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SANITARY ANALYSES 

FmLD OF SANITARY CHEMISTRY 

1. Sanitary Facilities in Municipalities.-Nearly all munici
palities in the United States have water-supply systems for 
providing potable water and sewage-disposal systems for 
removing the liquid wastes. These systems are under the 
control of either a community organization or a privately 
owned public ut ility. 

The type and extent of both water-supply systems and 
sewage-disposal systems may vary widely, depending on local 
conditions. A water-supply system may consist merely of a 
few pipe lines connecting wells, pumps, and buildings; or it 
may consist of an intricate network of pipes that are connected 
to reservoirs and pumps, and also to treatment plants in which 
the water may be clarified, softened, and disinfected before it 
is delivered to the consumer. The simplest type of system for 
sewage disposal consists of a few pipe lines that extend from 
buildings to points of discharge in a neighboring body of water ; 
but an extensive ~wage-disposal system may include a com
plete network of pipe lines and also equipment for clarifying 
and otherwise treating the sewage before it is discharged into 
a body of water. 

2. Need for Chemical Analyses.-The character and com
posit ion of a water or sewage before, during, and after treat
ment is determined chiefly by means of chemical tests, or 
analyses. The results obtained from such analyses are useful 
for many purposes, as in the control of treatment processes, 
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2 SANITARY CHE~IISTRY 

in the design of treatment plants, in the study of stream pol
lution, and in the investigation of the effects of industr ial 
wastes on rivers and lakes. Both the sanitary engineer and 
the treatment-plant operator should have an understanding 
of the basic principles of these sanitary analyses, and should 
be able to interpret the results correctly. 

TYPES OF CHEMICAL ANALYSES 

3. Qualitative and Quantitative Analyses. - Chemical 
analyses may be classified as qualitative analyses and quanti
tative analyses. An analysis that is made for the purpose of 
determining the presence of one or more elements or com
pounds in a substance is called a qualitative analysis; and an 
analysis that is made for the purpose of determining the amount 
of an element or a compound in a substance is called a quantita
tive analysis. 

Most analyses that are made on samples of water or sewage 
are quantitative analyses, because t he required treatment proc
ess is generally dependent on the amounts of certain materials 
in t he samples, rather than on the mere presence of those 
materials. A quantitative analysis may be further classified as 
a gravimetric analysis, a volumetric analysis, a colorimetric 
analysis, or a turbidimetric analysis, according to the procedure 
that is followed in making the analysis. 

4. Method of Making Gravimetric Analysis.- The usual 
procedure in a gravimetric analysis of a sample of water or 
sewage for a certain substance is as follows: The substance, 
either by itself or as a part of a compound of known constitu
ents, is precipitated by a chemical reaction or is obtained by 
evaporation; is separated from any other substances that may 
have been formed during the reaction; and is carefully weighed. 
In some cases, the required substance is driven off during the 
test so that the loss in weight represents the weight of that 
substance. 

The quantities of minerals, such as silica and calcium, in 
water and t he amounts of settleable and suspended solids in 
sewage are generally determined by gravimetric analyses. 
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s. Method of Making Volumetric Anal~sis.-In a volu
metric analysis of water or sewage for a certau~ substance, that 
substance is allowed to react chemically wtth a measured 
. 1 of a particular reagent of known strength. The amount \OUIDe . . 

of the reagent that is used for a complete rea_ctton ~s a measure 
of the amount of the substance under constderat10n. In the 
case of a volumetric analysis of a sample of water or sewage, 
the usual procedure is as follows : . . . 

If necessary, the sample is treated with chemt_cals which ~ill 
remove any substances that might interfere wtth the destred 
reaction. The required reagent, which has been carefully pre
pared, is then added in measured amoun~ unti~ t he ~omplete 
reaction is indicated by a visible change m the solutton; and 
the amount of the substance under consideration is determined 
from the amount of reagent used. 

6. Method of Making Colorimetric Analysis.- In the color
imetric method of analyzing a sample of water or sewage for a 
certain substance, the sample is treated with a known reage~t 
t hat will produce a definite color if the required substance ts 
present. The t reated sample is compared with various stand
ards each of which has a definite intensity of color represent
ing ;he presence of a known amount of the required substance. 
The sample is assumed to contain the same amount of the sub
stance, or to have the same degree of concentration of ions, as 
does t he standard of equal color intensity. 

7. Method of Making Turbidimetric Analysis.- In a tur
bidimetric analysis of a sample of water or sewage, the aim is 
to determine the degree of cloudiness or muddiness caused by 
suspended material in the sample. There are two general 
methods of procedure. I n one method, the sample is com
pared with standards containing definite amounts of a special 
clay, known as fullers' earth, suspended in water. In the other 
method, a candle flame is viewed through different depths of 
the sample until the depth is so great that the flame cannot be 
seen. Either procedure is really a physical test, as no chemical 
reaction is involved. 
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SOLUTIONS 

STRENGTHS OF SOLUTIONS 

8. Types of Reagents.-Since both gravimetric and volu
metric analyses require the use of measured amounts of chemi
cal reagents of known strength, it is desirable to understand 
the methods of preparing and using reagents. Reagents may 
be solids, liquids, or gases. A reagent may be used to dissolve, 
acidify, neutralize, alkalize, precipitate, oxidize, or reduce, its 
purpose depending on the type of analysis that is being made. 

Solids and gases of a known degree of purity may generally 
be purchased from commercial manufacturers, as may pure 
liquids such as alcohol and ether. When an aqueous solution 
of a solid or a gas is required as a reagent, however, its strength 
must be determined by means of chemical analysis. There 
are several different methods for designating the strength of a 
solution, but the method most commonly used in analyses of 
water and sewage is by the normality of the solution. 

9. Basis of Normal Solutions.-The normality of a solution 
depends on the gram equivalent weight of the substance used 
as the solute. The gram equivalent weight, in tum, is depend
ent on the atomic weights of the elements that compose the 
substance. The names, symbols, usual valences, and atomic 
weights of the ninety known elements are given in Table I. 
The atomic weights of elements are abstract numbers. How
ever, in order to prepare and use the various reagents that are 
required in the chemical tests on sewage and water, it is neces
sary to use actual weights of materials. In laboratory work, 
weights and volumes are commonly expressed in metric units. 

The gram atomic weight of an element is the atomic weight 
of that element, expressed in grams. For example, the atomic 
weight of calcium (Ca) is 40.08, and the gram atomic weight 
of that element is 40.08 grams. The gram molecular weight 
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TABLE I 

AMES SYMBOLS USUAL VALENCES, AND ATOMIC WBlGHTS OF BLBMENTS N . 
- 0 0 

Atomic .D Usuol Atomic .D Usual Name E Name [ Valences Wcight >. Valences Weight 
rn rn ----

Ae 3* 229* Jl!ercury .... · · · · Bt 1,2 200.61 Actinium ..... ··· Molybdenum . •. .llo 3,4,6 95.95 AI 3 26.97 Aluminum ...... · 
Sb 3,5 121.76 Xeodymium •... Nd 3 144.27 Antimony •. ····· 

39.944 Xeon ........... N~ - 20.183 Arl!:on_ ..••..• · A -- :\tckel . ... ...... Ni 2,3 58.69 As 3,5 74.91 Arsemc ......... · 
Bo 2 137.36 !\itrogen ........ N 3,5 14.00ll Barium ......... · 
& 2 9.02 Osmium~ . . . .... Os 2,3,4,8 190.2 Beryllium. •·•·· Oxygen ... ... ... 0 2 16.0000 Bismuth ....... ·· Bi 3,5 209.00 

Palladium .... .. Pd 2,4 106.7 noro~ .. ......... B J 10.82 
Phosphorus ... .. p 3,5 31.02 Brom1ne .... · · · · · Br 1,3,5,7 79.916 
Platinum ....... PI 2.4 195.23 Cadmium······· Cd 2 112.41 
Polonium ....... Po 2,4,6* 210* Ca 2 40.():8 Calcium ...•.. •·· 
Potassium ...... K I 39.096 Carbon ......... · c 2.4 12.010 
Praseodymium Pr 3 140.92 Cerium ...... ... · C• 3,-1 140.13 
Protactinium .... Pa 3,5* 231 Cs I 132.91 Cesium ......... · 

Cl 1,3,5,7 35.457 Radium ......... Ro 2 226.05 Chlorine.········ 
Radon .......... Rn - 222 Chromium ...•.. Cr 2,3,6 52.01 
Rhe-nium . . ...... Rt 2,4,6,,.. 186.31 Co 2,3 58.94 Cobalt .......... 
Rhodium ....... Rh 3 102.91 Columbium ...... Cb 3,5 92.91 
Rubidium ....... Rb I 85.48 Copper., ...... . . Cu 1,2 63.57 
Ruthenium ..... Ru 3.4,6,8 101.7 DrsproslUm . • · · · Dy 3 162.46 
Samarium ...... Sm 3 150.43 Erbium .. ······· Er 3 167.2 
Scandium .•. ... . s, 45.10 Eu 2,3 152.0 3 Europium ... ···· 

F I 19.00 Selenium .... ... s. 2,4,6 78.96 Fluorine ....... ·· 
Gd 3 156.9 Silicon ...... . ... s; 4 28.06 Gadolinium.···· · 
Ga 2,3 69.12 Silver ........... At I 107.880 Gallium, .... • ... 
c~ 4 12.60 Sodium ......... Na 1 22.997 Gumamum ...... 
A" 1.3 197.2 Strontium .....•. Sr 2 87.63 Gold ............ 
HI 4 178.6 Sulfur .......... s 2,4,6 32.06 Hafnium .. ·· ·· •· 
Ht - 4.003 Tantalum .....• . Ta 5 180.88 ll<lium ......... · 
Ho 3 163.5 Tellurium . .... •. Tc 2,4,6 127.61 Hot.ruum .....•. · 
H I 1.0081 Terbium . ...... . Tb 3 159.2 H6~t;,.~"'.': :::::: II 3 146.0* Thallium ........ Tl 1,3 204.39 

Indium ......... · [o; 3 114.76 Thorium ........ Tit 4 232.12 
Iodine ... · .. · ·· ·· I 1,3,5,7 126.92 Thulium ........ Tm 3 169.4 

Jr 3,4 193.1 Tin . .... ..... .. Sn 2,4 118.70 Iridium ......... 
p, 2,3 55.84 Titanium ....... Ti 3,4 47.90 Iron ............ 

Tungsten .•.. . . • w 6 183.92 Krypton ......... Kr - 83.7 
u 4,6 238.07 l.a 3 138.92 Uranium ........ l..anthaoum ..... . 

Pb 2,-1 207.21 Vanadium ...... v 5 50.95 Lead ............ 
c.; I 6.940 Xenon ......... x. - 131.3 Lithium ........ · z. .. 3 175.0 Ytterbium ...... Yb 3 173.04 Lut«:ium ....... · 
.Ug 2 24.32 Yttrium .. . •.... y 3 88.92 Magnesium ...... 

54.93 Zinc .... .. . ..... Zu 2 65.38 Maogan.-se ...... Mn 2,4,6,7 
Zirconium ....... Zr 4 91.22 Masurium ....... Jla 2,4,6,7* 97.8* 

*\'alence or atomiC we~ght doubtful. 

of a substance is the sum of the gram atomic weights of the 
elements that make up the substance. For example, calcium 
carbonate (CaC03) has a molecular weight of 40.08+12.01 
+(3X 16.00) = 100.09, and the gram molecular weight of calcium 
carbonate is 100.09 grams. 

10. The gram equivalent weight of an acid may be obtained 
by dividing the gram molecular weight of the acid by the 
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number of hydrogen (H) atoms in the acid that can be replaced 
in a reaction; and the gram equivalent weight of a base may be 
obtained by dividing the gram molecular weight of the base 
by the number of hydroxyl radicals (OH) that can be replaced 
in a reaction. The gram equi,·alent weight of a precipitating 
reagent is determined by dividing the gram molecular weight 
of the substance by the total valence of the precipitating 
element or radical of the reagent. 

For practical purposes, the correct numerical value for the 
gram equivalent weight of an acid, a base, or a precipitating 
reagent may be obtained by dividing the gram molecular 
weight of the substance by the total valence of the positive 
element or radical in the substance. For example, sulfuric 
acid (H.;504) has a gram molecular weight of 2X1.008+32.06 
+4Xl6.00=98.08 grams, and the total valence of the two 
atoms of the positive element hydrogen (H2) is 1 X2=2. 
Hence, the gram equivalent weight of sulfuric acid is 98.08 
+2=49.04 grams. Similarly, calcium carbonate (CaCOs) has a 
gram molecular weight of 100.09 grams, and the total valence 
of the one atom of the positive element calcium (Ca) is 2. 
Hence, the gram equivalent weight of calcium carbonate is 
100.09+2=50.05 grams. 

11. The valences of some elements are variable and may 
change when those elements enter into reactions involving 
oxidation and reduction. Under such conditions, the gram 
equivalent weight of a substance containing an element with 
a variable valence is obtained by dividing the gram molecular 
weight of the substance by the change in the valence of that 
element. For example, when potassium permanganate 
(KMt104) is used to oxidize ferrous sulfate (Fe504) in sulfuric 
acid (H2S04), the reaction is as follows: 

2KMn04 + 8HS04 + 10FeSO. 
potassium + 

permanganate 
sulfuric + ferrous 

acid sulfate 
2M11SO• + 8H~ 

_manganous 
- sulfate 

+ 5Fth(504)s + 
ferric 

sulfate + + water + 

K2so. 
potassium 

sulfate 

SANITARY CHEMISTRY 7 

In the left-hand portion of the equation, the negative radical 
.Mu0

4 
in the potassium permanganate must have a valence of 

- 1 because the positive element potassium (K) has a con
sta~t valence of 1. But the radical Mn04 may also be analyzed 
separately in the follow in? ma~ner: . Th~ total valence of the 
negati,•e element oxygen 10 this radtcalts -2X4= -8. The 
valence of the positive element manganese, however, may be 
2, 4, 6, or 7. If the valence of manganese is taken as 7, the 
total ya}ence of the radical M1104 is+ 7-8 = - 1, which balances 
the + 1 for the valence of potassium. Then, the total valence 
of the manganese in the two molecules of potassium perman
ganate is 2X7=+14. The sulfate radical (504) always has a 
valence of -2 and, therefore, the valence of the positive 
element manganese in the manganous sulfate (MnSO.) on the 
right-hand side of the equation must be + 2. Since there are 
two molecules of manganous sulfate, the total valence of the 
manganese on the right-hand side of the equation is 2 X 2 = +4. 
The change in the valence of the manganese in the two mole
cules of potassium permanganate is from 14 to 4 or a total of 
10, and the change for a single molecule is 10-;-2 = 5. Hence, 
the gram equivalent weight of the potassium permanganate 
for this reaction is 

39.10+54.~3+(16X4) = 15~.03 = 31.61 grams 

In the same equation, the valence of iron (Fe) increases from 
2 on the left-hand side to 3 on the right-hand side. Sin~ the 
total valence of the iron in the ferrous sulfate is 10X2=20 
and the total in the ferric sulfate is SX2X3=30, the change 
in the valence of the iron in one molecule of ferrous sulfate is 

30~ 20 = 1. Hence, the gram equivalent weight of the ferrous 

sulfate is 55.84+32.06+ (16 X 4) 
1 

151.90 grams 

If potassium permanganate (K.Mn04) is used in a neutral 
solution instead of an acid solution, the change in the valence 
of the manganese is 3, and the gram equivalent weight of the 
potassium permanganate is 158.03 + 3 = 52.68 grams. 
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12. Normal Solutions.-When the weight of solute in a 
liter of solution is equal to the gram equivalent weight of the 
solute, the solution is called a normal solution. Since the 
gram equivalent weight of a substance that contains an element 
with a variable valence may vary with different reactions, it 
follows that a normal solution of a substance with a variable 
valence may not always have the same concentration. For 
example, a normal solution of sulfuric acid (HzSO.) will always 
contain 49 04 grams of pure sulfuric acid in one liter of solution, 
but a normal solution of potassium permanganate (KMnO.) will 
contain 31.61 grams of pure potassium permanganate per liter 
of ·solution when the solution is to be used in an acid and 
52.68 grams when the solution is to be used in a neutral liquid. 

A normal solution is commonly indicated as 1N, and a 
solution with a concentration greater or smaller than normal 
is indicated by the proper numerical ratio and the letter N. 
Thus, a one-fiftieth normal solution, which contains one
fiftieth of the amount of solute required in a normal solution, 

is indicated as ~· or 0.02 N; and a solution that contains H 
times as much solute as a normal solution is indicated as l.SN. 
The coefficient of N in the expression indicating the strength 
of a solution is called the normality of the solution. 

Solutions that have equal normalities are equal in their 
reacting values, volume for volume. Hence, a certain volume 

of fo hydrochloric acid (HCl) will react completely with an 

equal volume of fo sodium hydroxide (NaOH) in the following 

manner: 
. HCl+ NaOH = NaCl+ H£) 

13. Empirical Solutions.-To prepare a solution of an 
exact predetermined normality is often tedious and time con
suming. Also, many solutions deteriorate so rapidly that they 
can be kept at their required normality for only a very short 
time. The inconvenience of preparing a fresh solution of a 
definite normality for each analysis may sometimes be avoided 
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b the use of an empirical solution, which is a solution that 
y · a definite number of grams of solute per liter of 

contams · b 
· The normality of such a solut10n must e deter-solutwn. . h r 

mined, but no attempt need be made to adJust td e nox:neda 1t~. 
, t" whose exact normality has been etermm ts A SOlU 100 

called a staudard sol11tion. 

14. Stock and Standard Solutions.~he~cal solutio~s 
that are highly concentrated will r~tam the~ strength m 

better than will weak soluttons. It ts customary, storage . 
therefore, to prepare strong solutions, called stock solutiOns, 

b. h are kept on hand for use in the laboratory. Such 
w 1C . Th 1 . 
solutions may or may not ~ s~andardt~. e so uttons 
that are required for a quantttattve analyst~ are ma~e from 
th stock solutions at the time of the analysts by addmg the 
pr~per amount of water. In most cases, _these diluted solutions 
must be standard solutions of predetermmed strength. 

15. Turbidimetric Suspensions.-A turbidimetric suspen
. n consists -of a known concentration or weight of insoluble S\0 . 
articles in a definite volume of water. Suspenstons are not 

irue solutions because the solid particles are not dissolved. 
In the examination of water containing clay in suspension, the 
~oncentration of the clay may be determined by making a 
visual comparison of a sample of the water and various _tw·bidi
metric suspensions of known strengths, and selectmg the 
suspension of known strength that most nearly resembles the 
sample whose strength is to be found. 

16. Colorimetric Solutions. - Colorimetric solutions, or 
solutions which have known color concentrations, may be pre
pared for various visual comparisons. For example, the color 
of water or sewage may be determined by comparing a sample 
of the water or sewage and various colorimetric solutions of 
known strengths, and taking the concentration of the known 
solution that most nearly resembles the unknown one. 

Colorimetric solutions may also be used in a test for iron in 
water. The colorimetric solutions of known strength that are 
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used for this purpose are prepared by adding a certain chemical 
to definite quantities of water containing known amounts of 
iron, and the unknown solution is matched against one of these 
known solutions. 

TITRATION 

17. Basis for Volumetric Analysis.-In a volumetric 
analysis for a designated substance in a solution, measured 
quantities of a suitable reagent are usually added to a particular 
volume of the solution until some change in the solution indi
cates that the added amount of the reagent is equivalent to 
the amount of the designated substance. Sometimes, it is 
more convenient to add measured quantities of the solution to 
the reagent. The process of adding the reagent to the solution 
or the solution to the reagent is called titra$ion. The stage at 
which an equivalent amount of reagent has been added is 
known as the e11d point or the equioolent petiut of the reaction. 
In order that the reagent may be well mixed with the substance 
in the container and may therefore bring about a rapid 
and complete reaction, the container must be rotated or the 
liquid must be otherwise agitated after each addition of the 
reagent. 

In some cases, the end point of a reaction is manifested by 
a change in the color of the liquid, by the appearance of a 
precipitate, or by the cessation of precipitation; but, more 
often, a special substance, called an indicator, must be added 
to the solution in order that the end point may be readily 
observed. It is also possible to determine the end point of a 
reaction by means of electrical apparatus. 

It is often more convenient to add an e."\:cess of one reagent 
and then to titrate t.he treated solution with another reagent. 
This process is known as back titration. The end point in a 
back titration is reached when the amount of the second 
reagent is equivalent to the excess of the first reagent. The 
amount of the first reagent that entered into the reaction in 
the original solution is equal to the difference between the total 
amount of the first reagent that is added to the solution and 
the amount of the second reagent that is required to reach the 
end point in the back titration. 

SANITARY CHEMISTRY 11 
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18. Indicators and Potentiometers.-Most indicators are 
complex organic dyes, but some are relatively simple inorganic 
salts in solution. Before the titration is started, the indicator 
is placed in the solution that contains the substance to be 
analyzed. Some indicators affect the color of the solution as 
soon as they are added, but the color of the solution is changed 
at the instant at which the end point is reached in the titration. 
Thus, the indicator known as litmus gives a red color to an 
acid solution and a blue color to an alkaline solution. Other 
indicators either produce or lose their color at the end point. 
The indicator phenolphthalein, for example, gives a pink color 
to an alkaline solution but becomes colorless in an acid solution. 
The required amount of indicator is so small that the indicator 
does not in any way interfere with the reaction between the 
reagent and the substance that is being analyzed. 

When an electrical apparatus is used, a potentiometer indi
cates a rapid change in the voltage at the end point of the 
titration. 

LABORATORY EQUIPMENT 

KINDS OF BQUIPMENT 

19. Necessary Equipment.-At every water- or sewage
treatment plant, space and equipment should be provided for 
conducting analyses. The equipment should include at least 
a sink, benches, sampling tables, and a moderate amount of 
laboratory apparatus. Only the apparatus that is required 
for the procedures given in this text is illustrated or explained 
here. 

20. Analytical Balance.-In both gravimetric and volu
metric analyses, certain materials must be carefully and 
accurately weighed. For this purpose, it is necessary to use a 
specially constructed balance called an analytical balance. In 
Fig. 1 is shown one type of analytical balance used in ordinary 
laboratory work. The balance is enclosed in a glass case, 
which is fitted with sliding doors in front and in back. The 
drawer in the base contains the set of weights shown in Fig. 2, 
cleaning brushes, and a spatula. At the top of the upright a, 
Fig. 1, is a piece b of agate on which rest the knite edges c of 
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the balance beam d. The stirrups e at the ends of the beam 
rest on knife edges and support the scale pans f. In order 
that the entire balance case may be leveled, there is an adjust
ing screw g at each corner. The air bubble in the spirit level 
/J indicates when the upright a is vertical. When the balance 
is not in use, the beam d is lifted off its knife-edge support by 
means of the knob i on the front of the case. 

When the balance is to be used, the first step is to lower the 
beam onto its support and to ascertain whether the scale pans 
j are in perfect balance. If the pans are balanced correctly, 
the index pointer i should come to rest at zero on the index 
scale k when the pans are released by manipulating the knob 
l. Usually, it is sufficient to observe the swing of the pointer. 
If the pointer swings the same distance each side of zero on 
the index scale k, the pans are balanced. However, if the 
pointer swings farther to the left than to the right of zero, the 
right-hand pan is heavier than the left-hand one; and, if the 
pointer swings farther to the right than to the left, the left
hand pan is heavier than the right-hand one. The proper 
balance must be attained by means of the screws m and n. 
When the right-hand pan is heavier, the screw m is turned so 
as to bring that screw nearer to the supporting post a or the 
screw n is turned so as to move that screw farther from a; the 
reverse is true when the left-hand pan is heavier. 
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21. M ethod of Weighing With Analytical Balance.-In 
order to protect the pans on the balance from corrosion, 
balanced glass saucers, called watch glasses, are sometimes 
used, one to each pan. The material that is to be weighed is 
placed on the left-hand pan or watch glass, and enough weights 
from the weight box are placed on the right-hand pan or watch 
glass to bring about an approximate balance between the 
material and the weights. The smallest weight in the box is 1 
milligram. Since results · to the nearest milligram are not 
accurate enough for laboratory work, there is a rider o, Fig. 1, 
which rests on the beam d and serves to give a more accurate 
balance. T his rider weighs 10 milligrams, but its position 

FIG. 3 

along the beam d, which is graduated as shown in view (b), 
determines the effect it has in balancing the pans. Thus, if 
the rider were at the graduation mark 1 on the beam, the effect 
would be equivalent to adding a weight of 1 milligram on the 
right-hand pan; and, if the rider is in the position shown in 
view (b), the equivalent load on the right-hand pan is 3.55 
milligrams. The rider is placed in position by means of the 
arm p' on the rod p, which may be moved in or out as desired. 
The weights should be handled with forceps, and not with the 
hands, as their surfaces should be kept free from moisture and 
other foreign material. 
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22. Laboratory Balance.-A laboratory balance, such as is 
shown in Fig. 3, is essential for weighing materials more quickly, 
though with somewhat less accuracy, than with an analytical 
balance. The balance shown in the illustration will weigh 
accurately to the nearest 0.1 gram. When the pans a and b 
are balanced correctly, the end of the pointer cis at the center 
graduation on the index scale d. If the pointer is 
not centered when the pans are empty, one or both o 
of the small balancing screws e and f may be turned 
until the pointer is centered. Either screw should 
be turned in the direction in which it is desired 
to move the pointer. The entire set of weights, a 

shown in the holder g in front of the balance, will 
permit the weighing of a maximum of 325 grams. 

23. Use of Pipettes .-In volumetric analyses, 
it is often necessary to transfer a definite volume 

lit ' 
of a liquid from its container to a flask that contains 10 1. 

the substance being analyzed. This transfer is .zofi!I·· 
commonly made by means of an instrument known 
as a wltmtetric, or transfer, pipette. In Fig. 4 (a) is 
shown a typical volumetric pipette with a capacity 
of 10 milliliters. The capacity in milliliters at 
20°C. is marked on the enlarged portion of the tube. 
The pipette is filled by placing the lower end in 
the liquid and sucking on the other end with the 
mouth until the liquid rises to a height slightly 
above the mark a in the stem. As soon as the mouth 
is removed from the end of the pipette, the finger 
or thumb should be placed over that end. The (a) 

finger is lifted slightly so that the liquid will run FIG. 4 

out at the lower end until the surface of the 

(b) 

liquid in the pipette is exactly at the mark a. Then, with the 
finger pressed tightly over the upper end, the pipette is lifted 
out of the liquid and the lower end is placed in the flask con
taining the matet;al that is to be analyzed. The finger is 
removed and the liquid is permitted to run into the flask. If 
the pipette is hefd at a slight angle with the vertical and the 



16 SANITARY CHE:MISTRY 

end of the tube is placed against the side of the flask, the liquid 
will drain more satisfactorily. The liquid should never be 
blown out of the pipette. 

24. It is sometimes desirable to put measured portions of 
the same liquid into several different bottles or flasks. In 
such cases, a Mohr pipette, such as is shown in Fig. 4 (b), is 
used. This type of pipette is filled in the same manner as is 
the volumetric pipette, but measured amounts may be allowed 
to run out by raising the finger slightly from the upper end 
until the desired amount of liquid has been discharged. The 
volume of liquid discharged into any flask or bottle is deter
mined by noting the graduation marks at the surface of the 
liquid in the pipette before and after the discharge, and sub
tracting the first reading from the second. The meniscus, or 
the surface of the liquid in the pipette, is concave and it is 
customary to take each reading at the lowest part of the con
cave surface. 

The numbers of the graduations increase downward, and the 
reading at any instant indicates the total volume of liquid 
that has been allowed to run out of the pipette. The amount 
of liquid remaining in the pipette cannot be determined by 
subtracting the amount discharged from the nominal capacity, 
because there is liquid below the lowest graduation mark and 
the pipette actually holds more liquid than is indicated by 
the number of that graduation. Therefore, a Mohr pipette 
should not be used in the same manner as is a volumetric 
pipette. The abbreviation del's on the pipette in view (b) 
stands for delivers. This particular pipette will deliver 25 
milliliters in 75 seconds at a temperature of 20° C. 

25. Use of Burettes.-In the titration of a solution with a 
reagent, it is necessary to measure carefully and accurately the 
volume of the reagent or the solution that is added. Such 
accurate measurements are made by means of a burette. 
There are many different types or styles of burettes, but only 
the simpler types, such as are shown in Fig. 5 (a) and (b), are 
needed for sanitary analyses. 
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The burette in view (a) consists of a graduated glass tube a 
and a small glass nozzle b, which is attached to the lower end 
of the tube a by means of a short length of rubber hose c. In 
order to control the flow of the liquid from the burette, a 
pinchcock d is placed on the rubber hose. When the two 

d isks e on the pinchcock are allowed to 
remain in the positions shown, the rubber 
hose is pinched together by the pinchcock 
so that flow of liquid is stopped. If the two 
disks are pinched together by the thumb 
and forefinger, the bose will be released and 
will tend to spring back to its original shape 
so that liquid will flow out through the 
nozzle. By varying the pressure on the 
disks, it is possible to obtain either a steady 
flow or a drop-by-drop discharge. 

g 

( I>} 

FIG. 5 

(e) 

FIG. 6 

The burette shown in view (b) is operated by means of a 
gl~ss stopcock j, which is shown ~ th~ open _posi~ion. If the 
stopcock is turned a quarter-turn m etther dir~t10n, ~he flow 
is stopped. A burette with a glass stopcock ts reqwred for 
solutions that will attack rubber. An additional feature on 
the burette in view (b) is the colored line g, which is painted 
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on a white enameled background on the far side of the burette. 
When this colored line is observed through a liquid, the width 
of the line is magnified, as shown in the lower part of view 
(c); and, because of reflections in the meniscus, the line at the 
mean height of the meniscus appears as a sharp point. Hence, 
the reading of the graduation at the surface of the liquid is 
greatly facilitated. 

Burettes are generally supported by means of a burette 
stand, which may be either single or double, as shown in Fig. 6. 

26. Other Equipment.-Additional equipment that is men
tioned in the explanations of analyses is shown in Fig. 7. An 
evaporating dish is used to hold liquid samples that are to be 
evaporated by means of heat. A porcelain crucible or a 
platinum dish is commonly used for heating or igniting solid 
materials.. When it is necessary to cool the contents of a 
crucible or an evaporating dish, the vessel and its contents 
are usually placed in a desiccator, which prevents the entrance 
of atmospheric moisture. After a substance has cooled, it 
may be placed in a weighing bottle, which has a tight glass 
stopper that prevents the absorption of moisture during the 
weighing process. 

Samples of $ewage or water are generally obtained and 
stored in either narrow-mouth or wide-mouth bottles; and 
most solutions are maintained in narrow-mouth bottles. 
During a titration, the liquids are commonly mixed in an 
Erlenmeyer flask. When it is necessary to filter out solids 
from a liquid, a special circular filter paper may be used. 
This paper is folded as indicated and is then opened into a 
cone; and the cone is placed in a funnel which is put into the 
mouth of a bottle or a suction flask. 

Nessler tubes are commonly used to hold liquids for colori
metric analyses. Occasionally, solid materials, such as starch, 
must be ground into a powder. The material to be ground is 
placed in a mortar and is ground by means of a pestle. 
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CLBAMNG OF EQUIPMENT 

21. It is essential that glassware and platinum dishes used 
in sanitary analyses should be kept clean. All glassware 
should be cleaned after it has been used, and new glassware 
should be cleaned before it is used. A standard cleaning 
solution for washing glassware and platinum dishes may be 
prepared by dissolving 100 grams of commercial potassium 
dichromate (K2CrtO;) in 375 milliliters of water and adding 
enough concentrated sulfuric acid (H.S04) to make a liter. 
The acid must be added slowly, and the solution should be 
stirred continuously while the acid is being added. 

After the glassware or platinum dishes have been washed in 
the cleaning solution, they should be rinsed thoroughly with 
distilled water and allowed to drain until dry. Iron or car
bonates that have been deposited in the glassware or platinum 
may be removed by means of a weak solution of hydrochloric 
acid (HCl). If the glassware does not drain freely and drops 
of water adhere to the surface, the glassware should be washed 
again in the cleaning solution. 

Certain metallic compounds cannot be removed from plat
inum by washing with hydrochloric acid, but they may be 
fused with potassium bisulfate (KHS04); and silica deposits 
may be fused with sodium carbonate (Na£;03). The platinum 
may then be cleaned by polishing it lightly with round sand 
or a slime of emery. Platinum should not be scraped with a 
file or with glass. 

INDICATORS AND TaHIR USE 

28. Methods of Employing Indicators.- There are three 
ways in which indicators may be used: (1) A liquid indicator 
may be added directly either to the solution that is to be tested 
or to the reagent that is used in the test. (2) A few drops of 
the solution to be tested may be placed in a porcelain dish, and 
a drop or two of the indicator may be added. Such a test, 
which is known as a spot test, is repeated from time to time with 
different samples of the solution being tested until the desired 
end point is indicated. (3) Filter paper may be saturated with 
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an indicator solution and the paper may then be dried and cut 
in~ strips. At freq~ent. interv_als during the test, a strip of 
thts saturated paper ts dtpped mto the solution being tested 
until finally the end point is indicated by a change in the colo; 
of the paper . 

The method most commonly used for sanitary analyses is 
the first method. The second method is seldom used; and the 
third method is used only to determine the point of change 
from an acid solution to an alkaline solution, or the reverse. 

29. Need for Different Indicators.-The end point of a 
reaction between two substances will occur when all of the 
substance being analyzed has passed through a definite chem
ical change. I n order that the end point of a reaction may be 
readily observed, the indicator must produce a distinctive 
color ; and, since only a small amount of indicator is used, it 
must have a high intensity of color that is readily discernible. 

Some indicators, such as starch, show color if certain elements 
are present in a free state, but do not show color if the same 
elements are present in the form of compounds. Other indi
cators, such as methyl orange, show different colors for different 
pH values. Still other indicators show the cessation of pre
cipitation. In neutralization and hydrolysis, or what is more 
commonly known as acidimetry and alkalimetry, the ability 
of certain indicators to show color at particular pH values is 
extremely important. 

30. End Point in Reaction Between an Acid and a Base. 
If a strong base-such as sodium hydroxide (NaOH)--Df a 
certain normality is titrated against a strong acid-such as 
hydrochloric acid (HCl)-o£ the same normality, the end point 
is reached when the solution is pract ically neutral and there
fore has a pH value of about 7. Just before the end point is 
reached, the solution is still strongly acid and the pH value 
is about 4; but, when one or two drops of the hydroxide is 
added, the solution becomes strongly basic and the pH value 
jumps to about 9. Phenolphthalein is commonly used as an 
indicator to determine the end point in the reaction between a 
strong acid and a strong base. However, almost any indicator 
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that shows color or changes color when the pH value is between 
4 and 9 may be used instead. 

The end point in the reaction between a weak acid, such as 
acetic acid (HCJ/a02), and a weak base, such as ammonium 
hydroxide (NH,.OH), will also occur when the pH value is 
about 7. However, no satisfactory indicator has been found 
for use with a weak acid and a weak base, and consequently 
such titrations are not used in volumetric analyses. 

If a strong base of a certain normality is titrated against a 
weak acid of the same normality, the solution is somewhat 
basic at the end point. In fact, for sodium hydroxide and 
acetic acid, the end point occurs when the pH value is about 
8.7. The indicator phenolphthalein (C2rJlt40~) is especially 
valuable in the t itration of any strong base and weak acid, 
because it is colorless in an acid and does not begin to show its 
typical red color until the pH value of the solution is about 8. 

The end point in the reaction between a strong acid and a 
weak base occurs when the solution is somewhat acid. If 
hydrochloric acid and ammonium hydroxide of equal normal
ities are used in a titration, the end point is reached when the 
solution bas a pH value of about 4. The indicator methyl 
orange, which is a chemical dyestuff, is useful in such a titra
tion, because it is red in a solution with a pH value less than 
4 and is yellow in a solution with a pH value greater than 4. 

This difference between the pH values at which phenolphthal
ein shows color and methyl orange changes color is e>.i:remely 
valuable in the analysis of water for alkalinity due to bicar
bonates, alkalinity due to carbonates, and alkalinity due to 
hydroxides. 

31. Indicators Commonly Used.-For the standardization 
of a solution in the laboratory, it is necessary to use the proper 
indicator. In Table II are given some of the more common 
indicators used for titrations or estimations. The first column 
contains the names of the indicators; the second and third 
columns contain the colors each indicator produces during the 
titrations, the fourth column gives the desirable condition of 
the solution in which each indicator should be used; and the 
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TABLE ll 
INDICATORS COMMONLY USED IN TITRATIONS 

Color Condition Indicator of Types of Solu lions Acid All< aline Solution 

Methyl red yellow oold hydroxides, carbonates 
orange bicarbonates, sulfides, and 

borates 
Phenol- none red hotoroold mineral acids, as hydro-phthalein chloric and suUuric; or-

ganic acids, as citric 
oxalic, acetic, and tartaric: 
and hydroxides ' 

Litmus red blue generaUy potassium, sodium, am-
oold moniwn, calcium, and ba-

rium hydroxides; and ni-
tric, hydrochloric, suUuric 
and oxalic acids ' 

Lacmoid red blue hot or cold mineral acids; and potas-
siwn, sodium, calcium, 

red blue 
and barium hydroxides 

hot potassium, sodium, cal-
cium, and barium carbo-
nates and bicarbonates 

Rosolic yellow violet-red cold solutions of ammonia 
acid 

Logwood yellow- violet alkaloids, carbonates, and 
(Haem a- orange bicarbonates 
toxylin) 

Iodeosin yellow rose red weak alkalies or solutions 
{Erythro-

containing traces of alka-
sine) lies 
Neutral red hot or cold titration of haloid salts potassium precipitate with silver nitrate 
chromate 

Starch blue solutions containing free 
iodine 

la~t col~ ~ntains the types of solutions that may be titrated 
w1th each md1cator. 

Certain indicators are used to determine the pH value of 
water or sewage by the colorimetric method. In order that 
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satisfactory results may be obtained with such indicators, 
each indicator must have a definite color range between certain 
limiting pH values. The indicators commonly used for the 
purpose of determining the exact pH value of a liquid are 
listed in Table III. A set of standard comparators, which are 
usually liquids in glass tubes, may be obtained for each indi
cator. A set consists of a separate tube for each change of 

TABLE ill 
INDICATORS COMMONLY USED FOR pH DETERMINATIONS 

Name 

Acid cresol red ....... .. ..... . . . .... . . .. .. . 
Acid meta cresol purple . .... .. ..... . ... .. . . 
Thymol blue (acid range) .......... . . . . ... . 
Benzol yellow ................. . .. . ..... . . 
Bromphenol blue ..... ... ................. . 
Bromcresol green ...... . ................. . 
Methyl red ....... . . .. ................... . 
Chlorphenol red . . ... ................... . . 
Bromcresol purple ............. . .......... . 
Bromthymol blue .......... . ............. . 
Phenol red ............................. . 
Cresol red ... . .... ...... . ... .. . ...... .... . 
Meta cresol purple ........................ . 
Thymol blue (alkaline range) ........ .. .... . 
Phenolphthalein red .......... ...... ...... . 
Tolyl red ............................... . 
Parazo orange ........................... . 
Acyl blue .. · ............................. . 

pH Range 

0.2- 1.8 
1.2- 2.8 
1.2- 2.8 
2.4- 4 .0 
3.0- 4.6 
3.8- 5.4 
4.4- 6.0 
5.2- 6.8 
5.2- 6.8 
6.0- 7.6 
6.8- 8.4 
7.2- 8.8 
7.6- 9.2 
8.0- 9.6 
8.6-10.2 

10.0-11.6 
11.0-12.6 
12.0-13.6 

Color Change 

red-yellow 
red-yellow 
red-yellow 
red-yellow 
yellow-blue 
yellow-blue 
red-yellow 
yellow-red 
yellow-purple 
yellow-blue 
yellow-red 
yellow-red 
yellow-purple 
yellow-blue 
yellow-red 
red-yellow 
yellow-<>range 
red-blue 

0.2 in the pH value. I n order to measure the pH value of a 
liquid by the colorimetric method, a few drops of the proper 
indicator are put into a sample of the liquid, and the color of 
the resulting liquid is compared successively with the colors of 
the standard comparators for that particular indicator. The 
approximate pH value is usually known, so that the proper 
indicator can be used. ·when the approximate pH value is 
unknown, it may be obtained by using a long-range indicat<rr, 
which determines roughly any pH value between 3 and 11. 

• 
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Then, the indicator whose range includes the approximate 
value thus found may be used to determine the more accurate 
pH value. 

32. Preparation of Solutions of M ethyl Orange and Phenol
phthalein.-A solution of methyl orange that makes a satis
factory indicator may be prepared by dissolving in distilled 
water 0.5 gram of methyl-orange powder of a good grade, and 
then diluting this solution to a volume of 1 liter with distilled 
water . It is also possible to purchase a prepared solution of 
methyl orange that is ready for use. Methyl-orange solution 
retains its coloring properties longer if kept in a dark place. 

A prepared solution of phenolphthalein indicator may also 
be purchased, or a satisfactory solution may be made in the 
following manner: First, a liter of SO% alcohol is prepared by 
diluting 526.3 milliliters of 95% grain alcohol with enough 
distilled water to form a liter; the value 526.3 is found by 
multiplying 1,000 by f*. Then, 0.5 gram of phenolphthalein 
of good quality is dissolved in this mixture, and the solution is 

neutralized by titrating with :'a sodium hydroxide until the 

first sign of color appears. 

33. Preparation of Litmus.-A prepared solution of litmus 
and prepared litmus paper may both be purchased from 
chemical-supply houses. Where large amounts of litmus are 
used, it may be economical to make up test solutions in the 
laboratory from powdered litmus. However, powdered litmus 
contains two ingredients, namely erythrolitmin and erythro
lein, which are soluble in alcohol but are practically insoluble 
in water; and it also contains one ingredient, azolitmin, which 
is soluble in water but not in alcohol Solutions of litmus are 
aqueous, and it is therefore desirable to eliminate the erythro
litmin and erythrolein from the solution. The following 
procedure is satisfactory for preparing a test solution. 

A 25-gram portion of commercial powdered litmus is placed 
in a flask containing 100 milliliters of alcohol and the mixture 
is boiled for about an hour; at the end of that time, another 
100 milliliters of alcohol is added and the boiling is continued 
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for another hour; and then a third volume of 100 milliliters of 
alcohol is added and the boiling is continued for still another 
hour. During this process the alcohol will dissolve most of 
that part of the litmus which is soluble in alcohol. The proc
ess of dissolving only part of a material is known as extraction. 
The contents of the flask are poured onto a filter; and, when 
all of the liquid has passed through the filter, the solid material 
that is retained is washed with more alcohol, which is also per
mitted to pass through the filter. All of the filtered liquid, or 
filtrate, is discarded. The residue on the surface of the filter 
is placed in a bottle with 25 milliliters of cold distilled water. 
The bottle is then stoppered and placed in a pan of water, 
which is heated to the boiling point so that any excess alkali 
will be dissolved. The contents of the bottle are filtered, and 
the filtrate is discarded. The residue from this filtration is 
mostly azolitmin, and it is therefore boiled in 125 milliliters of 
distilled water long enough to dissolve all the azolitmin that is 
present. Then the liquid is cooled and filtered. In this case, 
the residue is discarded and the filtrate is preserved in 
wide-mouth bottles, which are stoppered with loose plugs of 
clean cotton. Thus, air can reach the liquid, but dust will be 
excluded. If the bottles are stoppered t ightly, the litmus will 
lose some of its color. 

Blue litmus paper is made by saturating filter paper with 
the test solution. Red litmus paper is made by first adding 
to the test solution enough dilute hydrochloric acid to impart 
a faint reddish tint and then saturating filter paper with this 
red-colored solution. The papers that are saturated with 
either blue or red litmus are dried carefully and then cut into 
strips. These strips of litmus paper should be stored in 
t ightly-stoppered bottles. 

34. Preparation of Other Indicators.-A solution of lacmoid 
may be prepared by dissolving 2 grams of commercial lacmoid 
in 1liter of SO% alcohol. 

A solution of rosolic acid may be prepared by dissolving 1 
gram of commercial rosolic acid in 10 milliliters of dilute 
alcohol and adding enough distilled water to make 100 milliliters. 
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A solution of Iogwood, or haematoxylin, may be made by 
dissolving 0.3 gram of commercial Iogwood in 100 milliliters of 
pure alcohol. 

A solution of iodeosin, or erythrosine, may be prepared by 
dissolving 0.1 gram of the commercial sodium salt of erythro
sine in 1 liter of distilled water that is freshly boiled. 

A solution of potassium chromate may be made in the follow
ing manner: A 50-gram portion of neutral potassium chro
mate is dissolved in a small quantity of distilled water, and 
enough silver-nitrate solution is added to produce a slight red 
precipitate. This solution is allowed to stand for at least 24 
hours, and it is then filtered. Enough distilled water is added 
to the filtrate to make 1 liter of solution. 

A satisfactory solution of starch may be made by grinding 
about 5 grams of potato starch in a small amount of distilled 
water, and then pouring the mixture of starch and water into 
a liter of boiling water. This solution should be stirred thor
oughly and allowed to settle for several hours. Only the clear 
liquid above the sediment should be used as an indicator. 

PREPARATION OF STANDARD SOLUTIONS 

STANDARDIZATION OF ACID REAGENTS WITH SODIUM CARBONATE 

35. General Procedures in Standardization. - A few 
reagents, such as anhydrous sodium carbonate and oxalic 
acid, solutions of which are used in sanitary analyses, can be 
obtained in a practi~ally pure state. A standard solution 
may be made by dissolving the proper weight of a pure chemical 
in a measured volume of water. But many chemicals, such as 
sulfuric acid, hydrochloric acid, potassium permanganate, and 
sodium hydroxide, cannot be readily obtained in a pure state, 
and solutions of these impure chemicals must be standardized 
by titration against some pure chemical or against a previously 
standardized solution. One of the most commonly used pro
cedures, and also a very accurate procedure, for standardizing 
an acid solution is by titration against pure sodium carbonate. 
The electrolytic method for standardizing an acid is probably 
the most accurate method, but it requires special and expensive 

282C-3 
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equipment. Other methods involve the use of standard 
solutions of oxalic acid, silver nitrate, borax, and calcium 
carbonate. 

36. Volume of Concentrated Acid Required for Dilution. 
The volume of commercial acid that is required to make a 
liter of acid of any desired approximate normality may be 
found by the following formula: 

w 
'IJ=-ps 

in which v =required volume of original acid, in milliliters; 
w =required weight, in grams, of pure acid in 1 liter of 

solution of desired approximate normality; 
p= per cent of purity of commercial acid, expressed as 

a decimal; 
s =specific gravity of original acid. 

37. Preparation of Stock Solution of Sulfuric Acid.-A 

~ solution of sulfuric acid (H~04) will keep indefinitely if it 

is in an air-tight container and a dark place, and a solution of 
that strength is commonly maintained in the laboratory as a 
stock solution. Weaker solutions that are needed for analyses 
may be made up from the stock solution as desired. 

Sulfuric acid of a grade known as reagent grade may be 
purchased from reliable chemical-supply companies. It has 
a specific gravity of about 1.84, is about 36.7N, and contains 
about 95 to 96 per cent of pure sulfuric acid. The chief 
impurity in this acid is water and, if the acid is exposed to air 
containing moisture, more water will be absorbed until the 
strength of the acid is reduced to about 52 per cent. 

EXAMPLE.-How many milliliters of commercial sulfuric acid that is 
95 per cent pure and has a specific gravity of 1.84 are required to make a 

liter of sulfuric acid that is approximately~? 

SoLUTION.--Since the gram equivalent weight of sulfuric acid (Hz.SO,) 

is 49.04- g., a liter of~ sulfuric acid should contain 49.04+5=9.81 g. of 

pure sulfuric acid. The volume of 95% commercial acid that will supply 
this weight is 

~ 
I 
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v ;: 0.9:~~-84 5.61 ml. Ans. 

38. Preparation of Standard Sodium-Carbonate Solution. 
The normality of a stock solution of sulfuric acid that is pre
pared by simple dilution of a commercial acid will not be 
exact because of the probable variation in the purity of the 
original acid. In order to determine the true normality, it is 
necessary to titrate the acid against a standardized alkaline 
solution. A solution of sodium carbonate is generally used 
for this purpose. 

The pure anhydrous sodium carbonate is obtained by heat
ing nearly pure sodium bicarbonate (NaHC03) at a tempera
ture between 250° and 260° C. for 3 or 4 hours. The tem
perature should not be permitted to reach 270° C., as sodium 
oxide may be formed at that temperature. It is important 
that the sodium bicarbonate be practically free from chlorides, 
sulfates, or thiosulfates. The reaction that takes place on 
heating the bicarbonate is represented by the equation 

2NaHC03 +heat= NC12C03 + C02 + H20 
sodium h sodium +carbon + te 

+ eat= d" .d wa r bicarbonate carbonate IOX1 e 

A common procedure for obtaining the pure sodium car
bonate is as follows: About 15 grams of nearly pure sodium 
bicarbonate is placed in a crucible, and the crucible is set over 
a burner. It is desirable to have a thermometer in the crucible 
in such a position that the bicarbonate completely covers the 
bulb or reservoir at the lower end of the thermometer tube. 
The bicarbonate is heated for 3 or 4 hours at a temperature 
between 250° and 260° C., and the crucible is then removed 
from the burner and placed in a desiccator to cool. The water 
and most of the carbon dioxide will escape into the atmosphere 
during the burning process. Mter the sodium carbonate has 
cooled, a weighing bottle is placed in the desiccator, and the 
sodium carbonate is transferred to the weighing bottle, which 
is then stoppered. It is important that the weighing bottle 
remain dry. Therefore, the bottle should not be touched by 
the fingers. One method for handling the bottle consists of 



30 SANITARY CHEl\HSTRY 

passing a loop of twisted or folded paper around the upper 
part of the bottle and then holding the loop in contact with 
the bottle by means of the thumb and the first finger. 

39. Procedure for Obtaining True Normality of Stock 
Solution of Sulfuric Acid.-The weighing bottle with the 
anhydrous sodium carbonate is weighed on an analytical 
balance. A liter of a lN solution of sodium carbonate (NazCOa) 

. 45.99+12.01+48.00 53 00 f would contam 
2 

. grams o pure 

sodium carbonate. In this case, it is desired to make a ~ 
solution; and, since the solution is to be used only for standard
izing the acid, a total volume of 250 milliliters, or one-fourth 
of a liter, is enough. Hence, the required amount of sodium 

. 53.00 2 65 carbonate ts SX 4 = . grams. 

Exactly 2.65 grams of the sodium carbonate is removed 
from the weighing bottle, which is again weighed as a check 
on the amount removed. The 2.65 grams is dissolved in 
enough distilled water to make a total volume of 250 milliliters. 
Care should be taken to avoid spilling any of the sodium car
bonate. The solution is mixed thoroughly, and a 25-milliliter 
portion of the solution is then transferred to each of two 
Erlenmeyer flasks by means of a transfer pipette. To each 
flask are also added two drops of methyl-orange indicator; this 

indicator will give the solution a yellowish tinge. The f 
solution of sodium carbonate in one flask is then titrated with 
the stock solution of sulfuric acid from a burette until the end 
point is indicated by the appearance of a permanent orange 
color. The volume of sulfuric acid required for the reaction is 
read from the burette. 

The reaction between the sodium carbonate and the sulfuric 
acid is as follows: 

N0-2C03 + H.S04 =Na-S04+ H20 + C02 
sodium +sulfuric= sodium+ te +carbon 

carbonate acid sulfate wa r dioxide 

SANITARY CHEMISTRY 31 

Just previous to the end point of the reaction, a false end 
point may occur because the solution is saturated with carbon 
dioxide and this gas tends to give an ·acid reaction to the 
solution. The carbon dioxide should therefore be removed by 
boiling the liquid in the flask. After the flask has been allowed 
to cool to room temperature, enough sulfuric acid is added to 
reach the true end point of the reaction. Usually, only about 
0.1 milliliter of sulfuric acid will be required after the carbon 
dioxide has been removed. 

A similar titration should be conducted with the 25 milliliters 
of the solution of sodium carbonate that was placed in the 
other flask. The mean of the two volumes of sulfuric acid 
required for the titrations should be used for determining the 
normality of the acid. 

The normality of the solution of sulfuric acid is found by 
dividing the product of the volume of the sodium-carbonate 
solution and the normality of that solution by the volume of 
the sulfuric-acid solution used in the titration. For example, 
if 23.7 milliliters is the mean of the two amounts of sulfuric 
acid used in the titrations against the 25-milliliter portions of 
sodium carbonate, the strength of the sulfuric acid is 

2;~~·2 0.211N 

40. A solution whose true normality has been determined 
may be made more dilute or more concentrated, as required, to 
bring it to the desired strength. Another titration must be 
made on the new solution in order to be certain that it has the 
proper normality. The volume of water that must be used to 
make up a liter when the solution is too highly concentrated 
may be found by the equation 

v1 = 1,000-1,000 r (1) 

in which v1=volume of water, in milliliters, to be used in 
diluting a prepared solution to 1 liter of a 
solution of the desired normality; 

r=ratio of the desired normality of the solution to 
the computed normality of the solution. 
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If the prepared solution is too weak, it will be necessary to 
increase the volume of concentrated acid that is used in each 
liter of the solution. The amount of concentrated acid that 
is needed for each liter of the solution of the desired normality 
is found by the equation 

(2) 

in which 112 = v61ume of concentrated acid required for each 
liter of the solution of the desired normality; 

v=volume of concentrated acid in each liter of the 
prepared solution. 

r =ratio of the desired normality of the solution to 
the computed normality of the solution. 

A standardized solution may be diluted to any weaker 
normality by mixing proper proportions of the solution and 
water. The number of milliliters of standardized solution 
that should be used in a liter of desired solution is equal to 
1,000 times the ratio of the desired normality to the original 
normality. For example, if it is desired to make up a liter of 

~· or 0.05N, sulfuric acid from ~· or 0.2N, acid, a total of 

1,000X ~~5 = 250 milliliters of the~ solut ion would be required 

for each liter of ~ solution. 

EXAMPLE 1.-A volume of 25 milliliters of!£ sodium-carbonate solution 

is t itrated to the true end point with 23.7 milliliters of sulfuric acid. How 

many milliliters of water should be used to make up a liter of~ sulfuric 

acid from the acid used in the titration? 

So I this h nna1· f th ulf . .d . 25 X0.2 
LUTION.- n case, t e no tty o e s unc act IS 23T 

=0.211N and the ratio r is 0.2+0.211 =0.948; and, from formula 1, the 
volume of water required to make up a liter of acid of the desired normality 
is v1 =1,000-1,000r=l,000-1,000X 0.948=52 ml. Ans. 

E XAMPLE 2.-A volume of 25 milliliters of~ sodium-carbonate solution 

is titrated to the true end point with 25.9 milliliters of sulfuric acid. If 

~ · 

.. 

SANITARY CHEMISTRY 33 

5.61 milliliters of concentrated sulfuric acid was used in making up 1 liter 
of the sulfuric acid that was employed in t he titration, what volume of 

the concentrated acid is required to make up a liter. of; sulfuric acid? 

So h I. f . .d . 25X0.2 
LUTION.-J n this case, t e norma tty o the sulfunc act ts 25.9 

=0.193N; and, in formula 2, theratio r is 0.2+0.193= 1.036, and v=5.61 
mi. Hence, the required volume of concentrated acid in a liter of solution 
of the desired normality is 

v,=vr=5.61 X 1.036 =5.81 mi. Ans. 

A second titration against sodium-carbonate solution would be made 
to test the normality of the sulfuric acid. 

41. Preparation of Standard Solution of Hydrochloric 
Acid.-Hydrochloric acid (HCl} of the reagent grade is approxi
mately 12N, has a specific gravity of 1.18 or 1.19, and contains 
from 35.4 to 37.2 per cent of pure hydrochloric acid. A stock 
solution of any desired normality may be made up from t he 
concentrated solution by proceeding as explained for sulfuric 
acid. 

EXAMPLE.-(a} Calculate the approximate volume of 12N hydro
chloric acid with a specific gravity o£ 1.19 and a purity of about 37 per 

cent that is required in a liter off acid. (b) If 26.1 milliliters o£ the 

solution of hydrochloric acid of the normality determined in (a) is required 

to reach the final end point in the titration against 25 milliliters of ~ 
sodium carbonate solution, how many milliliters o£ the original concen
trated acid should be used in a liter of solution with a normality of exactly 

!!..) 
2. 

SoLUTION.-(a) The gram equivalent weight of hydrochloric acid is 

36.47 g., and a ~ solution should contain 36.47+2= 18.24 g. of pure 

hydrochloric acid. From the formula in Art. 36, the approximate volume 

of concentrated hy~oric acid required for a liter of ~ acid is 

v ~u 18·24 4l.43 ml. Ans. 
p s 0.37X 1.19 

(b) Since 26.1 mi. of the solution containing 41.43 mi. of concentrated 

acid per liter is required in the titration against 25 mi. of ~ sodium-
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. h I' f h h drochl . 'd · 2SXO.S carbonate solution, t e norma 1ty o t e y one ac1 1s ~= 

0.419N, and the ratio r in formula 2 of Art. 40 is O.S..;. 0.479 = 1.044. The 
amount of the concentrated hydrochloric acid that should be used in a 

N 1 . . heref liter of 2 so ution JS, t ore, 

~=vr=41.43X1.044=43.2S ml. Ans. 

A second titration should be made to ascertain whether this dilute 

solution of acid is exactly ~-

STANDARDIZATION OF HYDROXIDE REAGENTS WITH ACIDS 

42. Standardization With Sulfuric or Hydrochloric Acid. 
Standard solutions of either sodium hydroxide (NaOH) or 
potassium hydroxide (KOH) may be made by dissolving solid 
hydroxide in water and titrating with standardized solutions of 
sulfuric or hydrochloric acid. The method for standardizing 

a stock solution of ~ sodium hydroxide with sulfuric acid will 

be used as an example. Sticks of commercial sodium hydrox
ide are coated with sodium carbonate. In order to remove 
this coating, which amounts to about one-third of the total 
weight of the commercial product, the sticks are placed in 
water until the carbonate is dissolved ; when the water is 
poured off, relatively pure sodium hydroxide is left. 

Since sodium hydroxide has a gram equivalent weight of 

40.01 and a ~ solution is desired, a total of 40.01 + 2 = 20.01 

grams of pure sodium hydroxide will be required for a liter of 
solution. If approximately one-third of the weight of the 
commercial sodium hydroxide is to be wasted, an initial weight 
of approximately 30 grams will be required. The 30 grams of 
sodium-hydroxide sticks are placed in distilled water and 
allowed to remain until the surface coating is dissolved. The 
water is then poured off, the remaining sodium hydroxide is 
dissolved in distilled water that has been freshly boiled and 
cooled, and enough distilled water is added to make a liter. 
The solution must be well mixed. 

A 10-milliliter portion of the sodium-hydroxide solution is 
transferred to each of two 250-milliliter Erlenmeyer flasks by 
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means of a transfer pipette. To the contents of each flask are 
added three drops of methyl-orange indicator and enough 
water to make a volume of 100 milliliters. Each of these 

diluted solutions, the strength of which is approximately ~· 

is titrated with~· or 0.2N, sulfuric acid that has been carefully 

standardized. The reaction may be wriLLen as follows: 

2NaOH + HS04 =NlhS04+ 2H20 
sodium +sulfuric sodium+ te 

hydroxide acid =sulfate wa r 

The actual normality of the sodium-hydroxide solution that 
was titrated may be obtained by dividing the product of the 
volume of the sulfuric acid and its normality by the volume of 
the sodium hydroxide. Thus, if 25.7 milliliters of sulfuric 
acid was required to reach the end point in the titration, the 
strength of t he dilute sodium-hydroxide solution would be 

25·i~0·2 0.0514N 

Since a volume of 10 milliliters of the original sodium-hydrox
ide solution was diluted to 100 milliliters, the strength of the 

original solution is 
1

1~0xo.OS14N = 0.514N instead of~- The 

volume of water required to make up a liter of ~' or O.SN, 

sodium-hydroxide solution from the 0 .514N solution is, by 
formula 1 of Art. 40, 

v1 = 1,000-1,000 r = 1,000-1,000X0~si 4 = 27 milliliters 

Another titration is necessary to establish the true normality 
of this new sodium-hydroxide solution. 

43. Standardization With Oxalic Acid.-Under some condi
tions, it is not easy to fuse sodium bicarbonate in order to 
obtain pure sodium carbonate for the standardization of sul
furic or hydrochloric acid, which in turn is used to standardize 
!3odium or potassium hydroxide. Oxalic acid [(COOH)2.2H20] 
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may then be used for standardizing the hydroxides. A stand
ard solution of oxalic acid is easily prepared, but it does not 
keep for any length of time, and a new solution must be pre
pared for each standardization. If the oxalic acid is carefully 
prepared, the results obtained by standardizing with oxalic 
acid will be sufficiently accurate for routine analyses. 

Pure oxalic acid exists in the form of transparent crystals, 
which are soluble in water. The gram equivalent weight of 
oxalic acid · is 

(12.01+16.00 X2+ L01) ~2+2X (1.01 X2+16.00) 63.04 

A l N solution of oxalic acid may, therefore, be made by dis
solving 63.04 grams of pure oxalic acid in enough distilled 
water to make a volume of 1 liter at 25° C. 

A solut ton of sodium hydroxide that is approximately ~ 
may be prepared in the manner described in Art. 42, and this 
solution is titrated with the l N oxalic acid. In this case, 
however , the reaction is between a strong base and a weak 
acid, and phenolphthalein indicator must be used instead of 
methyl orange. The reaction may be written as follows: 

2NaOH +(COOH)2.2H10=(COONa)2+4H~ 
sodium + oxalic sodium 

hydroxide acid = oxalate +water 

Since the strength of the hydroxide solution is approximately 

~· 25 milhliters of it should be neutralized by about 12.5 

milliliters of 1N oxalic acid. If 12.85 milliliters of the oxalic 
acid is required, the strength of the sodium hydroxide is 

12.~~ X 1 0.514N. This solution may be diluted to ~ by 

proceeding as explau1ee1 in Art. 42. 
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STANDARDIZATION OF ACID REAGENTS WITH HYDROXIDES 

44. When it is necessary to standard ize a solution of sodium 
hydmxide or of potassium hydroxide by means of oxalic acid, 
it will also be necessary to standardize a solution of sulfuric 
acid or hydrochloric acid by means of the hydroxide. For 
such standardization, the procedure explained in Art. 42 is 
reversed. 

In order to illustrate the procedure, it is assumed that a 
solution of hydrochloric acid with a strength of approximately 
1N is to be standardized with a lN solution of sodium hydrox
ide. A 1N solut ion of hydrochloric acid requires 36.47 grams 
of pure hydrochloric acid per liter of solution. If the com
mercial product has an approximate purity of 37 per cent and 
a specific gravity of 1.19, the approximate volume of com
mercial acid that is required for a liter of l N hydrochloric acid 

. 36.47 82 85 illil. . A 5 . . ts 0.37X l.l9 . m tters. 2 -milliliter portion of this 

diluted solution is placed in each of three flasks, three drops of 
methyl orange are added to each flask, and each portion of 
acid is titra ted with l N sodium hydroxide. The mean of the 
required amounts of hydroxide is taken. The equation for 
the reaction may be written as follows: 

NaOH + HCl = NaCl + H~ 
sodium +hydrochloric_ sodium+ 

h d 'd 'd - hi 'd water y roxt e act c . on e 

If 26.2 milliliters of sodium hydroxide is required to reach 
the end point in the t itration, the strength of the hydrochloric 

acid is 
2~52 = 1.048N. This acid may be diluted as explained 

in Art. 40, and the diluted solution should be titrated again 
to make sure tha t it is lN. 

STANDARDIZATION OF REAGENTS FOR OXIDATION OR REDUCTION 

45. Standardization of Potassium Permanganate.- T he 
usual procedure for standardizing a solut ion of potassiwn per
manganate (KM110~) is by titrating that solution against a 
solution of sodium oxalate [(COONa)~J in the presence of sul-
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furic acid (H~04). The complete reaction, without inter
mediate steps, may be written as follows : 

S(COONa)2+8H2SO~+ 2KMn04 
sodium sulfuric+ potassium 
oxalate + acid permanganate 

=5Na~O~ + 2Mn504 + 8H~ + 10C02 + K·S04 
sodium manganous+ t +carbon +potassium 
sulfate + sulfate wa er dioxide sulfate 

As explained in Art. 11, the change in the valence of the 
manganese in one molecule of potassium permanganate for 
this reaction is 5, and the gram equivalent weight of the 
potassium permanganate is, therefore, 158.03 ..;- 5 = 31.61 grams. 
If a solution of potassium permanganate with a strength of 

approximately~ 1s desired, a weight of 
31561 

=6.32 grams of 

potassium-permanganate crystals should be dissolved in enough 

distilled water to make a liter. A liter of~ sodium-oxalate 

. . 1347 2 13 4 f 1 f solutton should contam --~-= . grams o pure crysta so 
.) 

sodium oxalate. A similar result may be obtained by using 
a solution containing in each liter 14.21 grams of pure crystals 
of ammonium oxalate [(COONH4h.H.JJJ. The oxalate solutions 
will not remain stable for more than about 2 weeks. 

In the reaction between the oxalate and the permanganate, 
it is necessary to have available an excess of sulfuric acid in 
order to prevent the precipitation of the manganous and 
manganic oxides that may form. Consequently, the actual 
amount of sulfuric acid that is used for the reaction is determined 
by experience rather than by calculation. The usual procedure 

is as follows: Exactly 25 milliliters of the ~ solution of 

sodium oxalate is placed in an Erlenmeyer flask and is diluted 
to 100 milliliters with distilled water. There is thus produced 

100 milliliters of ~ oxalate solution. A small amount of 

concentrated (36N) sulfuric acid is diluted with three parts of 
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water. This dilution must be made very slowly with constant 
stirring, in order to avoid any violent action when the acid 
strikes the water. Then 10 milliliters of this diluted acid is 
placed in the flask with the sodium-oxalate solution. The 
mixture is heated to a temperature of 90° C. and, while the 
liquid is still hot, it is titrated with the potassium-permangan-

ate solution having a strength of approximately ~ until a 

faint pink color appears. Readings of the burette that con
tains the permanganate should be taken before and after the 
titration in order to obtain the amount of permanganate used. 

As in other standardizations, the normality of the per
manganate is found by dividing the product of the volume of 
the oxalate solution and its normality by the volume of the 
permanganate solution. For example, if 24.1 milliliters of 
permanganate solution is required in the titration, the strength 
of that solution is 

2;:.~·2 0.208N 

A dilution to an exact strength of ~ may be made by proceed

ing as explained in Art. 40. A second titration with the 
diluted permanganate solution is necessary to establish the 
exact normality. 

46. Standardization of Sodium Thiosulfate.-Sodium thio
sulfate (N~z03.5H~) will react with free iodine (Iz) to form 
sodium iodide (Nal) . In order to produce free iodine for the 
reduction of the thiosulfate, it is customary to dissolve crystals 
of potassium iodide (Kl) in a solution of potassium hi-iodate 
(l<I03.HI03) in the presence of sulfuric acid (H~04). The 
freeing of the iodine requires about 5 minutes. The reaction 
involving the hi-iodate, the iodide, and the acid may be written 
as follows: 

2KI03.HIOa+ 20KI +l1H2S04= l1K2SO• +12H20+ l2I2 
. potas- sulf . . 

potassmm + . + unc potassmm+ . d. 
hi-iodate smm ac·d = lf te water +to me 

iodide 1 su a 
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In this reaction, the valence of each atom of iodine in the 
potassium hi-iodate is +5; and the total valence of the iodine 
in the two molecules of hi-iodate is 2 X (5 +5) = 20. The 
valence of the iodine in the potassium iodide is -1, and the 
total valence in the 20 molecules of the potassium iodide is 
20X ( -1) =-20. The total valence of the 12 molecules of 
free iodine is 12X2 =24. Hence, the total change in the 
valence of the iodine in the reaction is +20-20+24=24. 
The gram equivalent weight of the potassium hi-iodate is, 
therefore, 

2X(39.10+126.92+3Xl6.00+l.Ol+126.92+3Xl6.00) 32.50 
24 . 

A N solution of potassium hi-iodate would contain 32.5 
10 

..;-10=3.25 grams of the chemical, and a !6 solution may be 

made by diluting 250 milliliters of the ~ solution to a liter 

with distilled water. Amounts of potassium iodide and sulfuric 
acid in excess of those required to balance the reaction are 
used to dissolve the free iodine and to prevent any precipitation. 

47. A stock solution of sodium thiosulfate (N<l'l5£)3.5H,O) 

with a strength of approximately ~ may be prepared by dissolv

ing 24.82 grams of pure sodium-thiosulfate powder in enough 
distilled water to make 1 liter. This solution may be pre
served either by placing 5 grams of ammonium carbonate 
[(NH4)2C03 .H~O] in enough of the solution to make 1liter and 
adding 5 milliliters of chloroform (CHC~); or by placing 4 
milliliters of 1N sodium hydroxide (NaOH) in enough of the 
solution to make 1 liter. A fresh solution should be made up 
every three or four weeks. 

The solution of sodium thiosulfate that is co.mmonly used 

in sanitary analysis has a strength of !6 and must be stand

ardized against iodine before it is used. Usually, a solution 

SANITARY CHEMISTRY 41 

whose strength is approximately ~ is made by diluting 250 

millili. . f h N ters o t e 
10 

solution to 1 liter with distilled water that 

is freshly boiled. 
The reaction between sodium thiosulfate and free iodine 

may be written as follows: 

24N(h5£J3+ 1212 = 24Nal + 12N(h5406 

~urn +"odin =sodium+ sodium 
thiosulfate 

1 
e iodide tetrathionate 

The 5 parts of water that are in each molecule of the thio
sulfate are not shown in the equation because they do not 
enter into the reaction. 

If a small amount of starch is added to a solution containing 
free iodine, a blue color will result and, as soon as all of the 
iodine is in combined form, the color will disappear. For this 
reason, a solution of starch is commonly used to determine the 
end point in the titration of the iodine with sodium thiosulfate. 

The usual procedure in the standardization of the sodium
thiosulfate solution is as follows: About 5 grams of potassium 
iodide is placed in an Erlenmeyer flask of 250-milliliter capacity 
and is ·dissolved in SO mi11iliters of distilled water and 10 milli
liters of 3.6N sulfuric acid. Into this solution is poured 40 

milliliters of a :;; solution of potassium bi-iodate. The flask 

is placed in the dark for 5 minutes and the mixture is then 
diluted with enough distilled water to make 200 milliliters. 
This mixture is titrated with the solution of sodium thiosulfate 

h . . N 
aVIOg a strength of approximately 

40
. When the reaction is 

nearing the end point, the liquid attains a pale yellow color 
similar to that of straw. At this stage, a few drops of the 
starch solution are added and the liquid becomes blue. The 
titration is continued by adding the thiosulfate a drop at a 
time, and the flask is stoppered and shaken violently after 
each addition of thiosulfate. When the blue color disappears, 
the reaction is complete. 
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If the strength of the sodium-thiosulfate solution is exactly 

~· the required volume of thiosulfate for the reaction will be 

40 milliliters. I n any case, the true normality may be obtained 
in the manner explained in Art. 40; and, if necessary, the 
proper dilution may be made as previously explained for other 
standard solutions. 

TYPICAL PROCEDURES IN SANITARY ANALYSES 

VOLUMETRIC ANALYSIS 

48. Outline of Method for Determination of Oxygen Con
sumed From Permaoganate.-The organic matter in water or 
sewage will become oxidized if enough oxygen is available. 
In order to determine the amount of oxygen that will be con
sumed by the organic matter during the oxidation, potassium 
permanganate is used to supply the necessary oxygen. Briefly, 
the test for the oxygen is as follows : A measured quantity of 
potassium permanganate (KMn04) and an excess of sulfuric 
acid (H.S04) are added to a sample of water or sewage that 
contains organic matter. The available oxygen in the per
manganate is used up during the oxidation of the carbon in 
t he organic material. Enough of a solution of ammonium 
oxalate [(NH4)2C,.04.H20] is added to the sample to bring 
about a complete reaction with the original amount of per
manganate. Only the part of the permanganate that was not 
used during the oxidation process will react with the oxalate; 
and, in order to determine the exact amount of permanganate 
t hat was required to oxidize the organic matter, the sample is 
titrated with enough potassium permanganate to complete 
the reaction with the oxalate. The end point is indicated by 
the appearance of a pink color. 

Since distilled water will also reduce the permanganate to 
some extent, a test similar to the one made on the sample is 
made on distilled water. The net amount of permanganate 
required for the oxidation of the carbon in the organic matter is 
the d ifference between the amount titrated against the sample 
and the amount titrated against the distilled water. 
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49. Preparation of Reagents.-In order to determine the 
amount of oxygen consumed from the permanganate, the 
relation between a definite volume of the permanganate solu
tion and a definite weight of oxygen must be known. This 
relation can best be derived by a consideration of the equation 
for the reaction. When potassium permanganate is reduced 
by the oxidation of the carbon in the organic matter in the 
presence of sulfuric acid, the reaction may be written 

4KM1104 + 5C +6H.S04 
potassium + b +sulfuric car on . 

permanganate ac1d 
2K2SO-~. + 4Mn504 +SC02 + 6H£J 

potassium+manganous+ carbon+ t 
= .. waer 

sulfate sulfate dtoxtde 

Actually, the carbon is in a complex form, but it is not desir-
able to complicate the equation by unnecessary formulas. It 
will be noted that there are 16 atoms of oxygen in the per
manganate and only 10 atoms of oxygen in the carbon dioxide. 
This means that only 10 of the atoms of oxygen out of the 16 
in t he permanganate are available for the oxidation of the 
carbon. The four molecules of permanganate have a total 
gram molecular weight of 4X158.03=632.12 grams, but they 
will release only 10X16= 160 grams of oxygen. Thus, a liter 
of solution that contains 632.12 grams of permanganate will 
release 160 grams of oxygen. In this test, however, it is 
desired to have 1 milliliter of the permanganate solution 
equivalent to 0.1 milligram of oxygen. Since a milliliter is) 
one-thousandth of a liter and a milligram is one-thousandth of r ~ 
a gram, the required weight of potassium permanganate per fo 
1
. f 

1 
0 0 632012X001 

0 395 Iter o so utlon 1s 
160 

° gram. 

If the ammonium-oxalate solution must be equivalent to the 
potassium-permanganate solution, the normalities of the two 
solut ions must be the same. The required weight of potassium 

(KM 0 ) . 1 1i f 1N 1 0 • 158.03 permanganate n 4 m ter o a so ut10n IS -
5
-

= 31.61 grams, and the weight of ammonium oxalate 
282C-4 
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[(NH4)2C20 4 .H20J in l liter of l N solution is 142.14+2=71.07 
grams. Since 1 liter of the standard solution of permanganate 
is to contain 0.395 gram of potassium permanganate, 1 liter of 

1 . t . 71.07X0.395 
the standard oxalate so utlon mus contain 

3
1.

61 
= 0.888 gram of pure ammonium oxalate. Both the ammo
nium-oxalate and potassium-permanganate solutions will have 

N 0.888 1 0.395 1 
strengths of 80' as 71.07 = 80 and 31.61 =so· 

50. In actual laboratory work, a standard :'o ammonium

oxalate solution may be made by dissolving 0.888 gram of pure 
ammonium oxalate in enough distilled water to make 1 liter. 
However, pure potassium pennanganate cannot be purchased, 
and a solution of permanganate with a strength of approximately 

~ is made first by dissolving 0.4 gram of potassium perman

ganate in enough distilled water to make 1liter. This solution 
must be standardized by titration with the standard oxalate 
solution, and then diluted or concentrated as necessary to 
make the normality of the perrnanganate solution the same as 
that of the oxalate solution. 

D istilled water has some oxidizing capacity. This capacity 
of the dilution water must be destroyed during the standard
ization of the potassium-perrnanganate solution. The usual 
procedure for standardizing the permanganate is as follows: 
After the 0.4 gram of potassium permanganate has been dis
solved in enough distilled water to make a liter, 10 milliliters 
of the permanganate solution and 10 milliliters of 9N sulfuric 
acid are added to 100 milliliters of distilled water in an Erlen
meyer flask. This mixture is allowed to digest for 30 minutes 
by placing the flask in boiling water. Then, 10 milliliters of 
the standard ammonium-oxalate solution is added and mixed 
thoroughly. Finally, the solution is t itrated with the solution 
of potassium permanganate until a pink color appears. The 
distilled water in the sample no longer has any oxidizing power, 
and it is permissible to place 10 milliliters of the standard 
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oxalate solution in the flask and to titrate it with the potassium
permanganate solution without danger of error because of 
oxidation on the part of the distilled water. If exactly 10 
milliliters of the permanganate solution is r equired, no further 
adjustment is necessary; but, if more or less than 10 milliliters 
of the permanganate solution is required, an adjustment must 
be made in the manner explained in Art. 40. 

51. Procedure in Te"st.-A 100-milliliter sample of water 
or a sample of from 1 to 50 milliliters of sewage diluted to 100 
milliliters with distilled water is used for the test for oxygen 
consumed. The sample to be tested is placed in an Erlen
meyer flask, and 100 milliliters of distilled water is placed in 
another similar flask. Both the sample and the distilled 
water are treated with 10 milliliters of 9N sulfuric acid and 10 

milliliters of the :C, potassium-permanganate solution, and the 

two flasks are put into a pan of boiling water, in which the 
level of the water is above the level of the liquid in the flasks. 
The ingredients are permitted to digest in the hot-water bath 
for 30 minutes, during which time the reaction shown in Art. 
49 occurs. Not more than half of the 10 milliliters of per
manganate should be used up in the reaction with the sample. 
If a greater amount is used, as determined later, the test must 
be run again with a greater dilution of the original sample. 

At the end of the 30-minute digestion period, 10 milliliters of 

the :C, ammonium-oxalate solution is added to both flasks. If 

all of the original 10 milliliters of permanganate were present, 
the following reaction would occur: 

2KMn04 +S(NH4)2C£)4.H20+8H2S04 
potassium + ammonium +sulfuric 

permanganate oxalate acid 
Kt504 + 2M,1504 +S(NH4)t504.!f- 10COz + 13H£) 

_ potassium+manganous+ ammonium +carbon+ 
- If te ulf ulf d" "d water su a s ate s ate IOXI e 

Some of the perrnanganate has been reduced during the diges
tion, however, and there is not enough permanganate to react 



46 SANITARY CHEMISTRY 

with all of the ammonium oxalate. The amount of perman
ganate that is required to complete the reaction is equivale~t 
to the amount that was used in oxidizing the carbon. This 
amount is added by titrating the liquid in each flask with per
manganate until a faint pink colo: a?p~rs. The amo~t. of 
permanganate titrated against the bqmd m the flask contammg 
the distilled water is subtracted from the amount of perman
ganate titrated against the sample, and the difference is the 
net amount of permanganate reduced by the sample. . . 

Each milliliter of permanganate that was reduced IS eqmva
lent to 0.1 milligram of consumed oxygen. T h':s, o~e:-t:enth 
of the net amount of permanganate reduced, m milliliters, 
equals the total number of milligrams of oxygen consumed by 

permanganate. 

52. Expression of Results.-The results of volumetric 
analyses may be expressed in various ways. In some types 
of work the amount of the substance found is expressed as a 
per cen~ of the amount of the original sample; and, in other 
cases the amount of the substance found is expressed as so 
man; grams per liter of the original sample. In most sanitary 
analyses, however , only minute amounts of the substances 
sough t are present in a sample of water or sewage, and results 
of such analyses are therefore generally expressed in parts per 
million by weight. Parts per million is commonly abbreviated 

p.p.m. or ppm. . . 
Since the foreign material in water or sewage ts rn such 

small quantities, it does not materially change the weight of 
a unit volume of the liquid from that of pure water. Hence, 
for most purposes, a liter of a sample of water or sewage may 
be assumed to weigh 1,000 grams. If a liter of such liquid 
contains 1 milligram, or 0.001 gram, of any foreign substance, 
the weight of the substance is one-millionth of the weight of 
the liter of liquid, or the sample contains 1 part of the substance 
per million parts of the sample, by weight. . . 

When the substance being analyzed appears m relattvely 
large quantities, it is sometimes convenient to express the 
results in grains per gallon. A grain per gallon is equivalent 
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to 17.1 parts per million. Results of analyse~ for minerals 
that cause hardness in water are frequently expressed in 
grains per gallon. 

EXAMPLE.-A 5-milliliter sample of sewage was diluted to 100 milli
liters, an d the diluted sample was then analyzed for oxygen consumed by 
permanganate. The titration of the sample required 2.1 milliliters of 
permanganate, and the titration of 100 milliliters of distilled water required 
0 .2 milliliter of permanganate. Calculate the amount of oxygen consumed, 
in parts per million. 

SoLUTION.-ln this case, the net amount of pennanganate required 
for the oxidation was 2.1 - 0.2= 1.9 mi., which represented O.l X 1.9=0.19 
mg. of oxygen consumed. This weight of oxygen was consumed by 5 
mi. of the original sample of sewage, allowance having been made for the 
oxygen consumed by 100 mi. of distilled water. Hence, the oxygen con
sumed per mi. of sewage was 0.19+5=0.038 mg. A liter of the original 
sample would have consumed 1,000 times as much oxygen, or 38 mg. 
Since 1 milligram per liter is equivalent to 1 p.p.m., the sewage had an 
oxygen-consumed value of 38 p.p.m. Ans. 

TYPICAL GRAVIMETRIC ANALYSIS 

53. Preliminary Steps in Determination of Silica.- The 
amount of silica (5i02) in water may be determined by a 
gravimetric a nalysis. In order to make a satisfactory examin
ation, t he original sample of water must be large enough to 
provide from 0.4 to 0.6 gram of residue upon evaporation of 
the liquid. I n most water supplies, the residue will contain 
silica in combination with calcium, the usual formula for the 
combination being CaSi03. The required amount of residue 
may generally be supplied by a sample of water having a 
volume of not more than 1,000 milliliters. After one or two 
trial tests have been made on a particular water supply, the 
approximate volume required for the analysis will be known. 

The sample is evaporated in a platinum dish having a 
capacity of 100 milliliters. If more than 100 milliliters of the 
water is used, the evaporation must be done in stages, the 
l iquid being added as the evaporation progresses. When the 
evaporation is practically completed, 1 milliliter of hydrochloric 
acid with a strength of about 6N is added and the sides of the 
plat inum dish are moistened with the Iiquid. The reaction 
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between the acid and the silicate in the residue may be written 
as follows: 

CaSi03 + 2HCl = CaC/,.z +S1"02 + H20 
calcium hydrochloric_ calcium+ .1. + 

. . + .d - hl "d s1 tca , water 
silicate act c on e 

The liquid is evaporated until the residue is dry. If much 
organic matter is present, the dish is placed in a metal con
tainer, known as a radiator, and is heated to a red heat. When 
the dish has cooled, dilute hydrochloric acid is added to com
plete the release of Si02, and the excess acid is driven off by 
placing the dish in a hot-water bath. The residue is treated 
with a few drops of hydrochloric acid and is dissolved in. hot 
water. The contents of the dish are poured into a funnel 
that contains a cone of filter paper, and the residue on the 
filter is placed in a clean platinum dish. Also, the liquid that 
has passed through the filter is treated exactly the same as 
the original sample and is again filtered. The residue from 
filtering this liquid is added to that obtained after the first 
filtering. The total residue is ignited by placing the platinum 
dish over a gas burner, and then the remaining non-vola
tile material and the platinum dish are carefully weighed as a 
unit. 

54. Completion of Silica Determination.-The residue that 
is weighed in the platinum dish usually contains oxides of 
aiuminum and calcium as well as the silica. Consequently, 
the next step is to remove the silica and to weigh the remain
ing oxides. The silica is transformed by combining it with 
hydrofluoric acid (HF), about S milliliters of the acid being 
required. The reaction may be written as follows: 

Si02+ 6HF H~iF6 +2H.J) 

ili. +hydrofluoric_ hydrofluosilicic+ 
s ca "d - .d water act act 

When heated, the hydrofluosilicic acid (H~iF6) breaks up 
into silicon tetrafluoride (SiF4) and hydrofluoric acid, accord
ing to the following reaction : 
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H~iF6 +heat= SiF4 + 2HF 

h?~ofiu~-+heat= silicon hydrofluoric 
silicic actd tetrafluoride+ acid 

The silicon tetrafluoride is a gas and therefore escapes in 
the heating process, so that only the hydrofluoric acid is left. 
There are, however, the oxides of aluminum and calcium to 
consider. These oxides will react with t he hydrofluoric acid 
to form fluorides, which must be treated with sulfuric acid in 
order to form sulfates; and the sulfates are changed to oxides 
by igniting the sulfates over a gas flame. About 2 drops of 
36N sulfuric acid is sufficient. The reactions may be illus
trated by the use of aluminum oxide, as the same thing occurs 
for calcium oxide. Thus, 

A/,.z03 + 6HF 2AlF3 +3H.J) 
aluminum+hydrofluoric _aluminum 

"d .d - fl .d +water 
o~ e acr uon e 

2AlF3 +JH2S04= A/,.z(S04)3 + 6HF 
alumi~um +sulfuric= aluminum+ hydrofluoric 
fluonde acid sulfate acid 

Evaporation then expels the hydrofluoric acid. Also, the 
aluminum sulfate is decomposed by the heat, as follows: 

Atz(S0.)3 +heat= AWa + 350'3 
aluminum+h t = aluminum+ sulfur 

ulf te ea "d . "d s a OXI e tnoxt e 

The sulfur trioxide is driven off by the heat, and only the oxide 
remains. The oxides and the platinum dish are weighed and 
the difference between the weight of the total original residue 
and the weight of the residue after treatment with hydrofluoric 
and sulfuric acids is considered to be the weight of silica present 
in the original sample. 

The amount of silica is commonly expressed in parts per 
million. The weight, in grams, of the original sample of 
water may be considered to be the same as the volume, in 
milliliters. Hence, the amount of silica in parts per million is 
found by dividing 1,000,000 t imes the weight of silica, in 
grams, by the weight, in grams, of the original sample of 
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liquid. For example, if a 500-milliliter sample of water is 
found to contain 0.009 gram of silica, the silica content is 

1,000,000X0.009 18 parts per million. 
500 

COLORIMETRIC ANALYSIS 

55. Preparation of Reagents for Determination of Residual 
Chlorine in Sewage.-Sewage that has been treated with 
chlorine to kill bacteria should contain a small amount of 
the chlorine, known as residual chlorine, after 10 minutes of 
contact between the sewage and the chlorine. The amount 
of the residual chlorine is determined by a colorimetric test. 
The only reagents required are a solution of orthotolidin 
(CJi3(CH3)NH~h and a standard solution of chlorine. 

The orthotolidin solution is used as an indicator. It may 
be made by dissolving 1 gram of commercial orthotolidin in 
1 liter of 2.17N hydrochloric acid. In some cases, it is easier 
first to grind the orlhotolidin into 180 milliliters of commercial 
concentrated hydrochloric acid, which has a specific gravity of 
1.19, and then to dilute that solution to 1liter. . 

The standard chlorine solution should contain 0 .1 milligram 
of available chlorine for each milliliter of solution. The free 
chlorine is obtained by a reaction between sodium hypochlorite 
and hydrochloric acid. This reaction may be written as 
follows: 

NaOCl + 2HCl = NaCl + H,O + Ctz 
sodium +hydrochloric_ sodium + te +chi . 

h . "d - hl .d wa r onne hypoc lonte act c on e 

For each atom of chlorine in the hypochlorite, there are formed 
two atoms of free chlorine. Since the gram molecular weight 
of the hypochlorite is 74.46 grams and the gram molecular 
weight of the free chlorine is 70.92 grams, it may be assumed 
for practical purposes that the weight of the hypochlorite is 
approximately equal to the weight of free chlorine. In order 
to obtain a solution of approximately the required strength, 
each liter should contain slightly more than 0.1 gram of hypo
chlorite. A pharmaceutical preparation that contains about 4 
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per cent of sodium hypochlorite may be purchased from mosl 
chemical-supply houses. This preparation must be diluted 
and standardized. 

If the free chlorine is permitted to react with potassium 

iodide and the resulting free iodine is titrated with ~ sodium

thiosulfate solution, the exact strength of the chlorine solution 
may be obtained. The reactions for both steps may be written 
as follows: 

Ctz + 2KI 2KCl + I2 
hl . +potassium_potassium+.od" 

c onne iodide - chloride 1 me 

I2 +2N~.J)3.SH.£J= 2Nal + NG?S.Os +10H.J) 
"odi + sodium sodium sodium 
1 ne thiosulfate = iodide + tetrathionate +water 

A liter of a :0 solution of sodium thiosulfate will react with 

126.92+40=3.173 grams of free iodine, and 3.173 grams of 
iodine are set free by 35.46+40=0.886 gram of free chlorine. 

Hence, 1 milliliter of ~ sodium-thiosulfate solution is eqwva

lent to 0.886 milligram of chlorine; or the number of milligrams 
of available chlorine per milliliter of chlorine solution is equal 
to 0.886 times the ratio of the required number of milliliters of 
thiosulfate to the total number of milliliters of chlorine solution. 

Usually, about 1 or 2 grams of potassium-iodide crystals, 
50 milliliters of the chlorine solution, and 1 milliliter of hydro
chloric acid are used to determine the strength of the chlorine 
solution. 

56. Procedure in Test.-Standard chlorine solutions are 
made up by diluting the standardized solution with distilled 
water, and 10-milliliter portions of the diluted solution are 
placed in glass vials. If 1 milliliter of the standardized solution 
is diluted to 100 milliliters with distilled water, that dilution 
will contain 0.1 milligram of chlorine, which is equivalent to 1 
milligram per liter. Also, standards that are equivalent, 
respectively, to 0.8, 0.6, 0.4, and 0.2 milligram of chlorine per 
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liter are made by diluting ! -milliliter portions of the standard
ized solution to 125, 167, 250, and 500 milliliters with distilled 
water. A 10-milliliter portion of distilled water is usually 
included with the standards. 

The standard solutions and 10 milliliters of the sample of 
chlorinated sewage are each treated with 1 milliliter of ortho
tolidin solution. After 5 minutes, the color of the sewage is 
compared wit.h Lhe colors of Lhe standards. The number of 
milligrams of chlorine per· liter of sample is assumed to be 
equivalent to that of the standard having most nearly the 
same color. 

These comparator standards are not permanent, and must 
be made up fresh each time they are needed. 
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EXAMINATION QUESTIONS 

Notice to Students.--Strcdy tire lnstrtrctio11 Paper llrorollglrly before 
yon altempt to a11swer these questions. Read each question carefully and 
be sure you understand it; tlren write tire best a11swer you call. Wlren yoru
ons-&ers are completed, examiue tlrem closely, correct all the errors l'on cau 
find, a11d see that every question is answered; tlrellmail l'fllr work to us. 

(1) (a) Describe the general procedure for making a titra
tion. (b) In the titration of ammonium hydroxide (NH,OH) 
with sulfuric acid (Ht504), what indicator would you use and 
how would you determine the end point of the titration? 

(2) Explain why the indicator phenolphthalein is commonly 
used to determine the end point of a titration of a strong base 
and a weak acid. .._. 

(3) Outline a recommended procedure for cleaning glass
ware that has been used in a sanitary analysis. 

(4) Describe briefly the general procedure for making a 
volumetric analysis for a substance. 

(5) How manY. grams of pure oxalic acid [(COOH)2.2H20) 

are contained in 500 milliliters of a~ solution of oxalic acid? 

Ans. 6.304 g. 

(6) I t is desired to make a liter of hydrochloric acid that 

is approximately fo from commercial hydrochloric acid that is 

36 per cent pure and has a specific gravity of 1.18. How 
many milliliters of the commercial acid are required? 

Ans. 8.59 ml. 
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(7) What is the normality of the hydrochloric acid formed in 
the preceding question, if 48.9 milliliters of that acid is titrated 
to an end point against 25 milliliters of a sodium-carbonate 

solution that is exactly ~ ? Ans. 0.102N 

(8) Explain how you would proceed to make the normality 
of the diluted hydrochloric acid in questions 6 and 7 exactly 

%; in your answer, show the necessary calculations for deter

mining the required quantities. 

(9) When potassium dichromate (K2Cn.O,) is used to 
oxidize ferrous oxide (FeO), the reaction is as follows: 

l~2Crb, + 6Fe0 = Cr~3 +3FeiJ3+ KzO 
potassium +ferrous= chromous + ferric +potassium 

dichromate oxide oxide oxide oxide 

Deterrn~for this reaction, (a) the change in the total valence 
of the chromium, and (b) the gram equivalent weight of the 
potassium dichromate. An {(a) 6 

s. (b) 49.04 g . 

........-(10) (a) For the reaction shown in question 9, determine 
the number of atoms of the oxygen in the potassium dichromate 
that are available for the oxidation of the ferrous oxide, and 
indicate how your answer was obtained. (b) If 1 milliliter of 
potassium dichromate is equivalent to 0.1 milligram of oxygen, 
what is the required number of grams of dichromate per liter 
of solution? A {(a) 3 

· ns. (b) 0.613 g. 

Mail your work on this lesson as soon as you have finished it 
and looked it over carefully. DO NOT HOLD IT until another 
lesson is ready. 




