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INTRODUCTION 

 

"Practical works of Applied Chemistry to prevent marine pollution" is addressed to 

students in the higher technical education of the navy. 

The laboratory works presented in this guidance have the role of focusing the 

applicative part of the knowledge taught in the course, of allowing the students to 

familiarize themselves with the analysis techniques used in determining the main physical-

chemical characteristics of water, waste waters, fuels and naval lubricants. 

The structure of the practical work has been designed to facilitate the understanding 

of the physical meaning of the parameters studied and the purpose of their evaluation in 

the routine analyses on board ships, using both the specific working procedures of the 

chemistry laboratories and the kits and equipment on board the ships, according to the 

relevant MARPOL regulations. 

Consideration was also given to the aspects of the proper use of the calculation 

elements of the test methods used as well as the correct interpretation of the results 

obtained and their correlation with the standardized values in the on-board specifications. 
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RECOMMENDATIONS FOR STUDENTS CARRYING OUT PRACTICAL 

WORK IN THE CHEMISTRY LABORATORY 

➢ Students have access to the chemistry laboratory only in the presence of the teacher. 

➢ The access of students to the worktables in the laboratory will be made only after they have donned 

the protective gown, and on them they will have only the laboratory notebook and writing utensils. 

➢ Students have access to the laboratory only if they know the work and the labor protection rules 

related to the practical works. 

➢ In the laboratory will be kept perfect order and cleanliness. 

➢ Each student must present himself at the practical works with a laboratory notebook, which should 

include the reports of the experimental works to be carried out. 

➢ It is forbidden to pile the objects from the equipment on the work table,  

➢ It is forbidden to consume food or liquids in the laboratory. 

➢ The student will avoid unnecessary travel to avoid embarrassment of colleagues and accidents. 

➢ The works will be carried out only after the student is well documented on the way of working 

and after having discussed in detail the plan of the work with the teacher. 

➢ It is forbidden to carry out other works than those indicated. 

➢ In the laboratory, teams are worked, and any unclear problem will be signaled to the teacher. 

➢ It is not allowed to use reagent bottles from other works. Before opening a bottle with reagents, 

carefully read the label. 

➢ The reagents shall be handled in such a way as to avoid their impurification. 

➢ The equipment and reagents will be used only for the intended purpose and after discussing the 

work with the teacher. 

➢ After the experiments with deficient substances, expensive such as silver nitrate, iodine, ethyl 

alcohol, they are not thrown away but stored in bottles for their subsequent recovery. 

➢ Do not throw corrosive substances, in the sink. 

➢ The observations, the experimental data accumulated during the practical work, as well as their 

processing shall be noted in the laboratory booklet. 

➢ The practical works booklet or the laboratory notebook will include the summary of the work, the 

recording of the data, the detailed description of the observations during the experience as well as 

the performance of the calculations and graphs. 

➢ The laboratory booklet will be checked and signed by the teacher at the end of each laboratory 

session. 

➢ Upon completion of the work, the student must leave orders on the work table and in the 

laboratory. 
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1. UNITS OF MEASUREMENT 

1.1. INTERNATIONAL SYSTEM OF UNITS 

Units of measurement are a standard for measuring physical quantities. There are different systems 

of units of measurement, however, the most used system currently in use is the International System (IS). 

In the International System, three classes of IS units are distinguished: fundamental units, derived 

units and additional units. 

 

1.1.1. IS fundamental units 

The IS units together with their names and symbols are shown in Table 1.  

 

Table 1.  Si fundamental units 

Size Dimension Name Symbol 

length L Meter m 

table M kilogram kG 

time t second s 

electrical current intensity I barely  A 

absolute temperature T grade kelvin K 

quantity of substance n mol mol 

luminous intensity Iin candela cd 

 

1.1.2. IS derived units 

 

Starting from the fundamental units, the derived units are given by algebraic expressions (table 

2). Many of these units have a special name and a certain symbol (Table 3, Table 4), the latter can also 

be used to express other derived units (Table 5). 

 

Table 2. Derived units expressed in terms of fundamental units 
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Size Dimension 
IS unit 

Name Symbol 

Arie L2 square meter m2 

volume, capacity L3 Cubic m3 

speed Lt-1 meter per second m/s 

acceleration Lt-2 meter per second squared m/s2 

wave number L-1 meter at the power of minus 

one 

m-1 

density ML-3 kilogram per cubic meter kg/m3 

mass volume L3M-1 cubic meter per kilogram m3/kg 

electric current density IL-2 amber per square meter A/m2 

magnetic field IL-1 amber per meter A/m 

concentration (of the amount of 

substance) 

nL-3 mole per cubic meter mol/m3 

luminance IvL
-2 candle per square meter cd/m2 

 

 

 

Table 3.  IS derived units with special names 

Size 

IS unit 

Name Symbol 

Expression 

in other IS 

units 

Expression in 

IS 

fundamental 

units 

frequency hertz Hz  s-1 

force newton N  m•kg•s-2 

pressure, mechanical tension pascal Pa N/m2 m-1•kg•s-2 

energy, mechanical work, amount of heat joule J N•m m2•kg•s-2 

power, energy flow  watt W J/s m2•kg•s-3 

amount of electricity, electric charge coulomb C  s•A 

electrical potential, electrical voltage, 

electromotor voltage  
volt V W/A m2•kg•s-3•A-1 

electrical capacity farad F C/V m-2•kg-1•s4•A2 

electrical resistance ohm Ω V/A m2•kg•s-3•A-2 

electrical conductance siemens S A/V m-2•kg-1•s3•A2 

magnetic induction flux weber Wb V•s m2•kg•s-2•A-1 

magnetic induction tesla T Wb/m2 kg•s-2•A-1 

inductance henry H Wb/A m2•kg•s-2•A-2 

temperature Celsius  
degree 

centigrade 
°C  K  

luminous flux lumen lm  cd•sr 

illumination lux lx lm/m2 m-2•cd•sr 
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Table 4. IS derived units with special designations permitted for the protection of human health 

Size 

IS unit 

Name Symbol 

Expression 

in other IS 

units 

Expression in 

IS 

fundamental 

units 

activity (of a radionuclide) becquerel Bq  s-1 

absorbed dose, mass communicated 

energy, kerma, absorbed dose index 
gray Gy J/kg m2•s-2 

equivalent of the absorbed dose, the index 
of the equivalent of the absorbed dose 

sievert Sv J/kg m2•s-2 

 

 
Table 5. IS derived units expressed as special designations 

Size 

IS unit 

Name Symbol 
Expression in IS 

fundamental units 

dynamic viscosity pascal-second Pa•s m-1•kg•s-1 

the moment of a force  newton-meter N•m m2•kg•s-2 

surface tension newton per meter N/m kg•s-2 

shallow thermal flux, energy 
illumination 

watt per square 
meter 

W/m2 kg•s-3 

thermal capacity entropy joule on kelvin J/K m2•kg•s-2•K-1 

thermal mass capacity, mass entropy 
joule per kilogram-

kelvin 
J/(kg•K) m2•s-2•K-1 

mass energy joules per kilogram J/kg m2•s-2 

thermal conductivity 
watt per meter-

kelvin 
W/(m•K) m•kg•s-3•K-1 

volume energy 
joule per cubic 

meter 
D/m3 m-1•kg•s-2 

electric field volt per meter V/m m•kg•s-3•A-1 

(electric) volume load 
coulomb per cubic 

meter 
C/m3 m-3•s•A 

electric displacement 
coulomb per square 

meter 
C/m2 m-2•s•A 

permitivitate farad per meter F/m m-3•kg-1•s4•A2 

permeability henry per meter H/m m•kg•s-2•A-2 

molar energy joule on the mole J/mol m2•kg•s-2•mol-1 

molar entropy, molar thermal capacity joule on mol-kelvin J/(mol•K) m2•kg•s-2•K-1•mol-1 

exposure (X and γ radiation) 
coulomb per 

kilogram 
C/kg kg-1•s•A 

flow rate of the absorbed dose gray per second Gy/s m2•s-3 
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 1.1.3. Additional IS units 

This class consists of two units: the IS unit of the plane angle, the radian, and the si unit of solid 

angle, the steradian (Table 6). In general, the plane angle is expressed as the ratio of two lengths, and the 

solid angle as the ratio between an area and the square of a length. 

To maintain the internal coherence of the International System based on seven fundamental units, 

it has been established that the additional radian and steradian units are derived units without dimension, 

and therefore the plane angle and solid angle sizes are considered to be dimensionless derived quantities. 

 

Table 6.  Additional SI units 

Size 

IS unit 

Name Symbol 
Expression in IS 

fundamental units 

plane angle  radian line m•m-1=1 

solid angle steradian sr m2•m-2=1 

 

These additional units may be used in expressions of derived units in order to differentiate between 

sizes of a different nature having the same size. Table 7 shows some examples of the use of supplementary 

units for the formation of derived units.  

 

 
Table 7. Examples of derived IS units expressed as supplementary units 

Size 
IS unit 

Name Symbol 

angular speed radian per second rad/s 

angular acceleration radian per second squared rad/s2 

energy intensity watt on steradian  W/sr 

energy luminance watt per square meter-steradian W•m-2•sr-1 

 

In Table 8, units of the international system (IS) and tolerated units are shown. 

 
Table 8. Units of the international IS system and tolerated units  

Size Symbol IS unit 
Tolerated 

unit 

Value of the tolerated unit 

in IS units 

Amount of heat Q J cal 4.1868 J 

The amount of substance, expressed 
by mass 

m 
medical 
history 

- - 

The amount of substance, expressed 

molar 
n mol - - 

Calorific capacity C J/K cal/°C 4.1868 J/°C 

Density (volume mass) d kg/m3 kg/L 103  kg/m3 

Internal energy In the J cal 4.1868 J 

Enthalpy H J cal 4.1868 J 

Entropy S kJ/K cal/°C 4.1868 J/°C 

Mechanical work In J cal 4.1868 J 
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Pressure P N/m2 

bar 

at 

kgf/cm2 

mm Hg 

105  N/m2 

9.80665 • 104  N/m2 

133322 N/m2 

Thermodynamic temperature T K - - 

Temperature in the Celsius scale t - °C - 

Volume In m3 L 10-3 m3 

 

1.2. UNITS OF MEASUREMENT USED IN MARITIME TRANSPORT 

In sea transport are used the units of measurement of the continental European countries, which 

are based on the meter, for the length, the liter for the capacities and the gram for the weights. However, in 

relations with Britain and the countries of the British Commonwealth, English units of measurement are 

used, which were established a few centuries ago and which are frequently used in international maritime 

transport. 

The most common English units of measurement (linear, surface, volume, etc.) as well as their 

equivalent in continental European units of measurement will be given below. It is pointed out that in the 

case of English units of measurement, their multiples and submultiples are not formed on a decimal basis 

as in the European continental system, but according to other criteria. It is therefore necessary to take this 

fact into account when making calculations with these units of measurement. 

 

1.2.1. English measures (mensurations) 

- Lineal measure: 

1 foot = 12 inches; 

1 yard = 3 feet; 

1 fathom = 6 feet, 

1 rod or pole = 5.5 yards, 

1 furlong = 40 poles, 

1 land mile = 8 furlongs = 5 280 feet = 1 760 yards. 

3 land miles = 1 league, 

1 nautical mile = 6 008 feet = 10 cables = 1 admiralty miles 

1 cable = 600 feet 

60 nautical miles or 69 1/9 land miles = 1 degree (1 °) 

1 nautical mile = 1.151 statute miles (English mile). 

 

- square measure: 

1 square foot = 144 square inches 

1 square yard = 9 square feet 

1 square rod = 30.25 square yards 
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1 rood = 40 perches 

4 roods = 1 acre = 4 840 square yards 

640 acres = 1 square mile 

 

- cubic or solid measure: 

1 cubic foot = 1 728 cubic inches 

1 cubic yard = 27 cubic feet 

1 ton sea water = 35 cubic feet 

1 ton fresh water = 36 cubic feet 

1 ton register (ships) = 100 cubic feet. 

 

- liquid measure: 

1 pint = 4 gills; 

2 pints = 1 quart; 

4 quarters = 1 gallon; 

36 gallons = 1 barrel; 

1,5 barrels = 54 gallons = 1 hogshead; 

2 barrels = 72 gallons = 1 puncheon; 

3 barrels = 108 gallons = 1 butt; 

6.1/4 gallons = 1 ton fresh water; 

224 gallons = 1 ton fresh water. 

 

- measures for dry goods (cereals, seeds) (sry measure): 

2 pints = 1 quart 

4 quarters = 1 gallon 

2 gallon = 1 peck 

4 pecks = 1 bushel 

8 bushel = 1 quarter 

5 quarters = 1 load. 

 

- - weight measures: 

1 ounce = 16 drams; 

16 ounces = 1 pound; 

14 pounds = 1 stone; 

28 pounds = 1 quarter; 

4 quarters = 1 hundredweight (1 cwt); 

64 pounds = 1 cubic foot sea water; 

20 hundredweights = 1 long ton; 

1 hundredweight = 112 pounds; 
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2240 pounds = 1 long ton 

2000 pounds = 1 short ton. 

 

- measures for precious metals and pharmaceuticals (troy weight): 

24 grains = 1 penny weight; 

20 pennyweight = 1 ounce (oz); 

12 ounce = 1 pound (only in this system for precious metals and pharmaceuticals). 

 

1.2.2. Measures for precious metals and stones in the system of European continental 

countries 

1 carat = 1/24 of the total mass of the alloy – for precious metals; 

1 carat = 2 decigrams – for gemstones. 

 

1.2.3. Equivalent of English measures in continental European measures (in the metric system 

of capacity and weight) 

- linear measures: 

1 inch = 0.0254 m; 

1 photo = 0.3084 m; 

1 yard = 0.9144 m. 

 

- surface measures: 

1 square inch = 6.4513 cm; 

1 square foot = 0.0929 m; 

1 square yard = 0.8361 m. 

 

- volume measures: 

1 cubic inch = 16.3872 cm; 

1 cubic foot = 0.0283 m; 

1 cubic yard = 0.7645 m. 

 

- capacity measures: 

1 English gallon (imperial gallon) = 4.5434 L; 

1 American gallon = 3.7854 L; 

1 gill = ¼ pint = 0.142 L; 

1 pint = 0.568 L; 

1 peck = 9.09 L; 

1 quarter = 1.136 L; 

1 barrel = 36 gallons = 163.6 L; 

1.5 barrels = 54 gallons = 1 hogshead = 245.34 L; 
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1 barrels = 72 gallons = 1 puncheon = 327.12 L; 

1 butt = 3 barrels = 490.96 L. 

 

- weight measures:  

1 ounce (oz) = 28.3495 grams; 

1 grain = 0.065 grams; 

1 pound = 0.4536 kg; 

1 hundredweight (cwt) = 50.8024 kg; 

1 long tone = 1016.05 kg; 

1 short ton = 907.18 kg. 

 

1.2.4. The equivalent of European measures in English measures 

- linear measures: 

1 cm = 0.3937 inch; 

1 m = 3.2808 feet; 

1 m = 1.0936 yard. 

 

- Surface measures: 

1 cm = 0.1550 square inches; 

1 m = 10.7641 square feet; 

1 m = 1.960 square yards. 

 

- volume measures: 

1 cm3 = 0.061 cubic inches; 

1 m3 = 35.314 cubic feet; 

1 m3 = 1.3080 cubic yard. 

  

- capacity measures: 

1 L = 0.2001 English gallon, 

1 L = 0.2642 American gallon. 

 

 

- weight measures: 

1 g = 0.03527 ounce. 

1 kg = 2.2046 pounds. 

1 metric ton (1000 kg) = 0.98421 long ton; 

1 metric ton (1000 kg) = 1.10231 short ton. 
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1.2.5. Units of measurement for time 

The time used in shipping relations is the local civilian time (by time zones) used in continental 

European countries. The smallest unit of time is the hour (the 24th part of the day) with a single 

submultiple, the minute (the 60th part of the hour). 

The day is the unit of time counted as the time elapsed between two successive passages of the 

sun to the lower culmination. It is divided into 24 hours numbered from zero to 24, the beginning of the 

day being at midnight (zero o'clock).  

In the English system, the day is divided into two halves: the first half starts at midnight and lasts 

until 12 o'clock of the day (the hours of this first half of the day are marked with the letters a.m. – ante 

meridian), and the second half of the day begins at midday and lasts until midnight (the hours of this part 

of the day are marked with the letters p.m. – post meridian). Thus, for example: at 10 o'clock in the 

evening, in the European continental scoring system it will be 10 p.m., in the European continental scoring 

system, it will be 10 p.m. 

 

Conversion of units of measurement from the English system into the metric system 

 

To turn:   into:     multiply by:   

Inches    millimeters    25.4   

Inches    centimeters    2.54    

Inches    meter     0.0254    

Feet    meter     0.3048    

Miles (nautical)  kilometer    1.8524    

Square inches   square centimeters   6.542    

Square feet   square meters    0.0929    

Cubic inches   cubic centimeters   16.2873   

Cubic feet   cubic meters    0.02832   

Pounds   kilograms    0.45359   

Ounces (avoirdupoids) grams     28.3495   

Pounds per square inc. kilograms per cm   0.0703    

Tons (long)   kilograms    1016.06   

 

Conversion of units of measurement from the English system into the metric system 

 

To turn:    into     multiply by:  

Millimeter    inch     0.03937  

Centimeter    inch     0.3937   

Meters     inch     39.37   

Meters     feet     3.281   
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Kilometer    miles (nautical)   0.5398   

Square centimeters   square inches     0.1550   

Square meters    square feet    10.7649  

Cubic centimeters   cubic inches    0.061   

Cubic meters    cubic feet    35.314   

Kilograms    pound     2.2046   

Gram     ounces (avoirdupois)    0.03527  

Kilograms per square cm pounds per square inch   14.223   

 

1.3. DECIMAL MULTIPLES AND SUBMULTIPLES OF THE UNITS OF MEASUREMENT 

IS prefixes 

 

Table 9 shows the PREFIXES AND SYMBOLS RELATED TO THE MULTIPLICATION 

FACTORS. 

 

Table 9. IS prefixes 

Multiplication 

factor 
Prefix Symbol 

Multiplication 

factor 
Prefix Symbol 

1024 yotta Y 10-1 deci d 

1021 zetta Z 10-2 cento c 

1018 exa E 10-3 milli m 

1015 map P 10-6 micro µ 

1012 tera T 10-9 nano n 

109 giga G 10-12 pico p 

106 mega M 10-15 femto f 

103 kilo k 10-18 atto a 

102 hecto h 10-21 zepto z 

101 deca da 10-24 yokto y 

 

The kilogram 

The mass unit is the only one of the IS fundamental units whose name contains a prefix. The 

names of the decimal multiples and submultiples of the unit of mass are formed by adding prefixes to the 

word "gram". 

For example: 10-6 kg = 1 milligram (1 mg) 

  and not 1 micro kilogram (1 kg) 

 

1.4. UNITS NOT PART OF THE INTERNATIONAL SYSTEM 

1.4.1. Units used in conjunction with IS 

The combination of the units in Table 10 with SI units for the formation of compound units should 

be used only in a limited number of cases in order not to lose the advantages of the coherence of SI units. 
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Table 10. Units used in conjunction with IS 

Denumire Simbol Value in IS unit 

minut min 1 min = 60 s 

oră  h 1 h = 60 min = 3 600 s 

zi d 1 d = 24 h = 86 400 s 

grad ° 1° = () rad 

minut ’ 1’ = (1/60)° = ( ) rad 

secundă  ” 1” = (1/60)’ = ( ) rad 

litru l, L 1 l = 1 dm3 = 10-3 m3 

tonă t 1 t = 103 kg 
 

It is also necessary to admit several other units which are not part of the IS and whose use is useful 

in certain areas of specialty, since their value, expressed in IS units, having to be obtained experimentally 

is not known exactly (Table 11). 

 
Table 11. Units used together with SI, whose value in SI units is obtained experimentally 

Name Symbol Numeric value IS unit 

electronvolt eV  1 eV = 1.602 177 33 (49) x 10-19  J 

unit of atomic mass (unified) u 1 u = 1.660 540 2 (10) x 10-27  kg 

 

1.4.2. Units temporarily maintained 

Due to the frequent use in certain countries and in certain areas, it has been accepted that a number 

of units (Table 12) will be used together with IS units until their use is deemed no longer necessary. 

 

Table 12.  Units temporarily maintained with the IS 

Denumire Simbol Value in IS unit 

nautical mile  1 nautical mile = 1 852 m 

node  1 nautical mile per hour = (1 852/3 600) m/s 

ångström Å 1 Å = 0.1 nm = 10-10 m 

ar a 1 a = 1 dam2 = 102 m2 

hectare ha 1 ha = 1 hm2 = 104 m2 

barn b 1 b = 100 fm2 = 10-28 m2 

bar bar 1 bar = 0.1 MPa = 100 kPa = 1 000 hPa = 105 Pa 

gal Gal 1 Gal = 1 cm/s2 = 10-2 m/s2 

curie Ci 1 Ci = 3.7 x 1010 Bq 

röntgen R 1 R = 2.58 x 10-4 C/kg 

rad rad 1 rad = 1 cGy = 10-2 Gy 

rem rem 1 rem = 1 cSy = 10-2 Sy 

 

 1.4.3. CGS units 

In mechanics, the centimetre-gram-seconds CGS unit system (Table 13) is based on three 

fundamental units: centimeter, gram and second. In the field of electricity and magnetism, units of 

measurement were expressed according to these three fundamental units. This led to the establishment of 
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several different unit systems of measurement, such as the Electrostatic CGS System, the CGS 

Electromagnetic System, and the CGS Gauss System. However, in these cases, the size system and the 

corresponding system of equations often differ from those used with SI units. 

 
Table 13. CGS units with special names 

Name Symbol Value in IS unit 

erg erg 1 erg = 10-7 J 

dynă dyn 1 dyn = 10-5 N 

poise P 1 P = 1 dyn•s/cm2 = 0,1 Pa•s 

stokes St 1 St = 1 cm2/s = 10-4 m2/s 

gauss Gs, G 1 Gs corresponds to 10-4 T 

oersted Oe 1 Oe corresponds to (1 000/4) A/m 

maxwell Mx 1 Mx corresponds to 10-8 Wb 

stilb sb 1 sb = 1 cd/cm2 = 104 cd/m2 

phot ph 1 ph = 104 lx 

 

1.4.4. Other units 

The units generally not recommended are shown in Table 14. 

Table 14. Other units generally not recommended 

Name  Value in IS unit 

fermi 1 fermi = 1 fm = 10-15 m 

metric carat 1 carat metric = 200 mg = 2 x 10-4 kg 

torr 1 torr = (101 325/760) Pa 

normal atmosphere (atm) 1 atm = 101 325 Pa 

kilogram force (kgf) 1 kgf = 9.806 65 N 

calorie (cal)  

micron () 1  =  m = 10-6 m 

unitate X  

ster (st) 1 st = 1 m3 

gamma (γ) 1 γ = 1 nT = 10-9 T 

γ 1 γ = 1 g = 10-9 kg 

λ 1 λ = 1 l = 10-6 l = 10-9 m3 
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2.1. pH EXPERIMENTAL DETERMINATION 

 

 

The notion of pH was introduced in 1909 by the Danish chemist S. Sörensen to measure the 

concentration of hydrogen ions in an aqueous solution.  

pH- was defined as the decimal logarithm with a changed sign of the concentration of hydrogen 

ions. 

The pH scale (fig. 1) is between 0 and 14, the latter being the value for the maximum basicity.  

 
Fig. 1. pH scale 

 

However, the pH does not measure the possible toxicity of the water. It differs depending on the 

geographical area: in granite and forest regions, water is usually more acidic, and in those with calcareous 

soil it is alkaline.  

Normally, the pH of the water should be between 6.5 and 9. The value 7 represents neutrality; 

below this value, water is acidic, and above this value it is basic.  

Objective:  

The aim of this work is to show the importance of pH testing in analyses of the various technical 

waters on board the ship (water from the boiler, supply water, cooling water, condensation), as a result of 

the chemical treatments that were used to reduce the corrosive action of the impurities in these waters. 

Also, the pH is an important physical indicator of pollution monitoring. According to 

RESOLUTION MEPC.159(55) Adopted on 13 October 2006 revised GUIDELINES ON 

IMPLEMENTATION OF EFFLUENT STANDARDS AND PERFORMANCE TESTS FOR SEWAGE 
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TREATMENT PLANTS regarding the pH of the samples of effluent taken during the test period, the 

value shall be between 6 and 8.5. 

Acidic water does not mean that it contains dangerous acids; in rivers and streams in forests, water 

is charged with acidic organic matter, with humic acids, coming from the decomposition of plants 

(humus); it is recognized by its light-yellow color. In general, aquatic life is possible only in waters with 

a pH between 5-9. These extreme values are rarely reached in the aquarium, where the pH varies between 

6-8 depending on the type of water, most often the pH values are between 6.5 and 7.5. In aquaristics we 

talk about an acidic water when the pH is between 6 and 6.8 and a basic water, for a pH that has values 

between 7.2 and 8.  

pH values between 6.8 and 7.2 are characteristic of neutral water.  

The pH variations are mainly due to biological variations: at night, the carbon dioxide produced 

by the living creatures acidifies the water, and the pH decreases slightly. With the use of carbon dioxide 

by plants in the process of photosynthesis, during the day, the pH increases.  

The pH value is generally used to indicate the acidic or basic properties of some liquid media. At 

high concentrations of hydrogen ions the solution has the properties of acid, and at low concentrations the 

solution has alkaline properties. At the variation of the concentration of hydrogen ions from minimal 

values to maximum values, the solution changes from a strong alkaline character to a strong acidic 

character.  

The closer the pH is to 0, the solution is more acidic, so that at the value of 0 we find, for example, 

strong acids, such as sulfuric acid. Vinegar has pH 3, orange juice pH = 3.5, and acid rain pH= 5 (fig. 2). 

 

 
Fig. 2. pH and environmental effects  
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The increase of the pH in a solution corresponds to the decrease of the concentration of hydrogen 

ions in it, since at the variation of the pH with one unit the number of hydrogen ions changes 10 times, 

with two units 100 times, etc. In the solutions that are found in practice, the pH does not fall below the 

value 1, nor does it exceed the value of 10. However, there are concentrated acids, where the pH can drop 

up to -2 and concentrated alkaline solutions with a pH higher than 15, but these are exceptional cases. 

In controlling the quality of water on board the ship, the determination of the pH of the water in 

the boilers on board the ship is intended to identify any non-compliance in order to maintain the pH values 

within the permissible limits, depending on the ship's boiler regime. This indicator is also used on board 

the ship in routine analyses of cooling water and condensate. 

Procedure and interpretation of experimental results: 

Determination of pH by colorimetric method: 

The acidic or basic character of a solution can be highlighted using acid-base indicators, also called 

pH indicators. 

A pH indicator is a substance that has a certain color when found in acid and another color when 

found in the conjugated base. Indicators are organic substances with weak or weakly basic character, 

which have the property of changing their color in a certain pH range. Changing the indicator color is 

called a turn. The turn is due to structural changes of indicator molecules, being determined by the 

presence of acids or bases, which is why they are called acid-base indicators. 

In aqueous solutions, the indicators behave analogously to a conjugated acid-base torque.  

Conditions to be met by a pH indicator: 

- the colour change is reversible, i.e. the indicator functions reversibly in the presence of an acid 

or base; 

- the change of colour to occur suddenly, in a pH range as small as possible (with the inclusion of 

the pH at the point of equivalence); 

- the indicator is soluble in water or alcohol, 

- the change of colour occurs when small quantities of acid or basics are added, 

- the indicators are analytical-grade, 

- in all working samples to take the same amount of indicator. 

To determine the acidic or basic character of a solution, in practice indicator papers are used, 

impregnated with a single-color indicator. 

Color indicators are organic substances of weak acidic or weakly basic character, whose 

undissociated molecules have a different color than that of the ions they produce at dissociation. Placed 

in a solution, it is colored differently depending on the acidity of the environment, so depending on the 

pH of the environment. The change in the color of the indicator or the turn of the indicator occurs in a 

certain pH range (table 15). 

The universal indicator paper is obtained by impregnating it with mixtures of indicators so chosen 

that it acquires certain colors for a given pH. The coloration acquired by this paper inserted in a solution 

is compared with a color scale, each shade indicating a pH value. 
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Table 15.  Color indicators 

No. 

crt 
Indicator 

Color Turning range 

(pH) acid neutral basic 

1 Methyl orange red orange yellow 3.1 – 4.4 

2 Phenolphthalein colourless colourless red - purple 8.2 – 10 

3 Black eriochrome T pink violet blue 6.5 – 10 

4 Red of Congo blue violet red 3.0 – 5.0 

5 Litmus red violet blue 4.5 – 8.3 

 

Apparatus and reagents: 

- test tubes with the solutions to be analyzed, 

- watch glass, 

- glass rod, 

- pH indicator strips, 

- Berzelius glasses, of 50 mL capacity, 

- pH-meter HI 98129 Combo; 

- Acid-basic indicators. 

- filter paper cut in the form of sheets. 

- Solutions to be analyzed: HCl of 0.1 N solution, KOH of 1 N solution, drinking water, sea water 

(filtered beforehand), distilled water, various aqueous solutions. 

 

 

 

 

Determination of pH using pH-indicator paper  

- pH indicator strips cut into small pieces are placed on the top edge of a perfectly clean and dry 

watch glass.  

- With the help of a glass rod, take a drop of solution from each test tube prepared for analysis, 

which is dripped onto one of the indicator pieces of paper on the clock glass; 

- Wait 20-30 seconds and then compare the color obtained on the indicator paper with the standard 

color palette on the pH box containing the indicator papers. 

- The pH values are noted in the table of results (table 16). 

 

Table 16. Experimental results 

The solution to be analyzed Interval pH 
Character of the 

solution 

Solution #1:   

Solution # 2:   

Solution # 3:   

Solution # 4: distilled water   

Solution #5: Drinking water   

http://www.hannainst.ro/Testere/Tester-pHECTDS-%C5%9Fi-temperatur%C4%83-cu-domeniu-inferior-de-EC--cID1331--pID2158.html
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Solution #6: Seawater   

 

Determination of pH by means of electronic pH meter 

 

 
 

Fig. 3a pH indicator paper Fig. 3b pH meter 

 

 

 

The exact determination of pH can be carried out by the electrochemical method with glass 

electrode (fig. 3b). The exact measurement of the pH is done with the device called pH-meter which in 

essence is a primary battery whose electromotive force depends on the activity protons in solution. By 

determining this electromotive force, it can be calculated the activity of hydrogen ions, respectively the 

pH: 

 
The galvanic cell without liquid junction consists of a reference electrode (silver or calomel) and 

a pH sensor electrode (glass electrode). 



 

21 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views only of the 

authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information contained therein” 

 

The electrodes must be activated 24 hours before first use by immersion in distilled water to form 

the active gel layer on the membrane glass. Then, after each use, the pH electrode/probe should be stored 

in a 3% KCl solution. This solution is usually supplied with a rubber sleeve which has both a protective 

role and a role in maintaining a minimum amount of liquid in contact with the glass bulb. To avoid 

contamination, the electrode is rinsed with distilled water before and after each use and calibration. 

In this case, the difference in potential existing between a glass electrode and a reference electrode 

(calomel – saturated KCl solution) introduced in the sample to be analyzed, varies linearly with the pH of 

the sample. 

- Place 10 mL of the solutions to be analyzed in 6 Berzelius glasses (50 mL),  

- Insert the HI 98129 Combo pH meter electrode into each glass; 

- Press the ON key and wait until the final pH value appears on the display of the device (30-40 seconds); 

- After each determination, wash the electrode with distilled water and dry with the help of filter paper;  

- Make 3 determinations and the arithmetic average of the pH obtained for each solution is entered in the 

table of results (Table 17). 

 
Table 17. Experimental results 

The solution to be analyzed 
Electrochemical method Character of the 

solution pH value 

Solution # 1:   

Solution # 2:   

Solution #3:   

Solution # 4: distilled water   

Solution # 5: Drinking water   

Solution #6: Seawater   

 

 

 

 

 

 

 

 

http://www.hannainst.ro/Testere/Tester-pHECTDS-%C5%9Fi-temperatur%C4%83-cu-domeniu-inferior-de-EC--cID1331--pID2158.html
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2.2. EXPERIMENTAL DETERMINATION OF CHLORIDE CONTENT AND SALINITY 

 

 

Salinity is an indicator of the total content of chlorides in seawater. 

Duxbury (1971) defined salinity as: "the total amount of solids, expressed in grams (g) dissolved 

in one kg of seawater, when all carbonates were converted into oxides, all iodides and bromides were 

replaced by chlorides, and all substances of organic nature were completely oxidized". More simply, 

salinity can be defined as the total content of dissolved chlorides (g) in a one kg of seawater. 

The salinity of the water is directly proportional to the content of chlorine ions, .𝐂𝐂𝐥− 

 

S‰ = 1,80655  ∙  [  𝐂𝐂𝐥−‰]    (2.2.1) 

 

Salinity is expressed in ppt (parts per thousand), g/kg, ‰ or PSU (practical salinity unit). 

 

 

The determination of salinity can be achieved by: 

a) Measurement of the electrical conductivity of water. 

b) Measurement of the density of seawater with the hydrometer. 

c) Measurement of salinity by refractometer. 

d) Salinity measurement by titration of Cl- ions. 

Objective 

• Chlorinity is an important chemical parameter for monitoring the quality of freshwater obtained 

on the board ship. 

• Salinity testing is important in determining the extent that runoff and effluent discharges from 

ships could influence the aquatic system, because different aquatic organisms require various 

salinity levels in order to survive. 

 

a) Experimental determination of chlorine content and salinity by measuring the electrical conductivity 

of water 

Ionic electrical conductivity - is one of the most used indicators in assessing the degree of 

mineralization of waters or of the content of dissolved mineral substances, of electrolytes that dissociate 

when passing the electric current. 

The specific electrical conductivity or conductibility depends on the nature and amount of 

dissolved salts and temperature. The determination of conductivity is carried out using the electronic 

conductometer provided with a glass electrode. Expressed in Siemens per meter (S · m-1). 

(S · m-1) = Ω-1· m-1     (2.2.2) 

 

The conductivity is even greater as the number of salts, acids or alkalis is higher. 
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The conductivity values for aqueous solutions start from 0.05 μS/cm for pure water, and for 

drinking and natural surface waters are between 100 and 1000 μS/cm (fig. 4). 

 The aim of the work: to determine the content of chlorides from different samples of salt 

waters. 

 
Fig. 4. Variation of conductivity in aqueous solutions  

 

Determination of salinity in the laboratory: 

2. Apparatus and reagents: 

- Conductometer - inoLab® pH/Cond 720 (fig. 5),  

- Berzelius glasses, of 50 mL capacity, 

- distilled water. 

 
Fig. 5. Conductivity instrument - inoLab® pH/Cond 720 

 

3. Method of work: 

▪ The conductivity electrode in the Berzelius glass containing distilled water is 

removed and wiped with filter paper, 
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▪ Connect the conductometer to the power supply network, 

▪ The conductivity electrode is coupled to the conductivity meter, 

▪ Turn on the device by pressing the "ON/OFF" button and then the "▲▼" button, 

until the conductivity reading scale λ expressed in [mS/cm]; 

▪ The conductivity electrode is placed in turn in 3 Berzelius glasses containing 

seawater solutions of different concentrations, in order of increasing the concentration of salts. 

To make the first reading of conductivity, press the "AR" button until it appears on the screen 

of the device in the lower right written "AR". Then press "Enter" and start flashing on the 

screen "AR". It is expected to remain fixed on the screen and then the conductivity value λ is 

noted in Table 29 below. Proceed in the same way for all conductivity readings by washing 

and wiping the electrode between measurements. 

▪ Read the temperature recorded by the conductor at each record and note it in Table 

18; 

▪ From the nomogram shown in Fig. 6, at the intersection of the points afferent to 

the conductivity (read by the apparatus) and the recorded temperature, the salinity of the 

sample is determined. 

 

Table 18. Experimental results 

Item 

No. 
Sample to be analyzed T(ºC) Conductivity λ (mS/cm) Salinity (ppt) 

     

     

 

 
Fig. 6. Conductivity nomogram – salinity – temperature 

 



 

25 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views only of the 

authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information contained therein” 

 

 

b) Experimental determination of salinity with the hydrometer 

The hydrometer, shown in Fig. 7, is a specially constructed glass vessel, suitably calibrated (1.000-

1.070 g/cm3). The liquid sample, the density of which we want to determine, is poured into a 1-liter 

graduated cylinder, to ensure that the densimeter floats once immersed in it. The higher the 

density/salinity of seawater, the lower the volume of seawater replaced by the hydrometer by immersion 

(fig. 8). 

 

 
Fig. 7. Hydrometers 

 
Fig. 8. Variation of density with salinity for various types of water 

 

2. Apparatus and reagents: 

- hydrometer with density range: 1.000-1.070 g/cm3; 

- glass cylinder of 1000 cm3. 

- Saltwater samples: sea water (d15=1.015 g/cm3), Techirghiol lake water (d15 = 1.060 g/cm3). 

 

3. Method of work: 

- the cylinder with the water to be analyzed is placed on a perfectly horizontal plate, 

- the clean and dry hydrometer, held by the upper end, is carefully inserted into the 

water, without touching the cylinder walls,  
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- after the oscillations have ceased, read at the lower level of the meniscus, the 

density of the water sample at the temperature at which the determination is made;  

- read the temperature directly on the hydrometer, 

- the relative density is corrected at temperature T = 15 ºC. 

 

4. Principle of calculation and expression of results: 

The relative density at 15 ºC is calculated as follows: 

 

d15 = dt +0.000630(t-15)     (2.2.3) 

where: 

dt - the relative density read on the hydrometer at the temperature of the determination, 

0.00063 - correction coefficient for liquid expansion at a temperature difference of 1 ºC. 

 

From the nomogram 9, the salinity of the analyzed water samples is established, the salinity value 

is given by the intersection of the lines afferent to the values of the density read with the hydrometer and, 

respectively, of the temperature at 15 ºC. 

 
Fig. 9. Nomogram of density - salinity - temperature 

 

c) Experimental determination of salinity using the refractometer 

It is determined by means of a portable refractometer with automatic temperature compensation.  

Principle of operation:  
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On the refractive aspect of the perfectly clean and dry refractometer, place 1 to 2 drops of the 

water to be analyzed using a Pasteur pipette. Cover the prism with the press plate or the transparent 

protective blade and look through the eyepiece in the light. The visible area is divided into two surfaces, 

one white and the other blue in color, and in the central part it is observed graduated scale. At the limit 

between the two zones, the value of the density d20 (g/cm3) (on the left) and the value of the salinity S 

(‰)(on the right side) (fig. 10) are read on a directly graduated scale. 

 

2. Apparatus and reagents: 

- portable refractometer with automatic compensation of the VEE GEE STX-3 temperature, with 

the density range: (1.000-1.070) g/cm3; S=0 – 100 ‰. 

- Pasteur pipette, 

- distilled water, 

- salt water. 

 

 

 
 

Fig. 10. Measurement of salinity with refractometer 

 

3. Procedure: 

➢ Verification of the accuracy of the refractometer: 

• the refractometer is directed with the prism towards a light source, 

so that, turning the eyepiece screw, we get a clear image of the refractometer scale; 
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• the transparent protective blade is lifted, and 1-2 drops of distilled 

water are deposited with a plastic pipette on the surface of the prism. 

• Using the scale adjustment screw (which connects the optical tube 

to the prism of the refractometer) the scale is adjusted so that the separation line 

between the light and dark (blue) area coincides with the zero marker of the salinity 

scale. 

➢ The transparent protective blade is lifted, the surface of the prism is gently wiped 

off with filter paper and the salinity of the water samples is to be determined, and the same steps 

are taken as in the case of distilled water. The limit of separation between the light and dark area 

will indicate salinity (on the right side). In the same way proceed to measure the density of the 

sample (on the left side). 

 

The scale for measuring salinity is graduated, in divisions with the value of 0.1 ‰, and for density, 

the division has the value of 0.001 g/cm3, at temperature T = 20 ºC. 

 

 

2.3. ABSOLUTE DENSITY AND RELATIVE DENSITY 

 

Absolute density or specific mass is a general physical property of the goods and represents the 

mass relative to its volume at a well-specified temperature. 

 

It is expressed with the help of the relationship:  

                                      (2.3.1.)  

where: 

ρ – absolute density 

m - the mass of the product 

V - product volume 

 

The unit of measurement in SI is kg/m3,but they are accepted and worked with g/cm3  and t/m3. 

 

 

There are known 2 types of densities:  

- absolute- the mass of the volume unit at a certain temperature;  

V

m
=
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m
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- relative – the ratio of the absolute density of a product at a given temperature to the density of 

water at the same temperature,  and this ratio is dimensionless: 

                                   (2.3.2.) 

 

The index means the defining temperature. 

As a rule, the density of distilled water at 4 °C, which is equal to 1 g/cm3, is taken as standard. 

Density is a size that depends on temperature and that is why it is important to know the working 

temperature in order to make any corrections. In general, laboratory apparatus and graduated glassware 

are calibrated to 20 °C. If the liquid under analysis does not have this temperature, the relative density 

shall be corrected according to the relationship: 

                                 (2.3.3) 

 

The density of the products can be determined by three experimental methods: 

➢ Pycnometer method – used for liquid and solid products 

➢ hydrometer method – used for liquid products 

➢ Mohr – Westphal – balance method – used for liquid products 

➢ Refractometer method – used for liquid products. 

 

 

Density is one of the fundamental dimensions of Archimedes' law, a law that explains the floating 

of a ship or the sinking and floating of submarines: "a body immersed in a fluid at rest is pushed from the 

bottom up with a force equal to the weight of the volume of fluid displaced by that body". 

Objectives of this paper are to identify the applications that use the measurement of density on the board 

ship: 

✓ calculation of the quantity of cargo by the draft method, for deck officers; 

✓ anticipated calculation of the draft when passing through waters of different densities,  

✓ calculation of the quantity of liquid cargo, fuel, and lubricants. 

 

a) Determination of density with the hydrometer (thermo densimeter) 

By this method we can determine the standard density of a liquid, directly reading the indication 

of a specialized instrument called hydrometer (or thermo densimeter)–fig. 13. 

The principle of operation consists in establishing the equilibrium (floating) conditions, when the 

thermo densimeter is immersed in the sample liquid, based on the law of Archimedes. 

The thermo densimeter is calibrated to a specified temperature (generally 20 ºC; in other cases, 

the calibration temperature is passed on the label in the glass rod of the densimeter). Thus, the value of 

the density determined with the hydrometer is precise if the measurements are made at the calibration 

temperature. Determinations can be made in a much wider range (-18... + 90 °C), depending on the type 
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of sample, within accepted accuracy limits. For this, corrections must be introduced, due to the dilation 

phenomenon of the glass body of the densimeter, not to be neglected in some cases. 

The applications using the method of determining the density with the hydrometer on board the 

ship are the followings: 

- calculation of the quantity of cargo by the draught method for deck officers, 

- the anticipated calculation of the draught when passing through waters of different densities, for 

deck officers, 

- calculation of the quantity of liquid cargo, fuel and lubricants for both deck officers and engineer 

officers, 

- calculation of the concentration of electrolyte in battery-type batteries, for electric officers. 

 

 1. The purpose of the work: to determine the density of a liquid (oil or fuel), using an appropriate 

hydrometer 

Then, the dependence - strictly qualitative - of the variation of density with temperature will be 

monitored. 

 

2. Apparatus and reagents: 

The hydrometer (shown in Fig. 11) is a floating glass body, closed at both ends, of variable 

diameter, thinner at the top and thicker at the bottom. At the base it has a lead gun tank that ensures its 

vertical position when inserted into the liquid. The upper part of the hydrometer is provided with a 

graduated scale. The most common hydrometer have a scale graded directly in density units (g/cm3)and 

are commonly known as thermo densimeters.  

The liquid sample, the density of which we want to determine, is poured into a 1-liter graduated 

cylinder, to ensure that the densimeter floats once immersed in it. 

A thermometer (mercury or electric) must be added to this assembly, indicating the temperature 

at which the measurement is carried out. 

 
Fig 11. Hydrometers 
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Apparatus used: 

- hydrometers or thermometers with density range: 0.610 – 0.700 g/cm3;0.680 – 0.770 g/cm3;0.750 

– 0.840 g/cm3;0.820 – 0.910 g/cm3;0.890 – 1.000 g/cm3, 

- thermometers (0 to 50 ºC), 

- glass cylinder of 1000 cm3. 

 

3. Procedure: 

The test oil is maintained at room temperature until it reaches a temperature that does not differ 

by more than ± 0,5 ºC from the ambient, then placed in the cylinder clean and dry. 

The cylinder with the oil to be analyzed is placed on a perfectly horizontal plate. The foam 

eventually formed on the surface is broken with a heated wand, without touching the surface of the 

product. 

The appropriate clean and dry hydrometer or thermo densimeter, held by the upper end, is carefully 

inserted into the oil, without touching the cylinder walls. After the oscillations have ceased, it is read at 

the lower level of the meniscus, the density of the oil at the temperature at which the determination is 

made. The thermometer for the oil temperature reading (or directly on the hydrometer) is then inserted. 

 

4. Principle of calculation and expression of results: 

The density of fuels and oils is usually expressed at a standard temperature of 15 °C. 

 

The relative density at 15 ºC is calculated as follows: 

  

d15 = dt +c(t-15)       (2.3.5) 

where: 

dt – the relative density read on the hydrometer at the temperature of the determination 

t - the temperature of determination, in ºC. 

c - correction coefficient for dilating the liquid at a temperature difference of 1 °C, according to 

Table 19. 

 

 

 

Table 19. Density correlated with the correction coefficient 

Density (g/cm
3
) 

Correction coefficient c 

(g/cm
3
ºC) 

Density (g/cm
3
) 

Correction coefficient c 

(g/cm
3
  ºC) 

0.810-0.827 0.000705 0.872 – 0.911 0.000675 

0.828-0.838 0.000693 0.912 – 0.978 0.000660 

0.839-0.853 0.000690 0.979 – 1.030 0.000645 

0.854-0.871 0.000680 d>1.030 0.000630 
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If the temperature at which the determination is made is more than 10 °C different from the 

temperature at which the hydrometer has been calibrated, a correction shall be applied to the cubic 

expansion of the glass according to the formula: 

 

correct density  =  
𝑟𝑒𝑎𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

1+0,000024∙(𝑡−𝑡1)
    (2.3.5) 

where: 

0,000024 = coefficient of cubic expansion of the bottle, 

t = the temperature at which the determination was carried out, in ºC, 

t1 = the temperature at which the apparatus has been calibrated, in ºC, 

If the temperature of the determination is higher than 15 ºC, the value c (t-15) is added and if the 

temperature is less than 15 °C, the value c (t-15) is subtracted. 

 

The results obtained are presented by completing Table 20:  

 
Table 20. Experimental results 

Item 

No. 
Sample to be analyzed T (ºC) d

t
 (g/cm

3
) d

15
 (g/cm

3
) c 
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2.4 DETERMINATION OF TOTAL SUSPENDED SOLIDS (TSS) 

 

Objective: 

Total Suspended Solids (TSS) Standard is an important parameter of the requirements of Annex 

IV_MARPOL, regarding the conformation of the effluent standards, for a wastewater treatment plant 

when it has been tested for its type-approval certificate by the Administration: 

• The geometric mean of the total suspended solids content of the samples of effluent taken 

during the test period shall not exceed 35 mg/L. 

• Where the sewage treatment plant is tested onboard ship, the maximum total suspended 

solids content of the samples of effluent taken during the test period may be adjusted to 

take account of the total suspended solid content of the flushing water. In allowing this 

adjustment in maximum TSS, Administrations shall ensure sufficient tests of TSS are 

taken of the flushing water throughout the testing period to establish an accurate geometric 

mean to be used as the adjustment figure (defined as x). In no cases shall the maximum 

allowed TSS be greater than 35 plus x mg/l. 

Parameter TSS is a monitoring parameter, included as a conventional pollutant. The wastewater 

has a variable content of suspended solids, depending on the provenance. In the treatment plant, most of 

the suspended solids are eliminated at the mechanical stage (by passing on grates, sieches and filters), but 

the colloidal substances cannot be eliminated by conventional filtration processes. 

The total suspended solids (TSS) content is the amount of suspended matter present in a measured 

volume of water, filtered and dried at 103 to 105 °C. Suspended solids (TSS) present in wastewater can 

be solid organic or inorganic compounds, or liquids that are not immiscible with water such as oils and 

fats. The effectiveness of the sedimentation process is monitored by means of total suspended solids 

(TSS). Suspended solids in the treatment plant are mostly organic in nature and can serve as a refuge for 

harmful microorganisms and bacteria. 

Total suspended solids (TSS) are defined as solids in water that can be trapped by a filter. To 

measure TSS, the water sample is filtered through a pre-weighed filter. The residue retained on the filter 

is dried in an oven at 103–105°C until the weight of the filter no longer changes. The increase in weight 

of the filter represents the TSS (Fig. 12). 

Total suspended solids (TSS) are the main cause of turbidity. The most common, and accurate, 

method of measuring suspended solids is by weight. To measure TSS, a water sample is filtered, dried, 

and weighed. This method is the most accurate technique for measuring total suspended solids, however 

it is also more difficult and time-consuming. 

Due to the correlations between turbidity and total suspended solids (TSS), turbidity 

measurements are often substituted for suspended sediment concentrations and TSS measurements. 
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However, when possible, it is more accurate to measure total suspended solids by weight. Turbidity 

readings can be affected by coloured dissolved organic matter (CDOM), while sediment and TSS 

measurements are not. While the most accurate and accepted method for measuring suspended sediment 

and TSS is by weighing a sample, the U. S. Geological Survey (USGS) has begun using acoustic Dopplers 

for in-situ sediment monitoring. 

Measured in milligrams per litre of water (mg/L), suspended sediment concentration and total suspended 

solids readings are based on filtered and dried water samples. TSS encompasses any particles larger than 

2 microns in diameter. Any particle smaller than this is considered a dissolved solid. 

 

The main difference between total suspended solids (TSS) and suspended sediment concentration 

(SSC) is in the amount of water analysed. After filtering a water sample with a 2-micron filter, the particles 

are dried and weighed to determine suspended solids. When an entire sample is filtered, dried and 

weighed, the American Society for Testing of Materials (ASTM) considers the measurement to be the 

suspended sediment concentration. If a water sample is further subsampled, the subsequent mass 

measurement will be the TSS measurement. This can be done by shaking/stirring and pouring from the 

sample bottle (Environmental Protection Agency-EPA method) or by stirring and collecting a sample 

with a pipette (American Public Health Association-APHA method). The EPA method is considered more 

consistent than the pipette method. 

 

 

Fig. 12. TSS determination 

 

For samples with fine suspended particles (less than 53 microns), the total suspended solids 

measurement and the suspended sediment concentration will be both precise and accurate relative to the 

true concentration and each other. However, if larger (medium-coarse) particles are included in the 



 

35 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views only of the 

authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information contained therein” 

 

sample, sub-sampling can often introduce error into the TSS measurement. The larger the particle, the 

more likely that it will not be included in the sub-sample. Coarse sediment, such as sand, is often not 

included in the TSS measurement. This is due to the rapid settling of larger particles. On the other hand, 

regardless of particle size, the SSC is usually within 5% of the true particle concentration. 

Principle of the method: 

Suspended solids present in wastewater can be determined by filtering a volume of water 

determinant by a glass fibre filter, followed by dissolving the salts present by washing the filter with 

distilled water. The solids in the filter are dried at a standard temperature of 100-105 °C. The result 

obtained is the amount of dry matter relative to the volume of water initially used. 

Apparatus:  

- Filters: filter membrane funnel, Buchner filter, Gooch crucible with a capacity of 25-40 mL, 

fiberglass filters (any of these filters can be used). 

- Suction vessel of 500 mL.  

- Vacuum pump.  

- Oven with a temperature of 103 – 105°C. 

- Desiccator. 

- Analytical balance.  

Procedure:  

The installation for vacuum filtration is being prepared. 

Shake the sample vigorously and measure 100 mL in a measuring cylinder, pour this portion of 

the sample into the filter funnel. Rinse the cylinder with a small portion of distilled water, then pour the 

contents into the filter funnel. If the content in suspensions is small, a larger volume of the sample may 

be used. 

When the filtration is complete, remove the filter carefully with tweezers and place it in the oven. 

Dry for at least 1 hour at 103 to 105 °C.   

Cool in a desiccator and weigh. 

Repeat the drying, desiccating and weighing cycle until the loss of mass is less than 0.5 mg. 

Note the final weighed mass (g).  

Principle of calculation:  

Total Suspended solids (TSS) (expressed as mg/L) present in the test water should be determined 

with the following relationship: 
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     (2.4.1) 

Where:  

m= mass of the filter, (g),  

m1= mass of the filter and the mass of the solids in the water sample remaining on the filter after 

filtration (g), 

V=volume of the filtered sample, (mL). 

 

2.5 BIOCHEMICAL OXYGEN DEMAND (BOD) 

 

Objective 

According to RESOLUTION MEPC.159(55) Adopted on 13 October 2006 revised Guidelines on 

implementation of effluent standards and performance tests for sewage treatment plants, regarding 

Biochemical Oxygen Demand (BOD), Administrations should satisfy themselves that the sewage 

treatment plant is designed to reduce both soluble and insoluble organic substances to meet the 

requirement that, the geometric mean of 5-day Biochemical Oxygen Demand (BOD5) of the samples of 

effluent taken during the test period does not exceed 25 mg/L. The test method standard should be ISO 

5815-1:2003 for BOD5, or other internationally accepted equivalent test standards.  

The BOD test measures the strength of the wastewater by measuring the amount of oxygen used 

by the bacteria as they stabilize the organic matter under controlled conditions of time and temperature. 

The BOD test is used to measure waste loads to treatment plants, determine plant efficiency (in 

terms of BOD removal), and control plant processes.  It is also used to determine the effects of 

discharges on receiving waters.  A major disadvantage of the BOD test is the amount of time (5 days) 

required to obtain the results. 

When a measurement is made of all oxygen consuming materials in a sample, the result is 

termed “Total Biochemical Oxygen Demand” (TBOD), or often just simply “Biochemical Oxygen 

Demand” (BOD). Because the test is carried-out over a five-day period, it is often referred to as a “Five 

Day BOD”, or a BOD5. 

BOD - DESCRIPTION OF METHOD 
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A sample is pipetted into a BOD bottle containing aerated dilution water. The OD (oxygen 

demand) content is determined and recorded, and the bottle is incubated in the dark for five days at 

20°C.  At the end of five days, the final OD content is determined and the difference between the final 

OD reading, and the initial OD reading is calculated. The decrease in OD is corrected for sample 

dilution and represents the biochemical oxygen demand of the sample. 

Apparatus and reagents 

Test reagents are as follows: 

▪ Phosphate buffer solution 

▪ Magnesium sulfate solution (MgSO4 7H2O)  

▪ Calcium chloride solution (CaCl2)  

▪ Ferric chloride solution (FeCl3)  

▪ Sodium hydroxide (NaOH), 1N solution 

▪ Sulfuric acid (H2SO4), 1N solution 

▪ Sodium sulfite (Na2SO3), 0.025 N solution 

▪ Potassium iodide solution (KI), 10% solution 

▪ Acetic acid solution (CH3CO2H), (1+1)  

▪ Sulfuric acid solution (H2SO4), (1+50) 

▪ Starch indicator solution 

▪ Glucose-glutamic acid solution 

▪ Nitrification inhibitor (2-chloro-6-(trichloromethyl) pyridine) 

▪ Distilled water. 

Apparatus: 

▪ BOD meter with probe for measurement of dissolved oxygen in 300 mL BOD bottles 

▪ 300 mL BOD bottles 

▪ Incubator, capable of maintaining 20 +/- 1°C 

▪ 250 mL graduated cylinders 

▪ 100 mL graduated cylinders 

▪ 25 mL measuring pipettes (wide-mouth) 

▪ 10 mL measuring pipettes (wide-mouth) 

▪ 100 mL beaker 

▪ 1000 mL beaker 

▪ 250 mL Erlenmeyer flask 

▪ Burette graduated to 0.1 mL 

▪ Dilution water bottle of suitable volume for the number of tests to be performed 

▪ Pipette bulb 

▪ Equipment for pH measurements (optional equipment) 

▪ Magnetic stirrer and stirring bars (optional equipment) 
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Preparation of dilution water 

It is very important that the distilled water used for dilution water be of high grade and free from 

contaminants (such as copper and chlorine) which could inhibit the growth of bacteria. For this reason, it 

is recommended that ordinary commercial distilled water (i.e. for use in car batteries) not be used. 

Prepare dilution water as follows: 

1. If necessary, aerate a bottle of distilled water long enough to allow the water to become saturated 

with dissolved oxygen (approximately 8 mg/L at room temperature). This can be accomplished by 

aerating with clean compressed air 

2. If less than the entire bottle will be used in a single day, siphon into a separate container an amount 

slightly greater than will be needed for the sample dilutions. 

3. Add 1 mg/L each of phosphate buffer, magnesium sulfate solution, calcium chloride solution and 

ferric chloride solution. 

Procedure 

1. Completely fill two BOD bottles with dilution water. 

2. Into additional BOD bottles, partially filled with dilution water, carefully measure out the proper 

volume of sample. Add dilution water until the bottles are filled. 

NOTE: If the modified Winkler procedure is to be used for OD measurements, two BOD bottles should 

be prepared for each dilution; one for determination of the initial DO and one for incubation and final DO 

measurement. If the meter method is used for OD measurements the initial and final OD determinations 

can be performed on the same bottle. 

 

3. Stopper each bottle taking care to avoid trapping air bubbles inside the bottles as the bottle stoppers 

are inserted. 

4. Fill the top of each bottle neck around the stopper with dilution water. 

5. Determine the initial OD content on one of each set of duplicate bottles, including the dilution 

water blank by one of the approved methods and record data on the lab sheet. 

6. Place the remaining bottles in the incubator at 20°C and incubate for five days. 

7. At the end of exactly five days (+/-3 hours), test the OD content of the incubated bottles. 

8. Calculate the BOD for each dilution. The most accurate BOD will be obtained from those dilutions 

that have a depletion of at least 2 mg/L DO and at least 1.0 mg/L OD residual.  If there is more than one 

dilution that meets these criteria, the BOD results should be averaged to obtain a final BOD value. 

9. The dilution water blanks are used only to check the quality of the dilution water.  If the quality 

of the water is good and free from impurities, the depletion of DO should be less than 0.2 mg/L.  In any 

event, do not use the depletion obtained as a blank correction. 

10. If nitrification inhibition is used, the BOD test must also be performed on a series of sample 

dilutions which have not been inhibited. 
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11. Report the results of the nitrification uninhibited samples as BOD5. 

Principle of calculation  

To determine the value of the BOD in mg/L, use the following formula: 

BOD, mg/L = [(Initial OD - Final OD) x 300]/mL sample 

The BOD test is a biological test, dependent on the actions of the microorganisms found in the 

wastewater and, as such, is subject to several variations.  These variations can be caused by several factors, 

including changes in temperature, weather, composition of incoming sewage, in-plant operations, and 

sampling points. Results can vary widely from day to day, or even hour to hour. One of the major 

disadvantages of the BOD test is the time lag between the collection of samples and the final calculation 

of results. 

This makes the BOD test a poor test for determining whether operational changes are needed. 

 

2.6 TURBIDITY MEASURE 

 

 

The turbidity of water is caused by insoluble and colloidal compounds of mineral origin (clay 

minerals, silicon oxides, hydrated oxides and iron and magnesium hydroxides, etc.), or of organic origin 

(organic colloids, bacteria, plankton, etc.). 

Turbidity is an important physical parameter of monitoring the quality of waters to measure the 

degree to which the water loses its transparency due to the presence of suspended particles.  

Turbidity estimates the impact of light scattering due to particles on the level of light attenuation 

in the water column. It is affected by total suspended solids (i.e., organic and inorganic particles) in the 

water, and thus differs from water transparency, which is also dependent on the amount of chromophoric 

dissolved organic matter (CDOM). 

Objective: 

The aim of this paper is to understand the influence of turbidity in ballast water treatment.  

Also, this parameter is important in monitoring wastewater from ships in order to prevent pollution 

of the marine environment 

The principle of the method: 
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The rapid determination of turbidity can be carried out using a platinum wire suspended on a 1220 

mm wooden rod. At one end of the rod is fixed the glossy platinum wire, of 1 mm thick and 30 mm long, 

and at the other end is fixed an observation ring, placed at a distance of 1200 mm from the wire. 

Procedure: 

The standard suspension is prepared in such a way that, for the concentration of 100 mg/SiO2/liter, 

the stem wire is visible, at the limit, at 100 mm – this representing 100 degrees of turbidity. 

Principle of calculation:  

The values of the degree of turbidity measured by this method are given in Table 21. 

 

 

 

 

 

 

Table 21 Determination of degrees of turbidity 
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2.7 DETERMINATION OF THE DRY RESIDUE  

 

Organic and inorganic substances dissolved in water are separated by evaporation and calcination at 

different temperatures and then weighed. Thus, the residue obtained is defined as follows: 

➢ Total dry residue at 105 °C - the mass of material that remains after the water evaporation from 

an unfiltered sample and the residue dried at 105 °C to constant mass, 

➢ Dry filter residue at 105 °C - the mass of material that remains of the filtered water sample, after 

evaporation and drying at 105 °C to constant mass,  

➢ Dry filter residue at 180 °C - the mass of material that remains from the filtered water sample 

after evaporation and drying at 180 °C to constant mass; - 

➢ Fixed total residue at 550 °C - the mass of material that remains after calcination at 550 °C of the 

total dry residue, 

➢ Fixed filterable residue at 550°C - the mass of material that remains after calcination at 550°C of 

the dry filterable residue at 105°C or at 180°C;  

➢  Total volatile residue (loss of calcination) - the difference between the total dry residue and the 

fixed total residue, after calcination at 550 °C; 

➢  Volatile filterable residue (loss of calcination) - the difference between the dry filterable residue 

at 105 °C or 180 °C and the fixed filterable residue, after calcination at 550 °C. 

The volume of the sample to be taken into work is determined according to the quantity of dry residue 

(Table 22 and the choice of drying temperature is made according to Table 23: 

Table 22 Volume of sample taken into consideration for the determination of the residue 

 

 

Table 23 Choice of drying temperature depending on the type of substance in the wastewater sample 
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Apparatus and materials: 

- Water bath or sand bath, 

- Electric oven adjustable to 550 °C, 

- Crucibles or capsules made of porcelain of 50-100 cm3 capacity, 

- Desiccator, 

- Thermo-adjustable oven (105 °C and 180 °C), 

- graduated pipettes of 10-100 cm3, 

- Filter paper with low porosity 

 

Determination of the total dry residue at 105 °C  

 

Principle of the method:  

A known volume of unfiltered water evaporates on the water bath and the residue obtained is dried 

at 105 °C and weighed.  

Procedure:  

From the sample of unfiltered water, a volume is measured according to Table 1 with the pipette 

and passed into a capsule previously brought to a constant mass. 

The sample evaporates on the water bath until dry. 

The capsule containing the residue is dried in the oven at 105 °C for 1h and then passed into the 

desiccator and weighed after 30 minutes.  

Drying, weighing, and cooling operations shall be repeated to constant mass (the difference 

between two successive weighings shall not exceed 0.0005 g). 

Principle of calculation: 

The total dry residue at 105 °C (TRD) is expressed in mg/dm3 and calculated by the formula: 

TRD = 
𝑚1−𝑚

𝑉
∙ 1000     (2.7.1) 

Where:  

m1= mass of the capsule with the total dry residue at 105 °C of the unfiltered sample (mg), 

m=mass of the empty capsule (mg), 

V= volume of the analyzed sample (cm3). 
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2.8 STOWAGE FACTOR 

 

In shipping, the stowage factor indicates how many cubic metres of space one metric tonne (or 

cubic feet of space one long ton) of a particular type of cargo occupies in a hold of a cargo ship. It is 

calculated as the ratio of the stowage space required under normal conditions, including the stowage 

losses caused by the means of transportation and packaging, to the weight of the cargo. 

Objective: 

The stowage factor is an important indicator that can be used in ship design and as a reference to 

evaluate the efficiency of use of the cargo space on a ship. 

The stowage factor is important for the loading of cargo in the various means of transport, as it 

indicates the amount of the cargo which can go into the holds. 

The stowage factor (SF) indicates the number of cubic meters (or cubic feet) of space occupied 

by a given type of cargo in a cargo ship’s hold. This notional amount shall be calculated in order to know 

the extent necessary for the normal conditions of the loading area, including the losses caused by means 

of transport and packaging, in relation to the weight of the load. 

For different chemical bulk cargoes, the following table of stowage factors (SF)is used: 

Name m3/mt 
Cubic 

foot/mt 

Ammonium sulphate 1,19 – 1,27 42 – 45 

Carbon / anthracite large 1,27 45 

Coal tar pitch 1,33 -1,56 47 – 55 

Bauxite  0,85 – 0,93 30 – 33 

Salt 0,99 – 1,13 35 – 40 

Ferro-se 0,7 25 

Ferrochrome 0,42 15 

Phosphate North Africa 0,65 – 0,85 23 – 30 

Iron ore Barahanda 1,9 – 2,3 67 – 81 

Iron ore Canada  0,74 26 

Iron ore in Mauritania 0,82 29 

Iron ore Poti 0,74 26 
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Iron ore in Sierra Leone 0,74 26 

Iron ore on the island of the 

Philippines 
0,71 25 

Iron ingots 0,79 28 

Graphite 0,57 – 0,99 20 – 35 

Potassium nitrate 1,02 36 

Potassium sulphate 1,26 44 

Kainit 0,99- 1,05 35 – 37 

Kaolin (Chinese clay) 1,13 40 

Magnesite fine 0,45 16 

Magnesite Klinker 1,7 60 

Manganese 0,7 – 0,84 25 – 30 

Soda nitrate 0,74 26 

Potasch nitrate 1,02 36 

Super phosphate Casablanca 1,5 53 

Copper concentrate 0,56 – 0,63 20 – 22 

Super phosphate triple 1,04 – 1,33 37 – 47 

Super Phosphate Triple Tampa 1,05 – 1,22 37 – 43 

 

The stowage factor is calculated: 

SF =
𝑉𝑜𝑙𝑢𝑚𝑒

𝑊𝑒𝑖𝑔ℎ𝑡
      (2.8.1) 

Example: 

One large ton or 2240 pounds multiplied by volume in cubic feet. The result is divided by the 

weight of the load in pounds.  

The stowage factor thus determined shall be the number of cubic feet required to load one long 

tonne of a given load. If you are using a metric measure, the formula is to multiply 1 000 kilograms by 

volume in cubic metres divided by the weight of the load in kilograms. Let’s say you have a load of 15 
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cubic feet and 900 pounds. The calculation of the load is 2240 pounds, multiplied by 15, divided by 900. 

The charging factor is obtained at 37,3 cubic feet per tonne. 

2.9 BULK DENSITY 

 

The bulk density of a powder is the ratio of the mass of an untapped powder sample and its volume 

including the contribution of the interparticle void volume. Hence, the bulk density depends on both the 

density of powder particles and the spatial arrangement of particles in the powder bed.  

The bulk properties of a powder are dependent upon the preparation, treatment and storage of the 

sample, i.e. how it has been handled. The particles can be packed to have a range of bulk densities.  

Therefore, the untapped bulk density and tapped bulk density are differentiated. 

The bulk density is expressed in grams per millilitre (g/mL) although the international unit is 

kilogram per cubic metre (1 g/mL = 1000 kg/m3) because the measurements are made using cylinders. It 

may also be expressed in grams per cubic centimetre (g/cm3). 

Objective 

This procedure may be used to determine the bulk density of bulk cargoes. Carrying solid bulk 

cargoes involves serious risks, which include reduced ship stability (and even capsizing) due to cargo 

liquefaction; fire or explosion due to chemical hazards; and damage to ship structures due to poor 

loading procedures. 

Bulk density is the weight of solids, air and water per unit volume. It includes the moisture 

content of the cargo and the voids whether filled with air or water. 

The density should be expressed in kilograms per cubic metre (kg/m3). 

Apparatus 

This specification provides for the use of a container of known volume and tare weight. 

The container should be sufficiently rigid to prevent deformation or volume changes occurring 

during the test. Where the material contains lumps, or will not readily flow into corners, the container 

should be of cylindrical shape and⁄or of large size in comparison to the size of lumps. Its capacity must 

be large enough to contain a representative sample of the cargo for which the density is to be determined. 

The internal surfaces of the container should be smooth with any attachments such as handles 

being fitted to the exterior. 

Weighing should be done using a weighing instrument certificated by an accredited testing 

organization (pharmaceutical balance). 
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Procedure 

Pass a quantity of powder sufficient to complete the test through a sieve with apertures greater 

than or equal to 1.0 mm, if necessary, to break up agglomerates that may have formed during storage; this 

must be done gently to avoid changing the nature of the material. Into a dry, graduated, 250 mL cylinder 

(readable to 2 mL), gently introduce, without compacting, approximately 100 g (m) of the test sample 

weighed with 0.1 per cent accuracy. If necessary, carefully level the powder without compacting, and 

read the unsettled apparent volume (V0) to the nearest graduated unit. Calculate the bulk density in grams 

per millilitre using the formula m/V0. Generally, replicate determinations are desirable for the 

determination of this property. 

If the powder density is too low or too high, such that the test sample has an untapped apparent 

volume of more than 250 mL or less than 150 mL, it is not possible to use 100 g of powder sample. In 

this case, a different amount of powder is selected as the test sample, such that its untapped apparent 

volume is between 150 mL and 250 mL (apparent volume greater than or equal to 60 per cent of the total 

volume of the cylinder); the mass of the test sample is specified in the expression of results. For test 

samples having an apparent volume between 50 mL and 100 mL, a 100 mL cylinder readable to 1 mL 

can be used; the volume of the cylinder is specified in the expression of results. 

Tapped density 

The tapped density is an increased bulk density attained after mechanically tapping a receptacle 

containing the powder sample. 

Apparatus  

The apparatus (Fig. 13) consists of the following: — a 250 mL graduated cylinder (readable to 2 

mL) with a mass of 220 ± 44 g; — a settling apparatus capable of producing, per minute, either nominally 

250 ± 15 taps from a height of 3 ± 0.2 mm, or nominally 300 ± 15 taps from a height of 14 ± 2 mm. The 

support for the graduated cylinder, with its holder, has a mass of 450 ± 10 g. 
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Fig. 13 Settling device for powder samples (dimensions in millimetres) 

 

Procedure 

Proceed as described above for the determination of the bulk volume (V0). Secure the cylinder in 

the support.  

Carry out 10, 500 and 1250 taps on the same powder sample and read the corresponding volumes 

V10, V500 and V1250 to the nearest graduated unit.  

If the difference between V500 and V1250 is less than 2 mL, V1250 is the tapped volume. If the 

difference between V500 and V1250 exceeds 2 mL, repeat in increments of, for example, 1250 taps, until 

the difference between successive measurements is less than 2 mL.  

Fewer taps may be appropriate for some powders, when validated. 

Calculate the tapped density in grams per millilitre using the formula m/Vf (where Vf is the final 

tapped volume). Generally, replicate determinations are desirable for the determination of this property. 

Specify the drop height with the results.  

If it is not possible to use a 100 g test sample, use a reduced amount and a suitable 100 mL 

graduated cylinder (readable to 1 mL) weighing 130 ± 16 g and mounted on a support weighing 240 ± 12 

g. Specify the modified test conditions with the results. 
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The Carr Index and the Hausner Ratio are both meant as being indicators of the flowability 

of bulk solids.  

Both Carr and Hausner attempted just that: assuming that the compressibility of a solid is related 

to its flowability, they proposed to measure the bulk and tapped density of bulk materials and calculate a 

ratio in order to estimate how the material will flow. 

 

Carr Index: It was computed from tapped and bulk density using the following equation:  

Carr’s index = (Tapped Density – Bulk Density/Tapped Density) × 100   (2.9.1) 

Hausner ratio: This was calculated from tapped and bulk density using the following expression: 

Hausner ratio = Tapped Density/Bulk Density     (2.9.2) 

 

2.10 MOISTURE CONTENT DETERMINATION BY RAPID MOISTURE METER 

 

Objective 

Moisture Content is one of the main physical-chemical indicators for the characterization of 

powders in the transport of cargo bulks and is regulated by IMBSC code. 

Moisture Content is the portion of water, expressed as a percentage of the total wet mass of a 

sample. Water content determination generally takes 16 to 24 hours by oven drying method. To quickly 

determine the water content at site, use of Rapid Moisture Meter is very advantageous. In this method, 

water content is determined from the gas pressure developed by the reaction of calcium carbide 

(Absorbent) with free water of the soil sample. From the calibrated scale of the pressure gauge, the 

percentage of water on total (wet) mass of soil sample is obtained and the same is converted to water 

content on dry mass of soil. 

Apparatus (Fig. 14) 

https://powderprocess.net/bulk_density.html
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A. Metallic pressure vessel, with a clamp for 

sealing the cup, along with a Pressure gauge 

calibrated in percentage water content as per IS-

12175:1987.  

B. Counterpoised balance, for weighing the 

sample.  

C. 3 steel balls of about 12.5mm diameter and 1 

steel ball of 25mm diameter  

D. Cleaning Brush  

E. Calcium Carbide Powder (Absorbent) 

F. Standard Scoop - for measuring absorbent 

Fig. 14 Rapid moisture meter 

 

Procedure 

Procedure is according to reference of IS-2720 (Part 2):1973 (Reaffirmed- May 2015) “Methods 

of test for soils: Determination of water content (second revision)”. 

1. Preparation of Soil Sample: Sand requires no special preparation. Coarse powders may be ground and 

pulverized. Cohesive and plastic soil is tested with addition of steel balls in the pressure vessels. The test 

requires about 6 grams of soil sample.  

2. Set up the balance, place the soil sample in the pan till the mark matches with the index mark.  

3. Unclamp the clamping screw of the instrument sufficiently to move the U-clamp off the cup. Lift off 

the cup. Check that cup and body are clean; otherwise clean it using a brush.  

4. Hold the Moisture Meter horizontally and gently deposit the one level scoop-full of the absorbent 

(Calcium Carbide) inside the chamber.  

5. Transfer the weighed soil from the pan to the cup.  

6. Holding cup and chamber horizontally, bringing them together without disturbing the sample and the 

absorbent. Clamp the cup tightly into place.  

7. In the case of clayey soils and pastes, place the 3 smaller steel balls in the cup along with the sample 

and larger one in the body along with the absorbent. Shake the moisture meter up and down vigorously 

for 5 seconds, then quickly turn it so that the gauge is upwards, give a tap to the body of the moisture 

meter to ensure that all the contents fall into the cup. Hold the rapid moisture meter downwards, again 

shake for 5 seconds, then turn it with gauge upwards and tap. Hold for one minute. Repeat this for a third 

time.  
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8. Once more invert the rapid moisture meter and shake up and down to cool the gas. Turn the rapid 

moisture meter with the gauge upwards and dial horizontal held at chest height. When the needle comes 

to rest, take the reading. The readings on the meter are the percentages of water on the wet mass basis.  

9. For other than Clayey soils, place the 3 smaller balls in the cup along with the soil and the larger one 

in the body along with the absorbent and seal up the unit as usual.  

10. Hold the rapid moisture meter vertical so that the material in the cup fall into the body. Now holding 

the unit horizontal rotate it for 10 seconds so that the balls are rolled round the inside circumference of 

the body.  

11. Rest for 20 seconds. Repeat the rotation-rest cycle until the gauge reading is constant (Usually this 

takes 4 to 8 minutes). Note the reading as usual.  

12. Finally release the pressure slowly (away from the operator) by opening the clamp screw and taking 

the cup out, empty the contents and clean the instrument with a brush. 

Principle of calculation and expression of results 

The water content (w) on the dry mass basis shall be calculated as follows: 

w= [m / (100-m)] X 100    (2.10.1) 

The natural moisture content of the soil sample is ________ %. The result should be reported to 

two significant figures. 

General Remarks The absorbent is highly susceptible to absorption of moisture and so shall not 

be exposed to atmosphere. As a result, the absorbent suffers deterioration and will give results to the 

lower side. Replace the lid of the absorbent container firmly as soon as the required amount of the 

absorbent for a test is taken from the bottle. The absorbent suffers deterioration with time. 

 

2.11 VISCOSITY 

 

Viscosity is the property of fluids (liquid or gas) due to which inside them arise tangential tensions 

that oppose the movement of layers of molecules. This property is due to the forces of internal friction 

between molecules. 

Viscosity is the most important dynamic property of mineral oils, representing the resistance to the 

opposite flow of oil, determined by the friction between molecules. Viscosity depends on the oil's ability 

to withstand pressure and separate surfaces in relative motion. Most of the oils are a mixture of light and 

heavy hydrocarbons, but heavy fractions tend to form deposits. 
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Ojective 

The viscosity is an important indicator which determines the efficiency of fuel combustion and of the 

marine engine. 

Principle of the work: 

The viscosity index quantitatively expresses the viscosity-temperature relationship. This 

relationship is strongly dependent on the nature of the oil's component hydrocarbons. Thus, paraffinic 

hydrocarbons have the slightest variation in viscosity with temperature, at the other extreme being the 

aromatic hydrocarbons. 

The viscosity of an oil varies inversely in proportion to the temperature, the higher the 

temperature, the lower the viscosity, and vice versa. During heating, thermal energy increases and some 

of the van der Waals forces are destroyed, which leads to lower resistance to friction. 

An oil is all the better, the smaller the variation in its viscosity with the temperature. 

The measurement of the viscosity of fluids is carried out with certain devices, called viscosimeters. 

They fall into three categories:  

- Capillary viscometers are the instruments in which the discharge time of a tested volume of fluid is 

measured through a capillary tube or other calibrated orifice. 

- Empirical viscosimeters are instruments based on the measurement of the rate of fall of an object (ball, 

cylinder, tape) in the test fluid; 

- Rotating viscosimeters are instruments based on the measurement of the friction moment necessary to 

train the moving part at constant speed, where the tested fluid is found between the body (cylinder, cone) 

that is in rotation from another fixed body (cylinder, plane). 

Lubricants are fluid, viscous or solid materials that interpose between the contact surface of two 

solid bodies in order to avoid dry friction, reduce and heat the surfaces. The lubricant must adhere to the 

metal surface and form a mechanically, thermally, and chemically resistant lubrication film. 

From the point of view of the state of aggregation, lubricants are divided into: 

- gaseous lubricants: air, H2O (steam), CO2, He, H2, N2; 

- liquid lubricants: vegetable or animal oils, mineral oils, synthetic oils, H2O, rendered materials, 

- solid lubricants: graphite, PbO, SiO2. 

- visco-plastic materials, containing liquid lubricant and thickening material, such as clay or metallic soap 

based on Ca, Li, Na, Al. 

The most important properties of a liquid lubricant are unctuosity and viscosity. The ability of 

liquid lubricants to adhere to metal surfaces and form a durable film on them, which prevents direct 
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contact between moving parts, with the aim of eliminating dry rubbing and ensuring lubrication at the 

limit is called unctuousness or lubrication power. 

Viscosity is the resistance of a fluid (liquid or gas) to a change in shape or movement of 

neighbouring portions relative to one another. Viscosity denotes opposition to flow. The force F moving 

the liquid is proportional to the layer area (S) and the velocity gradient, depending on the distance between 

two layers (/l).). 

F = , (dyn)     (2.11.1) 

, (dyn sec/cm2)    (2.11.2) 

 

Where: 

= dynamic viscosity. The absolute or dynamic viscosity unit is called Poise (P) and represents the 

frictional force, when v =1 cm/s, S= 1cm2 and l = 1cm. 

 

The ratio of dynamic viscosity to density represents kinematic viscosity, denoted by and measured 

in Stokes, () 

, (cm2s-1)    (2.11.3) 

Conventional sizes are also used in the technique. The most widely used is the conventional 

viscosity of Engler, which is the ratio between the flow time of a volume of oil at a certain temperature 

and the flow time of the same volume of distilled water at 20 °C, through the Engler viscosimeter hole. 

Based on the studies of Stokes, Einstein and Frenkel, the theoretical equation of dependence of 

dynamic viscosity with temperature is used: 

     (2.11.4) 

where: 

Ea - the energy of activation of the viscous flow process; 

 T - temperature, K; 

  0  

 R – universal gas constant, R = 8,31 ∙
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This relationship is also valid for the variation of the conventional viscosity of Engler (°E) with 

the temperature and can be used in logarithmic form: 

ln°E=  ln η0 +  
𝐸𝑎

𝑅𝑇
        (2.11.5) 

The relation (5) is the straight-line equation, whose slope is Ea/R, which makes it possible to Ea 

determination 

Objective: to establish the variation of the Engler viscosity with the temperature of a naval mineral oil 

and the calculation of the activation energy Ea. 

 

Apparatus and reagents: 

- Engler viscometer (fig. 15), 

- thermometer, 

- chronometer, 

- DISOLA M 3015 naval mineral oil 

 

The constant of the Engler viscosimeter (c) is determined once and for all for the apparatus and 

not during practical work. For this, the flow time (c) of 200 mL of distilled water is measured at 20 °C by 

the Engler viscosimeter in the laboratory, which can have values between 50 and 52 s. 

 

 

 

1 - tank for the analyzed sample 

2 – lid with two holes: one for thermometer 

11 and the other for the wooden rod (5); 

3 – drain hole; 

4 – benchmarks for liquid level; 

5 – wooden rod; 

6 – heating bath (thermostat); 

7 – gas burner, 

8 – stirrer, 

9 – stand, 

10 – collecting vessel with two measuring 

marks (Engler balloon); 

11, 12 – thermometers; 

13 – measuring marks of 100 mL and 200 

mL. 

 

Fig. 15. Engler viscometer 
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Procedure: 

• check at the start of the work that tank 1 is clean. 

• during the experiment, the temperature of the heating bath (6) is maintained at 20 °C (for 

determinations at 20 °C) and 1 to 2 °C higher than the temperature of the test oil (for tests 

at temperatures above 40 °C). 

• In the tank (1) clean and dry, place the oil to be analyzed up to the level of the sharp parts (4), 

approximately 200 mL, taking care that the flow hole (3) is plugged with the rod (5); 

• Heat the oil by means of the water bath (6), measuring the temperature in the oil bath with the 

help of the thermometer (11); when the temperature reaches a value of about 40÷45 °C, turn off 

the heating and wait a few minutes for the temperature to stabilize; the temperature must be 

constant during the analyze. 

• The metal rod (5) that obstructs the flow hole (3) is lifted and the time (t) of leakage of 200 mL of 

oil into the Engler flask (10) is timed, up to the corresponding point. 

• Repeat the determination 2-3 times (at 20 °C). 

• Carry out repeated similar determinations 2 to 3 times at 40 °C, 50 °C and 70 °C by heating the 

oil and homogenizing its mass using the shaker (8); 

• The permissible difference between the results of two parallel determinations is recommended to 

be 1 % of the arithmetic mean of the results for viscositis up to 10 °E and 2 % for viscosities above 

10 °E. 

 

Principle of calculation and expression of results: 

• Engler viscosity is calculated with the relation: 

°E=
𝑡

𝑐
           (2.11.6) 

where:  

t - the flow time in seconds of 200 mL of oil 

c - the viscosimeter constant, equal to 52 seconds, i.e. the flow time of 200 mL of distilled water at 20 ºC. 

 

Table 24. Experimental results 

No. 

crt. 
Sample analyzed t (°C) T(K) 1/T time(s) °E ln°E 



 

55 
“The European Commission support for the production of this publication does not constitute an endorsement of the contents which reflects the views only of the 

authors, and the National Agency and Commission cannot be held responsible for any use which may be made of the information contained therein” 

 

        

        

        

 

• ln ° E is represented graphically as a function of 1 / T; 

• Calculate, from the graph, the slope of the line and taking into account the relation (5) in order 

to obtain the activation energy Ea; using for the constant R the values R = 8.31 = 1.98 
J

mol∙K

cal

mol∙K
 

• Interpretation of results. The lubricating qualities of the oil are assessed according to the 

dependence of the viscosity on temperature. Paraffin oils have small variations in temperature 

viscosity, unlike oils with a high content of aromatic hydrocarbons. 
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2.12 SACRIFICIAL ANODES CATHODIC PROTECTION 

 

Introduction 

Cathodic protection with sacrificial anodes is an electro-chemical method of protection against 

corrosion that is applied to metal constructions in contact with soil, sea water or atmosphere (steel pipes 

for the transport of fluids, metal support poles, tanks, boilers, extraction columns, cables, etc.). 

The principle of the cathodic protection method consists in modifying the corrosion potential of 

the metal system to be protected to such negative values that the corrosion can no longer occur. 

Cathodic protection with sacrificial anodes is practically achieved by fixing on the metallic surface 

to be protected of special bars, plates, metal strips called sacrificial anodes, soluble anodes or active 

anodes. Sacrificial anodes are made up of a metal or alloy with corrosion potential in the given 

environment more negative than that of the metal to be protected. For example: for the protection of Fe-

based systems, Zn, Al, Mg and their alloys are used. 

The chemical reactions in corrosion with hydrogen depolarization are: 

In acidic environments:  

Reaction of ionization of metal (oxidation),   M→M+z +ze-  

(Fe→ Fe+2 + 2e-) 

and 

Depolarization reaction (reduction),    zH++ze- →z/2 H2  

(2H+ + 2e-→ H2) 

 

Global reaction:     M+ zH+ → M+z + z/2 H2,  

(Fe + 2H+→ Fe+2 + H2) 

In neutral and alkaline environments:  

Oxidation reaction,      M→M+z +ze-  

(Fe→ Fe+2 + 2e- ) 

 

Depolarization reaction (reduction), zH  2O+ze- → zOH- + z/2 H2 

(2H2O+2e- → 2OH- + H2) 

Global reaction:      M + zH2O→ M+z + zOH- + z/2 H2, 

              (Fe + 2H2O →Fe+2 + 2OH- + H2) 

Corrosion with oxygen depolarization: 

In acidic environments: 

Oxidation reaction,      M→M+z +ze- 

(Fe→ Fe+2 + 2e-) 
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Depolarization reaction,    zH++z/4 O2 +ze- → z/2H2O  

2H++1/2 O2 +2e- → H2O 

 

Global reaction     M+ zH++z/4 O2 → M+z +z/2H2O, 

Fe+ 2H++1/2 O2 → Fe+2 +2H2O 

In neutral and alkaline environments:  

Oxidation reaction,     M→M+z +ze-  

Fe→ Fe+2 + 2e- 

Depolarization reaction (reduction),   z/2 H2O +z/4O2+ze→ zOH-  

H2O +1/2O2+2e-→ 2OH-  

Global reaction:      M+z/2 H2O +z/4O2 →M(OH)z, 

Fe+ H2O +1/2O2 →Fe(OH)2 

 

The efficiency of cathodic protection with sacrificial anodes is ensured by the constant 

maintenance of the imposed protection potential. The cathodic protection control is achieved by 

measuring the corrosion potential of the metal system to be protected against a reference electrode by 

means of an electronic voltmeter. 

Objective 

This work paper aims to highlight the significance of cathodic protection methods in order to 

prevention of ship corrosion that could cause serious consequences on the marine environment. Using 

sacrificial anodes gives a multitude of benefits like capacity to last and provide effective cathodic 

protection for a long time, no maintenance requirement, very high reliability, no hull penetrations, zero 

risk of interference, and lower overall life cycle cost. 

The basis of the sacrificial anodes cathodic protection system is that the potential difference 

between the steel to be protected and a second metal in the same environment causes the driving voltage. 

If no anodes were attached to a ship’s hull, then over time the steel would begin to interact with 

electrolytes and oxygen dissolved in seawater. Eventually, the steel would undergo corrosion to revert 

back to a naturally occurring ore, such as iron oxide. Sacrificial anodes can be used to prevent a hull from 

corroding in this manner. 

Apparatus and substances:  

Electrodes of Fe, Cu, Zn, Al and the reference electrode Cu/CuSO4, corrosive mediums: acid, 

neutral and alkaline, an universal measuring instrument. 

Procedure 
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In the experimental work, the electromotor voltages of the unprotected iron and of Zn, Al, with 

superimposed on the iron in turn compared to the reference electrode Cu/CuSO4 will be measured with a 

universal instrument. Comparing the signs and values of the electrode potential of single iron and iron 

bound with Zn, Al and Cu compared to the reference electrode, it will be highlighted what metals can be 

used as sacrificial anodes. 

Plates (electrodes) of Zn, Fe, Al, Cu are cleaned with sandpaper paper before each measurement. 

The following galvanic corrosion cells are made up: 

(-) Fe/corrosive medium//reference electrode (+) 

(-) Fe+M /corrosive medium//reference electrode (+), 

where: M is Zn, Fe, Al, Cu, and the corrosive medium will be solutions of: NaCl 1N, NaOH 0.1N, 

H2SO4 0,1N successively. 

The above electrochemical cells are made by inserting the Fe electrode and the reference electrode 

(Cu/CuSO4) into the vessel containing the corrosive solution. The electrodes of the cell are connected to 

the terminals of the measuring apparatus so that electromotive tension is positive (Fig. 16, Fig.17) 

 

 

1. electrolytic cell 

2.M - Zn, Al or Cu 

3. electrolytic bridge 

4. Cu/CuSO4 electrode 

5. multimeter 

Fig. 16. Electrochemical cell 

 

Results and calculations: 

• Note for each electrical cell indicated in the table below the size of the electromotor 

voltage, (Eexp), after two minutes when a relatively constant value is reached.  

• Calculate the electrode potential of the iron and the sistemului Fe+Zn, Fe+Al, Fe+Cu 

system based on the relationship: 

metalicsistemCuSOCumetalicsistemreferinţedeelectrodE  −=−=−= −+ 4/exp   (2.12.1) 

in which 

4/ CuSOCu =0.34 [V], and the metal system is Fe, Fe+Zn, Fe+Al, Fe+Cu.  
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metalicsistem
= 0.34 – Eexp 

 The results obtained from the experimental measurements (fig. 17) and from the calculations shall 

be entered in a table according to the following model: 

No

. 
Galvanic corrosion file 

Eexp. 

[V] 

syste

m 

[V] 

Zn, Al, Cu can 

(cannot) be anode 

of sacrifice 

1 (-)Fe/NaCl//CuSO4/Cu (+)    

2 (-)Fe+Cu/NaCl//CuSO
4
/Cu (+)    

3 (-)Fe+Zn/NaCl//CuSO
4
/Cu (+)    

4 (-)Fe+Al/NaCl//CuSO4/Cu (+)    

5 (-) Fe/H2SO4//CuSO4/Cu (+)    

6 (-)Fe+Cu/H2SO4//CuSO4/Cu (+)    

7 (-)Fe+Zn/H2SO4//CuSO4/ Cu (+)    

8 (-)Fe+Al/H2SO4//CuSO4/Cu  (+)    

9 (-)Fe/NaOH//CuSO4/Cu  (+)    

10 (-) Fe+Cu/NaOH//CuSO4/Cu (+)    

11 (-)Fe+Zn/NaOH//CuSO4/Cu (+)    

12 (-)Fe+Al/NaOH//CuSO4/Cu (+)    

 

Interpretation of results:  

If the metal system potential of the Fe + other metal (Zn, Cu, Al) is more negative than the Fe 

potential, in a given corrosive environment, then the metal with which Fe was associated is a sacrificial 

anode. Otherwise, the pairing metal is not a sacrificial anode. Also, depending on the value of the potential 

of the metal system (Fe + alt metal) it is assessed which metal is the best protector for Fe, in a given 

corrosive environment. 
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Fig. 17 Experimental measurements 
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