثذٔسِ ،ْزِ الإٌَٔبد ٌذصم ثٍُٓب ٔثٍٍ جضٌئبد انًبء رجبرة. نى إٌَبدإالأيلاح انقبثهخ نهزٔثبٌ 

كثش كثبفخ يٍ أٌ يذهٕل انزشثخ ٌكٌٕ إنزنك ف. (انكثبفخ)ٌشثطٓى ثقٕح يسججبً صٌبدح كًٍخ انًٕاد نكم ٔدذح دجى

 .ْزِ ًْ انُقطخ انزً اَطهقُب يُٓب فً ْزا انجذثلإٌجبد الأيلادبنزائجخانكهٍخ.انًبء انًقطش

 فً ْزا ،ٌجبد يُذُى انزٕصٌع انذجٍجً نهزشثخلإفً انعبدح ٌسزخذو  (hydrometer)ٍْذسٔيٍزش ٌ فذص الإ

 .ٍْذسٔيٍزشجشاء فذص الإانجذث رى اشزقبق يعبدنخ جذٌذح لإٌجبد الأيلاح انزائجخ انكهٍخ يٍ خلال 

ٌجبد كثبفخ يذهٕل إٌ الأيلاح انقبثهخ نهزٔثبٌ فً انزشثخ ًٌكٍ دسبثٓب يٍ خلال أسبط أْزا الإشزقبق ثًُ عهى 

 .ٍْذسٔيٍزشانزشثخ فً َٓبٌخ يشدهخ انزشسٍت فً فذص ال
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عطذ َزٍجخ جٍذح أيلاح انكهٍخ انًزاثخٔقذ لأفً ْزا انجذث قذيذ انًعبدنخ انًشزقخ يع خطٕاد يقزشدخ لإٌجبد ا

(. 0.9755)ٔانجزس انزشثٍعً يسبٔي  (0.988)ٌ يعبيم الإسرجبط كبٌ يسبٔي أجذاً دٍث 

ٔرنك لأٍَٓطجقجشكم سٓم أٌ ٌصجخ فذص الأيلاح انكهٍخ انًزاثخ أيٍ خلال رطجٍق الإجشاء انًقزشح  ًٌكٍ 

ٌجبد الأيلاح انًزاثخ انكهٍخ إٌ ٌجعم أَّ أْٔزا يٍ ش. الاعزٍبديٍْذسٔيٍزشجشاء فذص الإثُبء أغٍش يجبشش

.   سخصأسشع ٔأ

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: 

ρ = f(p, T, S)……………………................…...………………………………(1) 

 

Where: 

ρ = density (kg/m
3
), 

 p = pressure (M L
−1

T
−2

), 

T = temperature (
o
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). 

 

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). 

 

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, (NaPO3)6 with a 4% solution. And from this 

solution (125 cm
3
) 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 aqueous 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 

CaCO3 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: 

r = 1
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(2)The
31000 cmVcylinder  , ydrometerhusedinsoilw =50 gm, 

3

20@
/9982.0 cmgmCw

      by simplifying equation (1), equation 2 will be as 

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

below: 
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K could be found from Figure(2), Zr1 and Zr2 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.I.T.).After (Lamb, 1951). 
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Fig (3): Description of Zr1, after (Lamb, 1951). 

 

Fig (4): Graduate and hydrometer, after (lamb, 1951). 

total

leso

lesofinal
v

w
r lub

lub   ………………………..…………………………… (5) 

totallesolesow   lublub ………………………………..………..…….… (6) 

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) 

 Swater C 63.011  …….………………….……………………………….… (7) 

Where: 

1  
=  solution density (water + dispersing agent) without salts in g/cm3 

water = water density in g/cm
3
 at temperature T  

SC  
= Concentration dispersing agent in g/cm

3
 

In hydrometer test the concentration of the dispersing agent equal to 0.005 g/cm
3
 

By simplifying equation 7 we get  water  00315.11
 

totalvw  11  …………………………………………………..…………  (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: 
 

…….…………...……………………….………….…   (9) 

saltleso www  1lub ……….…………………………………..…...  (10) 

1lub www lesosalt  ………………………….……………….…….…  (11) 

  10001  rwsalt ………………………….……………..……..……  (12) 

100... 
soil

salt

w

w
SDT ……………………………….……………..…..……..  (13)  

And rearranging, the following is obtained:      

   
100

100000315.1
.. 







 


SOIL

water

W

r
SDT


………..…………….… (14) 

water  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: 

totalleso vrw  )(lub
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SDT .. Total dissolved salts in soil in %. 

SOILW  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. 

 

 

 

 

 

 

 

 

 

 

 

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. 

Table (2):Specific gravity of water - after (Lamb, 1951). 
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Table (3): The Properties andthe Description ofthe Samples. 
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Note: 

water  Depending on the soluble temperature and could be taken from Table (3), 

which taken from international critical, 1928 after (Lamb, 1951). 

 

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

 

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

0

10

20

30

40

50

60

70

80

90

100

0.00010.0010.010.1110100

Diameter in mm

P
e
rc

e
n

t 
fi

n
e
r 

b
y

 w
e
ig

h
t 
, 

%
  

 .
  
 

Baghdad BH 2,Depth 10.5-11 m

Baghdad BH 1,DEPTH 13-13.5 m

Baghdad BH 2.Depth 2-2.5 m

Al jadreah D3.Depth 2-2.5 m

Baghdad BH 1,Depth 8-8.5 m

Baghdad  BH 1,DEPTH 0-1.5 m

Koit BH 1,Depth 19.5-20

Gravel Sand Silt Clay

Coarse Medium Fine

ASTM D 422

0

10

20

30

40

50

60

70

80

90

100

0.00010.0010.010.1110100

Diameter in mm

P
e
rc

e
n

t 
fi

n
e
r 

b
y

 w
e
ig

h
t 
,%

  
 ,

Baghdad Al sader BH 2,Depth 7-7.5 m

Baghdad Al sader BH 1.Depth 8-8.5 m

Badrah  BH 5.Depth 3-3.5 m

Badrah  BH 7.Depth 0.5-1 m

Al kedir BH 1.Depth 2-2.5 m

Salah al-Deen  BH 2.Depth 9.5-10 m

Baghdad  BH 2,DEPTH 2.5-4.5 m

Baghdad  BH 3,DEPTH 1.5-2 m

Gravel Sand Silt Clay

Coarse Medium Fine

ASTM D 422



2014 ديسمبر – العدد السابع –مجلة العلوم الهندسية   

 

37 
 

E - 

 

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

 

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 
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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. 

 

 

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
2
) 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. 

   
100

100000315.1
.. 







 


SOIL

water

W

r
SDT


 

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 % 

SOILW  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. 

1 = Solution density(water + dispersing agent) without salts in g/cm3 

water = Water density in g/cm
3
 at temperature T  

SC =Concentration dispersing agent in g/cm
3
 

ρ = Density(kg/m
3
), 

p = Pressure(M L
−1

T
−2

), 

T = Temperature(C°), 

S = Salinity1 or total dissolved solids(TDS)(mg/l). 

31000 cmVcylinder   

ydrometerhusedinsoilw =50 gm 

3

20@
/9982.0 cmgmCw

  

 


