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PREFACE 

The Geological ·Survey has the responsibility for measuring and 
evaluating water moving through that portion of the hydrologic 
cycle between the time the water from the atmosphere reaches the 
earth's surface and the time it is returned to the atmosphere or enters 
the ocean. During this part of the cycle, water may appear in many 
environments and undor different conditions, and a full understand­
ing of the problems of hydrology requires the application of various 
specialized scientific techniques. The Quality of Water Branch of 
the Water Resources Division determines and appraises the chemical 
and physical characteristics of the Nation's water resources. 

These activities include ( 1) systematic collection, compilation, 
and evaluation of ha.sic data relating to the chemical and physical 
quality of surface and ground waters as required for the develop­
ment and utilization of industrial, municipal, and agricultural water 
supplies; (2) research and development studies to improve investi­
ga.tional techniques; ( 3) fundamental studies of the occurrence and 
significance of dissolved and suspended substances; and ( 4) prepa.:ra..­
tion of re.suits of water-quality research and investigations for 
publication. This manual covers only the data-collection segment 
of the work between and including the selection of the sampling site 
and the completion of the laboratory determination of water char­
acteristics attributable to the presence of dissolved material. Other 
phases of chemical-quality investigations are discussed by J. D. Hem, 
1959, in "Study and Interpretation of the Chemical Characteristics 
of Natural W&ter," U.S. Geological Survey Water-Supply Paper 
1473. 

This manual was prepared by the U.S. Geological Survey, Water 
Resources Division, under the immediate supervision of W. F. White, 
chief, Chemical Quality Section of the Quality of Water Branch. 
Many associates contributed helpful suggestions and reviewed the 
analytical procedures. 
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METHODS FOR 
COLLECTION AND ANALYSIS OF WATER SAMPLES 

By F. H. RAINWATER and L. L. THATCHER 

AB8Tll.ACT 

This manual contains methods used by the U.S. Geological Survey to collect, 
preserve, and analyze water samples. Throughout, the emphasis is on obtaining 
analytical results that accurately describe the chemical composition of the 
water in situ. Among the topics discussed are selection of sampling sites, 
frequency· of sampling, field equipment, preservatives and fixatives, analytical 
techniques of water analysis, and instruments. Seventy-seven laboratory and 
field procedures are given for determining fifty-three water properti!!S-

INTRODUCTION 

In January 1887, a committee on methods for stating water 
analyses reported to the Chemical Society of Washington : "Indeed, 
the researches of Clark, Frankland, Armstrong, Miller, Wanklyn, 
and others, within recent years, have brought the subject of water· 
analysis into such a satisfactory form that little seems to be desired 
in addition, except some uniformity as to the state·ment of results." 
Nevertheless, the science of water-quality investigation has pro­
gressed during the intervening years. Spectrophotometry, flame 
photometry, the Schwarzenbach reactions, and other advances have 
revolutionized water analysis in recent decades. Further advances 
are on the horizon. Better methods for collecting, fixing, and pre­
serving samples can be expected. 

The purpose of this manual is to set forth methods of collection 
and analysis of water samples used by the Geological Survey in 
ma.king water-qunlity investigations. An earlier manual, containing 
only analytical methods, was released in 1956 in preliminary form 
and was intended for use only in laboratories of the SmTey. This 
manual has been expanded appreciably both in respect to scope and 
number of analytical methods. Although excellent and authorita­
tive manuals on water analysis are available, most of them emphasize 
primarily either domestic, industrial, or agricultural water utiliza­
tion. No single reference or combination meets all requirements 
as a guide to the broader phases of water-quality studies conducted 
by the Survey. 

1 
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2 METHODS FOR COLLECTION AND ANALYSIS OF WATER SAMPLES 

It is not practical to set forth procedures which can be followed 
with all the varied types of water and conditions throughout the 
United States. However, the procedures generally will be applicable 
to the study of most natural waters. In addition to the detailed 
instructions compiled here, based largely on experience of Survey 
chemists in the field of water chemistry, additional information can 
be found in the references given. This manual can serve both as a 
general reference for chemists and others engaged in water-resources 
investigations and . as a field and laboratory guide for newly 
apPQinted personnel. 

The development of new and improved methods is a continuing 
process. The selection and publication of the best methods in a 
manual of this kind are done with the knowledge that some of them 
may be superseded by better methods by the time the manual is 
printed. Nevertheless, it has been found essential to the work of 
the Geological Survey to provide n comprehensive manual of meth­
ods of analysis and pertinent related information for the guidance 
of technical personnel. It is expected that the manual will have to 
be revised in the next several years. , 

Several manuals describing the analysis of water samples have 
been prepared by technical associations, and a need has been recog­
nized for the development of uniform methods by which these 
analyses can be done on a practical basis. For example, essentially 
the same method for the determination of chloride may be induded 
in manuals of three different associations. Details of this method, 
however, such as strength of solutions and volumes taken for titra­
tion, may vary. It is believed that uniformity can be achieved 
without affecting the accuracy or application of the method. To 
this end the Joint Committee on Uniform Methods of Water Exami­
nation, composed of agencies in the United States that publish 
methods for water analysis, has been established to explore ways 
and means of effecting uniform procedures. The Geological Survey 
is identified with this effort. 

Trade names used in the manual in connection with equipment, 
supplies, and reagents do not constitute an endorsement of the 
instrument or product. Knowledge of the operating principles of 
the various instruments is essential to performance of the duties of 
the analytical chemist. Trade names are used when necessary to 
describe the exact conditions under which statements pertinent to 
performance of the various operations in water sampling and 
analysis apply. 
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SECTION A. COLLECTION OF WATER SAMPLES 

Water samples are collected and analyzed to ascertain character­
istics of a body or mass of water. The sample is usually only an 
infinitesimal part of the total volume and is therefore representative 
of the total mass only to the degree that uniformity of chemical 
composition exists within the total mass. In their natural state, 
surface and ground water are subjected to forces that promote mixing 
and homogeneity. The fact that such tendencies exist, however, is 
not sufficient cause for assuming that a body of water is so well 
mixed that no attention to sampling technique is required. Often, 
because of local conditions, the body of water may not have uniform 
composition. 

The composition of water is subject also to change with the passage 
of time. The chemical quality of surface or ground water is the 
resultant of the geologic, hydrologic, biologic, and cultural environ­
ment of the water and varies from time to time as well as from 
place to place.· Generally, changes in the quality of surface water 
are more pronounced and ra.pid than in ground water. However, 
marked changes in ground-water quality can, and often do, accom­
pany such shifts in hydrologic equilibrium as variations in recharge 
or discharge rate, salt-water encroachment, or induced infiltration 
of surface water. 

A:l SAKPLING-BIT:B S:BL:BCTIO:H 

The type of investigation, purpose of the study, and anticipated 
"·ariation in chemical quality determine to a large degree the location 
of the surface- or ground-water sampling site and the frequency of 
sample collection. 

Alla SBLBCTION OP SURPA.Clll-WA.TBB SA.MPLDTG SITJll 

Stations for sampling dissolved material in surface water are 
usually operated by the Geological Survey to determine the dis­
charge of dissolved constituents past a point, to describe the changes 
in water quality with respect to time, to collect data that will aid 
in predicting water quality in the future or in estimating the nature 
and magnitude of past events, to study the effect of geologic, hydro­
logic and cultural changes on water quality, or a combination of 
these purposes. 

Adequate sampling of a flowing stream must take into aecount 
initially the need for defining the water quality in the stream cross 

3 
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4 COLLECTION OF WATER SAMPLES A:la 

section at the sampling site at the time of sampling, and secondly 
the need for a sufficient number of samples distributed in time to 
define the changes in quality of the water passing the sampling 
station. One sample can adequately define the water quality at & 

given time if the chemical quality is homogeneous throughout the 
cross section. Theoretically, if the water in the cross section is not 
uniform, a sample representing the average composition might 
be obtained by compositing depth-integrated samples of equal vol­
ume taken at several points simultaneously at centroids of equal 
flow, but, generally, on small and medium-size streams, and on some 
large streams, a sampling site ean be found where the composition 
of the water is uniform. The problem of obtaining adequate samples 
is thus simplified, and the cross section can be represented by one 
sample taken at or near the center of flow. However, more than 
one sample m1~y be required in the cross section of large streams. 

Heterogeneous quality throughout the cross section can result from 
incomplete upstream mixing of ground-water inflow; tributary in­
flow; industrial, domestic, and agrarian eftluents; or from tides d.nd 
other backwater. Unmixed tributary inflow may be discernible for 
many miles down broad shallow streams; tidal stratification may be 
more perceptible in deep channels. The extent to which mixing 
occurs laterally and vertically in the cross section is governed prin­
cipally by turbulence, which characterizes the movement of water 
in the stream. Differences in water velocity, both horizontally and 
vertically, aided by the configuration of the channel, also promote 
mixing. The effects of temperature and wind are of minor impor­
tance except in sluggish streams (especially tidal streams), lakes, 
and reservoirs. 

Although differences in mineral content may be detected in the 
field by specific-conductance measurements or simple chemical tests, 
frequent laboratory analysis of samples for ascertaining uniformity 
is advisable. 

The study of the chemical quality of tidn.1 rivers is often beset 
with complexities not present in investigations of nonticlal streams. 
Keighton ( 1954) points out some of the natural forces and physical 
factors affecting the planning of wnter-quality investigations in 
tidal rivers and suggests sampling procedures that will determine 
adequately the variable quality of the water. 

Easy access to the station, reliability of sample collectors, and 
ll.Yailability of streamflow records are other items to be considered 
in selecting surface-water sampling sites. Locating a chemical­
quality station at a stream-gaging station has decided a.drnntages 
because adequate water-discharge data are essential for computing 

Digitized by Google 



A:la SAMPLING-SITE SELECTION 5 

the dissolved load carried by the stream. However, the criteria for 
a good stream-gaging station and a water-quality station are not 
identical, and sometimes the most suitable location for one may be 
undesirable for the other. Rather than consider the presence of a 
stream-gaging station as a prerequisite for a chemical-quality station, 
the chemist may explore the possibility of obtaining water-discharge 
data at the chemical-quality station by direct or indirect means. 

Each sampling station should be selected, so far as possible, to fit 
into a comprehensive network of sampling stations to cover a State 
or drainage basin. Even though an individual station is established 
to meet a specific need for information, the possibility of placing 
and operating it to supply data for other studies of chemical quality 
should not be overlooked. If two or more sites will give about 
equally usable information for the immediate needs, preference 
should be given to the one that most nearly fits the following 
criteria: 

1. Best fits an overall plan for evaluating chemical quality on a broad basis. 
2. Gives information that can be correlated with periodic information at other 

sites or that will supplement such periodic information. 
3. Gives the total of dlSBOlved material discharge from an area. 
4. Is at a transition from the surface outcrop of one geologic formation to 

another. 
6. Is at a place where future storage or diversion may be developed. 

The selection of sites for sampling J ·,kes and reservoirs depends 
on the degree of accuracy required in determining the composition 
and on the degree of mixing. Water circulation and movement 
caused by wind, temperature changes, and currents between. points 
of inflow and outflow cause mixing. Other factors such as irregular­
ity in shape of the body of water, difference in composition of 
inflow and stored water, evaporation, solution or evolution of gases 
nt the air-water interface, and activity of aquatic plant and animal 
life all tend to bring about heterogeneous quality. A thorough 
study of water composition can be made by sampling a.long a three 
dimensional grid pattern; samples can be collected at different 
depths at each grid intersection. A more economical and conserva­
tive approach might be to sample at different depths along selected 
cross sections in the body of water. The adequacy of such a sam­
pling program depends on the judicious selection of the cross section 
nnd sampling points. 'Vhen only one snmple is collected to define 
the average character of the lake or reservoir it should be collected 
near the center of the water mass. C~nversely, in order to evaluate 
quality of reservoir water for the user downstreiun, the sampling 
site or station should be located at or near the point of discharge. 

Digitized by Google 



6 COLLECTION OF WATER SAMPLES A:lb 

.&.:lb 8BLJllCTION 0.:1' GROUND-WAT.ER 8..&.MiPLING 8ITB 

Ground water is analogous to a surface-water reservoir in that 
most usable ground water is in motion, although the rate of move­
ment may be very slow and the areal extent very wide. A well can 
be considered as a srunpling point in a large body of slowly moving 
water, which differs in chemical composition vertically as well as 
areally. Most of the forces which cause mixing in bodies of surface 
water are absent or much weaker in ground-water reservoirs. Tur­
bulence is virtually nonexistent. The major forces that tend to mix 
ground water are probably the differences in velocities as the water 
moves through material of heterogeneous permeability, pressure 
differentials and, to a lesser extent, ionic diffusion. The degree of 
movement induced by pumpage and natural discharge affects the 
quality. The diversified nature and solubility of the rocks with 
which the wa.ter comes in contact and variations in rate and chemical 
composition of recharge from precipitation and from the surround­
ing· area tend to make the water heterogeneous. 

Sampling progra.ms are planned to determine the mineral content 
of ground water through the aquifer, although a completely com­
prehensive answer is not r~lwa.ys practiool. Efficient collection of 
water-quality data and intelligent selection of the ground-water 
sampling site generally require more judicious consideration than the 
selection of a surface-water sampling site because the elements influ­
~~ing wa.ter quality are not as easily observed. 

Because of the diversified purposes of ground-water investigations, 
it is impractical to attempt specific direction for the selection of 
sampling sites. Nevertheless, some general suggestions can be given. 
If changes in ground-water quality are not considered in the investi­
gation, there are perhaps two equally satisfactory approaches to the 
problem of adequate and economical coverage of ground-water qual­
ity of an area; both employ comprehensive and partial analyses. 
One approach utilizes the determination of key constituents (one or 
several) in a large number of samples collected over the entire area. 
By this means an ti.real water-quality pattern is developed that is 
then of value in selecting the sites for collection of samples for 
comprehensive analysis. In some investigations the identity of the 
key constituents may be unknown at the beginning of the investiga­
tion. Then, the reverse approach may be required, and comprehen­
sive analyses may be made early in the study, and these data 
augmented by partial and additional comprehensive analyses of 
samples collected at other sites to complete the water-quality picture. 
Either method requires the greatest of care in the selection of 
sampling points from available sites. 
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A:2 SAMPLING FREQUENCY 7 

In selecting a sampling site to detect water-quality changes or 
stability, control of the variables that affect the change or stability 
should be considered. The hydrologic regimen during the investi­
gation should not be modified. For example, if irrigation is begun 
in the vicinity of the well selected as a sampling site to study 
variations in quality resulting from natural-recharge patterns, the 
data collected may be essentially valueless. 

Although some ground-water studies may be concerned only with 
surveying' the chemical characteristics of the water, the data are 
often used in conjunction with other geologic and hydrologic infor­
mation. Consequently, the value of the water analysis is usually 
directly proportional to the facts known about the source of the 
sample. One general observation is pertinent : The most useful 
samples are collected from weJls for which good well schedules and 
other data are available. 

A :2 SA.KPLDTG J'B.EQUENCY 

Samples of surface and ground water should be collected at 
intervals such that no important change in quality could pass 
unnoticed between sampling times. This requisite immediately gives 
rise to two additional questions: What magnitude of change is 
important, and 'vhat are the physical and economic factors that 
must be considered in obtaining the record¥ By necessity the 
sampling schedule adopted is usually a. compromise between the 
accuracy and detail desired in the water-quality record and the funds 
and personnel available for the work. 

Streams are constantly. subjected to forces and changing environ­
ment which bring about variations in the chemical character of the 
waters. These variations may be relatively small in areas subjected 
to intensive weathering lor long periods of time, such as the Pied­
mont province of the Atlantic coa.stal region. Younger, incompletely 
leached rocks and scattered, infrequent and often intense rainfall in 
the arid and semiarid Western States constitute an environment 
conducive to erratic and often extreme changes in water quality. 
Since the beginning of water-resources investigations in this country, 
the chemical-quality hydrologist has been confronted with the prob­
lem of the frequency of sampling required to detect adequately the 
changes in the chemical composition of a stream. On the ha.sis of 
water-quality studies of a large number of streams and the practical 
economics of sampling-station operation, the U.S. Geological Sur­
vey has arbitrarily concluded that the collection of samples once 
daily is the minimum frequency necessary to define adequately the 
water quality for the majority of water uses, and daily sampling is 
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8 COLLECTION OF WATER SAMPLES A:3 

considered as standard for the usual comprehensive chemical-quality 
investigation. However, less frequent sampling schedules are often 
used, and the vulue of 1umlysis of weekly or monthly sa.mples in 
reconnaiss1tnce or unit basin studies should not be minimized. 

The chemical quality of ground water at the sampling point may 
vary in response to changes in rate of water mo7ement, to pumpage, 
or to differences in rate and chemical composition of recharge from 
precipitation and from the surrounding area. Although concentra­
tions of dissolved constituents in ground water from any one well 
may vary widely, sometimes severalfold, in general the changes are 
much slower than those commonly associated with surface water. 
Until disproved, it is safer to assume that the quality of water from 
a well fluctuates rather than that it is uniform for long periods of 
time. Changes in ground-water quality usually can be described 
satisfactorily b.y monthly, seasonal, or annual sampling schedules . 

.A.:3 B.A.KPLING EQUIPKENT 

The water chemist has a wide variety of sampling equipment 
from which to choose. Only those items that have been used satis­
factorily by the Geological Survey are discussed here. This is not 
to imply that omitted items are unsatisfactory. 

A:8a SAMPLE CONTAINERS 

Factors that are pertinent in selecting containers used to collect 
and store water samples are resistance to solution and breakage, 
efficiency of closure, size, shape, availability, and cost. Preferences 
for one type of container over another are v1tried, and selection is 
guided largely by experience, supposition of the possible effect of 
the container on the water sample, and use of containers in the 
individual laboratories. No adequate study of all factors has been 
made. 

Hard rubber, polyethylene and perhaps other plastics, and some 
types of borosilicate glass are believed to be suitable on the basis of 
experience within the Survey and the reports of others in water 
chemistry. A limited investigation, conducted by the Survey, of the 
relative merits of four common types of bottles showed that storage 
in Pyrex and polyethylene did not significantly alter the silica, 
sodium, total alkalinity, chloride, and boron content, or the specific 
conductance, pH, or hardness of the water during a storage period 
of about 5 months, although some investigators have avoided Pyrex 
because of suspected contamination from the boron in the glass. 
Glass bottles marketed under the name "No-Sol-Vit" added boron 
to the samples but were otherwise satisfactory. The increase in 
silica content of water stored in soft-glass bottles (citrate of mag-
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A:3a SAMPLING EQUIPMENT 9 

nesia type) was significant after 2 or 3 weeks. Prolonged storsga 
in these bottles also increased decidedly the sodium content and 
hardness of the wo.ter. The chemico.l type and concentration of the 
stored water apparently has a. definite influence on the rate and 
nature of materials dissolved. Much additiona.l research is required 
before the findings will be conclusive. The American Society for 
Testing Materials (1954, p. 134) does not recommend soda-lime 
glass bottles as sample containers unless they are coated internally 
with paraffin. 

Before use, all new bottles must be thoroughly cleansed, filled 
with water, and allowed to soak several do.ys. The soaking removes 
much of the water-soluble material from the container surface. 

The Geological Survey uses 4-ounce to 1-gallon bottles for sample 
collection. A sample of 1 or 2 lit.ers is usually sufficient for the 
normal routine chemical analysis. Excluding containers for samples 
in which dissolved gases or constituents particularly o.ft'ected by 
atmospheric gases a.re to be determined, the bottle design is im­
material. Nevertheless, uniformity within any one organization has 
definite operational advantages. The standard BOD (biochemico.1-
oxygen demand) bottle with pointed stopper, which prevents en­
trapment of air bubbles in the bottle, should be used to collect 
samples that are to be analyzed for dissolved oxygen, carbon dioxide, 
cyanide, sulfides, and, probably, oxygen consumed. If the sample 
is supersaturated with carbon dioxide, a pressure-seal bottle is pref­
erable. 

Because of their design and construction material, some bottles 
are more satisfactory for transporting W'lter than others. The 
bottle must be resistant to impact and to internal pressure, which is 
increased by expansion of the water or by release of dissolved gases 
at elevated temperatures. Well-sen.led fragile bottles of liquid when 
shipped by air may not withstnnd the lnrge differential pressures or 
freezing temperatures in the rarefied ntmosphere. In respect to fra­
,:rility alone, polyethylene bottles nre more sntisfactory than glass. 
However, samples in polyethylene bottles must be protected from 
compression, else the li<1uids mny be squeezed out around the threads 
of the cap. 

Samples subjected to freezing temperatures a.re very likely to be 
lost through breakage of glass bottles but are retained by polyethy­
lene. However, this advantage may sometimes be more apparent 
than real. The chemical analysis of a previously frozen sample is 
always suspect because the original chemical character may not be 
completely reconstructed after the sample thaws. Although the 
analysis of the previously frozen sample is usually of some value, 
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10 COLLECTION OF WATER SAMPLES A:3b 

the use of plastic bottles does not lessen the necessity for prot.ecting 
samples from freezing. 

The closures for sample containers should be glass, well-washed 
rubber, tin-wrapped cork, or inert plastics. Many of the common 
screw caps have \vaxed-paper or cork liners that are unsatisfactory. 
Corrodible metal should not be used. Pliable sheet plastic is often 
used to protect samples from contamination by direct contact with 
rubber stoppers, but this precaution is rarely necessary for the usual 
chemical constituents determined. No practical, completely gas­
tight closure has been developed, but the efficiency of the seal is very 
important in the selection of caps and stoppers. The bottle seal 
must remain tight during transport to prevent spillage and gain or 
loss of gas. Some caps differ in their sealing capacity; shallow 
hard-plastic caps are notoriously susceptible to loosening during 
transport, but the deeper caps are somewhat better in that respect. 
Various types of stoppers have been used satisfactorily. The success 
with stoppers is largely dependent on the shape of the bottle neck 
and stopper and on the composition of the stopper. The flexibility 
of polyethylene permits a tight seal that withstands vibration. A 
practical, tight closure that the Survey has used is the patented 
stopper commonly associated with "citrate of magnesia" bottles. This 
stopper is permanently attached to the bottle neck and clamps firmly 
on a rubber washer, an advantage that may outweigh the disadvan­
tage of solubility of the bottle when the time of contact between 
sample and bottle cnn be limited. 

A:8b APPARATUS FOB SAMPLING WA.TBB THAT CONTAINS NON· 
vo:t..A'l'ILB CONSTITUBNT8 UNSUSCBPTIBLB TO A.BBA.TION 

Depth-integrating samplers and point samplers are used in the 
collection of water for determination of nonvola.tiJe constituents and 
those unsusceptible to aeration. The depth-integrating samplers 
consist only of a mechanism for holding and submerging the bottle. · 
When the bottle is lowered at a uniform rate, water is admitted 
throughout the vertical profile. Hence the sampler must be suffi­
ciently heavy to submerge the bottle in swift \Vater. The method 
of securing the bottle to the sampler should require a minimum of 
manipulation. Belt-and7buckle devices are generally avoided because 
of the difficulty in handling such items in cold weather. Some of 
the depth-integrating samplers used by the Survey are shown in 
figure 1. 

Point samplers are used to collect water at a specific depth below 
the water surface and may be very simple or complex in construc­
tion. The principal types are shown in figure 2. Sampler A is 
used only for collecting water samples from the bed of a stream or 
lake. The cork is tied to the suspension line in such a way that a 
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A:3c SAMPLING EQUIPMENT 13 

sharp pull on the line will remove the cork and allow the bottle to 
fill. In operation the bottle is corked and then thrown into the 
water with an excess of line; when the bottle comes to rest on the 
bed, the suspension line is jerked, removing the cork. The bottle is 
1\.Uowed to fill in place and then stoppered when it is withdrawn 
from the water. Sampler B is a ball-valve type and was designed 
for the collection of ground-water samples at any desired depth. 
When the desired depth is reached, the sampler is filled by raising 
and lowering several times in rapid succession, which opens the ball 
valves at either end and traps the water. The 1-gallon sampler is 
3 inches in diam~ter and the 1-quart size about 11h inches. Sampler 
C, the Foerst sampler, is used to collect surface-water samples from 
a given depth and has been used with some success to sample water 
from wells. The sampler is lowered to the desired depth in the 
open position; then the messenger weight, which trips the closing 
mechanism, is run down the suspension line. The messenger weight 
must meet the triggering device on the top of the sampler squarely. 
Hence a set of messenger weights drilled to accommodate suspension 
lines of different diameters permits the use of the sampler with a 
wide variet)' of ropes and cables. The Foerst sampler is available 
in 4 sizes: 400-ml capacity, 2 inches in diameter; 1,200-ml capacity, 
21;2 inches in din.meter; 2,000-ml capacity, 31,4 inches in diameter; 
and 3,000-ml capacity, 3%, inches in diameter. The samplers are 
constructed of brass and thus resist corrosion. Sampler D is used 
exclusively in sampling surface waters. It is lowered with stopper 
in place; the messenger weight then pulls the stopper and the bottle 
is raised to the surface open. 

Detachable weights are useful with practically all samplers. Ap­
preciable weight is necessary in excess of that required to submerge 
the bottle. In moving water, inadequately weighted samplers drift 
with the current and tend to ride on the water surface at the end 
of the suspension line. Added weight also decreases the angle 
between the suspension line and the vertical, thereby increasing the 
n.ccuracy of the depth measurement. 

A.:llo APPARATUS FOR SAMPLING WATER THAT CONTAINS DIS, 
SOLVED GASES AND CONSTITUENTS SUSCEPTIBLE TO AERATION 

The collection and handling of samples for the determination of 
dissolved-gas content and constituents susceptible to aeration require 
special equipment and careful technique. The sampler assembly for 
determining dissolved-oxygen content and biochemical-oxygen de­
mand described by the American Public Health Association and 
others (1955, p. 250) or a modification thereof, is generally accepted 
as the standard apparatus for sampling open water. This sampler 
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14 COLLECTION OF WATER SAMPLES A:3c 

provides for a threefold displacement of water in the sample bottle 
without aeration. Although this apparatus is efficient, satisfactory 
samples can be collected by other methods. A nonaerated S9mple 
collected in a Foerst sampler can be transferred by means of a tube 
connected to the outlet valve projecting into the bottom of the sample 
bottle. Twofold or threefold displacement of water in the bottle 
is recommended (see fig. 3). 

F1ouB11 3.-Apparatus for aampllnr water that contains dl11olved rases and coHtltuentl 
susceptible to aeration. 

Rather elaborate instructions are given by the American Society 
for Testing Materials (1954) for collecting samples from closed 
systems, and those procedures or modifications thereof can be used. 
Often a sample can be collected satisfactorily by running the water 
through a tube to the bottom of the bottle and using twofold or 
threefold displacement. The water should be run in slowly to mini­
mize agit11,tion and the resultant excessive aeration or loss of gas. 

The samples are generally collected in narrow-mouthed biochem­
ical-oxygen-demand bottles that have pointed glass stoppers to 

Digitized by Google 

,, 



A:4a SAMPLING INSTRUCTIONS 15 

avoid entrapment of air in the sample. Unfortunately this type of 
stopper does not provide a seal that permits much transporting or 
handling of the sample unless the container in which the sample is 
transported exerts pressure on the stopper. "Citrate-of-magnesia" 
bottles (see sec. A : 3a) can be pressure sealed without entrapment 
of air bubbles and, consequently, are used frequently for transport­
ing samples for the determination of dissolved gases and constituents 
susceptible to aeration. 

A.:84 SAMPLER SUSPENSION AP.PA.BATUS 

Sashcord with or without a wire core is the most common means of 
suspending depth-integrating samplers (fig. 4). When long lengths 
of line are required, commercially available clothesline reels (fig. 4A) 
are useful. These reels also have a locking device, which facilitates 
use with point samplers. Figure 4B shows a versatile assembly 
with which the exact depth can be read from a depth indicator on 
the reel; different weights can be interchanged as required by the 
current. In use the crane is tipped forward against the bridge rail. 
Modified booms having similar elements can be used from boats. 

A :4 SAllltPLING DlSTB.UCTIONS 

A.:4& SAFETY PBBCA.UTIONS 

Water samples are collected under a wide range of conditions, 
and the work is not without some hazard. A knowledge of the 
hazards involved and means by which they can be minimized should 
be helpful in preventing accidents and in providing greater safety 
for sample collectors. Surface-water samples are collected from 
bridges, docks, cableways, and boats, and by wading, or through 
ice. Inability to swim and difficulty in freeing oneself of burden­
some equipment if suddenly plunged into deeper water are perhaps 
the most serious hazards in taking samples from streams, lakes, 
and reservoirs. The collection of ground-water samples has its 
own perils, primarily in connection with pumping equipment, snake­
bite, and unfriendly dogs. Dangers include loose or rotten well 
coverings and entanglement with belts and drive shafts. Many wells 
are surrounded by heavy brush which makes an attractive habitat 
for snakes, particularly during dry, hot months. High boots will 
reduce the likelihood of snakebites considerably, as most bites are 
below the knee. Beating the grass and proceeding cautiously will 
give the snakes an opportunity to glide away instead of striking. 

Wading.-Wading is one of the easiest methods to collect samples 
from many streams and also .affords the collector the best oppor­
tunity to "size up" the flow and decide where to collect the samples. 
Rubber boots or breast-high waders are standard equipment. A 
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16 COLLECTION OF WATER SAMPLES A:4a 

FIGURlil 4.-Sampler suspension apparatus. A, Hand assembly for shallow water; B, crane 
assembly for deep water. 

wading rod or similar probing instrument is essential to safe wading. 
By probing ahead, the collector can estimate the current and locate 
holes, benches, and even quicksa.nd. In shallow water the most 
satisfactory method of extricating oneself from quicksand is to 
fall fiat on the bed and crawl to firmer ground; in deep water 
one's effective weight in the sand can be lessened by swimming 
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motions. In a swift sandy-bottom stream or where the bottom is 
covered with ooze, the wader may find that his feet slowly sink into 
the bottom if he stands in one position too long. Lake or pond 
bottoms may be more treacherous than the beds of flowing streams. 

A general rule of thumb is that wading should not oo attempted 
if the depth of the water in feet multiplied by the water velocity 
in feet per second equals 10 or more, but this criterion must be 
modified by many factors peculiar to the site and to the season of 
the year. The depth as related to the velocity of water that can 
be waded safely is closely associated with the body weight. If 
the wader has any uncertainty about his ability to wade a stream, 
he should attach a rope or tag line securely to the bank. An 
extra change of clothing is advisable if much wading is to be done, 
particularly during the colder months. 

Bridges.-Traffic is the most serious hazard when working from 
bridges. Sometimes the bridges have walkways for pedestrian 
traffic or catwalks suspended at the side or beneath the bridge, 
but more often than not the collector must work in the traffic laneS. 
If necessary to interfere with traffic, suitable arrangements with 
local authorities should be made in advance. Warning signals and 
signs of various kinds are some protection when sampling from 
a. bridge, and approval for their use is generally granted by local 
traffic officers. Commonly used signals include fla.gs, signs, red 
lanterns, and blinking red lights. For some reason motorists re­
spect certain signals more thnn others. For night work a blinking 
red light is usu11.Uy more effective than other warning signals. 
Elevating the light several feet above the top of the car is effective 
in congested traffic; this affords some warning to drivers whose 
vision might be obstructed by preceding vehicles. 

·On highway bridges that have particularly heavy traffic, and 
when cranes are used to handle sampling equipment, 1 lane of 
traffic may be blocked off by placing a barricade and suitable 
lights or "1-lane-traffic" signs on both bridge approaches. For 
additional protection, the car or truck may be parked in one lane 
and betw1>.en the collector and oncoming traffic. After all the 
prescribed traffic warnings are installed the collector still must 
keep an eye on approaching vehicles-there are always drivers 
unwilling to cooperate. 

When working on railroad bridges a knowledge of train schedules 
is essential, and at no time should the collector use equipment that 
cannot be removed quickly. 

A hazardous condition in which the sampler is likely to inflict 
serious injury on others exists at bridges over navigable streams. 
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18 COLLECTION OF WATER SAMPLES A:4a 

Boat operators cannot see the smnll suspension line until they are 
almost ready to collide with it, and the sample collector frequently 
cannot see a small boat approaching. Red pennants attached to the 
suspension line or to an independent line in the same location are 
recommended. 

High-tension powerlines strung close to the bridge are also dan­
gerous. If it is necessary to sample repeatedly from a bridge that 
has hazardous powerlines, a warning sign should be painted on 
some part of the bridge structure directly above the hazard. 

Oableways.-The principal hazards of cableways are not the 
possibility of their structural failure, but rather those that attend 
the operation of the cable car. Proper instruction of inexperienced 
personnel in cable-car operation may prevent many accidents. Be­
fore releasing a car from its mooring, check the car pullers; in 
some districts the puller is left in the car and in others it may 
be carried as a part of field equipment. Also check the brake lining 
attached to the car puller; this lining is used to scotch the sheaves 
nnd hold the car stationary while the sample is collected. Once 
the car is rolling free on the cable, no attempt should be made 
to retard its speed by use of hands or car puller until it has slowed 
almost to a standstill. Some of the later model cable cars are 
equipped with brakes. If there is any danger of the car con­
t.inuing across the stream and crashing into the cable mooring on 
the opposite bank, the sample collector should ease the car out 
from the landing platform with the oo.r puller or brake and never 
a11ow the car to run free. 

Boats.-Water samples are often collected from boats. The de­
gree of hazard involved is generally dependent on the selection 
and operation of the boat. Lifejaekets are essential equipment. 

Much of the hazard in sampling large streams, lakes, and reser­
Yoirs is related to the seaworthiness of the craft and to changing 
weather. A sampling trip in a small boat begun on mi::.-ror-calm 
water can suddenly develop into a perilous expedition if the wind 
comes up and large waves form. Only an experienced man can 
judge the roughness in the center of the reservoir from the breeze 
on the shore. In many parts of the country the wind often 
follows a rather definite pattern during any 24-hour period, de­
pending on the season of the year. For example: During the sum­
mer and early fall in the Great Plains area, the water is generally 
calm in the early morning, the wind rises about midmorning, reaches 
its peak in the afternoon, and dies shortly before sunset. Other 
regions have their own wind patterns. It is always advisable to 
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check the weather forecast before planning an extended sample­
collection trip on a large lake or reservoir. All work should be 
done at a safe distance from spillways, "glory holes," and other 
areas of water discharge. 

Boat operations on streams during floods is particularly hazard­
ous, and, where measurements by boat are required, the services and 
equipment of skilled local personnel should be utilized where pos­
sible. Not only must the boatman cope with the fast current, but 
he must be on the alert for shallows and for floating and submerged 
drift. Floating ice is very dangerous; even when no danger to 
the boat is involved, changes in wind, current, or tide may shift 
the position of ice floes in such a way as to cut the boat off from 
the shore. On navigable waters in fog it may be necessary to stop 
the motor at intervals to listen for other vessels. 

The good boatman checks such items as oars, life preservers, 
buoyancy tanks, lights, motor performance, gasoline supply, and 
spare parts (particularly shear pins) and inspects the boat for 
leaks before he leaves the dock. He loads the equipment so as to 
provide the most efficient operation of the boat and installs his 
booms where the danger of capsizing or swamping the boat will be 
at a minimum. 

I ce.-Samples are sometimes collected through ice at considerable 
risk. A hole of sufficient diameter to collect a sample from a 
bridge may be broken in thin ice by dropping a weight attached 
to a handline. But if the ice is thick, or no bridge is present, 
it may be necessary to venture out on the ice. The ice in a stream 
is likely to be of variable thickness, and the strength of the ice 
cannot be estimated from the apparent thickness near the edges. 
In advancing across an ice-covered stream it is advisable to test 
the ice with a sharp blow of an ice chisel every few steps. A 
few inches of new snow on top of ice can conceal dangerous places 
that would be visible if there was no snow. Work from ice during 
breakups is particularly hazardous. Moving blocks of ice are as 
destructive to sampling equipment as other debris. Vehicles should 
not be driven over ice-covered bodies of water. 

Firat ai<l.-By definition, first aid is the immediate and temporary 
care of an injured or suddenly ill person until a doctor can be 
obtained; it is not a substitute for competent medical attention. 
Each field party should be supplied with a standard first-aid kit 
and firstr-aid manual. "First Aid Guide," published in 1954 by 
the U.S. Department of Agriculture, Forest Service, and sold by 
the U.S. Government Printing Office is a satisfactory manual. 
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A:4b COLLECTION OF RJ!lPRESJ!lNTATIVB SAMPLES 

After the sampling site and frequency of sampling have been 
established, certain precautions must be exercised to insure that the 
samples collected are representative. 
If only one sample of surface water is collected in the cross 

section of the stream it should be collected near the center of flow. 
The center of flow may or may not correspond with the midpoint 
of the stream. The single sample should also be depth integrated 
by lowering and raising the bottle vertically at a uniform rate 
from w1iter surface to bottom, taking care not to get excessive 
amounts of bed material in the sample. Samples should not be 
collected from ponded or sluggish water or coves near the bank. 
Many water gages are located in pools upstream from natural or 
manmade low obstructions to flow, called controls. If there is no 
flow over the control this fact should be noted on the sample 
bottle. 

A representative sample can be collected through a hole in the 
ice only with difficulty. The hole will often fill with slush or 
chips that rarely have the same dissolved-mineral characteristics 
of the water beneath the ice. Ice should be excluded from the water 
sample either by clearing the hole or by collecting the sample 
below the iee. Information on means and conditions of collection 
should be noted on the sample bottle. 

When a ground-water sample is collected to determine the chemical 
characteristics of the water in the aquifer adjacent to the well, the 
water in the gravel pack, well casing, and distribution system be­
tween the aquifer and the point of collection should be displaced 
several-fold before the sample is collected, Water-quality data serve 
many other uses in ground-water studies, and the collector's tech­
niques for special purposes may differ appreciably from the standard 
procedure. The important point is that the collector must know 
the volumes involved in the water system and have a reasonable 
idea of what the sample represents. 

Prectlutions in the collection of special samples are discussed in 
section A : 4d. 

All bottles should be rinsed with the water to be sampled before 
the sample for analysis is collected. Sufficient air space should 
be left in glass bottles to allow for expansion of the water at in­
creased .temperatures; polyethylene bottles may be completely filled. 

A:4c TABULATION OF SAMPLE DATA 

The importance of describing in writing the source of the sample 
and conditions under which it was collected cannot be overem-
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phasized. A water analysis is of limited value if unaccompanied 
by detailed information on 'vhat the sample represents. Field notes 
are extremely valuable in project-type investigations of water quality, 
but they can easily be misplaced or lost. Field notes never should 
take the place of detailed information accompanying the sample 
from point of collection to finished analysis tabulation. 

The µeological Survey records the sample description in two 
ways. Small· soft-glass bottles, of 12-ounce capacity and less, are 
usually etched on the outside, and the information is written directly 
on the etched surface with a lend pencil. Standard sample tags, 
which provide space for sufficient detail to describe most samples, 
are used for other types of containers (fig. 5 and 6). The tag for 
ground-water samples is numbered 9-016 and that for surface-water 
samples is numbered 9-070. 

Surf ace water.-The minimum data required for most surface-
water samples are: 

Name of the water body 
Location of the station or site 
Point of collection 
Date of collection 
Time of collection 
Gage height or water discharge 
Temperature of the water 
Name of collector 
Weather and other natural or manmade condltlo s that may ass~ 

In Interpreting water quality 

Many surface-water samples are collected at ~m-gaging sta 
tions operated by the Geological Survey. The net name 
by the Survey for the stream-gaging station must be rded. On 
common and extremely troublesome example of carelessness is t e 
use of "at;" "near," "above," or "below" in disagreement with e 
official name of the station. If the sampling station is at or within 
1 mile of a surface-water gaging station, the name of the water 
body and location can be noted simply; for example, "Colorado 
River near Glenwood Springs, Colo., at gage" or "Colorado River 
near Glenwood Springs, Colo., 100 yards above gage." If any 
~-OJ." __ ~her influents enter the stream between the sampling 

point and the gnge;--this fact should be recorded under "Remarks." 
(See fig. 5.) -

When a station is established for the collection of surface-water 
samples on a routine basis where water-discharge data are not 
compiled, this station is given an official name, in a manner similar 
to the designation of a stream-gaging station. Where the sampling 
aite is more than 1 mile from the gage or routine sampling station, 
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Lecatlen 

WATER SAMPLE 
u ................ ...., 

A:4c 

-----.tal...,,,..,,..,. ... ...,.--.--..... .,.....,.-~-------

0 
--··-·-cr.;iiiiii;~-

Source 

~olnt of collectlon _ 

-----------...,(=ovt...,.,.,-----.---,.:.:·-;;;-

DID of colleetlon .... _____ .... 
App!!rance 0 
LEAVE A LITTLE AIR SPACE IN BOTTLE __,._, 

FIOUH Cl.-Tag for surface-water 11ample. 

the information given for the location of a site should be complete 
and clear enough for a person to locate readJly the exact sampling 
site on suitnble maps and to return to the location. For example, 
if the following sites were not at regular stations they would be 
described as "Republican River at Cambridge, Nebr., at bridge 
on State Highway 47, 1h mile south of Cambridge, Furnas County, 
1,4 mile upstream from Medicine Creek" or, if the site is not at 
a bridge, "Supply Canal (Tri-County Diversion) near Maxwell, 
Nebr., at Parshall flume, sec. 28, T. 13 N., 29 W., Lincoln County." 
If topographic maps are available and if there are no distinguishing 
landmarks (such as a Parshall flume), the location of the site should 
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be pinpointed to within a quarter-quarter section. Sketches of the 
sampling station in respect to roads, buildings, and the surrounding 
area are often desirable. 

The quality of surface water may be far from uniform through­
out the water body. For this reason the location of the sampling 
site must be clearly defined. 

"Point of collection" refers to the spot within the cross-sectional 
plane of the stream where the sample is collected. When only 
one sample is collected from a stream it is usually obtained from 
the center of flow, and the sample should be so marked. If more 
than one sample is collected, all should be designated by station 
numbers. Station numbers, unless otherwise indicated, are the dis­
tance, in feet, from a predetermined reference point on one of the 
banks. Many station numbers are painted on bridge railings, but 
some are determined by a tagline or other measure stretched across 
the stream. A notation accompanying the sample should tell where 
the sample was collected in relation to the banks. The a.bbrevia­
tions "LEW" and "REW" for the left and right edges of the water, 
respectively, are used to code this information. For example, the 
coded notation "Sta. 25', LEW 5', REW 65'" tells that the stream 
was 60 feet wide at the time of sampling and that the sample 
was collected 20 feet from the left edge of the water. The left edge 
is on the left side as one faces downstream. 

A series of stations in an unchanging direction on a stream, lake, 
or reservoir constitute a range line (RL). Range lines are usually 
located in respect to bench marks or readily apparent topograp.liie 
or cultural features. In establishing a range_ line, consideration 
should be given to the permanence of the landmarks. It is very 
disconcerting to establish a range line in relation to a red barn 
and a tall tree and then return to the area later and find that 
someone h1ts repainted or torn down the barn and cut down the 
tree. Stations along a range line should be noted as directed in 
the preceding paragraph wherever possible. A transit mounted on 
shore anq two-way communication cnn be used to keep the boat 
on the range line. Orientation along a range line on a lake or 
resen•oir may be more difficult than on a stream. Long taglines 
can be used but they are not practical when the distance is .long 
or when they are a hazard to navigation. The position of the 
boat can be located accurately by triangulation, but this method 
requires two or more transits on shore, a shore party, and means 
of communication. Another method is to lay out 2 markers a 
known distance apart on shore and read the marker-boat-marker 
angle with a sextant; angles greater than 30° and less than 130° 
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are more accurate for plotting. Plotting of this information is 
simplified when one marker is on the range line. Less precise 
methods include time of travel at a uniform rate, stadia distances, 
and visual estimation. On estimating distances by sight it is often 
easier to record distances in reference to the nearest shore than in 
reference to the point of origin. If a bottom profile is availa.J>le 
along the range line, or if soundings have been made on a previous 
trip, the sampling station can sometimes be located with sufficient 
accuracy by soundings; of course, depths must be corrected for 
changes in water-surface elevation. This identical-depth technique 
is limited to bodies of water that have had little change in bottom 
profile during the period since the last sampling. These are only 
a few of the methods available for station location in lake and 
reservoir surveys. 
If more than 1 sample is collected in the vertical profile at 

1 station, the depth at which the sample is collected below the 
water surface, as well as the total depth of water, should be re­
corded. Therefore, to locate adequately the point of collection the 
coded notation accompanying the sample may read "RL 2, LEW 
10', Sta. 125' REW 500', depth 4' in 53' of water.'' 

"Time of collection" should include a.m., p.m., 12:00 m (noon) 
or 12:00 p.m. (midnight), if military time is ·not used. The use 
of daylight saving time is always a cause of uncertainty and con­
fusion. Consequently, notations of standard time on the samples 
are desirable. Any recorded daylight saving time must be clearly 
marked as such. 

"Gage height" (water level) should always be recorded if a water­
discharge measuring station is nearby. The-stream discharge can 
be computed from this gage height and suitable rating tables or 
curves. At sites other than water-discharge measuring stations it 
may be necessary to compute an approximate discharge from data 
at other stations in the general area or to make a measurement or 
estimate of discharge. Estimated, measured, or computed discharge 
entered in the space on the tag provided for gage height should 
be clearly noted as such, in order that it will not be confused with 
verified, factual information. When a measurement is made, the 
discharge is recorded on the sample bottle or tag in the field and 
noted "unchecked." A manual of methods and practices used by 
the Geological Survey to gage streams has been prepared by Corbett 
and others (1943). · Water-surface elevation of impounded water 
at time of sampling should be recorded. 

Descriptions of turbidity and color of sediment and water are 
particularly helpful if there is any question of chemical or phys-
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ical change between the time the sample was collected and when 
it was received in the laboratory. Other information pertinent to 
the physical characteristics of the sample at the time of collection 
or to conditions under which the sample was collected can be noted 
as "Remarks." If the water has been treated, the treatment should 
also be described here, if possible. 

Ground water.-Ground-water sampling sites are somewhat more 
difficult to locate and to identify than surface-water sites, and 
the use of ground-water analyses requires more information. In 
quality-of-water work, springs and seeps are considered as ground 
water. Minimum data. required for most ground-water samples 
include: 

Geographical and legal location 
Depth of well 
Diameter of well 
Length of casing and position of screens 
Method of collection (source) 
Point of collection 
Water-b~aring formation (s) 
Water level 
Yield of well in normal operation 
'Vnter temperature 
Princ·ipal use of the water 
Name of collector 
Date of collection 
Appearance at time of collection 
Weather or other natural or manmade factors that may assist ln interpret-

ing chemical quality 

When recording the data on the sample-bottle tag (fig. 6), the 
collecto;r should differentiate between those that he has determined 
himself and those that are reported by the owner or well driller. 

"Geographical and legal location" ("location" on fig. 6) refers 
to the nearest town and the· direction and distance therefrom; 
county and State should also be included. Geographical locations 
give the general area only and are of little help in locating one 
well in the presence of many. 

Legal descriptions of the sampling site and well-numbering 
systems used by the Geological Survey are not standardized 
throughout the United States. In areas surveyed by the General 
Land Office the most logical designations, and those used in 
many areas, are related to tmvnships north and south of base lines, 
ranges east and west of principal meridians, sections, and quarter­
quarter sections. The standard tag for ground-water samples, No. 
9-016, includes space for this type of location. It also has a space 
designated as "Field No." where other location descriptions can be 
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shown. Multiple wells on farms and ranches are not uncommon. 
Sketches of the location of the sampled well t.o fence lines, build­
ings, and t.opography are very helpful. Some owners do not object 
t.o numbering the wells with a permanent mark on the pump or 
structure. 

"Method of collection," designated by the ambiguous term 
"Source" on standard tags now in use, refers t.o the description of 
the 'vell and equipment relating to means of taking the sample, 
such as mot.or-pumped well, windmill, hand-pumped well, flowing 
well, spring, seep, and sample obtained with a bailer. 

"Diameter," other than for uncased wells, refers t.o the diameter 
of the submerged en.sing and not t.o the diameter of the gravel 

WATER SAMPLE 
U. S. GEOLOGICAL SURVEY 

Field No. 

LOC11tlon 
(Clt:W .... ...,. ......... ,,.., 

NR E JAMC. 
-~-'--------.--. 

Source 
CT,..flf•ll> 

Depth (ft.) Diam. (In.) 

Date 
clrllled 

Point of collectlon 

Owner 

<M*•uef .. Nr) 

Weter-beerlna fonnatlon 

from 

(OVER) 

to 

Water level 
ft. ----------

below 
Yield G.M.Flow 

Pump-,---.. - ... -,,-

Temperature l)esre. F. 

Circle UM 

Uee: Dom., Pe., Stock, Irr., Ind., RR., 
Air Cond., ltottllna. Conde.in• 

Collected~ 

Date of Collection --------------
Appearance 

- - - ---- ----

LEAVE A LITTLE AIR SPACE IN 90TTLE 

FIGUB• 6.-Tng tor ground-water sample. 
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pack or hole drilled when the well was put in. However, the 
diameter of the gravel pack may be included as additional informa­
tion. Diameters and lengths of telescoped casings should be given 
in order from top to bottom. 

"Point of collection" concerns the location in the water distri­
bution system where the sample was collected. Inasmuch as ground 
water can change appreciably in chemical quality as it passes 
through the distribution system, any points of collection other than 
at the pump should be described in detail under "Remarks." A 
sketch of the distribution system is helpful. 

"Water-bearing formation" refers to the principal aquifer or 
aquifers that discharge the water. The geologic name of the aqui­
fers, not just sandstone, limestone, sand, and gravel, should be 
recorded if definitely known. If a certain aquifer is believed to be 
the source of the water but some uncertainty remains, the aquifer 
name ii listed and followed by a question mark. The question 
mark must be retained on all tabulations until the correctness of 
the aquifer name is substantiated. If further investigation dis­
proves the original assumption, the original notation should be 
changed. 

Water levels are commonly measured to the nearest hundredth 
of a foot from a convenient measuring point on or near the well 
structure; the same point is always used and is described in the 
well schedule. Because the measuring point may be above or 
below the land surface, it should be clearly stated on the tag 
whether the recorded water level is in relation to the land surface 
or a measuring point. When a well is pumped, the water level 
may be substantially different from the "static" or nonpumping 
level. Therefore, the reported information should indicate whether 
the water level represents pumping or nonpumping conditions. It 
may be advisable to indicate the length of time the pump has been 
operating and the discharge rate. 

The turbidity, color, and sediment content of the sample at the 
time of collection should be recorded under "Appearance." Rusty 
water suggests that the casing or distribution system is the source 
of the iron. A sample containing an appreciable amount of iron 
or manganese in solution may be colorless and clear at the time 
of collection, but these metals may oxidize and precipitate after 
the sample is collected. 

A:'d SPECIAL TREATMENTS, PRESERVATIVES, AND FIXATION 

Many of the heavy-metal ions normally present in only trace 
amounts in natural waters may not remain in the water sample 
nntil it is analyzed because of such chemical and physical reactions 
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as oxidation, reduction, precipitation, adsorption, and ion exchange. 
Coprecipitation may a]so reduce the concentrations of these con­
stituents in solution. Many commonly used methods for the separa­
tion and isolation of traces of substances involve coprecipitation 
and adsorption processes. Iron is a particularly troublesome compo­
nent in natural water because of its tendency to precipitate from 
solution and to coprecipitnte other metal ions. 

Although most water chemists recognize the chemical and physical 
forces that remove metals from solution, the literature provides 
\·ery iittle specific information on preferable techniques for collec­
tion, storage, and preservation of samples for the determination of 
hydrolyzable metals. Most authoritative manuals recommend a 
minimum of lapsed time between sample collection and analysis. 
This is a valid recommendation but one which laboratories of the 
Geological Survey can seldom follow because of the distance be­
tween laboratories and many sampling sites. Measures other than 
speed must be taken. The Geological Survey has not conducted 
~tensive research on the problem, but an analysis probably will 
be more representative of the water at the time of collection if 
n separate sample of water is taken for the determination of alumi­
num, chromium, copper, iron, lead, manganese, and zinc. The 
sample should be freed of its sediment and acidified to about pH 
:3.5 with glacial acetic acid (0.5 ml per 100 ml maximum) at the 
time of collection. Inasmuch as acetic acid stimulates the growth 
of molds, it may be necessary to add a little formaldehyde (0.2 ml 
per 100 ml) to retard growth. The presence of the acid also tends 
to stabilize the original valence state of the metals. Although 
not an ideal preservative, this acidification minimizes precipita­
tion as well as adsorption on the container. Even collection of a 
separate clear sample, and, later, drastic acidification in the labora­
tory, is preferable to determination of the trace metals in alkaline 
water that has been stored for some time. 

The determination of other constituents requires specific fixatives 
or preservatives. These techniques, without exception, merely re­
t nrd the natural processes of chan~e in composition, nnd the sample 
should be analyzed as soon after collection as possible. Recom­
mended treatments are described below. 

Ammonia nitrogen.-The percentage concentrations of the various 
components of the nitrogen cycle are rapidly changed by the bio­
logic activity of organisms common in natural waters. Chloroform 
( 5 ml per liter of sample) inactivntes the organisms and fixes the 
nitrogen-cycle components. 
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Ohlorine residual.-Samples to be analyzed for chlorine residual 
should not be stored, as the chlorine content of a water sample de­
creases rapidly. Exposure to sunlight or other strong light, and 
agitation, 'vill further reduce the amount of chlorine present. 

D-issolved oa:ygen.-Immediately after collection, the dissolved 
oxygen in a sample should be converted to an equivalent amount 
of free iodine, which is more stable in solution than oxygen. The 
sample is normally collected in a 300-ml BOD bottle, with a mini­
mum of aeration (see sec. A : !-le). Water temperature must be 
taken at the time of collection if the percentage of saturation is 
to be computed. 

Suspended solids in high concentration may adsorb appreciable 
quantities of iodine in acid solution and they should be removed 
by coagulat.ion with aluminum sulfate (alum) as follows: Collect 
the sample in a 500-ml glass-stoppered bot.tie using the same pre­
cautions as for tht' BC i) liottles; add 10 ml of 10 percent alum 
solution and 1--2 ml of ·.:oncentrated ammonium hydroxide; mix 
by inversion and allow the floe and suspended material to settle; 
decant the supermitant into n BOD bottle until it overflows. 

If the sample is clear, or after it has been clarified, proceed with 
the following treatment. 

1. Add 1 ml KF solution below th .. liquid surfa<'e of the sample in a BOD bottle. 
2. Add 2 ml MnSO, solution l.K>lo\•· tlw !\,1nid surface. 
3. Add 2 ml alkaline-iodide smlimn nzhfo r<'agent below the liquid surface. 
4. Stopper and mix by in\"ersion. Allow the precipitate to settle and then repeat 

the mixing and settling pro<'!''1ses. 
5. Add 2 ml <'oncentrntPd H,~IO, :i~· allowing the acid to run down the neck 

of the bottle. 
6. Mix by gentle hn·er1'1fon until ~nl utlon is rornplete. 

In the absence of interferences described in section D: 28a-1, titm­
tion of the released iodine cun be postponed for 48-72 hours if 
the treated sample is refri~ei·at9d. Instructions for preparation of 
reagents nre given in section n: ::.J.8a-1. 

N i.trate nit1'ogen.-Although routine nitrate determinations are 
usually made on an untreate.d sample at the time of the regular 
analysis, treatment with chloroform is recommended if the exact 
quantity of nitrate in the sample 1it the time of collection is re­
quired (see "Ammonia nitrogen"). 

Nitrite nitrogen.-See "Ammonia nitrogen." 
Oils and waa:es.-Samples for the determination of oils and waxes 

should be collected in a separate bottle and fixed with 2 ml of 
concentrated HCI per liter to inhibit bacterial action, which may 
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decompose oils and waxes. Care should be taken that the sample 
is. representative. It is very diffic·.ilt to obtain a representative 
s11:mple from surface \Vater because the material is seldom, if ever, 
uniformly distributed. 

Organic nitrogen.-Soo "Ammonia nitrogen." 
Orthophosphate.-The conversion of organic phosphorus to 

orthophosphate is largely the result of microbiologic action. Chloro­
form (5 ml per liter of sample) inactivates the organisms and stabi­
lites the organic phosphorus-orthophosphate system. 

Phenolic material.-It has been shown that phenolic materials in 
solution are rapidly destroyed by the biologic activity of organisms 
common in natural surface waters. Copper sulfate (2 g per liter 
o~ sample) has been found to be an effective preservative for a 
few days. Refrigeration can be used as an additional measure. 

·· Selenium.-Very little information is available on the stability 
of selenium in aqueous solutions. Selenium is much more preva­
lent in bottom deposits of undrained lakes and the sea than it is 
in water above these deposits. This fact leads to the conclusion 
t}tat selenium tends to precipitate from solution, possibly by reaction 
with iron salts, or to be adsorbed by some stream sediments (Trelease 
nµd Beath, 1949). If appreciable delay in analysis is anticipated 
the sample should be filtered at the time of collection and acidified. 

Sulfide.-"vVater containing dissolved sulfides readily loses hydro­
gen sulfide, particularly if the pH of the sample is low. Oxygen 
d~stroys sulfides by oxidation, particularly if the pH of the sample 
is high. Aeration of the sample should therefore be avoided (see 
sec. A: 3c). Two grams of zinc acetate per liter of water will fix 
the san:ple for several days. Acid water must be neutralized before 
addition of the zinc acetate. 

REFERENCES 

A_ruerican Public Health Association and others, 1955, Standard methods for the 
examination of water, sewage, and industrial wastes: New York, Am. Public 
Health Assoc., Inc., 10th ed. 

Ap1erican Society for Testing 1\faterials, 1954, Manual on industrial water: 
Spec. Tech. Pub. 148-A. 

Corbett, D. M., and others, 1943, Stream-gaging procedure: U.S. Geol. Survey 
' Water-Supply Paper 888. 

Keighton, W. B., 1954, The investigation of chemical quality of water in tidal 
rivers: U.S. Geological SurYey open-file report. 

Trelease, S. F., and Beath, 0. A., 1949, Selenium; its geological occurrence 
and its biological effects in relation to botany, chemistry, agriculture, 
nutrition, and medicine: New York. [Published by the authors, Box 42, 
Schermerhorn Hall, Columbia Univ.] 

Digitized by Google 



SECTION B. HANDLING OF WATER SAMPLES BEFORE 
ANAI,YSIS 

The Geological Survey is confronted with problems of handling 
and storing water samples that do not prevail in most public and 
private laboratories. There is usually only one laboratory withiD. 
a State of group of several States. In each area the efficient 
handling of samples should be considered both m respect to the 
validity of the analytical re.sults and the cost of transportation 
and storage. 

B:l TIME BETWEEN SAMPLE COLLECTION AND ANALYSIS 

The effect of bottle composition in changing the quality of water 
samples during storage is discussed in section A: 3a. The samples 
are also subject to changes not attributable to bottle compositiori. 
The general relations of the time between collection and analysts 
to the validity of the analytical results as being representative of 
the water quality at the time of collection are well presented by 
the American Public Health Association and others (1955) as 
follows: 

In general, the shorter th{l time that elapses between collection of a sample 
and its analysis, the more reliable will be the analytical results. For certabi 
ronstituents and physical nlues, immediate analysis in the field is requtri.J 
in order to obtain dependable results, because the composition of the sample 
may change before the sample arrives at the laboratory. 

Some determinations are more likely to be affected than others by storage 
of samples prior to analysis. Certain cations are subject to loss by adsorption 
or ion exchange upon the walls of glass containers. These include iron, copper, 
aluminum, manganese, trivalent chromium, and zinc. Temperature changes 
Yery quickly; pH may change signlticantly in a matter of minutes; dissolved 
gases may be lost ( o,, co,, H,S, CI., C'H,) or gained ( o,, CO.). Determinations 
of tPmperature, pH, and dissoh·ed gases should always be carried out in 
the field, because <>hanges are almost inevitable by the time the samples 
reach the laboratory. With <>hanges in the pH-alkalinity-carbon dioxide bal­
ance, calcium carbonate may precipitate and <>ause a decrease in the values 
for' calcium and for total hardness. Iron and manganese form readily soluble 
compounds in their lower (reduced) Yalence 11tates, and relati'fely insoluble 
compounds in their higher (oxidized) ,·alence states ; therefore these cations 
may precipitate out, or may dissoh·e out of a sediment, depending upon the 
redox potential of the sample. Microbiological activity may be responsible for 
changes in the nitrate-nitrite-ammonia balance, for decreases in phenols and 
in BOD, or for the reduction of sulfate to sulfide. Any residual chlorine is 
converted to chloride. Sulfide, sulfite, ferrous iron, iodide, and cyanide may 
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be lost throul!:h oxidation. Color, odor, and turbidity may increase, deereaRe, 
or chanj!;e in quality. So11im11, slli!'a, and boron may be leached out of the 
itlnss contnint>r. Hexa\"alent <"hromlum mny be reduced to the trh·nlt>nt state. 
This list is by no means all-inchtRh·e. It is dearly hnpossible to prescribe 
absolute rules for the pre,·entio11 of all llORRible changt>s . . . to a large 
degree the dependability of wnter analyst's mui;t rest u110n the experience and 
good judgment of the analyst. 

Even the concentrations· of the more stable dissoked constituents 
may vary during prolonged storage, and a lapse of more than 3 
months between collection and analysis is not recommended. Once 
opened, the sample should be analyzed as rapidly as possible. 
Changes in water quality are greatly accelerated after the bottle 
seal has been broken. Composite samples should be prepared im­
mediately ·before analysis. 

Although equilibrium between sediment and dissolved material 
can be assumed for the time of collection, this is no assurance tha.t 
the same equilibrium will be maintained during storage. Solutions 
of the sediment, ion exchange, or other chemical reactions that 
affect the chemical composition of the sample are all possible. But 
little definite information is available on the problem; much more 
work must be done before substantial conclusions can be made. 

B :2 SAMPLE-BOTTLE CA.SES 

Sample-bottle cases commonly used by the Geological Survey are 
shown in figure 7. Cork or rubber stoppers may jar loose unless 
the bottles are packed in a shipping case that exerts pressure on 
the stopper. Containers should be marked clearly "Liquid in Glass" 
and "Keep from Freezing." 

B :3 SAMPLE STORAGE 

It is a wise practice to check and tighten the seals of bottles 
as the samples are put on the storage shelves. High temperatures 
should be avoided. Stored samples should be left undisturbed, 
as much of the suspended material will settle on standing, and 
they should be protected from light, which accelerates photochemical 
processes that may alter the chemical composition of the sample. 
Growth of algae in stored samples is particularly troublesome. 

B:4 PREPARATION OF COMPOSITE SAMPLES 

'Yhen samples are- collected at frequent intervals at a station, 
analysis of each i1~dfridual sample would be prohibitive in cost and 
for many streams would result in needless duplication. Coru;e 
quently, the compositing nf sernral samples into a single sample 
for chemical analysi~ is n .~ommon practice. This is solely a pro-
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cedure of expediency, and the chemist realizes that in so doing 
the chemical chamcteristics peculiar to each individual sample are 
not identifiiible in the composite. Likewise, it should be recognized 
that for some streams e\·en the analysis of daily samples would not 
adequately define the changes in stream quality. The length of the 
composite period is alwuys a compromise between the cost of anal­
ysis and the desire to determine the quality pattern of the stream 
in minute detail. Early studies indicated that periods of approxi­
mately 10 consecutive dn.ys were optimum; small variations in 
quality were smoothed out, but major changes were still shown by 
36 composite samples per year. For each mont.h, three composite 
samples were regulurly prepared by mixing together equal quantities 
of daily samples collected from the 1st to the 10th, 11th to the 
20th, and the remainder of the month. 

In the 1930's, changes in compositing methods were brought about 
by the general acceptance and use of specific conductance as an 
approximn.te indication of the total concentration of ionized material 
in solution. Although generally holding to the principle of 10-day 
periods, split composites were made on the basis of total dissolved 
mineml content as indicated by measurements of conductivity of 
the daily samples, supplemented by other easily obtained infonna­
tion such as concentration of chloride, river stage, weather condi­
tions, appearance of sample, and previous history of the stream. 
This modification is now used by many laboratories and is recom­
mended in preference to a fixed time interval of compositing samples 
because it affords the chemist more discretion in deciding which 
changes in concentrations are significant and worthy of more in­
tensive study. 

Short of continuous measurement of all constituents, there are 
2 fundamental categories of data application which can be met by 
2 different methods of compositing-the time-weighted metnod and 
the water-discharge-weighted method. One area of data application 
requires knowledge of the chemical composition, as concentration 
per unit volume, of only a fraction of the total flow. Analyses 
of time-weighted composites provide information on the quality 
of water available for uniform-quantity withdrawal, such as muni­
cipal or industrial diversions n.nd domestic uses, or on the effect 
of water as an environment, such as the effect of water quality 
on growth of crops or on plant and animal life. The preparation 
of time-weighted composites simulates these uses of the wnter, and 
therefore chemical analyses of such composites are best suited for 
consideration of these problems. 
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The other field of data application requires consideration of the 
whole stream as a dynamic agent transporting and capable of 
receiving material. Whereas the total quantities of water and dis­
solved matter that pass the cross section on the stream are irrelevant 
to the problems of uniform withdrawal and environment, they 
are vital to problems of solute transport (dissolved load). Knowl­
edge of solute transport of a stream is essential to most quantitative 
considerations of water quality such as the geologic processes of ero­
sion of rocks and soils and modification of landforms, the quantity 
of pollutants entering a stream or the capacity of the stream for safely 
receiving a quantity of waste material, the salt balance on irrigated 
lands, the action of evapotranspiration on land or in streams or reser­
voirs, and the anticipated quality of the water if impounded. An­
alyses of discharge-weighted composites supply information appli­
cable to such problems. 

No single method of compositing provides data applicable to 
all problems confronting the chemical-quality hydrologist, and he 
must be cognizant of the effects of the compositing method on the 
analytical results and be so guided in the application of the data. 
When there is doubt about which method to use, the decision must 
be based on the ability to extract or compute from the da.ta the 
type of information that may be required for understanding the 
stream's water <\uality and for utilization of the water. 

Theoretically, for either method of compositing, all samples for a 
major period such as a year could be included in one composite. 
Actually this cannot be done because changes in quality occur during 
storage of samples and because data representative of wn.ter quality 
during much shorter periods are needed. Fluctuations in quality 
during the sampling intervlll influence the degree to which the analy­
sis of a composite is representative of the stream. It is improbable 
that any one sample taken during a period of fluetuating quality ean 
possibly represent the mean concentration for all dissoh·ed constitu­
ents because the factors controlling the conc~ntrntion of t.he indh·id­
ual constituents are not identical. For example, the time of mean 
calcium concentration may not coincide with that of mean sodium 
or nitrate concentration. Also, the ability to choose in adYance the 
time at which the menn for the intervnl eould be snmpled is eYen 
less likely. C-0nsequently, t.he probability that a composite analysis 
represents the streamflow becomes a stntistieal problem of sampling, 
controlled by both the range of fluctuations nnd the number of 
samples included in the composite. 

Both methods of C'ompositin~ lenrn nppreC'iable. latitude in the 
number of composites that can be made per year. No hnrd and fast 
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rules for compositing can be set forth because of the dHferences in 
range and the rapidity of fluctuations in the quality of dift'erent 
streams and because of the diversity of purposes for which chemical­
quality investigations are conducted. The following suggestions are 
presented as a general guUe but are by no means mandatory, and 
their application should be tempered by the chemical characteristics 
of the streams at the particular sampling station and by the signifi­
cance of the observed variations in quality to present and anticipated 
use of the water-quality record. The number of composites per 
year should not ordinarily be greater than 40 or less than 20 . 
.Analyses of less than 20 composites per year are usually insufficient 
to define adequately the water-quality pattern of the stream unless 
the chemical characteristics are exceptionally stable, such as may be 
true below a reservoir. The cost of running more than 40 analyses 
per year increases the overall station-operation cost appreciably, and 
there is always some question as to whether the more detailed infor­
mation justifies the additional expenditure. No single composite 
should cover ·more than a 30-day period. Suggestions regarding 
selection of compositing periods are presented in the detailed dis­
cussion of each compositing method. 

B:4a. TIME-WEIGHTED COMPOSITE SAMPLES 

If the chemical analysis of a composite sample of a stream is 
made primarily to determine the average concentration of chemical 
constituents in the water that flowed past the sampling station 
during the period, the composite should theoretically be obtained 
by continuously diverting and thoroughly mixin~ 1\ constant volume 
of streamflow. To the extent that the individual samples define 
the water quality during the compositing period, satisfactory time­
weighted composites can be prepared by combining volumes that . 
are proportional to the sampling interval for each individual sample. 
The sampling interval is the length of time that a sample repr&­
sents; generally it is half the time between the time the preceding 
sample and the following sample were taken. At many sampling 
stations one sample is collected each day at approximately the same 
time of day; therefore, the sampling intervals and the volume of the 
samples taken are constant. 

In preparation of time-weighted composites the compositing 
periods are selected on the basis of observed differences in water 
quality exhibited by some single characteristic or group of readily 
determined characteristics of the individual samples, such as specific 
conductance, pH, or chloride. The purpose of utilizing conductance 
or other characteristics in defining the limits of the compositing 
period is to proYide a composite that contains only water of some-
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what similar chemical characteristics. The compositing period rep­
resents a period during which it is assumed that no large changes in 
composition have occurred. As a flexible guide to the selection of 
compositing periods it is suggested that the composite include only 
t11ose consecutive daily samples whose individual conductances a.re 
within -+-15 percent of average conductance for the group. Any 
percentage other tlum 15 can be used to keep the number of com­
posites per year within the optimum range. A knowledge of stream 
chamcteristics at the sampling station is essential. for compositing 
and can be gained only through experience. As the chemist learns 
more of the chemical behavior of the streams in his area, his judg­
ment in selecting compositing intervals will improve. 

The degree to which time-weighted composites are representative 
of the stream during the compositing period is not dependent on 
the degree to which ea.ch sample represents the arithmetic mean 
concentration of each individual constituent for the sampling inter­
val, but rather on the extent to which the algebraic sum of the 
positive and negative deviations of the individual sample concen­
trations from the true mean concentration for the individual sam­
pling intervals approaches zero. 

B:4b DISCBA.RGB-WBIGBTBD COMPOSITE SAMPLES 

If the chemical analysis of a composite sample of a stream is made 
primarily to determine the concentration of chemical constituents 
in the total volume of water that flowed past the· sampling station 
during the compositing period, the composite should theoretically 
be obtained by continuously diverting and thoroughly mixing a 
constant fraction of streamflow. Practically, sampling must be pe­
riodic rather than continuous, but the volume of each individual sam­
ple that goes into the composite can be varied in proportion to the 
rate of discharge at the time of sampling. To the extent that the 
products of dissolved material in the individual samples and the dis­
charge rates define the load of dissolved material carried by the stream 
during the compositing period, satisfactory discharge-weighted com­
posites can be prepared from individual snmples by combining vol­
umes tluit are proportional to the stream discharge at the time of 
sampling. If the individual samples hnve different sampling inter­
vals, the volume to be taken from an individual snmple should be 
proportional to the product of the sampling interval 1md the water 
dischnrge at the time of sampling. 

The preparation of discharge-weighted copiposites requires wa.ter­
discharge d1ita for the time of sampling. At sampling stations 
where the relntions between water stage and discharge a~ stable, 
the wa.ter discharge can be determined by using the gage height at 
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the time of sampling and a stage-discharge rating table or curve. 
More precise discharge data are desirable for a shifting stream, 
where significant error is incurred by the use of stage-discharge 
tables or curves. The required data on streams that have shifting 
controls or instructions for the computation of provisional instanta­
neous discharges satisfactory for compositing purposes can be 
obtained from the district offices of the Surface Water Branch of the 
W &ter Resources Division. 

When samples are composited according to discharge, the sub­
division into compositing periods usually has little effect on the 
computed total tonnages (loads) of mineral constituents for a 
period of a month or a year. The accuracy of computed tonna~ 
is not increased by the use of short compositing periods nor by 
breaking compositing periods when abrupt changes in specific con­
ductance occur. However, the chemical-quality records serve many 
purposes, and much additional factual information concerning the 
water-quality characteristics of the stream is provided by the judi­
cious selection of compositing periods. 

Both specific conductances, or other readily determined charac­
teristics of water quality, and water discharges representative of the 
individual samples are used as a guide in determining when to end 
one compositing period and begin another. When combined, these 
factors often aid the chemist in anticipating changes in chemiea.l 
composition which might not be evident from either alone. Spe­
cific conductance also aids in selecting individual samples to repre­
sent high and low concentrations. However, of the two variables 
discharge and conductance, the former is given somewhat more 
consideration than the latter in the selection of compositing periods. 
A knowledge of the chemical-quality characteristics throughout the 
water-discharge range permits construction of a reliable chemieal­
concentration rating curve based on water discharge as the independ­
ent variable. Inasmuch as the selected compositing period has little 
effect on the validity of computed loads, these periods are chosen 
primarily to show the relation of concentration to water discharge. 
Consequently, the compositing period should :represent a limited 
range of water discharge. As a flexible guide it is suggested that 
the composite sample include only those consecutive samples whose 
corresponding instantaneous discharges are within ±25 per­
cent of the ·mean instantaneous dischnrp:es for the group. Any 
percentage other than 25 can be used to limit the number of com­
posites per yenr to I\ feasible }evel (see sec. fl: 4). If the stage­
discharge relation of the stream is known to shift appreciably, and 
if the water discharge must be taken from a rating curve, one com-
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positing period should be ended and another begun at times of 
radical change in discharge. A shift in the stage-discharge relation 
during the compositing period upsets the ratio of the comput.ed 
provisional discharges to true discharges, and correct proportional 
quantities will not be taken for the composite. These shifts usually 
are caused by ·changes in stream velocities that result in scour and 
fill of the stream channel at the gaging-station control. The tonnage 
figure is computed later from the true-discharge figures supplied 
by the Surface Water Branch and not from the provisional dis­
charges used to make the composite. 

The degree to which a discharge-weighted composite represenfB 
both the average concentration in the total mass of water passing 
the sampling station and the load of each and all determined con­
stituents transported during the compositing period is dependent 
on the degree to which the summation of the individual producfB of 
concentration of constituents and water discharge approach the 
true average concentration and loads of the whole volume of water 
that flowed past the station. Deviations of individual-sample con­
centrations from the mean concentration or deviations of instantane­
ous discharge used in the compositing process from mean discharge 
for the sampling interval do not in themselves a1fect the validity of 
the analysis of the composite. This is true because, as with time­
weighted composites, the validity of an average is proportional to 
the extent to which the algebraic sum of the positive and negative 
errors approaches zero and not on the magnitude of the individual 
errors. 

B :6 BEllOV AL 01' TURBIDITY 

Every water chemist has been confronted with turbid samples. 
All natural-water samples contain varying 11.mounts of ionized and 
nonionized conetituents in true solution, less finely divided material 
in colloidal suspension, a.nd coarser readily separable material. The 
analytical statement will tend to represent the total ionic concentra­
tion in the fraction of the total sample taken for analysis regardlees 
of whether the constituent is in solution or suspension. Inasmuch 
as the suspended material often conta.ins ions determined in the 
analysis, the reported concentrations are dependent on the separa­
tion of the solution and solid phases. A filtration assembly made of 
transparent plastic and designed by the Geological Survey is shown 
in figure 8. 

Most authoritative compilations of analytical procedure recognize 
the significance of finely divided material in suspension but omit 
specific instructions for its sepa.ration from the water. Comparable 
analytical results demand that the water-quality sample taken for 
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FIGURE 8.-Sample-ftltratlon assembly. 

chemical analysis be defined in terms of the maximum particle size 
of the suspended material. The specific method of separation 
should produce a minimum of change in the concentrations of the 
constituents in solution. No ideal method for removing solids exists, 
but tests have indicated that filtration through the commercially 
available cellulose acetate membrane has a minimum of undesirable 
qualities compared with other available methods. As a matter of 
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convenience, the maximum particle size of suspended material can 
be limited to that which passes by gravity through a filter whose 
retention rating is 0.5 microns. This specification does not imply 
that all settled solids should be resuspended before filtration, nor 
does it imply that obviously clear samples should be filtered. Deter­
minations of pH, alkalinity, and(or) acidity should be made before 
filtration in the laboratory because these characteristics are related 
to the gas content of the sample. 
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SECTION C. ANALYSIS OF WATER SAMPLES 

In analysis of water the chemist is confronted with a wide variety 
of complex aqueous solutions. Most water in streams, lakes, and 
ground-water reservoirs probably contains most of the elements, 
although many are present in only extremely small quantities. The 
scope of analyses by the Geological Survey is generally limited by 
the significance of a constituent in relation to the other dissolved 
material and to the usability of the water, and by the precision of 
the analytical methods used. 

C:l AJrALYTICAL TBCHBIQUBS m WA.TE:& AJrALYSIS 

Water analysis ma.y be termed "microchemistry with macro­
volumes" because all determinations require the quantitative deter­
mination of either milligram or microgram quantities or fractions 
thereof. Techniques by which the water analysis is ma.de include 
gravimetric, volumetric, spectrophotometric, and flame-photometric 
procedures. 

Gravimetric techniques in water analysis are generally tedious 
and time consuming because of the usua.l necessity for precipitation, 
filtration, washing, ignition, and weighing. Volumetric analysis is 
usually more rapid than gravimetric analysis if the titrant reagent 
is specific for the constituent; the sensitivity and( or) precision may 
also exceed that of a gravimetric analysis for some determinations. 
Progress in instrument development, particularly during the last 
decade, has provided the water analyst with truly precision instru­
ments in spectrophotometers and flame photometers. Spectrophoto­
metric methods are well suited to water analysis because small 
quantities of substances can often be determined readily and accu­
rately. The dift'erences in techniques of individual analysts are also 
minimized. The accuracy and precision of flame-photometric deter­
minations of the alkali metals surpass the available gravimetric 
method, and the time required is much less. 

C:Ia SPECTROPHOTOMETRY 

Colorimetric determinations based on visual estimation of color 
have long been used in water analysis, but the widespread applica­
tion of colorimetric analysis in the refined form of instrumental 
spectrophotometry is a relatively new development. Because of its 
youth, the terminology of spectrophotometry is in a confused state. 
The system of terminology used in this report follows that recom-
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mended by the National Bureau of Standards (1947), a system 
which was derived as a compromise of several recognized terminol­
ogies. 

0:1.,_1 TEltJIIROLOGY AllD PllOOEDVllEB 

In the practical application of spectrophotometric analysis, only 
three terms need to be considered in detail. These are the fundamental 
term "transmittance" and the two terms "transmittancy" and "absorb­
ancy" which are derived from it. Transmittance is defined by the 
equation: 

where 
T=!.l 

11 

T= transmittance, 
11=radiant t:nergy incident upon the first surface of the sample, and 
/ 1=radiant energy leaving the sample. 

The term "transmittance" relates to the rectilinear transmission of 
homogeneous radiation through a homogeneous, isotropic, nonmetallic 
medium having plain, smooth, parallel surfaces. In analytical prac­
tice the transmittance is not measured. The quantity that is indi­
rectly measured is a ratio of the transmittance of the sample solution 
to the transmittance of the solvent (or blank) solution. The name 
"transmittancy" is given to this ratio. It is seen from the following 
relation that transmittancy \T.) can be measured directly in a spectro­
photometer. 

where 

T = T sample 12 sample 
• T solvent 12 solvent 

T=transmittance, and 
l2=radiant energy leaving the sample. 

It should be noted that the transmittancy relation is correct only if 
the reflection and absorption losses at the cell windows are insignificant. 
These conditions are met in normal applications of visible-light spec­
trophotometry in water analysis. 

The third term of importance and the one most generally used in 
absorptiometric work is "absorbancy," which is simply the negative 
logarithm of the transmittancy. 

1 
A.= -log10T.=log10 T. 

In the preparation of spectrophotometric curves of li~ht-intensit.y 
ratio plotted against concentration, it is preferable, for convenience, 
to use absorbancy as the basis of the plot. Under these conditions 
a system that conforms to Beer's law· gives a straight-line plot, and the 
commonly used colorimetric systems that do not conform will usually 
show only a moderate curvature. Extreme curvature, when the curve 
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is plotted on the basis of absorbancy dat11, is sometimes a sign that the 
system is not suffi<'iently stnb]e for a1m1ytica1 purposes. Semicolloidal 
suspensions of colored substances often give extreme curvatures. 
'Vhen trnnsmittan<'y dat11 are used for plotting, a curve is always ob­
tained unless semilog-nrithmic coordinates are used. The modern 
spectrophotometers have an absorbnncy calibration as well as the con­
wntionnl "percent transmission" or "percent transmittance," and it is 
increasin~ly prernlent pmctice to use the absorbancy scale. The rela­
tions between transmittancy and absorbancy plots for potassium per­
man~nnate solutions at three wavelengths are illustrated by Mellon 
( 1950, p. 95, figs. 2, 3). 

8ewral other terms for light. absorption are given in the literature 
nnd are still found on the printed scales of some photometers. "Optical 
clensiti' is often used. Sometimes optical density is the same as 
abso1·bnncy, and sometimes it represents absorbancy multiplied by 10. 
"Extinction" is sometimes used, as is "percent extinction.~' Even a 
few purely arbitrary scales ha,·e been used. 

The fundamental expression that correlates the light-absorption 
reading of the instrument with the concentration of the light-absorbing 
constituent in the solution is Beer's law. The law is expressed by 
several mathemntical formulations, and the derivation of each may be 
found in standard texts. One of the simplest statements of Beer's 
law is in the tenninology recommended by the National Bureau of 
Standards (1947) : 

where 
A.=a.bc 

a.= "absorbancy index," 
b=thickness of the cell, 
c=concentration, and 

A.=scale reading. 

Since the terms a. and b are constant for a given analytical system and 
u. gfren absorption cell, it is apparent that A. is directly proportional 
to c. 

The relation demonstrated by Beer's law is very useful and 
tlpparently is rather generally true for solutions of a single colored 
constituent and when no chemical reaction is involved. But in 
analytical practice many colorimetric systems show deviations from 
the law. Most apparent failures of Beer's law are due to chemical or 
instrumental properties. Some of the chemical effects responsible 
for departure,are: 

1. Small changes In pH acting on a pH-sensitive color system. Most organic 
indicators are weak acids or bases and consequently they are pH sensitive. 

2. Temperature eft'ect. A rise in temperature of a color system generally causes 
. the absorption peak to shift toward the red. 
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3. Change in refral'ti\"e index with concentration. 
4. Equilibria displa(-e111ent with concentration change. 
ii. Recl11ro<'al interaction of the absorbing constituents. This is characteristic 

of dithlzone and other reagents. 
6. Snit effect. This applies mainly to absorbing solutions of electrolytPS, but 

the effect Is sometimes present even if the absorber is not an electrolyte. 

The major instrumental cause of deviations from Beer's law is 
the u~ of an impure spectral band for illumination of the sample. 
If the spectral band covers an area where the absorbancy curve of 
the constituent shows a sharp change with wavelength, a deviation 
will appear. By using the narrowest possible spectral band, this 
effect is minimized. The analyst is referred to standard texts for a 
complete explanation of this effect. 

A second frequent source of instrumental deviations from Beer's 
law is a nonlinear photometer unit in the spectrophotometric instru­
ment. If either the photocells, amplifying unit, or indicating unit 
do not respond linearly to a variation in light intensity, a deviation 
from Beer's law will be evidenced. Most commonly such effects 
originate in aging photocells and can be remedied by replacing the 
photocell. It should be emphasized that the common practice of 
making determinations by comparison (by comparing the sample 
against a blank) is no protection against nonlinear amplification of 
the signal. The effects do not "oo.ncel out." 

An important consideration in the use of spectrophotometric 
instruments is the absorbancy range within which the particular 
instrument will give accurate readings. The relative-error relation 
of a spectrophotometer is expressed by the curve shown in figure 9, 
from which it is apparent that the best accuracy is attained in the 
absorbancy region from approximately 0.1 to 1.0. Theoretically, 
the point of minimum relative error is approximately 37-percent 
transmittancy, which is 0.43 on the absorbancy scale. When filter 
photometers and simple spectrophotometers are used, it is necessary 
to observe the above limitations if the measurements are to be 
acceptably accurate. Absorbancy measurements above 1.0 should 
not be taken; dilution of the sample, or a similar expedient, should 
be used to bring the reading down into the reliable area. At the 
other end of the range, it is frequently impossible to avoid taking 
me1usurements in the uren. of poor accuracy; however, enrichment of 
the sample is sometimes possible and should be practiced when 
convenient. 

The situation with respect to accuracy is somewhat different with 
instruments such as the Beckman B and DU spectrophotometers 
that have a stepwise variable-sensitivity adjustment. By use of 
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the higher sensitivities for reading dense solutions the accuracy is 
much improved, and readings up to approximately 2.5 can be taken. 
The fiat part of the error curve in figure 9 is extended on the left 
side to higher absorbancy values by this device. However, the 
variable-sensitivity adjustment gives no improvement in the very 
low absorbancy region at the right side of figure 9. 

8 

7 
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2 

TRANSMITIANCY. IN PERCENT 

1.0 0 .7 0 .6 0.5 0 .4 0 .3 0.2 O. l 0 
ABSORBANCY 

F1ouaa 9.-Relatlve-error curve for 1pectropbotometera without 1en1ltlvlt7 adjuatmentl. 

O:la-1 APPLICATIONS OF SPEOROPHOTOXE'l'BY TO WATER ANALYSIS 

The mass application of instrumental spectrophotometry to water 
analysis hns eu~cted rnpid ndvances in the determination of trnce 
metals in water. In analyses for trnce meta.ls, a point of major 
importance is the sensitivity of determina.tion. In this respect the 
spectrophotometer is superior to the polnrogmph, nnd for certain 
metals it is 1ilso superior to the spectrograph. Only the fluorimeter 
possesses a genemlly higher inherent sensitivity, but n.t the present 
t.ime the application of fluorimetry to different types of analytical 
problems is limited. 

In spectrophotometric determinations in \Yater analysis it is gen­
erally desirable to attain mnximum sensitivity. This confers several 
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advantages· besides the obvious one of extending the determination 
to the lower eoneentrntion ranges: The interferences of other ions can 
he minimized, the effect of nnturnl color and turbidity in the water 
sample cnn often be mnde insignificant, and a small volume of sample 
cnn be used. The use of a highly sensitive reagent permits dilution 
of the sample to 11 point where interfering ions are rendered innoc­
uous. The necessary dilution can be simply and automatically made 
by adding a large volume of dilute reagent to the s1imple, as opposed 
to the more common practice in other types of analysis of adding 
a small volume of fairly concentrnted reagent. An example of this 
principle is the Eriochrome Cynnine R fluoride determination, in 
which 25 ml of a dilute reagent is added to IO ml of the water 
sample, thus diluting the sample to minimize the interference of 
phosphate, aluminum, and other ions. 

The same principle applies to minimizing the effect of turbidity 
and color. The natural color and turbidity in many wnter samples 
show a significant absorbancy at the wavelengths t1sed in a number 
of determinations, and this effect requires either compensation or 
elimination. In some cases it is possible to select a spectrophoto­
metric reagent of such high sensitivity that the absorbancy of the 
sought constituent will exceed the arbsorbancy of the natural color 
nnd turbidity by a very large factor. If this factor is as high as 
50 fo1· a particular determination, the error introduced by the natural 
color and turbidity will be only 2 percent, and in routine work no 
compensation would be required. Several of the spectrophotometric 
determinations described in this manual, notably the chromate and 
phosphate determinations, will normally give an absorbancy reading 
considerably higher than 50 times the absorbancy of the natural 
coloring matter in the water sample. In other procedures, such as 
the aluminum determination, the absorbancy of the color and tur­
bidity may be as high as that contributed by the analytical system. 
Thus, correction for color and turbidity is very rarely required for 
chromate and phosphate, but conection is frequently required for 
aluminum. A knowledge of the relntive sensitivity for the sought 
constituent as compared to the natural color and turbidity in the 
sample is necessary to the application of spectrophotometric methods. 
Sufficient data are given in each procedure so that the analyst can 
approximate the extent of this ailticipated interference in the appli­
cation of selected methods. 

Sensitivity is a word that is used loosely, and it is important to 
identify the type of sensitivity under consideration. The sensitivity 
of a method depends on both the chemical phase of the determination 
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and the instrumental phase. Generally, the chemical phase provides 
the major differentiation of the sought constituent against the 
"background," although the instrument used to analyze and measure 
the system also contributes. The type of sensitivity under considera­
tion is that which improves the absorbancy of the sought constituent 
relative to the background absorbancy, which is made up of the 
absorbancy of interfering ions, natural color, and turbidity. Merely 
increasing the optical path of the absorption cell does not improve 
the relative sensitivity of the sought constituent against the back­
ground because the absorbancy of both is increased proportionately. 
To obtain a useful improvement in the sensitivity it is necessary to 
select an analytical method that will provide a greater absorbancy 
for the sought constitutent without simultaneously raising the back­
ground value. 

While maximum sensitivity is usually desirable for water analysis, 
the more sensitive analytical systems are more subject to contamina­
tion effects, and their use requires careful technique. Laboratory 
glassware will contribute lead and possibly other metals. In all 
sensitive lead determinations it is necessary to boil the glassware in 
dilute nitric acid to remove surface lead. Pyrex glassware is still 
the mainstay of the trace-metals laboratory, although polyethylene, 
polystyrene, and other types of plastic equipment are available for 
reactions that do not require heat. Stainless steel, aluminum, copper, 
and nickel beakers are available and IDight well be used more exten­
sively for special contamination problems. In some tests the one or 
more metals contributed by the metal beaker might be less of an 
interference than the several metals extracted from glass. 

A more serious source of interference in sensitive work is the 
reagents. Only reagents of the highest purity should be used, but 
even these will show some impurity if the test is sufficiently sensitive. 
Therefore, it is always advisable to use the minimum amount of re­
agent that accomplishes the objective. For example, there is no 
point in using 10 g of sodium acetate to buffer a solution if 1 g will 
buffer adequately. For some determinations the special spectro­
scopic-purity reagents, such as those supplied by the Johnson Matthey 
Co., can be used to advantage. Distilled water is another source 
of metallic contamination, but it can usually be satisfactorily cleaned 
up by the ion-exchange resins. In general, contamination should 
not be a major difficulty in spectrophotometric work. 

The end result of analysis is affected not only by changes and 
impurities in the reagents but by instrumental varintions as well 
(instrument maintenance is discussed in sec. C: 2d). An oYernll 
check on the performance of each component., iustrmnentnl nnd 
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chemical, that enters into the determination of the final result is 
desirable. This can best be done by running standards at frequent 
intervals. For some determinations where the variations seem to be 
particularly pronounced and uncontrollable, it may be necessary to 
run a series of standards with each set of analytical determinations, 
as with the dianthrimide determination of boron. This method will 
be of no benefit in controlling purely random variations, for which 
there is no effective control. But if the absorbancy shows a slow 
and comparatively small consistent change from day to day, it is 
valid to run standards each day as a means of correcting for small 
departures from the calibration curve. A calibration curve is nor­
mally made up of a comparatively large number of points, with the 
mean curve drawn through them. Thus the small random errors 
in the individual determinations tend to average out. Such a cali­
bration curve made of many points has an inherent reliability 
superior to that of the 1 or 2 standards that would be run with each 
set of determinations to check the curve. Therefore, these "check­
ing" standards should be run simply to detect changes in the calibra­
tion curve. Absorbancy values should not be calculated on the basis 
of just one standard. The proper procedure is to prepare a new cali­
bration curve if it is found that the single standard has revealed 
an actual shift in the absorbancy calibration curve. 

In the consideration of the significance of sensitivity in spectro­
photometric water analysis, the effect of natural color and tur­
bidity has been mentioned. This is a recurring problem and should 
be considered in detail. Waters containing high concentrations of 
humic matter, such as swamp water, have an intense yellow color. 
Iron, especially in the form of the colloidal oxide, gives a yellow­
tan color. These two colors are common and cannot be distinguished 
by visual inspection. Both give similar absorbancy curves. Curve 
A in figure 10 shows the absorbancy-wavelength curve of swamp 
water from Dade County, Fla., that contained a very high concentra­
tion of organic matter. The color reading on the Hellige scale is 
140. This curve is characteristic of water that appears yellow tan 
to the eye. Curve B shows the absorbancy curve of a water that 
contained colloidal iron. The reading on one Hellige scale was 45. 
The similarity between the curve for organic coloring matter and the 
curve for iron is obvious. 

Curves A and B illustrate a very important phenomenon in spec­
trophotometric water analysis. The interference of the "normal" 
natural color is much greater in the blue region of the spectrum. 
Therefore, there is a very definite advantage to using analytical sys­
tems that absorb in the yellow-red region. This is one reason why 
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r1ouu 10.-Ab90rbanc7 curn1 for colored and turbid samples. Ab90rbanc7 readlnp 
were taken with Beckman B 1pectrophotometer, u1lns •O-mm ab90rptlon cell1. 

most of the spectrophotometric methods in this manual utilize wa.ve· 
lengths of 500 mµ or greater. Methods that require measurement in 
the blue region are included only when their merits are sufficient to 
outweigh the detrimental effect of high color intereference; the ferron 
determination of aluminum is an example. 

The color curves in figure 10 permit estimation of the approximate 
interference that the "normal" type of yellow color in a witter sample 
will give at the wavelength of a particular determination. When 
the effect of color is not too great, a correction could be made on this 
basis. This method could be applied only to samples with the 
familiar yellow-tan color indicating humic matter and iron oxide. 
For samples containing colored industri1tl wastes, petroleum products, 
and other material with "abnormal" colors, new curves would have 
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to be prepared. Where a laboratory is analyzing colored waters 
of consistent composition on a routine basis, it would be profitable 
to prepare color-correction tables for each spectrophotometric method, 
thereby eliminating the necessity to include the color-compensation 
step in each analysis. The approximate effect of the interference of 
the natural color represented by curve A in several spectrophoto­
metric determinations is given below: 

AI--- - ----------------~------ 370 Cu_______ ____________________ 425 
Fe___________________________ 520 
F____________________________ 540 
PO,______ _________________ ___ 700 

»ror 
(J>Ptll) 

+o. 6 
+. 3 
+. 1 
- . 15 
+. 001 

The effect of ntttural color may be compensated in several ways, of 
which four are described below. 

1. Subtra.ction of natural-color absorbancy.-Determine l\bsorbancy 
of the test sample, A,,, against the blank specified for the procedure. 
Determine absorbancy of the naturttl-color sample, A,.~,, against dis­
tilled water using the same spectrophotometric conditions as for the 
test sample. The difference is the corrected absorbancy, A,. Use A, 
to obtain concentration values. 

The test sample is the water sample with color developed as out­
lined in the analytical procedure. 

The natural-color sample can be prepared in two ways. The most 
general method is to take the same volume of sample water as was 
used for the test sample. Treat it exactly as the test sample with 
one exception : do not add the indicator reagent. Instead add an 
equal volume of indicator solvent, usually d-ilution water. The 
second method uses color- and turbidity-correction solutions, which 
are simply shortcuts of the above general procedure. These solu­
tions combine the significant reagents into one solution, so that a 
single addition of reagent suffices. The color-correction solutions are 
not applicable in every case. The full procedure is usually a little 
more reliable. 

The subtraction method is the most generally applicable correction 
method. It can be applied to turbidity corrections as well as natural 
color. The method fails where the indicator reagent reacts with 
or affects the natural color or turbidity in the water sample or where 
the effects of the other reagent on the test sample and natural-color 
sample are not essentially identical. The latter qualification relates 
more to turbidity than color, and filtmtion of excessively turbid 
samples may be required. 
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2. Direct compensation.-The direct-compensation procedure is il­
lustrated by the cuprethol copper determination. All the reagents 
except cuprethol, the indicator, are added to the sample. The sample 
is placed in the spectrophotometer and the absorbancy is set to zero 
by adjusting the slit width. This step eliminates the natural a.b­
sorbancy of the water. The indicator reagent is then added. The 
color is developed and the correct absorbancy is read directly from the 
scale. This procedure is not of genera.I utility a.nd can be applied 
only when conditions are right. One requirement is that the ab­
sorba.ncy curve should have only a. shallow slope in the operating 
region. 

3. Bleaching.-If the indicator reagent reacts with the material 
tha.t gives the sample its natural color, the resulting color must be 
removed by bleaching. One example of such a reaction is the pe­
riodate determination of manganese. Periodate oxidizes manganese 
to permanganate, developing the familiar pink color. Perioda.te 
also partially oxidizes the organic coloring matter in the water 
and changes the natural color. Therefore, compensation by means 
of a natural-color sample will not be correct. In the permanganate 
test the procedure is to develop the color in the test sample and deter­
mine the a.bsorbancy. A few crystals of sodium nitrite are then 
added to the sample. This destroys the permanganate color im­
mediately but does not affect the organic matter. The color contri­
bution of the organic matter can now be directly measured. It is 
subtracted from the absorbancy of the test sample to obtain the 
corrected absorbancy. 

4. Removol, of color materiol,.~ The color material is sometimes 
removed with conventional activated-carbon or alumina treatments. 
The method is mentioned only to cite its limitations. Gross con­
tamination from impurities in activated carbon is an ever-present 
possibility. Furthermore, the carbon will adsorb trace metals and 
c11.n completely change the content of trace metals in the sample. 
Alumina is less likely to be a source of contamination, but it will 
take up trace metals just as avidly as activated carbon. These two 
methods callJlot be used for sensitive analyses. The acceptable pro­
cedures for removing color are chemical oxidations with nitric acid, 
hydrogen peroxide, and similar agents. 

Curves C and D in figure 10 show how the effect of natural tur­
bidity varies with wavelength. Curve C represents a turbidity 
of 45 ppm Si02, and curve D represents 95 ppm Si02; both measure­
ments are on the Hellige scale. The suspensions used to prepare the 
curves were of barium sulfate with 10 ppm sulfate in C and 40 ppm 
in D. Suspension C was of fine particles, and D was of coarser 
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particles. The shape of the two curves is inftueneed by the particle 
size in the way that would be predicted by Rayleigh's equations for 
light scattering. A turbid suspension not only absorbs light but 
scatters it as well, and the scattered-light. losses are indicated as 
absorbancy by the spectrophotometer. Suspension C shows a higher 
relative scattering in the blue region, as would be predicted, because 
of its smaller particle size. The significant observation for both 
curves is that the absorbancy effect of the relatively high turbidity 
in C is greater over most of the spectrum than the very high color 
represented by curve A. Only in the extreme blue end of the spec­
trum, at wavelengths less than 400-425 lllf'i does the interference of 
natural color normally exceed that of turbidity. The approximate 
interferences of the 2 turbid suspensions in the 5 determinations cited 
previously are as follows: 

Al ________________ _ 
Cu ________________ _ 
Fe ________________ _ 
F _________________ _ 

PO, ___ - -- - -- - - - - ---

W_,_. C ('6 ppa 8101) D (96 ppa 8101) 
(,....) (ppa) (ppa) 

370 
425 
520 
540 
700 

+o. 3 
+. 3 
+.3 
-.3 
+.08 

+i. 0 
+1. 2 
+1. 2 
-1. 2 
+.5 

Fortunately, most natural-water samples a.re less turbid than the 
suspension represented by curve C; however, some streams carry 
such a fine suspension of clay that the water appears opaque when 
collected. For these samples the spectrophotometric methods of cor­
rection for turbidity, treating it the same as natural color, are not 
satisfactory, and the turbidity must be removed. To date only one 
generally acceptable method for removing such turbidity has been 
found; this is filtration through membrane filters such a.s the cellu­
lose acetate type supplied by the Millipore Co. (See see. B : 5.) 
Centrifuging is often useful, but it is less efficient than membrane 
filters for fine particles. Good results can sometimes be obtained 
by filtering the sample through a fine filter paper, such as Whatman 
42, that will remove a large part of the turbidity. The residual tur­
bidity in the sample is then corrected for by the same methods as 
for color. 

The difficulty in removing turbidity is to a.void upsetting the trace­
metal ionic relations in the sample. While it is not known that any 
single method accomplishes this objective ideally, it is known that 
some methods a.re better than others. The methods cited above, 
while not ideal, are acceptable. Some methods are not acceptable 
because of the high possibility of gross contamination of the sample 
or gross change of the sample by adsorption of constituents on the 
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filtering medium. The methods that cannot be used in spectro­
photometric work are: 
1. Filtration through Berkefeld tubes and similar porous porcelain or diatoma­

ceous-earth filters. 
2. Filtration with the aid of.charcoal or alumina. 
8. Filtration with the aid of filter pulp unless it has been established that the 

pulp does not slgniftcantly adsorb the particular constituent beinr deter­
mined. 

Filtration through fritted-glass discs is probably safe from the 
standpoint of adsorption lo~, but it is always necessary to guard 
against contamination by carryover from previous filtrations with 
these units. Another method is the addition of large quantities of 
salts to the sample to neutralize the charges on the particles and 
cause their coagulation. What effect this procedure may have on 
trace metals has not been inv~tigated, but it is obvious that con­
tamination may occur because of the high concentration of salt that 
must be added. 

It is impossible to specify procedures for the correction of tur­
bidity that will fit all field conditions. Through familiarity with 
waters of the area the analyst will be able to identify the appropriate 
method for eliminating errors resulting from turbidity. Often no 
correction will be necessary. In other cases it will be possible to 
empirically prepare correctio11 tables or curves for the streams. It 
should be necessary only occasionally to apply lengthy physical or 
chemical procedures. 

C:lb FLA.MB PHOTOlOllTBY 

Flame photometry is closely related to spectrographic analysis, 
and many of t~e concepts o~ that field carry over into flame pho­
tometry. The essential difference between the two forms of analysis 
is the temperature of the source used to excite spectral emission of 
the sample. The ~as-and-ah- or gas-and-oxygen flames are much 
cooler than the spark and arc sources used in spectrography. Hence, 
in this manual, flame photometry is limited to the easily excited 
metals-sodium, potassium, and lithium. 

Selection of the fuel to be used in flame-photometric work is im­
portant, as the ·nature of the fuel aft'ects not only the emissivity of 
the sought metal but also affects the interferences that show up in 
the measurement of the metal. For example, in the Perkin Elmer 
flame photometer the interference of calcium in the barium deter­
mination is approximately seven times greater with the propane flame 
than with the acetylene flame. Tht\ situation is reversed in the 
interference of sodium on potassium, where the propane flame is 
superior. Generally, the hotter flame is the more sensitive flame, 
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and it will permit the determination of more elements. Strontium 
can be determined with the Perkin Elmer flame photometer using 
the acetylene flame, but not with propane flame. In a few cases, 
perhaps because of a lower flame background in the desired wave­
length region, the lower temperature flame gives superior sensitivity. 
For t.he analysis of sodium, potassium, and lithium iq the Perkin 
Elmer 52-C instrument, the propane .flame is prefeITed because sensi­
tivity is adequate, and the propane flume is less noisy and gives a lower 
background than the acetylene flume. The acet5lene flame offers 
j!IOme advantage with the Beckman instrument, but the optimum flam'3 
temperatures for determination of different elements are not identical. 

Flame photometers can be operated by either the internal-standard 
or direct-intensity method. The former method is the "tried and 
true" standby of spectrographic work and is generally preferred, 
although accurate results can be obtained by the direct-intensity 
method if four conditions are essentially fulfilled : 

1. The instrument le electronically stable and gives reproducible readings .as a 
photometer. 

2. The ftame can be precleel7 and reproduclbl7 controlled. This means fine gas 
and air adjustments that wlll hold their settings. 

8. The interference of foreign elements can be compensated by reference to 
graphs or other techniques inasmuch as the presence of the matrix con­
stituent tends to reduce the mutual enhancements and quenching effects 
between elements. 

4. The sample ls fed to the ftame in a constant and reproducible rate. 

While the same four conditions must be stabilized to a reasonable 
degree in the internal-standard flame photomete1, only condition 1 
is as critical as with the direct-reading type. Successful direct­
re8dink flame photometers, such as the Beckman flame attachments, 
are characterized by precisely machined atomizers and flame orifices 
and fine gas controls that give more precise p~ure adjustment than 
the ordinary regulator. 

Although internal-standard flame photometers are more reliable for 
day-to-day operation, the direct-reading instruments are inherently 
more sensitive. In the internal-standard instruments the value indi­
cated on the meter is the difference between the signal from the 
wught element and the internal-standard element; the difference, 
of course, is always less than the full signal measured with the direct­
reading instrument. Most internal-standard instruments have pro­
vision to switch over to direct-intensity operation when conditions 
require. 

One of the common phenomena of spectrography that is also en­
countered in flame photometry is the mutual enhn.ncem~nt and de-­
pression (more often the former) of emission between two or more 
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metals. This phenomenon is not associated with the overlapping 
of lines. The most frequent manifestation is the t".lhancement that 
sodium gives to potassium readings. This effect is said to be elimi­
nated by various "radiation buffers" which are made up of a high 
concentration of salts. Whether these radiation buffers do every­
thing claimed for them is open to doubt, and, furthermore, they 
have a bad tendency to clog the atomizer. The sodium-potassium 
enhancement is completely eliminated by using lithium as the internal 
standard. · With the flame attachments for Beckman models DU and 
B, the effect of sodium enhancement of potassium emission can be 
eliminated by adding sufficient sodium to standards and samples 
to obtain the maximum, or "saturation," enhancement; for practical 
work this is attained 1Lt a sodium concentration of 500 ppm. 

In general, the curves obtained with flame photometers do not 
show the day-to-day reproducibility that one expects from a spectro­
photometric calibration curve. It is good practice to prepare a new 
curve,.each time the flame photometer is used by running 4 or 5 stand­
ards along with the samples. If experience shows that the instrument 
is relatively stable, then it should be satisfactory to simply prepare a 
curve for the day. The practice of "bracketing" the samples with 
standards has been rather extensively employed. Some of the more 
erratic instruments require this procedure as a routine matter. In 
bracketing, the approximate sodium and potassium concentration is 
estimated (by calculation, past experience with samples of similar 
water, or by a preliminary run), and standards with concentrations 
slightly less and slightly greater than the unknown are prepared. 
The readings of all three solutions are taken as nearly simultaneously 
as possible (it may be necessary to take several readings and aver­
age the results), and then the value of the unknown is found by 
simple proportion. Inasmuch as flame-photometer calibration curves 
are generally not linear, it is apparent that the standards have to be 
fairly close to the unknown if the simple proportion calculation is 
to be valid. A more suitable method, and one which does not require 
as many standards, is to prepare a series of celluloid curves repre­
senting the mean curve obtained with the instrument for each of the 
several operating ranges. These "master" curves can be arranged to 
rotate about an origin or move upscl\le or downscale to fit the instru­
ment fluctuations as determined from the standards. c~mcentrati.ons 
can be read directly from these curves. It should be noted that flame­
photometer curves do not have a general configuration common to 
all elements. The shape of the curve varies with each element and 
may show linearity, an increase in slope at higher concentrations, or, 
most frequently, 1\ tendency to level off at higher concentrations. 
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The Beckman photomultiplier attachment. for the spectrophotom­
eter has considerably extended the range of flame analysis in the 
blue and green region of the spectrum. Although the sensitivity con­
tinues down into the ultraviolet, this region is not of maximum 
utility because the fl1ime background is likely to be excessive. How­
ever, in the region from approximately 400 to 600 mp, which contains 
sensitive lines of strontium, calcium, and sodium, the photomultiplier 
attachment presents possibilities for expanding the scope of flame­
photometric 1tnnlysis. 

C :2 IHSTB.UKEHTS 

Water analysis as performed toduy requires the use of seve;-al 
measuring devices. Some determinations, such as specific conduct­
ance, can be made only with instruments. The water analyst has a 
wide variety of measuring devices to choose from, and the choice is 
rightly guided by the scope of the analytical scheme and the accuracy 
and precision desired. In this section, discussion is limited to the 
minimum of instruments required by the Geological Survey to make 
the determinations included in this munual with the precision and 
accuracy required. 

The selection of a given commercial product has been based largely 
on the adequacy of the instruments for fulfilling the needs, dura­
bility, cost, maintenance requirements, and advantages of semi­
standardization throughout the many laboratories of the Geological 
Survey. The ultimate in accuracy or current refinement is not 
heavily overweighted in choosing the instrument. Instead, the selec­
tion has been guided to a considerable degree by the experiences of 
the different. Jnboratories-a unit is purchased by one laboratory, 
evaluated, and the findings made known to other la'boratories. 

C:la CONDUcrivrrY METERS 

Specific conductance is determined by using n ·whea.tstone bridge . 
in which a varinble resistance is adjusted so that it is equal to the 
resistance of an unknown solution between two platinized electrodes. 
The null point is detected by an a-c galvanometer or a cathode-ray 
tube. Alternating current is necessary to prevent polarization of 
the electrodes. Direct current produces gas bubbles on the electrodes 
that greatly increase the resisfance nnd change the concentration 
of the electrolyte in the vicinity of the electrodes. The electrodes 
are coated with a thin layer of amorphous pln.tinum, which tends to 
adsorb gases and catalyzes their reunion, thereby minimizing polari­
zation. 

The electrode cell may he either the dip or pipet type. The pipet 
cells are generally more satisfnctory for· routine lnhorntory use because 
they require a smaller vQlume of water for the determination, the 
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water can be drawn directly from a narrow-mouth sample bottle with­
out transferring it to another container, the total time for the deter­
mination is less, and there is less mechanical agitation of the water 
sample. Dip cells are preferable for fieldwork. 

Conductivity meters differ in their design, construction, and suit­
ability for waters of different ionic concentration, although they 
are fundamentally the same in operating principle. The Geological 
Survey must determine the specific conductance of waters that range 
widely in concentration. A satisfactory instrument should handle 
samples having specific conductances in the range of 0 to 100,000 
micromhos; the results should be reproducible and accurate to within 
3 percent of the true value. 

Cell polarization is particularly troublesome when the specific 
conductance of highly mineralized waters is determined. Polarization 
varies directly with the amount of current that flows between the 
electrodes and inversely with the frequency of the current. High 
input voltnge to the bridge or low resistance of the cell (concentrated 
water) is ·~onducive to polarization. The cell resistance can be in­
creased by increasing the cell constant (see sec. D : 37). The selection 
of the cell constant is, however, limited by the accuracy and sensitivity 
of the bridge for measuring very high and low resistances. In addi­
tion, the current frequency should not be excessively high because 
a-c resistance is a complex function of frequency ; at frequencies 
necessary to avoid polarization completely, the differences between 
a-c resistance and d-c resistance may be appreciable unless the cell 
has been very carefully designed to minimize this difference. There­
fore, the ideal single apparatus for the measurement of conductivity 
throughout a wide range would necessarily incorporate practical 
compromises between low input voltage, high cell constant, high cur­
rent frequency, and(or) the accuracy and sensitivity of the bridge 
for measuring extreme resistances and at high current frequencies. 

For many years a bridge fabricated within the Geological Survey 
has been used successfully for the determination of specific con­
ductances ranging from ahout 25 to 3,500 micromhos. The essential 
elements of this bridge are a variable resistance, 0 to 9,999 ohms in 
steps of 1 ohm, with a multiplying factor of 0.001 to 1,000 for 
widening the range of the resistance box; an a-c pointer-type galva­
nometer which supplies current for the bridge circuit at 6 v and has 
a sensitivity of 1 p.a (microampere) per mm scale division; and an 
insulating transformer, 115 to 115 v, 60 cycles, 50 va. This bridge is 
used with a pipct cell (cell constant approximately 0.3 reciprocal 
cm). Above about 3,500 micromhos the determined specific con­
ductances are lower than the true values by more than 3 percent, 
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and the percentage of error increases gradually as the ionic concen­
tration of the water increases. 

Several combinations of bridges and commercially available ,~ells 
have been investigated. The line-operated Serfass Model RCN 15 
bridge has proved satisfactory for routine laboratory determinati<:ns 
when used as a resistance-measuring device and with a pipet cdl 
having a constant of 0.3 reciprocal cm (see "Wheatstone bridge 
method," sec. D : 37 a-1). Current frequency of either 60 or 1,000 cy­
cles per second can be selected. The lower frequency is preferable for 
measuring the high resistances of very dilute solutions such as dis­
tilled water, but the higher frequency is preferable for most natural 
water. The Serfass instrument also incorporates an a-c bridge with 
an input voltage of 3; a vacuum-tube amplifier; a cathode-ray-tube 
null detector; a scale of about 14 inches in length, logarithmically 
graduated from 0.5 to 1.5, which permits direct reading of resistances 
to 2 significant figures and interpolation of the third figure; and an 
adjustment knob that varies resistance ratios from 1 to 100,000 in 
6 steps, each representing a factor of 10. Other assemblies com­
parable in accuracy and reproducibility throughout the 0 to 100,000 
micromho range would be equally suitable. 

Direct-reading conductivity meters are commercially available, 
but none investigated by the Geologic.al Survey gave results com­
parable in accuracy to the resistance method described in section 
D: 37a-1. Two potential sources of error are inherent to the direct­
reading meters; first, they must either have a cell constant of exactly 
1.0 or some type of cell-constant-adjustment mechanism; second, the 
temperature of the solution must either be exactly 25°C or the tem­
perature must be compensated for manually or automatically. How­
ever, some direct-reading conductivity meters have been used satis­
factorily for tests when the accuracy requirements are not stringent. 

C:lb BA.LANCES 

Either manualJy operated or automatic balances that are sensitive 
and accurate to 0.1 mg in the 0- to 100-g range are suitable for water 
analysis. A large-capacity balance sensitive to 0.1 g is also useful 
for less accurate weighings. 

C :So pH ME'l'ERS 

pH meters measure the electrical potential between two suitable 
electrodes immersed in the solution to be tested. The reference 
electrode assumes a constant potential, and the indicating elec­
trode assumes a potential dependent on the pH of the solution 
Electrode potential is the difference in potential between the elec· 
trode and the solution in which it is immersed. The calomel electrode, 
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which is a widely used reference electrode in water analysis, consists 
of a mercury-calomel rod immersed in a saturated solution of potas­
sium chloride; this electrode has a potential of +0.246 v. Electrical 
connection with the sample is provided through porous fiber sealed 
into the immersion end. A glnss electrode is normally used as an 
indicating electrode. The glass electrode has several features that 
recommend it for pH measurements. Among the most important are 
that it is not affected by oxidizing or reducing substances in the 
sample and that it can be used in turbid and(or) colloidal suspen­
sions. The basic design is a silver-silver chloride or mercury­
mercurous chloride electrode immersed in a solution of known pH 
and the whole completely sealed in glass. 

The mechanism by which the glass membrane responds to hydrogen­
ion activity is not thoroughly understood, but it probably involves 
absorption of hydrogen ions on both sides of the membrane pro­
portionally to the activity of the hydrogen ions in solution. The 
cell for measuring the pH of a solution is of the following type: 

Ago: AgCl n Solution of GlBSS Solution of II Hgo: HgCl II known pH ; membrane ; unknown pH 

Glass electrode 

The voltage of the glass electrode is a logarithmic function of the 
difference in hydrogen-ion activity of the solutions on either side of 
the glass membrane. To measure this voltage an electron-tube volt­
meter is used because the resistance of the glass membrane is so great. 

pH meters differ in their design, construction, and applicability to 
all phases of water analysis in which the instrument is used. Desired 
features in a line-operated pH meter are built-in voltage regulator, 
accuracy of ±0.05 pH, calibration for wide pH range with 1 buffer 
solution, stability of calibration, built-in temperature-compensating 
mechanism, durable electrodes, and a design that permits insertion 
of the electr:'ldes, stirrer, and a buret into a suitable v~l for titra­
tions. For pH determinations in the field the instrument should aleo 
be rugged and compart 

C:ld SPJllCTROPHOTOMBT.BRS 

Most spectrophotometric instruments used in water analysis are 
designed for operation in the visual region of the spectrum. Although 
some work has been done with phenols in the ultraviolet region, 
and a considerable amount of infrared-absorption study of organic 
pollutants is reported in the literature, the major application -ef 
spectrophotometers is still in the visual region, and the following dis­
cussion is limited to instruments of this type. 

Every spectrophotometer contains four major components: the 
light source, the monochromator, the absorption-cell unit, and the 
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photometer unit. The major factor that controls the quality and 
the price of the instrument is the monochromator system, which may 
be an optical filter, a diffraction grating, or a prism. The optical­
filter type is the simplest and is satisfactory for many routine ana­
lytical applications. In the use of filter photometers, the primary 
consideration is the quality of the filters, a factor that varies over a 
wide range. While there is no standard method of specifying the 
characteristics of optical filters, the use of "half-intensity" band 
widths is fairly common. The principle of the system is illustrated in 
figure 11. Curve A on figure 11 is for a typical broad-band glass 
filter, Corning 5874. The half-intensity band pass (a.) for this filter 
is approximately 55 m14, which is about the maximum that can be 
tolerated in a useful filter for photometric analysis. By combining 
several filters into a single unit, the band pass can be narrowed to 
10 or 20 ffil'· To select the simple filter components for such a com-
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bination, a manufacturer's catalog that gives the transmittance 
curves for the individual filters is very useful. Sometimes, filter 
combinations seriously attenuate the light intensity. To overcome 
this problem, interference filters can be used. These are mirror 
devices wherein the desired spectral region is isolated by multiple 
reflections that cancel out all but the required region. They can 
be made very sharp and in almost any wavelength. Curve B (fig. 11) 
is for an interference filter manufactured by the Photovolt Corp. 
The half-intensity band pass ( b) is less than 10 mµ. Similar filters 
having a peak transmission accurate to +1 mµ can be obtained in 
any wavelength from 400 to 840 mµ. Other source.s for interference 
filters are the Baird Instrument Co. and Farrand Optical Co. 

Diffraction gratings are extensively used in the Coleman instru­
ments and are also used in the Bausch and Lomb spectronic pho­
tometer. The latter is a very ruggedly made and serviceable instru­
ment and has a band pass of 20 mµ. This value is comparable to 
the isolation achieved with high-grade optical filters. The major 
recommendation of diffraction-grating instruments is their linear 
dispersion, which gives a constant band pass throughout the spectrum 
at a fixed slit width. For routine analytical applications, interest 
in this feature is mainly academic, but it has some advantages in 
research-type instruments. 

A variety of spectrophotometers is used by the Geological Survey, 
but the most common is the prism type, as represented by the Beck­
man B spectrophotometer. The dispersion of a prism is nonlinear, 
being much greater at the blue end of the spectrum than at the red. 
It is important for every operator of this instrument to realize that 
when the slit-width setting for a particular determination is increased 
to compensate for changes in a reagent solution, a drop in output 
of a photocell, or for some 'other reason, the band pass at the operat­
ing wavelength is simultaneously widened. In a few determinations 
where the wavelength of the absorption system is critical, this 
broader band pass could cause a shift in the analytical calibration 
with possibly an increase of curvature. Such an adverse effect would 
be the exception rather than the rule, because at normal operating 
wavelengths the band pass is so narrow as to be safely within the 
requirements of most colorimetric systems. For example, at 500 1111' 
with a slit width of 0.2 mm, the band pass is only 8 mµ. For some 
research applications it is necessary to know the band pass of the 
instrument throughout the wavelength spectrum for various slit 
widths. These data for the Beckman instrument may be obtained 
from the half-intensity band-width curves on page 6 of the Beckman 
Bulletin 291-A. 
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In selecting the sample absorption cells for use in the photometer, 
it is necessary to consider the wavelength at which the determinations 
will be made. Almost any type of glass is suitable at wnvelengths 
above 400 lllJ&. Pyrex cells can be used successfully for the aluminum 
determination at 370 m"' but the transmission drops off rapidly 
bel9w this region. Corex-window cells can be used at wavelengths 
down to approximately 300 lllfl· Below this region silica-window 
cells must be used. 

Open-top absorption cells are preferred for routine work, as 
stoppered-orifice cells are too cumbersome and often trap air bubbles. 
Only sintered- or fused-joint cells should be used. (',ement in joints 
will sometimes react with reagents to give false colors. Plastic 
cells should not be used. Rectangular cells are preferred for critical 
work because they do not require the critical centering necessary 
for cylindrical cells. Several types of rectangular open-top cells 
may be obtained from suppliers of photometric equipment. Absorp­
tion cells can be made to special order in a variety of shap~ and 
dimensions. Many of the colorimetric methods described in this 
manual give data applicable to rectangular cells of 40-mm optical 
depth. The cell carriage of the Beekman B spectrophotometer will 
not accept these cells. However, it is relatively easy to make a car­
riage that will accommodate the 40-mm or larger cell. A drawing of 
one such carriage for the 40-mm cell is shown in figure 12. 

After the light passes through the filter system and the absorption 
cell, it is received on the photoreceptor and is converted into electrical 
energy. There are three major classes of photosensitive devices, each 
with distinctive characteristics with which the operator should be 
familiar. These are the barrier-layer cell, the vacuum phototube, 
and the photomultiplier tube. Diagrams of the three types are 
shown in figure 13. The barrier-layer cell is the type generally used 
in the less expensive photometers because it requires no power supply 
and puts out a comparatively high current that will operate a meter 
without further amplification. Barrier-layer cells are relatively 
stable and rugged. The output of the barrier-layer cell cannot be 
eaaily amplified, and consequently it is necessary to use the second 
type of cell, the vacuum phototube, for the measurement of low light 
values. This cell consists of a semicylindrical cathode with a coating 
of cesium-cesium oxide or other photoemissive metal and a central 
wire anode. When light strikes the cathode, electrons are emitted 
from the surface and are drawn to the anode, which is maintained at 
a positive potential. The microampere current so obtained develops 
a voltage across a high resistance; the voltage is fed to the grid of 
an amplifier tube. A development of the vacuum phototube is the 
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photomultiplier tube, in which the current is enormously amplified 
within the tube itself. The emission from the cathode circles through 
a chain of 10 positive dynorles and is amplified at each one. The 
major disadvantages of the photomultiplier tube are the necessity 

Digitized by Google 



66 ANALYSIS OF WATER SAMPLES C:2d 

Photomultiplier tube 

Frouas 18.-Scbematlc repreeentatlon of photocell•. 

for high voltages (1,000 v) and a tendency toward instability. They 
vary greatly in individual characteristics, and in critical applications 
they must often be selected from several tested for certain specific 
characteristics. 

In general, the output of all three types of photoreceptors is ap­
proximately linear within their appropriate working ranges. But 
for critical work the linearity of the tube output (and amplifier) must 
be checked and a correction curve plotted. As the tubes age, the 
output falls, and curvature may become pronounced. 

All photocells show it marked variation of response with wave­
length. The wavelength-response curves for the various types of 
photocells can be found in a bulletin entitled "Phototubes, Cathode 
Ray and Special Tubes" and published by the Radio Corporation 
of America. 

Most of the spectrophotometric methods in this manual are de­
signed for use with the Beckman B spectrophotometer because this 
instrument is common to all laboratories of the Geological Survey. 
Except for aluminum and fluoride, all of the colorimetric determina­
tions described in this manual can also be made with the Bausch and 
Lomb spectronic instrument. The sensitivity of the Bausch and 
Lomb is approximately half that of the Beckman B, however, be­
cause the maximum absorption-cell depth is only 22 mm as com­
pared to the 40-mm depth usually specified for the modified Beck­
man B. The Beckman instrument will accept special cells as long 
as 70 mm for determinations in which maximum sensitivity is re­
quired. For field analysis the Photovolt Lumetron 401 has been 
used. The Lumetron is a simple and fairly rugged instrument that 
will operate from a 6-v storage battery as well as 110-v a-c current. 
Many of the simpler colorimetric determinations can be performed 
with this instrument without excessive loss of sensitivity as com­
pared to the Beckman B. 
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For the most successful and genera.I application of spectropho­
tometry in water analysis, the instruments should meet certain re­
quirements, some of which are more exacting than the normal require­
ments of colorimetric work. A list of the features of the ideal water­
analysis spectrophotometer for laboratory and field use is given 
below. No single instrument meets all the requirements, but a 
combination of instruments may approach the ideal specifications. 
1. Useful-wavelensth range from approxlmatel;v 3GO IDI' to 900 m11-
2. Provision to uae long absorption cells (40 mm or longer) when necessar;v. 
8. Suitable for fteld uae. This means speclftcall;v a runed construction and 

operation from a 6-v storace batter;v. 
4. Bnltable for spectrotltratlon. 
IS. Narrow band pau when required, and a light source and photocell combina­

tion of su1Bclent sensltlvlt7 so that denae filters or narrow slits ma7 be nsed. 
6. Provision to shift the absorbanc7 scale b;v stepwise adjnatment so that 

solutions of high absorbanc7 ma7 be aet to "zero." This ls a ver;v useful 
device In man;v anal;vses. 

7. Readll;v available electronic, optical, and mechanical components for replace­
ment. Reasonable freedom from breakdown under laborator;v conditions 
and a satlllfactor;v repair service and pollc7 on the part of the manufacturer. 

8. A.vallablllt;v of a few common attachments such as ftnorescence-measnrln1 
adaptors and tnrbldlt7 adaptors la desirable bot not neceasar7. 

9. Reasonable faclllt7 of operation. 
10. Good volta1e reculatlon and general stablllt;v. 
11. 8u1Bclentl7 rnned and well made to bold Its adjnatments tbrouch the 

normal rigors of routine laborator;v service. 

In theory, all spectrophotometers of the same type should be 
expected to give the same reading for the absorbancy of a given 
solution under fixed conditions of wavelength and band pass. In 
actual practice this ideal is not realized. The disagreement between 
high-quality spectrophotometers in the measurement of absorbancy 
is much greater than the disagreement between analytical balances 
in the measurement of mass. The spectrophotometer is a more com­
plex instrument. Many more components contribute to the result 
than in a simple, direct device like a balance. Spectrophotometric 
instruments require careful handling and close adjustment if they 
are to perform properly. Two major phases of spectrophotometer 
function require frequent cheeking: the wavelength setting and 
the absorbancy scale. In any laboratory that uses spectrophotom­
eters on a routine basis, a regular schedule for testing these two 
scales should be set up on a definite periodic basis. 

Wavelength-scale calibrations can be tested by two relatively 
simple methods: 
l. Emission sources of known wavelength: Helium discharge tubes, the mercur;v 

arc, and the sod·lum-ftame spectrum can be nsed as sources of known lines 
for testing the accuracy of a spectrophotometer wavelength scale. Inex-
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pensive discharge tubes suitable for the purpose can be obtained from 
aeveral suppliers of photometric equipment. This ls the most accurat.e 
method for testing a wavelength scale. 

2. Dldymlum filter: Mellon (1950) reports that the National Bureau of Stand­
ards has tested the Corning No. 5120 dldymlum glass (3.0-mm thickness) 
and has never found any certain variation In the positions of the wave­
length maxima In the absorption curve for this glass. Therefore, it ls 
concluded that this dldymium glaSB would make a satisfactory standard 
for checking the wavelength scale of spectrophotometers used in routine 
work. This method ls Inferior to the use of line sources but should be 
suftlciently accurate for Instruments used in routine work. The prominent 
absorption maxima In the wavelength region between 400 and 808 mµ are 
as follows: 

441.0 684.8 
475.5 743.5 
528.7 745 
1185.0 808 

The second periodic check of importance is the accuracy of the 
photometric scale, which may show considerable variation depend­
ing upon the condition of the phototubes and the amplifier. Neutral 
filters of known transmittance have been used for checking the 
scales. Standards that are probably superior in a practical sense are 
the calibrated color glasses issued by the Nationar Bureau of Stand­
ards (Gibson and Balcom, 1947, p. 601). These filters of known 
transmittance cover the wavE!length region from 400 mµ to 750 fill' 
and simulate the properties of colored solutions. Tables of spectral 
absorbancy throughout the wavelength region 350 mµ to 750 m14 
for a standard solution of copper sulfate are given by Mellon (1950). 
Similar tables are given for cobalt ammonium sulfate and potassium 
chromate. If it is desired simply to check the linearity of the 
absorbancy scale, this may be done by determining the absorbancy of 
successive dilutions of a colored solution known to follow Beer's 
law. Cobalt ammonium sulfate in sulfuric acid solution gives a good 
spectral absorption range for such linearity tests. 

Some of the routine aspects of spectrophotometric maintenance, · 
such as cleaning the slits and keeping the optics in alinement, have 
not been considered here. These subjects are discussed in detail fr 
the manufacturer's handbook supplied with each instrument, and 
reference is made to these for further information. 

C:lle FLAME PHOTOMETERS 

Both the internal-standard type and the direct-reading type of 
flame photometer are in use by the Geological Survey. The former 
is represented by the Perkin Elmer 52-C instrument and the latter 
by the Beckman B and DU flame attachments. These relatively 
expensive i:n~ruments were put into use by the Survey several yeats 
ago, and there are now some less expensive filter-type flame photom-
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eters on the market that may .be entirely adequate for sodium and 
potassium determinations. 

Before making a final decision on the type of flame equipment to 
be purchased, it is essential to obtain information on the type of 
fuel permitted by fire-control regulations. Acetylene and hydrogen 
tanks are not allowed in some places. 

Attention should be given to the quality of the auxiliary equipment 
purchased for use with the fltime photometers. For eXttmple, it is 
pointless to purchase the best instrument available and use it with 
an inefficient, erratic air comp1'eSSOr, for example. If an air com­
pressor is necessary, the unit should have more than adequate capac­
ity so that a constant pressure is maintained. The manufacturers 
will supply information as to preferred air compressors to go with 
their units. Filtering of the air may be very important in some 
areas; some instruments come equipped with a trap for this purpose. 
Additional purification and control can be achieved by installing 
ahead of the trap an air-purifier cartridge that is especially effective 
for removing suspended oil droplets from the air. Purification is 
usually no problem with instruments that require only bottled 
oxygen, because the bottled gas is generally sufficiently pure for 
direct use. 

Flame photometers in general are less stable than spectrophotom­
eters because the light source in the flame photometer is much 
less stable. The only means of stabilizing this component is by care­
ful control of the flame adjustments. This practice, of course, is not 
completely successful. To it void introducing still further fluctuation, 
the most careful attention should be given to voltage regulation and 
the photocells, which are most likely to contribute electronic instabil­
ity. Considerable change.in calibration curves is not uncommon after 
the substitution of new phototubes. 

C:llf WATER-COLOR COMP.A.RA.TORS 

Color comparators are used to measure the color of the water in 
terms of the color of platinum-cobalt solutions of known concentra­
tion. However, colored glass discs individually calibrated to cor­
respond with the colors on the platinum scale have generally replaced 
solutions in the laboratory, and their use is recognized as standard 
practice. 

A rather long optical depth of solution is desirable for making 
a comparison because the observed intensity of the color is propor­
tional to the depth of the solution. Satisfactory comparison of the 
\\"Rt.er sample nnd standard citn be made if long equal-length cylinders 
of sl\mple and distilled water l\re illuminated from the bottom and 
viewed from the top of a lightproof housing. The more refined 
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instruments bring the beams of light to focus on a single split field 
in the eyepiece. 

Commercial color comparators used in laboratories of the Geo­
logical Survey must permit color differentiation to the degree listed 
for reporting color units (see sec. D: 13a-1) iind must give results 
comparable to those obtained with platinum-cobalt standards. 

Cllt• TURBIDIMETERS 

Newell (1902) defined the stimdnrd for turbidity 1ls 
... a water- whl<'h contains 100 l»lrflt of 1dU<>n per mllllou In 111wh n 11tnte of 
ftnenes11 that a bright platinum wlrt' 1 mllli111eter in cli11111t'ter 1·1m j1111t be t<een 
when the center of the wire ill 100 mlllimeter11 bplow thP 1111rfm·e of tht> wutPr 
and the eye of the observer 111 1.2 111t>ter11 ubm·e the wire. the oh>lt'rvntlon being 
made in the middle of the dny, In the open uir, hnt not iu 1o11111llght, nnd in a 
vessel so large thnt the sidel'l do not 1o1h11t ont the light 110 llM ti• lnftut>nc-e r.he 
reaults. The t11rbldlty of such water shall be 100. 

A turbidity rod calibrated for use under these conditions was de­
signed by the Geological Survey and used for mnny years. However, 
because of the large number of variables that must be controlled to 
measure accurately the turbidity of a water body or sample, a simpler 
method was needed to measure the same characteristic as defined 
by the standard for turbidity. The Jackson candle turbidimeter 
made it possible to determine turbidity in the laboratory and simpli­
fied the measurement somewhat. Since shortly l\fter the turn of the 
century the Jackson turbidimeter has been considered by most water 
bhttnists to be the referee instntment for the turbidity determination, 
although uniform results still required control of several variables. 
More recently, other instruments simpler in operation and more sensi­
tive to small differences in turbidity have been marketed. The adver­
tisement for some of these instruments has stated that the results 
are comparable to the Jackson turbidimeter. Experimentation has 
shown that the nature of the suspended material has a bearing on 
the degree of similarity of the results. 

The Geological Survey now uses the Hellige turbidimeter as a 
standard turbidity-measuring instrument, not primarily because of 
the instrument's superiority but because of its sensitivity for meas­
urements of low turbidity and because of the need for results that 
are reproducible and comparable between the different laboratories. 
Operation of the Hellige turbidimeter is based on the comparison 
of the intensity of a beam of light passing through the solution with 
the Tyndall effect produced from the lateral illumination of the 
sample by the same light source. 

The slit width that controls the amount of light passing up through 
the solution is controlled by a knob on the side of the instrument. 
This knob is calibrated in arbitrary units, and the readings from the 
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knob are converted to parts per million turbidity by means of 
appropriate curves, which are supplied by the manufacturer. The 
transmitted light is viewed as a circle of light in a field of Tyndall 
light. (See sec. D: 40a-1.) 

C:llh PHOTOMETRIC TITR.A.TIO• .A.88BMBLIB8 

Interest in photometric titration devices in analytical chemistry 
is increasing. This is another manifestation of the accelerating 
movement toward eliminating subjective factors in analysis. Auto­
matic titrators are used extensively by industry, but they have not 
proved satisfactory in the low-concentration levels characteristic of 
water analysis, and they are quite expensive. For these reasons, 
spectrotitrators-5tandard spectrophotometers or filter photometers 
with titration adaptors-are used. Spectrotitrators also probably 
permit a wider range of application than the automatic devices be­
cause the latter are based on potentiometric principles and can be 
utilized only when the analytical system gives the required potential 
difference. Probably there are more colorimetric systems of analyti­
cal value than there are potentiometric systems. 

Two spectrotitration assemblies have been developed by the Geo­
logical Survey : a research type for the Beckman B spectrophotom­
eter and a routine-analysis type for the Photovolt Lumetron 401. 
Both are shown on figure 14. The principal application of the latter 
instrument is in the titration of calcium with N a1EDTA ( disodium 
dihydrogen ethylenediamine tetra.acetate) where murexide is used 
for the indicator. The murexide end point, which is difficult for 
many analysts to detect visually, gives a very decisive response in 
the spectrotitrator. Spectrotitration in this instrument differs from 
visual titration technique mainly in the use of a concentrated titrant 
solution. This is necessary to minimize the volume change during 
the titration. A microburet is used. In general, the monochro · 
maticity requirements for spectrotitrations are considerably less than 
for colorimetric measurements. Filter photometers can almost al­
ways be used. 

One other type of instrumental titrator is the relatively new high­
frequency titration system which requires no electrodes. The prin­
ciple involves loading the tank circuit of an oscillator with the titra­
tion solution. Usually the oscillator coil surrounds the titration 
beaker. As the ionic composition of the solution varies during the 
titration, the gain of the tank circuit varies correspondingly, and in 
the end-point region a. major shift takes pla.ee which is observed 
on a 1oeter. This method of detecting the end point would seem to 
present the most general application. Although development in this 
field will probably be rapid, the present instruments do not provide 
the sensitivity necessary for general application in water analysis. 
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1'1ouam H.-Photometrtc titration asaemblles. 

C :3 GLASSW A.RE A.ND OTHER CONT.AINEBS USED IN THE 
LABORATORY 

Laboratory vessels serve three functions : storage of reagents, 
measurement of solution volumes, and confinement of reactions. 
Soft-glass containers are usually relatively soluble and therefore are 
not recommended for storage of many reagents. Even Pyrex, which 
is a borosilicate glass, is not completely inert, particularly to alkalis. 
The Corning Glass Co. Alkali-Resistant (Boron-Free) laboratory 
glassware and T. C. Wheaten and Co. No-Sol-Vit bottles are reported 
by the manufacturers to be more chemically durable than soft-glass 
containers. Standard solutions of silica, boron, and the alkali metals 
are usually stored in polyethylene bottles. Some strong solvents and 
strong mineral acids (such as H 2S04 ) will attack polyethylene 
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readily. In the instructions for preparations of solutions referred 
to in this manual it is assumed that the solutions will be stored in 
Pyrex bottles unless otherwise specified. 

Vessels for measuring solutions differ in their accuracy of calibra­
tion. By common usage, accurately calibrated glassware for precise 
measurements of volume has become known as volumetric glassware. 
This group encompasses volumetric flasks, volumetric pipets, and 
accurately calibrated burets. Volumetric glassware used in labora­
tories of the Geological Survey is calibrated to contain or deliver 
volumes accurate to within the tolerances specified by the National 
Bureau of Standards ( 1941). These specifications are given in the 
table on the following page. Glassware certified by manufacturers to 
meet specifications of the National Bureau of Standards has been 
found to be satisfactory. Less accurate types of glassware include 
serological pipets, graduated cylinders, and Nessler tubes. 

Silicone solutions have appeared on the market that are advertised 
to coat the glass and thereby prevent wetting of the glass by aqueous 
solutions. These products have not been approved by the National 
Bureau of Standards ( 1941) and are not recommended for labora­
tory use of volumetric glassware for several reasons. Volumetric 
flasks and pipets a.re calculated to contain and deliver the correct 
volume when the bottom of the normal meniscus coincides with the 
calibration line; con ting of the glass distorts the meniscus. Further­
more, experience has shown that deteriorntion of the coating causes 
excessive adherence of the solution to the side of the vessel and in­
accurate delivery. Once the coating material is on the glass it is very 
difficult. to remove. 

Pyrex containers are more universally used than any other as con­
tainers for reactions because of their relative inertness and thermal 
properties. Nessler tubes and absorption cells (spectrophotometric) 
are often used for colorimetric reactions to eliminate the necessity 
of transferring solutions before determining the color intensity. 

Treatment of the water sample or reaction of the solution that 
involves evnporation cnn usually be carried out in glass, porcelain, or 
platinum dishes. Platinum is superior to the other materials if the 
weight of the residue must be determined accurately because €he 
weight of platinum vessels is very constant. 

Glassware and porcelain can be cle1ined with soap, synthetic deter­
gents, organic solvents, dichromate cle1ming solution Qr ~qua regia 
(25 percent v /v cone HN03 in cone HCl). Aqua regin will attack 
platinum, but 50 percent hydrochloric acid is an effective cleaning 
agent: Material that does not dissolve in 50 percent hydrochloric 
acid usually can be removed by rubbing with fine sea sand. 
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TABLJ: 1.-Tolerancu for oolumetric glaa1ware 

(Abrldpd from National Bw.u or Standarda, lMI) 

Cai-tty (mil 
leas than and Limit or error (mil 
lncludtnc-

Gladale48&Aa 

25 0. 03 
50 . 05 

100 . 08 
200 . 10 
300 . 12 
500 . 15 

1, 000 . 30 
2,000 . 50 

Trauler,.,.la 

2 0.006 
5 . 01 

10 . 02 
30 . 03 
50 . 05 

100 . 08 
200 . 10 

Barela• 

2 - - - -
5 0. 01 

10 . 02 
30 . 03 
50 . 05 

100 . 10 

C:3 

1 Llmlta of error are of total or partial capacity. Customary practice Is to test the caparity of 5 Intervals 

Although platinum is one of the most resistant metals, it is not 
completely inert and is subject to embrittlement. The following 
precautions are recommended: Never put solutions containing ti.n, 
mercury, or lead in a reducing environment in platinum; if the free 
metal should be formed it will alloy with the platinum, especially if 
heated. Do not heat mixtures of hydrochloric acid with oxidizing 
substances such as nitrate or manganese dioxide; ferric chloride in 
hydrochloric acid attacks platinum appreciably. Place hot platinum 
vessels on a refractory material ; never on a cold metal surface or on 
a dirty surface. Use clean platinum-tipped tongs to handle hot 
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platinum vessels. Coarse crystal growth and embrittlement can be 
caused by unnecessarily prolonged heating at high temperatures, 
heating under reducing conditions, and heating phosphates or sul­
fates in the presence of organic compounds. Embrittlement can be 
counteracted by rubbing the platinum ware with moistened sea 
sand. Gentle rubbing with sea sand cold-works the metal and breaks 
down the crystal structure. Detailed instructions for the care and 
use of platinum ware are distributed by manufacturers of these 
vessels and are described in textbooks of quantitative analysis. 

C:4 CHOICE OJ!' ANALYTICAL Jl:BTKODS 

Several analytical methods may be listed for the determination of 
a single constituent in the section of this manual that deals with 
methods of analysis. The laboratory methods are generally the more 
accurate, but useful approximations and screening tests are also in­
cluded. Screening tests may be either a means of approximating 
concentrations for the selection of the proper sample volume for a 
laboratory determination or they may be tests that are sufficiently 
accurate in only a low-concentration range. For example, the tetra­
methyldiaminodiphenylmethane test for manganese is a screening 
tMt that is rapid ancl accurate in low-concentration ranges; if the 
concentration of manganese is within the range of this test, it is not 
then necessary to perform the more laborious regular procedure. 

A choice of laboratory methods is also given for the determination 
of some constituents to provide the analyst with the means for check­
ing dubious results a.nd to permit a flexible laboratory scheme. Most 
procedures a.re subject to some interferences, but seldom are two 
methods subject to the same interferences. No method is designated 
as a referee method in which the results obtained a.re the ultimate 
in accuracy or by which the adequacy of other methods can be gaged. 
However, the method listed first in each group of methods is generally 
preferred because of its applicability to most water samples, its 
advantages in required time, its accuracy, or its compa.rative sim­
plicity. 

C :5 lCCPL.AlfA.TION OJ!' T:BBJUNOLOGY 

Specific terminology is used in describing the analytical techniques. 
Some that are an integral part of the instructions are described 
below. 

Duution 'Water for adjustment. of sample volume or preparation 
of reagent solutions, unless otherwise specified, shall be distilled water 
whose pH is between 5.8 and 7.2 and whose impurity as measured by 
specific conductance at 25°C shall not exceed 8.0 micromhos. 

Rediatilled water shall be prepared by redistillation of dilution 
water from Pyrex apparatus. It shall have a specific conductance 
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at 25°C of 1.5 micromhos or l~. Redistilled water should be stored 
in resistant g18SS (Corning Glass Co. Alkali-Resistant glass No. 7280) 
or polyethylene bottles and should be prepared fresh frequently. 

M etal,-free water shall be distilled water that has been passed 
through a suitable acid-charged cation-exchange resin and that con­
forms to the pH and other requirements of dilution water. 

Oarbon dio~e-free water shall be prepared by boiling and cool­
ing dilution water immediately before use. It shall have a pH be­
tween 6.2 and 7.2. 

Ammoni.a-free water shall be distilled water that has been freed of 
ammonia by shaking with Folin's ammonia permutit and that con­
forms to the pH and other requirements of dilution water. 

In the instructions for making the analysis and preparing the 
solutions, significant figures are utilized to define the accuracy of 
weights and measures. Weighings will be accurate to the last figure 
shown. For example : A mnss designated 11s 4.532 g must be 
weighed accurately to ±0.0005 g, whereas a mass designated as 
4:.5 g must be weighed accurately to only +0.05 g. 

Re.quired accuracy for measurement of volume in the analysis 
and preparation of reagents is shown similarly. Standard solutions 
are always prepared in and measured from volumetric glassware. 
The significant figures given for such measurements are in practical 
agreement with the tolerance limits (see sec. C: 3), and the word 
"approximately" indicates that the volume or weight needs to be 
within only ±5 percent of that prescribed. For example: "Add 
2.00 ml of reagent" shows that a volumetric pipet must be used for 
the addition, but "add 2 ml" or "add 1.5 ml" shows that a serological 
pipet may be used; "dilute to 1,000 ml" shows that a volumetric flask 
is essential, but "dilute to approx 1 liter" permits the volume to be 
between 950 and 1,050 ml. 

The chemistry of most water-analysis procedures is such that 
they are applicable over a restricted concentration range. To 
get a satisfactory amount of the constituent into the reaction and 
still maintain the correct proportions of sample and reagents, the 
analyst may have to concentrate a large volume of sample or dilute 
a small sample to the proper volume. Concentration limits of the 
procedures are given in the instructions to aid the analyst in the 
selection of the proper sample volume. The highest accuracy in 
most determinations is obtained if the largest convenient sample 
volume is selected, been use the factor for converting the weight of the 
constituent in the test sample to parts per million is smaller if a 
larger volume of sample is used. Most of the analytical methods 
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are designed for dilute solutions, and, therefore, concentration by 
evaporation is rarely required. Evaporation should be kept to a 
minimum because of the danger of contamination during the long 
exposure to the atmosphere and because sparingly soluble salts may 
precipitate. · 

Obviously, selection of a test-sample volume can be carried to 
extremes for the sake of dubious accuracy. Therefore, parenthetical 
quantities are used to designate the accuracy normally desired. For 
example: "Measure a sample containing less than 0.5 mg Si01 
(10.00 ml max)" indicates that a 10-ml sample will give the desired 
accuracy in the 0.00- to 0.50-mg range and that a larger sample is 
unnecessary. 

All test samples and standard solutions are measured with volu­
metric glassware (see sec. C: 3). Test-sample volumes less than 
5 ml should not be measured directly because the calibration of 1-ml 
and 2-ml pipets is not as precise as that of the larger volume pipets. 
Less error is incurred if a suitable sample dilution is prepared and 
part of this dilution taken for the test sample. Although the glass· 
ware is calibrated to deliver a specific volume at 20°C, the error 
in measurement incurred by pipeting samples at room temperature 
is insignificant for water analysis. One gram of pure water (H,O) 
is contained in 1.002 ml at 20°C and in 1.007 ml at 38°C; the maxi­
mum error in volume that will result from temperature differences is 
only 0.5 percent. Bi:ine samples unstable at room temperature cannot 
be measured in the Q.sual way. The brine may be heated to bring 
precipitated material into solution and the test measured approxi­
mately into a tared weighing bottle and weighed accurately. Cali­
brated pycnometers used with a constant-temperature bath are 
preferable for measuring test-sample volumes of heavy stable brines 
when highest accuracy is required; these bottles, normally calibrated 
at 20°C, should not be used with brines that are unstable at. this 
temperature. 

Chemicals µsed in standard and reagent solutions shall conform 
with the specifications for purity of the American Chemical Society 
(1950 and subsequent revisions) when sucli specifications exist. 
Chemicals not contained in this compilation shall be of commonly 
accepted reagent purity. Primary standards (solid) for acidimetry, 
alkalinity, and oxidation-reductiou reactions may be obtained from 
the National Bureau of Standards or from chemicn.l manufacturers 
marketing products of comparable purity. Primary standard solu­
tions are prepared fresh in duplicate for each standardization of 
volumetric solutions. 
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0:6 BCHEKE 01' ANALYSIS 

The validity of the 1malyticul statement and the time required fot' 
anr.lysis are affected by the order in which constituents are deter­
mined and by the manner in which the sample is treated. The fol­
lowing discussion concerns only the group of constituents and meas­
urements included in the "complete analysis" normally made by most 
of the laboratories of the Geologicnl Survey and does not include 
the determinations of volatile materials or constituents readily 
chnnged by aeration or bacterial action. 

Constituents and measurements most susceptible to change are 
determined first. The pH and relntive proportions of the nlkalinity 
and acidity components nre related to the gas content of the sample 
and are the lenst stable. Filtration may alter the ~ns content of the 
sample. Hence, pH and nlknlinity or ncidity of the unfiltered sample 
should be determined immediately after the bottle is uncapped. 
Composite samples should not be prepared far in advance of nnalysis. 

The specific conductance gives an indication of the total ionic con­
centration of the sample and is, therefore, useful in the selection 
of the volume of sample to be taken for the individual determina­
tions. The specific conductance is not affected by moderate turbidity 
and can be determined from either a raw or filtered sample. 

If the sample requires clnrification (see sec. B: 5), a sufficient 
volume should be filtered at one time to provide samples for all re­
maining determinations. This has two advnnta~es: less time is 
required for one filtration thnn for several individual filtrations, 
and if any solution or exchange of ions is progressing at the sediment­
water interface, an eurly separation is desirable. The single filtrate 
provides identical water for nnnlysis, whereas there is no assurance 
that individual filtrations at different times would provide identical 
samples. 

A loss of carbon dioxide from solution converts bicarbonate to 
carbonate. Calcium carbonate, which is only sparingly soluble, often 
precipitates soon after a bottle is uncapped. Precipitation of 
calcium carbonate affects the validity of the pH, alkalinity, specific. 
conductance, calcium, titrated-hardness, and dissolved-solid values. 
Consequently, test-sample volumes for determination of calcium, 
hardnes8, and dissolved solids should be withdrawn soon after the 
bottle is opened. All samples should be inspected visually for 
evidences of cnlrium carbonate preripitntion when received in the 
laboratory. If precipitation is evident, the analytical statement will 
not reprP,sent the chemical character of the sample at the time of 
collection unless special techniques nre used. Proper handling of 
such samples requires special trentments and may involve the 
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omission of some determination from the analysis. Selected con­
stituents and measurements, even calcium and total alkalinity, can 
be determined with a reasonable degree of accuracy. The selected 
special treatment will depend on the nature of the precipitate and 
the constituents that are considered most important in the analysis. 

Other constituents and measurements can be determined in any 
order. Time is important, however, and the analysis should be 
carried to completion without undue delay. It has been observed 
that, because of changes in chemical composition of the water, 
the validity of the analytical statement often decreases as the time 
1X>nsumed in the analysis increases. All required determinations 
'3hould be made within 1 week after the sample is opened. 

C :7 SIGNll'ICAHT l!'IGUBES l!'OB BBPOBTING BESULTS 

The significant figures used by the Geological Survey in reporting 
the results of analysis are the result of a compromise between 
precision of the measurement, importance of this precision to the 
use of the analytical data, and the obvious advantages of some 
semblance of uniformity in tables of analyses. 

One of the commonly used methods, which applies only to the 
expression of the precision of a determination, is to include all 
certain digits and the first (and only the first) doubtful digit. This 
method has one obvious disadvantage: Published data so reported 
may not be interpreted to mean the same thing by all users of the 
data. Possible confusion and misinterpretation is minimized if 
the tabulated analytical results represent the certainty of the reported 
results within reasonable limits. In analytical results published 
by the Survey, the last digit may not be absolutely accurate in all 
analyses, but it is ar figure that can be used with a good degree of 
confidence in most applications of water-analysis data. 

The precision of procedures for water analysis cannot be meas­
ured in absolute terms of either concentra.tion or percentage, nor is 
it desirable to do so for practicable purposes. Generally, more 
precise measurements are required when the concentration of a con­
stituent is low than when the concentration is high. For example, 
in potable water supplies the difference between 1.0 and 1.5 ppm 
of fluoride is very important, but the difference between 10.0 and 
10.5 ppm is not significant, although the absolute error is the same. 
Neither is percentage of error a good gage of the precision of the 
analysis. For example, an absolute error of ±0.01 ppm is an error 
of 100 percent when the concentration of the constituent is only 
0.01 ppm. 

Another factor that complicates the problem of designating 
precision of analysis is the inherent tendency of most analytical 
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determinntioni:1 to vnry in accuracy throughout the concentration 
r1mge of the <'Onstituent in a manner that is akin neither to absolute 
nor perceutnge quantities. Consequently, the Survey's rules for 
rounding off nnd reporting significimt figures are somewhat arbitrary. 
However, the incliYidunl pt~edures contain a 1?8neral statement as 
to the precision of the method in the r.oncentration range most fre­
quently found in water analysis in routine laboratory operations. 

The importance of the accurate dete1mination of minute quantities 
of a constituent to the usability of the water has also influenced the 
selection of si1r11ificant figures. ·water-quality data are used for a 
vast variety of purposes. Water analysts have endeavored to 
design and use analytical methods sufficiently sensitive to meet the 
requirements of exacting users of water-quality information. The 
precision of a few methods and their ability to measure low con­
rentrations accurately are far superior to present needs. However, 
when such precision and sensitivity are nvailable with no additional 
effort on the part of the analyst, the results are determined and 
reported to the smallest concentration increment that can be obtained. 

Instructions for reporting analytical results are given in "Ana­
lytical procedures!' (sec. I>) for each constituent and property. 

Chemical equivalents per million are computed by \multiplying 
the reported concentration of the individual constituents in parts 
per million, by the reciprocal of their combining weights. The 
reciprocal factors of the more commonly determined constituents are 
given in table 2. Equivalents per million (epm) as reported by 
the Geological Survey are numerical expressions of parts per million 
and for uniformity are carried to two decimal places regardless of 
the magnitude of the parts-per-million value; the significant figures 
shown in no way reflect the accuracy and precision of the measure­
ment as do the parts-per-million values. 

TAB LE 2.-Factora for con11erting parts per million to equi11alenlll per million 
(11154 atomic weights) 

l<>n 
Sum of Multiplr Sum of Multlplr 

atomic wti1111l1 ppmbr- l<>n atomic 111tifllt1 """'br-
AJ+a __ --------- 26. 98 o. 11119 KH ________ ____ 39. 100 0.02558 
Br-1 __________ _ i9. 916 . 01251 Li+i ___________ 6. 940 . 14409 
Ca+2 ___________ 40. 08 . 04990 MgH - - - - - - - - - - 24. 32 . 08224 
c1-1 ___________ 35. 457 . 02820 MnH __________ 54. 94 : 03640 
C03-2 _ _ ______ _ _ 60. 011 . 03333 MnH _____ __ ___ 54. 94 . 07281 
y-1_ - - - - - - - - - - - 19. 00 . 05263 Na+i ___________ 22. 991 . 04350 
FeH ___________ 55. 85 . 03581 N03-i ____ - - _ - _ - 62. 008 . 01613 
Fe+a __________ _ 55. 85 . 05372 OH-1 ______ _ ___ 17. 0080 . 05880 
H+i ____________ 1. 0080 . 99206 s-2 - ----------- 32. 066 . 06237 
HC03-1 ________ 61. 019 . 01639 so .-2 - --------- 96. 066 . 02082 
1-1 _ - - - - - - - - - - - 126. 91 . 00788 ZnH ___________ 65. 38 . 03059 
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0:8 EVALUATION OJ' THE ACCURACY OJ' ANALYTICAL BESULTS 

Some errors are practically unavoidable in analytical work. Errors 
may result from the reagents, from the limitations of the method 
or instruments employed, or even from impurities in distilled water. 
The analyst's skill and general judgment have a direct bearing 
on the accuracy of the analytical statement. After the chemical 
analysis of the water sample has been completed, there are several 
ways by which the validity of the,results can be evaluated. No one 
method of checking gives conclusive proof of the accuracy of the 
determinations, but the process of checking may bring to light some 
dubious results or may suggest some additional constituents of the 
sample that were not considered in the analysis. 

C :Sa CHBMICA.L BA.l..A.NCB 

One of the most commonly used procedures for checking water 
analyses is a balancing of the chemical equivalents of the major ions. 
Since water is a chemically balanced system, the sum of the equiva­
lents of cations in solution equals the sum of the anions. If all of 
the predominant ions have been determined, the equ~valents per 
million should be in reasonable balance. 

The hydrogen-ion content of acid water is included in the balance. 
fhe hydro~en-ion concentrntion is approximated from the pH of the 
sn.mple, 

or 

1 
pH=log-

aa•• 

au+•=lO-•R 

where the base of hydro~en is the effective concentration (activity) 
of hydro~n ions. The calculated pH of standard solutions of sul­
furic acid has been compared with determined pH, and the agreement 
is 1rood up to ~.o ppm H (pH 2.70). Reproducibility and accuracy 
of ±0.1 epm H•1 is the best that can be anticipated under normal 
operating conditions and with most waters. Considerable possible 
error is introduced in converting pH to hydrogen-ion concentration 
because of the effect of other ions on the activity of the hydrogen ion. 

11H fJllll H+l 'fJH epa B+t 
4.2'-......a.&;_______________________ 0. 1 2.9."i --------------------------- 1. 1 
3.~.60----------------------- . 2 2.00 --------------------------- 1. 3 
3.•,.-......a.•.o_______________________ . 3 :,?.8'} --------------------------- 1. 4 
3.4i"t--3.40_______________________ . 4 2J~O --------------------------- 1. 6 
3.&>-3.30----------------------- . a 2.7i'i --------------------------- 1. 8 
a.2•......a.20_______________________ . a 2.10 -------------------------- - 2. o 
3.li'i --------------------------- . 7 2.6"} --------------------------- 2. 2 
3.10--------------------------- . 8 2.60 --------------------------- 2. !'i 
3.05 --------------------------- . 9 2.00 --------------------------- 2. s 
3.00 --------------------------- 1. 0 2.50 --------------------------- 3. 2 
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pH meters determine the activity of the hydrogen ion as distinguished 
from concentration. The chemist is referred to the work of Kolthoff 
and Laitinen (1941) for a full discussion of the subject. 

Multivalent ions present difficulties in the ionic balance unless the 
ionic states are differentiated by the analysis. Fortunately, these ions 
are present in only minor amounts in many waters and rarely influence 
the ionic balance appreciably. Orthophosphates may occur in water 
as P0,-1, HP0,-2, and H 2P0-1 ; the proportion of each of these ions is 
related to the pH of the water. The P0,-1 ion occurs only above about 
pH 9.3. Because natural waters practically never attain this pH, a 
~neral assumption can be made that the P0,-1 ion is not present in 
natural waters. For the purpose of ionic balance, the proportion of 
HP0~-2 and H2P0,-1 present can be calculated from the pH relation 
as shown in table 3. The data in table 3 are based on work of Sorensen 
as reported by Clark (1928) and from Rieman, Neuss, and Naiman 
( 1942, p. 323). Review and checking of this table with work by 
others is in order. However, limited use of this table has provided at 
least reasonably good analytical balance for samples with a high ortho­
phosphate content. Other forms of phosphorus cannot be differen­
tiated in this manner, nor are suitable methods available for the other 
multivalent ions. 

TABLE 3.-0rth.oph.oapl&ate mizturu aa relaUd to pH 
BP01 B1P01 BP01 

pH {peremt) {peremt) pH (perantl 

4.5 ________________ __ 0 100. 0 7.0 __________________ 61. 0 

4.6___ __ _____________ . 5 99. 5 7.L-~------- --- ----- 66. 5 
4.7____ ______________ . 5 99. 5 7.2 __________________ 72. 0 
4.8 __________________ 1. 0 99. 0 7.3 _________________ 76. 5 
u __________________ i. o 99. o 7.4 __________________ so. 5 

5.0 _ - - - - - - - - - - - - - - - - - 1. 5 98. 5 7 .5 _ - - - - - - - - - - - - - - - - - 84. 0 
5.L ______________ __ _ 1. 5 98. 5 7.6------------------ 87. 0 
5.2 _ - - - - - - - - - - - - - - - - - 2. 0 98. 0 7. 7 - - - - - - - - - - - - - - - - - - 89. 5 
5.3 _________ _________ 2. 5 97. 5 7.8 ________ ___ ___ ____ 91. 5 
5.4 _____ ______ _______ 3. 0 97. 0 7.9 _________ ___ __ ____ 93. 0 

5.5 _ - - - - - - - - - - - - - - - - - 3. 5 96. 5 8.0 _ - - - - - - - - - - - - - - - - - 94. 5 
5.6 _ - - - - - - - - - - - - - _ - _ _ 4. 5 95. 5 8. L ______ - - - _ - - - - - - - 95. 5 
5.7 _ - ----------- ----- 6. 0 94. 0 8.2_ ----------------- 96. 5 
5.8 _ - - - - - - - - - - - - - - - - 8. 0 92. 0 8.3 _ - - - - - - - - - - - - - - - - - 97. 0 
5.9 ________ _____ ____ _ 9. 5 90. 5 8.4 ______________ ____ 98. 0 
6.0 ___ _____ __ ____ __ __ 12. 5 87. 5 8.5 ______________ ____ 98. 5 
6. L - - - - - - _ _ _ _ _ _ _ _ _ _ _ 15. 5 84. 5 8.6 ___ __________ - _ - _ - 98. 5 
6.2 _ - - - - - - - - - - - - - - - - - 19. 0 81. 0 8. 7_ - - - - - - - - - - - - - - - - - 99. 0 
6.3 - - - - - - - - - - - - - - - - - - 23. 0 77. 0 8.8 _ - - - - - - - - - - - - - - - - - 99. 0 
6.4 ___ _____________ __ 27. 0 73. 0 8.9 _______________ ___ 99. 0 

6.5 _ - - - - - - - - - - - - - - - - - 32. 0 68. 0 9.0 _ - - - - - - - - - . - - - - - - - 99. 5 
6.6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 37. 5 62. 5 9. L ___ __ ___________ - 99. 5 

6. 7 - - - - - - - - - - - - - - - - - - 43. 5 56. 5 9.2 _ - - - - - - - - - - - - - - - - - 99. 5 
6.8 __________ __ __ __ __ 49. 5 50. 5 9.3 ____ ___ ____ _______ 100. 0 

6.9 _ - - - - - - - - - - - - - - - - - 55. 5 44. 5 

H1P01 
(pert'flll\ 

39.0 
33. 5 
28. 0 
23.5 
19. 5 
16. 0 
13. 0 
10.5 

8. 5 
7.0 
5. 5 
4. 5 
3. 5 
3. 0 
2. 0 
1. 5 
1. 5 
1. 0 
1. 0 
1. 0 
. 5 
.5 
. 5 
. 0 
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Dissociation also must be considered in balancing analyses. Many 
of the determinations, particularly those for the heavy metals, do 
not differentiate between dissociated and undissociated constituents. 
Constituents that hydrolyze to give undissociated products deter­
mined along with the ionized forms in the analysis cannot be in­
cluded directly in the ionic balance. Published dissociation con­
stants give some indication of the possible ionized concentration, but 
complete confidence cannot be placed in these values when consider-
ing complex solutions such as natural water. , 

The deviations from balance can be expressed in terms of absolute 
quantities or as a percentage of the total ionic concentration. Ob­
viously, the analyst must use some type of sliding scale to evaluate 
the significance of the deviati<>ns for water of different concentra­
tions. With careful work and a comprehensive analysis of the 
sample, it is customary for the deviation between equivalents per 
million of cations and anions not to exceed 1 or 2 percent of the 
total concentration for analyses of waters with more than about 
150 ppm of dissolved solids. A deviation of up to 3 percent may 
result from the accumulation of small unavoidable errors in the 
analysis of water containing about 100 ppm of dissolved s0lids and 
about 5 percent for waters with as little as 25 or 30 ppm. 

Chemical balance is only an indication of the gross validity of 
the analysis. Very large errors in the determination of minor .con­
stituents can go unnoticed; neither are compensating errors detected. 
Conclusions that can be drawn from deviations in anion and cation 
balance are usually negative. Large deviations indicate either a 
large error in one or more determinations or the presence of some 
undetermined constituent, but a good balance is not conclusive evi­
dence that each of the determinations is accurate nor that all con­
stituents have been determined. Chemical balance is one tool for 
evaluating the validity and comprehensiveness of an analysis but 
must not be a goal for the analyst. 

C18b BBLATION OP RB8IDUJll ON BVA.'POB.A.TION TO CiLC~TBD 
DI880LVBD SOLIDS 

Comparison of the residue on evaporation and dissolved solids 
calculated from the analytical statement is a rough check of the 
comprehensiveness of an analysis (see sec. D: 36a-2). Several im­
portant factors have a bearing on this comparison. First, the resi­
due on evaporation might contain appreciable amounts of organic 
and some inorganic materials that are not determined in the 
analysis. Second, water of hydration may also be contained in the 
residue. Ignition loss is sometimes determined as a rough estimate 
of the water of hydration and combustible organic materials. The 
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calculated dis..'!Olved solids is usually between the value obtained as 
residue on evaporation and the residue on evaporation minus the 
ignition loss. Third, volntile solids which are determined in the 
course of the analysis may be lost durinp: evaporation. If volatile 
solids are lost, the residue on evaporation may be less than the cal<'u­
lated value. Fourth, the alkalinity determination is influenced by 
weak-acids residuals other than carhoD!lte and bicarbonate. Phos­
phate, borate, and silicate, measured collectively as alkalinity and 
reported as carbonate and bicnrhonnte, may be redetermined indi­
vidually in specific analyses. If so, the solids determined by calcu­
lation may be hip:her than by evnporntion. Other fnctors such as 
the behavior of acid waters and iron compounds during evnporntion 
also complicate the relation between residue on evaporation und the 
calculated dissolved solids. 

C:8c 8PBCIFIC-CONDUCTANCB RELATION 

For most natural waters of mixed type. the specific conductance, 
in micromhos, multiplied by a factor of 0.65±0.1 approximates 
the residue on evaporation in pnrts per million. This does not 
approach an exact relation because the conductance of a solution is 
dependent on the type and total qunntity of ions in solution. Afore 
precise relations can be developed for specific water types. The 
factor of 0.65 is l\PPlicable only with comparatively dilute solutions 
and usually increases as the total dis..<;olved-salt content exceeds 2,000 
to 3,000 ppm. For waters that contain appreciable concentrations 
of free acid, caustic alkalinity, or sodium chloride, the factor may 
be much less than 0.65. The factor for some other specific types 
of water may be higher. Nonionized silica will nlso disturb the 
ratio of residue on evaporntion to conductance. 'Vith similnr limi­
tations, the specific conductance divided by 100 approxim1\tes the 
equivalents per million of anions or cations. This relation is par­
ticularly helpful in detecting the locution of error (in anions or 
<'ations) as well as for estimating the comprehensiveness of an 
analysis. 

Rossum ( 1949, p. 631) proposed a method for checkin1r unalyses 
that is bused on a comparison of the specific conductance of dilute solu­
tions with the summation of the added increments of conductance con­
tributed by each determined ion in solution. This procedure is known 
as the diluted-conducta:nce method. The sample is diluted with re­
distilled water until the conductance of the solution is between 00 
and 120 micromhos. This observed conductance is recorded. The 
exact dilution rntio, D, is then computed as follows: 

D volume of 11ample + volume of rcdistilll'd watt•r 
volume of Hample 
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C:8d ACCURACY OF RESULTS 85 

Next., the conductance of the redistilled water, K"', is determined and 
the true diluted conductance, Kd, is calculated: 

K.r=observed diluted conductance-(D-l)K. 

The diluted conductance is then compared with the summation of the 
conductances of the determined ions. 

Diluted-conductance factora for iona commonly found in water 
[After ROIBUJD. 11149) 

[Ofl 

Microwllol 
per"" per 

llUr 111 U°C. 

Bicarbonate _________ ____ -- ______________ --- - ----- 43. 6 0. 715 
Calcium_________________ ________________________ 52. 0 2. 60 

Carbonate---------------------------- - ---------- 84.6 2.82 
Chloride____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 5. 9 2. 14 
Magnesium_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 46. 6 3. 82 
Nitrate _____________________ -------------------- 71. 0 1. 15 
Potassium_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 72. 0 1. 84 
Sodium___________________________________ _______ 48. 9 2. 13 
Sulfate _____________________________________ ----- 73. 9 1. 54 

The American Public Health Association and others (1955) 
recommends that a recheck of the chemical analysis is advisable if 
the diluted conductance differs by more than 2 percent from the 
sum of the conductances of the determined ions. This degree of 
accuracy may be somewhat excessive for routine water analysis 
unless the dilutions are made with extreme care. 

The diluted-conductance method of checking is not ·applicable to 
waters whose initial conductance are less than 90 micromhos, or to 
samples whose pH values are not. between 6 and 9, or to samples 
that contain appreci11ble quantities of ions not listed in the above 
table. The conductance contributed by hydrogen and hydroxyl 
ions is greater than that by other common ions. 

This method of checking is a little more time consuming than 
chemical balance, but it does have the advantage of considering all 
of the ions in solution. A gooa check by the diluted-conductance 
method is conclusive proof that no major ion. has been omitted from 
the determination. 

Ct84 INTBRRJl:LATION OF CONSTITUBNTS OF WATBR FROM THE 
SAME SOURCE 

As samples from the same source repeatedly come through the 
laboratory, the analyst begins to re<'ognize p1itterns of water qual­
ity. These may be the relation of c!llcium to bicarbonate, sodium 
to chloride, or other relations thllt appe1ir to hold true. When the 
determined values devi11te significantly from previously observed 
relations the analyst is immediiitely suspicious of the analytical 
results and may elect to make some checks. The apparent departure 
from the expected m1iy be the result of mnnipulative errors, such as 
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recording ircorrect test-sample volume, buret readings, or weights 
or transpc.-;ing figures. Checks of these and. similar points are 
usually made first, followed by redetennination of the questionable 
measurement when indicated, before assuming that the unexpected 
value represents an actual change in water quality. This method 
of evaluating an analysis must be used judiciously because some 
marked deviation from normal relations can be expected occasionally, 
and an attempt to reproduce a relation may in actuality result in 
an erroneous analysis. The most valid analytical value should be 
the one finally accepted and not necessarily the one that most closely 
approaches the analysis of a previous sample. 

C18e MBTJIOD FOR CBBCKING PARTIAL ANALY8B8 

Much has been said here about cheeking the validity of compre­
hensive analyses, but little help has been given for verifying results 
when only a few of the constituents are determined. T\lere is no 
simple adequate method for checking a partial analysis. A reeovery 
test can be run by adding a known quantity of constituent to the 
snmple and repeating the analysis. The results are not always con­
clusive, however; a fraction of the constituent that missed detection 
in the first analysis might also be missed in the second. Interrela­
tions of constituents in water from the same source and relations of 
certain constituents to specific conductance or water discharge may 
be helpful as guides, but the ability of the analyst is the only good 
control. 
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SECTION D. ANALYTICAL PROCEDURES 

D:l ACIDITY 

The acidic properties are attributable to the presence of mineral 
acids, uncombined dissolved gases, organic acids, and salts of strong 
acids and weak bases. Hydrolyzable salts of iron and aluminum 
of mine and industrial origin are common sources of acidity. The 
analyst should differentiate between acidity as a property of a 
solution and as a total concentration of acids. In terms of the 
dissociation theory, an acid is any compound which on dissociation 
produces hydrogen ions. To determine the concentration of a spe­
cific acid compound requires titration with a base to a practical 
end point at which all hydrogen ions that can be produced by the 
compound have been neutralized. This end point is normally taken 
as the inflection point, or points, on the titration curve. The inflec­
tion points differ with the acid compound, hence it is impossible to 
determine accurately the acid concentration of different hydrolyz­
able salts or mixtures by titration to a single predetermined end 
point. Total acid compounds might be estimated by titrating to 
the last inflection point on a sodium hydroxide curve, provided that 
this point is readily recognizable. Acidity, on the other hand, is 
the property of a solutiol! attributable to the presence of an excess 
of hydrogen ions over hydroxyl ions, and the acidity value is a 
measure of the strong base required to adjust the hydrogen and 
hydroxyl ions to equivalency. Acid compounds may exist at the 
equivalence point, pH 7.0, without producing hydrogen ions in 
solution. 

Three determinations of acidity are given, each of which meas­
ures a different group of contributors to acidity. Total acidity (~ 
sec. D: la) shows the total stream acidic potential. The immediate­
acidity (see sec. D : 1 b) determination measures the existing acidity 
from all causes plus that immediately available from uncombined 
dissolved gases when titrated with a standardized base. Potential 
free acidity (see sec. D: le) represents the existing acidity from all 
causes and includes that which may develop from acid-producing 
salts but excludes that from uncombined gases. The difference 
between the total acidity and potential free acidity is an indjcation 
of the acidity that can be developed from uncombined gases. Simi­
larly, the difference between total acidity and immediate acidity is 
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88 ANALYTICAL PROCEDURES D:la 

an estimate of the acidity that can be developed through oxidation 
and (or) hydrolysis of ncid-producing salts. Combined, the three 
determinations are useful for approximating the nature of the acid­
causing components. Determinations of acidity are among the least 
reliable in water analysis in respect to accuracy and reproducibility 
of results. 

The acidity of water is significant to the operation of water­
treatment plants and waste-disposal systems. High acidity, par­
ticularly that due to strong acids, contributes to the corrosiveness 
of the water. 

D:la TOT.AL ACIDITY 

Total acidity is the capacity of a water containing a compound 
or compounds, with or without hydrolysis, for neutralizing base to 
pH 7.0. Basicity is the counterpart of total acidity. 

D:lr.-1 VOLVXETBIC Kl!:TBOD 

Principle of determination 

The volumetric determination of total acidity measures the total 
capacity of the water to neutralize base to pH 7.0, irrespective of 
the time involved for the reactions to reach equilibrium at pH 7.0. 
This capacity includes the combined effect of free mineral acids, dis­
solved gases, buffer systems, and combined equilibrium products of 
hydrolysis at pH 7.0. The acidity is determined by titrating the 
water with a standardized strong base. Often, total acidity is due 
primarily to carbon dioxide or other dissolved gases. Hence, custo­
mary precautions should be taken to minimize the loss of these gases 
before they are chemicalJy combined with the titrant base. 

If the water contains principally free mineral acids, the total 
acidity can be titrated rather accurately. If hydrolyzable salts are 
present the titration is complicated by the degree and rate of hydroly­
sis. For example: 

Fe,(SOth + 6H,O;::::t2Fe(0Hh + 6H +1 + aso.-s 

The addition of sodium hydroxide shifts the hydrolysis equilibrium 
toward the right, thereby libemting more hydrogen ions. Hydroly­
sis proceeds slowly in the cold as the basic titrant is added to the 
solution, and the t.ime involved for the hydrolysis to reach equilibrium 
nt pH 7.0 may be infinite. Heating of the snmple hastens hydrolysis. 

The sample is titrated rapidly in the cold to pH 7.0; the free min­
eral acids have now been neutralized and all the dissolved gases 
that are going to react at this pH have been combined. Then the 
solution is heated. Boiling is to be avoided because of the excessive 
Joss of dissolved gases. The sample is allowed to cool before com-
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pleting the titration to avoid upsetting the pH-temperature relations. 
Heating may increase the pH slightly if no hydrolyzable salts are 
present. Such increase in pH is probably due to the loss of uncom­
bined carbon dioxide at pH 7.0 and hence has no bearing on the 
capacity of the water to neutralize base. When pH increases dur­
ing heating, the titrant volume required by the cold solution is used 
in the computation. If the carbon dioxide concentration of the 
water is high, the end point of the cold titration will not be sharp 
because of the buffering effect of the bicarbonate-carbonic acid 
system. 

The procedure given here has been· used for the determination of 
total acidity in waters that contain mine-drainage products and some 
industrial pollutants. The procedure may not be universally appli­
cable to all types. The total-acidity determination is one of the least 
reliable in water analysis in respect to accuracy and reproducibility of 
results. If the sample contains no materials acting as buffers at the 
end point, reproducibility and accuracy of +0.05 ppm H•1 can be ex­
pected. l'nfortunately, this condition seldom prernils, and usuu11y 
the reproducibility and accuracy are appreciably less. 

Apparatus and reagents 
pH meter 
Electric bot11h1te 
Sodium hydroxide, O.O'l48N, 1.00 ml~.02a mg ff•• 

Procedure 
For precise work the sample for the determination of total acidity 

should be collected as directed in sec. A: 3c and the annlysis should 
proceed ns soon as possible after the collection of the snmple. 
1. Plpet a \"Olume of i<llmple <'Ontaiuinit lei;.<; than 1.0 mg ff•1 U".0.0 ml max) into 

Into n 150-ml ben ke1·. · 
2. Rn11idly titrate the 1mlutio11 with O.O'.l4R.Y XuOH (1.00 ml~.O'.l;i mg Ir') to 

11H 7.0. 
3. Heut the 1mlutio11 to 80°-00°(' (<lo not boil) nnd maintain thli< te1111lt'r11ture 

for 2 min. 
4. ('ool the l'olutlon to 11p11roxi11111teJ~· roolll te111pnut11re. 
r.. <'ontinue the titmtiou to pH 7.0. 1>ii<regnr1l nny pH i11<·re111<e dm·ing the 

hentlug tlt'riml. 

Calculations 

Ppm Total acidity (H+1\=-d 1. X 1
1•000 

1 Xml titrnntX0.025 
, <•111<1ty m samp <' 

Report tota]-a(·idity eo11(·entmtions of < 10 ppm to I decimal pl:1<·e, 
of between IO and !)H!> ppm to whole numbers, and of >!>!I!) ppm to 3 
si~nifiennt fi~nresonly. 
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90 ANALYTICAL PROCEDURES D:lb 

Preparation of reapnta 
Sodium hydroxide, 0.0048N, 1.00 ml.¢0.0'GI mg H•': Dilute 12 ml 2N NaOH with 

<'arbon dioxide-free water to approx 1 liter. Standardize the solution 
against primary standard potastdum &<'id phthalate u follows: Lightly 
(•rush 8-4 g of the aalt to a ftnenea of approx 100 mesh and dry for 1 or 2 
hr at 120•c. Dissolve about 2 g, accurately weighed to tile nearest mllll· 
gram, In carbon dloitld~free water and dilute to iJOO.O ml. Titrate liO.O ml 
of the solution with the ~aOH to pH 8.6 . 

...- l't f lkal' .g KHC.HcOt in 50.0 mlX4.8967 
•~orma 1 y o a 1= ml alkali 

Store the O.O'l48N base In a tightly ('&J1ped polyethylene bottle. 
Sodium hydroxide, 2N: Cover ap11rox 100 g XaOH sticks with water until the 

surfaee coating ls dl880lved. Ill11eard the 111upematant ftuld and immedi­
ately dls11olYe the remaining NaOH (about 80 g) In ap1•rox 1 liter of carbon 
clioxlde-free water. Store the base In a tightly capped polyethylene bottle. 

D:lb IMMJllDU.TB ACIDITY 

Immediate acidity is the cnpacity of a water containing a compound 
or compounds, with or without hydrolysis, for rapidly neutralizing 
bnse to pH 7.0. The only difference between immediate acidity and 
total acidity is the de~ of oxidation and hydrolysis proceeding 
during the analysis. 

D: 1~1 VOLVJIZTJUC XETHOD 

The volumetric method is similar in substance to D 1067-51 T, 
ASTM 1 (1954, p. 171-173) Manual on Industrial Wnter. 

Principle of determination 
Immediate acidity is determined by rapid titration with a stand­

ardized strong base in the cold to minimize the effect of oxidation and 
hydrolysis in producing hydrogen ions. 

Apparatua and reagent• 
pH meter 
Sodium hydroxide, 0.0248N, 1.00 1111~.0'l.'l mg H., 

Procedure 

For precise work the sn.mple for the determination of immediate 
ncidity should be collected as directed in sec. A: 3c tmd nnalysis should 
proceed us soon as possible after the collection of the sample. 
1. Plpet a ''olume of sample <•ontainlng les11 than 1.0 mg H•' FiO.O ml max) Into 

a H'>0-1111 beaker. 
2. Ra11idly titrate the 11olutlon with O.O'l48N NaOH (1.00 1111~.025 mg H•') to 

11H7.0. 

• American Soclet:r for Testing Materials. 
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Calculation• 

ppm Immediate acidity (H+i)=-d 1.t X /•000 1 Xml titrantX0.025 
ens1 y m samp e 

91 

Report immediate-acidity concentrations of < 10 ppm to 1 decimal 
place, of between 10 and 999 ppm to whole numbers, and of >999 
ppm to 3 significant figures only. 

Preparation of reagent• 
Sodium hydroxide, O.O'MSN, 1.00 ml¢0.oori mg a••: Dilute 12 ml 2N NaOH with 

t'arbon dioxide-free water to approx 1 liter. Standardl.se the solution against 
primary standard potaBBlum acid phthalate as follows: Lightly crush 3-4 g 
of the salt to a fineness of approx 100 mesh and dry for 1 or 2 hr at 120°C. 
Dissolve about 2 g, accurately weighed to the nearest milligram, In carbon 
dioxide-free water and dilute to 500.0 ml. Titrate l'iO.O ml of the solution 
with the NaOH to p_H 8.6. 

N l·t f lk 1. g KHCaH•O• in 50.0 mlX4.8967 
orma 1 yo a a 1= ml alkali 

Store the 0.0248N base In a tightly capped polythylene bottle. 
Sodium hydroxide, 2N: Col"er approx 100 g NaOH sticks with water until the 

surfat>e coating ls dlssoll"ed. Discard the supernatant fluid and Immediately 
dissolve the remaining NaOH (about 80 g) In approx 1 liter of carbon diox1de­
free water. Store the base in a tightly capped polyetJ.iylene bottle. 

D:lc POTJllNTIA.L FRBlll A.CWITY 

Potential free acidity is the capacity of a water containing a non­
volatile compound or compounds, with or without hydrolysis, for 
neutralizing base to pH 7.0. 

D:lo-1 VOI.VKBTIUO KE'l'BOD 

Principle of determination 

The sample is heated to drive off uncombined gases and to oxidize 
nnd (or) hydrolyze acid-producing salts (sec. D: la). Boiling is es­
sential for completa expulsion of uncombined dissolved gases. 

Apparatus and reagents 
11H meter 
Hotplate 
Sodium hydroxide, O.l)'l48X. 1.00 ml¢0.02i'i mg tt•• 

Procedure 
1. Pl1ll't n Yolmue of !<l\lllple l'Ontnining leHi< than 1.0 i.lg a·• (l'iO.O ml lllllX) Into 

n 1:-t0-ml lll'nker. 
2. Ht>nt the 1<11mplt> to boiling and continue boiling for 2 min. Ylgorons stirring 

mny Ill' llMt><l to h111-1tt>11 the rE>moYal of dl1-11-1oh·ed gnses. 
3. ('ool thE' 1o1ol11tlo11 to npprnximntely r1K1111 tem1ll'rature. 
4. Tltrnte the degnsNed 1<1lllll>IE' with O.lr.l48.l\. XnOH to pH 7.0. 
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Calculatlou 

ppm Potent.ial free acidity (ff+'l=-d 1.t X 1
1•0f.X) 1 Xml titrantX0.025 

eruH y m B&mp e 

Report potential free-acidity concentrations of < 10 ppm to 1 decimal 
place, of between 10 and and 999 ppm to whole numbers, and of >999 
ppm to 3 significant figures only. 

Preparation of reagent. 
Sodium hydroxide, O.O'l48N, 1.00 wl~.OOii wg ff•': Illlute 12 ml 2N NaOH with 

earbon dioxide-free water to a1l11rox l liter. Standardize the solution against 
primary 11tandard 110ta88lum acid phtbalate as follows: Lightly Cl'Wlh 3-4 
a' ot the salt to a ftneneM of approx 100 me11h and dry for 1 or 2 hr at 120•c. 
J>laol\"e about 2 g, accurately weighed to the neal't!llt milligram, In carbon 
dioxide-free water and dilute to 000.0 ml. Titrate rio.o ml of the solution 
with the XaOH to pH 8.6. 

,. l't f lk 1. g KHC,H,O, in 50.0 mlX4.8967 
"'orma 1 y o a a 1= ml alkali 

Store the 0.0248N base In a tightly ca11ped 110lyethylene bottle. 
Sodium hydroxide, 2N: Co\"er ap11rox 100 g NaOH sticks with water until the 

surface l'Oatlng Is dissolved. Discard the supernatant ftuld and Immediately 
dl1111ol\"e the remaining XaQH (about 80 g) In ap11rox 1 liter of carbon 
dioxide-free water. Store the base In a tightly <'tlpped polyethylene bottle. 

RJll"BR.llNCB 

American Sol'iety for Testing Materials, 1954, Manual on Industrial water : 
Spec. Teeh. Pub. 148-A. 
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D :2 ALKALDIITY 

Alkalinity is t.he capacity of a water containing a compound or 
0011pounds, with or without hydrolysis, for neutralizing strong acid 
to pH 4.5. The determination of alkalinity is a measure of the 
excess basic constituents over the amount necessary to balance the 
strong acid constituents. Alkalinity in water is caused primarily 
by the presence of bicarbonates, curbonates, and hydroxides. The 
relative conce11trations of hydroxide, carbonate, and bicarbonate are 
a. function of the tempernture, pH, and concentration of other dis­
solved solids. The l'l1emist is referred to the work of Langelier 
(1946, p. 169) for ii foll discussion of the equilibria involved. Minor 
ncid radicals sud1 as borates, phosplmtes, and silicates also add to 
the ulkalinity of the water. 

Because the alknlinity of many waters is primurily a function of 
the carbonate, biciirbonnte, and (or) hydroxide content, the alka­
linity determinntion is sometimes tnken as an indication of the 
<'01wentration of these l'onstituents. Such values are maximums nnd 
include titrntnble wenk n<'icl rndi<·itls. Perhaps the effect of phos­
phate can be corrected for by utilizing the relations given in sec. 
C: 81i, but the Geological ~urvey hns not. hnd sufficient experience 
with the correction to recommend it universally. No suitable 
methods for correcting for the other acid radicals are available. 

Carbonates nnd bicnrhonnt~s nr<' <·ommon to most waters because 
of the nbuudunce of curhonak minemJs in nature nnd because carbon 
dioxide, which helps clissoh-e them and other minerals, is readily 
available. Direct contribution to ulknlinit.y by hydroxides is rare 
in nature, and the presence of hydroxides cun usually be attributed 
to water treatment 01· to l'ontuminntion. 

The U.S. Puhlic Health ~en·i<'e (1!1-lH} recommends the following 
limitutions on nlknlinity of drinkin~ and culinary wnter on carriers 
subject to Federal quarantine regulations: 

l. ThP phPnol11htlinlPin <CO,.) nlk11ll11ity (<'alcnlated as CnCO.) ithonld not be 
grPater tllnn 1ii 1111111 + 0.4 X totnl nlknllnlty. 

::!. ThP normnl c·11rbo11ntP nlknllnitr 11l10nlll not Pxceed 120 11pm. 
:i. If t'Xl'f'Ss alk11ll11it;\" is prmhwed hy d11>111kal trP1ttment, the total alkalinity 

( 1·nknl11tP<l llM CnC:O,) Mhonld not PXl'PP<l the hardness by morp thnn 3.'i ppm. 

The nlknlinity, in eqnirnlents per million, in exC'ess of the alkaline 
earths has a bea1·ing on the sn itahil ity of a water for inigation (Eaton, 
lHiH). If this eXl'l'SS alkalinity, termed "resi<lual ~odilllll l'Hrhonate," 
exceeds ~.5 epm the wnter is generally nut suitable for irrigation: 
water containing 1.~5 to :Li epm is marginnl, and that containing less 
than 1.25 epm is probably safe (CS. Salinity Laboratory Staff, p. 81). 

!13 

Digitized by Google 



ANALYTICAL PROCEDURES D:2a.-l 

D:..._1 l'OTZ:rl'IOXETBIC XETllOD 

The potentiometric method is similar in substance to that in part I, 
APHA 2 (1955, p. 35--37) Standard Methods, and D 1067-51 T, ASTM 
(1954, p. 172-175) Manual on Industrial Water. 

Principle of determination 

Alkalinity is determined by titrating the Wtlter sample with a 
standard solution of strong acid. The equivalency, or end points, of 
the titration are selected as the inflection points in the titration of 
Na2CQa with H2SO,. The carbonate end point is taken as pH 8.2 and 
the bicarbonate as pH 4.5. The following reactions occur: 

c0a-1+ff+1-HC01-• (titration to pH 8.2) 
HC0.-1 (from COa-l)+H+•-H10+C01} . . 

HC01-• (natural)+H+•-H10+C02 (t1trat1on to pH 4.5) 

The presence of hydroxide is indicated if the carbonate titrant volume 
exceeds the bicarbonate titrant volume. 

For waters that contain only small quantities of dissolved mineral 
matter, the determination of alkalinity is likely to introduce the 
largest error in the analysis. Reproducibility of results between du­
plicate samples cannot be expected to be better than nbout 2 perce11t. 
As discussed in sec. C: 6, alkalinity is very susceptible to change 
between time of collection and analysis. Chan~es occur more rapidly 
after the sample bottle is opened. The total-alkalinity value is prob­
ably somewhat more stable than the relative vnlues of the common 
alkalinity components. Unless a gross error is made in the initial 
determination of alkalinity, it is seldom advisable to try to check the 
results if several days have elapsed since the bottle was first opened. 
·in some "'.ater the alkalinity may change appreciably in a few hours . 

. Additional information on the principle of the determination is 
given by Cdllins ( 1928). 

Apparatus and reagents 
';t'itration aBBembly, consisting of pH meter, medium·speed mechanical stirrer, 

and 50-ml buret. 
~ulfurlc acid, Q.01689N, 1.00 ml:e:l.00 mg HCo,-• 

Procedure 
Water samples for the determination of alkalinity should not be 

filtered, diluted, concentrated, or altered in any way. 
1. Plpet a volume of sample containing less than 40 mg alkalinity as HCOa __. 

(50.0 ml max) into a suitable beaker. 
2. Insert beaker in titration assembly and record the pH. 
3. Start the stirrer and proceed immediately with the titration. 
4. Record the titrant volume at pH 8.2 and 4.5. 

•American Public Health Association and others. 
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Calculatlona 

ppm Alkalinity aa CaCO.=-d 1.t Xmll,OOO leX0.82Xmltitrant ena1 y ump 

ppm OH-t=d -~t X /•000 l X[(ml to pH 8.2)-(ml to pH 4.6)]X0.2788 e....... y m 11&111p e 

ppmCOa-1=-d 1.t X 11•000 I X[(mltopH8.2X0.9836)-(ppmOH-1X3.627)J ena1 y m samp e 

ppm HCOa-1=-d 1.t xm.11•000 1 X[(ml pH 8.2 to 4.6)-(ml to pH 8.2)) ena1 y aampe 

Report alkalinity concentrations of <999 ppm to whole numbers and 
of >999 ppm to 3 significant figures only. 

Preparation of reqent• 
Sulfuric acid, 0.01689N, 1.00 ml¢1.00 mg HCO. ... : Add 0.5 ml cone JLSO. (1p sr 

1.84) to 9CiO ml water. (The tltrant 111table for 11everal month8 lf protected 
from ammonia fumes and ls usually prepared In larger quantltla) After 
the solution bu been thoroughly mixed, 1tandardlse it by tltrattnc 25.00 ml 
Na.CO. (1.00 ml~l.00 mg HCO...s) to pH ·U. 

Sodium carbonate, 1.00 ml¢1.00 me HCO...s: Dll80lve 0.8888 g prlma17 lltandard 
N..CO. In carbon dioxide-free water and dilute to 1,000 mL 

:a...-.NC. 

American Public Health Association and othen. 19M, Standard methodB for the 
examination of water, BeWage, and lnduatrlal wutee: New York, Am. 
Public Health Auoe., Inc., 10th ed. 

American Society for TeBtlnc Materials, 19G4, Manual on lnduatrlal wat.er : 
Spec. Tech. Pub. l~A.. 

Collbus, W. D., 19'l8, NoteB on practical water ana17Rs: U.S. GeoL Surver 
Water-Supply Paper ~H. 

Eaton, F. M., 1954, Formulas for eBtlmatlnc the dralnap and 1JP1111D require­
ments of Irrigation watel'll: Ten• Acr. Expt. Sta. Miiie. Pub. 111. 

Langelier, W. F., 1946, Chemical equattou in water treatment: Am. Water 
Worb .Aalloc. Jour., v. 88. 

U.S. Public Health Service, 1946, Drlnldnc water ltandards: U.S. Public Health 
Service Repts., v. 61, No.11. 

U.S. Salinity Laboratory Staff, 19M, Dlagn01i1 and Improvement of 1&llne and 
alkali IOlll: U.S. Dept. Asrfculture, Asrlculture Bandb. eo. 
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D:3 AL11JII1'17JI 

Aluminum fonns complex alumino silicates, and combined with 
other metals these alumino silicates are among the most abundant 
minerals in the earth's crust. Yet aluminum is usually only a minor 
constituent in water. It is highly resistant to removal by solution 
during weathering and remains behind persistently during the 
process of rock decomposition in the form of clay minerals in the 
soil and anhydrous minerals in shale and similar sediments. Alu­
minum is amphoteric and can exist as the natural cation or aluminate 
anion. However, the normal buffer system in natural water tends 
to maintain the pH between 5 and 9, in which range disassociated 
aluminum or aluminate ions will usually not be present in appre­
ciable quantities. , Waters of normal pH may contain as much as 
10 ppm of aluminum in the colloidal form. Aluminum ions form 
strong complexes with organic matter, sulfate, and fluoride. This 
tendency stabilizes high concentrations of aluminum in some waters. 

No evidenoo has been found to prove that aluminum is harmful 
to human beings (California State Water Pollution Control Board, 
1952, 1954, p. 174). It is of little importance in irrigation waters, 
although very high concentrations could be toxic to some crops. 
Aluminum compounds in water in concentrations as low as 0.05 ppm 
may cause trouble in industries such as laundries and mineral-water 
plants. 

D:l,._1 l':SUO•.OllTJIHllU.lnDOLID K&TJIOD 

Principle of determination 

Ferron (8-hydroxy-7-iodo-5-quinoline sulfonic acid) reacts with 
aluminum to give a complex that absorbs light in the ultraviolet 
range. A true solution rather than an absorption lake is involved. 
Color d~velopment is complete immediately. Normal temperature 
variations do not affect the reaction. 

The method is subject to significant interference from iron, but 
this effect can be greatly minimized by adding an iron-complexing 
agent. Orthophenanthroline is ideal for the purpose and has the 
additional advantage that iron may Qe simultaneously determined. 
A correction for iron must still be made, but it is comparatively small. 

Several other metals and anions show small interference effects, 
but only manganese, lead, cobalt, and fluoride show sufficiently 
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98 ANALYTICAi PROCEDURES D:3&-1 

pronounced effects to require correction. Beryllium minimizes the 
interference of fluoride. The relative interfering effects of certain 
constituents are indicated by the following results obtained in solu­
tions containing 1.00 ppm of aluminum: 

ti::::::::~:::::::::::: 
Zn---------------------?tfn ___________________ _ 

?tlD-------------------­
F---------------------­
F---------------------­
F----------------------

'== 
40 
80 

5 
5 

10 
1 
2 
5 

Al,.._ 
(Jlp9) 

1. 04 
1. 09 
1. 05 
1. 17 
1. 28 
. 94 
. 90 
. 80 

Orthophosphate up to 5 ppm and residual chlorine up to 5 ppm 
do not interfere. Natural color and turbidity interfere in the alu­
minum determination, and a correction is usually required. 

Interferences are relatively rare in the associated orthophenan­
throline iron determination. Orthophenanthroline is generally con­
sidered specific for iron. Copper may interfere if the pH goes 
above 6, but this will not happen if the pH buff er is in good condi­
tion. Natural color and turbidity have a measura"~e but not ex­
cessive effect. 

Occasionally, small negative absorbancy values are obtained in 
the aluminum determination due to colorless-complex formation with 
calcium. This is harmless, as a reading is always obtained if alu­
minum is present. 

In the analytical sequence, manganese and fluoride should be 
determined before aluminum so that the necessary corrections may 
be applied. These corrections are derived from the data in the 
above table of interferences. They apply with accuracy only at 
the 1-ppm-aluminum level. However, because concentrations of 
interfering ions are generally not greatly in excess of aluminum in 
most waters, the equation holds with satisfactory accuracy for gen­
eral analytical purposes. If a highly precise aluminum determina­
tion is desired in waters containing high concentrations of inter­
fering ions, it is suggested that empirical corrections be made by 
adding similar concentrations of the interfering ions to an appro­
priate aluminum standard and measuring the resulting absorbancy 
change. 

Additional information on the principle of the determination is 
given by Davenport (1949) and by Smith and Richter (1944). 
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Apparatus and reagent• 
Spectrophotometer, Beckman Model B: 

Wavelength _______ m,. __ 
~lla _____________ rnm __ 
Phototube ____________ _ 
Filter ___ --- -- - --- - - -- -Blank ________________ _ 

Initial sensitivity setting_ 
8Ht width (approx) __ mm __ 

Al 
370 __________________ _ 
(0 ___________________ _ 
Blue-sensitive _____ - ___ _ Blue _________________ _ 

Metal-free water, plwi 
reagents. 2 ____________________ _ 

1.0 - - - - - - - - - - - - - - - - - - -

J'e 

520. 
40. 
Blue-sensitive. 
None. 
Metal-free water, 

reagents. 
2. 
0.1. 

The following abeorbancies have b>en observed for iron and aluminum: .. ._.... .. ....... 
1111 Al (l70 ._) 

lllf J'e 

0.025 ______ - -- - - - - - -
.050 ____ - - - - - - - - - - -
.075 __________ --- - -
.100 ____ - --- - - - -- - -.125 ______________ _ 

0.07 
. 125 
. 185 
. 25 
. 305 

Pota88lum alum, 1.00 ml=0.010 m1 Al .. 
Iron chloride, 1.00 ml=0.004 mg Fe 
Hydroxylamlne-hydrochloric acid rea1ent 
Ferron-orthophenanthrollne rea1ent 
Sodium acetate, BG percent 

Precedare 

0. 51 
1. 02 
1. 53 
1. 95 
2. 33 

0. 025____ 0. 6( 
• 05()____ 1. 14 
. 075____ 1. 60 
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Samples for the determination of aluminum should be collected in 
accordance with directions given in sec. A: 4d. 

1. Pipet a volume of umple containlDI not more than 0.075 me Al .. or 0.10 me 
Fe (25.00 ml max) Into a l50-ml beaker and adJuat the volume to 25.0 ml 

2. Prepare a metal-free water blank and atdllclent atandarda, and adJuat the 
volumes to 25.0 ml 

8. Add 2.0 ml NH.OB· BCl reasent and let 1tand 80 miD to permit complete 
reduction of the Iron to ferrous Iron. If precipitated Iron la to be deter­
mined, the 1tandln1 time la prolonled until all Iron la In aolutlon ( overnlpt 
standing la a 1ood practice). 

4. Add 5.00 ml ferron-orthophenanthrollDe reasent and atlr. 
5. Add 2.0 ml NaC.S.O.. Stir and let stand at least 10 min but not more than 80 

min before taktns a readtns of the color. 
6. Determine the abaorbancy of the teat umple and atandarda against the blank 

at 870 mp. and 520 m" and, when DeCellllllry, make correctlona for water color 
as directed In sec. C: la-2, mt!thod 1; 2.0 ml .NaC.HaO. la added to the color­
l'Orrectlon blank. 
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Caleulatiou 
1. Determine the mg l'e In the test aample from a plot of abaorbanciee at 520 m,i 

of standards oontalnlng known amounts of the conatltuent. 

1 1000 
2. ppm Fe=-d "t X 1 ' 1 X mg Fe in aample en111 y m aamp e 

3. Determine the apparent mg A1•1 In the test aample from a plot of abaorbenclea 
at 370 m,i of etandarda oontalnlng known amounts of the oonstltuent. 

4. Apparent ppm Al+•=-d 1 "t X 1
1•000 

1 X apparent mg Al+• in sample eru11 y m aamp e 

5. ppm Al .. -=apparent ppm Al .. -0.12 ppm Fe-0.04 ppm Mn+O.or> ppm r-•. 
Report aluminum concentrations of < 10 ppm to 1 decimal place 

and of > 10 ppm to 2 significant figures only. 

Preparation of rearent1 
l'otaulum alum, 1.00 ml=0.010 mg Al .. : DlllllOlve 1.758 g AlK(S0.),·121LO in 

metal-free water. Add 0.5 ml CHCI. and dilute to 1,000 ml with metal-free 
water. Dilute 25.00 ml of tbla solution to 250.0 ml with metal-free water. 

Iron chloride, 1.00 ml=0.004 mg Fe: Dilute 10.00ml FeCI. (1.00ml=0.400mg Fe) 
to 1,000 ml with metal-free water, containing 1 or 2 drops of oonc HCl (sp 
gr 1.19). 

Iron chloride, 1.00 ml=0.400 mg Fe: Weigh out 0.400 g analytical-grade iron wir. 
wbicb bas been cleaned In dilute HCl, rinsed, and dried. DIBBOlve In a mini­
mum of dllute HCl and dllute to 1,000 ml. 

Hydroxylamlne-bydrocblorlc acid reagent : Dl880lve 100 g NH10H · HCl In metal­
free water. Add 40 ml cone HCl (sp gr 1.19). Add 1 g BeS0.·2H.O. Dilute 
to approx 1 liter with metal-free water. 

Ferron-ortbopbenanthrollne reagent : Add 0.5 g ferron and 1.0 g of ortbopbenan­
tbrollne to approx 1 llter metal-free water. Stir for several hours untll tbe 
maximum aolutlon Is obtained. The ferron will not always dissolve com­
pletely. Allow any solids to settle out and decant the clear supernate for use. 

Sodium acetate, 35 percent : Dluolve 350 g anhydrous Nac.H.01 In metal-free 
water and dtlute to approx 1 liter. 

IUD'BBBNCBS 

California State Water Pollution Control Board, 1952, Water quality criteria: 
Pub. no. 3. 

--1954, Water quality criteria: Pub. no. 3, Addendum no. 1. 
Davenport, W. H., 1949, Determination of aluminum In presence of Iron: Anal 

Chemistry, v. 21. 
Smith, G. F., and Richter, F. P., 1944, Pbenantbrollne and substituted pbe­

nantbrollne Indicators: G. F. Smith Chemical Co. 
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Arsenic compounds are present naturally in some waters, but the 
occurrence of quantities detrimental to health is rare. Weed killers, 
insecticides, and many industrial effluents contain arsenic and are 
potential sources of water pollution. The U.S. Public Health Service 
( 1946) states that the maximum concentration of arsenic in drinking 
and· culinary water on carriers subject to Federal quarantine rel?'lla­
tions must not exceed 0.05 ppm. The lethal dose for animals is believed 
to be about 20 mg per animal pound (Miller and Byers, 1935, p. 456). 
Concentrations of 2-4 ppm of arsenic are reported not to interfen~ 
with the self-purification of streams (Rudolphs and others, 1944, 
p.222). 

D:t ... 1 GVTZBIT·VOLVD'l'BIC KETJ[nD 

Principle of determination 

The arsenic is distilled from the sample as arsine (fig. 15), and its 
concentration determined by oxidation-reduction reactions and volu­
metric titration. The optimum pH for the reaction in the receiver 
tube is 7.0-9.5. The reactions that occur in the determination are as 
follows: 
In distillation flask-

AsaOa+6 H.-+2 A&IL+S HaO 
In receiving tube-

2 AslL+l2 HgCI,+3 IL0-+12 HgCI+AB.01+12 HCI 

On addition of 20 percent KI-
12 HgCI+24 KI-+6 Hg•+6 K.HgI.+12 KCI 

On addition of O.OOlN Ir-
6 Hg0 +As.o.+s I.+12 KI +2 H10-+6 K.HgI.+As.0.+4 HI 

On back titration of excess iodine with standard As,Oa­
As.01+2 I,+5 IL0-+2 HaA&0.+4 r-1+4 a•• 

Lead acetate in the distillation apparatus removes all 1ulfides and 
sulfur dioxide, which would otherwise interfere with the determina­
tion. Antimony is not separated from arsenic and may interfere. 
The dimensions of the apparatu1(fig.15) shoultl eonform closely with 
that prescribed by Cassil and Wickmann (1939): otherwise, addi­
tional refluxing ma.y be required to carry the anine over quantita· 
tively. The apparatus should be dismantled and cleaned and new lead 
acetate plugs inserted at the beginning of each day's work, but a large 
number of determinations can be made consecutively without cleansing 
or flushing the distillation apparatus. Excess lead acetate should be 
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ANALYTICAL PROCEDtrllE8 

[GLASS-WOOL PLUGS IMPREGNATED 
TH LEAD ACETATE] 

SLEEVE 

-RECEIVING TUBE 

D:4a-l 

~-ADAPTER 

~ 

1 
(SMALL -DIAMETER TEST TUBE 

-200-ML 
FLASK 

OR CENTRIFUGE TUBE 

FIG17U Ui.-A.nble generator for the bolatloa of anenlc. 

blown out of the plugs with air before making the determinations. The 
thermometer may be suspended within the condenser, or a fl.ask with 
a thermometer well may be used. 

With the listed apparatus, results are reproducible and accurate to 
±0.002 mg. 

Apparatus and reqenta 
Arsine generator (ftg. H'i) 
Hotplate 
Buret, 5-ml, graduated in 0.01 ml 
Glaaawool 
Lead acetate, 10 percent 
Mercuric chloride, 1,6 percent 
Hydrochloric acid, cone (sp gr 1.10) 
Pota1Sium iodide, lG 1iercent 
8tannol11 chloride, 40 percent in t•onc HCl 
Zinc, granulated, low ln As 
Potassium iodide, 20 percent 
Iodine, O.OOlN 
Butrer solution 
Starch indicator, 1 percent 
Arsenous oxide, 1.00 ml=O.O.'iO mg .As.Oa 
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Proeedare 
1. Pipet 1.0 ml HgCl. into the ·receivins tube of the generator and bulert the 

tube in the reflux a88elllbly so that the tip of the delivery tube la below the 
surface of the solution. 

2. Allow the hotplate to beat. 
3. Pipet a volume of sample containlnc leaa than 0.07 ms As (100.0 ml mu) 

into the 2ro-ml liberation flask. 
4. Add rapidly, and with mixing, 10 ml cone HCl, 5 ml 15 percent KI, 1 ml 

SnCI., and .f..-6 g Zn. Connect the 1laak Immediately to the re1!us: condenser. 
5. Continue refluxtnc 5 min after the temperature of Ille 1olwtloA baa reached 

Dti•c. 
6. Di8CODllect the receiving tube and adapter. 
7. Precipitate and redlBBOlve the red HgI. with a few drops of 20 percent KI. 

Note: If much As Is present, the solution will contain a white or pale-yellow 
precipitate. Thia precipitate wiN no>t be dl8801Ved with the KI. 

8. Add 5.00 ml O.OOlN Is through the adapter and mis: well. All precipitates 
should d1880lve and the solution still retain the Iodine color. 

SJ. Add 2.0 ml buffer solution through the adapter and mis:. Connect a small 
rubber bulb to the adapter and wash down the sidee of the tube. 

10. Add a few drops of 1 percent starch and titrate the es:ce88 Ia with AaaO. 
( 1.00 ml=0.050 mg A.O.). Record the tltrant volume to the nearest 0.01 ml. 

11. Determine a reagent blank by taklnc 100 ml dilution water throncb the 
procedure given above. 

Calealationa 

Calculations take into consideration the fact that in the AsH1 libera­
tion and subsequent reactions---

1 As.01¢6 Hg• 
6Hg0 :¢8I1 

and on titration of excess Ir-

lAs.O~I. 

1. Determine the arsenic and Iodine equivalents by tltratlq In the receiver tube 
8.00 ml O.OOlN I1 with As.O. (1.00 ml=0.06 mg Ae.0.) in the pre11e11ce of 2.0 
ml buffer and 0.5 ml starch. 

n:1.!!'o. =iodine equivalent in titration 

ml ~o. 0.060 mITa x-4--mg AsaOaOl.00ml11 in reaction (anenlc equivalent) 

2. Calculate ml 11 not oonaumed in back titration: 

ml As101Xlodine equivalent=Iarn 

3. Calculate ml 11 uaed in the reaction : 

11(1) - la<,,= Ia<r> 
4. Calculate me As distilled: 

lstr> X Aa equivalent-mg Aaa01 

5. ppm As--d 1.t X 11•000 1 (mg AB.0.-mg blank) X0.7574 ena1 y m samp e 
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Report arsenic concentrations of < 1.0 ppm to 2 decimal places and 
of > 1.0 ppm to 2 significant figures only. 

Preparation of reagent• 
Lead acetate, 10 percent: Di880l\"e 10 g Pb.(C.H.Oa).OH In water, make Just acid 

to lltmu•, and dllute to approx 100 ml. 
llercurlc chloride, 1.6 perl'l'nt : DlllllOl\"e 1.61 HgCla and 0.00 g gum arable in water 

and dilute to 100 ml. 
PotaMlum Iodide, la percent : Dlsaolve 15 g KI In water and dilute to approx 

lOOm\, 
Stannoat1 ~hlorlde, 40 percent In ronc HCl: Dlsaolve 40 r SnCla·2HaO In approx 

100 ml cOnc HCl (sp gr 1.19). 
Pota88lum Iodide, 20 percent : Saturate approx 75 ml boiling water with KI . 

.Add a crystal of Ia and allow KI to recrystalllse in the refrlserator. Filter 
off the crystals with suction and wash once with alcohol. Dry the cry1tal11 
o\"ernlght In a 1so•c oven to sublime the excess I.. Dl880lve 20 g recrystal­
lised KI In water and dllute to approx 100 ml. 

Iodine, O.OOlN: Dilute 5.00 ml 0.02N Ia to 100.0 ml. This dilution df reagent U. 
relatively unstable, a:nd Its arsenic equivalent In the reaction and iodine 
equ1 .·alent In the backtltratlon should be determined eacb day. To determine 
these equivalent• add 3.00 ml O.OOlN 11, 2.0 ml bu1l'er, and 0.5 ml starch solu­
tion to a receivlns tube; titrate with Aa.01 (1.00 ml=0.060 mg As.0.) (see 
calculation 1). Store the O.OOlN la In a glass-stoppered bottle protected from 
ltsht. 

Iodine, 0.02N: Dissolve 2.M 1 I1 and 12 g KI In water and dilute to 950 ml before 
standardlzlq. Standardise against primary standard As.01 as follows: 
Dil801Ve approx O.M g As.01 weighed accurately to 0.0001 g In 10 ml lN 
NaOH. Add 15 ml lN H,so. and mix. Add 50 ml 4 percent NaHCO.. Ti­
trate slowly with I1 solution, malntalnlns constant asitatlon until most of 
the 11 has been reaeted (0.04 g As.Os requires approx 40 ml 0.02N 11). Add 
1tarch solution for Indicator and continue the titration until the Initial pink 
coloration just pas1es to clear blue. Deduct from the volume of iodine 
consumed the amount required to produce the same rolor In a solution com­
polled of the reagent& added to 40 ml of freshly bolled and cooled water In 
which fl r KI bas been dl880lved. 

N lit f I g As101X20.220 
orma y o 1- ml 11 

Store In a glaBB-atoppered bottle protected from Urht . 
.Arsenous oxide, 1.00 n11 .... o.050 mr .As.o, : Dilute l'I0.00 ml All.Os (1.00 m1-1.oo 

nir A.s.01) to 1,000 ml. This solution 111 the basic standard for the anenic 
deterwlna tlon. 

Arsenous oxide, 1.00 nll-=l.00 mr As.Os: Dry 1-2 r: Mallln<•krodt AR Pr1111ary 
Standard As.01 at least 1 hr at 110°c. Di8801Vtt 1.000 g A.s.01 In 215 ml 20 
percent NaOH 1aturated wltb CO,; dllute to 1,000 ml " '1th water. Prepare 
the 20 percent NaOH by dlssoh"lng 20 g NaOH pellets In ap11rox 100 ml water. 
Saturate tbe NaOH solution with CO. trom a co. generator; filter off the 
x a,co,, tf any. 

Starch lndlcator, 1 perC'ent: Trlturate 1 g sohtblt star<·h with a uttle water and 
add the suspen1lon slowly to n11prolC 100 ml bolllng water, Store in a Slal'!l­
stop1Jt red bottle In a refrigerator. 

Butrer solution: Dlssol\"e 10 g Xn,HP0.-12H10 in water and dilute to approx 
100 ml. 
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Many mineral salts of barium are soluble, but barium sulfat.e is 
very insoluble. Consequently barium ions will be quickly precipi­
tated from waters containing sulfat.e. Barium salts are used in 
dyeing, paint, and some explosives manufacture, and in tanning 
operations. Barium in measurable quantities is generally limited to 
certain types of brines and industrial wastes and to normal wat.ers 
whose sulfate cont.ent is extremely low. Barium is not determined 
in normal waters having a sulfat.e concentration great.er than 2 ppm. 

The U.S. Public Health Service (194:6) stat.es that salts of barium, 
which have a delet.erious physiological effect, must not be added to 
drinki11g smd culinary water on carriers subject to Federal quaran­
tine regulations. 

D:la-1 GUTDlmlO D'ftlOD 

The gravimetric method is recommended for wat.ers whose barium 
cont.ent is greater than 10 ppm and for brines and iudustrial wastes 
when the complexometric method fails (see sec. D: l'a-2). 

Principle of detennlnation 
Barium is precipitated from acid solution as the sulfate, ignited, 

and weighed. Calcium and strontium also form slightly soluble 
sulfat.es and may precipitate with the barium sulfat.e. Iron, alu­
minum, and manganese may be occluded by the barium sulfate and 
contaminat.e the precipitat.e. There is always the possibility of silica 
coprecipitating. These possible interferences are particularly sig­
nificant wben the amount of barium is small, but they are eliminated 
or sufficiently minimized if the gravimetric barium determination 
is made on the filtrate from the gravimetric calcium determination 
(see sec. D: 8a-3, procedure 13). Coprecipitation of other ions in the 
filtrate with barium sulfate are other sources of error in the deter­
mination; they are classics in quantitative analysis and are dis­
cussed in detail by Kolthoff and Sandell (1952) and Hillebrnnd 
and Lundell (1929, p. 486-505). 

When the barium con('.entrat.ion in the original water samples is 
less than 10 ppm, the quantity of barium sulfate precipitate is so 
small that results obtained by the 1rrnvimetric method may be in 
appreciable error. The a('.('Untcy and reproducibility of 1-esults are 
dependent on the quantitative removal of strontium and on the 
amount of copreeipitlltion of forei{!ll ions with barium sulfate. With 
careful work the results may be nccurnte and reprodu('ible to 0.25 mg. 
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Apparatua and reqenta 
Steam bath 
Porcelain cruclblea 
Muftle furnace 

ANALYTICAL PROCEDURES 

Hydrochloric acid, cone (ap rr 1.19) 
Sulfuric acid, G percent v /v 
Sulfuric acid, cone (BP 11' 1.84) 

Procedure 

D:5a-l 

1. Dilute or concentrate the ftltrate from the gravimetric calcium determination 
(see eec. D : Sa-8, procedure 18) to a convenient volume. Take an aliquot 
contalnlns more than 1 mg Ba•• for the determination. 

2. Oon<.-entrate the aliquot to about liO ml by evaporation. 
3. Tranlfer the concentrate to a cal1llel'Ole and evaporate to sll'1De118· 
-&. Decow1JOee the awmonlum Malts by ht>atlng over an open tame. 
ii. TRke up the reKidue \\ith hot water. 
6. Add l'"r10 drope cone HCl. 
7. Filter off. any lnaoluble material through Whatma.n Xo. 42 paper. 
8. Waah the ID8oluble material 8 times with hot ·water and combine the wash­

ings with the ftltrate. 
9. Dilute to approx 100 ml If Deeellllary. 

10. Heat the ftltrate to bolllnr and add eu8lclent 5 l>ercent H.so. t& predpl­
tate the barium and to provide a small exceaa. 

11. Digest the precipitate overnight on a steam bath. 
12. Quantitatively transfer the precipitate to Whatman No. 42 ftlter paper. The 

beaker should be ecrubbed at least 8 tlwee with a rubber policeman. 
18. Wash the beaker and precipitate with hot water until a RallJl>le of the 

filtrate wlll de\·elop no turbidity with AgNO.. 
1". 'Slowly ignite the precipitate in a tared poreelatn crucible over a low, 

oxidising flame until the ftlter pa11er le redu<.-ed to white ash. 
15. Trant1fer the crucible to the mulle furnace and Ignite at soo•c for 1 hr. 
16. Cool the crucible In a deelCC&tor and weigh. 
17. After weighing, add 1 drop cone H.so.. Fume off and reweigh. The 

weighings In steps 16 and 17 should be ldentleal A discrepancy lndleat• 
probable copreclpltatlon of chlorides, and the weight taken ln atep 17 
should be used In the calculation. 

18. If the purity of the BaSO. In respect to calc•luw and .-truntlun1 ls question­
able, dlBSOlve the precipitate completely In the <'rtwible tn Ii ml hot cone 
H.so.. C',ool and pour Into 50 ml water and dilute to 100 ml. Digest for 
1 hr on the steam bath, tilter and wash with a little hot water, Ignite. and 
weigh ( Hlllebrand and Lundell, 1!12fl) • 

Caleulationa 

ppm Ba+1=-d 1.t X 1
1•000 l Xmg Ba804X0.5884 

em.~1 y m samp e 

Report barium concentrations of < 10 ppm to 1 decimal pince of 
between 10 and 999 ppm to whole numbers, nnd of >999 ppm to 3 
significant figures only. 
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Preparation of rugenta 
Sulfuric acid, 5 per<.-ent v/v: Mix iiO ml <'onc H.so, (sp gr 1.84) with water and 

dilute to a1111rox 1 liter. 

D:la-1 OOKl'LElCOKEDIC METHOD 

The complexometric method is applicable to most natural and treated 
waters whose barium content ranges from 0 to 10 ppm. The method 
fails conspicuously at times with acid or polluted waters that contain 
excessive amounts of heavy metals. 

Principle of determination 

Barium is determined by the dift'erence between the titrant volume 
of disodium dihydrogen ethylenediamine tetraacetate (Na1EDTA) re­
quired by an untrented sample and a sample from which barium has 
been precipitated as barium sulfate. Na2EDTA forms a slightly ion­
ized colorless stable complex with the alkaline earths. A solution of 
J<~riochrome Black T dye is bright blue in the absence of alkaline earths 
hut with them forms a deep red complex which has a higher ionization 
constant tlum the Na2EDTA complex. Hence by using Eriochrome 
mack T as an indicator, the alkaline earths cnn be titrated with 
Na2EDTA. For example, with calcium: 

narium titrates approximately stoichiometrically with calcium. The 
optimum pH for the reaction is 10.4 or higher. 

The determination is not strictly quantitative because coprecipita­
tion errors are involved in the precipitation of b1irium, especially in 
the presence of strontium. Interference.s of hea "Y metals with the 
Yai14~D-TA titration (see sec. D: 17a-l) are not significant to the 
barium determinntion hecnnse their net effect mny be 1\ssnmed to be 
identical in both samples. Interference of heuvy metuls with detec-
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tion of the end point, however, may cause an error in the determination 
of barium unless this interference is removed. Precision is improved 
if the end point is compared with a color blank of dilution water plus 
reagents. 

Results obtainable are generally accurate and reproducible to ±0.1 
mg in the 0-10 ppm range. 

Apparatus and reqenta 
Titration aBSembly: Some analysts prefer to U8e conventional lighting and hand 

stirring. Others have repo~ed better results by uslq a visual titration 
aBBembly consisting of motor-driven stirrer, 2i>-ml buret, white-porcelain-base 
buret holder, and shaded lncandeecent lamp. The sample beaker 18 placed 
near the front of the porcelain base and the reaction 18 viewed diagonally 
downward through the side of the beaker and against the white baclqrround. 
Illumination ls from behind the beaker and In the plane of vision. 

Photometric-titration auembly, aptlonal (see sec. C: 2h) 
Bydroxylamlne hydrochloride, 3 percent 
Ammonium hydroxide, cone (sp gr 0.900) 
Sodium cyanide, 2.5 percent 
Jllrlochrome Black T Indicator solution 
Na.EDTA, 1.00 ml:e:l.00 mg CaCOs 
Sulfuric acid, 5 percent v/v 
Sodium sulfate, 10 percent 

Procedure 
1. Pipet a volume of sample containiq lea than 0.5 ma Ba .. (50.00 ml max) 

Into a 150-ml beaker and adjust the volume t.o approx 50 ml. 
2. Insert; the beaker In the tltratloo auembly and start stirrer. 
3. Add 1 ml 3 percent NH.OB· BCl. 
4. Add 1 ml cone NB.OB. (If NH.OH not tightly stoppered It tends t.o loee 

.-t:rength ; weak NH.OB wlll not buffer the aolutlOO. to the necellSllry pH.) 
G. Add 2 ml 2.5 percent NaCN (CAUTION-deadly poison). NaCN may be 

ellmlnated unless the presence of Interfering metals decrea11e11 the sharp­
nees of the end polnt. 

6. Add 2.0 ml Eriochrome Black T indicat.or. 
7. Titrate with Na,,JDDTA \ 1.00 ml:O:l.00 mg O&Co.) until blue or purple swlrle 

begin to show. The end point Is re&ched when ·an traeee of red and purple 
have disappeared and the solution la clear blue in color. The detection ot 
the end point may be facilitated by comparison of the tltra.tlon 80lutloo. 
with a color blank prepared of metal-free water and !!le reagents. 

8. Record tl\e tltrant volume ( ml1) to the nearest O.M ml. 
9. Mea11ure approx 75 ml sample Into a 150-ml beaker. 

10. Add 1.5 ml 15 percent H.so •. 
11. Add 1.1'1 ml 10 percent Na.so •. 
12. Mix and allow the sample to stand se\·eral hours for the BaSO. to settlP. 
13. Phiet a Yolmne ot elear supernatant ldentkal with that taken In step 1 and 

adjust the 'folume to ap11rox l'iO ml. 
14. Treat the sam11le as dlre<'ted In steps 2-8, with the ex<'f•11Uon of addlq 2 ml 

NH.OH In step 4. The additional NH.OH Is required to neutralize the acid 
added In step 10. 
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Calculations 

B +t-_l_ 1, 000 [ I -(ml••)] 1 3• 
ppm 8 - density X ml sample X m 1 O. 96 X · 1 

where ml1=tltrant volume for the ftrst titration and 
ml •• =tltrant volume after barium ls removed. 

Report barium concentrations of < 10 ppm to 0.1 ppm, of between 
10 and 999 ppm to whole numbers, and of >999 ppm to 3 significant 
fip;ures only. 

Pre,..ation of reagent• 

Hydroxylamlne bydro<'hlorlcle, 3 1iereent: Dl880lve 80 g NILOH • HCI ln metal-free 
water and dilute to a11prox l llter. 

Sodium c•yanlde, 2.!i 1iercent (CAUTION-NaCN ls a deadly polBOn and the 
reagent solution mu11t be so marked): Dl880lve 2.~ g NaCN In metal-free 
water and dilute to a111n·ox 100 ml. 

J<~rlochrome Blac•k T lndkator solution: DlsMh'e 0.40 g Erlochrome Black T In 
100 ml metal-free water and dilute to approx 1 liter with 96 percent ethyl 
alrohol. Thl11 lndkator Is 11table for at least 2 months. Tbe Eastman 
rP.agent 11roduet ha11 been found to· be satisfactory. 

Na1EDTA, 1.00 ml:o=l.00 mg CaCO,: Dl880l'\'e 3.720 g NaaEDTA, which has been 
dried oYernlght In an a.so. desk"<'lltor, In metal-free water and dilute to 
1,000 ml. Cheek the titer of the reagent by titrating 25.00 ml CaCl, (1.00 
ml=O=l.00 mg CaCOa) as described In the procedure for sample analy8ls. Tbls 
Na,EDTA solution Is ldentl<'al to that nsed In the hardness determination 
(Sec. D: 17a-1) 

Calcium chloride, 1.00 ml:o=l.00 mg C'aCO,: Suspend 1.000 g C'aCO., dried at 
180°C for 1.0 hr before weighing, In approx 600 ml metal-free water and 
dl88ol'\'e cautiously with a minimum of dilute HCl. Dilute to 1,000 ml. 

Sulfuric ac·ld, Ii percent ''/v: Mlx Ii ml cone a.so. (sp gr 1.SO with metal-freee 
water and dilute to approx 100 ml. 

Sodium sulfate, 10 percent: Dl880ll'e 10 g Na.so. In metal-free water and dilute 
to approx 100 ml. 

Rllll'BR.JINCB8 
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Health Service Repts., v. 61, no. 11. 
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The boron content in most surface waters seldom exceeds 1 ppm, 
but some ground waters, particularly those aifected by igneous rocks, 
may contain appreciably more boron. The form or forms in which 
boron exists in natural waters is not known with certainty and may 
not be uniform for all waters; hence, the boron content is reported 
as elemental boron. 

In normal concentrations, boron in drinking water is not regarded 
as a hazard to humans, but the boron content of water to be used 
for irrigation is highly important. Boron is an essential plant 
nutrient, but the presence of as little as 1 ppm has been known to 
injure citrus trees and walnut and bean crops, while waters con­
taining more than 2 ppm will in time cause trouble with many 
common crops (U.S. Sa.linity Le.boratory Stair, 1954, p. 81). 

D:la-1 DI.&.JITIDtDIJDZ KftJIOD 

The dia.nthrimide method is susceptible to high concentrations of 
oxidizing or reducing material and dissolved organic matter but 
is not aifected by buffering solutions or high concentrations of total 
salts. It is satisfactory for most natural waters. 

Prindple of determination 

Boron when heated with 1,1'-dianthrimide in concentrated sul­
furic acid gives a colored complex (Ellis, Zook, and Baudisch, 1949, 
p. 1345-1348). The color change ranges from greenish-yellow to 
blue. The reaction producing the blue color depends on the nature 
of the vessel in which the reaction occurs, the temperature and 
duration of heatin1r, and the concentration of reagent and of boron. 
Jn platinum vessels, the reagent is unstable and darkens with no 
blue-color formation. Maximum color development is obtained 
after the reaction has proceeded for 3 hours a.t 90°C. 

Traces of moistm·e precipitate the reagent and interfere in the 
determination ; therefore, precautionary measures given in the pro­
cedure must be followed explicitly. Nitrate and bicarbonate inter­
fere with color development unless removed. Removal as nitric 
acid and carbon dioxide by evaporation of the sample in the presence 
of sulfuric acid is employed. Organic matter in high concentra­
t.ions cha.rs and causes 1\ discoloration of the complex, but this inter­
ference is easily recognized; small quantities of organic material 
cause no trouble. Some success in removal of the organic-material 
interference has been obtained by heating the sample in the presence 
of hydrogen peroxide for 1-2 hours, but it is essential that all nascent 
oxygen be volatilized before the dianthrimide is added to the sample. 

113 
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114: ANALYTICAL PROCEDURES D:&-1 

When peroxide digestion is used, the final color complex should be 
compared with standard boron solutions similarly treated. Oxidiz­
ing and reducing constituents also interfere. In cleaning glassware 
avoid the use of chromic-sulfuric acid. 

Some boric acid is probably volatilized during the evaporation of 
the sample in the presence of sulfuric acid. Prolonged heating, or 
temperatures higher than that recommended, volatilize an excessive 
amount of boron and decrease the sensitivity of the test. The loss of 
boron is proportional to the boron content of the sample or standard, 
hence such loss in no way aifects the linearity of the color development 
if the heating is uniform. Nonlinearity of the concentration-versus­
absorbancy curve can result from weak reagents. The two standards 
in step 2 of the procedure act as a check on linearity of the reaction 
and suitability of the working reagent. 

With the listed apparatus, results are generally accurate and re­
producible to ±0.0001 mg . 

Apparatus and reagent• 
Ol"en, 90"C: Uniformity of temperature throughout the oven la Imperative • 

Fisher Isotemp Ol"ens have been found to be satisfactory. 
!:UoJlpers to flt abaorptlon <"ells: Teflon or polyethylene are utlsfactory, rubber 

<'an be used with <'&Utlon, glass-stoppered <"ells are preferable. 
SJle<'trophotometer, Beekman Model B: 

Wuelenath: 620 ml' 
Cells : 23-0101 or 2tS-mm optical depth 
Phototube: Blue-sensitive 
Blank: Dilution water <'arrled through the pro<'edure with the sample 
Initial sensitivity setting : 2 
Slit width: 0.6 nun (approx) 
The following absorbancleR hu·e been obser,·ed : 

Mf B ... ...,,,_, 

0.001 0. 26 
. 002 . 52 
. 005 1.30 

Sodium tetraborate, 1.00 ml=0.001 mg R. 
Sulfuric acid, cone ( sp gr 1.84) 
1,1' -dlantbrlmlde, working reagent 

Procedure 
1. Pipet a volume of sample containing less than 0.005 mg B (5.00 ml mu.) Into 

the ab11or11tlon cell and adju11t rnhuue to 5.0.ml. 
2. Prepare a blank of redl11tllled water and su1ftcient standards and adjuat 

volumes to 5.0 ml. 
3. Add 1.0 ml cone a.so. and mix by swirling the contents of the cell. 
4. Jo~\·aporate o\"ernlght In an oven at 90"C. At the end of the evaporation, the 

1111lutlon volume 11hould be between 1.0 and o .. i ml. 
:i. Add 5.0 ml dinnthrlmide working l't'ftgent, and mix by l'Wirllng the contents 

of tht> <'t'll. 
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6. Incubate for 3.0 hr at 90"C. 
7. Cool and Immediately dilute with 10.0 ml cone a.so .. 
8. Mix thoroughly but carefully with a stirring rod. The contents must not be 

spattered on the upper walls of the cell. 
9. St.opper the cells but do not let the stopper come In contact with the acid 

contents. 
10. Remove all traces of acid, reagent, and fingerprints from the exterior surface 

of the cell. 
11. Detem1lne the absorban<'y of the sample and standards against the blank. 

Calculations 
1. Determine the mg B In the sample from a plot of absorbanclee of standards 

containing known amounts of the constituent. 

2. ppm B= den~ity X ml 1~=ple X mg B in sample 

Report boron concentrations of < 1.0 ppm to 2 decimal places and 
of > 1.0 ppm to 2 significant figures only. 

Preparation of reagents 
Sodium tetraborate, 1.00 ml=0.001 mg B: Dllute 10.00 ml Na.B.Or ( 1.00 ml=0.100 

mg B) to 1,000 ml with redl11tllled water. Store ln a plastic bottle. 
Sodium tetraborate, 1.00 ml=0.100 mg B: Dissolve approx 10 g Na.B.O,· lOa.o In 

redlstllled water at 50"-00"C. Recrystalllze by placing ln refrigerator for 
several hours. Dry by removing the water with suction and washing with 
alcohol followed by ether. Do not dry In oven. Dlssol\"e 0.8813 g In redls­
tllled water and dllute to 1,000 ml. Store In plastic bottle. 

1,1'-dlanthrlmlde, working reagent: Dilute 1 volume of stock reagent to 20 
volumes with cone a.so. ( sp gr 1.Si). The reagent· ls stable for long periods 
of time lf the container ls 11ealecl with sealing wax and ls kept In a refrigerator. 

1,1'-dlanthrlmlde, stO<'k reagent: Dlssoll"e 200 mg In 50 ml cone a.so. (sp gr 
1.84). The reagent ls stable for long periods If the container ls sealed 
with sealing wax and ls keJ1t ln a refrigerator. 

D :h-1 POTEJrnODTJUO XBTKOD 

The potentiometric method is similar in substance to part IB, .APHA. 
(1955, p. 46-49) Standard Methods, and method 73a, F.S. 8alinity 
Laboratory Staff (1954, p. 140-141) Handbook 60. 

The method is susceptible to buffering agents nnd hi1irh concentrations 
of dissolved minerals but is not particularly affected by the presence of 
organic material. 

PrineipJe of determination 

Boric acid with an ionization constant of 5.5X10-10 cannot be titrnted 
directly with base. However, certain polyhydroxy organic com­
pounds, such as mannitol, form complex acids with boric acid that are 
much stronger than boric acid itself. The qunntity of alkali required 
to titrate the complex ueid bnck to the initinl pH of the boric acid is n 
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measure of the boron present (Foote, 19~2). The following reactions 
are involved : 

o.H .. O.+HaROr-+ C.H,.O. · BOaH +2H,O 
c.H..O.·BOaH+NaOB-+C.HuO··BO.Na+B.O 

The pH of the water is adjusted to 7.00 with sulfuric acid and (or) 
sodium hydroxide, and mannitol is then added. The liberated hydro­
gen ion is backtitrated to 7.00 pH with standard sodiUJJl hydroxide 
(Wilcox and Hatcher, 1947). The pH meter with glass electrode is 
used. 

The method is particularly susceptible to the effects of butlering 
systems. The water is freed of carbon dioxide by acidification and 
boiling. Iron, aluminum, and probably most of the weak ions that 
tend to butler the solution interfere to some extent unless removed. 
Phosphate reacts with mannitol, though not quantitatively. The re­
liability of the results generally decreases in proportion to the total 
concentration of the dissolved material. 

With careful treatment, results with dilute alkaline waters and 
in the absence of buffering action may be accurate and reproducible 
to ±0.005 mg but are appreciably less with most natural waters. 
Results are not reliable with acid waters that contain hydrolyzable 
salts. 
Apparatus and reagent• 
Water hath for cooling 
pH meter 
Electric stirrer: The stirrer should adequately mix the solution but should not 

aerate It excessively. Magnet-type stirrers are recommended. 
Buret, l~ml 
Methyl orange Indicator 
Sulfuric acid lN 
Sodium hydroxide, 0.5N, carbonate-free 
Sulfuric acid, 0.02N 
Mannltol 
Sodium hydroxide, 0.0231N, 1.00 ml=0.25 mg B 

Procedure 
1. Measure a '·olume of sample containing leRS than 1 mg B (250 ml max) into 

a 600-ml beaker and adjust the volume to 2il0 ml. 
2. Add 2-3 drops methyl orange. 
3. Acidify with lN H.SO •. 
4. Bring to boil and stir cautiously for 3 or 4 min, then Yigorom<ly for 1 min to 

expel co.. If the sample reverts to the alkaline color during the boiling 
period, adjust the l>H with lN H.SO, to the acid color. 

;;. CoYer the Sample with a watch glass and rapid!~· <"t>ol to roo111 tt'lllllt'rlltnrt' in. 
a water bath. The cooling should not rei1uire more than 30 111in. 

6. Insert the beaker in the titration ap1iaratu:,1 and 1:o1art the stirrer. 
7. Adjust the pH to 7.00 with O.iil\' XaOH, O.OO:l..\' H.so •• and O.O:l;U..\' XaOH. 

The Indicator needle of the pH meter 11hould he 11teacly and not drift from 
the reading of pH 7.00. 

Digitized by Google 



D:6a-2 BORON 117 

8. Record the buret reading to 0.01 ml. 
9. Add approximately 5 g mannltol. If boron In the form of boric acid ls present, 

the pH will drop to some value below 7.00. 
10. Titrate rapidly bark to the Initial pH of 7.00 with 0.023IN NaOH. Use cal'· 

tlon near the end 11<>lnt to permit a slight lag in the pH-meter response. 
11. When the lndlrator needle remains steady at pH 7.00 for at least 10 sec, rerord 

the volume of XaOH m1ed to the nearest O.OI ml. 
I2. Determine a blank c'Orrectlon for the reagenh1 by carrying 2'-.o ml carbon 

dioxide-free water through the complete procedure. The normal blank 1111 

0.06±0.01 ml. 

Caleulations 

ppm B=-d 1.t X 1
1•000 

1 X{/(ml NaOH-ml blank))X0.25 ens1 y m sarrp e 
where /=factor for 0.023IN NaOH. 

Report boron concentrations of < 1.0 ppm to 2 decimal places and of 
> 1.0 ppm to 2 significant figures only. 

Preparation of reagents 
Methyl orange indicator: Dissolve 0.00 g methyl orange· In water and dilute to 

approx 100 ml. 
Sulfuric acid, O.O'lN: Dilute 20 ml IN H.so. to approx I liter. 
Sulfuric acid, IN: Mix 28 ml cone H.so. (sp gr 1.84) with water and dilute to 

approx I liter. 
Sodium hydroxide, 0.5N, carbonate-free: Prepare a saturated solution of N'aOH 

In alkali-resistant ftask (Corning No. 728). Stopper and let stand until 
the Na.co, precipitates. Titrate a portion of supernatant liquid with lN 
H,so. and dilute to proper strength with carbon dioxide-free water. Store 
the solution In a stoppered polyethylene bottle. 

Sodium hydroxide, 0.00.'UN, I.00 ml~.2a mg B: Dilute 46 ml 0.51\" XaOH to 950 
ml with carbon dioxide-free water. Standardize by titrating 11olutlons con­
taining 0.25, 0.50, and I.00 mg B which have been carried through the rom· 
plete procedUJ"\! for the determination of boron. Despite the usual prec·au­
tlons, the normality of this dilute base ls not very stable and a factor should 
be·computed every 2 or 3 weeks. Use the following equation to calculate 
the factor (/) for the 0.023IN NaOH: 

JDI theoretical titration 
/=ml actual titration-ml blank 

The normal blank ls 0.06±0.0I ml. AC'C'eJ>tM f values are O.l~I.I. Protect 
the solution from carbon dioxide by weans of a soda lime tube 

Sodium tetraborate, I.00 ml = 0.010 mg B: Dilute IOO.O ml Na.B,01 (I.00 ml = 
O.IOO mg B) to I,000 ml with redlstllled water. Store In plastic bottle. 

Sodium tetraborate, I.00 ml=0.100 mg B: Dl811oh·e approx 10 g Na.R.O,·lOH.O 
In redlstllled water at 50•-eo•c. Recrystallize by placing in refrigerator 
for several hours. Dry by removing the water with suction and washing 
with alcohol followed by ether. Do not dry in oven. Dl1tSOlve 0.88I3 g in 
redistllled water and dilute to I,000 ml. Store in plastic bottle. 
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D:k-1 O~ KBTJIOD 

The carmine method is similar in substance to part IA, APHA 
(1955, p. 45-46) Standard Methods, and method 73b, U.S. Salinity 
Laboratory Staff (1954, p. 142) Handbook 60. 

The method finds maximum utility for waters whose boron con­
tent exceeds 1 ppm or when the precision required does not exceed 
0.1 ppm. 

Principle of determination 

In acid solution, boron forms a colored complex with carmine. 
The color change is from red to blue. Maximum color development 
requires approximn.tely 1 hr, but the color intensity decreases there­
after. The fading is proportional to the boron content and is 
therefore not consequential if standards are ·run simultaneously 
with the sample. Special attention must be given to the time 
element because the fading is rather rapid, approx 25 percent or 
more reduction in intensity between 1.0 and 2.0 hr. The optimum 
range for the procedure on undiluted or unconcentrated samples is 
0.5-10 ppm of boron. Samples containing less than 0.5 ppm must be 
concentrated by special evaporation. The concentration is carried 
out in strong alkaline solution to prevent the loss of volatile boric 
acid. 

Ammonium, molybdenum, cerium, chloride, calcium, magnesium, 
sodium, and potassium are reported not to interfere. Strong &m­

monia fumes affect the reagent. Silica interferes, but the inter­
ference is independent of the silica concentration and dependent on 
the boron concentration. With 0.5 ppm of boron the determined 
value may be about 20 percent high in the presence of 5 or 30 ppm 
of silica. At lower boron levels the effect is variable. Fluoride, 
nitrate, and phosphate contribute some interference but to a lesser 
degree. 

With the listed apparatus, results are reproducible to ±0.0005 mg 
in the 0.002- to 0.020-mg range. Accuracy is dependent on effect 
of interfering substances. 

Additional information on the principle of determination is given 
by Hatcher and Wilcox (1950). 

Apparatus and reagents 
Steam bath 
Spectrophotometer, Beckman Model B: 

Wavelength : 600 m11 
Cells : 25-mm optlcnl depth 
Phototube: Blue-senslth·e 
Blank : Dilution water carried through the procedure with the sample 
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Initial sensitivity setting: 2 
Slit width: 0.1 mm (approx) 
The following absorbancieR have been obser,·ed : 

tllf B 

0.005 
.010 
.01!') 
.020 

Sodium tetraborate, 1.00 ml=0.010 mg R 
Bodi.um hydroxide, 2 percent 
Hydroehlorlc acid, 5 perrent v /v 
Hydrochloric aeld, eonc (sp gr 1.19) 
Sulfuric acid, cone (RP gr 1.84) 
Carmlbe solution, O.O!i perrent 

Procedure 

A61Mf>otle, 

0.24 
.48 
• 70 
.93 

119 

1. Plpet a mlume of sample containing between 0.001 and 0.020 mg B (2.00 ml 
max) into a 150-ml fta11k. If the sample eontalns less than 0.5 ppm B, take 
a 2.00.ml aliquot of sample eont·entrated a11 follows: 

a. Plpet an aceurately measured volume of sample (100 ml max) into 
an evaporating dil'lh. 

b. Add 1 ml 2 percent NaOH. 
c. Evaporate o:i a steam bath to dryneRS. 
d. Take up the reflldue, trlturate In 5.00 ml 5 percent HCl with a 

rubber policeman, and centrifuge to obtain a clear solution. 
2. Prepare a blank and Rufftclent standard and adjust volume to 2.0 ml. 
3. Add 2 drops cone HCl. 
4. Add 12 ml eonc a.so .. mix, and allow to cool for at least 30 min. 
5. Add 10 ml 0.05 percent earmiile solution and mix. 
·6. Allow the solution to stal\d approx 1 hr. 
7. Determine the absorbaneies of the 11ample and standards against the blank 

and when nece1181lry make <~orrections for water eolor as directed in sec. 
C : la-2, method 1. 

Caleulationa 
1. Determine the rug B In the sample from a plot of absorbancles of standards 

containing known amounts of the constituent. 

2 B 1 1,000 B . l ·ppm =-d 't X 1 1 Xmg m sampe ens1 y m samp e 

Report boron concentrations of < 1.0 ppm to 2 decimal places and 
of > 1.0 ppm to 2 significant figures only. 

Pre....-ation of reagents 
Sodium hydroxide, 2 percent: Dissolve 2 g NaOH in water and dilute to approx 

lOOml. 
Hydrochloric acid, IS percent v/v: Mix 50 ml cone HCl (sp gr 1.19) with water 

and dilute to approx 1 llter. 
Sodium tetraborate, 1.00 ml=0.010 mg B: Dilute 100.0 ml Na,B.O. (1.00 ml=0.100 

mg B) to 1,000 ml with redlstilled water. Store in plastic bottle. 
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120 ANALYTICAL PROCEDURES D:6a-a 

Sodium tetrftborate, 1.00 ml=0.100 mg B: I>l1C11K1lYe n1111rox 10 g Xn.B.O.· lOH,O 
lu redlstllled water at r.o•-eo•c, Re<-ry"tallize by l•la<'lng In a refrl&erator 
for ice\·eral houl't'. Dey by remm·lng water with icuc·t~cm llnd wa1dlln1t with 
nlc'Ohol followed by ether. J)o not clry In cffell. HIAAoh·p 0.MH13 It in l'f'Clil'­

tllled watPr nnd dllutp to 1.000 ml. Htorp In lllai<tlc· hottlP. 
l'nnulue t1olutlon. 0.00 Jlt'l'C'f'nt: Rttlqlt'Dtl o.r.o I{ t·nrminP ill 1,000 utl ('Oil(' H.1:10. 

nud mix with n me<•hftnlenl 1Ctlrrer until 11olution li< c·o11111Jete. The stain 
c·prtlftetl by the Biologic-al 8tnlu l'ou1111ls1don bus IJPPn llllt'<I satlsfactorlly. 

RBl'mNCBS 

Amerkan Public Health All80Ciatlon and otheric, 19"5, Htandard methods for 
the examination of \\'ater, aewagP, and industrial "'a11tes: Xew York, Am. 
Public Health All80C., Inc., 10th ed. 

Ellis, G. H., Zook, E. G., and Baudilll'h, Oskar, 1949, Colorhnetrlc determination 
of boron using 1,1'-diantbrinlide: Anal. Chemistry, v. 21. 

FootP, F. J., 1932, Determination of boron In water: IndUR. and Eng. Chemistry, 
Anal. Ed., v. 4. 

Hatcher, J. T., and Wilcox, L. Y., 1900, Colorimetric determination of boron 
using carmine: Anal. Chemistry, v. 22. 

r.s. Salinity Laboratory Statr, 19'H, Dlal[noslK and im11roTeu1Pnt of saline nnd 
alkali soils : U. S. Dept. AgrlC'lllture, Agriculture Handb. 60. 

Wilcox, L. V., and Hatcher, J. T., 1947, Methods of analysis used in tbe 
Rubidoux Laboracory: U. S. l>ef1t. Agrleulture Bur. Plant Industry, uth ed. 
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D :7 BBOKIDE 

Bromide is a very minor element in the earth's crust and is normally 
present in natural waters in only minute quantities. Measurable 
amounts may be found in some streams that receive industrial wastes, 
and some naturnl brines muy contain rather hi~h concentrations. 

D:Ta-1 OXIDATIO• KBTKOD 

The oxidation method is similar in substance to D 1246-53 T, ASTM 
(1954, p. 260-263) Manual on Industrial Water. 

Principle of determination 
The determination of bromide involves the determination of bromide 

nnd iodide collectively and then the determination of iodide alone; 
bromide is calculated by difference. Bromide and iodide are oxidiud 
to bromate and iodate, respeetively, by hypochlorite, and the excess 
hypochlorite is subsequently decomposed with sodium formate (Kol­
thoff and Sandell, 1952, p. 585-605). 

s 001-•+nr-•-.nr0.-•+sc1-> 
s 001-•+1'-. 10.-•+sc1-• 

Iodine equivalent to the combined.iodate and bromate is then liberated 
by addition of potassium iodide to an acid solution. 

Bro,-'+6I-'+6H•1-.3I,+3HaO+Br' 
10.-'+01 ... +6ir•-.s1.+su.o 

The liberated iodine is then titrated with standard thiosulfate using 
starch as the indicator. 

1,+2s.o.-•-. s.o, ..... +21-> 

Iodide 1tlone is determined by oxidation to iodate with bromine in 
a buffered solution. Iodine equivalent to the iodate is then liberated 
from added potassium iodide and titrated with thiosuifate as in the 
combined determination. 

Iron, manganese, and organic material interfere with the basic re­
actions of the method, but their interferences are removed by prelim­
inary treatment with calcium oxide. 

Results are accurate and reproducible to ± 0.05 mg. 

Apparatus and reagents 
Iodine flasks, 2li0-ml 
Huret, 10-ml 
Cal<'luw oxicle, anhydrous i1owdt>r 
Sodium chlorlcle, cryMtah1 
lJethyl red ln<ll<•ator 11olntlon, O.Ol 1ieret>nt 
Hyclr()(•blorl<• add, r.o llf'r<-ent v /\' 
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122 ANALYTICAL PROCEDURES 

Potassium hypochlorlte, 4.4 percent 
Calcium carbonate, powder 
Sodium formate, 50 percent 
Sodium molybdate, 0.85 percent 
Potassium fluoride, crystals 
Potassium Iodide, crystals 
Sulfuric acid, 20 percent v /v 
Sodium thloaulfate solution, O.OlON 
Starch Indicator, stable 
Sodium acetate solution, 16.5 percent 
Acetic acid, 12.5 percent v /v 
Rromlne water, saturated 

Procedure 

D:7a-l 

1. Remove soluble Iron manganese, and organic matter by adding a alight excess 
of Cao to approx 400 ml of sample, shake, let stand about 1 hr, and filter 
through dry paper. Discard the first 75 ml of filtrate . 

2. 1''or the combined Br-1 and 1-1 determination plpet a volume of the filtrate con­
taining leas than 5.0 mg Br-1 and 1-• ( 100.0 ml ma:x) Into a 2.'iO-ml Iodine 
flask and adjU11t ttae Yolume to approx 100 ml. 

a. Prepare a blank of approx 100 ml water and earrr It through the procedure 
with the sample. 

4. Add s11ftlclent NaCl to produce a 3.0-g c1-• content In the sample . 
u. Add a drop of 0.01 per<•ent methyl red Indicator, and neutrallv.e the solution 

with 50 percent HCl. 
6. Add 10 ml 4.4 percent KClO. 
7. Add O.li ml 1"10 percent HCI. 
8. Add suftlclent ca co. to produce an exce88 of approx 0.1 g. 
9. Heat the 11olutlon to boillng and maintain this temperature for about 8 min. 

10. Reduce the exce1111 KCIO by adding 2 ml 50 percent NaCHOa, taking precau­
tlon11 to wa11h down the sides of the flask with a small amount of bot water. 
Keep the !IOlution hot for an addltlonal 8 min. 

11. Cool and add Me\'eral drops of 0.8.'i percent Na.Moo •. 
12. It any Iron precipitates at this point, add 0.5 g KF·2Ha0. 
13. Add approx 1 g KI . 
H . Add 10 ml 20 percent H.so •. 
lii. Let stand 5 min In the dark . 
16. Titrate the liberated 11 with O.OlON Na.s.o., adding 2--3 ml starch indicator 

as the end point ls approached. Disregard the return of the blue color after 
the end point has been reached. 

17. For the l-' determination, plpet a \'olume of ftltrate (step 1) containing le1111 
than fi.O mg l-1 (100.0 1111 max) into a 2li0-ml iodine flask and adjust the 
Yolume to approx 100 ml. 

18. Prepare a blank of 100.0 ml water and carry through the procedure with 
the sample. 

rn. Acid a drop of 0.01 percent 111ethyl red indi<-ator and 111ake the solution just 
add with 20 percent H,so •. 

20. Add lli.O 111116.l'i per1·ent NaC,H.o •. 
21. .Adel li.O ml 12.li per<'el1t HC,HaO.,. 
22. Add suftlclent bromine water to prodtwe a llght·Yl'llow l'olor, mix, and allow 

to stand 5 min. 
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D:7a.-1 BROMIDB 123 

28. Reduce the exct!88 Br1 by adcUnc CIO J;)eftent NaCHO. until the 1ellow tllll'! 
In the aample dlaappean, then add an exceu of 1 mL 

2'. Wash down the aides of the 1laak with a amall amount of water and blow 
out Br. vapon with a s;vrlnle and a gla111 tube lmerted through the mouth 
oftheftask. 

26. If any Iron preclpltates at this point, add 0.5 r KF·2H.O. 
26. Add approx 1 g KI. 
27. Add 10 m120 percent a.so .. 
28. Let stand 5 min ID the dark. 
29. Titrate the liberated I1 with O.OlON Na.S.O., addlnc 2-8 ml starch lndlcatDr 

as the end point ls approached. Disregard the return of the blue color after 
the end point bu been reached. 

Caleulationa 

1. epl Br1+1-1= 1
1•000 lex0•6°1x(ml,-ml blank) 

m samp 

2. epl 1-1 l~OOO XO.OlX (ml -ml blank) 
ml sample 6 ,-a 

1 
3. ppm Br-1 - density X 79.916 X[epl(l-1+ Brt)-epl 1-11 

where epl=equlvalent.a per liter, 
ml1=tltrant volume tar comblned detennlnatloo, 

ml.rt=tltrant volume for I ... det.elmlnatlon. 

Report bromide concentrations of <10 ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 ppm to 3 
significant figures only. 

'Preparation of reagents 
Sodium chloride c.-rystals : In addition to contormlnc to American Chemical 

Society apecl.ftcatlons, thet1e shall also be free from I-1, Io.-•, Br', and 
Bro.-•. The NaCl can be tested for IO. ... and Bro.-• by dl1110lvlnc about 0.1 
r In 5 ml water, acidifying with 1 or 2 drops cone a.so. (sp gr 1.&o, and 
addtnr 2-8 ml starch solution. Immediate appearance of blue l"Olor Indicates 
presence of Io.-• or BrO. ... , slow color formation ls cauaed by atmospheric 
oxidation. 

Methyl red Indicator, 0.01 percent: DiMOlve 0.01 r water-soluble methyl red In 
approx 100 ml water. 

Hydrochloric acid, CIO percent v/v: Mix M ml cone HCI (8P gr 1.lD) with. water 
and dilute to approx 100 ml. 

Potassium hypochlorlte, 4.4 percent : DlPOITe 6.2 g KOH In approx 100 ml water, 
then saturate the solution with bromine-free Cl1 while rontlnnallv roollng 
and stirring. Store In glal!l8-stop11ered R<'tlnk-gla• bottle. Pre1Mlre fretth 
dally. 

Sodium formate, 00 1iercent: Dlt11110h·e i..O g XnC'HO. In hot wnter and dilute to 
approx 100 ml. Pre1mre fret.11h dally. 

Sodium molybdate, 0.85 percent: Dlt!180lve 1.0 g ~a.llo0.-2H.O In wnter and dilute 
to approx 100 ml. 

Potaaslum ftuorlde crystals, KF·2H.O. 
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124 ANALYTICAL PROCEDURES D:7a-2 

Potassium Iodide cr11tala, I0.-1-tree: The KI can be teated for IO. -a b;y dl180lvlog 
about 0.1 g In 5 ml water, acidifying with 1 or 2 drope cone ILSO,, and adding 
2-3 ml starch Indicator. In1medlate appearance of a blue color Indicates 
the preaenee of IO.·•; slow color formation 11 due to atmOIJ)herle oxidation. 

Sulfuric acid, 20 percent v/v: Mb 200 ml cone ILSO, (sp gr 1.84) with water 
and dilute to appro:r. 1 llter. 

Sodium tbloeulfate aolutlon, O.OlON: Dilute 100.0 ml O.lN Xa.S.O. to 900 ml with 
carbon dlo:r.lde-free water and standardize against KIO. as follows: Dey 
appro:r. 0.5 g KIO. for 2 hr at 180°C. DIS10lve 0.3367 g in water and dilute 
to 1,000 ml. Plpet 25.00 ml of the KIO, Into a 2.'iO-ml Iodine ftll8k, then 
add sueeetllivel7 75 ml water and 0.5 g KI crystals. After 80lutloo ls com­
plete add 10 ml 20 percent HaSO.. Allow the stoppered ftask t.o stand 5 
min In the dark, then titrate with Xa.S.Oa uslnit 2 ml 11tareh lndkator us 
the end point ls a11proaehed Olght straw rotor). 

Normality of Nas~01 ml ~~Oa 
Sodium thloeulfate, O.u·: Dissolve 2.'5.0 g Na.S.0.·5H.0 In carbon dioxide-free 

water, add 1 g Na.CO., and dilute to 1,000 ml. 
8odlun1 acetate aohttlon, 16.5 percent: Dlssol\"e 273.5 g XaC1Ha01·3H.O In water 

and dilute to 1,000 ml. 
Acetic acid, 12.5 pen.-ent v/\": lll:r. 125 ml glacial HC.H.Oa (11p gr 1.049) wttb 

water and dilute to 1,000 ml. 
Bromine water, saturated : Add to a11pro:r. 200 ml of water slightly more liquid 

Br, than will dls1mlve when shaken, Store In a glass-stoppered aetlnle­
glass bottle . 

D:Tw ••omn DIU'LAOZJIJUl'J.' KrrHOD 

The bromine-displacement method is only semiquantitative and finds 
maximum utility as a screenin~ or field test. 

Principle of determination 

Chlorine water oxidizes the bromide to elemental bt·omine, which is 
concentrated and extracted with carbon disulfide or carbon tetrachlo­
ride (ASTM, 1954, p. 9:1). 

2Br·'+Cl.-+ Br,+2c1-• 

The amount of color developed in the 1rlobule of carbon disulfide 
(or tetrachloride) depends on the relation between the nmount of chlo­
rine water added and the amount of bromide present. For each con­
centrntion of bromide, there is an optimum amount of chlorine water 
that develops the deepest color·. Therefore, to de\'elop the deepest 
color in the unknown, it is necessary to add the chlorine water stepwise, 
0.10 ml at a time, until the maximum color in the smnples has been 
cleveioped. The point of maximum color development is best detected 
if duplicate sets of unknowns and standards are prepared. and one 
set is kept one step behind the other. 
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Apparatus and reagents 
Potassium bromide solution, 1.0 ml=l.O mg Br' 
Carbon dlsuUlde or rorbon tetra<>hlorlde 
Chlorine water 

Procedure 
1. Measure 10 ml of the aample Into a tat tube. 

125 

2. Prepare stepwise standards containing, In a 10.0-ml Yolnme, from 0.5-4.0 mg 
of Br-• as KBr ( 1.00 ml KBr solntion=l.00 mg Rr·'), In lnc~ments of O.a mg. 

3. Add 1.0 ml CS. or CCL. and 1 ml chlorine water to liberate the bromine. 
4. Shake well. 
ii. After 15 min <.'Ompare the l'Olor of the iclobnle of CS. or CCI. with that of the 

globules In 11tan<lards. 

Calculations 

ppm Br-1 /•000 Xl.OXml standard 
m sample 

Preparation of reagents 
Chlorine watf'r: Saturate a 11mall ''olume of water with Cb. 
PotaSBlum bromide solution, 1.0 ml=l.O mg Br': Dissolve 1.49 ~ KBr In water 

and dllnte to 1,000 ml. 

RJD'BBBNCBS 

American Society for Testing Materials, 1954, Man.ual on Industrial water : 
Spec. Tech. Pub. 148-A. 

Kolthoff, I. M., and Sandell, E. B., 1952, Textbook of .quantitative tnorranlc 
analysts : New York, MacMlllan C.o. 
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D:8 CALCitrK 

Calcium is dissolved from practically all rooks but is usually 
found in greater quantities in waters leaching deposits of limestone, 
dolomite, gypsum, or gypsiferous shale. Waters associated with 
granite or silicious sand may contain less than 10 ppm of calcium. 
Many waters from limestone areas contain 30 to 100 ppm, and 
waters that traverse gypsiferous shale may contain several hun­
dred ppm. 

Calcium imparts the property of hardness to water and .when 
present with alkalinity or sulfate may cause boiler scale. A little 
calcium carbonate is desirable in water used domestically because 
of the protective coating that it may form in the pipes. A high 
ratio of calcium to sodium is desirable in water used for irriga­
tion because calcium flocculates the soil colloids and tends to main­
tain good soil structure and permeability. 

D:l.,_1 OOID'LUOKmJO K:rrKOD 

The complexometric method is similar in substance to part IC.4, 
APHA (1955, p. 118) Standard Methods; D 1126-53 T, ASTM 
{1954, p. 254) Manual on Industrial Water; and method 7, U.S. 
Salinity Laboratory Staff {1954, p. 94) Handbook 60. 

The method is applicable to most natural waters but may fail in 
the analysis of brines or some acid or polluted waters that contain 
excessive amounts of heavy metals. 

Principle of determination 
Disodium dihydrogen ethylenediamine tetraacetate (N a1EDTA) 

forms a slightly ionized, colorless, stable complex with calcium 
ions. Murexide is dark purple in the absence of calcium, but with 
calcium forms a light-salmon-colored complex which has an ioniza­
tion constant higher than the Na1EDTA complex. Hence, by using 
murexide as an indicator, a solution containing calcium ions may 
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be titrated with Na1EDTA. The optimum pH of the titration is 
10.4 or above. 

The salt, Na,EDTA, reacts with iron, manganese, copper, zinc, 
Jead, cobalt, nickel, barium, strontium, calcium, magnesium, and 
several other metals. Murexide reacts with strontium but not with 
magnesium or barium; however, the end point in the presence of 
strontium is sluggish, and the titration is not strictly stoichiometric. 
Barium does not titrate as caloium but affects the indicator in some 
unknown way so that no end point, or at best a poor end point is 
obtained. Barium can be removed by prior precipitation with sul­
furic acid. The interference of heavy metals is minimi7.ed by the 
addition of hydroxylamine and cyanide, which reduce and (or) 
complex the metals. Concentrations of 5 ppm of iron and 10 ppm 
of manganese can be tolerated. · 

The interference of heavy metals is relatively easy to detect 
because of the typical end point. Conventional methods of hydroxide 
and sulfide treatment can be used, if necessary, to remove these 
metals from solution before titration. Magnesium in high con­
centrations may precipitate as magnesium hydroxide, but the precipi­
tation is not significant unless the photometric-titration assembly 
.is used to determine the end point. 

The results are generally accurate and reproducible to ±0.005 
mg in the 1-mg range and to ±0.05 mg in higher concentrations. 

Additional information on the principle of determination is given 
~y Banks (1952, p. 484). 

Apparatus and reacenta 

Visual titration apparatus conslstlnc of a motor-drl-vea. attrrer, 25-ml baret, 
whlte-porcelaln-baae buret holder, and shaded lncandeeceot lamp. The 
sample beaker ls placed near the front of the porcelain hue and the :re­
action ls viewed diagonally downward through the side of the beaker and 
agabult the white background. Illumination ls from the side and at about 
90° from the line of vision. 

Photometric-titration a1111embly, optional (aee aec. C: 2h) 
Buret, 23-ml 
Bydroxylamlne hydrochloride, 3 percent 
Sodium hydroxide, 2N 
Sodium cyanide, 2.15 percent 
lrlurexlde, dry mixture 
Na1EDTA, 1.00 ml==0.50 mg ca•• 

Procedure 

1. Plpet a volume of sample containing lesa than 10 m~ ca•• (50.0 ml max.) Into 
a.lftO.ml beaker and adjust the volume to approx 50 ml. · 

2. Ineert beaker In titration assembly and start stirrer. 
8. Addl m.13 percent NB.OH·HCl. 
4. Add 1 ml 2N NaOB. 
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G. Add 1 ml 2.5 percent NaCN (CAVTION-deadl1 polllon). 
6. Add 0.2 1 murextde indicator and proceed lmmedlatel7 with the titration. 
7. Titrate with NaaEDTA (1.00 ml¢0.l!O me Ca .. ) until purple awlrla belln to 

show. The end point ls reached when the sample color ehanpe from salmon 
to orchid purple. At the end point, the addltlon of a small increment of 
tltrant will not cause a deepening of the purple color. 

8. Determine a blank correction by 1imllarly treatiq l!O ml metal-free water. 
The normal blank correction ii 0.05 or 0.10 ml. 

Calculations 

ppm Ca+t=de 1.t Xmll,OOO lex (ml titrant-ml blank)X0.6 
n11 y ump 

Report calcium concentrations of <10 ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 ppm to 3 
significant figures only. 

Preparation of reqenta 

Bydroxylamlne hydrochloride, 8 percent : Dillolve 80 1 NILOB · BCl ln metal­
free water and dilute to approx 1 llter. 

Sodium hydroxide, 2N: Dluolve 80 1 NaOB in 800 ml water. Cool and dilute 
to approx 1 llter. 

Sodium cyanide, 2.5 percent (CAUTION-NaCN ii a deadlJ polllon and the 
reagent must be so marked.) Dillolve 25 1 NaCN in water and dilute to 
approx 1 llter. 

Murexlde, dry mixture: Mill: thorou.chly 1.0 1 ammonium purpante with 200 1 
1ucroee. Ea1tman reagent-grade product bu been found to be atldaetol'J'. 
Provide the bottle with a dlapenalnc apoon of 0.2-g capaelty. 

NaaEDTA., 1.00 ml¢0.ISO mg· Ca .. : Dluolve 4.M 1 NaaEDTA., which bu been 
dried ovemisht in an HaSO. dealeeator, ln metal-free water and dilute to 
1,000 ml. (The tltrant ls •table for eeveral monthl and ii usually prepared 
in larger quantittea.) Standardise the titrant by tltrattns 25.~ml CaCI. 
solutions (1.00 ml=0.40 m1 Ca .. ) aa deaeribecl in the procedure for umple 
analysi1. 

Calelum chloride, 1.00 ml=0.40 ms ca .. : Suspend 1.000 I CaCo., dried at 1so•c 
for 1.0 hr before weighing, in approx 800 ml metal-free water and dilaolve 
cautlou1ly with a minimum of dilute BCI. Dilute to 1,000 ml. 

D: ..... H:&JU•G.&JIJJODIO X:rnlOD 

The permanganimetric method is similiar in substance to part IB, 
APHA (1965, p. 51-52) Standard Methods. 

Prindple of determinetion 

Calcium is precipitated as the oxalate; the calcium axalate is then 
dissolved and titrated in acid media. with a standard solution of 
potassium permanganate. The following reactions are ,involved: 

Ca .. + CtO. _.-+ CaC.O. 
a0to,·•+2Mno.-•+16H•1-+2Mn•1+1oco.+sHao 

The presence of magnesium increases the solubility of calcium oxalate 
appreciably, as a consequence of the formation of a complex mag-
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nesium oxalate which withdraws oxalate ions. The effect may be 
counteracted by the addition of a huge excess of oxalate. Heavy 
metals interfere unless removed by hydroxide and (or) sulfide pre­
cipitation (see sec. D: Sa-a). Barium and strontium also form in­
soluble oxalates. C1llcium c1m be separated from small quantities of 
barium (3-4 mg or more) by double precipitation, but strontium 
interference canoot be eliminated in this manner. Precipitation of 
calcium oxalate from acid solutio11 followed by hot digestion minimiY.eS 
the effects of most coprecipitation and provides a precipitate of nearly 
theoretical composition. 

The first few drops of permanganate react slowly with oxalic acid, 
hut after a small amount of manl[tlnous salt has been formed the reac­
tion proceeds almost instantaneously. If the water is low in calcium 
the initial_increments of permanganate should be added with care 
to prevent overshooting the end point. In hot acid solutiOns per­
manganate is slowly decomposed with the evolution of oxygen; there­
fore, too rapid titration with insufficient stirring may cause an error. 
In addition, the permanganate tint at the end point can be expect.ea 
to fade in time. 

Results are generally accurate and reproducible to ± 0.1 mg. 

Apparatua and reqent• 
Steam bath 
Hotplate 
Buret, 50-ml 
Methyl orange indicator solution, 0.05 per<'ent 
Hydrocblortc acid, cone (sp gr 1.19) 
Ammonium oxalate,~ percent 
Ammonium hydroxide, cone (sp gr 0.900) 
Ammonium hydroxide, 1 percent v /v 
Sulfuric acid, 25 percent v /v 
Potassium permanganate, 0.0499N, 1.00 llll¢1.00 mg Ca' 

Procedure 
1. P1pet a volume of sample containing less than 40 mg Ca (100.0 ml max) Into 

a 250-ml beaker and adjust the volume to approx 100 ml. 
2. Acidify to methyl orange with cone HCl. 
3. Heat the solution nearly to bo111ng. While- bot, add 10 ml ~ percent 

(NH.).c.o. slowly and with constant stirring. 
4. Add cone NH.OH with constant stirring until Cac.o. begins to precipitate. 

Do not make the solution alkaline at this point. 
5. While the mixture IR Rtlll acid to methyl orange, dlget1t for O.li hr on a steam 

bath. 
6. Slowly add cone NH.OH to lllake the ROlutlon juRt alkaline to Diethyl orange 

and then 2-U droIJB In excess. 
7. Allow the precipitate to dlgeRt on the steam bath for another 2 hr. 
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8. By deeantatlon rinse the beaker and precipitate at least 4 times with 5- to 
10-ml portions of hot 1 percent NH.OH, pouring the rinses through Whatmap 
No. 40 filter paper. 

9. Carefully unfold the filter paper and quantitatively wash any precipitate back 
Into the original beaker with a minimum of hot water. 

10. DiSBolve and rinse any remaining precipitate on the 1llter paper into the 
beaker with 2 succetisive 10-ml portions of warm 25 percent H.80.. RiDlle 
the paper 3 times with hot water and collect the rinsing& in the original 
beaker. 

11. Heat the solution M 0 -00°C and, while hot, titrate to the first pink tint that 
persists for 30 see. 

Caleulatiou 

ppmCa+1=-d lit Xmll,OOO l Xmltitrant 
ens y sampe 

Report calcium concentrations of<lO ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 ppm to 3 sig­
nificant figures only. 

PreparatloD of reqenta 
Methyl orange indicator solution 0.00 percent : Dissolve 0.50 1 methyl OrllDP 

in water and dilute to approx 1 llter. 
Ammonium Cixalate, 5 percent: Dissolve 50 1 (NH.).C.O. in water and dilute 

to approx 1 llter. 
Ammonium hydroxide, 1 percent v/v: Mix 10 ml cone NH,OB (sp rr 0.900) with 

water and dilute to approx 1 llter. 
Sulfuric acid, 26 percent v/v: Mix 250 nll cone JLSO, (sp gr 1.84) with water 

and dilute to approx 1 llter. 
PotaSBium permancanate, 0.0499N, 1.00 m1¢1.00 mg Ca .. : Heat 500 ml KMnO. 

stock solution to bolllnc and filter It through asbestos fiber or fritted glaa. 
Dilute to 950 ml and standardize acalnst primary standard Na.C~. as 
follows: Dry 0.5 g of the salt at 100°0 for 1 hr. Dluolve approx 0.1 g, ac· 
curately weighed to 0.1 mi, in 50 ml water and 20 ml 26 pert>ent a.so •. 

KM . mg Na,C10, 
ml no, required= 3.3434 

Add, from a buret, 00 per('('nt of required KMnO, to the oxalate solution and 
heat to 55°-00°0. Contlnut- the titration slowly and with ronstnnt stlrrlntt 
until a faint pink color persists for 30 lie('. For practical work, 110 blank 
correction ls required. Store tbe standardized KMnO. solution In a light· 
proof bottle. 

Potassium permancanate, stock solution: Dl8801Ye 3.25 g KMnO, in water and 
dilute to 1,000 ml. Store the solution In a dark plat>e for at least 1 Wt't'k to 
permit precipitation of manganous salts. 

D:I.... GliVIXrraJC KJ:TKOD 

The gravimetric method is similar in substance to D 511-52, ASTM 
(1954, p. 245) Manual on Industrial Water. 

This method is normally used in the nnnlysis of brines, some acid 
waters, nnd concentrated industrin l wnstes. 
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Principle of detenalution 
Calcium is precipitated as calcium oxalate, ignited to calcium oxide, 

and weighed. The following reactions are involved : 
ca••+c.o ....... cac.o. 
cac.o,~caco.+co 

caco.~cao+co. 

The poesible error caused by coprecipitation of silica is eliminated 
if the calcium is determined on the filtrate from the gravimetric 
silica determination. 

The presence of magnesium increases the solubility of calcium 
oxalate very appreciably as a consequence of the formation of a 
complex of magnesium oxalate which withdraws oxalate ions. The 
effect may be counteracted by the addition of a large excess of 
oxalate. Heavy-metal ions which also form slightly soluble salts 
are removed by precipitation as the hydroxides. Manganese is pre­
cipitated as the sulfide. When only a few milligrams of barium 
is present in the sample volume, double precipitation suffices to 
separate the calcium from it. Strontium also precipitates as the 
oxalate, and its interference is not eliminated by double or triple 
precipitation. Strontium is frequently present in brines, and the 
completeness of its precipitation as strontium oxalate requires fur­
ther study. Probably the strontium should be subtracted from the 
gravimetrically determined calcium value, but the Geological Sur­
vey has not yet found a completely satisfactory method for deter­
mining strontium in all types of water. Until such a method is 
developed, the reported value for calcium may also include some 
strontium. Recognized coprecipitations with calcium oxalate are 
minimized by diluting a sample about fifteenfold. Interferences 
in some brines and industrial wastes may present special problems 
of separation. The analyst is referred to Hillebrand and Lundell 
(1929, p. 486-505) for detailed discussion of chemistry and tech­
nique of the determination. 

Calcium oxide is very hygroscopic and special attention should 
be given to the desiccant over which the ignited residue is cooled. 
Freshly charged alminum oxide, freshly ignited calcium oxide, or 
concentrated sulfuric acid are satisfactory drying agents. Calcium 
oxide is a better drying agent than calcium chloride, hence the latter 
is unsatisfactory. To insure a completely anhydrous residue, the 
calcium oxide is weighed, ignited, and re\veighed, until 2 successive 
weighings are comparable. 

If suitable precautions are taken to minimize the effect of inter­
ferences, the results may be l\ccurnte and reproducible to +0.5 mg. 
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Apparataa and reacenta 
Hotplate 
Platinum crucible 
lhtfle furnace, 1,ooo•c 
Bromtbymol blue, 1 percent 
Ammonlnm hydroxldt>, cone (111> gr 0.000) 
Ammonium aulftde, 20 percent 
Hydrochloric acid, cone ( sp gr 1.19) 
Ammonium oxalate, 4 percent 
Ammonium hydroxide, liO percent ., /v 
Ammonium oxalate, 0.1 percent 
Bydrocblorlc acid, 20 percent ., /v 

Proeedure 

133 

1. Dllttte or concentrate the ftltrate from the gral"lmetrlc slllca determination 
( St'e sec. D: 34a-2, procednre fl) to a com·t-nlent l"olume. Plpet an aliquot 
<"Ontalnlng let'l8 than 2i.O mir; Ca Into a 1,000 ml beaker and adjust tbe l"olume 
to a1111roxlmately 800 ml. 

2. Add 2 dropR l llt'rct>Dt bromthywol hlne. 
3. Xt>Utrallze the solution to the green color \\"ltb cone NH.OH. Some lllllca may 

llre<>l1>ltate along with the Iron and aluminum. 
4. Add 1 ml 20 pt>rcent (XH,),S to precipitate the manpneae ano allow the mix· 

ture to 11tand 1-2 hr. 
a. Filter off the predpltates through Whatman No. 40 ftlter paper, retaining the 

filtrate. 
6. Wash the beaker and l>reclpltatt- several times with dlstllled watt-r tbat con-

tains a few drope of cone NH.OH. 
7. ntscard the re11idue and combine the filtrate and waahlnp. 
M. Acidify the filtrate w•th conc HCI and add a lMropexcelll'I. 
ll. Warm on a hotplate hut do not brlnir: 110lutlon to a boll. 

10. Wblle bot, add with <"Onstant 11tlrrtn1 approx 100 ml warm 4 percent 
( NH,) ,.(' .O .. 

11. Add with con11tant 11tlrrlng i"iO llf'rcent XH,OH dropwlse untll tbe color cban1es 
fron1 yellow to blue. 

12. Remtn·e the mixture. from the hot11late and allow It to dll(eBt for 1 hr. 
18. Qnantltatll"ely «ollect the l>recl1>1tate on Wbatman No. 40 ftlter paper and 

rinse tbe beaker and precipitate 4 times "·ttb cold 0.1 percent (NH,).CWO .. 
Retain the combined filtrate and washlnp for the ~l"lmetrlc barium and 
magnf'lllmn dt-tennlnattons. 

14. Carefully unfold the ftlter paper and wal!lb tbe precipitate back Into the 0\:11· 
lnal beaker wltb bot water. Dl880ll"e any precipitate remaining on tbe paper 
with l'IO nil 20 l>ercent HCl, collectlnr; tbe washlnp In tbe orlldnal beaker. 
Rln11e the 1>aper 3 tlmeti with bot water, colleetlng the rlDBlnira In tbe original 
beaker. When dl811oll"lnir; the 11recl111tate ir;lve J>artlcular attention to the 
fold11 In the ftlter Jlllper. 

Hi. Re1lt'at 11te(>fl ll throQlth 13. 
16. Wa11h the 11re<·l1>ltate 3 tl111e11 with <·old watt-r <-tmtalnlnir 8 dro1111 conc NH,OH. 
17. Rlowly Ignite the 11rf'(·l1>ltate In a tared 11lntlmm1 crucible ol"er a low oxldl1· 

Ing ftame until thP filter J>aper ls reduced to white uh. 
IM. Transfer the <·rnclble to the wnme f11rna<'t' and limlte at approx 1,ooo•c 

for O.ii hr or 11ntll the 1>reclpitnte 1,. white. 
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134 ANALYTICAL PROCEDURES D:8a-4 

19. Cool the crucible In a desiccator and weigh. Ignite and weigh to constant 
weight. 

Caleulationa 

ppm Ca+•=-d 1.t X /•000 I Xmg CaOX0.7147 ens1 y m samp e 

Report calcium concentrations of <999 ppm to whole numbers and 
of > 999 ppm to 3 significant fi,rures only. 

Preparation of reagents 
Bromthymol blue, 1 percent: Trlturate 1.0 g bromth~·mol blne with 1.6 ml u.lN 

NaOH and dilute to approx 100 ml with water. 
Ammonium suUlde, 20 percent: rns1mh·e 20 g (XH.):R Jn watpr and dilute to 

approx 100 ml. 
Ammonium oxalate, 4 percpnt: DIS11oh·p 40 g <XH,),C',O. in water ancl dilute to 

approx 1 llter . 
Ammonium hydroxide, 50 11ercent ,.;,·: l\Iix r,o ml cone XH,OH (sp gr 0.900) 

with water and dilute to ap11rox 100 ml. 
Ammonium oxalatP, 0.1 per<'t'nt: l>iMROl'l"e 1 g (XH,).(',O, In "·ntPr and dilute 

to e.pprQx 1 llter. , f , . 
Hydrochloric acid, 20 1>er<·ent Y/\" : lib: 200 ml cone HC'l (1111 gr 1.19) with water 

and dilute to approx 1 llter . 

D:l&-4 TVJUIIDDlmJO XETHOD 

The turbidimetric estimntion of calcium is n semiquantitative test 
useful in fieldwork and in selecting the proper sample volume for 
quantitative determinations. 

Principle of determination 

The turbidity of precipitated calcium oxalate is compnred with the 
turbidity of standard calcium solutions similarly treated. 

Apparatus and reagent• 
Test tubes, 10.ml graduations 
Calcium chloride, 1.0 ml=0.1 mg C'n'' 
Acetic acid, 50 percent Y ;,· 
Potassium oxalate, 5 percent 

Procedure 
1. Plpet a volume of sample containing less than 0.2 mg Ca ( 10.0 ml n1ax) into 

a graduated test tube and adjust the rnlume to 10 ml. 
2. Prepare a blank and sufficient standards and adjust the Yolumes to 10 1111. 
3. Add 1 ml 50 percent HCrHa01. 
4. Add 1 ml 5 percent K,c.o, and mix wPll. 
:i. Allow the mixture to stand for 10 min: thPn resuspend the preei11itate. 
6. Compare the turbidity of the sn11111lp with thP turbidities of the stanclards. 

Calculations 

ppm CaH 1 000 
1 ' 1 X mg Ca standard 

m sampe 
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Preparation of reqenta 
Calcium chloride, 1.0 ml=0.1 me ca••: Suspend 0.2497 r CaCO. In 600 ml water. 

Dissolve with a minimum of dilute HCl and dilute to 1,000 ml. 
Acetic acid, l50 percent v /v : Mix 00 ml riaclal HC.H101 ( sp er 1.049) with water 

and dllute t.o approx 100 ml. 
Potassium oxalate, lS percent: Dissolve lS.O r LC.O. In water and dilute t.o 

approx 100 ml. 
BJllFBBBNCBS 

American Public Health Association and others, 191'i6, Standard method& for 
the examination of water, seware, and Industrial wastes: New York, Am. 
Public Health Assoc., Inc., 10th ed. 

American Society for Testing Materials, 1954, Manual on lnduatrlal water: 
Spec. Tech. Pub. 148-A. 

Banks, J'., 19lS2, The volumetric determination of calcium and magne&lum by 
the ethylenedlamlne tetra-acetate method: Analyst, v. 77. 

Hlllebrand, W. F., and Lundell, G. E. F., 1~. Applied lnorpnlc analysts: 
New York, John Wlley and Sona, Inc. 

Kolthoff, I. M., and Sandell, E. B., 19lS2, Textbook of quantitative lnorpnlc 
analysls: New York, Macmlllan Co., Sd ed. 

U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvement of saline 
and alkali soils: U.S. Dept. A(rlculture, A(rlculture Bandb. eo. 
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D:9 CABBO• DIOlCIDB 

Carbon dioxide is a respiration product of aquatic plants and 
animals and is one of the byproducts of aerobic and anaerobic decom­
position of organic matter. Acids from natural sources or pollution 
liberate carbon dioxide from bicarbonate. Most of the carbon 
dioxide in water is from these sources. Air contains only about 
0.04 percent carbon dioxide, and the concentration in water in equi­
librium with air will approach 0. 7 ppm. Streams are normally 
rather low in carbon dioxide, but some ground waters contain large 
quantities in their natural environment. 

Carbon dioxide in drinking water is not physiologically impor­
tant to man and livestock, but it has a marked effect on fish. Toler­
ances differ widely with the species, dissolved oxygen, and other 
chemical properties of the water. Of waters of the United States 
that support good fish fauna, 50 percent have less than 1.5 ppm 
and 95 percent have less than 5 ppm (California State Water Pol­
lution Control Board, 1952, 1954, p. 201>-206). Free carbon dioxide 
contributes to t.he corrosiveness of the water and is likely to damage 
calcareous building material such as cement. It has been recom­
mended that concrete be coated if it is in contact with water con­
taining 20 ppm carbon dioxide (Terzaghi, 1949, p. 186). 

D:l .. 1 OilOVLATIO• xnBOD 

The calculation method is applicable to most unpolluted water 
whose dissolved-solids content does not exeeed 500 ppm, or at the 
most 800 ppm. References are given to ways of extending the 
range of application somewhat. Carbon dioxide should not be 
calculated for waters whose pH is not essentially a function of the 
carbonate-carbon dioxide system only; this would probably exclude 
some highly colored waters and others containing appreciable quan­
tities of organic or inorganic acids from natural or cultural sources. 

Prindple of cletermination 

Equations for the calculation of carbon dioxide are derived from 
3 well-known mass-law equations and 1 stoichiometric equation as 
follows: 

[H+l~~o~0·-lxK1;=4. 54Xl0-7 

[H+11xco,-• K '-s &1x10-11 
HC0,-1 I - • 

[H+l)X[OH-1)=K.'=l.OOXl0-1t 
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(1) 

(2) 

(3) 
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138 ANAL Tl'ICAL PROCEDtnlBB D:9&-l 

Ki' and K 1' are apparent constants applicable for normal water having 
a dissolved-solids concentration of less than 500 ppm. 

Alka11D1t1+cu•11=2C01 .. +uco.-a+cou-a1 <4> 
where alkalinity is titratable equivalents of base per liter (to pH 4.5). 

From equation 2: 
OO -t _K,'XHC0,-1, 

a [H+•) 
From equations 3 and 4: 

Albllnity+[H+•]-HC01-•- K:: 
co,-t- 2 [H 1. 

Equating equations 5 and 6: 

Alkalinity-HC01-•+[H+1)-~ Ka'XHCO,-• 
2 - [H+1] 

Solving for HC01- 1: 

and 

Hco •+2(K1'XHC0,-1 ) IL-ll 't +[H+•] 'IC.' ,- [H+•] -a11&a m Y -[H+•) 

alkalinity+[li+1)-[~::1 
HOO,-•= 2K, 

i+ [H+~J 
From equation 1: 

[H+IJ a,co,- Ki' x aco,-• 

[H+•) alkalinity+[H+1)-~ 
- K1' X 2Ka' . 

l+[H+t] 

In order that C01 may be expressed in parts per million: 
ppm C01-moles HaC01X-44,0ll (or 4.4XlO•) 

equiv. per liter alkalinity=61,~19xppm alkalinity as HC0,-1 

(6) 

(6) 

(7) 

(8) 

(9) 

= 1.64x10-• alkalinity as aoo.-1 

Evaluating the constants and expressing alkalinity as ppm HC01- 1: 

ppm COa 
4.4x l()I +1 ppm alkalinity as HC01-1x l.64X 10-•+[H+•)-[~:; 

4.54 X 10-T[H ] X ll.22X 10-11 
l+ [H+•] 

10-H 
ppm alkalinity as HC01- 1X1.64X10--+[H+•]-[H+•] 

- 9.70X 1010(H+•] X ll.22X 10-11 
1 + [H+•] (10) 
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D:~l CARBON DIOXD>B 139 

The values for constants Ki', Ka', and K.,' are affected by other dis­
solved minerals and become greater as the total salt concentrations 
increase l?ecause of the diminution of activities of the various ions 
(Moore, 1939, p. 51-65). The numerical values of the constants given 
are satisfactory for practical purposes for waters having les8 than 
800 ppm of dissolved solids; 500 ppm has been recommended by some 
investigators. To compute apparent constants from the constants at 
7.ero ionic strength (the values given in handbooks), the analyst is 
referred to the works of Langelier ( 1936, p. 1500-US21) and Larson and 
Buswell (1942,p.1667-1678). 

Between pH 6 and 9 some of the terms of equation 10 become insig­
nificant and can be eliminated for practical purposes. The [H•1] in 
the numerator of the second half of the equation becomes relatively 
insignificant above a pH of about 5. The lO-H/[H•1] is also insignifi­
eant at a pH of less than 9; however, the possible carbon dioxide con­
centration at a pH of 9 and higher is so small that little error is 
incurred by eliminating this term from any computations. As pH 
decreases, the denominator of the second half of the equation ap­
proaches 1 and is 1 for all practical purposes in· the acid and neutral 
range. The 2 Ka' /[H•1] term becomes significant at elevated pH's, 
and its elimination would result in a rather high percentage error at 
and above about pH 9. Nevertheless, it can be eliminated because the 
absolute error (ppm) is very small. Therefore, in a pH range of 6 to 
9, equation 10 may be simplified to: 

ppm CO.-~~.~~~;[H+1)Xl.MX1()-I ppm alkalinity aa HC0.-1 

-1.689 X U>'[H +•] X ppm alkalinity aa H C0.-1 

Additional information on the principle of the determination is 
given by De Martini (1938, p. 85). 

A,.arataa and reqenta 
Titration auembl.7 conatattns of pH meter and medium-speed stirrer 
Sulfuric acid, 0.01689N: 1.00 ml:O:l.00 m1 BCO. _. 

Procedure 
Samples for the determination of carbon dioxide should be collected 

as directed in sec. A: 3c, and the determination should be made as soon 
after collection as possible. (See discussion of changes of pH-alka­
linity-carbon dioxide balance in sec. B : 1.). 

1. Plpet a Yolume of sample contalnlnl lea tban 40 ms alka11Dlt7 •• HCO.""' (l50.0 
ml max) into a IOltable beaker. 

2. Ineert the beaker in the titration auembl.7 and record the pH to the neareet O.L 
3. Start the stirrer and titrate lmmedlately to pH ~.5. 
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140 ANAL1'TIC.U. PROCl:DtJB&8 

Calcalationa 

1. ppm Alkalinity u HC0,-1-de 1 .t x 11•000 1 Xml tit.rant 
1111 y m aampe 

D:9ar-1 

2. ppm CO. can be calculated dlreet17 from the complete equation 10 under 
"Principle of determination". Between pH 6.0 and 9.0: 

ppm C0.=1.389X10' [H•1 ] Xppm alkallnltJ as BC0.-1. 

l'or convenience a table has been prepared In which the term 1.589X10' [B•'] 
hu been evaluatM for each 0.1 pH unit between 6.0 and 9.0 

pH UllXJOl(H+I) pH l.DXIOl(H+•) pH t•XtOl[H+'] 

8.0 _______ 1. 589 7.0 _______ 0. 159 8.o __ _____ 0.018 
6,l _______ 1. 262 7.L ______ . 126 8.l ____ ___ . 013 
8.2 ____ --- 1. 003 7.2 _______ . 100 8.2 ____ ___ . 010 
0.3 __ - - - - - . 796 7,3 ___ - - -- .080 8.3 _______ .008 
6.4 __ - - - - - . 633 7,4 _______ .063 8.4 _______ .006 
6,5 ___ - - - - . 503 7.6 _______ . 050 8.5 ___ - - -- .005 
8.6 ___ - - - - . 399 7.8 _______ .040 8.6 ___ - -- - . 004 
6.7 __ - - - - - . 317 7.7 _______ . 032 8.7 ___ - - - - .003 
6.8 ___ - - - - . 252 7.8 ___ - - -- .025 8.8 _______ .003 
6.9 ______ _ . 200 7.9 ____ ___ . 020 8.9 ___ __ __ .002 

9.o ___ ____ . 002 

Report carbon dioxide concentrations of <10 ppm to 1 decimal 
pl~ of between 10 and 999 ppm to whole numbers, and of >999 
ppm to 3 significant figures only. 

Preparation of reagenta 
Sulfuric acid, 0.01689N, 1.00 ml:c:l.00 nig Hco.-•: Add O.ft ml cone a.so. (sp gr 

1.84) to 900ml water. (The tltrant ls stable for several months If protected 
from ammonia fun1es and ls usually prepared In larger quantities.) After 
the solution bu been thoroughly mixed, standardise It by titratinc 25.00 
ml Na.co, ( 1.00 ml:c:l.00 me Hco.-•) to pH 4.~. 

Sodium carbonate, 1.00 ml:c:l.00 me HCo.-•: DlsllOlve 0.8686 I primary standard 
Na.CO. In carbon dioxide-free water and dilute to 1,000 ml. 

IUIPmUIN'cm& 

California State Water Pollution Control Board, 1952, Water quallt7 erlterla: 
Pub. DO. 8. 

·--19M, Water quallty criteria: Pub. no. 8, Addendum no. 1. 
De Martini, JI'. E., 1938, Corl'091on and the Langelier calcium carbonate atura· 

tion index: Am. Water Works .l8soc. Joor., v. 80. 
Lanseller, W. I'., 1986, Tbeanal)'tlcal control of antl-corl'09lon water treatment: 

Am. Water Works .l8soc. Joor., v. 28. 
Larson, T. E., and Buawell, A. N., 1942, Calcium carbonate aturatlon and 

alkallnlty lnterpretatiou: Am. Water Works Asaoe. Joor., v. M. 
Moore, E. W., 1989, Graphic determination of carbon dioxide and three fol'lll8 

of alkalinity: Am. Water Worb A.uoc. Joor., v. 81. 
Terzachl, R. D., 1949, Concrete deterioration due to carbonic acid: Bo8toD 

Soc. Clvll Enclneen Joor., v. 88. 
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Most naturally occurring chlorides a.re very soluble. Chloride 
concentration in natural waters ranges widely from less than 1 ppm 
in some waters to many thousand ppm in some brine. Chloride is 
the major anion in most brines of the United States. The discharge 
of some industrial wastes into streams or ground-water reservoirs 
may considerably increase their chloride content. Human and ani­
mal excreta are high in chloride and nitrogenous material. In 
water supplies, the presence of abnormal concentrations of the two 
t.ogether is indicative of possible pollution by human or animal 
wastes. 

A high concentration of chloride imparts a salty taste to the 
water but the thre8hold of detection varies with ·individuals. Al­
though for drinking purposes, water with a chloride content of 
1,000 ppm may be physiologically safe, the ll.S. Public Health 
Service (1946) recommends that the concentration not exceed 260 
ppm in water on carriers subject to Federal quarantine regulations. 

Chlorides may accelerate corrosion in pipes, boilers, and other 
fixtures (Taylor, 1949). Magnesium chloride when heated releases 
hydrochloric acid which is highly corrosive. Many crops may be 
injured by waters containing excessive quantities of chloride. Chlo­
ride is generally about twice as toxic to crops as sulfate (Ea.ton, 
1964). 

D:lh-1 VOLVXftUO XJ:TBOD 

The volumetric method is similar in substance to part ID, APHA 
(1955, p. 60) Standard Methods, and D 512-49, AST:H (1954, p. 
~222) Manual on Industrial Water. 

The procedure is recommended for waters whose chloride con­
centration is less than 2,000 ppm and can be used satisfactorily for 
measuring chloride concentrations up to 5,000 ppm. 

Principle of detel'Jlllnation 

In the well-known Mohr method for determination of chloride, 
use is made of the fact that in the titration of sodium chlol'ide with 
silver nitrate, the solution is saturated with silver chloride at the 
equivalence point and contains equal concentrations of silver and 
chloride ions. Addition of an excess of silver precipitates silver 
chloride, whose solubility decreases with an excess of either silver 
or chloride ions. When potassium chromate is used as an indi­
cator, the chromate ion combines with the excess silver to form very 
slightly soluble red silver ch1·omate. The following reactions occur: 

Ag+•+ Cl-1-+AgCl 
2 Ag+i + CrOcL+Ag2CrO, 

141 
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14-2 ANAL1'TICAL PROCEDtr.'iES D:lOa-1 

The pH for the titration should be between 7.0 and 10.5. In an acid 
medium, the sensitivity of the method is decreased; the second ioniza­
tion constant of chromic acid is small, and therefore the chromate ion 
reacts with hydrogen ions. 

cr0 .... +a·~aero .... 
The solution should not be too alkaline because silver hydroxide might 
then precipitate before the silver chromate (Collins, 1928). Calcium 
~rbonate can be used to adjust the pH of acid waters without danger 
of making the solution too alkaline. Detection of the end point is 
facilitated by illuminating the titration with yellow light or by view­
ing the titration through yellow goggles or a filter. 

Iodide and bromide titrate stoichiometrically as chloride. Phos­
phate, sulfide, and cyanide interfere. Sulfid~ and cyanide can be 
removed by acidifying and boiling the sample, then adjusting the pH 
with calcium carbonate. Hydrogen sulfide can often be removed 
simply by passing pure air through the sample. Sulfite interferes but 
can be oxidized readily to sulfate with hydrogen peroxide. 

Two strengths of silver nitrate are provided. The dilute titrant 
is recommended if the chloride concentration is less than 5 mg in a 
~0- or 25-ml sample. The end point with the dilute silver nitrate is 
not as sharp as with the concentrated titrant; therefore, the conoon­
trated silver nitrate is recommended if the chloride concentration is 
greater than 200 ppm. In high-chloride waters, the voluminous pre­
cipitate masks the end point, and the maximum chloride concentra­
tion that can be titrated satisfactorily is about 50 mg. Sample dilu­
tion can be carried only so far before the dilution factor decreases 
the precision and accuracy considerably. If a 10-ml sample were 
taken, 0.1 ml silver nitrate (1.00 ml:e:5.00 mg CI-1)-is equivalent to 
ISO ppm of chloride. Sample volumes less than 10 ml are not 
recommended. 

The results are usually accurate and reproducible to ±0.0IS mg when 
the dilute silver nitrate ( 1.00 ml:OO.ISO mg Cl-1 ) is used. When the 
concentrated silver nitrate ( 1.00 ml::orlS.00 mg CI-1) is used, accuracy 
and reproducibility of ± 2-8 percent can be eJ:pected. 

Additional information on the principle of the determination is 
given by Kolthot! and Sandell (1962, p. 808-809). 

;.\pparataa and reapnta 
Yellow ll1ht (a 7ellow bulb or 7ellow 61ter ts 1uitable) 
Baret, 23-ml 
Potaulum chromatt Indicator solution 
Silver nltra•.e, 1.00 ml:c:IS.00 mg c1-1 

Sliver nltratt, 1.00 ml¢0.fl0 ms 01-1 
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Procedure 
L Plpet a volume of l&Jllple contaiJllq leu than l50 ms c1-• (!50.0 ml max) Into 

a porcelain evaporatlnc di.ab and adjust the volume to approx l50 mL 
2. Add 10 drope LcrOo IDdlcator. 
8. With conatant atlrrlng,. ~trate with AcNO. until the pl.nlt-red Ag.Cr(), penl8b 

for 10-lG eec. 
4. Determine a blank correction bJ 8lmllarlJ tn&tlnc l50 ml dilution water. 

The normal blank Correction with ~NO. (1.00 m1¢0.l50 ms Cl-s) la O.OG or 
0.10 mL No blank correction la required with the atroncer tltrant. 

CaleuJatiou 

ppm ci-s=-den!.tJ x ml 1;:ple x (ml tltrant-ml blank) x <ms ci-s per ml Utrant) 

Report chloride concentrations of < 10 ppm to 1 decimal place of be­
tween 10 and 999 ppm to whole numbers and of >999 ppm to 3 sig­
nificant figures only. 

Preparation of reqent. 
Potaaalum chromate Indicator aolutlon : Dluolve l50 g K.CrO. ID approx 1,008 ml 

water. Add AcNO. (1.00 ml:C:0.!50 mg ci·1 ) until a 8Dl&ll amount of red 
Aa.CrOo precipitate&. Put utde ID dark for 2' hr and 1llter to remove the 
As.Cr<>.. 

Silver nitrate, 1.00 m1¢0.l50 mg Cl-s: Dilute 100 ml AcNO. (1.00 m1¢G.OO mg Cl-s) 
to 1,000 mL Check the titer of the reapnt bJ tltratlnc 10.00 ml NaCl ( 1.00 
ml=l.00 mg Cle'). Store ID a lightproof bottle. 

Silver nitrate, 1.00 m1¢6.00 mg Cr' : Pulverize approximately 80 g AgNO. cryatala 
ID a mortar and dry at 10G0 -120°C. Browning of the Cl')'9tala lndlcatee 
reduction to .tg• owiDC to the high heatlnc temperatures or preaence of 
lmporltlee. Dluolve 28.96 g dried AgNO. ID water and dilute to 9l50 ml 
before atandard1z1Dg. Standardise bJ titrating 25.00 ml NaCl (1.00 ml= 
1.00 mg Cr') diluted to approx l50 ml. Store In a lightproof bottle. 

Sodium chloride, 1.00 ml=l.00 mk Cl-s: Fuse NaCl ID a platinum di.ab and cool. 
Dluolve 1.6484 g of the fused NaCl ID water and dilute to 1,000 mL 

Dtlh-4 &UTDlmlO DDOD 

The gravimetric procedure is recommended for industrial wastes 
that contain substances that int.erfere with the Mohr titration and 
for wat.ers whose chloride cont.ent exceeds 5,000 ppm. Although 
the volumetric method can be used in the range of 2,000-5,000 ppm, 
results obtained by the gravimetric procedure are usually more 
accurat.e and reproducible than those obtained by the volumetric 
method. 

Prineiple of determination 

Chloride is precipitat.ed as silver chloride. Best results are ob­
tained if the precipitat.e weighs between 250 and 500 mg (approx 
65-125 mg Cl..,.) . The optimum silver nitrate concentration in the 
precipitation reaction is 0.05 g per lit.er. For routine ana.lysis a 
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moderate excess of silver nitrate can be tolerated., but an unneces­
sarily ltrge excess should be avoided. 

Precipitation is complete almost immediately after addition df 
the silver nitrate, but digestion is needed to ftooculate the colloidal 
silver chloride into a filterable mass. The presence of nitric acid 
and heat hast.ens the ftooculation. When expoeed to light, silver 
chloride slowly decomposes to silver and chlorine, the silver remain­
ing dispersed in the precipitate and the chlorine escaping from the 
crystals. Excessive exposure to light during precipitation and 
digestion phases of the determination may also precipitate free 
silver from the silver nitrate. The precipitate collected. on filter 
paper cannot be ignited satisfactorily because the carbon and reduc­
ing gases formed in burning off the paper reduce some of the silver 
chloride to free silver. 

Anions that form silver salts insoluble in nitric acid, such as 
bromide, iodide, cyanide, and sulfide, also precipitate with the silver 
chloride. Cyanide and sulfide can be removed from the water by 
acidifying and boiling. High concentrations of heavy metals may 
interfere, but such concentrations are seldom found except in some 
industrial wastes. 

The results are generally accurate and reproducible to ±0.5 mg. 

Apparatua and re8genta 
Steam bath 
Gooch crucible with aabeatoa- or glaa-ftber mat 
Suction filtration apparatus 
Oven,180°0 
Nitric acid, cOhe ( sp gr 1.42), Cl".,,-free 
Nitrlc acld, 0.1 percent v /v 
Silver nitrate, G percent 

Procedure 
1. Plpet a volume of sample containing between 6G and 125 mg 01-• into a 250-ml 

beaker and adjust the volume to approx 100 ml. 
2. Add rr6 drops cone HNO.. 
8. Heat solution nearly to bolling. 
4. With constant stirring, slowing add 5 percent AgNOa until no more Cl-1 ls 

precipitated. 
5. Digest the mixture on a steam bath until the precipitate ftocculates and 

settles, leaving a clear supernatant solution. 
6. Test the supernatant solution with 1 drop 5 percent AgNO. to insure complete 

precipitation. 
7. Place the mixture In the dark and allow it to stand overnight. 
8. Collect the precipitate quantitatively In a tared Gooch cruclble. 
9. Wash the beaker and precipitate with small amounts of 0.1 percent BNo.! 

until the washings give no test for silver with dilute apl. 
10. Dry the crucible and precipitate at 180°C te constant weight. Record 

tfle precipitate weight to the nearest 0.0001 g. 
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Caleolations 

ppm CI-'=-d 1.t X 11•000 I Xmg AgClX0.24737 ens1 y m samp e 

Report chloride concentrations >999 ppm to 3 significant figures 
only. 

Preparation of reagents 
Nltrle aeld, 0.1 percent v/v: Mix 1 ml eone BNO. with water and dilute to approx 

1,000ml. 
Silver nitrate, 5 percent: Dissolve 5.0 g AcNO. In water and dilute to approx 

lOOml. 
BBl'BBllNCJl8 

Amerlean Publle Health Assoelatlon and others, 19M, Standard methods for 
the examination of water, sewage, and Industrial wastes : New York, Am. 
Publle Health Assde., Ine., 10th ed. 

Ameriean Soelety for Testing Materials, 1954, Manual on Industrial water: 
Spee. Teeh. Pub. 148-A. 

Collins, W. D., 1008, Notes on praetlcal water analysis: U.S. Geol. Su"ey Water­
Supply Paper 596-H. 

Eaton, F. M., 1964, Formulas for estimating the drainage and gypsum require­
ments of Irrigation waters: Texas A.gr. Expt. Sta. Mlse. Rept. 111. 

Kolthoff, I. M., and Sandell E. B., 1952, Textbook of quantitative lnorganie 
analysis: New York, Maemlllan Co., 3d ed. 

Taylor, E. W., 1949, The examination of waters and water supplies: Phlladel· 
phia, Pa., P. Blaklston's Bon and Co. 

U.S. Publle Health Service, 1946, Drlnklq water standards : U.S. Publle Health 
Service Repta., v. 61, no. 11. 
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Residual chlorine includes "free available chlorine" and "combined 
chlorine." Chlorine hydrolyzes immediately in water. 

Olo+JLO-+ BOOl+lr+Ol-a 

BOOl~B+1+001-a 

Through common usage the term "free available chlorine" is reoog­
nu.ed to include HOCI and OCI-1 and "combined available chlorine" 
to include chloramines and other chloro derivatives (APHA, 1955, 
p. 62-81). Both free and combined chlorine may be present together. 
Results are reported in terms of chlorine (Ola). 

Chlorination is used in the treatment of many public water supplies 
and sewage eftluent& Industrial processes, particularly those that 1188 

bleaching operations, may discharge free or combined chlorine to 
watercourses. Chlorine is unstable in solution; strong light accelerates 
its dissipation. 

It is generally agreed that the small amounts of residual chlorine 
that are present in palatable drinking water are not harmful; low 
concentrations of chloriBe are reported to be toxic to fish, but the 
degree to which chlorine is harmful is dependent on pH, temperature, 
dissolved oxygen and synergism and antagonism of other pollutants 
(California State Water Pollution Control Board, 1952, 1954, p. 212). 

Industrial water supplies are often chlorinated to control bacteria 
and other slime-producing organisms. Residual chlorine may cause 
taste in processed foods (Kohman, 1923). Concentrations not ex­
oeeding 2.0 ppm are recommended for the manufacture of fine paper. 
In concentrations normally found, chlorine is not reported to be in­
jurious to land crops. 

D:11~1 o•nonr.mnm..a.umnn :KS'l'JIOD 

The orthotolidine-arsenite method is similar in substance to part 
ID, APHA (1955, p. 72-73) Standard Methods. 

~dple of determination 
In dilute solution, hydrolyzed chlorine oxidi7.es orthotolidine to 

~i~e a yellowish-b~own complex. The color developed is compared 
.vith that of standards or standardized colored-glass discs. Other 
free halogens react quantitatively. The reaction is practically in­
stantaneous with free available chlorine but proceeds more slowly 
with the combined forms. This differential in reaction rates is utilized 
in differentiating between the two. Arsenite inhibits the reaction but 
does not reverse it. 

The pH must be below 1.3 for proper color development, and the 
ratio of orthotolidine to chlorine should be at least 1 to 3. The reac-

147 
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148 ANALYTICAL PBOCBDUBr.8 D:lla-1 

tion is temperature sensitive, the precision of the test increasing with 
decreasing temperature. A reaction temperature of less than 20°C 
is recommended. 

Iron, mmganese, nitrite, algae, and lignocellulose interfere and 
increase the color. The effect of these interferences is evaluated by 
development of color in presence of arsenite and compensated for in 
the calculation& 

Reproducibility of results is dependent on close adherence to pre­
scribed procedure, temperature, and relative concentrations of free 
and combined available chlorine. Reproducibility of ±0.0001 mg 
chlorine may be achieved with less than 0.0005 mg and ±0.0003 mg 
in the 0.006- to 0.01-mg range. 

Anarata ... reapnb 
Belllp Aqua Teeter with standard color dlaca covertnc range of 0.00-0.10 ppm, 

0.1-1.0 ppm, and 1.0-2.0 ppm. 
Sodium anenite. 5 percent 
OrthotollcUne reqent 

Pncehre 
Because of it.a instability, residual chlorine should be determined 

immediately &fter collection of the sample. (See sec. A: 4d.) 
1. Plpet equal volumes of 111UD.ple containing lellS than 0.01 ms residual chlorine 

u Ola (GO.O ml mu:) into 8 Iuka and adjust the volumes to GO ml. 
2. To the ant 11aak add O.G ml G percent NaAaO. and mix. Add 5.0 ml ortbo­

tollcUne, mix rapldly, and lmmedlatel7 comi-re the color in the "Aqua­
tester." The value obeerved 18 the blank correction (Bi) for the tree 
available chlorine. 

8. Make a eecond obeervation on the contents of the ant flask 5.0 min after 
addition of the orthotollcUne. This value 18 the blank correction (Bs) for 
the total available chlorine. 

4. To the eecond ftut add 5.0 ml orthotolldine. Mb: quickly and immedlatel7 
add 0.5 ml NaA80.. Immediately compare the color. The obeerved value 
(A) 18 the free available chlorine plus effect of interfertnc aubstancea that 
react rapidl7. 

G. To the third ftaat add 5.0 ml orthotolldlne, mb:, and compare the color after 
5.0 min. The obeerved value (OT) la the· total residual chlorine .plus the 
effect of interfering aubatancea that react in 5.0 min. 

Calealatlou 

ppm Total residual oblorine=-d 1 .t Xml 50 le(OT-111) ens1 y samp 

ppm Free available cblorine=-d 1 't X ml 50 
1 (A- Bi) ens1 y sampe 

ppm Combined available cblorine=-d 1.t Xml 50 l [(OT-Ra)-(A-81}] ens1 y sampe 

Report chlorine concentrations of <0.10 ppm to 2 decimal places 
and of >O.lOppm to2significantfiguresonly. 
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Preparation of rupnt. 
8odium araenite, 5 percent: Dissolve 5.0 g NaAsO. tn water and dilute to appro:E 

lOOml. 
Orthotolidine rearent : DiB&Olve 1.35 1 orthotolidine h;vdrocblortde in appro:E 4GO 

ml water. Add this eolution with conatant atlrrins to a solution of 875 ml 
cone BCl (sp gr 1.19) and 125 ml water. Dilute to 1,000 ml. Store tn 
amber or actinic bottle and protect from light. The reagent la stable for 
6months. 

RlD'BBBNCB8 

.American Public Health A.88oclation and others, 19M, Standard methods for 
the uamtnation of water, sewage, and Industrial wutea: New York, Am. 
Public Health A.88oc., Inc., 10th ed. 

California State Water Pollution Control Board, 19"2, Water quallt7 criteria: 
Pub. no. a. 

--1954, Water quallt7 criteria: Pub. no. 8, Addendum no. 1. 
Kobman, E. F., 1928, The effect on canned foods of industrial wutea tn the 

water aupplJ: Natl. Canners A.88oc. Clrc. <i-L. 
Technical Aaaoclatlon of the Paper and Pulp Industry, 1948, Specl4catlom for 

chemical proceea water for 1lne paper manufacture : Tech. Alaoc. Paper 
and Pulp IndutrJ Standards, JD.eOD, 9-48, corrected. 
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Few if any waters contain chromium from natural sources. Hen­
valent chromium salts are used in metal pickling and plating, 
anodizing aluminum, and in the manufacture of paints, dyes, explo­
sives, ceramics, paper, and many other substances. Trivalent chro­
mium salts are used as mordants in textile dyeing, in the ceramic 
and glass industries, and in photography. Chromium is a corrosion 
inhibitor and may be present in treated cooling waters. Waste 
products from many of these activities may contain chromium. 

The U.S. Public Health Service (1946) states that the concen­
tration of hexavalent chromium shall not exceed 0.05 ppm in drink­
ing and culinary water on carriers subject. to Federal quarantine 
regulations; no limit is given for the trivalent form. The toxicity 
of chromium salts to aquatic life differs widely with the species, 
temperature, pH, valence of chromium, and other factors. (Cali­
fornia State Water Pollution Control Board, 1952, 1954.) 

D:llta HBXA V .A.LBNT CHROllitJ'JI 

D: Ua-1 DD'JIEWTI.OilBAZJDZ XE'l'KOD 

The diphenylcarbazide method determines only the hexavalent 
chromium. 

Prineiple of determination 
In acid solution diphenylcarbazide forms with hexavalent chro­

mium a soluble red-violet product that absorbs light at 540 IIlJ£. 
The formula for the colored substance is not known. For all prac­
tical purposes the reaction is specific for chromium; metallic inter­
ference almost never occurs. Iron, mercury, and molybdenum in 
concentrations as high as 100 ppm show only a small effect. Vana­
dium should not be present in concentrations exceeding 4: ppm. 
The effect r f water color is small, and color up to 50 can be tolerated. 
The pH of the reaction is not critical; solutions differing in pH 
from 0.7 to 1.3 give identical colors. The color of the chromium­
diphenylcarbazide product changes slightly with time but for prac­
tical purposes it can be considered to be stable. The chromium color 
develops almost instantly and is stable, whereas vanadium color 
develops instantly and then fades rapidly. If the original vanadium 
concentration is less than 4 ppm, no color persists after 10 min. 

Results are reproducible and accurate to +0.0002 mg. 
Additional information on the principle of the determination is 

given by Sandell. (1950, p. 260-268). 
151 
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162 ANALYTICAL PBOCl:DtJRES 

Apparataa ad rapnta 
Spectrophotometer, Beckman Model B: 

Wavelength : l540mp 
OeU. : 10.mm optical deptb 
Pbototube: Bloe-eeultlve 
Blank : Metal-free water ploa reapnb 
Initial eeultivlq eetttq: 1 
Sllt width : 0.1 mm (approx) 
The following abaorbanclee have been observed : 

.. er 
0.01 
• O'J 
.08 
• <Kl5 

Potusiom chromate, 1.00 ml=0.10 mg cr+i. 
Solforlc acid, 6.15 percent v/v 
Dlphe07lcarbaslde reqent 

Preeedure 

~~ 

O.T 
1.2 
1.T 
2. 15 

D:12&--l 

Samples for the det.ermination of chromium should be collect.ed and 
treated as directed in see. A :4d. 
1. Plpet a volume containing lees than 0.03 mg Cr .. (10.00 ml mu:) into a !50-ml 

beaker and adjust the volume to 10.0 ml with metal-tree water. 
2. Prepare a blank of metal-free water and sotlclent standards, and adjll8t the 

volumes to 10.0 ml with metal-free water. 
8. Add 1.0 ml 6.5 percent JLSO, and mlx. 
4. Add 0.5 ml dlphen1lcarbaslde reagent and mis:. 
5. Allow to stand 10 min. 
6. Determine the abaorbaney of the sample and standards agalnst the blank and 

when neceff88.ry make correction for water color as directed ID sec. C : la-2. 

Caleulationa 
1. Determine the mg Cr .. in the sample from a plot of absorbancies of standards 

containing known amounts of the constituent. 

2 C +1--1-x 1•000 x c +1 • 1e . ppm r - de •t 1 1 mg r m samp ns1 y m sampe 

Report hexavalent chromium concentrations of <1.0 ppm to 2 deci­
mal places and of >1.0 ppm to 2 significant figures only. 

Preparation of reagents 
Potassium chromate, 1.00 ml=0.10 mg Cr..,: Dissolve 0.3734 g K.CrO, dried over­

night in a.so, desiccator In metal-free water and dilute to 1,000 ml. 
Sulfuric acid, 6.15 percent v/v: Add 6.15 ml cone a.so, (BP gr 1.84) to metal-tree 

water and dilute to 100 ml. 
Dlphenylcarbazlde reagent : Dissolve 0.2 g diphenylcarbazlde and 1.0 g phtballc 

anhydride in approx 200 ml ethyl alcohol. This reagent ls stable for several 
weeks; slight discoloration may be noted but this does not Impair the uaeful­
neea of the reagent. 
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D:IA-1 ....U8.&Jr.&n-£SJDE mJIOD 

Principle of deteraination 

153 

Total chromium is det.ermined by oxidizing trivalent chromium to 
the hexavalent stat.e with potassium permanganat.e prior to diphenyl­
carbazide color development (see sec. D: 12a-1). The excess oxidant 
is destroyed with sodium azide. 

Attention should be given to the glassware used, because scratched 
glassware may adsorb chromium. Any glH.SSware cleaned with 
chromic acid cleaning solution should be recleansed with hydrochloric 
acid to remove the last traces of chromium.. 

Additional information on the principle of the det.ermination is 
given by Saltzman (1952, p. 1016) and Lieber (1956, p. 295-299). 

Apparatua and reagents 
Steambatb 
Spectrophotometer, Beckman Model B: 

Wavelength: 540 lllJ& 
Cells: 10-mm optical depth 
-Phetotube: Blue-sensltlve 
Blank : Metal-free water plus reag~ts 
Initial sensitivity settlng : 1 
Slit width: 0.1 mm (approx) 
The following absorbanciea have been obaerved : 

..,er Ahoriollof 

0.01 0.7 
.CD 1.2 
.03 1.7 
.046 2.5 

Potallllium chromat.e, 1.00 ml=0.10 mg Cr .. 
Sulfuric acid, 6.15 percent v /v 
Dlphenylcarbaslde reagent 
Trivalent chromium, 1.00 ml=0.002 mg Cr .. 
Sulfurlc. acid, 0.15N 
Potassium perungana'.te, 0.1N 
Sodium azide, 15 percent 
Ammonium hydronde, l50 percent v /v 

Procedure 
Samples for the determination of chromium should be collected and 

treated as directed in sec. A : 4d. 
1. Pipet a volume of sample containing less than 0.30 mg Cr (!50.0 ml max) into 

a 250-ml Erlenmeyer flask and adjust the volume to approx 150 ml. 
2. Prepare a bladk of metal-free water and su1Bcient standards and adjust tbe 

volumes to a1iprox 00 ml with metal-free water. 
8. Add 10 ml 0.15N u.so. and mix. 
4. Add approx 0.15 ml O.lN KMnO,. 
Ci. Heot on steam bath for 20 min. If color disappears, add more KMnO. to 

maintain a slight exc.-ess. 
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8. Bemove from steam bath, and wblle warm add 5 percent NaN, dropwtse until 
KMnO. color disappears. Allow about 10 sec between eacb drop of NaN.; 
8 to 5 drops are usually sufllclent. 

7. Promptly cool to room temperature In a cold-water bath. 
8. Add 0.75 ml l!O percent NB.OB and dllute to 100.0 ml. 
9. Plpet a 10.00-ml aliquot Into a l!O-ml beaker and proceed· as directed In aec. 

D: 12a-1. Tbe color correction ls not made. 

Caleulatlona 
1. Determine tbe mg Cr ln tbe aliquot from a plot of absorbancles of standards 

containing known amounts of tbe constituent. 

2 C ___ l_ 1,000 Xml sampleX C . li t 
·ppm r-deMityXmlsample ml aliquot .mg rma quo 

Report chromium concentrations of < 1.0 ppm to 2 decimal places 
a.nd of >I.O ppm to 2 significant figures only. 

Preparation of reagents 
Potassium cbr-0mate, 1.00 ml=0.10 mg Cr .. : Dissolve 0.3734 g K.cr0. dried over­

night ln B,so. desiccator ln metal-free water and dilute to 1,000 ml. 
Sulfuric acid, 6.a percent v /v : Add 6.5 ml cone a.so. ( sp gr 1.84) to metal-free 

water aud dilute to 100 ml. 
Dlpbenylcarbazlde reagent : Dissolve 0.2 g dlphenylcarbazide and 1.0 g pbtbalic 

anhydride in approx 200 ml ethyl alcohol. This reagent ls stable for seven.I 
weeks; slight discoloration may be noted but this does not impair the 
usefulness of the reagent. 

Trivalent chromium, 1.00 ntl=0.002 mg Cr .. : Dissolve 0.2263 g K.Cr.O. In metal­
free water and dilute to 1,000 ml. Plpet 5.00 ml Into an Erlenmeyer 1lask. 
Add approx 15 mg Na.so, and 0.5 ml cone BNO, (sp gr 1.42). Evaporate 
to dryness gently ; strong beating reoxidizes the Cr. Add 0.5 ml cone BNO. 
and again e'·aporate to dryness to destroy any excess sulfite. Take up In 
1 ml cone BN01 with warming and dilute to 200.0 ml with metal-free water. 

Sulfuric acid, 0.1iN: Mix 13.9 ml cone H,so, (sp gr 1.84) with metal-free water 
and dilute to ap11rox 1 liter. 

Potassium permanganate, O.lN: Dissolve 0.82 g KMnO, in approx 100 ml metal­
free water. Allow to stand several days and de<>ant or filter through 
medium-porosity frltted glass. 

Sodium azide, 5 percent: Dissolve 5 g NaN, In approx 100 ml metal-free water. 
Ammonium hydroxide, 50 percent v/v: Mix 50 ml cone NH.OH (sp gr 0.900) 

with water and dilute to 100 ml. 

REFERENCES 

California State Water Pollution Control Board, 1952, Water quality criteria: 
Pub. no. 3. 

---1954, Water quality criteria: Pub. no. 3, Addendum no.·1. 
Lieber, Maxim, 1956, Permanganate-azlde test for total chromium In water: 

Am. Water Works Assoc. Jour., v. 48. 
Saltzman, B. E., 1952, Mlcrodeterminatlon of chromium with dlphenyl-carbaztde 

by permanganate oxidation: Anal. Chemistry, v. 24. 
Sandell, E. B., 1950, Colorimetric determination of traces of metals: New 

York, lntersclence Publishers Inc., 2d ed. 
U. S. Public Health Service, 1946, Drinking water standards: U. 8. Publle 

Health Service Repts., v. 61, no. 11. 
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D:13 COLOR 

The color of water as considered herein is that due only to sub­
stances in solution. Color in water may be of natural mineral, ani­
mal, or vegetable origin. It may be caused by metallic substances, 
humus material, peat, algae, weeds, or protozoa. ·Industrial wastes 
may also color water. Color may range from zero to several hun­
dred units. 

In domestic water, color is undesirable from aesthetic consider­
ations and because it may dull clothes or stain food and fixtures. 
The U.S. Public Health Service (1946) states that the color shall not 
exceed 20 units in drinking and culinary water on carriers subject 
to Federal quarantine regulations. Color is undesirable in water 
for many industries, particularly food prucessing, laundering, ice 
manufacturing, bottled beverage, photographic nnd textile (Cali­
fornia State Water Pollution Control Board, 1952, 1954, p. 226-228). 

D: 11 ... 1 OOKPAJWIO• KETHOD 

Principle of determination 
The color of the water is compared to that of glass colored discs 

which have been calibrated to correspond to the platinum-cobalt 
scale of Hazen (1892, p. 427-428). The unit of color is that pro­
duced by 1 mg of platinum per liter. The Hazen scale is usually 
satisfactory for most waters, but the hues and shades of some waters 
may not easily be compared with standards. If the hue of the 
water does not compare with that of the standard there is very 
little that can be done about it,· other than to visually compare the 
optical densities of the sample and standard. A minimum of dilu­
tion of highly colored water is recommended because the color of 
the diluted sample often is not proportional to the dilution. 

Turbidity causes the observed color to be higher than the true 
color, but there apparently is some disagreement as to the magni­
tude of the effect of turbidity. One authoritath·e source states 
that "Even a slight turbidity causes the apparent color to he notice­
ably higher than the true color" (APHA, 1955, p. 87), whereas 
another states that "The color of water with low turbidity is sub­
stantially the same as that of clear water" (Cnlifornia State ·water 
Pollution Control Board, 1952, 1954, p. 226-228). The removal 
of turbidity is the most recurrent problem in the determination of 
color. Color is removed by adsorption on suspended material, and 
filtration of the sample through paper and other media '~hich pass 
the water through a membrane of concentrated sedimentary mate­
rial tends to decolorize the water. Centrifuging is preferable to 
filtration through any media for turbidity remornl, but centrifuging 

t.'\5 
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is not completely effective if the water contains very finely divided 
particles. Flocculation of the dispersed particles with a strong 
electrolyte has been proposed (Le.mar, 1949, p. 726). The elec­
trolytic method is effective for removing turbidity, but the process 
of flocculation is also often used to decolori7.e some waters. The 
flocculation method may have some application but is probably not 
suitable for every type of color in water. 

The color in some highly colored waters may have a tendency to 
fade and (or) precipitate on standing. Biological changes during 
storage may also affect the color. Consequently the color determina­
tion should be made within a reasonable period of time after the 
sample is collected. 

Because of the many complicating factors invoived, the determina­
tion of color is one of the least precise in water analysis. No state­
ments on the accuracy and reproducibility of the tests can be made. 
Apparatu 
Helllge Aqua Tester (see sec. C : 2t). 

Procedure 
1. Fill one instrument tube with the sample of water, level, insert the glass 

plug making sure that no air bubbles are trapped, and insert the tube into 
the Aqua Tester. 

2. Use distt11ed water in the se<:ond tube as a blank. 
3. The color comparison ts made by revolving the disc until the color of the 

two tubes matches. Waters that have colors greater than 70 should be 
diluted. 

Calculations 
The color is read directly from the matching color standard, and 

the proper dilution factor is applied. Report color as follows: 

Color••" 

1-15() 
51-100 

101-250 
250-500 

Beoord ••"'' 
to t&llGt"lltl-

1 
5 

10 
20 

RBll'mNCBS 
American Public Health Association and others, 1955, Standard methods for 

the examination of water, sewage, and industrial wastes: New York, Am. 
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California State Water Pollution Control Board, 1952, Water quality criteria: 
Pub. no. 3. 

--1954, Water quality criteria: Pub. no. 3, Addendum no. 1. 
Hazen, Allen, 1892, A new rotor standard for natural waters: Am. Chem. Soc. 

Jou1·., ,._ 14. 
Lamar, W. L., 1949, Determination of rolor of turbid waters: Anal. Chemistry, 
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U. S. Public Health Service, 1946, Drinking water standards: U. S. Public 

Health Service Repts., v. 61, no. 11. 
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Most copper minerals are relatively insoluble, and little copper 
found in water is of natural origin. The presence of copper in more 
than trace amounts can usually be attributed to corrosive action of 
water on copper pipes, to industrial wastes, or to the use of copper 
salts for the control of algae and other aquatic growths. 

Copper imparts a disagreeable metallic taste to water. As little 
as 1.5 ppm can usually be detected, and 5 ppm can render the 
water unpalatable. Copper is not considered to be a cumulative 
systemic poison like lead and mercury; most copper ingested is 
excreted by the body and very little is retained. The pathological 
effects of copper are controversial, but it is generally believed very 
unlikely that humans could unknowingly ingest toxic quantities 
from palatable drinking water. The U. S. Public Health Service 
(1946) recommends that copper should not exceed 3.0 ppm in drink­
ing and culinary water on carriers subject to Federal quarantine 
regulations. The toxicity to aquatic organisms differs significantly 
not only with the species but also with the chemical and physical 
characteristics of the water, such as temperature, hardness, tur­
bidity, and carbon dioxide content (California State Water Pollu­
tion Control Board, 1952, p. 230). 

Copper is undesirable in water used for canning foods (Weckel, 
1942) and for metal-plating baths (Irenas, 1946). Although copper 
is an essential or beneficiA.l plant nutrient, crops differ widely in 
their tolerances. Low concentrations have been found to be inju­
rious to orange seedlings, flax, sugar beets, tomatoes, and barley, but 
high concentrations had no effect on · oats or kale (California State 
Water Pollution Control Board, 1952, p. 230). 

D: H~I DU:TJITLDITJDOOAJUIAJU.'1'1: RBOTaOl'JIO'l'OlmftIO XBTKOD 

Prindple of determination 
Coppe" reacts with the substituted carbamate, dihydroxyethyl­

dithiocarbamic acid, to give a stable colored complex, which is a 
true solution. With freshly prepared reagents, the color develop­
ment is instantaneous. If copper is determined infrequently, prepa­
ration of fresh carbon disulfide and diethanol-amine solutions is 
recommended for each set of samples. Refrigerated reagents are 
sufficiently stable for about 1 month. 

Nickel, cobalt, and bismuth also give colored solutions with the 
reagents, but these metals must be present in concentrations 20 
times that of copper to equal the copper color. At the wavelength 
used, the absorbancy of natural color in the water is appreciable, 
and a color correction is often necessary. Iron reacts with the 
reagent to give a color of less intensity than copper. This ·inter-
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ference is eliminated by complexing iron with citrate and compen­
sating for the slight yellow color of the iron-citrate complex. 

With the listed apparatus, results are usually accurate and repro­
ducible to ± 0.002 mg. 

Additional information on the principle of the determination is 
given by Sandell ( 1950, p. 309). 

Apparatua and reapnts 
Spectrophotometer, Beckman Model B : 

Wavelength: 426 mp 
Cells: 40-mm optical depth 
PhotGtube: Blue-sensitive 
Blank: Metal-free water plus reagents 
Initial sensitivity setting: 2 
Slit width : 0.2 mm (approx) 
The following absorbancles have been o~ved : 

tllf Cu 

0.0125 
• 02:iO 
• 0875 
.0500 

Copper solution, 1.00 ml=0.005 mg Cu 
Nitric acid, IS percent t'/v 
Sodium citrate, 10 percent 
Ammonium hydroxide, cone (spgr0.900) 
Dlhydroxyethyldithlocarbamlc acid 

Procedure 

AbaorfHnler 

0.33 
.66 
.98 

1.31 

Samples for the determination of copper should be treated as di­
rected in sec. A! 4d. 
1. Plpet a volume of sample containing less than 0.05 mg Cu (25.00 ml ma:i;) 

into a 00-ml beaker and adjust the Yolume to 25.0 ml with metal-free water. 
2. Prepare a blank of 25.0 ml metal-free water and suftlclent standards and 

adjust volumes to 25.0 ml with metal-free water. 
3. Add 1.0 ml 5 percent HNOa. 
4. Add 1.0 ml 10 percent Na.c.a.o,. 
5. Add 1.0 ml cone NH,OH. Stir the solutions Yigorously. 
6. Add 1.0 ml dihydroxyethyldlthioearbamlc acid and mix well. 
7. When necessary, make corrections for water color and iron as directed ln 

sec. C: la-2, method 2, to obtain true sample absorbancy. 

Calculations 
1. Determine the mg Cu in sample from a plot of absorbancles of standards 

containing known amounts of constituent. 

1 1000 . 
2. ppm Cu=-d 't X 1 ' 1 Xmg Cum sample ens1 y m samp e 

Report copper concentrations of < 1.0 ppm to 2 decimal places a.nd 
of > 1.0 ppm to 2 significant figures only. 
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Preparation of reagents 
Copper solution, 1.00 ml=0.005 mg Cu: Dllute 5.00 ml Cu (1.00 ml=l.00 ms Cu) 

to 1,000 ml with metal-free water containing 1 or 2 drope cone HNO. (llP 
grl.42). 

Copper solution, 1.00 ml=l.00 mg Cu: Dissolve 1.00 g Cu in a minimum of 
dilute HNOa and dllute to 1,000 ml with metal-free water. 

Nitric acid, 5 percent v/v: Mix 5 ml cone HNOa (sp gr 1.42) with metal-free 
water and dllute to approx 100 ml 

Sodium citrate, 10 percent: Dissolve 10 g Na.CJLO, in metal-free water and dilute 
to approx 100 ml 

Dihydroxyethyldithiocarbamic ~cid : Just before use, mix equal volumes of 0.82 
percent CS. and 3.6 percent diethanol-amine. 

Carbon disulfide, 0.32 percent v /v : Dissolve 0.32 ml CS. in ethyl alcohol and 
dilute to 100 ml. Store in refrigerator. 

Diethanol-amine, 3.6 percent v/v: Dissolve 3.6 ml diethanol-amine in ethyl alcohol 
and dilute to 100 ml. Store in refrigerator. 

BJD'BIUDNCBS 
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Density is the mt\88 of any substance per unit volume at a deaig­
nat.ed standard temperature. Density should not be confused with 
specific gravity, which is a mass-to-mass relation. 

The density value has some use in industries that utilize brines and 
whose basic unit of. concentration of dissolved material is density. 
Density is used primarily by the chemist in the computation of 
parts per million for highly mineralized waters. In the analysis, 
weight per sample volume is determined, and these values must be 
convert.ed to parts per million. Parts per million by definition is 
the weight of dissolved material per 1 million equal weight.a of 
solution (milligrams per kilogram). Therefore the determined 
concentration of each constituent is divided by the density to give 
the correct parts per million. This computation is made before 
rounding the results. 

A dissolved-materials content of 1,000 ppm- increases the density 
of the solution by slightly less than 1 g per kg, or less than 0.1 
percent; the exact amount is dependent on the nature of the solid 
material. Consequently differences in density are not significant 
to the chemical analysis unless the total concentration of dissolved 
solids exceeds about 5,000-10,000 ppm. The Geological Survey has 
arbitrarily select.ed 7,000 ppm as the dividing line. If the diseolved­
solids content is less than 7,000 ppm it is assumed that exactly 1 ml 
of solution weighs exactly 1 g; if it exceeds 7,000 ppm the density 
is determined and used in the computation of parts per million for 
all constituent.a. If determination of dissolved solids is not included 
in the scope of the analysis, a specific conductance of 10,000 is then 
taken as the differentiating measurement. 

D:ll ... 1 G:aAVIXE'l'BJO DTJIOD 

Principle of determination 

The density determination is based on the weight of a carefully 
measured volume of solution at a given temperature. Densities are 
determined at 20° C, the same temperature at which volumetric 
glassware is calibrated to deliver a given weight of pure water. 

Results are accurate and reproducible to ±0.0005 g. 

A,.,.ratu 
Weirhing bottle: rJO+-ml capacity 
Volumetric plpet, ISO-ml, calibrated. The actual volume delive17 of the plpet 

18 determined by weighing a delivered volume of dilution water at 20°0. 
The volume Is obtained from relative-density tables In handbooks. Al· 
ternatlvely, a ISO-ml pycnometer can be used ; it muat be calibrated alllo. 
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Procedure 
1. Adjust the temperature of the sample to 20.0°C. 
2. Rapidly withdraw a sample and transfer it to a tared weighing bottle. 
3. Stopper the bottle immediately to prevent water loss by evaporation. 
4. Weigh the solution to the nearest 0.1 mg. 

Caleulations 

Density !18:a~~~e 
If a constant-temperature bath is not available, the determination 

can be made at the sample temperature and a correction applied for 
the departure from 20°C. The temperature is recorded with an 
accurate thermometer, and the relative density for that temperatuN 
obtained from a table. The density result is then corrected by the 
factor: 

Relative density (20°C) 
Relative density (test temp in °C) 

Report density to 3 decimal places in terms of grams per milliliter 
at 20°C. 
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Unlike chlorides, fluorides are only sparingly soluble and are 
present in most natural waters in only small amounts. Calcium 
fluoride (ftuorite) is the principal source of fluoride, but there are 
some other complex fluoride-bearing minerals. The element is often 
characteristic of waters from deep strata and is frequently found in 
salt water from oil wells and in water from areas that have been 
subjected to recent vulcanism. Fluorides are used as insecticides, 
disinfectants, preservatives, and for a few other purposes in indus­
try. They are seldom found in large quantities in industrial wastes, 
except as the result of spillage. 

Pathological changes in man attributable to ftuoride absorption 
are in the nature of ostosis. Large quantities of ftuoride are toxic, 
but it has been reported that adults may safely drink 2 gallons 
per day of water containing 10 ppm of ftuoride (Smith, 1944, p. 
1293). Daily intakes of abOut 15-20 mg of fluoride over a period 
of several years are required to induce chronic ftuorosis in an adult 
man (California State Water Pollution Control Board, 1952, p. 256). 
Excessive quantities in drinking water during calcification may cause 
discoloration in the teeth of children; adults are not affected. Avail­
able evidence indicates that water containing less than 1.0--0.9 ppm 
of fluoride seldom causes mottling of children's teeth, and the liter­
ature describing the beneficial effect of 0.88-1.5 ppm in drinking 
water as an aid in the reduction of tooth decay in children is 
abundant. The U. S. Public Health Service (1946) states that the 
concentration of ftuoride shall not exceed 1.5 ppm in drinking and 
culinary water on carriers subject to Federal quarantine regulations. 

Manufacturers of products for internal consumption generally 
limit the ftuoride content of water to about 1.0 ppm. In normal 
concentrations it is not significant in irrigation; it is generally 
concluded that the ftuoride content of irrigation water has no con­
sistent inftuence on the ftuoride content of plants. The effect of 
fluoride on livestock is similar to that on humans (California State 
Water Pollution Control Board, 1952, p. 256). 

D:lla-1 ZDtCO•IVK-EJUOOllJlOXB CTAJDD B JlftJIOD 

The Zirconium Eriochrome Cyanine R method is a much modi­
fied version of the procedure of Megregian (1954, p. 1161). 

Prindple of determination 
In acid solution, zirconium reacts with Erichrome Cyanine R to 

form a red complex ion. Fluoride forms a more stable complex 
with zirconium (ZrFa-2 ) and withdraws zirconium from the organic 
complex to produce a bleaching effect. Eriochrome Cyanine R 
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shows a decided specificity to zirconium. Under the experimental 
conditions the dye does not give a color with titanium or beryllium, 
two metals which react with many other zirconium agents. Alu­
minum reacts to give a positive interference that is easily eliminated. 
This is accomplished by allowing the solution to stand for at least 
2 hr before making color comparison. Up to 10 ppm can be tolerated. 

Analytical conditions are not overly critical. The pH is con­
trolled at a highly acid level by the addition of 1.7 ml of concen­
trated hydrochloric acid to each sample. This assures that high 
concentrations of bicarbonate or other alkaline ions will not affect 
the pH significantly. Sulfate interferes but is removed in the pro­
cedure by precipitation as barium sulfate. Overnight standing is 
usually required to assure complete settling of barium sulfate before 
making color comparison. The clarification of the sample can be 
accelerated by centrifuging if the fl.uoride result is desired iinme­
dia.tely. Filtration should not be used. 

Residual chlorine, chromate, and probably other strong oxidants 
attack the indicator. The susceptibility to attack varies with 
batches of indicator. Stannous chloride is used to eliminate chro­
mate and chlorine interference. Chromium, cadmium, and nickel, 
in concentrations of less than 5 ppm, do not interfere in the lower 
fl.uoride range. When the ftuoride concentration exceeds 1.0 ppm, 
larger quantities of these metals can be tolerated. Ten ppm iron, 
zinc, lead, cyanide and phosphate, cause no appreciable interfer­
ence if the sample is allowed to stand overnight. 

The determination shows "salt effect"; the sensitivity is depressed 
by 5 to 10 percent at a dissolved-solids concentration of 10,000 ppm. 
The effect of the usual type of color is not serious. A color of 70 
on the Hellige scale is equivalent to an absorbancy error of only 
0.005 in the spectrophotometric measurement. Thus, it appears that 
color correction will not often be necessary. 

The quality of batches of Eriochrome Cyanine R from dift'erent 
sources differs very significantly, and it is necessary to test the 
reagent each time it is prepared. The individual t.bsorbancy curves 
show corresponding differences, and the sensitivity of fluoride 
between reagents may differ by 20 percent. 

The method has rather good tolerance for temperature dift'er­
ences. For most purposes, operating at room temperature without 
other precautions is satisfactory. 

With listed apparatus, results are accurate and reproducible to 
±0.0006 mg in the lower ranges and approx 0.001 mg in the higher 
fluoride range. 
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Apparatua and reapnta 
Spectrophotometer, Beckman Model B: 

Wavelength : 540 ml' 
Cells : 40-mm optical depth 
Phototube: Blue-sensitive 
Blank: Dilution water plus reagent.II 
Initial sensitivity setting: 3 
Silt width: 0.3 mm (approx) 
The following abeorbanclee have been observed: 

-.r-i &........_ 
0. 00 1.15() 

. 01 1. llS 

.02 .82 

.03 .IS6 
Sodium fluoride, 1.00 ml=0.010 mg F""' 
Stannous chloride reagent, 2 percent 
Indicator solution 

Procedure 

165 

If the sample contains an excessive amount of interfering materials, 
the fluoride should be isolated by distillation (see sec. D: 16a.-3). 
1. Plpet a volume of sample containing lesa than 0.03 mg r-• (10.00 ml max) 

into a 00.ml centrifuge tube or test tube. 
2. Prepare a blank and sutllclent standards, and adjust the volumes to 10.0 ml. 
3. If chromate, residual chlorine, or other strong oxidisinr agents are present 

In the aample, add 0.1 ml 2 percent SnCl1 and let the 110lutlon stand for 
lOmln. 

4. Add ~.O ml Indicator. 
IS. Allow the solution to stand overnight for barium sulfate to settle. 
8. Decant approx ~ ml pure supernatant solution, taking <'&re not to disturb 

the precipitate. 
7. Determine the abaorbancy of the test aample and standards against the blank, 

and when neceMa17 make correction for water color as dirf!<'ted in sec. 
C: la-2, method 1. 

Caleulatiou 
1. Determine mg F""' In test aample from a plot of abMrban<'ies of standards 

containing known amount.II of constituent. 

I. ppm F-1--d lit X 11•000 1 Xmg F-1 in sample 
ens y m sampe 

Report fluoride concentrations of < 1 ppm to 0.1 ppm and of > 1 
ppm to 2 significant figures only. 

Preparation of reapnt1 
Sodium fluoride, 1.00 ml=0.010 mg F"': Dl111Wlve 0,2210 r NaF in water and 

dilute to 1,000 ml in metal·free water. Dilute 100.0 ml of this 1tocJc aolu­
tlon to 1,000 ml. 

Stannou chloride reagent, 2 percent: DIBSOlve 1 g SnCl1·2H10 in 10 ml cone 
HCl (sp gr 1.19) and dilute to approx ISO ml. 
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Indicator solution : To about 800 ml metal-free water add 20.0 ml 0.9 percent. 
Erlocbrome Cyai;lne R and 10.0 ml 0.2 per.cent Zr0(N0.).-2H.O In acid. 
Add 70 ml cone HCI (ap gr 1.19) and 4 g BaCI.. Dissolve and dilute to 1,000 
ml. The solution ls consumed rapidly and a larger volume ls normally 
prepared. 

Erlochrome Cyanine R, 0.9 percent : Dissolve 1.80 g tested Erlocbrome Cyanine 
R in water and dilute to 200 ml. The National Anlllne product labeled 
"AU:i:arol Cyanone RC" bas been used 11uccessfully. With other products, a 
precipitate sometimes forms when the indicator solution ls prepared. 

Zireonyl nitrate, 0.2 percent in acid: Dl880lve 0.40 g Zr0(N0a).·21LO in 200 ml 
l!OpercentHCl v/v. 

D:ll&-I ZIBCOBIUX-ALIZABDr JD:THOD 

The zirconium-alizarin method is similar in substance to part ID, 
APHA (1955, p. 105-107) Standard Methods, and method 85, U.S. 
Salinity Laboratory Staff (1954, p. 147) Handbook 60. 

Principle of determination 

In acid solution, zirconium reacts with alizarin red S to form a 
reddish-violet lake. Upon addition of fluoride ion to the zirconium 
red lake, the more stable fluorozirconate complex ion, Zr F 8- 2, is formed. 
If the amount of zirconium and alizarin is carefully controlled, the 
amount of zirconium removed by fluoride subtracts from the reddish­
complex color. The reaction simultaneously liberat.es free aliza.rin 
sulfonic acid which is yellow in acid solution. With increasing fluo­
ride,· the color change is from reddish violet to yellow green. The 
bleaching effect of the fluoride in the sample is compared visually 
with that in standard solutions. As the color approaches yellow green, 
the test is less sensitive; the method is most useful when the sample 
volume contains less than 0.10 mg of fluoride, but the range can be 
extended a little higher. The reaction requires several hours to reach 
equilibrium, and the rate is somewhat dependent on temperature. 
Color comparison can be made at the end of 1 hr if the reagent was 
added to the sample and standards within 2 min and uniform tem­
perature is maintained. 

The interference of 20 mg of calcium, 20 mg of magnesium, 100 
mg of sodium, 20 mg of potassium, and 30 mg of nitrate is neg­
ligible; even higher concentrations would cause very little trouble. 
Up to 1.5 mg of iron does not interfere seriously, but larger amounts 
cannot be tolerated; 2.5 mg of manganese does not interfere. Free 
residual chlorine interferes but can be removed by adding sodium 
arsenite. Several other ions common to water interfere; some give 
high results and others low. Aluminum gives a negative error be­
cause of the formation of aluminum-fluoride complex, which with­
draws fluoride from the reaction of zirconium. The magnitude of 
the interference is dependent on the quantity of both alluminum &nd 
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fluoride, but the percentage of fluoride complexed is approximately 
constant for a given concentration of aluminum. The ratio taken 
from the graph shown below (fig. 16) and multiplied by the appar­
ent fluoride concentration will give the actual fluoride content. For 
fluoride concentrations not exceeding 0.10 mg and aluminum coo.­
centrations not exceeding 0.05 mg, the maximum variable errors will 
not exceed -0.01 mg of fluoride. 

In the presence of 1.0 mg of aluminum, the ratio of actual to ap­
parent fluoride concentration is 2.8. The interference of 0.05 mg 
of aluminum does not exceed the equivalent of 0.01 mg of fluoride. 
Hexavalent chromium causes a positive error, but 0.05 mg can be 
tplera.ted if the color comparison is made 1 hr after addition of 
the reagent, but only 0.01 mg of chromium can be tolerated when 
readings are taken between 7 and 18 hr. The interfe~ce of ortho­
phosphate and hexametaphosphate is lessened if the reaction is al­
lowed to go 7-18 hr; 0.20 mg can be tolerated. Below pH 4:.5, 
hydrogen ion gives positive errors but the effect can be eliminated 
by raising the pH of the sample to 4.l>--6.0 with sodium hydroxide. 
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Sulfate increases the fluoride reading, while chloride and alka­
linity decrease it. These eft'ect.s are substantially additive, and 
corrections taken hom the following table can be applied to the 
apparent fluoride concentration. Alkalinity in excess of 10 mg of 
calcium carbonate can be neutralized with an equiva.lent quantity of 
nitric acid. 

Correctiona /or Jvoride dderminaliotl 
(1111 Aetml ll'•mi appinD& P+ftloe lndklatecl) 

1111 per 100 ml 

lluJfate 

10________________________________ -0.002 
20________________________________ -. 002 
.so________________________________ -. 003 

"°-------------------------------- -. 006 l50________ ________________________ -. 009 

60-------------------------------- -. 011 
100_______ ___________________ _____ - . 018 
200 _______________________________ ---------~--

0.002 
• 003 
. OM 
.006 
. 007 
. 012 
. 018 

Albllnl~ ucaco, 

o. 005 
. 011 
. 017 
.023 
.028 

Turbidity interferes with color precipitation, as does the natural 
color of the water to a lesser extent. Turbid water should be fil­
tered through the Millipore filter membrane. Most quantitative 
filter papers are washed with hydrofluoric acid and can add fluoride 
to the sample. The effect of color can be partly compensated for 
by placing a tube of distilled water below the sample and an equal 
volume of water treated with acid below the standard and by 
making a color comparison through both tubes. 

When color and turbidity do not interfere with color comparison, 
results are generally accurate and reproducible to ±0.01 mg. 

When interfering substances are present in significant amount.a, 
distillation of the fluoride from the sample as hydrofluosilicic acid 
(see sec. D: 16&-3) followed by reaction with zireonium-alizarin 
reagent is preferable to corrections of apparent fluoride concentration. 

Additional information on the principle of the determination is 
given by Lamar and Drake (1955, p. 563-572). 
Apparatus and reagents 

Color comparator, 8-hole, that permits longitudinal viewing of the contents of 
the tube. 

Nessler tubes, low form, matched 
Sodium art enite, 1.0 ml¢1.0 mg Cl1 
Acid indicator reagent 
Sodium ftuorlde, 1.00 ml=0.010 mg F""1 
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Proeeclure 

If the sample contains an excessive quantity of interfering materials, 
the fluoride should be isolated by the distillation procedure (see sec. 
D:16a-3). 

L Measure a volume of sample contalolog leu than 0.12 mg F-1 (100.0 ml max) 
Into Neuler tubes and adjust the volume to 100 ml. 

2. Neutralize residual chlorine with Na.As<>. (1.0 ml:e:l.O mg CI.), adding 0.1 
ml in excess. 

3. Prepare a blank and sufftcient standards, and adjust the volumes to 100 ml. 
"- Add 10.0 ml acid indicator reagent and mix. 
G. Allow the solutions to stand 7-18 hr and visually compare the color of the 

sample with that of standards in the comparator. 

Calculation1 
1. Correct the apparent F-1 concentration for sulfate, chloride, and alkaliolty 

as required from ftgure 16 and the table shown under "Principle of deter­
mination." 

2. m p-i ... __ 1_ 1,000 (corrected mg F-')( aluminum ) 
PP density X ml ll&lllple X in sample correction ratio 

Report fluoride concentrations of < 1 ppm to 0.1 ppm and of > 1 
ppm to 2 significant figures only. · 

Preparation of reagents 
Acid indicator reagent: Add 25.0 ml ZrO(NO.). solution to approx 100 ml water. 

With constant stirring, slowly add 25.0 ml allsarln solution and dilute to 
approx 450 ml with water and mix well. Add 500 ml 2.lN ILBO, and dilute 
to 1,000 ml with water. Allow the Indicator to stand approx 1 hr before 
use. Storage in a lightproof bottle Increases the stabllity of the int:Ucator. 
If the indicator precipitates on 11tandlng, shake It thoroughly before use. 

Zlrconyl oltrate (or sirconyl chloride) : DlBBOlve 1.84 g Zr0(N0.).-2H.0 or 2.22 
g ZrOCla-8H10 ln water and dilute to 250 ml. Turbid solutions should not 
be filtered. 

Allsarln red S : DlBBOlve 0.37 g allsarin monosodlum sulfonate ln water and dilute 
to2GOml. 

Sodium arsenlte, 1.0 ml:C:l.O mg CI.: Dissolve 0.916 g NaAsO. in water and dilute 
to500.0ml. 

Sodium ftuorlde, 1.00 ml=0.010 mg F-': Dissolve 0.2210 g NaF In water and 
dilute to 1,000 ml. Dilute 100.0 ml of this stock solution to 1,000 ml. 

D:ll..a DOLATIO• 01' l'LVO:aIDE BY DIBTILLATIO• 

The isolation of fluoride by distillation is similar in substance to 
part IA, APHA ( 1955, p. 99-101) Standard Methods. 

Principle of determination 
The alkalized sample is concentrated to a small volume to facilitate 

quantitative steam distillation. After acidification, silver sulfate is 
added to prevent distillation of chloride as hydrochloric acid and the 
fluoride is microdistilled as hydrofluosilicic acid. 
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Apparltu and reqents 
Distillation a1111embly conslating of steam-generating a1111embly, 1luoride-d1Btillation 

section, and a distillate-receiving ftaak. (See ftg. 17.) 

Q 

G 

D 

A 

FJouaa 1 T.-Dl1tlllat1on apparata1 for the llolatton of ftoortd.,, 

.a. Preaare-eontrol tabe. IC. Stam-Inlet tabe, wlth Bollman 
B. Bot-water re11ervolr, 1 liter. clalllp. 
C. Hotplate. L. Flaortde-cll1tlllatlon ftaat adapter. 
D. Bot-water-1appl:r tube clamp. JI. Fluortde-dlstlllatlon fta1t, 300 ml. 
II. Steam generator ftask, 1 liter. N. Beattnc mantle with a1beato1 shield. 
F'. Heating mantle. Q. Thermometer, 2li0°C. 
G. Pre81are-rellef tube. P • . Trap. 
B. Steam-regulation tube with Hoffman Q. Conden1er adapter. 

clamp. B. Condeneer. 
1. Ola11 1team line (&1belto1 covered). B. Dl1tlllate-reeelvtna ftaat, 200 ml. 
J. Steam trap (&1be1to1 covered), wltb 

elamp on rellef·water drain. 

Phenolphthalein indicator solution 
Sodium hydroxide, pellets 
Sulfuric acid, cone (sp gr 1.84) 
Silver sulfate, powder 

Procedure 
1. Measure 200.0 ml of sample into the fluoride distillation ftask (Af). 
2. Add a few drops of phenolphthalein indicator solutlhn and make alkaline 

with NaOH. Insert some glass beads to preYent bumping. 
3. Concentrate sample by e,·aporation to a \'Olume of H">-20 ml. If solution tends 

to bump at this point, add more glass beads. 
4. Cool the concentrated sample, and acidify with a few drops of cone H1SO •. 
5. Add a slight excess of Ag.SO. powder. 
6. Disconnect steam-inlet tube (K), and In its place in~rt a long-stemn1ed 

separatory fnnnl'I <'ontainlng 20 ml cone H,so •. 

Digitized by Google 



D:16&-3 FLUORIDE 171 

7. Turn condenser on. 
8. Slowly introdtree 20 ml cone B.SO. into distillation flask (JI). Before re­

moval of funnel, waeh tip of funnel in flask. 
9. Reconnect steam-inlet tube (K) to flask. 

10. Pa1& 1team through a1&embly by opening valve on 1team trap (.1) and cloal.nc 
valve on steam-regulattnc tube (B). AdJut clamp so that a preeaure of 
20-40 cm la maintained in the lteam-senerator preaaure-rellef tube (G). 
The diatllled water in the steam pmerator should be made Blllbtly alkaline 
withNaOH. 

1L Apply even beat to diatlllatlon 8aak (JI). Use an ubeltoa pad, and do 
not allow beat to be applied around sidea Of fla1k above solution. 

12. Maintain a temperature of 135°-140°C in ample by means of the steam 
8ow and heat applied to the 8uk. 

13. Collect a 1ufftcient volume of diltlllate to an a 200-ml volumetric fta1k. The 
dlltlllate should be free Of interferences. 

14. Continue aa directed in sec. D: 18a-1 or 2. 

Preparation of reacent• 
Phenolphthalein Indicator solution: Dissolve 2.5 g phenolphthalein in approx 

500 ml ISO percent ethyl alcohol. Neutrallr.e with 0.02N NaOB . 
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Hardness of water is the property attributable to the presence of 
alkaline earths. Calcium and magnesium are the principal albline 
e&rths in natural wa.ters, whereas strontium and barium a.re usually 
present only in small quantities. 

Hardness of water result.a from the solution of alkaline-earth 
minerals from the soil and rocks, or the minerals may enter from 
direct pollution by wastes. Calcium and magnesium carbonates 
(limestone and dolomite) are prevalent in the earth's crust but are 
only sparingly soluble in pure water. Water that contains carbon 
dioxide or other acidic constituents readily dissolves carbonate 
minerals; in the presence of carbon dioxide the carbonates are con­
verted to the more soluble bicarbonates. 

OaCO.+ CO.+ !LO-+ C&(H001)1 

Many waters with a hardness of less than 200-300 ppm may derive 
practically all of their albline earths from carbonate rocks. Gypsi­
ferous shale and evaporites often contain large quantities of more 
soluble sulfates and chlorides of calcium and magnesium, and waters 
that traverse these deposit.a may have a hardness of several hundred 
pa.rts per million or more. 

Hard wa.ter is not generally believed to have harmful eftects on 
man, although the relation to urinary concretions is controversial. 
&rd water decreases the sensitivity of fish to toxic metals (Cali­
fornia State Water Pollution Control Boa.rd, 1952, 1954, p. 265-
261), .but experiment.a with calves and chicks have indicat.ed that 
those supplied with hard water develop somewhat better than those 
supplied with distilled water. 

Hardness in conjunction with other chemical properties, such as 
acidity and other polyvalent cations, is an indication of the soap­
consuming power of the water. Soap will not cleanse or lather 
until these constituent.a have eit'her been neutn.lized or precipitat.ed 
as insoluble salt.a of the fatty acids. Hard water is recognized by 
the curd formed with soap. Carbonates and some sulfates of the 
alkaline ea.rths are sparingly soluble and tend to precipitate on 
evaporation; heating co~verts bicarbonate to carbonate, which pre­
cipitates calcium and magnesium carbonate in boilers, pipes, cook­
ing vessels, etc. Calcium sulfate is also relatively insoluble and 
in addition to silica may comprise a portion of many incrustations 
found in the home or in industry. 

Hardness limitations for water used in steam generation are 
very exacting and only 2 ppm or lemi is generally considered per-
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174. ANALYTICAL PROCEDURES D:17a 

missible in feed water for boilers operating at 400 psi or more. The 
tolerances of process water differ from one industry to another and 
range from less than 10 pr-m to several hundred (California State 
Water Pollution Control Board, 1952, 1954, p. 26~267). Hard 
water is usually superior to soft water for irrigation, and it is often 
stated that hard water makes soft soil and soft water makes hard 
soil. (See significance of calcium and sodium in secs. D: 8 and 
D: 35, respectively.) 

D11T• HARDNESS 

D:lT ... l CJOJaLICtOJIETJUC XETllOD 

The complexometric method is similar in substance to part IC, 
APHA (1955, p. 112-117) Standard Methods; D 1126-53 T, ASTM 
(1954; p. 253-254) Manual on Industrial Water; and method 7, 
U.S. Salinity Laboratory Staff (1954, p. 94-95) Handbook 60. 

The procedure is applicable to most natural and treated waters, 
but the method fails conspicuously at times with acid or polluted 
waters that contain excessive a.mounts of heavy metals. 

Prindple of determination 
Disodium dihydrogen ethylenediamine tetraa.cetate (Na.2EDTA) 

forms a slightly ionized colorless stable complex with alkaline earth 
ions. The indicator Eriochrome Black T is bright blue in the 
absence of alkaline earths, but with them forms a deep red complex 
which has a higher ionization constant than the Na.1EDTA com­
plex. Hence, by using Eriochrome Black T as an indicator, the 
alkaline earths can be titrated with Na1EDTA. For example, with 
calcium, the reaction is: 

All alkaline earths titrate approximately stoichiometrically. The 
titration should proceed immediately upon addition of the indi­
cator, as the color of the solution will fade upon standing. The 
optimum pH of the titration is 10.4 or above. 
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The salt Na2EDTA also reacts with iron, manganese, copper, 
lead, cobalt, zinc, a.nd nickel. Heavy-metal interferences can usu­
ally be eliminated by complexing the metals with cyanide. In the 
presence of cyanide, the procedure can be used with undiluted sam­
ples for analysis of water having metal concentrations as high as 
10 ppm iron, 10 ppm copper, 10 ppm zinc, 10 ppm lead. 

The higher oxidation states of manganese above Mn+2 react 
rapidly with the indicator to form discolored oxidation products. 
Hydroxylamine hydrochloride reagent is used to reduce manganese 
t.o the divalent state. The divalent-manganese interference can be 
removed by addition of 1 or 2 small crystals of potassium ferro­
cya.nide. 

In the presence of high aluminum concentrations, a characteris­
tic effect will be observed as the end point is approached. The 
blue color that indicates that the end point has been reached will 
appear and then on short standing will revert to red. This rever­
sion should not be confused with the gradual change that normally 
takes place in the titrated sample several minutes after the titra­
tion has been completed. Althm~gh it has been stated that the titra­
tion cannot be used in the presence of excessive amounts of heavy 
meta.ls, it should be pointed out that most heavy metal interference 
can be alleviated by applying conventional separations described in 
quantitative-analysis texts such as Hillebrand and Lundell (1929, 
p. 487). 

Results are accurate and reproducible to +0.1 mg. 
Additional information on the principle of the determination is 

given by Goetz, Loomis, and Diehl (1950) and Botha and Webb 
{1962). 

Apparatus and reagents 
TltratlQn assembly: Some analysts prefer to use conventional lighting and hand 

stirring. Others have reported better results by using visual-titration 
assembly consisting of a motor-driven stirrer, 25-ml buret, white porcelain 
base buret holder, and shaded incandescent lamp. The sample beaker ls 
placed near the front of the porcelain base and the reaction is viewed 
diagonally downward through the side of the beaker and against the 
white background. Illumination is from behind the beaker and in the 
plane of vision. The photometric titration assembly described in sec. C : 2h 
may also be used. 

Buret, 25-ml 
Hydroxylamine hydrochloride, 3 percent 
Ammonium hydroxide, cone (sp f!,r 0.000) 
Sodium cyanide, 2.5 percent 
Potassium ferrocyanlde, crystals 
Erlochrome Bl,acjt T indicator solution 
Na:EDTA, 1.00 ml=l.00 mg CaCO, 
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Procedure 
1. Pipet a volume of sample containing leas than 25 mg hardness (50.00 ml max) 

Into a 150-nil beaker and adjust the volume to approx 50 ml. 
2. Iuert the beaker in the titration assembly and start the stirrer. 
3. Add 1 ml 3 percent NH.OH· HCl. 
4. Add 1 ml cone NH.OH (if NH.OH la not tightly stopJ>ered it tends to loae 

strength, and 1 ml of weak NH.OH wlll not buffer the solution to the 
desired pH). 

IS. Add 2 ml 2.5 percent NaCX (C . .HJTION--deadly poison). NaCN may be 
eliminated If cop11er, zinc, lead, cobalt, and nickel are entirely absent and 
if the sample contains less than 0.2.'> mg Fe and 0.02:1 mg Mn. 

6. If manganese la present, add 1 or 2 small crystals K,Fe(CN),·3H.O. Stir 
and wait at least 5 min until the Mn.Fe ( CN), precipitates. 

7. Add 2.0 ml Erlocbrome Black T Indicator. 
8. Titrate with Na,EDTA (1.00 ml::::;:l.00 mg CaCO,) until blue or purple swirls 

begin to show. The end point ls reached when all traces of red and purple 
have disappeared and the solution is clear blue in color. The detection of 
the end point may be facllltated by comparison of the titration solution 
with a color-free blank prepared of metal-free water and the reagent. 

Calculations 

ppm Hardness as CaC<>a=-d 1 •t X 11•000 1 X ml titrant . ens1 y m samp e 

Report hardness of <1,000 ppm to whole numbers and of >1,000 
ppm to 3 significant figures only. 

Preparation of reagents 
Hydroxylamlne hydrochloride, 3 percent: Dissolve 30 g NH.OH· HCl In metal· 

free water and dilute to approx 1 llter. 
Sodium cyanide, 2.5 percent (CAUTION-NaCN ls a deadly poison and the 

reagent solution must be so marked): Dissolve 2.5 g NaCN in metal-free 
water and dilute to approx 100 ml. 

Erlocbrome Black T Indicator solution : Dissolve 0.40 g Erlocbrome Black T 
in 100 ml metal-free water and dilute to approx 1 liter with 95 percent 
ethyl alcohol. This indicator ls stable for at least 2 months. The Eastman 
reagent product bas been found to be satisfactory. 

Na,EDTA, 1.00 ml:::::::l.00 mg CaCO,: Dissolve 3.72 g Na,EDTA, which bas been 
dried overnight In an H.so, desiccator, in metal-free water and dilute to 
1,000 ml. The reagent ls stable for several weeks and a larger volume la 
usualJy prepared. Check the titer of the reagent by titrating 25.00 ml 
CaCl, (1.00 ml::::;:l.00 mg CaCO.), as described In the procedure for sample 
analysis. 

Calcium chloride, 1.00 ml = 1.00 mg CaC01: Suspend 1.000 g Ca CO., dried at 
180°0 for 1.0 hr before weighing, In approx 600 ml metal-free water and 
dissolve cautiously with a minimum of dilute HCl. Dilute to 1,000 ml. 

D:17H C.6.LClrI..6.TIOR XETBOD 

Principle of determination 
Hardness is computed from the individual determinations of the 

alkaline earths. The procedure does not require the determina.­
tion of each constituent because of the iP' ~rference of strontium 
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and barium in the calcium determination. Strontium is included in 
the calciµm values determined by any of the methods given in sec. 
D: 8. Its inclusion is not strictly stoichoimetric or quantitative, 
but for practical purposes can be assumed to be so. Barium inter­
feres with detection of the complexometric calcium end point. 
Hence, a good end point is a reasonable indication that barium is 
not present in significant quantities. When barium is present in 
significant quantities it should be determined separately by the 
procedure given in sec. D: 5 and included in the calculated hard­
ness. Some barium inay be included with calcium in the single­
precipitation permanganimetric calcium determination (sec. D :Sa-2). 
Therefore, if much barium is present and this method is used for 
calcium, double precipitation is recommended. 

Calculation• 
ppm Hardness as CaC01 = (% epm Ca+Mg+Ba) X 00.05 

Report hardness of less than 1,000 ppm to whole numbers 'lnd 
of more than 1,000 ppm to 3 significant figures only. 

D:lTb CA.:aBONA.TB A.ND NONC4'RBONA.TB HA.RDNB88 

The hardness caused by the alkaline-earth equivalent of the alka­
linity in a water is called carbonate hardness, and the remainder, 
if any, noncarbonate hardness. These terms approximate the terms 
"temporary hardness" and "permanent hardness," which are based 
on the fact that upon boiling hard water the bicarbonate is decom­
posed and most of the calcium corresponding to the bicarbonate is 
precipitated as calcium carbonate. The consumption of soap by 
water of a given hardness is normally the same whether the hard­
ness is caused by carbonate or noncarbonate hardness. 

D: lTb-1 OAJ.OVLA'l'IOR •nBOD 

Carbonate and noncarbonate hardness are computed from the 
hardness and alkalinity determinations. No negative values are 
reported. However, "negative noncarbonate hardness" will counter­
act "positive noncarbonate hardness" in a mixture of two or more 
waters. Hence in all calculations of averages concerned with a 
mixture of waters for which two or more analyses are available, 
carbonate and noncarbonate hardness of the mixture must be com­
puted from the average hardness and avera~ alkalinity and not by 
averaging the noncarbonate hardnesses of the individual samples. 
Calculations 
ppm ~oncarbonate hardness as CaC<>.=:'.0.00 (e11m hardness-epm alkalinity) 

Computed "negative noncarbonate hardness" is reported as "O." 
Report noncarbon'Qte hardness of <1,000 ppm to whole numbers 
and of >1,000 ppm to 3 significant figures only. 
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D:18 IODIDE 

Iodide, like bromide, is a minor element in the earth's crust and is 
normally present in natural waters in only minute quantities. Meas­
urable amounts may be found in some streams that receive industrial 
wastes, and some natural brines may contain rather high concen­
trations. 

D: 11 .. 1 OXIDATIOX XETBOD 

The oxidation method is similar in substance to D 1246-53 T, ASTM 
(1954, p. 260-263) Manual on Industrial Water, and U.S. Salinity 
Laboratory Staff ( 1954) Handbook 60. 

Principle of determination 
Iodide in a buffered solution is oxidized with bromine to iodate, 

and the excess bromine is subsequently removed with sodium formate 
(Kolthoff and Sandell, 1952, p. 585-605). 

I-1+3Br1+3H1o-+ 10,-1+6HBr 

Iodine equivalent to the iodate is then liberated by addition of potas­
sium iodide to an acid solution. 

10,-•+51-1+6H..,-+3I1+3H10 

The liberated iodine is then titrated with standard thiosulfate, using 
starch as the indicator. 

1.+2s.o.-•-.s,o.-•+21-1 

Iron, manganese, and organic material interfere with the basic 
reactions of the method, but their interference is removed by pre­
liminary treatment with calcium oxide. 

Results are accurate and reproducible to ±0.02 mg. 

Apparatus and reagents 
Iodine flasks 
Buret, 10-ml 
Calcium oxide, anhydrous powder 
Methyl red indicator, 0.01 percent 
Sulfur.ic acid, 20 percent "/Y 
Sodium acetate, 16.5 percent 
Acetic acid, 12.5 percent v /Y 
Bromine water, saturated 
Sodium formate, 50 percent 
Pota!!sium fluoride, KF·2H.O, crystals 
Potassium iodide, crystals 
Sulfuric acid, 20 percent v /v 
Sodium thlosulfate solution, O.OlON 
Starch Indicator, stable 
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Proeedare 
1. Remove soluble Iron, manganese, and organic matter by adding a slight excess 

of Cao to approx 400 ml of sample, shake, let stand about 1 hr, and ftlter 
through dry paper. Dl11eard the ftrat 75 ml of filtrate. 

2. Plpet a volume of the filtrate ('()ntalnlng less than 5.0 mgr' (100.0 ml max) 
Into a 2GO-ml locllne ftask and adjust the volume to approx 100 ml. 

3. Prepare a blank of approx 100 ml water and carry It through the procedure 
with the sample. 

4. Add 1 drop 0.01 percent methyl red Indicator and barely acidify with 20 per· 
centH.80 .. 

5. Add 15.0 ml 16.5 percent NaCJl.o •. 
8. Add 5.0 ml 12.5 percent BC.11.0.. 
7. Add autlclent Bra water to produce a light-yellow color, mix, and allow to 

atand5mln. 
8. Reduce the excesa Br. by adding 50 percent NaCBO. until the yellow tinge In 

the sample dlsappef!ni, then add an exCella of 1 ml. 
9. Wash down the sides of the ftask with a small amount of water and blow out 

Br. vaponi with a syringe and a glass tube Inserted throurh the mouth of 
the ftaak. 

10. If any iron precipitates at thla point, add 0.5 g KF·2B.O. 
11. Add approx 1 g KI. 
12. Add 10 ml 20 percent H.80 .. 
13. Let stand 5 min lo the dark. 
14. Titrate the liberated I, with O.OlON Na.SsO., adding 2-3 ml of l!tarch Indicator 

as the end point ls approached. Disregard the return of the blue color after 
the end point bu been reached. 

Calculation• 

ppm J-•=-d 1.t X 11•000 1 X21.15X[{ml titrant-ml blank)XN) 
ens1 y m s~mp e 

where N= normality of thlosulfate. 

Report iodide concentrations of < 10 ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 ppm to 3 
significant figures only. 

Preparation or reagents 
Methyl red indicator, 0.01 percent : Dissolve 0.01 g water-soluble methyl red in 

approx 100 ml of water. 
Sodium acetate, 16.5 percent: Dlssol\'e 273.5 g NaC.H,0,·3H,O In water and dilute 

to 1,000 ml. 
Acetic acld, 12.5 percent v/v: Mix 125 ml glacial HC,H,O, (sp gr 1.049) with water 

• and dilute to 1,000 ml. 
Bromine water, saturated: Add to approx 250 ml water slightly more liquid Br. 

than wlll dissolve when shaken. Store In a glass-stoppered actinic-glass 
bottle. 

Sodium formate, 50 perC'ent: Dlssoh·e 50 g NaCHO, In hot water and dilute to 
approx 100 ml. Prepare fresh dally. 

Potassium iodide C'rystab1, IOi' free: The KI <'an be tested for 10,-1 by 
dissolving about 0.1 g In 5 ml water, acidifying with 1 or 2 drops cone a.so. 
(sp gr 1.84), and adding 2-3 ml starch indicator. Immediate appearance of 
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u blue color indi<'ates the presence of Io.-•; slow eolor formation is due to 
atmospheric oxidation. 

Sodium thlo1mlfate solution, O.OION: Dilute 100.0 ml O.IN Na.s.o. to 900 ml with 
carbon dioxide-free water nnd "tandardlze nguin!Ot KIO. aic follow": Dry 
approx O.r:i g KIO. for 2 hr at 180°C. DIMt>ll"e 0.3rl67 g in water and dilute 
to 1,000 ml. Pipet 2.'i.00 ml of the KIO. into a 250-nll Iodine flask, then add 
suecessll"ely 7a ml water and 0.5 g KI crystals. After solution h1 eomplete, 
add 10 ml 20 percent H.so.. Allow the stoppered flask to stand Ii min in 
the dark, then titrate. with Na.S.O. using 2 ml starch indicator as the end 
point is approached (light straw color). 

Normality of Na,S,01 ml ~~o. 
Sodium thlosulfate, O.lN: I>lssoh·e 25 r Na1S.01·5H,O in carbon dioxide-free 

water. Add 1 g Na.co. anti dilute to ap11rox 1,000 ml. 

D:llw ITAJlOJl XETJIOD 

The starch method is extremely sensitive and is useful for the dete1·­
mination of trace quantities of iodide. It is also useful as a screening 
test or semiquantitative test in higher concentrations to sel~t the 
proper sample volume for method D: 18a-1. 

Principle of determination 
Iodide is oxidized to iodate with bromine water ( ASTM, 1954, p. 93). 

1-•+aBr.+aB.o-+ 10.-•+sHBr 

The excess bromine is then neutralized with phenol, and the iodate is 
then reacted with added iodide to produce 6 atoms of iodine for each 
atom of iodide originally present : 

Io.-'+5I-'+6H•'-+3I.+3H,O 

The blue color developed by the iodine with starch is compared \•isually 
by that developed in standard solutions of iodide. 

Bromide does not interfere, but any agent that will oxidize iodide 
to iodine will interfere. 

The test as usually run in test tubes is sensitive to ±0.0002 mg, but 
the use of Nessler tubes or other means to increase the optical viewing 
depth can increase the sensitivity proportionally. 

Apparatus and reagents 
Test tubes, matched, Pyrex 
~lllnr-water bath 
Potassium lodide, 1.00 ml=0.10mg1-• 
Sulfuric acid, 10 percent v /v 
Bromine water 
Phenol, solid 
Potassium Iodide, 5 percent 
Starch Indicator; stable 
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182 ANALYTICAL PROCEDURES D:18a-2 

Procedure 
1. Plpet a volume of sample containing less than O.O'l m1 1-• Into a test tube and 

adjust the volume to 10.0 ml. 
2. Prepare a blank of dilution water and standards contalnln1 known amounts of 

1-• (0.0'l mg max) In a 10.0-ml volume. 
3. Add 1 drop 10 percent H,so .. 
4. Add bromine water dropwlse until a sllcbt excess bas been added, as Indicated 

by a yellowlab color. 
IS. Heat gently over a flame or lmmene In a bolling-water bath for 5 min. 
6. Add a few crystals of phenol and shake until the yellow Br, color ls entirely 

dl8cbarged. A white precipitate of tribromopbenol may form If too much 
Br1 water was added In step 4. 

7. Add 1.0 ml 5 percent KI. 
8. Add 1.0 ml starch Indicator solution. 
9. Compare the color of the sample with that of the standards. 

Calculation• 

1000 
ppm 1-1 1 ' leXO.lXml standard 

m samp 

Preparation of reagent• 
PotaBBlum Iodide, 1.00 ml=0.10 m1 1-• : Dissolve 0.131 g Kl, dried oveml1bt In 

a sulfuric acid desiccator, In water and dilute to 1,000 ml. 
Bromine water: Add suftlclent Bra to approx 100 ml dilution water to produce 

about 1 ml excess. Store In a dark bottle protected from light. Commercial 
pr~paratlons of bromine water are satlsfactol'f. 

Sulfuric acid, 10 percent v/v: Mix 10 ml cone H,SO. (sp gr 1.84) with water and 
dilute to approx 100 ml. 

PotaBSlum Iodide,, IS percent: Dissolve 5 g KI In water and dilute to approx 100 ml. 

IUD'JDtBNCll8 

American Society for Testing Materials, 1954, Manual on Industrial water: 
Spec. Tech. Pub. 148-A. 

Koltbotr, I. M. and Sandell, E. B., 191S2, Textbook of quantitative Inorganic 
analysis: New York, Mac'lllllan Co., 3d ed. 

U.S. Salinity Laborat.pry Staff, 1954, Diagnosis and Improvement of saline and 
alkali soils ; U.S. Dept. Agriculture, Agriculture Handb. 60. 
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D:19 IBOJI 

Iron is one of the most abundant minerals in the earth's crust. It 
occurs in the dark-colored silicate minerals of igneous rocks and as 
sulfides and oxides. In sandstone, iron oxide and iron hydroxide are 
often present as cementing materials. Iron is also present as oxides 
and sulfides in shale. Some of the common humic complexes causing 
color in water may also be iron bearing. 

Because iron is readily precipitated as the hydroxide, it seldom is 
one of the major constituents in water. The metal occurs in water in 
both the ferrous and ferric state. Ferrous iron is unstable in solution 
in the presence of oxygen. 

2Fe·•+4uco.-•+u.0+1h0,-+2Fe(OH).+4co. 

If the sample is subjected to a strong reducing environment the reac­
tion is reversed, and the solution may contain large quantities of 
ferrous iron. In the 6-8 pH range the amount of ferric iron in true 
solution is theoretically limited to the solubility of ferric hydroxide, 
about 4X10-10 to 5 x 10-1 ppm. At lower pH values, the solubility is 
greatly increased. Most of ferric iron in apparent solution in alkaline 
water is believed to be principally in the colloidal form (Kolthoff and 
Sandell, 1952, p. 617). 

Concentrations greater than 1 ppm of iron are rare in alkaline 
surface water. However, higher concentrations are common in ground 
water and acid surface water. 

Iron in concentrations mud1 greater than 0.20 ppm is objectional 
in waters for public supply. The U.8. Public Health Service (1946) 
recommends that the sum of iron and manganese in drinking and 
culinary water on carriers subject to Federal quarantine regulations 
not exceed 0.3 ppm. These limits are not based on toxicity but o_n 
esthetic and taste considerations. Iron tends to stain laundry and 
porcelain, and also it can be tnsted in concentrations higher than about 
0.5-1.0 ppm. Livestock is sensitive to the taste of iron and may not 
drink water with a high iron content. Ninety-five percent of the 
waters that support good fish fauna in the United States have 0.7 ppm 
or less of iron (Ellis, 1937). 

Industries' tolerance for iron varies, but concentrations exceeding 
1-2 ppm are ~nerally not satisfactory (California State Water Pol­
lution Control Board, 1952, p. 277). It; has been established that iron 
in irrigation water is of no practical significance to plant growth or 
soil texture. 

D:lta IRON 

The category "iron" includes ferric and ferrous iron in the ionized 
form and in suspension as the colloidal hydroxide. In all probability 
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184 ANALYTICAL PROCEDURES D:19a-1 

the iron bound in the common humic complexes is also determined. 
Ferrous iron in solution at time of analysis can be determined by the 
procedure modification given in sec. D: 19b-I, and ferric.iron can be 
computed as the difference. 

D: 1111-1 Bil'YKIDID DTHOD 

J>rindple of determination 
The bipyridine determination utilizes the reaction between ferrous 

iron and 2,2' -bi pyridine that yields a red complex. Hydroxylamine 
hydrochloride reduces ferric iron to ferrous. The color develops 
immediately and is stable for several hours. The eolor intensity is 
independent of pH in the range 3 to 10. 

Copper reacts with bipyridine at pH values grenter than 6, but the 
JDethod embodies pH adjustment to about 5.5 where copper does not 
show appreciable interference. Silver and bismuth must be absent. 
The procedure can be used with undiluted samples for analysis of 
water having metal and anion concentrations as high as: 

Pptrt Pptrt 

J!!b ---------------------------- 20 Hg --------------------------- 1 
Cd --------------------------- 50 Ni ---------------------------- 2 
Cr --------------------------- 20 Sn --------------------------- 20 
Co --------------------------- 10 W ---------------------------- 10 
Cu --------------------------- 10 Zn -------------- - - -------- --- 10 

Interfering anions must be limited to the following concentrations: 

CN --------------------------- p7o I PO. -------------------------- Pp; 
CrO•-------------------------- 20 P.O.-------------------------- 20 

At 520 mµ, the wavelength used in the determination, the natural color 
pf the water contributes a measurable absorbancy and must be cor­
rected for if the color exceeds about 50 units. This applies only to 
the "normal" type of yellow color found in water. 

With the listed apparatus, results are a-ccurate and reproducible 
to ± 0.005 mg. 

Additional information on the principle of the determination is 
given by Moss and Mellon ( 1942, p. 862-865). 

~pparatus and reagents 
Spectrophotometer, Beckman Model B: 

Wavelength : 520 ml' 

Cells : 40-mm optical depth 
Phototube: Blue-sensitive 
Blank: Metal-free water plus reagents 
Initial sensitivity setting: 1 
Slit width : 0.1 mm (approx) 
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D:l9a- l IRON 

The following absorbancles have been observed: 

tllOI l'e 

0.0125 
.0250 
.0600 
.1000 

Iron chloride, 1.00 ml=O.CQ4 mg Fe 
Blpyrldlne, 0.2 percent 
Hydroxylamlne-hydrochlorlc acid reagent 
Sodium acetate, 35 percent 

Procedure 

0.265 
. MO 

1.070 
2.140 

185 

Samples for the determination of iron should be treated as directed 
in sec. A : 4d. 
1. Plpet a volume of sample containing less than 0.10 mg Fe (25.00 ml max) 

Into a 50-ml beaker and adjust the volume to 25.0 ml with metal-free water. 
2. Prepare a blank of metal-free water and suftlclent standards, and adjust the 

volumes to 25.0 ml. 
3. Add 1.0 ml 0.2 percent blpyridlne solution. Color development at this stage 

Indicates the presence of ferrous iron. 
4. Add 2.0 ml hydroxylamine-hydrO<"hlorlc acid reagent, mix, and allow the 

solution to stand 0.5 hr. 
5. Add 2.0 ml 35 percent NaC.H101 and mix. 
6. Determine the absorbancies of the test sample and standards against the blank 

and, when necessary, make· correction for water color as directed in sec. 
C: la-2, method 1, to obtain true sample absorban<'y. 

Calculations 
1. Determine mg Fe in sample from a plot of absorbancies of standards containing 

known amounts of constituent. 

2. ppm Fe=--1- X 1
1•000 

1 X mg Fe in sample 
density m samp e 

Report iron concentrations of < 1.0 ppm to 2 decimal places and of 
> 1.0 ppm to 2 significant figures only. 

Preparation of reagents 
Iron chloride, 1.00 ml=0.00! mg Fe: Dilute 10.00 ml FeCl1 (1.00 ml=0.400 mg Fe) 

to 1,000 ml with metal-free water <·ontaining 1 or 2 drops of cone BCI 
(sp gr 1.19) . 

Iron chloride, 1.00 ml=0.400 mg Fe: Weigh out 0.400 g analytical-grade Iron 
wire whi<'h has been cleaned In dilute HCl, rinsed, and dried. Dissolve in a 
minimum of dilute HCl and dilute to 1,000 ml. 

Bi11yridine, 0.2 percent: Dissolve 1.0 g 11,11'-dipyridyl In metal-free water and 
dilute to approx :,oo ml. 

Hydroxylamine-hydr()("hloric acid reagent : Dissolve 100 g NH.OH· HCI in metal­
free water. Add 40 ml cone HCl (11p gr 1.lD). Add 1 g BeS0,·2H10. 
Dilute to approx 1 liter with metal-free water. 

Sodium acetate, 35 percent: Dissolve 350 g NaC2H101 in metal-free water and 
dilute to approx 1 Uter. 
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186 ANALYTICAL PROCEDURES D:l9b 

Dll9b :J'JIBBOU8 AND FBBRIC IRON 

The determined values of ferrous and ferric iron may not be truly 
representative of the sample at the time of collection because the oxida­
tion states of iron are not completely stabilized by the preservative 
treatment prescribed in sec. A: 4d. 

D:lli.-1 Bi.TIUDnn: llftJIOD 

The method distinguishes between ferrous and ferric iron in solution 
at the time of analysis but does not distinguish between the ionized 
and nonionized ferric iron. 

Prindple of determination 
Ferrous bicarbonate is relatively soluble in water, as is ferrous hy­

droxide. Therefore, the ferrous iron remains in solution in many 
natural waters and can be determined by direct reaction with bipyri­
dine in the pH range 3-10 without addition of reductant. 

The chemistry of the procedure, interferences, and reagents, are 
identical to those described in sec. D: 19a-1. 

Apparatua and reasenta 
Spectrophotometer, Beckman Model B : 

Wavelength: 520 1111' 
Cells : 40-mm optical depth 
Phototube: Blue-wenaitlve 
Blank : Metal-free water plus reagents 
Initial sensitivity settlnc: 1 
Slit width: 0.1 mm (approx) 
The following absorbancles have been obserl"ed : 

.., Fe 

0.0125 
.0250 
.0500 
.1000 

Iron chloride, 1.00 ml=0.004 mg Fe 
Blpyridlne, 0.2 percent 
Hydroxylamlne-hydrochlorlc acid reagent 
Sodium acetate, 85 Jiercent 

Procedure 

AlleorllfltlCll 

0.265 
• 540 

1.070 
2.140 

Samples for the determination of ferrous iron should be treated as 
directed in sec. A: 4d. 
1. Plpet a volume of sample containing less than 0.1 mg Fe•• (25.00 ml max) 

into a 50-ml beaker and adjust the volume to 29.0 ml with metal-free water. 
2. Prepare a blank of metal-free water and su1ft<'lent standards, and adjust the 

volume~ to 25.0 ml. 
3. Add 1.0 ml blpyrldlne solution. 
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4. Treat the blank and atandarda ~a• followa: 
(a) Add 2.0 ml b7dro:Qlamine-h7drochlortc acid reapnt, mix, and 

allow the llOlatlon to atand 0.5 hr. 
(b) Add 2.0 ml 85 pereent NaCdl.O. and mix. 

G. Determine the abeorbanciea of the teat •mple and atandarda apinat the 
blank, and, when neceaur;r, make correction for water color u directed in 
eec. C: la-2, method 1, to obtain true •mple abeorbanc7. 

Caleula&iou 
1. Determine mr l'e .. ID •mple from a plot of etandarda contalnlnr known 

amounta of the conatltuent. 

2. ppm Fe+l-d lit Xmll,OOO leXmg Fe in aample . ens y aamp 

8. ppm J'e .. =ppm J'e [eec. D: 19a-1J-ppm J'e .. 

Report iron concentrations of < 1.0 ppm to 2 decimal places and 
of > 1.0 ppm to 2 significant figures only. 

Pre;uaat ••• of reapata 
Iron chloride, 1.00 ml=0.06' ms Fe: Dilate 10.00 ml FeOI, (1.00 ml=0.400 ms 

J'e) to 1,000 ml with metal-free water, contalnlnr 1 or 2 drolJll cone BCl 
(ap II' 1.19). 

Iron chloride, 1.00 ml=0.400 ms J'e: Welp out 0.400 r anaiJ'tleal-grade Iron 
wire which bas been cleaned In dilate DOI, rlDBed, and dried. Dlelolve In 
a minimum of dilute DOI and dilute to 1,000 ml. 

Blp;rrtdlne, 0.2 pereent : DiuolTe 1.0 r •·• '-dip7rtd7l in metal-free water and 
dilute to approx l500 ml. 

87dro:Qlamlne-hydroehlorte acid reapnt : Dluolve 100 I NB.OB· BCl in metal­
free water. Add 40 ml cone DOI (ap II' 1.19) and dilute to approx 1 llter. 

Sodium acetate, 85 pereent: Diuoh'e 850 1 NaC.0.0. In metal-free water and 
dilute to approk 1 llter. 

BD'mRBMCBll 

O&llfornla State Water Pollution Control Board, 19G2, Water quallt7 criteria: 
Pub. DO. 8. 

Ellla, M. M., 1987, Detection and measurement of atream pollution: U. 8. Dept. 
of Commerce, Bur. l'lllbertee Ball 22. 

Kolthoff, I. M., and Sandell, Ill. B., 19U, Textbook of quantitative lnorpnlc 
anaiJ'•l•: New York, Macmillan Co., 8d ed. 

M089, lrl. L., and Mellon, lrl. G., 1942, Colorimetric determination of Iron with 
2,2'-blp7rfdyl and with 2,2' ,2"-terp7rtdyl: Ind111. and lllnr. Cbemlatr;r, Anal. 

Jlld., "· 14. 
U. 8. Public Health 8ernce, 1946, Drlnklnc water atandarda: U. 8. Public Health 

Bernce Bepta., "· 61, no. 11. 
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D:90 LEAD 

Lead is only a minor element in most natural waters, but indus­
trial or mine and smelter effluents may contain relatively large 
amounts of lead. Many of the commonly used lead salts are water 
soluble. Lead acetate is used in printing and dyeing operations; 
lead chloride and sulfate are used in the manufacture of some 
paints; lead nitrate is used in photography, dyeing, engraving, and 
in the manufacture of certain explosives. 

Lead is a cumulative poison to humans and animals, but the 
individual sensitivity differs. Lead does not have to be in solution 
to be toxic. Reports on human tolerance for lead vary widely, but 
the U.S. Public Health Service (1946, p. 12) states that lead shall 
not exceed 0.1 ppm in drinking and culinary water on carriers sub­
ject to Federal quarantine regulations. The maximum safe con­
centration for animal watering has been reported to be 0.5 ppm 
(Pierse, 1938, p. 145). The toxicity of lead to fish results from 
a film of coagulated mucus which forms over the gills and causes 
suffocation. The toxicity to fish is decreased by water hardness; 
50 ppm of calcium has destroyed the toxic effect of 1.0 ppm lead 
(Ohio River Valley Water Sanitation Commission, 1950). 

D:•a--1 DITJIIZOD XETllOD 

Prindple of determination 

Dithizone forms an insoluble red chelated complex with lead in 
basic solution. The complex is insoluble in water but soluble in 
chloroform or carbon tetrachloride. The color of the complex in 
organic solvent changes from green to red, depending on the quan­
tity of lead present. 

The procedure is extremely sensitive. so much so that measurable 
amounts of lead are often picked up from glassware and reagents. 
All glassware must be soaked and rinsed with dilute nitric acid. If 
the analysis is made frequently it is advisable to reserve certain 
cleansed glassware for lead determinations. Reagents used in large 
quantities must be repeatedly extracted with a carbon tetrachloride 
solution of dithizone until all lead is removed. Some batches of 
dithizone may require purification ; when necessary the reagent can 
be purified by the ammonia-extraction method (Sandell, 1944). A 
reagent blank is carried through the procedure to compensate for 
the lead picked up from other reageuts and the glassware. 

189 
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190 ANALYTICAL PROCEDURES D:20a-l 

Double extraction at a rather carefully controlled pH is used to 
isolate lead from other metals which also react with dithizone. 
Copper and zinc are often present with lead and are particularly 
troublesome. In the first extraction, ammonium citrate and cya­
nide are used to complex many heavy metals; hydroxylamine in­
hibits the oxidation of dithizone by ferricyanide formed by iron. 
Copper also oxidizes dithizone in a basic medium, and the color 
developed with dithizone is bleached if the combined concentration 
of copper and zinc exceeds O.O'J mg. The color of the first ditlm.one 
extract is seldom, if ever, suitable for color comparison. The lead 
dithizone complex from the first extraction is then decomposed with 
dilute nitric acid, and the lead is taken up in the aqueous phase. 
This procedure separates lead from iron and copper whose dithi­
zonate is more appreciably decomposed by acid. The pH of the 
aqueous phase is then adjusted, and the lead complexed with 
dithizone. 

With listed apparatus and reagents, results are usually accurate and 
reproducible to about ± O.OO'J mg. 

Additional information on the principle of the determination is 
given by Sandell (1944, p. 283-284) and Clifford (1943, p. 2~3). 

Apparataa and reagent• 
8eparator1 funnels, 100- to 125-ml capacity, washed free of lead with dilate BNO .. 
Spectrophotometer, Beckman Model B: 

Wavelength: 510 m11 
Celle: 10-mm opttcal depth; plastic cells are unsatisfactory becawie the7 

are attacked by the organic solvent. 
Phototube : Blue-sensitive 
Blank: Metal-free water 
Initial sensitivity setting: 1 
Slit width: 0.11 mm (approx) 
The following abeorbanciee have been observed : 

f8fl Pb All.arlla!ICJI 

0.00 0.11 
. 01 . 71 
.02 1.30 

Lead nitrate, 1.00ml=10.0 mg Pb 
Lead nitrate, 1.00 ml=0.002 mg Pb 
Ammonium citrate, 00 percent 
Bydroxylamlne hydrochloride, 20 percent 
Thymol blue indicator solution, 0.04 percent 
Am~onium hydroxide, cone ( sp gr 0.900) 
Pota$8ium cyanide, 10 l>frcent 
Dlthlzone, 0.005 percent in CCI. 
Ammonia-cyanide reagent, 10 percent 
Nitric acid, 1 percent 
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D:20a-1 LEAD 191 

Procedure 

Samples for determination of lead should be collected and treated 
as directed in sec. A : 4d. 

1. Pipet a volume ot eample contalnlnr lea than 0.620 mg Pb (00.0 ml max) 
Into a separatory funnel and adjust the volume to 00 ml with metal-tree 
water. 

2. Prepare a blank of ro.o ml metal-free water and sufllclent standarda, and 
adjust volumes to ro ml. 

S. Add 10ml60percent (NB,).cdLOr. 
4. Add 2 ml 20 percent NB.OB· BCI. 
5. Add 10 dreps 0.04 percent thymol blue Indicator solution and make alkaline 

with cone NB.OB. 
6. Add 4 mllO per<"ent KCN (CA llTION-use hood). 
7. Carefully adju11t the pH of the solution to 8.~9 (green color) with 1 percent 

HNOa (CAUTION-use hood). 
8. Immediately extract the solution with 5-ml portions ot the dlthlsone solution, 

draining off each extract Into another aeparato17 tunnel until the lead ii 
completely removed and the dlthlsone retains Its ortrtnal peen color. 

9. Remove the lead from the combined CCI, extracts by llhaktur the mixture with 
20 ml 1 percent BNO.. Dilcard the CCI. layer. 

10. Dilute the eamplee and standards to liO.O ml with 1 percent BNOa. 
11. Add 4.0 ml 10 percent ammonia-cyanide reagent. 
12. Add 5.0 ml dlthlsone and Immediately shake tor 1 min. 
18. Traneter part ot the OCI. layer to the absorption cell and determine the 

abeorbancy of eamplee and standards aplnst the blank. Water or air 
bubbles In the CCI. can cause aertoue error& 

c.Jeula&iou 
1. Determine mg Pb In sample from a plot of absorbancles of standards con­

talnlur known amounts of constituent. 

2. ppm Pb=-d 1
1t X 1

1•000 
1 Xmg Pb in sample ens y m sampe 

Report lead concentrations of < 1.0 ppm to 2 decimal places and of 
> 1.0 ppm to 2 significant figures only. 

Pre,aration of reapnta 
Lead nitrate, 1.00 ml=0.002 me Pb: The reagent should be prepared fresh Im· 

mediately before use ae follows: Dilute 5.00 ml Pb(NO,). (1.00 ml.:10.0 mr 
Pb) to 1,000 ml with metal·free water. Dilute 10.00 ml of this solution to 
200.0 ml with metal-free water. 

Lead nitrate, 1.00 ml=-10.0 mr Pb: Dluolve 15.986 g dry Pb(N01)1 In metal·free 
water and 1 ml lead-tree cone BNOa (sp gr 1.42) and dilute to 1,000 ml. 

Ammonium citrate, 00 percent: Dluolve 00 I (NH,).CdlaO. In approx 100 ml 
metal-tree water. Make tbe solution ammonlacal (pH• 8.5--9) and shake 
with euccesslve portions ot 0.005 percent dlthlzone until all the lead bH 
been removed (green color In the ftnal dltblsone extract). Remove any 
excese dlthlsone by extracting with CCI.. 

Hydroxylamlne hydrochloride, 20 percent : Dissolve 20 g NH.OH· HCl In approx 
65 ml metal-tree water and make the solution alkaline to thymol blue with 
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J.92 ANALYTICAL PROCEDURES D:20a-1 

cone NH.OH (sp gr 0.900). Add 5 ml 4 percent sodium dlethyldlthiocarba­
mate. After a few minutes extract with successl\le portions of CCL until 
no color Is developed In the CCI. layer when the extract ls shaken with a 
dilute solution of a <.'Opper salt. Make the NH.OH· HCi solution just acid 
with HCl and dilute to approx 100 ml. 

Tbymol blue Indicator solution: Grind 0.1 g thyn101 blue with 21.5 ml O.OlN 
NaOB. When solution 111 complete, dissolve to approx 2.50 ml with met.al­
freewater. 

PotaBBlum cyanide, 10 percent: Dillllolve 00 g KCN In metal-free water and 
dilute to approx 000 ml. Extract the solution with BU<'Ce88ive small portions 
of dithlzone unttl all lead has been removed. Extract the dithlzone from 
the aqueot111 layer with CBCla. 

Dlthlzone, O.~ percent: Dillllolve no mr of dlphenylthiocarbazone in approx 1 
ltter CCL. Keep the solution ti1htly stoppered and store In the refrigerator. 

Nitric acid, 1 percent: Dtlute 10 ml cone HNO. ( sp gr 1.42) to ap11rox 1 liter 
with metal-free water. 

Ammonia-cyanide reacent, 10 percent: Dilll!Olve 10 g KCN In approx 500 ml cone 
NB.OB (sp gr 0.900). Add 10 g citric acid and dilute to ap11rox 1,000 ml 
with metal-fret! water. 

....--.xca 
Cllft'ord, P. A., 1943, Report on lead-dlthizone method and its Interferences: ABBOC. 

O!lclal Agr. Cbemlllta Jour., v. 26. 
Ohio River Valley Water Sanitation Commlllsloo, 1960, Metal Finishing Indus­

tries Action Comm., Subcomm. on To:rlclties, Rept. 3. 
Plerse, R. R., 1938, Some caaea of lntere11t met with in practi~hrontc lead 

poisonin1 [In cows): Veterinary Rec., v. no. 
Sandell, E. B., 19", Colorimetric determination of traces of metals: New York, 

Intersclence Publishers I~c. 
U.S. Public Health Service, 1946, Drinking water standards: U.S. Public Health 

Service Repts., v. 61, no. 11. 
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D:ll Ll'rBIOK 

Lithium is present in some minerals but is not abundant in nature. 
From available information, most fresh waters rarely contain lith­
ium concentrations in excess of 10 ppm, but larger quantities may 
be contained in brines and thermal waters. Lithium is used in 
metallurgy, medicinal water, and some types of glass and storage 
batteties. Waste from such industries may contain lithium. 

D:lla-1 l'LAJIZ.RO'l'OXnaJCJ DTBOD 

The exact procedu~ used in the ftame-photometric method is gov­
erned principally by the design and performance of the particular 
flame photometer used; hence, no specific directions can be given. 
See secs. C: lb and C: 2e for a discussion of ftame photometry and 
flame photometers. Many helpful suggestions are provided by the 
manufacturers of the individual instruments. 

Report lithium concentrations of < 10 ppm to 1 decimal place, 
of between 10 and 999 ppm to whole numbers, and of >999 ppm 
to 3 significant figures only. 
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D:89 LOSS OJr IGlllTIOJr 

The loss of weight on ignition of residue on evaporation has fre­
quently been taken as a measure of the organic ma~r in the wa~r. 
By subtracting loss on ignition from the residue on evaporation a 
result for the so-called fixed residue is obtained. For some wa~rs, 
the loss on ignition may be chiefly wa~r that was not removed by 
drying at 180°C. In the majority of samples, the only value of 
the de~rmination is to afford a cheek on the residue on evaporation 
and provide another reference point for comparison of the ealeu­
la~ di880lved solids. This lat~r value should lie somewhere be­
tween residue on evaporation and residue a&r ignition (Collins, 
1928, p. 247). (See see. C: Sb, this report.) 

D:lla-1 &UVDlnaJO DDOD 

Ap,.atua 
Radiator, conalatlnc of a ntetel dlah and eol'er. A nichrome trtancle l• placed 

ID the radiator to keep the evaporattnc dt1h CflDtatntnc the 11elld8 from 
coming ID contact wlth the sldea of the radlatoi. 

Salfurle aeld dealceator. 

Procedure 
1. Determine the dluolved solids as dlreeted In aee. D: 368-1. 
2. Preheat the radiator with a burner until the center of the bottom la 

eherey red. 
8. Icntte the reeldae ID the covered radiator for 8.0 min. 
4. Cool ID the aalfurle acld dealeeator and welsh. 

Calealatiou 

ppm Lou on ignition=-d 11t X /•000 
1 X[mg(R on E-mg(R on I)] ens y m sampe 

where 
R on B=welgbt of residue on enporatlon, and 
R on I =weight of residue after lgnltlon. 

Report loss on ignition of < 1,000 ppm to whole numbers and of 
> 1,000 ppm to 3 significant figures only. 

RBFBR.BNCB 

Colllna, W. D., 1~, Notes on practical water anal7sla: U. S. Geol. Sune1 
Water-SupplJ Paper 596-H. 
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D :23 KA.GJJESI11ll 

Magnesium is relatively abundant in the earth's crust. Fel'l'04 
magmasian minerals in igneous rocks and magnesium carbonate in 
carbonate rocks are generally considered to be the principal source$ 
of magnesium in natural waters. Carbon dioxide plays an impor· 
tant role in the solution of magnesium from both silicate and car .. 
bonate minerals. Water associated with granite and silicious sand 
may contain less than 5 ppm of magnesium, but water from dolo· 
mite or limestone rich in magnesium may contain 10-50 ppm. 
Sulfates and chlorides of magnesium are very soluble, and water 
in contact with such deposits may contain several hundred parts 
per million. Magnesium is widely used in industry, and industrial 
wastes may add appreciable quantities to streams and ground water, 

It is not believed that water can contain toxic quantities of mag· 
nesium and remain potable. Salts of magnesium act as cathartics 
and diuretics; the U.S. Public Health Service (1946) recommends 
that magnesium should not exceed 125 ppm in drinking and 
culinary water on carriers subject to Federai quarantine regula· 
tions. High concentrations of magnesium may cause scouring dis­
eases among livestock, but less than 5,000 ppm is reported to be 
harmless to cattle that have become accustomed to it (Frens, 1948). 

Magnesium imparts the property of hardness to water and is 
therefore of concern to industrial users of water. Magnesium act& 
similarly to calcium in that it flocculates soil colloids and tends 
to maintain good soil structure and permeability, hence it comple­
ments calcium in consideration of sodium ratios in irrigation water. 

D:lla-1 OALOVLATIO• DTKOD 

The calculation method is applicable to all waters with which 
complexometric calcium and hardness determinations can be made 
satisfactorily. 

Principle of determination 

Equivalents per million of hardness is calculated from the hard· 
ness determination (sec. D: 17a-1). The equivalents per million of 
calcium is subtracted and the remainder multiplied by the equivalent 
weight of magnesium. Strontium does not interfere because stron· 
tium is included almost quantitatively in either the complexometric 
or perraanganimetric calcium determination. Barium interferes 
with both the complexometric and single-precipitation permangani· 
metric calcium determination but in different ways. (See sec. 
D: 8.) In the presence of barium, magnesium should be determined 
by the pyrophosphnte method (see sec. D: ~3u-2). 

1\17 
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198 ANALYTICAL PROCEDURES D:23a-2 

N onrounded values of hardness and calcium should be used in 
the calculation. 

With the listed apparatus and reagents, results are accurate and 
reproducible to about ± 0.002 mg. 

Calcalatlou 

1. epm Hardne1111=-d lit X 1 ha ;•000 1 Xml titrantX0.01998 ena y m r ness samp e 

2. epm Ca+t=-d 1-t X- 1 C 1~~ 1 X(ml titrant-ml blank)XO.SX0.0499 ena y m a samp e 

8. ppm MJ ... =12.16 X (epm hardneu-epm ca•1 ) 

Report magnesium concentrations of < 10 ppm to 1 decimal. place, 
of between 10 and 999 ppm to whole numbers, and of >999 ppm to 
3 significant figures only. 

D: ..... n.ODOIPJIAU: KSTJIOD 

The pyrophosphate method is normaJly used in the nnalysis of 
brines, some acid waters, and concentrated industrial wastes in which 
calcium and hardness cannot be determined satisfactorily by com­
plexometric methods. 

Prindple of determination 
Diammonium hydrogen phosphate precipitates mngnesium in am­

moniacal solutions; the precipitate is ignited to magnesium pyro­
·'P~hate and weighed. 

~+NB.•1+P0 .... +6H,Q-+l\lgNH,P0,·6H.O 

·2MgNH.PO.z: Mg,P,0.+2NHa+ H.O 

MgNH.PO, is one of the most soluble precipitunts in grnvimetric 
analysis. A large excess of ammonium hydroxide serve.c; to quanti­
tatively precipitate the magnesium ns the ammonium suit. Magi1esium 
also forms slightly soluble MgHPO, and Mg3(P01 )z, which do not 
yield pyrophosphate on ignition. 

Calcium, strontium, and manganese form sparingly soluble phos­
phates and must be absent in the precipitation media. Iron and 
aluminum if present may precipitate as hydroxides, and coprecipi­
tation of silica is a potential source of error. These interferences 
can be eliminated or sufficiently minimized if the magnesium deter­
mination is made on the filtrate of the gravimetric calcium deter­
mination. Some magnesium may be lost by precipitation as the 
phosphate during precipitation of the iron and aluminum in the 
calcium determination, if the concentration of phosphate and arse­
nate exceeds that of iron and aluminum. If the original sample 
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D:23&-2 MAGNESIUll 199 

contains an excess of phosphate or arsenate, sufficient iron may be 
added before precipitation as described in section D: Sa-3 to bring 
down all phosphate and arsenic and leave all magnesium in solu­
tion. Coprecipitation of various salts of magmisium, ammonium, 
different phosphates, chlorides, and oxalates in the presence of a 
large excess of (NH,)1HPO, and large amounts of ammonium salts 
is so prevalent that double precipitation is usually required for accu­
rate results. The concentration of ammonium salts is decreased by 
ignition of the salts in the filtrate from the calcium determination. 
In the first precipitation, quantitative removal of magnesium is 
about all that can be achieved. The precipitate is then redissolved 
with a minimum of acid and the magnesium reprecipitated under 
conditions more favorable to a precipitate of the theoretical compo­
sition uncontaminated by coprecipitants. 

Ignition temperature and time are important. If the precipitate 
is of proper composition it need not be ignited at temperatures above 
1,000°-1,060°C. However, the precipitate usually contains a little 
Mg(NH,).(P0,)1 which decomposes on ignition to Mg(POa)1; 5-10 
min final heating at 1,150°-l,200°C will complete the conversion to 
pyrophosphate. However, pyrophosphate slowly liberates phospho­
rus pentoxide at 1,200°C, hence heating at the elevated temperature 
should not be prolonged. Ignition for 30 min at 1,100°C is a practical 
compromise and is recommended for most water analyses. 

Either porcelain or platinum crucibles may be used with proper 
precautions. Porcelain tends to soften somewhat at 1,100°-1,200°C, 
and repeated heating at this temperature embrittles the crucible. If 
porcelain is used it is advisable to allow the crucibles to cool a little 
before handling them with tongs. Platinum may be used satisfac­
torily if the precipitate is of normal composition and if the filter paper 
is adequately ashed before ignition 11.t the high temperature. 
MgNH,PO, can be ignited safely in platinum, but salts that decompose 
to Mg(POa)1 may cause corrosion of the platinum. The filter paper 
must be ashed completely in an oxidizing atmosphere before ignition 
to decomposition temperature. Adequate ashing is essential regard­
less of the crucible composition. Impurities in the precipitate lower 
the melting point of the pyrophosphate appreciably and m11.y cause a 
fused mass at temperatures even lower than 1,100°C. 

By careful work, results may be accurate and reproducible to ±0.06. 
Single precipitation is sometimes used with an attendant decrease in 
accuracy and reproducibility. 

Additional information on the principle of the determination is 
given by Kolthoff and Sandell (1952, p. 362-363) and Hillebrand and 
Lundell (1929, p. 506-516). 
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Apparataa and rapnta 
Steam bath 
Ice-water bath 

ANALYTICAL PROCEDURES 

Crucibles, platinum or porcelain 
Mu11le fumace 
H7drocblorlc acid, cone ( sp gr 1.19) 
Ammonium phosphate, 10 percent 
Ammonium b7droxlde,conc (spgr0.900) 
Methyl orange Indicator solution 
H7drocblorlc acid, 1 percent v /v 
Ammonium hydroxide, 8 percent v /v 

Prece4ure 

D:23&-2 

1. Dilute or <.'ODcentrate the tiltrate from the gravimetric ea·• determination 
(see sec. D: Sa-3, procedure 13) to a convenient volume. 'l'ake an aliquot 
containing leu than 60 mg Mg4 for the determination. 

2. Evaporate the BOlutlon to dryness on a steam bath and ·decompose the am­
monium salts by gentle Ignition. 

3. Take up the residue in approx 100 ml water <."Ontal~ing several drops of 
concHCl. 

4. Place the beakers in the lee bath. 
5. Add 10ml10 percent (NH.).HPO,. 
6. Add cone NH,OH slowly and with vigorous stirring until the solution ls alka-

line to methyl orange and until a precipitate begins to form. 
7. Stir occasionally for 1h hr. 
8. Add 15 ml cone NH,OH and stir vigorously. 
9. Allow the mixture to stand overnight. 

10. :niter the supernatant solution through Wbatman No. 42 filter paper, bui. 
retain as much precipitate as possible In the beaker. 

11. Quantitatively retum the precipitate to the beaker by washing the filter paper 
3· times with 10-ml portions of warm 1 percent HCl. Adjuet the Yolume to 
approx 100 ml with water. 

12. Place the beaker In the Ice bath. 
18. Add 2-8 ml (NH,).HPO •. 
14. Add cone NH.OH slowly and with vigorous stirring antll the solution ls alka· 

line to methyl orange and the precipitate begins to form. 
15. Add 5 ml cone NH.OH and stir vigorously. 
16. Allow the mixture to stand for at least 4 hr. 
17. Quantitatively collect the precipitate on Wbatman No. 42 tilter paper. 
18. Rinse the beaker and precipitate 3-5 times with 5- to 10-ml volumes of 8 

percent NH,OB. 
19. Transfer the precipitate and ftlter to the crucible. 
20. Completely ash the tilter paper over an oxidising flame. Heat the crucible 

gently at first and gradually increase the beat as the ashing proceeds. 
21. Ignite •the crucible and contents at 1,1oo•c for 0.5 hr. 
22. Cool in a desiccator and weigh. Record the weight to the nearest 0.0001 g. 

Calealationa 

ppm Mg+ta::-d 1.t Xmll,OOO l Xmg Mg1P10rX0.2186 ens1 y sampe 
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Report magnesium concentrations of < 10 ppm to 1 decimal place, 
of between 10 and 999 ppm to whole numbers, and of >999 ppm to 
3 significant figures only. 

Preparation of reqents 
Ammonium phosphate, 10 percent: Dissoh·p 100 ,; (NH,).HPO, In water and 

dilute to approx 1 llter. 
Hydrochloric acid, 1 percent ,·/v: Mix 10 ml ronc HCl « sp gr 1.19) with water 

and dilute to approx 1 llter. 
Ammonium hydroxide, 8 percent v/v: Mix 80 ml cone NH.OH (sp gr 0.000) with 

water and dilute to approx 1 llter. 
Methyl orange indicator solution : Dissolve O.M g methyl orange In water and 

dilute to approx 100 ml. 

D:..... EBJOCIDlOXE BUCK T KETKOD 

The Eriochrome Black T method is not applicable to waters con­
taining more than 100 ppm magnesium because of the small sample 
volumes required. 

Prindple of determination 

Eriochrome Black T reacts with calcium, magnesium, strontium and 
other metals, especially zinc, copper, manganese, and nluminum, to 
give a red color. The sensitivity for a particular metal varies greatly 
with the pH. When the alkaline-earth meta.ls alone are considered, 
the indicator can be made specific for magnesium with relative ease. 
The color development with magnesium is good in the pH ran~ from 
9.5 to 12. Calcium and strontium do not give appreciab)e co)or unti) 
the pH rises to about 11. Calcium gives a much more intensive color 
than strontium; barium does not react at any pH value. Zinc, copper, 
manganese, and possibly other meta)s react over a broader pH range 
than magnesium. The reaction is specific for magnesium only in the 
absence of these metals. 

For optimum reaction conditions the pH is adjusted to 10.8, at 
which point calcium interferes appreciabJy. This interference is 
eliminated by the use of a silicate-oxalate buffer. The oxalate com­
plexes calcium and the silicate complexes 1tluminum. Permissible 
concentrntions of other interfering ions nre n.s follows : 

Copper ----------------------­
Zinc -------------------------­
Iron -------------------------­
Manganese --------------------
Aluminum --------------------

p,_ 

1 Calcium ----------------------
1 Orthophosphate ---------------

10 Citrate -----------------------
2 Residual chlorine -------------

20 Beryllium --------------------

Ppra 
100 

20 
10 
10 
G 
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With listed apparatus, results are accurate and reproducible to 
±0.005mg. 

Apparatus and reqeata 
Spectrophotometer. Beckman Model B : 

Wavelencth: IS20m1& 
Celllt: 10-mm corex 
Pbototube : Blue-sensiUve 
Blank: Dlatllled water plus reagents 
Initial aenaltlvlty setting: 2 
Silt width: 0.5 mm (approx) 
The following absorbancies have been obee"ed: ..,, ... ...._.."°' 

0. O'l5 0. 54 
• OCiO 1. 00 
.075 1. 50 
.100 1. 88 
.125 2.00 

Test tubes, glass-at;oppered, graduated at 50 ml 
'Magnesium sulfate, 1.00 ml=l.00 mg Mr"' 
Ammonium hydroxide, 2 percent v /v 
Erloehrome Black T reagent 
Silicate-oxalate bu«er 

Procedure 
1. Plpet a volume of sample containing less than 0.100 mg Mg .. (5.00 ml max) 

into a glass-stoppered teat tube alld adjust the volume to 5.0 ml. 
2. Prepare a blank of dilution water and aualclent standards, and adjust the 

volumes to 5.0 ml. 
3. Add 1.0 ml 2 percent NH.OH. 
4. Add 20 ml Erloehrome Black T reagent. Run the aoluUon down the aide of 

the tube so that the reagent forms a layer on top of the sample. 
5. Dilute to 50 ml with 11lllcate-oxalate butrer. 
6. Invert the stoppered teat tubes several times until complete homogeneity, u 

evidenced by the abeence of atrlaUona In the alcohol-water mixture, la 
achieved. Allow to stand at least 15 min but no longer than 30 min. 

7. Determine the abaorbancy of the teat sample and standards against ihe blank, 
and when necessary make correeUon for water color as directed in see. C : la-
2, method 1, to obtain the true sample absorbancy. 

Calculations 
1. Determine the quantity of Mg+> in the sample from tbe plot of .absorbancy of 

standards containing known amounts of the constituent. 

2. ppm Mg+i=-d 1 't X 1
1•000 

1 X mg Mg+I in sample 
ens1 y m samp e 

Report magnesium concentrations of < 10 ppm to 1 decimal place 
and of > 10 ppm to 2 significant figu~ only. 
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Preparation of reapnu 
llap.eslum sulfate, 1.00 ml=l.00 mg Mg-8: Ip.lte KgSO, · B.<> in a mde furnace 

at 300°C for 2 hr. Oool in a stoppered bottle In a eulfnrle acid desiccator. 
Bapldly weigh a little more than 4.96 g into a tared weighing bottle. Return 
the bottle to the mu8le furnace at low beat for % hr. Cool and adjust the 
salt weight to 4.900 g. Quantltatlvely transfer the dry salt to a ~ml beaker. 
Cautiously add water and Immediately cover; the hydration of the salt ls 
rather violent. Add 1 or 2 drope cone BCl (sp gr 1.19), a few drops of 
CBCla, and dilute to 1,000 ml. 

Ammonium hydroxide, 2 percent: Dilute 2 ml cone NB.OB (sp gr 0.900) to 
approx 100 ml. 

Eriochrome Black T reagent: Mix 0.40 g Erloebrome Black T with 100 ml dilution 
water and dilute to approx l llter wlth 96 percent ethyl alcohol. 

Silleate-oxalate butrer: Di11SOlve 1.0 g N1a28l01·9B10 In MO ml water. Diuolve 
1.5 g Na.C.O. ln.approx 200 ml water. Mix the 2 solutions and dilute to 1,000 
ml. 

BJD'lllBJINCB8 

Frena, A. M., 1948, Salt drinking water for cows: Water Pollutlon Abs. 2i. 
Hillebrand, W. F., and Lundell, G. E. F., 1929, Applled inorganic anal)'sls: New 

York, John Wiley and Sona, Inc. 
Koltbotr, I. M., and Sandell, E. B., 1962, Textbook of quantitative lnoqanlc 

analysis: New York, Macmillan Co., 8d ed. 
U. 8. Public Health Service, 1946, DrlnklDc water standards: U. 8. Public 

Health Service Reptp v. 61, no. 11. 
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D :24 JU.NGANESE 

Manganese is much less abundant in nature than iron and is usually 
present in lower concentrations. Manganese may exist in natural 
waters in the bivalent or quadrivalent state. Manganous bicar­
bonate is relatively soluble but oxides readily to the quadrivalent 
form. Manganese dioxide and tetrahydroxide are nearly insoluble, 
and manganese in water under aerobic environment is probably car­
ried primarily as a colloidal suspension. The reducing environ­
ment in bottom muds of lakes and reservoirs may promote solution 
of manganese from sediments. Manganese from natural sources 
seldom exceeds 1 ppm in water. 

Waters containing less than 0.1 ppm seldom prove troublesome 
as public supplies, but those containing more than 0.5 ppm are 
reported to form objectionable deposits on cooked food, laundry, 
and plumbing fixtures. In concentrations that do not cause un­
pleasant taste, manganese is not regarded to be toxicologically sig­
nificant. The U.S. Public Health Service (1946, p. 13) recommends 
that the concentration of iron and manganese combined not exceed 
0.3 ppm in drinking and culinary water on carriers subject to Federal 
quarantine regulations. 

Tolerances for manganese in industrial water supplies are gen­
erally very low (less than 0.2 ppm), particularly for textile dyeing, 
food processing, distilling and brewing, paper, plastics, and photog­
raphy. Manganese stimulates the growth of OreMthm and simi­
lar organisms that are troublesome in wells and water-supply sys­
tems. Crop tolerances to manganese differ widely; concentrations 
ranging from 0.5 to 500 ppm have been reported to be harmful 
(California State Water Pollution Control Board, 1952, 1954, p. 
291-292). 

D:...._1 PZB.11.&•GAll.&TZ JIBTBOD 

The Permanganate method is quite sensitive and specific for man­
ganese but does not distinguish the forms in which manganese was 
originally present in the water. 

Principle of determination 

Manganese may be oxidized by several oxidizing agents such as 
sodium bismutha.te, ammonium persulfate with silver nitrate, and 
potassium perioda.te. Preference is usually given potassium pe­
riodate. In hot-acid solution, perioda.te oxidizes manganese as 
follows: 

2Mn+t + 510,-1 + 3Ht0 -2Mno,-1 + 5101-• + 6H+t 
20& 
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Phosphoric acid is needed in solution to prevent the possible pre­
cipitation of the periodates or iodates of manganese and to decolor­
ize ferric iron (Kolthoff and Sandell, 1962, p. 681). 

Few interfering ions affect the accuracy. No interference is offered 
by 000 ppm of chloride, 5 ppm of organic material as sugar, 436 ppm 
of methyl orange alkalinity, 100 ppm of ammonium salts as nitrogen, 
or 5 ppm of iron. Higher concentrations of chloride may reduce the 
permanganate. High concentrations of organic matter not oxidized 
by the nitric acid treatment may be attacked by the permanganate and 
the color thereby bleached. Chu-red organic material imparts a 
brownish tint to the solution. Interference of high concentrations of 
chloride and organic matter can be minimized by first evaporating the 
sample almost to dryness in the presence of hydrogen peroxide and a 
few drops of sulfuric acid. The concentrate is then diluted in a little 
water before step 3 of the procedure. The interference of organic 
matter can also be minimized by increasing the digestion time with 
nitric acid, or by the addition of an excess of potassium periodate. 
The evaporation is best carried out on a hotplate as the acid mixture 
tends to bump and spatter when concentrated over a flame. 

Accuracy and reproducibility of results depend on the other con­
stituents in solution. With the listed apparatus results may be repro­
ducible and accurate with normal water to ± 0.003 mg in the lower 
concentration range. With high permanganate color the final dilution 
error may amount to 2-3 percent. 

Additional information on the principle of the determination is 
given by Sandell ( 1950, p. 312-314:). 

Apparatu and rapabl 
Spectrophotometer, Beekman Model B: 

Wavelensth: 5261111' 
Cells : 4<>-mm optical depth 
Phototube : Blue-sensitive 
Blank : Dilution water plus reagents 
Initial eenaltlvlty eettlng: 1 
Silt width: 0.2 mm {approx) 
The followtns ablorbanclea have been obeerved: 

Graduated cylinder, 25-ml 

_,, Kn 

O.M 
.10 
.26 

Manganou1 sulfate, 1.00 ud=0.010 mg MD 
Nitric acid, cone ( sp sr 1.42) 
Phosphoric acid, 86 percent 
Potasslum perlodate, crystals 

A.teort....; 

0.81 
.63 

1.M 
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Procedure 

Samples for the determination of manganese should be collected and 
treated as directed in sec. A: 4d. 

1. Plpet a ,·olume of sample containing less than 0.25 mg Mn (100.0 ml mu:) 
Into a 250-ml Erlenmeyer ftask. 

2. Prepare a blank of metal-free water and sufticlent standards, and adjust the 
Yolumes to approx 100 ml. 

3. Add 5 ml cone HNO .. 
4. Concentrate to approx 10 ml by bolling. 
5. C-001 and add 5 ml cone H~o •. 
6. Add 5 ml 85 percent ·HaPO •. 
7. Boll for 3-1> min but do not allow any part of the bott<Jm of the ftask to become 

dry. If there ls any evidence of charred organic materials, continue the 
digestion until the solution ('lears. 

8. Add 10 ml dihitl<Jn water. 
9. Add approx 0.3 g KIO, and boll until maximum Mno,-• color ls produced; 3 

min ls usually sufticlent. Add a little more KIO, to check completeness of 
the color development. 

10. Cool the solution and decant into a 2.'5-ml graduated cylinder. Wash the 
contents of the ftask with 11everal small PQrtlons of water and decant ;s 
before, taking care not to transfer any crystals of KIO, Into the graduate. 
Adjust the volume to 25 ml. 

11. Determine the absorbancy of the test sample and standards against the blank, 
and when necessary make correction for water color as directed in sec. 
C: la-2, method 3, to obtain tme sample absorbancy. 

Calculations 
l. Determine mg Mn In sample from a plot of absorbancies of standards containing 

known amounts of the constituent. 

2. ppm Mn=-d 1 't X 1
1•000 

1 X mg Mn in sample e11s1 y m samp e 

Report manganese concentrations of < 1 ppm to 1 decimal place 
and of > 1 ppm to 2 significant figures only. 

Preparation of reagents 
llanganous sulfate, 1.00 ml=0.010 mg Mn: Heat 0.5 g MnSO, · H,O for 1 hr at 

180°C. l)i8801Ye 0.275 gin metal-free wa0ter containing 1 ml cone H2SO, (sp 
gr 1.84) and dilute to 1,000 ml. Dilute 100.0 ml of this intermediate solution 
to 1,000 ml with metal-free water. 

D:Mw TETRABABE XETHOD 

The tetrabase method is rapid, but it is iimited for quantitative 
purposes to very low manganese levels, 0.02 ppm and below. Hence, 
the method is essentially a screening test to identitfy those samples that 
require quantitative determination by the method described in sec. 
D: 24a-1. It can, however, be used to estimate up to 0.1 ppm 
manganese. 
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Principle of deteralaatioa 

Permanganate and manganese dioxide react with tetramethyldia­
minodiphenylmethane (Arnold's base, tetrabase) to give an intensely 
blue oxidation product. With manganese concentrations above about 
0.02 ppm, the oxidation continues to a higher stage where a somewhat 
more stable yellow color is developed, but the stability of this color 
is not satisfactory for quantitative purposes. The method requires 
careful adjustment of the pH which is provided by the buffer. A 
short standing period eliminates negative tests. 

Strong oxidizing agents interfere; persulfate, chromate, peroxide, 
and vanadate must be absent. However, false positive tests due to 
unsuspected oxidizing agents are rarely obtained. The method will 
tolerate residual chlorine up to 4 ppm. Chloride in concentrations up 
to 1,000 ppm does not interfere. 

Additional information on the principle of the determination is 
given by Gates and Ellis (1947, p. 537) and Harry (1931, p. 434T). 
Apparatu and reqenta 
llanganoua sulfate, 1.00 ml=0.010 mg Mn 
Manganous sulfate, 1.00 ml=O.OOOO'l mg Kn 
Test tubes, approx 1-em diameter 
Ammonium hydroxide, O.l'i percent 
Potassium perlodate, aaturated eolutlon 
Sodium acetate buffer 
Tetrabase solution 

Procedure 

Samples for the determination of manganese' should be treated as 
directed in sec. A : 4d. 
1. Plpet a vol11me of sample containing le111 than 0.00002 Dll Mn (1.00 ml max) 

Into a test tube. 
2. Prepare a blank of metal-free water, and suftlclent Rtandards, and adjust the 

volumes to 1.0 ml. 
3. Add 1 drop 0.!5 pereent NH.OB. 
4. Add 2 drops saturated KIO. solution, and mix. 
a. Add 1 drop sodium aeetate buffer. Mix and let stand for at Itast 30 see. 
6. Add 1 drop tetrabase solution and mix. 
7. Immediately <·ompare the color of the sample with that of the standard&. 

The <•olor ls 11table for only 2 or 3 min. 

Calculations 

M l,OOO X Mn 
ppm n ml sample mg 

Record the manganese concentration of the sample to 2 decimal 
places. 
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Preparation of ....,...ta 
llanganous sulfate, 1.00 ml=O.()()()()'l mg Mn : Dilute 2.00 ml Mn (1.00 ml=0.010 

mg Mn) to 1,000 ml. 
Manganous sulfate, 1.00 ml=0.010 mg Mn : Beat 0.5 g Mnso. · ILO for 1 hr at 

180°C. Dissolve 0.275 g in metal-free water containing 1 ml cone ILSO. 
(sp gr 1.84) and dilute to 1,000 ml. Dilute 100.0 ml of thlll Intermediate 
solution to 1,000 ml with metal-free water. 

Ammonium hydroxide, O.G percent: Mix 1.00 ml cone NH.OB (sp gr 0.900) with 
water and dilute to approx 200 ml. 

Sodium acetate bufter solution : Dissolve 10 g NaC.H.01 in approx 75 ml metal­
free water. Add 3.0 ml glacial Hc.B.O. (sp gr 1.049) and dllute to approx 
100 ml. The pH of this solution ls 4.8. 

Tetrabaae solution : Dissolve approx 10 mg tetramethyldlamlnod~phenylmethane 
in approx 100 ml acetODe. The eolutlon ls stable for about 2 weeks. 

:am••:amma 
California State Water Pollution Control Board, 1952, Water quallq criteria: 

Pub. no. 3. 
--1954, Water quality criteria: Pub. no. 3, Addendum no. 1. 
Gates, E. M., and Ellla, G. B., 1947, Jour. BloL Chem., v. 168. 
Barry, R. G., 1931, The determination of manganeae: Soc. Chem. IDduatrJ 

Jour., v. 50. 
Koltho1', I. M., and Sandell, E. B., 14JG2, Tutbook of quantitative Inorganic anal­

ysis: New York. Macmillan Co., 3d ed. 
Sandell, E. B., 1950, Colorimetric determination of traces. of metala: New York, 

Intersclence Publishers, Inc., 2d ed. 
U. S. Public Health Service, 1946, Dr1nldnc water ltanclard9: U. B. Pablle 

Health Service Repts., v. 61, no.11. 
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Nitrogen makes up about 78 percent by volume of normal air at 
20°0, and therefore water in equilibrium with air will contain 
about 15.6 ppm of dissolved nitrogen gas. Gaseous nitrogen is inert 
and not important in water chemistry, but the combined forms of 
nitrogen are. Although ammonia, nitrite, and nitrate are highly 
soluble, natural waters contain only small quantities, usually less 
than 10 ppm. Legumes take nitrogen from the atmosphere l\lld fix 
it in the soil as nitrate. Most plant, animal, and bacterial life 
require nitrogen, and this nitrogen is constantly being converted 
from one form to another by tissue synthesis, metabolism, and decom­
position. Bacteria are very important in converting the forms of 
nitrogen because some obtain their energy for life from these chemi­
cal reactions. 

Both organic and inorganic nitrogen in water may result from 
the leaching of soils and rocks, from fertilizers, normal decompo­
sition _of plants and animals, sewage, industrial efiluents, and living 
organisms. 

D:9lJ& A.llllONIA. NITROGBN 

Ammonia nitrogen includes nitrogen in the form of NH8 and 
NH, +1 • As a component of the nitrogen cycle, it is often present 
in water, from natural causes, but usually in only small amounts. 
Ammonia is used in some water-treatment processes. More than 
0.1 ppm usually indicates organic pollution (Rudolph, 1931). 

There is no evidence that ammonia nitrogen in water is physio­
logically significant to man or livestock. Fish, however, cannot 
tolerate large quantities. The toxicity to fish is directly related to 
the amount of undissociated ammonia in solution; hence, the toxicity 
is dependent on the pH of the water. Ammonia decreases the ability 
of hemoglobin to combine with oxygen, and the fish suffocate. Al­
though the tolerances of fish differ; 2.5 ppm of ammonia nitrogen 
is considered harmful in the 7.4-8.5 pH range (Ellis, Westfall, and 
Ellis, 1946). 

The low concentrations of ammonia in natural waters are of little 
industrial significance, except that ammonium salts are destruc­
tive to concrete made from port.land cement. 

D: Ha-1 JfESSLEJUZATIOJf XETHOD 

The Nesslerization method is similar in substance to part IB, 
APHA (1955, p. 142-147) Standard Methods. 

The method is the most sensitive of those given in this manual 
and is recommended for determination of low concentrations of less 
than 2 ppm. 

211 
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Prbadple of determination 

Ammonia is distilled from a buffered solution, and an aliquot of 
the distillate is then nesslerized. Essentially, nesslerization is the 
reaction between potassium mercuric iodide and ammonia which 
forms a red-brown complex of mercuric ammonobasic iodide: 

BcL·2KI+NIL-+ Hg(NH1) I+2KI+HI 

High concentrations of calcium ( > 260 ppm) interfere in the dis­
tillation by combining with the phosphate of the buffer and thereby 
lowering the pH. More than the prescribed amount of buffer can 
be added to maintain a pH of 7.4:±0.2, or the buffer can be added first 
and then the pH adjusted with sodium hydroxide. Calcium, mag­
nesium, iron, and sulfide interfere with the nesslerization, but the 
interference of the metals is eliminated by the distillation. Sulfide 
can be precipitated in the distillation ftask with a little lead carbonate. 
Several amines, organic chloramine, acetone, aldehydes, and other 
undefined organic compounds are reported to form off-colors or a 
turbidity with Nessler reagent (APHA, 1955, p. 142-147). These 
compounds would normally be expected only in wastes or in grossly 
polluted waters, but when present in troublesome quantities, the pro­
cedure described in sec. D : 25a-2 is recommended for the determina­
tion of ammonia nitrogen. 

All glassware should be rinsed with ammonia-free water. 
With the listed apparatus, results are accurate and reproducible 

to ±0.01 mg nitrogen. 
Additional information on the principle of the determination is 

given by Kolthoff and Sandell ( 1952, p. 633-635). 
Apparatus and reagents 

Kjeldahl distillation apparatus, l,000-ml ftask 
Graduated cylinders, 50-ml 
Spectrophotometer, Beckman Model B : 

Wavelength: 425 ml' 
Cells: 40-mm optical depth 
Phototube: Bh1e-sens1th·e 
Blank: Amlllonla-free water plus reagent 
Initial l!t'nsltl\'lty setting: 1 
Slit width : o.a mm ( a1111rox) 
The following ab1mrbanclt>s ha,·e been obserl·ed: 

"'fl N .tll1orllG11Cll 

0.02 0.24 
.04 .47 
.06 . 70 
. 10 1. 16 

Phosphate buffer, 0.5.M 
Ammonlulll <•hlorlde, 1.00 ml=l.00 mg N 
Amlllonlum chloride, 1.00 ml=0.010 mg N 
Nessler reagent 
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Procedure 

Samples for the determination of ammonia nitrogen should be 
treated as directed in sec. A: 4d. 
1. Free the dlstlllatlon apparatus ot ammonia by boWnc ammonla-tree water 

until the d18tlllate shows no trace with Nelller reqent (OAU'l'ION­
deadly pollion). 

2. Measure a ,·oluwe of sample contalnlng less than 1.0 mg ammonia nitrogen 
( riOO ml max) Into the d18tlllatlon ftuk and adjust the volume to approx 
riOO ml with ammonia-free water. 

3. Add 10 ml phosphate buffer. 
4. Immediately distill at a rate of not more than 10 ml nor leea than 6 ml per 

minute ; catch the d18tlllate In a 200-ml volumetric aaat. 
a. Collect approx 190 ml of distillate, dilute to 200.0 ml with ammonia-free 

water, and mix. 
6. Plpet an aliquot of distillate containing less than 0.1 mg ammonia nitrogen 

(50.00 ml max) Into a graduate and adjust the volume to 50.0 ml with 
ammonia-free water. 

7. Prepare a blank of ammonia-free water, suftl<.'lent standards, and adjust 
the volume.i to 50.0 ml. 

8. Add 1.0 ml Nessler reagent (CAUTION-deadly polllon) and mix. 
9. Allow the solutions to stand at least 10 min but not over 30 min. 

10. Determine absorbancy of test sample and standards agalnat the blank. 

Calculations 

1. Determine 11uantlty of NH, (as N) In aliquot fron1 a" plot of a·bsorbancles of 
standard11 containing known amounts of ronstltuent. 

2 A . . N I . ppm mmoma mtrogen as =-d "t ens1 y 
X 1,000 X ml distillate X (mg N in) 

ml sample ml aliquot aliquot 

ppm .Ammonia nitrogen a11 NH .. '= ppm a11 N X 1.288 

Report ammonia nitrogen concentrations of < 1 ppm to 2 decimal 
places and of between 1 and 10 ppm t.o 2 significant figures only. 
Preparation of reagents 
Phosphate bu1fer, 0.5.V : Dissolve 14.3 g KH,PO, and 90.1 g K.HPO, ·SILO In am­

monia-free water and dilute to approx 1 liter. 
A0mruonlum chloride, 1.00 ml=0.010 mg N: Dilute 10.00 ml NH.Cl (l.00 ml=l.00 

nag N) to 1,000 ml with ammonia-tree water. Prepare fresh. 
Ammonium chloride, 1.00 ml=l.00 mg N: Dl88olve 3.819 g NH.Cl, dried overnight 

o\·er sulfuric acid, In ammonia-free water and dilute to 1,000 ml. 
:"ilessler reagent (C.4.UTION-HgCl, ls a deadly poison and the reagent must be 

so marked): l>l1180h·e 61.75 g KI in approx 250 ml ammonia-free water. 
Cautiously add a suftlclent 11uantlty of a cold solution of HgCl,, which has 
been saturated by bolllng with an exces11 of the salt, to make the color a 
permanent bright red (about 400 ml) ; avoid an excess of HgCI.. Dissolve 
the red predpltate by adding 0.75 g KI. Add 150 g KOH dl880lved in 250 ml 
ammonia-free water and dilute to 1,000 ml. Allow the precipitate to settle 
nod m•e the supernatant ll11uld. 
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D:•..e TIDA'l'IO• KftJIOD 

The titration method is recommended for the determination of 
ammonia nitrogen concentrations of above 2 ppm and fot water con­
taining substances that interfere with the Nessler reaction. 

Prindple of determination 
Ammonia is distilled from a strongly alkalized sample and collected 

in boric acid. The ammonia is then titrated with standard acid. 
Cyanides may interfere by hydrolyzing to ammonia in presence of hot 
alkali: 

cN-'+2a.o-. ncoo-•+ NH. 

This interference can, however, be greatly reduced if mercury salts are 
added before the alkali (Feigle, 1947, p. 183). lTndissociated mercuric 
cyanide is stable to alkali. 

Results are accurate and reproducible to ±0.1 mg nitrogen. 
Additional information on the principle of the determination is 

given by Kolthoff and Sandell ( 1952, p. 633-635). 

Apparatua and reagent• 
KJeldahl distillation apparatus, i'iOO-ml flasks 
Buret, 25-ml 
Boric acid, 2 percent 
Sodium hydroxide, 10N 
Bromcresol green-methyl red indicator solution 
Sulfuric acid, 0.03')7N, 1.00 ml:e:0.00 mg N 

Procedure 
Samples for the determination of ammonia nitrof?en should be 

treated as directed in sec. A : 4d. 
1. Free the distillation apparatus of ammonia by boiling ammonia-free water 

until the dlstlllate 11hows no trace with Nessler reagent (l'AFTION-<leadly 
poison). 

2. Prepare a reagent blank of approx 21">0 ml ammonia-free water and <'Rrry it 
through the distillation procedure. 

3. Pour approx r>O ml 2 percent HaBOa Into a 250-ml rec.-eh·lng ftftt1k. The ti1> 
of the deliYery tube must be below the 11urfa<'e of the acid. 

4. lfea11ure a Yolume of sample <'ontalnlng less than 10 mg N (2:i0.0 ml max) 
Into the dl11tlllatlon flask, and adjust the Yolume to approx 2r>0 ml. 

Z>. Add 5 ml lON NaOH. 
6. Digest the solution oYer low heat for at least 15 min. 
7. Gradually increase the heat and <'()llect approx 100 ml dlstlllate. Check the 

last drops of the distillate with litmus paper to be 11ure that no more XH, 
is coming over. 

8. Titrate blank and 11ample with 0.0357N H,so. to identical <·oloni, u11ing 1.0 
ml mixed indicator. 

Calculation1 

ppmAmmonianitrogenasN=-d 1 . X 1l,OOO 1 XO.SX(mltitrant-mlblank) 
ens1ty m samp e 

ppm Ammonia nitrogen as NH,•'=ppm as N X 1.288 
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Report ammonia nitrogen concentrations of between 1 and 99 ppm 
to 2 significant figures and of > 100 ppm to 3 significant fiizures only. 

Preparation of reagents 
Boric acid, 2 percent: Dlssoh·e 20 g HaBOa in ammonia-tree water and dilute 

to approx 1 llter. 
Sodium hydroxide, ION: Dl8801Ye 400 g NaOH in ammonia-free water and dilute 

to approx l llter. 
Bromcresol green-methyl red indicator solution: Di110lve 0.8 g bromcresol 

green and 0.1 g methyl red in approx 500 ml methyl alcohol. 
Sulfuric acid, 0.0357N, 1.00 ml:e:0.50 mg N: Mix 1.8 ml cone a.so, (1p gr 1.84) 

with water and dilute to approx 9M ml before standardization. Standard­
ize by titrating 20.00 ml O.OS.'>7N Na.co. to pH 4.~. 

Sodium carbonate, O.OS.57N: Dis110h·e 1.892 it primary standard Na.CO. in carl>Qn 
dioxide-tree water and dilute to 1,000 ml. 

D:•...a TES'l'-PAPEll KE'l'JIOD 

The test-paper method is a qualitative screening test which is 
useful in detecting relatively large quantities of ammonia nitrogen. 

Principle of determination 

Ammonia is liberated from the sample by treatment with strong 
alkali and heat, and is detected by litmus pa.per. The sensitivity 
of the test is dependent primarily on the quality and age of the 
t.est paper. As little as 0.1 ppm has been detected with fresh litmus 
paper, but as much as 1 ppm has not been detected by other batches 
of paper. The sensitivity of the paper should be checked with 
standard ammonium solutions before the test is used. Cyanides in­
terfere as with procedure D: 25a-2. 

Additional information on the principle of the determination is 
given by Feigle (1947, p. 183). 

Apparatus and reagents 
Test tubes, 25-mm 
Sodium hydroxide, ION 
Litmus paper red 

Procedure 

I. Carefully 111easure approximately 2:-1-ml sample into the test tube so as to 
lea,·e the ne<-k of the tube dry. 

2 . .Add 2 ml lON XaOH well below the neck of the tube. 
3. Immediately loop a pie<>e of moi..:t lit11111s paper below a stopper and insert 

stopper in the tube. 
4. Mix the contents of the tube by swirling. 
a. Place the tube in a water bath at 70°-80°C tor:; min. 
6. A positive test is indicated by color change of the litmus. 

Preparation of reagents 
Sod_lum hydroxide, ION: Dissolye 40 g XaOH in water and dilute to approx 

100 ml. 
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D1Ub ~Tll lO'l'BOG-

Nitrate is usually the most prevalent form of nitrogen in water 
because it is the end product of the aerobic decomposition of organic 
nitrogen. Nitrate from natural sources is attributed to the oxida­
tion of nitrogen of the air by bacteria and t.o the decomposition of 
organic material in the soil Fertilizers may add nitrate directly 
to water resources. Nitrate concentrations range from a few tenths 
to several hundred parts per million, but in unpolluted water sel­
dom exceed 10 ppm. Nitrate and chloride are major components 
of human and animal wastes, and the occurrence of abnormally high 
concentrations of both constituents suggests possible pollution of tho 
water resources. 

Cyanosis due to methemoglobinemia may occur in infants whose 
drinking or formula water contains a high concentration of nitrates. 
The nitrates, when ingested, are converted to nitrites in the digestive 
system of some infants. The nitrite ion oxidizes hemoglobin to 
methemoglobin and thereby causes cyanosis. It is widely recom­
mended that water containing more than 10-20 ppm of nitrate, 
expressed. as nitrogen, should not be used in infant feeding (C,omly, 
1945). 

Nitrates in large amounts are injurious to the dyeing of wool and 
silk and are undesirable in fermentation processes (California State 
Water Pollution C,ontrol Board, 1952, p. 301). At least ~ ppm of 
nitrate prevents intercrystalline cracking of steel in steam boilers. 

D:llJ.-1 PBE•OLDIIVJ.l'OEO ACID KftJIOJ> 

The phenoldisulfonic acid method is similar in substance to part 
IB, APHA (1955, p. 149-151) Standard Methods. 

Because of its sensitivity, the method is applicable for the deter­
mination of low nitrate concentrations, generally less than 30 ppm. 
It is not recommended for brines and other waters that contain 
more than 5,000 ppm of chloride or 0.2 ppm of nitrite. 

Prineiple of determination 

The water is evaporated to dryness and the residue mixed with 
1,2,4-phenoldisulfonic acid in the cold. Ammonium hydroxide is 
added until the nitrated sulfonic acid ring is converted to the yellow 
ammonium salt (see next page). 

All acid samples must be neutralized or made slightly basic 
before evaporation to prevent loss .as volatile nitric acid. Some 
samples lose nitrate rapidly if the heating is prolonged. Hence, 
the evaporation is carried almost to dryness on a steam bath; then 
the dish is removed from the bath and the remaining moisture 
allowed to evaporate. 
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Chloride interferes by forming oxides of nitrogen in a strong 
acid solution, but reports of the permissible quantities differ widely; 
as little as 10 ppm is reported by one authority to interfere. Chlo­
ride can be precipitated with silver sulfate, but the use of this salt 
presents its own problems. If a.n excess of silver sulfate is used, 
the unprecipitated silver ion produces an ·off color and (or) turbidity. 
As a pra.ctical compromise between potential chloride error and 
silver error, chloride is not removed unless the quantity in the volume 
of sample exceeds about 1 mg. The precision with which the silver 
sulfate can be measured is limited; therefore, it is not .. advisable 
to attempt to remove less than 0.1-0.2 mg of chloride from the 
sample volume. The inherent manipulative difficulties of voluminous 
precipitate a.nd large volumes of filtrate decrease the accuracy of 
the determination, and for this res.son the maximum volume of 
silver sulfate is genera.Uy limited to a.bout 25ml. Nitrite in excess 
of 0.2 ppm erratically increa.ses the apparent nitrate concentrations. 
Colored materials that physically modify the color system should 
be absent; the sample can be decolorized with alumina suspension. 

Time is an important factor in the determination. Once the pro­
cedure is started it should be carried through to the development of 
the color with a minimum of delay between steps. The color is stable 
for several hours. 

'With the listed npparntus and reagents and in absence of inter­
fering substnnces, results are generally accurate and reproducible to 
±0.005 mg of NQ3- 1 (0.001 mg N). For some water the error may 
be appreciably greater. 

Additional information on the principle of the determination is 
given by C'hamot and Pratt (1909, 1911) and Taras (1950, p. 1020). 

Apparatus and reagents 
Evaporating dishes, porcelain 
Steam bath 
Graduated cylinders, 50-ml 
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Spectrophotometer, Beckman Model B: 
Wavelength: 4101D11 
Cella: ~mm optical depth 
Pbototabe: Blae-llellllltive 
Blank : Dilation water carried through the procedure 
Initial llellllitivlt7 eeWnc : 2 
Slit width : 0.2 mm (approx) 
Tbe followlag absorbancles ha Te been observed : 

-.NO. ..tlleor~ 

0.08 o. 66 
.16 1. 31 

Silver sulfate, 1.00 ml~l.00 mg c1-1 

Alaminam h;ydroxlde supenslon 
Potassium nitrate, 1.00 ml=0.016 mg No.-• 
Phenoldlsalfonic acid 
Ammonium h7droxlde, cone (BP gr 0.900) 

Preeedare 

D:25b-1 

If distribution of nitrogen in the nitrogen cycle is to be determined, 
the sample should be treated as directed in sec. A : 4d. Highly colored 
water may be decolorized with aluminum hydroxide suspension. 
1. Plpet a volume of sample containing less than 0.16 mg NC>.--1 (10.00 ml max) 

Into a small evaporating dish. 
2. If the c1-• in the test sample exceeds about 1.0 mg, precipitate all but 0.1-0.3 

mg c1-1 with appropriate volume of Ag.SO. (1.00 ml~l.00 mg c1-1 ). Cover 
the dish and set aside in a dark place overnight to obtain a ftlterable mallB 
of precipitate, or the precipitate can be immediately flocculated with alumi­
num h7droxide suspension. Filter the suspension through Whatman No. 
42 ftlter paper and thoroughly wash the precipitate with hot water, combln· 
Ing the filtrate and washings. 

3. Prepare a blank and suftlcient standards, and adjust the volumes to 10 ml. 
4. Evaporate almost to dryness on a steam bath. 
5. Within the next 5 min add 1.0 ml phenoldlsulfonic acid to the cooled dr7 

residue. 
6. Immediately grind the residue and acid. 
7. Cautiously dilute to approx 20 ml and mix. 
8. Add dropwise and with constant stirring cone NH,OH until full color is 

developed, then add approx 1 ml excess. 
9. Transfer the solution to a graduate, dilute to 50.0 ml, and mix. 

10. Determine the absorbancies of test sample and standards against the blank. 

Calculations 

1. Determine quantity of No,-• in test sample from a plot of absorbancies con-
taining known amounts of the constituent. 

2 No -I- 1 x l,OOO x NO -I • l · ppm a -d-----=--t 1 1 mg a m samp e ens1 y m samp e 

ppm Nitrate as N=ppm No,-•xo.226 

Report nitrate (NOa-1 ) concentrations of <10 ppm to 1 decimal 
place and of > 10 ppm to 2 significant figures only. 
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Preparation of reagenta 
Silver sulfate, 1.00 ml~l.00 mg 01-•: Dluolve 4.3972 g Ag.So., dried overnight 

over H.so., in water and dilute to 1,000 ml. Check the titer by titrating 
25.00 ml NaCl (1.00 ml=l.00 mg rn-1 ) using K.CrO. indicator (see sec. 
D: lOa-1). Store in lightproof bottle. 

Sodium chloride, 1.00 ml=l.00 mg c1-1 : Dissolve 1.6484 g NaCl, which has been 
dried at 000°C for ~ hour, in water and dilute to 1,000 ml. 

Aluminum hydroxide suspension: Dissolve 125 g KA1(80,).·12H10 or NH.Al 
(S0,).-12H.O in approx 1 liter water. Precipitate Al(OH)a by cautiously 
adding cone NH.OH (sp gr 0.000). Wash the precipitate by successiYe 
additions of water and decantation until the washes contain less than 0.04 
ppm No.-•. Keep the solution basic during the washing. 

Potassium nitrate, 1.00 ml=0.016 mg No,-•: Dissolve 2.6100 g KNOa, dried over­
night over H1SO., in water and dilute to 1,000 ml. Dilute 10.00 ml of this 
Intermediate solution to 1,000 ml. 

1,2,4-phenoldisulfonic acid: CCA.UTION-use hood). Di1l8o1Ye 113.5 g phenol 
(%-lb bottle) by placing the bottle In warm water. Pour the dissolved 
phenol slowly and with constant stirring into 766 ml cone H.so. (sp gr 
1.84). Slowly add 255 ml fuming H.so. (20 percent 801) and stir well. 
Heat the mixture 2 hr on a steam bath. Care must be taken in tbe prepa­
ration of pbenoldisulfonic acid to be sure that only 1,2,4-acld and not ortbo 
or para mono acids are produced. The ortho and para acids give many 
side reactions with nitrate. 

D: llM BEDVOTIO• XEDOD 

The reduction method i£ recommended for water that contains more 
than about 30 ppm of nitrate or more than 5,000 ppm of chloride or 
0.2 ppm of nitrite. 

Prineiple of determination 
Nitrate is reduced to ammonia by aluminum and zinc in alkaline 

solutions. The ammonia is distilled, collected in boric acid, and 
titrated with standard acid. 

The sample must be free of ammonia or ammonium salts. The 
residue from the ammonia nitrogen determinations (see sec D :25a-1) 
can be used, or the ammonia can be volatilized from a fi,:esh saml}le 
buffered to pH 7.4. Nitrite also is reduced to ammonia. <luring ~he 
digestion, nnd the results must be corrected for significimt quantities 
of nitrite. Nitrogenous organic mntter is not rendily decomposed in 
hot alkali nnd adds little, if any, nitrogen to a mensm:ed quantity of 
nitrate. 

The reduction is not instantaneous, and recovery mn.y not be qu11n­
titative if the digestion time is insufficient. 

Results are accurate n.nd reproducible to ±0.1 mg N (0.5 mg NQ3- 1 ). 

Additional informiition on the principle of the determination is 
given by the Association of Official Agricultural Chemists (1945). 

Apparatus and reagents 
Kjeldahl distlllation apparatus, 500-ml ftask 
Buret, 25-ml 
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Phosphate bufrer ( eee eec. D : 2fia-1) 
Boric acid, 2 percent 
Devarda allo7 
Sodium h7droilde, ION 
Sulfuric acid, 0.08157N, 1.00 ~.50 mg N 
Bromcreeol sreen-metb.vt red Indicator 80lutlon 

Procedure 

D:25b-2 

If the distribution of nitrogen in the nitrogen cycle is to be deter­
mined, samples for the determination of nitrate should be treated as 
directed in see. A : 4d. 

1. Free the distillation apparatus ot ammonia b7 bolling ammonia-free water 
until the distillate shows no trace of ammonia when teated with Nealer 
reagent ( CAUTION-deadl1 palaon) . 

2. Dilute the reaidue of the ammonia nitrogen distillation (see sec. D: 25&-1) 
to a convenient volume and transfer an aliquot containing leas than 00 mg 
nitrate and nitrite combined (21SO ml maI) to a Kjeldahl 11ask and adjust 
the volume to approI 2ISO ml, or bufrer a suitable volume of sample to pH 
7.4 with phosphate buffer and evaparate to approI 20 percent ot the 
original volume to drive off ammonia nitrogen ; cool and adjust the volume 
to approI 250 ml with ammonia-free water. 

3. Pour approx 50 ml 2 percent HdlO, Into a 250-ml receiving 11ash. The tip 
of the delivery tube must be below the surface of the acid. 

4. Add approx 3 g Devarda alloy. 
5. Add 5 ml lON NaOH down the aide of the 11ask and immediately connect the 

11ask to the dhltlllatlon apparatus. 
6. Mix the contents of the 11ask by swirling. 
7. Digest the solution over low beat for about 15 min. 
8. Gradually increase the beat and collect approx 100 ml distillate. 
9. Prepare a reagent blank of approx 2.~ ml ammonia-free water and carey 

it through the distillation procedure. 
10. Titrate the blank and the sample with 0.0.'157N H.so. to Identical colon, 

using 1.0 ml mixed Indicator. 

Calculationa 

N. te N [ 1 1,000 ppm 1tra as = d---,.--t X 1 1 ens1 y m samp e 

X0.5 (ml titrant-ml blank)]-(pp~N~1-1) 

ppm N01- 1=ppm as NX4.427 

Report nitrate (NOa-1 ) concentrations of <999 ppm to whole 
numbers and of >999 ppm to 3 significant figures OI\ly. 

Preparation of reagents 
Boric acid, 2 percent : Disaolve 20 g H.BO, in ,,ammonia-free water and dilute 

to approx 1 liter. 
Bromcresol green-methyl red indi<·utor solution: Dissol\"e 0.3 g brom<•reeol 

green and 0.1 g methyl red In approx 500 ml methyl alcohol. 
8odium hydroxide, ION: I>l!1soh·e 400 g NaOH in ammonia-free water and 

dilute to ap(>roI 1 liter. 
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Sulfuric acid, 0.0357N, 1.00 ml:o-0.00 mg N: lib: 1.3 ml cone a.so, (sp gr 1.84) 
with water and dilute to approx 950 ml before standardisation. Standard-
1'.e b7 titrating 25.00 ml O.osa7N Na.CO. to pH 4.5. 

Sodium carbonate, 0.0357N: Dl11SOlve l.89'l s primary standard Na.CO. In 
carbon dioxide-free water and dilute to 1,000 ml. 

D:Hc NITRITB NrrBOGBN 

Nitrite is unstable in the presence of oxygen and is, therefore, 
absent or present in only minute quantities in most natural waten 
under aerobic conditions. The presence of nitrite in water is some­
times an indication of orga.nic pollution. 

Recommended tolerances of nitrite in domestic water supplies 
differ widely. A generally accepted limit is 2 ppm, but as little as 
0.1 ppm has been proposed (California State Water Pollution Con­
trol Board, 1952, p. 303). Nitrite is undesirable in water used in 
dyeing wool and silk and in brewing. 

D:llo-1 DiilOTU.A.'l'IO• KftJIOD 

Principle of determination 
The diazotization method is based on a diazotization reaction 

with nitrite and sulfanilic acid followed by coupling with alpha 
napthylamne. 

Q'r'' +BONO ~ [;)" l+i 
.a Y..a CJ-I 

1. 

2.[;)"].~00-[~"(0l _ ()"M+ac1 
\:oll CJ-I Y.oll ~ Y.oll );:,v 

Red uod79 

The development of the azo dye is affected by several va.riables 
including temperature, pH, standing time, and the degree of purity 
of the reagents. In addition, the azo dye is photosensitive, and, 
therefore, the solutions must be shielded from direct sunlight during 
the development of the color. Ordinary artificial light usually has 
no effect, although ci.. ftuorescent lamps may be detrimental. The 
e1rect o:f pH is probably the most significant. The dia.zotization 
step requires strong acid, while the coupling step proceeds best at 
moderate acidities. Therefore, at the completion of the diazotization 
stage, sodium acetate is introduced t;o raise the pH. At room 
~mper&ture, the diazotization requires about a min for practical 
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222 ANALYTICAL PROCEDURES D:25o-1 

completion. Aft.er 10 min, the diazotization product shows signifi­
cant decomposition. 

The common aniom, with the uception of iodide, are not known 
to int.erfere. Iodide should not uceed 0.1 mg. Lead, zinc, and 
manganese are considered not to interfere. Copper interferes, and 
the quantity in the t.est sample should not uceed 0.06 mg. Disodium 
ethylenediamine t.etraacetate eirectively complues iron to prevant 
its interference. 

With the list.ed appa.ratus, results are accurate and reproducible 
to ±O.OOO'JmgofN021 • 

Additional information on the principle of the determination is 
given by Ka.nW (1950, p. 481-497) and Mellan (1941). 

Apparatu aJMI reqenta 
Spectrophotometer, Beekman Model B : 

Wavelength: 520 m,a 
Cells : 10.mm optical depth 
Phototube~ Blue-sensitive 
Blank: Distilled water plus reagentl 
Initial sensitivity setting: 1 
Slit width: 0.2 mm (approx) 
The following absorbancles have been observed : 

-.No,-1 Af)1~ 

0.01 0.73 
. 00 1. 40 

Na.EDT.A., 0.5 percent 
Sulfanllle acid solution, 0.6 percent 
Sodium nitrite, 1.00 ml=0.001 mg N 
Alpha naptbylamlne hydrochloride, 0.6 percent 
Sodium acetate buffer, 27 percent 

Procedure 
Samples for the determination of nitrite should be treated as directed 

in sec. A : 4d. 
1. Plpet a volume of sample containing less than 0.02 mg No,-• (10.00 ml max) into 

a small beaker or test tube and adjust the Yolume to 10.0 ml. 
2. Prepare a blank and sufficient 11tandards, and adjuRt the volumes to 10.0 ml. 
3. Add 0.2 ml 0.1'.i percent Na.EDT A 11olutlon 
4. Add 0.2 ml sulfanlllc acid and mix. 
5. Let stand for 5.0 min. 
6. Add 0.2 ml 0.6 percent alpha napthylamlne hydrochloride. 
7. Add 0.2 ml 27 percent sodium acetate buffer and mix. 
8. Allow the liquids to stand at least 10 min and no longer than 20 min. 
9. Determine the absorbancies of the te11t san'lple and standards against the 

blank, and, when necessary, muke correction for water color aii directed In 
sec. C : la-2, method 1. 

Calculations 
1. Determine quantity of No.-• in te11t 11am11le .from a plot of ab11orbancies <·on­

taining known amounts of the c·on11tlhtent. 
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2. ppm N01-•=-d 1 "t X /•000 1 X mg NOa-• in sample ens1 y m samp e 
ppm Nitrite as N =ppm No.-• X 0.304 

223 

Report nitrite (N02- 1 ) concentrations of <1 ppm to 2 decimal 
places and of > 1 ppm to 2 significant figures only. 

Preparation of reagents 
N"a.EDTA, 0.5 percent: Dissolve 5 g dlllOdlum salt ln water and dilute to approll: 

1,000 ml. 
Sulfanlllc acid ( 4-amlnobenzenesulfonlc acid), 6 percent: Dissolve 6 g sulfanllic 

acid in about 700 ml of bot water. Cool the solution. Add 200 ml cone HCl 
(spgrl.19). Dilute to approx l,OOOml. 

Sodium nitrite, 1.00 ml=0.100 mg N: Dissolve 0.4926 g NaNO. in water and 
dilute to 1,000 ml. 

Alpba-naptbylamlne hydrochloride: The eommerclally available reagent is of 
variable composition. The reagent should, be purchased in small bottles, 
stored in a desl(.'('ator, and kept in the refrigerator. The pure reagent ls 
white and comparatively odorless. If the reagent turns dark, it should 
be purUl.ed by recrystallization before use. To recrystallize 4 or 5 g., dissolve 
the material in 100 ml bolling water plus 5 ml cone HCI (sp gr 1.19). Add 
2 g activated carbon, stir, and filter rapidly through a Buchner funnel 11.tted 
with filter paper. Cool In lee and collect the purified crystals. To prepare 
the solution, diS&Olve 0.6 g of the amine salt in water, add 1 ml HCI, and dilute 
to lOOml. 

Sodium nitrite, 1.00 ml=0.001 mg N: Add 1 ml CHCb to 10.00 ml NaNO. (1.00 
ml=0.100 mg N) and dilute to 1,000 ml with water. The standard should be 
used for the preparation of the callbratlon curve without delay. 

Sodium acetate buffer solution, 27 percent: Dissolve 270 g NaC,H.0.·3H.O in 
water and dilute to approx 1,000 ml. 

D:Hd ORGANIC NrrROGBN 

Organic nitrogen includes all nitrogenous organic compounds, 
such as amino acids, polypeptides, and proteins. It is present 
naturally in all surface wat.ers as the result of inflow of nitrogenous 
products from the watershed. and the normal biological life of the 
stream. Eftluents of sewage and waste from sla.ughter houses and 
chemical plants often contain nitrogen in varying combina.tions. 
Organic nitrogen in unpolluted ground water is usually very low. 

Organic nitrogen is not pathologieaJly significant but is sometimes 
an indication of pollution. Organic nitrogen is important t.o con­
siderations involving aquatic biology. 

D:lld-1 lUELDABL XEDOD 

The Kjeldahl method is similar in substance t.o pa.rt I, APHA 
( 1955, p. 155-156) Standard Methods. 

Principle of determination 

Organic nitrogen is degradated to the ammonium ion by digestion 
with sulfuric acid in the presence of copper sulfate, which acts as a 
catalyst. The solution is made alkaliae with sodium hydroxide and 
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the free ammonia. is distilled off and Nesslerized. The color devel­
oped is proportiona.1 to the organic-nitrogen content. 

Nitrate and nitrite do not interfere. The effect of ammonium ions 
and ammonia is strictly additive. Therefore, the organic nitrogen is 
normally made on the residue of the ammonia nitrogen determination 
(see sec. D:25a-1). If the residue from the method described in sec. 
D: 25a-2 is used, additional sulfuric a.cid should be added for the 
digestion. 

Ca.lcium, magnesium, iron, and sulfide interfere with the Nessleriza­
tion, but the interference of the metals is eliminated by the distillation. 
Sulfides can be precipitated in the distillation flask with a little lead 
carbonate before addition of sodium hydroxide. Several amines, 
organic chloramines, acetone, aldehydes, and other undefined organic 
compounds are reported to form off-color or turbidity with Nessler 
rea.gent (APHA, 1955, p. 155-156). These compounds would nor­
mally be expected only in wastes a.nd polluted waters, but, '"hen pres­
ent in troublesome quantities, the ammonia. ca.n be collected in boric 
a.cid and titrated with standard acid rather than nesslerized (see sec. 
D:25a-2). Cya.nides are liberated during acid di~tion and do not 
interfere. 

All glassware should be rinsed with ammonia-free water. With 
the listed apparatus results for organic nitrogen in solution are accu­
rate and reproducible to ±0.02 mg of nitrogen. The adequacy of 
results for total organic nitrop;en in solution and suspension will de­
pend on the completeness of the acid degradation, but will usually 
approach that obtained with soluble nitrogenous compounds. 

Additional information on the principle of the determination is 
given by Kolthoff and Sandell, 1952, p. 537-538). 

Apparatus and reqente 
Kjeldahl distlllatlon apparatus, 1,000.nll ft&llk 
Graduated cylinders, 00.ml 
Spectrophotometer, Be<'kman Model B : 

Wavelength: 425 m11 
Cells : 40-mm oPtical depth 
Phototube: Blue-senaitl\'e 
Blank : Ammonia-free water plus reagent!! 
Initial sen8lti\'ity settln11t: 1 
Sift width : o.a mm ( aP11rox) 
The following absorbancles ba\'e been observed : 

., :N ..t tlaorflclt1C11 

O.O'l 0. 24 
.04 .47 
.06 • 70 
.10 1.16 
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Phosphate bder, O.IUl 
Sulfuric acid, cone ( sp gr 1.84) 
Copper sulfate, 10 percent 
8odlum hydroxide, ION 

NITROGEN 

Ammonium chloride, 1.00 ml=0.010 mr N 
Neealer reagent 

Procedure 

225 

Samples for the determination of organic nitrogen should be 
tre&ted as directed in Sec. A : 4d. 
I. Free tbe distillation apparatus of ammonia by bolling ammonlo-free water 

unW the dlatlllate shows no trace with Nellller reapnt (CAUTION­
deadly paf8on). 

2. Take the residue of the ammonia Ditropn determination for this determine­
tlon. Or, bder a volume of sample contalnlnc lees than 1.0 mr N (ISOO.O 
ml ma:ic) to pH 7.4 with phosphate bder and evaparate to appro:ic 20 per­
cent of ortctnal volume to drive off ammonia Ditropn. 

3. Oool and add 10 ml cone B.so •. 
4. Add I ml 10 percent cuso,. 
5. Dlgetrt under a hood until copious fumes are liven off and the liquid becomee 

colorlees or pale yellow. 
6. Cool and dilute to approx 300 ml with ammonia-free water. 
7. Add 50 ml ION Na OB cautiously down the side of the ftuk. 
8. Immediately connect the ftask to the distillation apparatus and cautloualy 

ml:ic the contenta b1 swlrllnc aent11. 
9. Distill at a rate of no more than 10 ml nor leBB than 6 ml per min; catch 

the dlatlllate In a 200-ml volumetric 1luk. 
10. Collect approx 190 ml distillate, dilute to 200.0 ml with ammonia-free water, 

and mix. 
11. Plpet an aliquot of diBtlllate contalDing lees than 0.1 mr ammonia Ditropn 

(50.0 ml max) Into a graduate and adjust the volume to 50.0 ml wltb 
ammonia-free water . 

. 2. Prepare a collorlmetrlc blank of ammonia-free water and sullclent 1tand-
ard11, and adjust volumee to 50.0 ml . 

. 3. Add 1.0 ml .Neesler reapnt (CAUTION-deadly PoillOD) and mix • 

. 4. Allow tbe solutloDB to stand at least 10 min but not more than 80 min. 
5. Determine the absorbancles of the aliquot and standards aplnst the colori­

metric blank. 

Calcalatiou 
1. Determine a reagent blank for •ach new batch of a.so, . by taking 300 ml 

ammonia-free water through the t"ntire prO<'edure. 

ml aliquot 
mg Reagent blank=mg N per 10 ml H.SO,Xml distillate 

2. Determine the q1l8ntity of nitrogen In the aliquot from a plot of abaorbanclee 
of standards containing known amounts of the <'ODBtltuent. 

3. ppm Organic nitrogen as N =-d 1 "t X 1
1•000 1 ens1 y m samp e 

Xml distillate [(mg N in)-(mg reagent)] 
ml aUqllot aliquot blank 
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Report organic nitrogen concentrations of < 1 ppm to 2 decimal 
places, of. between 1 and 10 ppm to 1 decimal place, and of > 10 ppm 
to 2 significant figures only. 

Preparation of reagents 
Phosphate buft'er, 0.5..V: Dissolve 14.3 g KH,PO. and 90.1 g KrHP0.·3H.O ln 

ammonia-free water and dilute to approx I liter. 
Copper sulfate, 10 percent: Dissolve 10 g Cufm.·5H:O ln ammonia-free water 

and dilute to appro:ir 100 ml. 
Sodium bydro:z:lde, 10~: Dissolve 400 g NaOH ln water and dilute to approx 

1 llter. 
Ammonium chloride, 1.00 ml=0.010 mg N: Dilute 10.00 ml NH.Cl (1.00 ml=l.00 

mg N) to 1,000 ml with ammonia-free water. Prepare fresh. 
Ammonium chloride, 1.00 ml=l.00 rug N : Dh1solve 3.819 g XH.C'l, dried over­

night over sulfuric acid, ln ammonia-free water and c:llute to 1,000 1111. 
Nessler reagent (OAVTION-HgCl, is a deadly poison and tht> rengt>nt mu11t be 

so marked) : Dissolve 61.75 g KI in a11prox 2ri0 ml of ammonia-free water. 
Cautiously add a sufficient quantity of a c·old solution of HgCl,, whi<'b ba11 
been saturated by boiling with an exce11s of the salt, to make tht> c·olor a 
permanent bright red (about 400 ml) ; &"fold an exC"e.M of HgCl,. I>i1111oh·e 
the red precipitate by adding 0. 75 g Kl. Add ll'iO g KOH dissolYed in 2ri0 
ml ammonia-free water and dilute to 1,000 ml. Allow the 11redpitate to 
settle and use the supernatant liquid. 
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Potential contributors of oil to w&ter are engaged in produc­
tion, transportation, handling, a.nd use of oil a.nd petroleum prod­
ucts, such as ships, oil wells, oil-loading points, refineries, railroads, 
civic dumps, salvaga dumps, garages, a.nd many industries. Some 
oil in natural waters may be derived from the decomposition of 
plankton or higher forms of aquatic life ( Galtso1f, 1936, p. 550-
555). Heavy oils, greases, a.nd wues are somewhat insoluble in 
water, but they may be emulsified or sa.ponified by det.ergent.s, alb.­
tis, or other chemicals. Oil films interfere with gas exchange, coat 
bodies of birds e.nd fish, exert a direct toxic action on some organisms 
as a result of water-soluble components, a.nd interfere with fish­
food organisms and the natural food cycle. Oils from surface films 
become adsorbed on clay particles, settle to the bottom, and rema.in 
a source of pollution because they may be stirred up e.nd float again 
or release toxic principles (Galt.soft, 1936, p. 550-555). 

The principal objection t.o oils in water for domestic use is the 
resulting disagreeable taste and odor. Aging causes petroleum 
odors t.o become musty, probably as a. result of biochemical decom­
position (California State W a.ter Pollution Control Board, 1952, 
p. 307). 

Oils are detrimenta.l to any industrial process water that is used 
in food and beverage preparation. The Portla.nd Cement Asaocia.tion 
(1948) recommends that water used for mixing concrete be free 
of oil. 

Oil pollution is harmful to marine life in at least four ways: 
through the formation of surface films, by emulsification, by sedi­
menta.tion and coating of bentha.l organisms, and by toxic action of 
water-soiuble principles (Gage, 1924, p. 237). Also, oil may affect 
the taste of fish. 

D:lla-1 WET-UTJlACTIOB' KE'l'HOD 

The wet-extraction method is applicable to waters containing 
small amounts of oil, grease, wax, and other diethyl ether-soluble 
substa.nces in solution, suspension, or attached t.o sediment. 

The wet-extraction method is similar in substance t.o part I lSB, 
APHA {1946, p..42) Standard Methods. 

Principle of determination 

Dissolved or emulsified oils, greases, waxes, and other extra.cta.ble 
substances are extracted from water by diethyl ether. The diethyl 
ether is evaporated and the residue dried a.nd weighed. Volatile 
oils ma.y be lost in the process. 

227 

Digitized by Google 



Apparatua and reagents 
Steam bath 

ANAL'YTICAL PROCEDURES D:26a-1 

Separatory funnel, "No-lab" gla1S11Ware ls recommended (one source of supply 
ls the Sclentiftc Glass Co.) 

DlethJl ether 

Procedure 
Samples for the determination of oils and waxes must be treated 

in accordance with directions given in sec. A f4d. 
1. llark the sample bottle at the water-plus-oil line and Pour the treated 

sample Into the sepantory funnel. 
2. Thoroughly wash the sample bottle with ether and add washings to sample 

In separatory funnel. Eitnct the sample with a suuiclent number (mini­
mum of 2) of 2'>-ml Portions of dieth1l ether. 

3. The ether extractions are collected in a prevlousl1 dried and tared evapo-
rating dish or beaker. 

4. EvaPorate just to dryness on a steam bath. 
!i. Dr1 in a desiccator for 1 hr and weigh. 
8. Determine the blank correction bJ weighing the residue of a Portion of ether 

equal to that used for extracting the sample. 

Caleulatiou 
1000 ppm Oils and waxes= 1 ' le X (mg sample residue - mg blank) m samp 

Report oil and wax concentrations of <1,000 ppm to whole numbers 
and of > 1,000 ppm to 3 significant figures only. 
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The oxygen-consumed determination is a. meume of the readilJ 
oxidizable material in the water and furnishes an approximation of 
the minimum amount of organic and reducing material present. 
In reality, the term "oxygen consumed" is defined by the method 
used for its determination. In the test given below it is defined 11 
the amount of oxygen used by the aample when digeDd 80 minut. 
in a boiling-wam bath with an aeem of potasaium permanganate 
in an acid solution. Oxygen consumed may be conelated with 
natural-water color or with some carbonaceous organic pollution 
from sewage or industrial wastes. 

Tolerances for oxygen consumed in feed water for low- and high­
pnBR11"8 boilers are 15 and 3 ppm, respectively (Northeast Wamr 
Works Association, 1940). Wash water containing more than 8 ppm 
has been reported to impart & bad odor to tatiles; concentrations for 
water used in beverages and brewing range from 0.5 to 6.0 ppm (Cali­
fornia State Water Pollution Control Board, 1952, 1964) . 

D:IT...t l'DJlil&.&JIDlmlG ID'ftlOD 

Prindple of deterabaation 

The aample is acidified and digested with potaaeium permanganate 
for 30 minutes in a boiling-water bath, during which time reducing 
substances are oxidized along with part of the carbonaceous mate­
rial. The remaining permanganate is reacted with a. volume of 
oxalate equivalent to the permanganate originally added, and the 
aeem on.late is determined by back titration with permanganate. 
The permanganate required in the back titration is therefore equiva­
lent to the oxygen consumed. Nitrogen ii not oxicmed by the per­
manganate. The carbon in nitrogenous organic materials such 11 
proteins is not as easily oxicmed as that in lilnple ca.rbonaoeoua 
materials, and the reault.s may not therefore include the elect of &11 
carbon. Simila.rly, some organic matter it fairly stable a.nd may not 
react completely under the conditions of the teat. Chloride will 
parti&lly react with permanganra, and w~rs cont&iniJlc more than 
1,000 ppm of chloride will give sipifi.cantly higher oxygen-consumed 
values. 

In hot acid solution, perma.nga.nate slowly decomposes with the 
evolution of ozygen, and the blank must be run with the sample to 
evaluate the decomposition of permanpnat.; th. blank also COJll· 

pensa.tee for any oxidiu.ble material in the acid. 
To obtain reproducible resulta, it is essential that the direction• be 

followed explicitly. 
229 
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Additional information on the principle of the determina.tion is 
given by APHA (1946, p. 122-124) and Treadwell and Hall (1935, 
p. 543). 

Apparatus and reqenta 

Buret, 21>-ml 
Potall8ium permanganate, l.00 mho-0.100 1D1 0. 
Sulfuric acid, 2:1 percent v /v 
Sodium o:ir:alate, 1.00 m~l.00 ml KMnO. (1.00 ml:C:0.100 mg 0.) 

Preeedure 
1. Plpet a volume of sample containing less Oll:ygen-consumlng material than 

can be oxidised by 7 ml KMnO. (100.0 ml mu) into a 2:>0-ml Erlenmeyer 
flask and adjuat the volume to approll: 100 ml. 

2. Prepare a blank of approx 100 ml dllution water. 
3. Add 10.00 ml KMnO. (1.00 ml::0:().100 mg 0.). 
4. Add 10 ml 2:1 percent H.so., and mlL 
5. Place the flasks in a boillDg-water bath and digest for 30 min. The flasks 

must be at such depth that the surface of the sample is below the surface of 
the bolling wat4lr,tb .. t1ghout the digestion period. This step ls critical and 
determines the reproducibility of the determination. It la essential to main· 
tain constant bolling conditions if determinations between different sets of 
samples are to be comparable. That ls, the water bath should be at full boll 
before the samples are Introduced. The water bath should be large enough 
to accommodate all the samples plus the blank. Porcelain rings can be 
placed around the necks of the flasks to weigh them down. 

6. Remove the flask from the bath and cool to about 10•c. 
7. Immediately add 10.00 ml Na.c.o. (1.00 m~l.00 ml KMnO.), and mlll:. 
8. Immediately back titrate with KMnO. (1.00 ml::0:0.100 mg 0.) to th~ first pink 

tint that persists for 30 sec. The temperature during the titration should 
be between 55• and 60°C. 

Calculations 
1 1000 . 

ppm Oaygen conaumed--d 't X 1 ' 1 XO.l (ml titration-ml blank) ens1 y m samp e 

Report oxygen consumed of < 10 ppm to whole numbers and of > 10 
ppm to 2 significant figures only. 

Preparation of reagents 
Potautum permanganate, 1.00 u11:¢0.100 Dll o, : Diasolve 0.40 1 KMnO, in water 

and dilute to approx 1 Uter. Store the solution In the dark tor at leut 1 
week to IJemilt precipitation of manganous saltl. Heat the 10lut1on to 
bolling and filter through asbe11tos fiber or frltted glass. Cool and stand· 
ardlze against primary· standard Na.c,o, as follows: Dry about 0.1 r of the 
salt at 1on•c for 1 hr. I>lssulve approx 25 mg accurately weighed to 0.1 m1 
In 50 ml water and 20 ml 2l'l 1ier<>ent H,SO., 

I KM 0 l d Na2C204 
m n 1 requ re =-mg O.S!i76 

Add from the buret 90 percent of the required KMnO, to the o:ir:alate solution 
and heat to 55°-00"C. Continue the titration slowly and with constant 
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stirring until a faint 11ink color persists for 30 sec. For ptactlcal work, 
no blank correction Is required. Store the standardized KMnO. solution in 
a lightproof bottle. The titer of the KMnO. solution should be checked 
frequently. 

Sulfuric acid, 25 percent v/v: Mix 250 ml cone a.so. (sp IP' 1.R4) with water and 
dilute to approx 1 liter. 

Sodium oxalate, 1.00 ml~l.00 ml KMnO.: Dissolve .0.8376 g Na.C.o,, dried at 
105°C for 1 hr In water. Add 1 ml 25 percent a.so, and dilute to 1,00.0 ml. 
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Oxygen dissolved in wat.er is derived from the air and from the 
oxygen given off in the proce&S of photosynthesis by aquatic plant& 
The solubility of oxygen in water is dependent upon the partial 
pressure of oxygen in air, the t.emperature of the water, and the 
mineral content of the water. 

Dissolved oxygen in water has no adverse physiological effect and 
actually increases the palatability of the water ( Califomia Stat.e 
Water Pollution Control Board, 1952, p. 241). In general, no 
minimum ooncentration of dissolved oxygen required to support fish 
life has been listed because the oxygen requirements of fish vary 
with the species and age, with temperature, and concentration of 
other substances in the water. Ellis believes that under averap 
stream conditions, 3.0 ppm of dissolved oxygen, or less, should be 
regarded as hazardous or lethal, and that to maintain a varied fish 
fauna in good condition the dissolved-oxygen concentration should 
be at least 5.0 ppm (Ellis, 1937). Water supersaturated with di&­
solved oxygen has been reported as detriJllental to fish (American 
Water Works Association Joumal, 1938, p. 1400). 

Dissolved oxygen is responsible for many of the corrosion prob­
lems in industry. For many industrial uses of water, r.ero dissolved 
oxygen would be desirable as a means of inhibiting corrosion. 

D:...,_1 AUl'rmDG (ilJDI:) Xl:'l'llOD 

The Alst.erberg ( azide) method is similar in substance to part IIB, 
APHA (1955, p. 160, 255) Standard Methods, and D 888-49 T 
Non-Referee Method A, ASTM (1954, p. 243-245) Manual on Indus­
trial Wat.er. 

This method is applicable to natural waters and most other waters 
which are not heavily polluted. It is not recommended for samples 
that contain more than 1 mg per liter of ferrous iron or appreciable 
quantities of sulfite, thiosulfate, polythionate, hypochlorite, or free 
chlorine. 

Prindple of determination 

This method is a modification of the Winkler process for the 
determination of dissolved oxygen, and the principle is the same. 
The method depends on the formation of a precipitate of manganous 
hydroxide. The oxygen dissolved in the water is rapidly absorbed 
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ANALYTICAL PROCEDURES D:28a-1 

by manganous hydroxide, forming a higher oxide, which may be in 
the following form: 

MnS0.+2KOH-+Mn(OH).+K.sO. 

2Mn(OH)2+o.--+2Mn0(0H)s 

Mn(OH) 2 floe acts as a "gathering" agent for oxygen; therefore, the 
floe is passed twice through the solution to insure quantitative reaction. 

Upon acidification in the presence of iodide, iodine is released in 
a quantity equivalent to the dissolved oxygen present. 

ff•' 
Mn0(0B)s+2KI+ILO-+ Mn(OB)s+I1+2KOH 

The liberated iodine is then titrated with a standard sodium thio­
sulfate solution using starch as the indicator. 

1.+2s.o,--...s.o .... +2r 

Oxidizable organic matter consumes iodine and thereby causes 
low results. This effect of organic matter can be minim.U.ed if the 
liberation of iodine is followed immediately by the titration with 
thiosulfate. Any readily oxidizable or reducible constituents inter­
fere by reaction with either the iodine or thiosulfate. Oxidizable 
substances cause low results and reducible substances high results. 
The magnitude of the net effect is, of course, proportionate to the 
absolute and relative concentrations of the different interferences. 

In the listed procedure, sodium azide eliminates the interference 
of nitrite, and potassium fluoride overcomes the effect of ferric salts, 
provided the ferric iron concentration does not exceed 200 mg per 
liter and there is no delay in titration. The ferrous iron concentra­
tion should not exceed 1 mg per liter. High concentrations of 
suspended solids, which interfere, are removed by alum flocculation 
as directed in sec. A: 4d. 

When the method given is used on water which is not heavily 
polluted the results are generally reproducible to +0.01 mg, except 
that at low concentrations (below 0.1 mg) the error may be ± 50 
percent. 

Additional information on the principle of the determination is 
given by Adams, Barnett, and Keller (1943). 

Apparatus and reagents 
Buret, 25-ml 
Alum solution, 6 percent 
Potassium fluoride solq,tion, 25 percent 
Mang1moUJ sullate solution, 32 percent 
Alkaline-iodide sodium azlde solution 
Sulfuric acid, cone ( sp gr 1.84) 
Starch indicator, stable 
Sodium thlosulfate, 0.025N 
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D:28a-1 OXYGEN DISSOLVED 

Procedure 
Samples for the determination of dissolved oxygen must be col­

lected and treated as directed in secs. A : 3c and A : 4d. 

1. Plpet an aliquot of la solution from the treated sample (aee sec. A: 4d) 
that represents less than 2.0 mg Oa (200.0 ml max). 

2. Titrate the liberated la with 0.025N Na.S.Oa to a pale straw color. 
3. Add 1-2 ml starch Indicator and continue the titration to the first disap­

pearance of the blue color. Subsequent recoloratlon should be disregarded. 

Caleulationa 

1. If the sample has been treated with alum as In sec. A: 4d, correct the sample 
volume reacted with Mnso. as follows : 

1 8 1 300 X ml taken for flocculation 
m amp e ml taken for ftocculation+ml AlK(SOch 

2 0 =-1-X 1,000 X (ml treated aliquot+7) X 1 N " 0 XO 2 
· ppm 2 density ml sample ml treated aliquot m ll2oi 3 • 

Report dissolved-oxygen concentrtl.tion to 1 decimal place. 

Preparation of reagents 

Alum solution, 6 per<'ent: Dlssoh·e 10 g AlK(S0.).-12H.O In water and dilute 
to approx 100 ml. 

Potassium fluoride solution, 25 percent: Dissolve 40 g KF·2H,O In water and 
dilute to approx 100 ml. 

Manganous sulfate solution, 32 percent: Dissolve 48 g MnS0.·4H,O or 40 g 
Mnso. ·2H,O or 36 g Mn SO. H,O in water, filter, and dilute to approx 100 ml. 

Alkaline-iodide sodium azlde solution: Dissoh·e 1 g XaX, In 4 ml water. Add 
this solution with constant stirring to Jl!'i ml alkaline Iodide reagent. The 
reagent shoulcl not gll"e a c·olor with starrh lndlc-ator when diluted and 
acidified. 

Alkaline-Iodide reagent: Dlssol\"e 50 g XaOH or 70 g KOH and 13.5 g Nal or 
15 g KI In water and dilute to 100 ml. 

Sodium thiosulfate solution, 0.025N: DIS11oh·e 6.205 g xa,S,0,·5H,O In carbon 
dioxide-free water, add 1 g Na,co,, and dilute to 1,000 ml. Store the thio­
sulfate In a glass-stoppered bottle which has been cleaned with dlchromate­
sulfuric ll<'ld cleaning solution anrl rinsed with hot water. Standardize the 
Xa,s,o, against KIO, a1< follows: I>ry approx 1 g KIO, for 2 hr at 180°C. 
Dlssoln 0.8918 g In water and dilute to 1,000 ml. Pipet 2il.OO ml of the 
KIO, Into a 250-ml Iodine fia1<k, then add SU("("essively 75 ml water and 
2 g KI. After solution is complete, add 10 ml 20 percent H,so.. Allow the 
stoppered flask to stand 5 min in the dark. Titrate with Xaos,o. using 2 ml 
starrh indic-ator as encl point is approa<'hed. 

Normality of NaiS,03 ml KIOa 
l N SO Xti.025 m a2, 2 ~ 
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D:l9 pH VA.I.VB 

The pH of a solution is a measure of the eft'ective hydrogen-ion con­
centration, or more specifically, the hydrogen-ion activity (aB+•). 

pB-log-1-
119.1 

In water solutions, deviations in pH from 7 are primarily the 
result of the hydrolysis of salts of strong bases and weak acids, 
or vice versa. Dissolved gases such as carbon dioxide, hydropn 
sulfide and ammonia also aft'ect the pH appreciably. The eft'ect of 
dissolved salt.a of strong acids and strong bases q slight. 

Because carbonates are prevalent in nature, moat natural waters 
of the United States are slightly buic. The overall normal pH 
range is between 6.0 and 8.0. Industrial wastes on the other hand 
may be strongly acidic or basic, and the eft'ect on the pH of water 
resources is largely dependent on the normal buft'ering capacity of 
the water. 

The pH of potable water is not pathologically significant. Acid 
water with a pH of lees than about 4 DSU&lly h&tJ a sour taste. The 
U.S. Public Health Service (1946) states that the maximum pH of 
treated drinking and culinary water on carriers subject to Federal 
quarantine regulations should be about 10.6. Optimum pH for fish 
is between 7.8 and 8.5 while acid water with pH below 4.4 and 
strong basic waters with pH greater than 8.8 generally causes gill 
irritation and death (Ellis, 19"). pH in conjunction with other 
factors aft'ect.s the corrosion potential of water on metals. Jror 
detailed discussion the chemist is referred to the work of Langelier 
(1946, p. 169). Low pH also incrusee the corrosive action of water 
on concrete. (Antill, '1937, p. 1803). Extremes in pH cannot usually 
be tolerated by industry. The optimum pH for irrigation water 
depends on the type of crops to be grown and on the physical and 
chemical properties of the soil. Acid soils will tolerate the more 
alkaline water and some alkaline soils will tolerate the more acid 
water. 

The instrument method is similar in substance to part I, APHA 
(1955) Standard Methods; D E'T0-62 T ASTM (19M) Manual on 
Industrial Water; and method 21a, U.S. Salinity Laboratory Staft' 
(1954) Handbook 60. 

Prbaciple of determination 

See sec. C :. 2c for the principles of pH-meter operation. 
The pH obtained in the laboratory may not be the same as that 

of the water at the time it was collected owing to reactions with 
sediment, hydrolysis, and oxidation taking place within the a&mple 
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bottle. Also the pH may change appreciably through loss of dis­
solved gases, the absorption of fumes in the laboratory, and from 
the deposition of calcium carbonate or other salts. Therefore, a 
value more representative of the pH at the time of collection is 
obtained if the determination is made as soon as the sample bottle 
is opened. 

With the apparatus listed below, results are reproducible to 
+0.05 pH. 

Apparatu11 and reagent11 
Beckman pH meter with glass or saturated calomel electrodea. 
Butfer solution, 11H 7.00± O.O'l at 25°C. 

Procedure 
1. After an appropriate warmup period, standardize the instrument with the 

butfer solution at the approximate temperature of the sample. 
2. With a minimum of aeration and agitation, measure the pH in accordance 

with the instrument-manufacturer's Instructions. 

Caleulation11 
For water having an abnormally high sodium content, a correction 

may be necessary. This correction will differ with the electrodes, 
hence the analyst is referred to manufacturer's instructions for the 
computations necessary. 

Report pH of < 4.5 to the nearest 0.05 and of >4.5 to 1 decimal 
place. 

D:llr.-1 l'IELD llf8Tll17XEHT XETHOD 

Beckman Model N and N-1 and Coleman Model 20 pH meters 
have been used successfully. 

D:llr.-1 PAPER XETHOD 

The method is only semiquantitative and is useful only for field­
work when high precision is not required. If fresh paper is used, 
accuracy of about ±0.5 pH can be obtained with the Fisher product. 
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D:30 PHE1fOLIC XATBBIAL 

Phenolic material in wa.ter resources is invaria.bly the result of 
pollution. Phenols are widely used a.s disinfectants and in the syn­
thesis of many orga.nic compounds. Wa.ste products from oil refin­
eries, coke areas, and chemical plants may contain high concentra­
tions. Fortunately, phenols decompose in the presenee of oxygen 
and organic material, a.nd their persistence downstream from point 
of entry is relatively short lived. The rate of decomposition is 
dependent on the environment. 

Very low concentrations impart such a. disagreeable taste to water 
that it is highly improbable that harmful a.mounts could be consumed 
unknowingly. Reported t~holds of detection of taste and odor 
range from 0.01 to 0.1 ppm. Chlorination of water containing 
phenols produce chlorophenols, which have much more disagreeable 
ta.stes and odor than the parent material. The California State 
Water Pollution CQntrol Board (1952, p. 320) reports that thresh­
olds of taste and odor for chlorophenols range from 0.001 to 0.02 
ppm. The U.S. Public Health Service (1946, p. 361) recommends 
that phenolic material should not exceed 0.001 ppm, reported a.s 
phenol, in drinking and culinary water on carriers subject to Federal 
quarantine regulations. Concentrations up to 1,000 ppm are not 
believed to be toxic to animals (Heller and Pursell, 1938, p. 99). 
Lethal concentrations for fish a.re related somewhat to the species, 
time of contact, temperature, and other conditions. Literature on 
the subject is voluminous. On the basis of compiled data, 5.0 ppm 
could be expected to be harmful to most fish, whereas 1.0 ppm or 
l~ is probably safe (California State W a.ter Pollution Control 
Board, 1952, p. 320). 

Phenols are undesirable in water supplies for food and beverage 
industries because of the attendant taste and odor problems. 

D:IOa-1 GIBBS REAOTIO!l' 

Principle of determination 

The analytical method given here is not specific for phenol but is 
a collective determination of some of the simpler monohydroxy 
aroma.tic compounds. Because of the higher molecular weights and 
differences in light-a.bsorbance characteristics of the various other 
materials determined, the reported value represents the minimum 
concentration by weight present. Phenolic ma:teria.ls a.re distilled 
from the acidified water sample, reacted with 2,6-dibromoquinone 
chloroimide (Gibbs reagent) in a buffered alkaline solution, and the 
resulting indigo-type dye extracted with n-butyl alcohol. Tempera­
ture and pH play an important role in the Gibbs reaction. A 
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borate buffer is employed to keep the pH at approximately 9.6. It 
is important that both samples and standards are at the same 
temperature during the reaction. 

The extraction of the dye with n-butyl alcohol is not strictly 
quantitative, but is sufticiently linear if the volumes of the aqueous 
and alcoholic phases are uniform and if the extractions are carried 
to equilibrium. Although serial extraction quantitatively removes 
the dye, the color intensity of the combined extracts is always less 
than that of the first extract; hence serial extraction decreases the 
Hensitivity of the t.est. 

Different phenolic materials produce colol'8 including green, blue 
green, blue, and purple. Therefore, arbitrary spectrophotometric 
comparison must be used as it would be difficult to prepare visual 
standards if the sample contained a complex mixture of phenols, 
cresols, chlorophenols, etc. The butyl alcohol extracts of the dye 
formed in Gibbs reaction for different phenolic materials have 
similar wavelengths of maximum absorbance. Accordingly, a wave­
length of 670 1111' is used, and the results reported on the basis of 
phenol. 

The sensitivity of the reaction is dependent on the batch of dye 
used. Absorbancies of about 0.4: and 0.8 read in 40-mm cells for 
0.01 mg of phenol have been observed with different batches of dye. 

With the listed apparatus, results with pure phenol are accurate 
and reproducible to +0.0004 mg. Although good color is developed 
with Gibbs reagent at somewpat higher concentrations, an extension 
of the range above 0.030 mg for the determination with mixtures is 
not recommended. 

Additional information on the principle of the determination is 
given by Ettinger and Ruchhoft (194:8) and Ettinger and Kroner 
(194:9). 

Apparatua and reagent& 
Spectrophotometer, Beckman Model B : 

Wavelength: 670 mp. 
Ab&orptlon cells : 23-mm, 25-mm, or 40-mm optical depth 
Phototube: Red·sensttlve 
Blank: Dilution water plUB reapntB 
Initial sensitivity setting: 8 
Slit width: 1 mm (approx) 

Dlstlllation apparatue, 50().ml, with Graham condenser and ground.gla118 Joint 
and stopper (Corning No. 3360) 

Volumetric ftuk, 200-ml, 1la11S-Btoppered 
Incubator, 37°0 (optional) 
Multiple electrical stirrer or other agitation apparatUB 
Separatory funnel, 50().ml 
Phosphoric ·acid, 10 percent 
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D:30a-1 PHENOLIC MATERIAL 

Ketb7l orange Indicator aolution 
Pumice 
Phenol, 1.00 ml=l.00 ms phenol 
Borate bder aolutton 
Copper 1ultate, O.OOfi pettent 
~6-Dlbromoquinone chlorolmlde eolutton 
n-But7l alcohol 
8odlum lulfate, anbJdroUI 

Praeedare 

241 

Samples for the determination of phenolic material must be pre­
served ns directed in sec. A : 4d, and analysis should proceed as soon 
as poeeible after collection. 
l. Meuure a 250-ml volume of sample Into tbe diltlllatlon apparatua. 
2. Add 0.7 ml 10 percent ILPO. and 2 dropa meth7l orange Indicator 1<1lutlon. 

If tbe sample ii 1t1ll alkaline, add more BaPO. until it ii Jut acid to 
metbJl oranp. 

3. Add a 1mall quantlt7 of pumice to the ftuh to inhibit bumping. 
4. Collect approx 230 ml dlltlllate ID a 250-nll rlalll-stoppered '\°Olumetrlc flask. 
5. Allow tbe apparatus to cool 
8. Add approx 20 ml dilution water to tbe dlltlllatlon flask and di1tlll to the 

200.~ml mark op the receiving ftuk. 
7. Mix tbe distlllate tboroughlJ, and plpet an aliquot containing leu than 

0.025 ms phenolic material (200.0 ml max) Into a BC»-ml lllrlenme7er ftuk 
and adJUlt the volume to approx 200 ml. 

8. Prepare a blank of dilution water and suftlclent standardll. and adjt1t1t 
volumea to approx 200 ml 

9. Bring aliquot, blank, and standards to the aame temperature. 
10. Add 10 ml borate bder eolutlon. 
11. Add 2 ml O.OOfi pettent CuSO .. 
12. Add 8.0 ml 2,6-dibromoqulnone cblorotmide solution. 
18. Mix well and cover the ftub with Inverted beaken. 
14. Allow tbe aoluttona to ltand ovemlsht at room temperature or Incubate 

for 3-5 hr at 87°C. 
15. Extract the solutions unltormlJ with !50.0 ml n-butJl alcohol Vlrok'ouB 

stirring with an automatic stirrer for 5 min or lhaldnc for 2 min hU 
been found to be satisfactory. 

18. Separate the aqueoa1 and solvent phaaes ID a separatory funnel. 
17. ClarlfJ the alcoholic extract b7 abating it with about 0.5 g anh7droa1 

Na.SO. and centrlfuglng. 
18. Decant the clear d7e extract Into the ablOrptlon cells and determine tht1 

abaorbancles of the extract of sample and standard against that of the 
blank. 

Calculations 
l . Determine the mg phenollc material In the allquot from a plot·of absorbanclee 

of standards containing known amounts of phenol. 

l 1,000 ml dlatlllate mg phenolic 
2. ppm Phenolic materlal=d--. - X ml 1 X ml 11 t X te ial ens1ty samp e a quo ma r 

Report phenolic materilll c.onceutrations of <0.1 ppm to 3 decimal 
places and of >0.1 ppm to 2 significant figures only. 
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Preparation of reqent• 
Phosphoric acid, 10 percent: Dilute 118 ml of 85 percent ILPO. to approx 1 liter. 
Methyl orange indicator solution : Di880lve 0.50 g methyl orange in water and 

dilute to approx 1 liter. 
Phenol, 1.00 ml=0.001 mg phenol: Dilute 10.00 ml phenol (1.00 ml=l.00 mg 

phenol) to 1,000 ml. Dilute 10.00 ml of this intermediate solution to 100.0 
ml. This dilute solution ls unstable and should be prepared immediately 
before use. 

Phenol, 1.00 ml=l.00 mg phenol : Dissolve 1.000 g phenol in water and dilute to 
1,000 ml. Store in the refrigerator. The strength can be checked as follows: 
Plpet 50.0 ml of the phenol solution into a 250-ml glass-stoppered bottle con­
taining 25 ml water. Add 50.0 ml O.lN Br, and 5 ml cone HCl (sp gr 1.19). 
Allow to stand ln cool water for 15 mln with occasional shaking. Add about 
1 g KI crystals and shake vigorously. Titrate with O.lOON Na1S.01 until the 
Ia color disappears. The end Point may be checked by adding a few drops of 
starch solution. The following reactions occur : 

c.H.OH+3 Brr+ CdLBr.OH l +aHBr 

Bra (excess)+2 I ... -+Ia+2 Br-1 

1.+2 SaOa""'-+ S.0•·"+2 I-1 

Similarly treat a blank of dilution water. 

mg Phenol per ml=0.03134 (ml blank-ml sample) 

If retained for long periods of time, the solution should be standardized once 
a month. 

Bromine, O.lN: Dissolve 2.784 g KBrO. and about 10 r KBr ln water and dilute to 
1,000ml. 

Sodium tbiosulfate, O.lOON: Dissolve 24.820 g Na.S.Oa·5 HaO and 1.5 g (NH.)aCO. 
in water, add 5 ml CHCla as a preservative, and dilute to 1,000 ml. Stand­
ardize as follows : To 100 ml water in an Erlenmeyer ftask, add 5 g KI, 10 ml 
10 percent a.so., and 25.00 ml O.lOON KH(I01)1. Titrate with the Na.Sao. 
using starch near the end Point. The following reactions occur : 

5 I-1+Io.-1+e u•1-+3 I.+3 u.o 

I.+2 s.o ..... -+ s.o.""'+2 I-1 

N . N ClQ 25.0 • OO ormahty as.,, a ml N asSiOa X 0.1 

Potassium blniodate, O.lOON: Dissolve 3.250 g KH(IO.)a in water and dilute to 
1,000ml. 

Borate buffer solution: Dissolve 6.200 g HaBO. and 7.450 g KCl In approx 1,500 
ml water. Adjust with 0.2N NaOH (about 450 ml) to such a strength that 
5 ml, when added to 100 ml of water, will give a pH of about 9.6. The pH 
of the buffer will be about 10. 

Copper sulfate, 0.005 percent: Dissolve 0.05 g anhydrous CuSO, in water and 
dilute to approx 1 liter. 

2,6-Dibromoqulnone chlorolmlde solution: Dissolve 0.01 g 2,6-dibromoqulnone 
chloroimlde In 5 ml 98 percent ethyl alcohol and dilute to 50 ml with water. 
Thie solution is stable for about 30 min. 
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D :81 l'BOllPBO:&VI 

Phosphorus is prevalent in nature both in the organic and inorganic 
form. Because of its role in animal and vegetable metabolism, phos­
phorus is a cyclic element, similar to nitrogen, in that the combined 
form is continually changing by decomposition and synthesis. As 
phosphate, it is present in several common minerals but the concen­
tration in water is limited by the relative insolubility of phosphates 
of the alkaline earths. Both organic and inorganic phosphorus in 
water may result from leaching of soil and rocks, and from fertilizer, 
normal decomposition of plants and animals, sew-.ge, and industrial 
eftluents. Waters that have undergone phosphate treatment for re­
moval of hardness can also add phosphorus to water resources. 

In concentrations found in water, phosphorus is not reported to 
be toxic to man, animals, or fish. However, the element does stimulate 
the growth of algae, which may cause serious odor problems in public 
water supplies. 

Dtlla OBTBOPH08PllATB8 

Orthophosphate is the most common ionized form of phosphorus in 
water and the only one derived from natural sources. Orthophos­
phates include the three ionization products of phosphoric acid, 
H1P0,-1, HP0,-2, and Po,..a, whose relative concentrations in water 
are a function of the pH. P0,-1 does not exist in solutions below a 
pH of about 9.4; at a pH of approx 6.S, HPO,-a and H1P0,-1 are 
present in equal quantities, while at a pH of about 4.4 most of the 
orthophosphate is present as H 1P0,-1• See Reiman, Neuss, and 
Naiman (1942, p. 323), Kolthoff and Sandell (1952, p. 440--441), and 
sec. C: Sa for ionization of orthophosphate at different pHs. 

The various ionization products are not differentiated by the method 
of analysis, nor are they chemically or physiologically significant to 
water uses. Hence, the combined orthophosphates are reported in 
terms of parts per million PO,. The computation of equivalents per 
million ( epm), however, necessitates consideration of the ionization 
products; instructions for estimating equivalents per million are given 
in sec. C: Sa. 

D:l1._1 l'KOll'KOKOLTBD.A.'l'B K:S'DIOD 

As far as is known, the phosphomolybdate method is specific for 
the orthophosphate form of phosphorus. Weak tests are reported 
with pyrophosphate and polyphosphates, but these positive tests may 
well result from orthophosphate contamination of the material. 

Principle of determination 

Orthophosphate is converted to phosphomolybdate by acidified 
ammonium molybdate reagent. 

H.PO.+l2(NH.).Moo.+21a•1-+ (NIL).P0.·12Mo01+21NH.·1+12a.o 
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When phosphomolybdate is r.3duced with stannous chloride, a strong 
blue color is developed. 

Barium, lead, mercury, and silver interfere by forming a precipi­
tate. Silica gives a pale-blue color that is additive to the phosphate 
color, and a silica correction is made when necessary. The effect of 
silica is somewhat dependent on the reagents; therefore, appropriate 
silica correction should be determined with each batch of reagents. 
Nitrite interferes but can be oxidized to nitrate with hydrogen per­
oxide before the determination. Residual chlorine should be ~moved 
by boiling the sample. The reduction is not instantaneous, nor is the 
developed blue color stable. The full color develops in 6-10 min and 
fades gradually thereafter. After addition of stannous chloride the 
color can be measured at the exact predetermined time of maximum 
color development; or within about 30 min thereafter when the time 
effect is negligible. The amount of stannous chloride added affects 
the stability of the col9r. Using less reductant increases the stability 
but decreases the range of the test by incomplete reduction. 

The stannous chloride solution probably causes more trouble than 
any other single factor. The reagent must be fresh. The salt hydn,­
lyzes readily and is unstable even in the solid form. Only fresh salts 
with well defined crystals should be used. The acid solution can be 
kept in the reduced state for several days by adding a small amount 
of granulated tin or by using hydroxylamine hydrochloride. 

With listed apparatus, results are accurate and reproducible to 
±0.0005mg. 

Additional information on the principle of the determination is 
given by Ellis, Westfall, and Ellis ( 1946) and Zinzadze ( 1935, p. 227}. 

Apparatus and reagents 
Spectrophotometer, Beckman Model B: 

Wavelength: 700 mp 

Filter: Red 
Cells : 40-mm optical depth 
Phototube: Red-sensitive 
Blank: Dilution water plus reagents 
Initial sensitivity setting: 1 
Slit width: 0.4 mm (approx) 

The following absorbancies have been observed: 

"'II PO, 

0.010 
. 005 

Ab1orbtmCff 

0.38 
.95 

.050 
Potassium phosphate, 1.00 ml=0.005 mg PO, 
Molybdate reagent 

1. 91 

Stannous chloride, 0.25 percent 

Digitized by Google 



. D:31lr-1 PHOSPHORUS 247 

Proeedure 

Samples for the determination of orthophosphate should be treated 
as directed in sec. A : 4d. 
1. Pipet a volume of sample containing less than 0.05 mg PO, (25.00 ml max) into 

a 00.ml beaker and adjust the volume to 25.0 ml. 
2. Prepare a blank and suftlcient standards, and adjust the volumes to 25.0 ml. 
3. Add 1.0 ml molybdate reagent and mix. 
4. After 5 and before 10 min add 1.0 ml 0.25 percent Sn CI.. 
5. Alter about 3~45 min, determine the absotbancies of test samples and stand­

ards against the blank, and when necessary, correct for water color as 
directed in sec. C : la-2, method 1. 

Calculations 
1. Determine mg P.O, from a plot of absorbancies of standards containing known 

amounts of constituent. 

2. ppm P04=-d 1.t X 1 l,OOO 1 Xmg POi in sampies 
ens1 y m samp e 

ppm Orthophosphate as P=ppm PO,X0.326 

Report concentrations of orthophosphates of < 1.0 ppm to 2 decimal 
places and of> 1.0 ppm to 2 significant figures only. 

Preparation of reagents 
Potassium phosphate, 1.00 ml=0.005 mg PO,: Dilute 50.00 ml potassium phosphate 

(1.00 ml=0.100 mg PO,) to 1,000 ml. 
Potassium phosphate, 1.00 ml=0.100 mg PO,: Dissolve 0.1433 g KH,PO,, dried 

overnight over H.so,, ln water. Add 2-3 drops chloroform and dllute to 
1,000 ml. 

Molybdate reagent : Mlx equal volumes of 5 percent ammonium molybdate and 
20N H,so.. The reagent ls unstable and should be prepared immediately 
before use. 

Ammonium molybdate, 5 percent: Dissolve 10 g (NH,).Mo,0,.-4H,O In water and 
dllute to approx 200 ml. 

Sulfurfo acid, 20N: Mix 112 ml cone H2SO, (sp gr 1.84) with water and dilute 
to approx 200 ml. 

Stannous chloride, 0.25 percent: Dilute 20 ml cone HCl (sp gr 1.19) to approx 
1 liter. Dissolve 2.5 g SnCl,·2H,O and 10 g .NH20H·HOI ln the dilute acid. 

D:81b PHO~.J"HORUS 

. The c~tegory "pho~phorus" i~~udes all. forms of phosphorus, both 
morgamc and organic, that ,are m solution. 

D:llb-1 PHOBPHOXOLYBDATE XETHOD 

The phosphomoiybdate method permits determination of phos­
phorus in all forms that decompose to yield orthophosphate under 
the drastic conditions of the test. Methane phosphonic acid is not 
determined, nor in all probability are other synthetic organic com­
pounds of similar structure. 
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Principle of determination 
Organic mat.eria.l is decomposed by acid digestion, and the phos­

phorus from this source as well as other phosphates such as meta.­
phosphat.e, pyrophospha.t.e a.nd polyphospha.t.es a.re oxidized to ortho­
phosphate. The orthophosphat.e is then determined by development 
of the phosphomolybdate blue color as discussed in sec. D: 31a-1. 
Acid reta.rds the development of the blue color; hence, the digested 
sample is neutralized before ammonium molybdat.e is added. 

Additional information on the principle of the det.ermination is 
given by Taylor (1937) and Ha.nsen and Robinson (1953, p. 55). 

Apparatus and reagents 
Steam bath 
Graduated cylinders, 100-ml 
Spectrophotometer, Beekman Model B : 

Wavelength: 700 m/A 
Filter: Red 
Cells : 40-mm optical depth 
Phototube: Red-sensitive 
Initial sensitivity setting: 1 
Blank : Dllutlon water plus reagents 
Silt width: 0.4 mm (approx) 
The following absorbancies have been observed: 

"'fl PO, 

0.010 
.025 
.050 

Hydrochloric acid, cone (sp gr 1.19) 
Nitric acid, cone (sp gr 1.42) 
Sulfuric acid, 3.6N 
Phenolphthalein indicator solution 
Sodium hydroxide, lN 
Sulfuric acid, 0.05N 

Al>1orl>at1C11 

0.38 
.95 

1.91 

Potassium phosphate, 1.00 ml=0.005 mg PO, 
Molybdate reagP.nt 
Stannous chloride, 0.25 percent 

Procedure 

1. Pipet 100.0-ml sample into a 250-ml J<;rlenmeyer flask. 
2. Add 3.0 ml cone HCI. 
3. Add 0.5 ml cone HNO •. 
4. Digest on steam bath for 2-3 hr. 
fi. Evaporate to appro" 50 ml over a small flame. 
6. Add 4.0 ml 3.6N H2SO, 
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7. Evaporate to approx 3 ml. The acid fumes at this point. Do not let portions 
of the bottom of the flask become dry. 

8. Cool and dilute with approx 20 ml water. 
9. Add a drop of phenolphthalein and titrate with lN NaOH to a pale-pink color. 

10. Add 0.05N a,so, carefully until the pink color just disappears. 
11. Quantitatively transfer the solution to a Nessler tube and dtlute to oristnal 

sample volume. 
12. Plpet an aliquot containing less than 0.05 mg PO, (25.00 ml max) into 

a 50-ml beaker and adjust the volume to 25.0 ml. 
13. Prepare a blank, su1ftcient standards and adjust the volumes to 25.0 ml. 
14. Add 1.0 ml molybdate reagent and mb:. 
15. After 5 and before 10 min add 1.0 ml 0.25 percent SnCI.. 
16. After about 30-45 mtn determine the absorbancies of test sample and 

standards against the blank. 

Calculations 
1. Determine quantity of PO, in test sample from a plot of absorbancies of 

standards containing known amounts of constituent. 

2. ppm Phosphorus as P04=-d 1 "t X 1 1·~ t X mg P04 in sample ens1 y m a 1quo 

ppm Phosphorus (P) =ppm Pas PO.xo.326 

Report concentrations of phosphorus as PO, of < 1.0 ppm to 2 
decimal places and of > 1.0 ppm to 2 significant figures only. 

Preparation of reagent• 
Sulfuric acid, 3.6N: Mix 10 ml cone a.so. (sp gr 1.84) witll water and dilute 

tolOO.Oml. 
Phenolphthalein indicator solution: Dissolve 2.5 g phenolphthalein in approx 

500 ml 50 percent ethyl alcohol. Neutralize with 0.02N NaOH. 
Sodium hydroxide, lN: Dissolve 40 g NaOH pellets in approx 1 liter of water. 
Sulfuric acid, O.OC>N: Dilute 1.4 ml 3.6N a,so. to 100 ml. 
Potassium phosphate, 1.00 ml=0.005 mg PO,: Dilute 50.00 ml KH,PO, (1.00 

ml=0.100 mg PO,) to 1,000 ml. 
Potassium phosphate, 1.00 ml=0.100 mg PO,: Dissolve 0.1433 g KH,PO,, dried 

overnight over H,so,, In water. Add 2-3 drops chloroform and dilute to 
1,000ml. 

Molybdate reagent: Mix equal volumes of 5 percent ammonium molybdate and 
20N HaSO,. The reagent ls unstable and should be prepared immediately 
before use. 

Ammonium molybdate, 5 percent: Dissolve 10 g (NH,).Mo,0 .. ·4Ha0 In water and 
dilute to approx 200 ml. 

Sulfuric acid, 20N: Mix 112 ml cone a.so. ( sp gr 1.84) with water and dilute to 
approx 200 ml. 

Stannous chloride, 0.25 percent: Dilute 20 ml <;one HCl (sp gr 1.19) to approx 
1 liter. Dissolve 2.5 g SnC~·2H,O and 10 r NH,OH•HCl in the dilute a<'id. 
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Although potassium is relatively abundant in the earth's crust, 
the potassium content in natural waters is usually sma.11. Potassium 
occurs in rocks in a form that is not easily brought int.o solution. 
Also, several geochemical processes tend t.o remove potassium selec­
tively and return it t.o the solid phase. Most waters contain less 
than 20 ppm potassium, although several hundred parts per million 
are occasionally found. 

Potassium is essential t.o animal nutrition, but a concentration of 
1,000-2,000 ppm in drinking water is regarded as the extreme limit 
permissible (Moore, 1950). Potassium in water causes foaming, as 
does sodium, but apparently it is not otherwise significant in indus­
trial water supplies. Potassium stimulates plankton growth (Lackey 
and Sawyer, 1946, p. 573) an<J-is reported to be somewhat more 
toxic to fish and shellfish than is calcium, magnesium, or sodium 
(Brandt, 1948, p. 9015). 

D:lla-1 n.AJB.PKOTOKl:'?BIO KZ'l'BOD 

The exact procedure used in the ftame-phot.ometric method is 
governed principally by the design and performance of the partic­
ular fta.me phot.ometer used; hence, no specific directions can be 
given. See secs. C: lb and C: 2e for a discussion of ftame phot.om­
etry and ftame photometers. Many helpful suggestions are pro­
vided by the manufacturers of the individual instruments. 

Report potassium concentrations of < 10 ppm to 1 decimal place, 
of between 10 and 999 ppm to whole numbers, and of >999 ppm t.o 
3 significant figures only. 
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Selenium exists in many forms and is found in many localities. 
The element is generally more prevalent in the Great Plains and 
Great Basin than in other parts of the United States. Selenium is 
normally nonexistent or present only in insignificant quantities in 
natural waters but does occur occasionally under certain geologic 
environments. Highly significant is the fact that selenium from 
plants, sedimentary rocks, soils, and animals may find its way into 
water resources. Selenium concentrations in water in excess of 
0.5 ppm are extremely rare and limited prima.rily to seepage from 
seleniferous soils. 

It is generally agreed that selenium is a cumulative poison to 
man and animals; it enters all of the body tissues and is present 
in all secretions and excretions. Because of its chemical similarity 
to sulfur, it is t,a.ken up nonpreferentia.lly in tissue assimilations 
and is substituted for sulfur in the proteins. Investigations of 
selenium pathology t:9 man have been somewhat complicated by 
difficulty in diagnosis, and it is understandable that recommenda­
tions for maximum limits in drinking and culinary waters are con­
fticting. The U.S. Public Health Service (1946) states that the 
selenium concentration shall not exceed 0.05 ppm in water on carriers 
subject to Federal quarantine regulations. Chronic selenium poison­
ing in livestock is known as "alkali disease," and the acute poisoning 
as "blind staggers" (Moxon, 1937). Water with 0.4 to 0.5 ppm is 
not believed to be toxic to livestock; such water may contribute to 
poisoning, but the selenium content of the feed is a more critical 
factor (California State Water Pollution Control Board, 1952, 1954, 
p. 350-351). It is generally agreed that when the selenium content 
of the air-dried diet exceeds about . 5 ppm, symptoms of alkali 
disease OCCl' •• 

High concentrations of selenium are toxic to some plants, but 
most plants can absorb relatively large amounts of selenium from 
irrigation water or the soil without apparent injury to themselves. 

Additional information on the occurrence and significance of 
selenium is given by Trelease and Beath (1949). 

D:lla-1 •OJUUB-FAY TITBATIO• XETBOD 

Principle of determination 
For all practical purposes in water analysis, the method is specific 

for selenium but does not distinguish between the forms of the 
element. The sample is concentrated in the presence of sodium 
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peroxide to remove the interference of organic matter and to provide 
& workable volume of solution. Volumes throughout the procedure 
are more critic&} than for many other determinations in water 
analysis. Selenium is then distilled from sulfuric acid as the 
volatile bromide, precipitated as elemental selenium, collected, and 
oxidized to selenious acid. The selenious acid is titrated with thio­
sulfate and iodine using the Norris-Fay titration. 

6a••+aeo .... +4S.O.-'-+S.Se0, ... +s.01·•+sa.o 

Sulfuric acid is used in the distillation to ra.ise the boiling point 
of the· solution and insure quantitative distillation of selenium bro­
mide. The elemental selenium precipitate is extremely fine, and the 
steam &nd ice-bath treatments are designed to coagulate the pre­
cipitate to a filtera.ble size; nevertheless, attention must be given to 
the porosity of the filter. A fine asbestos mat is required with some 
fritted-glass filters. The Norris-Fay titra.tion works best below 
25°C; hence, the solution is cooled in an ice bath before titrating. 

With c&reful work, results are accurate and reproducible· to 
+0.002 mg. The possibilities of manipulative errors are many, and 
it is recommended that duplicate samples, one containing a known 
added amount of selenium, be run. 

Additional information on the principle of the determination is 
given by the Association of Official Agricultural Chemists ( 1945), 
Klein (1943), and Norris and Fay (1896). 

Apparatus and reagents 

Distillation apparatus, 250-ml, all glas8, no offsets at Joints, thermometer, 
dipping adapter 

Steam bath 
Mlcroburet, 5-ml 
Ice bath 
Frltted-glass suction ftlter, ftne, 22- X 100-mm 
Plpet-stlrrers, 170-mm long (approx) , with medicine-dropper bulbs 
Test tubes 
Suction ti.ash 
Sodium peroxide 
Sulfuric acid, cone ( sp gr 1.84) 
Hydrooromlc acid, 40 percent or 48 percent 
Hydrobromlc acid-bromine solution, cone 
HydrQbtomlc acid-bromine solution, dilute 
Hltfroxylamlne hydrochloride, 10 percent 
Phenol, I> percent 
Starch indicator, 0.5 percent 
Sodium thlosulfate, 0.00lN 
Iodine, O.OOlN 
Selenium bromide, 1.00 ml=0.010 mg Se 
Sulfur dioxide (gas supplied in commercial cylinders ls free of selenium) 
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Procedure 

Samples for the determination of selenium probably should be 
collected a.nd trea.ted in accordance with directions given in sec. 
A: 4d. 

1. Plpet a volume of sample containing less than 0.05 mg Se (100.0 ml max) 
into the dtstillatlon flask. 

2. Add su11lcient Na,O., usually approx 1 g, to oxidize any organic matter 
and to make the solution deftnitely alkaline. 

8. Evaporate to about 25 ml on an open flame. 
4. Cool and cautiously add 50 ml cone H.so. aLd mix. 
5. To the cooled mixture, add 30 ml cone HBr-Br. solution If the solution was 

prepared with 40 percent HBr, or 25 ml if 48 percent HBr waa used. 
6. Distill, slowly at first ,into 10-15 ml 48 percent or 40 percent HBr In a 

125-ml Erlenmeyer flask surrounded with cold water. Keep the tip of 
the adapter below the surface of the HBr until all free Bro ls distilled. 
If free Bro does not distill first, add more cone HBr-Br1 solution to the 
distillation flask. Continue dlstlllatlon until the temperature of th~ vapor 
reaches 200•c. At this point there should be no bromine coloration In 
the dlstlllatlon flask or condenser. 

7. Rinse the adapter lnto the receiving flask wlth water, keeping the volume 
of the distillate and washllllll below 75 ml. 

8. Pass SO. with swirling through the distillate until the Bro color disappears 
and for an addltlonal 30 sec to saturate the solution. (This step should 
be performed under the hood.) 

9. Immediately add 1 ml 10 percent NH.OH· HCl. 
10. Place on a steam bath for 30 min. 
11. Place in an lee bath for 80 min. 
12. Collect the precipitated Se. in a frltted-glass filter overlaid with a fine 

asbestos mat. 
18. Wash the flask and filter with 8-3 ml water. 
14. Remove the last traces of so. from the flask with natural gas or com­

pressed air. 
15. Attach a test tube to the filter and dissolve the Se. in the flask and filter 

with 8 succeesive 1-ml portions of dilute HBr-Br1 solution, sucking the 
filter dry after each addition. After each addition of HBr-Br1 solution, 
start the suction to pull the solution into the filter mat. Allow the solu­
tion to remain In the mat for about 1 min before continuing suction. 

16. Rinse the flask and filter with three 1.5-ml portions of water using same 
precautions as with the HBr-Br1 solution. 

17. Detach the test tube and add 8 dropa 5 percent phenol to neutralize the Br. 
18. Usinr the pipet-stlrrer, rinse down the sides of the tube with the solution. 
19. Immerse In a hot-water bath for 5 min to complete the neutralization of 

Br1 and then In an ice bath for 5 min. 
20. Add at least 50 percent excess O.OOlN Na,S.01 and mix well. 
21. Add 3 drops starch and su11lclent I, to give a strong blue color. If less than 

1 n;il Ia ls used, add su11lcient O.OOlN Na.s,o. to require 1 ml I,. Record I. 
added to nearest 0.01 ml. 

22. Back titrate with O.OOlN Na,s,o. to disappearance of blue, adding the last 
drops In 0.01-ml portions. Record total Na.S.Os used to nearest 0.01 ml. 
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Calealatiou 
1. The thiosultate equivalent of the iodine should be checked each time a 

selenium determination ls made. Determine the Na1S.O. equinlent as follows: 
To 4% ml water and 3 ml dilute HBr-Br1 solution in a test tube, add 3 drops 5 
percent phenol and heat In a hot-water bath tor 5 min. Place In an ice bath for 
5 min. Add 8.00 ml I1 and titrate with O.OOlN Na1S.O., using starch indicator 
near the end point. 

ml O.OOlN Na,S,O, I th" 1f te . l t I the "od" l . ml 11 = = iosu a equ1va en o 1 me so ut1on 

1.00 ml O.OOlN NasS.Oa ia equivalent to 0.0198 mg Se. 

2. ppm Se-=-d 1 .t Xml l,OOO l X[(total ml Na,8,01)-(ml l1XJ))XO.Ol98 enm y 1&mpe 

Report selenium concentrations of < 1.0 ppm to 2 decimal places and 
of > 1.0 ppm t.o 2 significant figures only. 

Preparation of reapnta 
Selenium bromide eolution, 1.00 nll=0.010 mg Se: Dllute 10.0 ml selenium bromide 

solution (1.00 ml=l.00 mg Se) to 1,000 nil with 0.05N HBr. Check the acid­
ity by titration with O.lOON NaOH. The acidity should not be allowed to fall 
below 0.05N. 

Selenium bromide solution, 1.00 ml=l.00 mg Se: Dissolve 0.4084 g H.seo., dried 
overnight in a desiccator, in 0.05N HRr and dilute to 250.0 ml with 0.05N HBr. 

Hydrobromic acid, 0.05N: Dilute 10 ml 40 percent or 8.5 ml 48 percent HBr to 
approx 1 llter. 

Hydrobromlc au-id-bromine solution, cone: Mix 10 ml Br, with 990 ml 40 percent or 
48 percent HBr. Use caution when transferring liquid Bra. Store In a 
tightly stoppered bottle. (This should be done under the hood.) 

Hydrobromic acid-brominP solution, dilute: To 5 ml 40 percent or 48 percent HBr 
add 10 ml saturated bromine water and dilute to approx 100 Jni. 

Hydroxyiamine hydrochloride, 10 percent: DlssolYe 10 g NH.OH· HCl In water 
and dilute to approx 100 ml. 

Phenol, 5 percent: Dissolve 5 1 phenol in water and dllute to approx 100 ml. 
Iodine, O.OOlN: Dilute 50.00 ml O.OON I, to 1,000 ml. Before final dilution, 

add 20 g KI. Determf>Je the thlosulfate equivalent of the Iodine solution 
before each set of deterlJllnatlons. 

Iodine, O.OON: Dissolve 2.54 g I, and 12 g KI in water and dilute to 950 ml before 
standardizing. Standardize against primary' standard As.01 as follows : 
Dissolve approx 0.04 g As.O, weighed accurately to 0.0001 g in 10 ml lN 
NaOH. Add 15 ml lN H,so. and mix. Add 50 ml 4 percent NaHCO .. 
Titrate slowly with Ia solution, maintaining constant agitation until most 
ot the I, has been reacted ( 0.04 g A11,0, requires approx 40 ml O.OON Ia). Add 
starch solution tor indicator and continue the titration until the initial pink 
coloration just passes to clear blue. Deduct from the yolume of Iodine 
consumed the amount required to produce the same color in a solution 
composed of the reagents added to 40 ml of freshly bolled and cooled water 
in which 5 g KI has been dissolved. 

N l·t f I g A11tOa X 20.220 orma 1 y o 1 ml 11 

Store in a glass-stoppered bottle 11rotE>Cted from light. 
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Sodium thiosulfate, O.OOlN, 1.00 m1¢0.0198 mg Se: Dilute 10.00 ml O.lOON 
Na.S.O. to 1,000 ml. Before adjusting to final volume, add 5 ml amyl alcohol 
and shake vigorously. Cheek the titer of the solution against the standard 
1elenlum solution (1.00 ml=0.010 mg Se). Add 3 ml dilute HBr-Br1 IOlU· 
Uon to 5.0 ml Se standard. Continue as shown under "Procedure," stepe 
17-22, and "Calculation11." 

Sodium thlosulfate, O.lOON: Dl880lve 25 c Na1S.01·5H.O and 0.1 r Na.CO. ID 9ISO 
ml carbon dioxide-free water. Allow the solution to stand for a day before 
standardizing. Standardize against O.lOON KH(IO.). u follows: DlBBOlve 
3.250 g KH(I01). in water and dilute to 1,000 ml. DlSBOlve 5 g KI in 100 
ml of water. Add 10 ml H.so, (10 pereent v/v) and 25.00 ml O.lOON 
KH(IO.).. Titrate with Na.s.o. using stareh u indicator near the end 
point. 

Stareh Indicator, 0.5 pereent: DlBBOlve 0.5 r of soluble atareh in 100 ml of water. 
Heating may huten solution: Prepare fresh dally. 
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Silicon is the most abundant element in igneous rocks and some 
other types of deposits. Most silica in water is probably derired 
from the decomposition or metamorphism of silicate minerals rather 
than from solution of quartz, as quartz is one of the most resistant 
rock minerals to attack by water. Many waters contain less than 
10 ppm of silica; those that drain deposits high in silicate minerals, 
particularly feldspaFS; often contain up to 60 ppm; concentrations 
exceeding 100 ppm are not commonly found. The chemistry of 
silica in solution is not known with certainty. It is believed that 
most silica is present in a nonionized form, but ionized silicate(s) is 
undoubtedly present in some waters. 

Silica is not physiologically significant to humans, livestock, or 
fishes, nor is it of importance in irrigation water. 

Most industrial processes tolerate silica in the range normally 
found, but it is particularly undesirable in boiler feed water. A 
recommended upper limit for boilers operating at 400 psi or above 
is 1 ppm. Silica forms a hard coating on steam-turbine blades, and 
a limiting concentration of 0.1 ppm in the steam has been recom­
mended (Minhoft, 1948, p. 438). 

D:Ha-1 XOLYBDATE BLUE XZTKOD 

The molybdate blue method is not recommended for normal waters 
whose silica content is more than 100 ppm. 

Principle of determination 
Silica in solution as silicic acid or silicate has the property of 

reacting with ammonium molybdate in an acid medium to form the 
yellow-colored silicomolybdate complex. The silicomolybdate com­
plex is then reduced by sodium sulfite to form the molybdate blue 
color. 

The possibility of having larger concentrations of so-called unre­
active silica is greater in water containing high concentrations of 
silica than in water with a low silica content. One-hour digestion 
of a 50-ml sample with 0.2 g of silica-free sodium bicarbonate has 
been recommended as a means of making all the silica available 
for reaction with the molybdate reagent (APHA, 1955, p. 186). 

Phosphate gives a similar molybdate complex under certain pH 
conditions. In the following determination, the conditions are such 
that the phosphate complex is not formed. There is also evidence 
that hydrogen sulfide and ferric and ferrous iron interfere with the 
determination. Hydrogen sulfide may be removed by boiling an 
acidified sample. The addition of disodium dihydrogen ethylenedi­
amine tetraacetate eliminates the effect of high concentrations of 
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iron and also complexes calcium and prevents precipitation of 
calcium sulfite. 

With the listed apparatus, results are accurate and reproducible to 
±0.005 mg below 0.1 mg and to ±0.02 mg near 0.5 mg. 

Additional information on the principle of the determination is 
given by Kolthoff and Sandell (1952, p. 384--394) and Kahler (1941, 
p.536). 

Apparatua and reapnt1 
Spectrophotometer, Beekman Model B: 

Wavelength: 700 m11 
Filter: Red 
Cella : 10-mm or 40-mm optical depth 
Phototube : Red-sensitive 
Blank: Dllution water plus reagents 
Initial sensitivity setting: 1 
Slit width : 0.8 mm (approx) 
The following absorbancies have been observed: 

., 810, 

0.06 
.10 
.10 
.20 
.30 
.50 

oen dept~ 
<-> 

40 
40 
10 
10 
10 
10 

Sodium slllcate, 1.00 ml=0.050 mg SlO. 
Hydrochloric acid, 0.25N 
Ammonium molybdate, 5 percent 
Na.EDTA, 1 percent 
Sodium sulfite, 17 percent 

Procedure 

0.37 
. . 73 
.19 
.36 
.54 
.90 

1. Pipet a volume of sample containing less than 0.5 mg Sl01 (10.00 ml max) 
Into 50-ml beaker and adjust the volume to 10.0 011. 

2. Prepare a blank, su1Bclent standards, and adjust the volumes to 10.0 ml. 
3. Add 5 ml 0.25N HCI. 
4. Add 5 ml 5 percent ammonium molybdate. 
!>. Add 5 ml 1 percent Na1EDTA. 
6. After 5 min have elapsed following the additlon ot the 01olybdate, add 10 ml 

17 percent Na,so,. 
7. Mix, and allow to stand approx 30 min. The color is stable tor several hours 

after this time. 
8. Determine the absorbancy ot the test samJlle and standards against the blank. 

Caleulations 
1. Determine mg SiO. in test sample from a plot ot nbsorban<'les of standards 

containing known amounts ot the constituent. 

2. ppm Si02=-d 1 •t X 1
1•000 

1 X mg Si01 in sample ens1 )' m samp e 
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Report silica concentrations of < 10 ppm to 1 decimal place and of 
> 10 ppm to 2 significant figures only. 

Preparation of reapnta 
Sodium silicate, t.00 ml=0.050 mg Sio.: Stabilize the pentllhydrate of approx 

3 g Na,Si01·5H,O by placing it in a c.aci. desiccator for 2-3 hr. Diuolve t.76li 
g in water and dilute to t,000 ml. Dilute tOO.O ml of thia Intermediate solu­
tion to t,000 ml. The concentration can be checked by the method deecrlbed 
in sec. D : 34a-2. Store in a plastic bottle. 

Hydrochloric acid, 0.25N: Mix 22 ml cone HCl (sp gr 1.19) with water and dilute 
to approx t liter. 

Ammonium molybdate, 5 percent: Dissolve 52 g (NH.).Mo.0.. 41LO In water and 
dilnt.e to approx t llter. 

:Sa.EDTA, 1 percent: Dissolve 10 g Na,EDTA In water and dilute to approx 
t llter. 

Sodium sulfite, t7 percent: Dissolve t70 g Na.so.· in water and dilute to approx 
1 liter. 

D:Ma-1 GU VDIETIUC XftJIOD 

The gravimetric procedure is recommended for the analysis of brine 
and for normal water whose silica content exceeds approx 100 ppm. 

Principle of determination 

Silica is precipitated by evaporation with strong acid, separated by 
filtration, ignited, and weighed. If the sample contains much nitrate 
or other oxidizing agents, the precipitation should not be carried out 
in plat.inumware because platinum is readily dissolved by oxidizing 
agents heated with hydrochloric acid. A porcelain dish is satisfactory, 
but glass should not be used. The anhydrous residue of the sample is 
first ignited to burn off the organic material, which might not dissolve 
in acid and thereby interfere with the determination. The redis­
solved, or resuspended sample is taken to dryness with hydrochloric 
acid to dehydrate colloidal silicic acid and convert it to a filterable 
mass. The digestion in dilute acid extracts the acid-soluble material. 
This extraction must be quantitative if the filtrate from the silica 
determination is used in other gravimetric determinations. The acid 
concentration in the digestion is important because the dilute acid 
decreases the amount of silica reverting to colloidal form, but concen­
trated acid increases the reversion. 

The actual silica content of the acid-insoluble residue is determined 
by weighing the residue, volatilizing the silica as fluorosilicate, and 
subtracting the weight of the nonvolatile residue. 

Si02+6H~H.SiF.+2n.o 

H2Si.1!'.-+ SlF.+2HF 

The reaction proceeds to the right on heating. Sulfuric acid is added 
to assure that any iron or aluminum contamination in the precipitate 

Digitized by Google 



ANALYTICAL PROCEDURES D:34&-2 

will be weighed as the oxide in both weighings. Without the addition 
of sulfuric acid, iron and aluminum would be in the form of chloride 
in the first residue and fluoride in the second residue. In the presence 
of sulfuric acid, the contaminating metals are left in the residue as 
sulfat.es, which decompose to oxides during ignition. 

Fe. c so.>.-+ Feso.+aso. 
Inasmuch as the procedure is a single dehydratfon technique, the 

results are likely to be slightly low. For quantitative work it is neces­
sary to recover the 1-5 percent of silica that may remain in solution. 
This may be accomplished readily by determining the silica in the fil­
trate colorimetrically (see sec. D: 34a-1). 

Additional information on the principle of the determination is 
given by Kolthoff and Sandell (1952, p. 384-394) and Hillebrand and 
Lundell ( 1929, p. 536-546). 

Apparatus and rapnta 
Evaporating dlah, porcelain or platinum 
Platinum crucibles 
Bteambath 
Hu81efumace 
Hotplate 
Hydrochloric acid, 50 percent v /v 
Hydrochloric acid, conc (BP gr 1.19) 
Sulfuric acid, cone (BP gr 1.84) 
Hydrofluoric acid, 48 percent 

Proeedure 
1. Evaporate a volume of sample containing between 0.10 and 0.25 g dissolved 

material (1,000 ml max) in a platinum dish. The filtrate from the Si01 
determination ls used for the gravimetric determinations of calcium, 
barium, magnesium, and sulfate, and those requirements wlll have a 
bearing on the sample volume taken for the silica determination. 

2. Ignite the residue over an open flame or in a radiator. See sec. D: 22a-l. 
3. Cautiously wash down the sides of the dish with two 10-ml portions 50 per­

cent HCI followed by enough hot water to bring the solution level at least 
even with the highest sample level during the lnltlal evaporation. 

4. If the sample contains more than about 2 mg NO. or other oxidizing agents, 
quantitatively transfer the solution or mixture to a porcelain dish ; lf 
higher concentrations of oxidizing reagents are not present, the following 
reactions can be carried out in the platinum dish. 

5. Evaporate the acid solution to dryness on the steam bath, and leave the 
dish on the bath for at least 2 hr more. 

6. Add 8-10 drops concentrated HCl and wash down •the sides of the dish with 
approx 50 ml water. 

7. Cover the dish with a watch glass and extract the acid-soluble material 
by digesting on a steam bath for 1-2 hr. 
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8. Qnantitath·ely collect the Si01 and other insaluble material on Wbatman 
No. 42 filter paper. Scrub out the dish with a rubber policeman to dia­
lodge the SiO., and wash the dish and the precipitate at least 8 tlmea 
with hot water: ret.ain the combined filtrate and washings for the gravi­
metric determination of calcium, barium, magnesium, and sulfate. 

9. Transfer the residue and filter paper to a platinum crucible. 
10. Moisten the paper and residue with 2 or 8 drops cone H180 .. 
11. Ignite the paper slowly over a low oxldl&lng 11.ame. 
12. Transfer the crucible to the mutne furnace and ignite at 1,ooo•c for 0.5 hr. 
13. Cool In a desiccator and weigh. Record the weight to the nearest 0.0001 g. 
14. Add 2 drops cone H.so .. 
15. Add % in. 48 percent HF. 
16. Under a hood, volatlze the acid and SIF. on a hotplate. 
17. Reignite In the mume furnace at 1,ooo•c for 1.5 hr. 
18. Cool In a desiccator and reweigh. Record the weight to the nearest 0.0001 g. 

CalculatioJUI 

ppm SiOi=-d 1 "t X ml l,OOO 1 X lou of weight in mg 
ens1 y samp e 

Report silica concentrations of < 10 ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 ppm to 3 
significant figures only. 

Preparation of reagents 
Hydrochloric acid, 50 percent v/v: Mix 50 ml cone HCl (sp rr 1.19) with water 

and dilute to approx 100 ml. 
:B.BPBBBNCB8 

American Public Health Association and others, 1955, Standard methods to.: 
the examination of water, sewage, and industrial wastes : New York, Am. 
Public Health Assoc., Inc., 10th ed. 

Hillebrand, W. F., and Lundell, G. E. F., 1009, Applied inorganic anaJ.yala: 
New York, John Wiley and Sons, Inc. 

Kahler, H. L., 1941, Determination of aoluble alllca in water-photometric 
method : Indus. and Eng. Chemistry, Anal. Ed., v. 18. 

Kolthoff, I. M., and Sandell, E. B., 1952, Textbook of quantitative tnorgaidc 
analysis: New York, Macmillan Co., 3d ed. 

Mlnhofr, C. E., 1948, Boiler water conditioning to prevent turbine depoeita: 
Petroleum Refiner, v. 27. 
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Sodium salts are very soluble, and most sodium leached from the 
soil or rocks tends to remain in solution. The use of sodium salts is 
common in industry, and industrial wastes may contain large quan­
tities of the element. 

Sodium is not particularly significant in drinking and culinary 
water except for those persons having an abnormal sodium metabo­
lism; the water supply in some areas contains sufficient sodium to be 
a factor in the planning of sodium-free diets (National Research 
C.ouncil, 1954). It has been established that more than 50 ppm of 
sodium plus potassium in boiler water causes foaming. For high­
pressure boiler feed water a limiting concentration of 2-3 ppm has 
been recommended. Water with a high ratio of sodium to calcium 
plus magnesium is deleterious to soil structure. Sodium tends to 
disperse the soil colloids with the resultant loss of good tilth and 
permeability (U.S. Salinity Laboratory Staff, 1954, p. 69-82). The 
sodium-adsorption-ratio (SAR) is a useful index of the sodium 
hazard of irrigation water. 

SAR= epm Na 
.Jepm c;+Mg 

D:U.-1 n.&JD-PBOTOJDTUC Kn'BOD 

The exact procedure used in the flame-photometric method is 
governed principally by the design and performance of the particu­
lar flame photometer used; hence, no specific instructions can be 
given. See secs. C: 1 b and C: 2e for a discussion of flame photom­
etry and flame. photometers. Many helpful suggestions are pro­
vided by the manufacturers of the individual instrument& 

Report sodium concentrations of <10 ppm to 1 decimal place, 
of between 10 and 999 ppm to whole numbers, and of >999 ppm 
to 3 significant figures only. 

D:lla-a znro 1l1lAJrYL AOftATB DTJIOD 

The zinc uranyl acetate method is not as satisfactory for the 
determination of low concentrations of sodium as the flame-photo­
metric procedure (see sec. D: 35a-1). 

Principle of determination 

Sodium ion reacts with a concentrated solution containing zinc, 
uranyl, and acetate ions to precipitate sodium uranyl zinc acetate 
hexahydrate. 

Na+1+zn+1+3U01+t+9C1H101-•+6H10-
NaCaHa01· Zn(CaHaOa) • 3UOa(<;!slla0a)a · 6H.0 
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The triple salt would ordinarily be considered a soluble salt. Solu­
bility is 5.85 g per 100 ml, and precipitation is quantitative only 
in the presence of a very large excess of reagent. The sample 
volume must be reduced by evaporation to 1-2 ml, and the volume 
of reagent added must be 10 or 16 times greater. 

The zinc uranyl acetate mixture poesesses a high degree of 
specificity for sodium and is one of the more specific among a.II 
analytical precipitant& Lithium precipitates quantitatively. Potas­
sium does not interfere.. Iron, aluminum, and manganese do not 
interfere. <Jert&in organic complexing ions such as oxalate and 
citrate interfere at high concentrations, but only rarely will their 
effect be found. Other interferences, including phosphate, are at 
& minimum. 

In this determination, the major requirement for good results is 
good technique. Temperature control is rather important because 
the solubility of the triple salt varies with temperature.. Ideally, the 
sample should retain the initial temperature of the reagent through­
out the standing and filtration period. A rise above normal tem­
perature causes low results and a fall in temperature causes high 
result& 'l'he effect is easily controlled without necessitating thermo­
static control. 

With careful technique, results are acc111'8U and reproducible to 
+2 percent for water containing more than 20 ppm of sodium; in the 
lower concentration range the error may be appreciable. 

Additional information on the principle of the determination is 
given by Kolthoff and Sandell ( 1952). 

Appuoatua and reagent. 
Bteem bath 
Crucible, frttted-gla88, medium poroelt7. There ma7 be a conaiderable varia­

tion lD poroelcy between lndivldual "medium" filters. A Blow filter should 
be rejected. 

B7droeblorle acld, cone (sp gr 1.19) 
Zinc uran7l acetate llOlatlon, saturated wltb triple l&lt 
Eth7l alcohol, 96 percent, aatarated with triple l&lt 
Acetone, anb7droua 

Procedure 
1. Plpet a rolume of sample containing between 0.215 and 2.5 mg Na•• into a 

beaker. 
2. Add 1 or 2 drops cone BCI and evaporate to deyness on a steam bath. 
8. Dlssolve the cooled residue lD 1 ml water. Add more water lf neeessar7, 

but note ibe volume ueed. A featheey residue of Caso, ma7 be tolerated 
because it usually dll'l80lves in step 4 when the reagent is added. 

4. Add zinc uranyl acetate reagent in the ratio of 15 ml reagent to 1 ml 
residue solution. 

5. Allow to stand 1 hr at a fairl7 eonatant temperature. Stir oeeu1onall7. 
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8. l!'tlter off the precipitate under suction. Drain the beaker and ftlter as com­
plete17 as poealble before proceedlnc to the next step. 

7. Tranafer the remaining precipitate into the ftlter crucible with 2-ml por­
tions of saturat.ed alcohol. 

8. Wash the precipitate twice with 10.ml portione of saturated alcohol. The 
washed precipitate should be ftne, crystalline, and bright yellow. 

9. Wash the approx 10 ml acetone and draw air through for 1 or 2 min. 
10. Wipe the outside and Inner bottom ring of the crucible with a moist towel 

if salts have C1"7stalllsed there. Dey the crucible and precipitate In a 
deslcca.tor for 1 hr. 

11. Weigh the crucible and precipitate. 
12. Transfer the crucible to the suction apparatus and dluolve the aalt out with 

warm water. Wash with 10 ml acetone and dry as before and weigh. 

Caleulatiom 
I. mg Triple salt= Cwt crucible and salt)-(wt washed crucible) 

2. ppm Na+1=-d 1.t Xml l,OOO I X0.01495Xmg triple salt 
ens1 y samp e 

Report sodium concentrations of <999 ppm to whole numbers and 
of > 999 ppm to 3 significant figures only. 

Preparation of reagents 
Zinc uranyl acetate solution: Dilute 27 ml glacla' acetic acid with 1,000 ml 

dilution water. Dissolve In this solution 100 g UO.(Cdl10.)1·2H.O, and 
300 g Zn (C.H.0.). ·2H,O. On coollnc, a precipitate of ftne, crystalline triple 
salt should form due to sodium Impurities in the reagent. This salt should 
be allowed to remain in the bottle to maintain the sodium saturation. It 
a precipitate does not form, add a few milligrams of NaCl. 

Ethyl alcohol, 96 percent, saturated : Saturate the alcohol with the triple aalt 
and allow them to stand In contact at all times. Decant the saturated alco­
hol ju81 before use. 

BBl'BBBNCll8 

Kolthoff, I. M., and Sandell, E. B., 1962, Textbook ot qtl&lltltatlve lnorp.nle 
analysis: New York. Hacm1llan Co., 3d ed. 

National Research Council, 1964, Sodium reetrlcted diets: Pub. 82G. 
U.S. Salinity Laboratory Staff, 1964, Diagnosis and improvement of sallDe 

and alkali 90ils: U. s. Dept. Alliculture, Alliculture HaDdb. eo. 
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D:88a DISSOLVED SOLIDS 

Theoretically, dissolved solids are the anhydrous residues of the 
dissolved substances in water. Note that dissolved solid is not a 
measure of the total weight of dissolved materials as they occur in 
solution. Neither are dissolved gases of volatile liquids a part of 
the dissolved solids. In reality, the term "dissolved solids" is defined 
by the method used in the determination. The methods used by 
the Geological Survey reflect experience with thousands of water 
samples of different total concentrations and chemical compositions, 
.and the results obtained are believed to approach closer the theoreti­
cal definition than results by other methods. 

All salts in solution affect the chemical and physical properties 
of the water and exert osmotic pl'e$ure. Water with several thou­
sand parts per million of dissolved solids is generally not palatable, 
although those accustomed to highly mineralized water may com­
plain that less concentrated water tastes flat. A change in the 
source of drinking water more often may cause gastric disturbances 
than the concentration of dissolved solids in the water itself. The 
U.S. Public Health Service (1946) recommends that the maximum 
concentration of dissolved solids not exceed 500 ppm in drinking 
and culinary water on carriers subject to Federal quarantine regu­
lations but permits 1,000 ppm if no better water is available. Re­
ports of livestock tolerances are extremely variable and range from 
3,000 ppm (Colorado Agricultural Experiment Station, 1943) to 
15,000 ppm (Heller, 1933) . In Montana the following arbitrary 
limits are used to classify water for livestock: up to 2,500 ppm, 
good; 2,500-3,500 ppm, fair; 3,500-4,500 ppm, poor; and over 4,500 
ppm, unsatisfactory (I. Seghetti, 1951, written communication). 
The blood of fresh-water fish has an. osmotic pressure equal to 
approximately 6 atmospheres, or about 7,000 ppm of sodium chloride. 
Although some fresh-water fish are adapted to live in more saline 
waters, for practical purposes any water that has an osmotic pressure 
greater than 6 atmospheres can be expected to be lethal. 

Industrial tolerances for dissolved solids differ widely, but few 
industrial processes will permit more than 1,000 ppm. Salinity 
hazard is an important consideration for irrigation water. The 
water-uptake relations of plants are controlled by the osmotic­
pressure differential between soil solution and the plant solution. 
A plant cannot draw as much water from a concentrated soil solu­
tion as from a dilute soil solution. For most waters that could be 
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considered for irriga.tion, the following general relation is appli­
cable: 

Specific conductanceX0.65±0.l=dlssolved eollds 

The U.S. Salinity Laboratory Staff (1954) classifies the salinity 
hazard of irrigation waters, in terms of specific conductance, a.3 

follows: Less than 250 micromhos, low; 250-750 micromhos, medium; 
750-2,250 micromhos, high; and greater than 2,250 micromhos, very 
high. However, the satisfactory use of a particular water for irriga­
tion depends on many factors other than water quality, such as soil 
chani.cteristics, drainage, irrigation practices, and crops grown. 

Two methods of determination a.re given below, but the results 
obtained are not strictly comparable. The method of determination 
should be included on the analytical statement. 

D:Na-1 mmu&-0•·EVA:POBATIO• JIETBOD 

The residue-on-evaporation method is recommended for all waters 
that contain less than 1,000 ppm dissolved solids and is applicable 
to all waters regardless of concentration, provided that the residue 
layer in the evaporating dish is kept sufficiently thin. 

Principle of determination 
A volume of sample that will yield less than 200 mg residue is 

evaporated just to dryness on a steam bath. The residue is dried at 
180°C for 1.0 hr, cooled in a. desiccator, and immediately weighed. 

The weight of the residue is limited to 200 mg to insure subjec­
tion of all of the residue to the full effects of drying at 180°C. 
Voluminous residues will often seal over during the evaporation 
process and even entrap pockets of water that will not be completely 
driven off during the drying process. Massive residues also give up 
their water of crystallization more slowly than thin films of residue. 
The chemical composition of wa.ter has a. marked effect on the 
dissolved-solids value obtained, but the percentage of error incurred 
for a.ny given chemical type of water is independent of the total 
concentration if the residue film is kept thin. 

Bicarbonate is converted to carbonate in the evaporation and 
drying process. The following other genera.I observations have been 
reported (Howard, 1933, p. 4). The residues of carbonate-type 
water that contains considerable magnesium may often be les8 
than would be expected. Residues of calcium and magnesium 
chloride water can be expected to lose some weight (up to 50 or 
100 ppm) during the drying process; however, such loss of weight 
is usually more than counteracted by water of crystallization tightly 
held by tne salts. Most of the water of crystallization is driven off 
from sulfates of sodium and magnesium when the residue is heated 
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at 180°C, but this temperature is insufticient to dehydrate calcium 
sulfate completely. Residues of water with a high nitrate content 
may lose as much as 30 ppm on heating. 

Inasmuch as many of the salts in the residue are hygroscopic, it 
is imperative that an efficient desiccant be used. Alumina in which 
a moisture indicator is incorporated is recommended. Under no 
circumstances should the dried residues be allowed to stand for 
long periods of time before weighing. 

With listed apparatus, results are generally reproducible to ±0.5-
1.0 mg. 

Apparatu1 
Platinum evaporating dishes, 75- to 125-ml mpacity, weighing less than 50 g. 

Platinum is recommended for preclae work becaUBe the change in weight 
of gla88 or porcelain diBhee may introduce appreciable error into the 
determination. 

Steam bath 
Oven, l80°C, uniform temperature throughout 

Procedure 
1. Pipet a volume of sample containing 10-200 mg (500 ml max) Into a tared 

platinum dish. 
2. Evaporate t}le sample just to dryness on a steam bath. 
3. Dry In the oven at 180°C for 1.0 hr. 
4. Cool in desiccator and Immediately weigh. Record the wef.ght to the near­

est 0.0001 g. 

Calculations 

ppm Dissolved solids=d~t X 11•000 1 X mg residue ens1 y m ump e 

Report dissolved-solids concentrations of <1,000 ppm to whole 
numbers and of > 1,000 ppm to 3 significant figures only. 

D:lla-1 OALCvLATJOS KETKOD 

Comparison of dissolved-solids concentration obtained by the 
residue-on-evaporation and calculation methods is discussed in sec. 
C:8b. 
Principle of deterl1lination 

The concentrations of all determined solid constituents are con­
verted mathematically into the forms in which they would normally 
exist in an anhydrous residue. These quantities are then summarized. 

The calculation method is applicable only to those analyses that 
are complete for all practical purposes. The chemist can never be 
certain of the completeness of the analysis, but for most alkaline 
waters other than brines the determination of silica, iron, calcium, 
magnesium, sodium, potassium, alkalinity, sulfate, chloride, and 
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nitrate is sufficient. The wide range of metals possible in acid 
water precludes assumptions as to the completeness of the analysis. 
If the water is grossly polluted it is usually necesary to determine 
the nitrogen components (see sec. D: 25), and perhnps estimate the 
carbonaceous material, before assuming P relatively complete analy­
sis. Concentration of carbonaceous material can be estimated by 
redissolving the residue on evaporation and treating it with .several 
successive portions of hydrogen peroxide. The ditf erence in weight 
between the nonoxidized residue and the oxidized residue is an indi­
cation of the carbonaceous solids. The estimated carbonaceous solids 
are not included in the calculated dissolved solids but are one 
measure of the ditferences to be expected between dissolved solids 
determined by residue on evaporation and by calculation. 

The conversion of the analytical statement to the forms in which 
the constituents would normally exist in an anhydrous residue 
involve many variables that are not known. It is assumed that all 
bicarbonate in solution will exist as carbonate in the residue. 

2Hco.-1 ..... co.-1 +co,+H,o 
Therefore, the bicarbonate in solution is divided by 2.03 to give its 
equivalent weight as carbonate in the residue. If the bicarbonate 
alkalinity includes other ions (see sec. D: 2), the calculated dissolved 
solids will include these constituents twice. However, occurrence 
of such errors of significant magnitude is relatively rare. For 
some constituents, such as boron, arsenic, phosphate, and selenium, 
the ionic states in solution are not known, much less the forms that 
the elements will take in the anhydrous residue. Heavy metals may 
be present in solution either as cations or as colloidal hydroxides, 
and their forms in the anhydrous residues cannot be predicted 
either. Consequently, when summarizing the constituents, all ma­
terial is arbitrarily assumed to be present in the theoretical anhy­
drous residue in the same form as reported in the analysis, with 
the exception of bicarbonate. Dissolved solids calculated by the 
Geological Survey include all determined material usually existing 
in solid form at normal temperature and pressure. 

The accuracy and reproducibility of the results are dependent on 
the completeness of the analysis and on the validity of each reported 
constituent concentration. 

Caleulation1 
1. Com·ert reported bicarbonate to carbonate. 

ppm co.-1 ppm HCO.-t 
2.03 

2. Add all determined dlseolved·BOlld material reported ln the analytical 11tate­
ment. 
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Report dissolved-solids concentrations of <1,000 ppm to whole 
numbers and of > 1,000 ppm to 3 significant figures only. 

D:88b SUSPENDED SOLIDS 

Suspended solids are those that can be separated from the sample 
by filtration. The determined value is fairly representative of the 
sample but does not accurately represent the suspended-sediment 
concentration of the stream; suspended-solids values should not be 
confused with sediment concentration, which is the more accurate 
measure of material in suspension. 

Note that suspended solids l\re reported as milligrams per liter of 
mixture, whereas all other concentrations determined by methods in 
this manual are reported as weight per million weights of clear 
solution (see sec. B: 5). Suspended-solids concentrations reported 
in relation to weight of clear solution would be meaningless; further­
more, parts per million based on the weight of mixture would be 
misleading in that the different bases are not differentiated. Milli­
grams per liter accurately describes what is measured, and the 
reported value is sufficient for uses of the measurement. 

D:ll~l l'ILTJLATIOR KETHOD 

The filtration met.hod is similar in substance to part IIB, APHA 
( 1955, p. 271) Standard Methods, and D 1069-54 T, method ~ 
ASTM (1954, p. 323) Manual on Industrial Water. 

Principle of determination 

The precision and accuracy of the determination and the signifi­
cance of the values obtained usually do not warrant the collection 
of a separate sample. If the suspended material is sufficiently 
settled to leave a clear supernatant solution for analysis, the sus­
pended-solids determination can be postponed until test samples 
have been withdrawn for other determinations. The sample bottle 
is marked at the original waterline, and the volume of water removed 
for any chemical analysis is replaced by dilution water. This treat­
ment. is not recommended if a significant quantity of material is 
removed with the test samples. 

The sample is mixed well and a suitable volume quickly poured 
off into a graduated cylinder. Withdrawal must be rapid to get a 
representative sample, and no attempt should be made to take an 
exact volume. The suspended solids are collected in a. Gooch cru­
cible and the insoluble material dried and weighed. A gla.ss-fiber 
filter-paper circle is preferable to an asbestos mat because it with­
stands washing better. 
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Apparatu• and reqenta 
Gooch crucible 

ANALYTICAL PROCEDURES 

Glass-ftber ftlter-paper circle 
Ruction ftltratlon apparatus 
Oven, no•c 
Procedure 

D:36b-1 

1. Mix the suspension well, and rapidly pour off a suitable volume into a rrad­
nated cylinder. 

2, Record the volume. 
3. Quantitatively collect the insoluble materials on tbe mat in a tared Gooch 

crucible. 
4. Wash the insoluble material sparingly with dilution water. 
5. Dry the crucible overnight at no•c. 
6. Cool in a desiccator and weigh. 

Calculation• 

mg Suspended solids per liter ml ~:ure X mg residue 
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The specific conductance of an electrolyte is the reciprocal of 
specific resistance and is expressed in mhos. Specific resistance is 
the resistance, in ohms, of a column of solution 1 cm long and 1 sq 
cm in cross section. In most waters, the conductance is so low that 
micromho is used as the unit of expression. The specific conduc­
tance is a measure of the ability of the water to carry an electric 
current and is therefore an indication, within rather wide limits, 
of the ionic strength of the solution. 

Many natural waters in contact only with granite, silicious sand, 
well-leached soil or other difficultly soluble material have a conduc­
tance of less than 50 micromhos. Specific conductance of most 
waters in the Eastern United States is less than 1,000 micromhos, 
but in the arid western parts of the country, a specific conductance 
of more than 1,000 micromhos is common. Some saline lakes and 
brines may even reach several hundred thousand micromhos. 

D:n ... 1 WJIBATITOD BBJDGB KBTHOD 

Principle of determination 

Specific conductance is determined by using a Wheatstone bridge 
in which a variable resistance is adjusted so that it is equal to the 
resistance of the unknown solution between platinized electrodes of 
a standardized conductivity cell. The fraction of the current carried 
through the solution is a. function of the relative velocities with 
which the different ions move; ions difter widely in their velocity 
and in their effect on conductance (see sec. C: 8c) . Kohlrausch ha.s 
shown that at infinite dilution, ions beh~ve independently and that 
in this range the conductance-concentration relations of electrolytes 
of identical percentage composition is practically linear. However, 
as the concentration of the electrolyte increases, interionie attraction 
decreases the conductance per unit ma.ss of electrolyte. This change 
in electric conductance of strong electrolytes with concentration is 
explained by the Debye-Hilckel theory of interionic attraction. 

where 
A=A.-a·./c A.-tn!C 

A =equivalent conductance, 
A.=equivalent conductance at infinite dilution, 

c=concentration, and 
a and b =theoretical constants. 

For practical purposes the relation between specific conductance 
and concentration is linear below about 10,000 micromhos. 

The temperature of the electrolyte affects the ionic velocities and 
consequently the conductance. Conductance increases about 2 per-

275 

Digitized by Google 



276 ANALYTICAL PROCEDURES D:37a-1 

cent per degree centigrade, which is about the same as the tempera­
ture coefficient of viscosity of water. Specific conductance at 25°C 
is reported. 

In determining the specific conductance, it would be troublesome 
to prepare a cell having electrodes exactly 1 sq cm in area and 
exactly 1 cm apart. However, it is not necessary to do this because it 
is possible to determine a factor called th~ cell constant ( 0). The 
cell constant is determined experimentally with a standard solution 
of known conductance. A 0.00702N potassium chloride solution has 
n specific conductance of 0.001000 mhos at 25°C. The relation 
between resistance (R), cell constant (0), and specific conductance 
(K) is shown in the following equation, where K is known and R 
is determined. 

RK=C 

Thus, if the resistance of the cell when filled with 0.00702N KCl is, 
for example, 350 ohms, the cell constant would be 0.35 for the con­
ductivity cell used. If the conductivity cell having a cell constant 
of 0.35 is filled with the sample of water at 25°C and the observed 
resistance is 865 ohms, the specific conductance of the sample could 
he derived from the cell-constant equation. 

c R-K 

or, by sub~tituting values from the example, 

Os!!=0.000405 mhos at 25°C. 

Fnless u constant-temperature room or bath is available, adjust­
ment of temperature ( T) to exactly 25° C is difficult. For most work, 
specific conductance is computed from the following equation: 

:'.\f" h R of 0.00702N KC.I at T of sample measurementX 1,000 
· icrom 08 R of the sample 

New conductivity cells should be cleaned and the electrodes 
platinized before using. Subsequently they should he cleaned and 
replatinized whenever the readings become erratic or indistinct or 
inspection shows that any platinum black has flaked off. One 
platinization will usually suffice for a period of several months. 
To platinize the electrodes, clean them in chromic acid solution 
and rinse thoroughly in several changes of water. Place the elec­
trodes in a solution of chloroplatinic acid and lead acetate (dissolve 
3 g H2PtC1s in 10 ml of water to which 20 mg of Pb(C2H302 ) 2 

is added; commercial platinizing solutions are also available). 
Connect the electrodes with 2 dry ce11s (1% vo1ts eneh) in parallel 
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and reverse the direction of the current once a minute for 6 minutes, 
or until the shiny platinum surface is covered. Avoid deposition 
of amorphous platinum on the electrodes. Repeat the electrolytic 
process using 10 percent sulfuric acid to remove chlorine. When 
not in use the cell should be kept immersed in distilled water. 

The accuracy and reproducibility of results obtainable are depend­
ent to a large extent on the type of bridge used but may approach 
±2-3 percent with this equipment. Close attention to temperature 
is essential for reliable work. 

Additional information on the principle of the determination is 
given by Getman and Daniels (1946, p. 390-396) and Scofield 
(1932). 

Apparatua and reagent• 

Wheatstone bridge (see sec. C: 2a for discussion of conductivity meters) 
Conductivity cell (see sec. C: 2a) 
Thermometer, 0°-50°C, graduated in 0.1· 
PotaSBium chloride, 0.00702N 

Proeedure 

The manufacturer's instructions for operation of the bridge should 
be followed explicitly. A constant-temperature room or bath at 
26°C simplifies temper$ture consideration. Where such facilities 
are not available, the sample should be brought to approximately 
room temperature before the determination. However, a group of 
samples standing in the laboratory are seldom at exactly the same 
temperature because of the influence of drafts, sunlight, radiators, 
ovens, open flames, etc. Whether the conductance determination is 
made in the field or laboratory, the temperature of each sample 
should be determined at the time of measurement. 
1. Prepare a graph of resistance of 0.00702N KCl throughout the operating 

temperature range. 
2. Rinse the cell with sample. 
3. Measure the resistance of the sample and record the temperature at the time 

of measurement. Record temperature to the nearest 0.1 •c. 
4. Determine the resistance of 0.00702N KCl at the temperature at which the 

sample resistance was measured from the graph prepared in step 1. 

Calculations 
. . R of 0.00702N KCI 

Specific conductance (m1cromhos) = R f 1 X 1,000 
o samp e 

where R=resistance in ohms. 

Record conductivities of <1,000 micromhos to whole numbers and 
of >1,000 to 3 significant figures only. 
Preparation of reagents 
PotaSMium c·hlorlde, 0.0070'.lN: llry approx 1 g Kt.:l .n an o\·en at 180°C for 1 hr 

and cool in a desiccator. Dissolve 0.5232 g in water and dilute to 1,000 ml. 
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Sulfate is dissolved from most sedimentary rocks. Large quan­
tities may be derived from beds of gypsum, sodium sulfate deposits, 
and some types of shale. Water from mines may be high in sulfate 
as a result of oxidation of pyrite. Organic material containing 
sulfur adds sulfate to the water as a phase of the sulfur cycle. 
Sulfate is discharged in many industrial waste products. In natural 
waters, concentrations range from a few parts per million to several 
thousa.nd parts per million. 

Salts of sulfate are saline cathartics and a quantity equal to that 
in 1 liter of water containing 1,000-2,000 ppm sulfate constitutes 
an average dose. The U.S. Public Health Service (1946) recom­
mends that the sulfate concentration not exceed 250 ppm in drinking 
and culinary water on carriers subject to Federal quarantine regu­
lations. There is some report of a detrimental effect of sulfate to 
livestock, but it also seems to offset in part the toxicity of selenium 
toward cattle (Hurd-Karrer, 1934, 1935, p. ·289). 

The sulfate content of water is not very critical in many industrial 
processes. The significance is also somewhat dependent on the 
character of the cations (California State Water Pollution Control 
Board, 1952, p. 377-378). It is less toxic than chloride to crops. 

D:lla-1 Vl811AL TBOJU• KZTBOD 

Prindple of determination 

Thorin reacts with barium to give a red color. The intensity of. 
the color is dependent on pH, indicator concentration, and nature 
of the solvent. The color is more intense in organic media than in 
water solutions. The color reaction can be utilized to titrate sulfate 
directly with barium chloride by adding a large volume of organic 
solvent to the sample and titrating in this mixed medium. The 
color development is also highly dependent on the nature of the 
organic solvent; dioxane is superior to either ethyl or methyl alcohol 
when the end point is detected visually. The initial color of thorin 
in the dioxane-water medium is yellow, and the change in the end 
point is to pink. The color change is enhanced when the solution 
is viewed through a pale-blue filter such as a didymium glass filter 
or glass-blowers' goggles. 

The optimum pH for the titration is about 2.5, which permits the 
use of the method for the analysis of many water samples without 
danger of precipitation of some salts in the organic media. Thorin 
reaots with many metals, including calcium; therefore, it is neces­
sary to remove all metal ions by cation exchange prior to titration. 
Phosphate interferes somewhat by coprecipitatiOnj with 100 ppm of 

'..l71J 
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sulfate, 10 and 20 ppm of phosphate give & positive error of about 
2 and 3 percent, respectively. Color may interfere with the detection 
of the end point, and the method described in sec. D: :i8n-2 is recom­
mended for highly colored water. 

Two strengths of barium ('hloride and thorin nre pro,·ided, but 
there is a rather wide overlap in application. The dilute titrant and 
indicator are recommended if the sulfate content. of the sample is less 
than 5 mg. The concentrated titrant and indi('ator give better results 
in the higher ('Oncentrntion rnnges. 

Results are nccumte and reproducible to ±0.1>2 mg in the 0-5 mg 
rnnl?l' nnd ± 1-2 percent for higher concentrations. 

Apparatus and reagents 
lon-ex<•ha111te <0ohmm11, <·barged wltb • .\mberlite IR-120 and 01ieratlng on the 

hydrogen <'Y<'le. - The «olumn Nbould be at leaMt 10 in. l<>Dlt to assure com-
11lete exchange in moderately con<-entrated water. Highly mineralize<\ 
water and brine require a longer <•olumn. Ex1ierience hae 11hown that a 
11trnn1t add 11ohttlon { H<'l 30 llf'r<'f'nt \" /\") i11 required to iet uniformly 
11atisfat·tory regeneration. The frequen<·y of regeneration de11end11 on the 
mineral content of the 11ampleN: with a¥erage water, regeneration after 3 
or 4 pa88e8 111 suftlclent. 

Pale-blue filter : A dhlymhuu filter or 11:h1AA-blower11' gn«igles hu·e been UBed 
11atlsfactorlly. 

Titration aRSembly with a whitf' JMlr<•elain ha11e an<l fluoreM<-ent light. 
Huret, 2.')..ml 
8odhm1 hydroxide, O.OON 
Thorin indicator, 0.04 llf'r<·ent 
Thorin lndh•ator, 0.1 pen-ent 
1,4 dloxane: The grade labeled "purlfted" is usually satisfactory, but distillation 

from 1tla1111 may be required if the blank titration ls ex<'f'8tlh·e. 
Rarlmn <"hlorlde. 1.00 ml~.;'iO() mg Ko.-• 
Rarhm1 <•hlorlde, 1.00 ml:c:l.00 ma so ... 
Procedure 
1. Rln11e the lon-f'xt·hanae 1·ohmm with 20-30 ml of M1UllJ1le and fllM<·ard the rinse 

water. (This portion t'an be <·becked for C'alchtm if desired.) 
2. l'aM11 a 11uftl<'lent \'ohtme of sample through the exc·hanger to provide ~ 

ml of effluent for the determination. 
3. l'l11f't a rnhune of effluent rontainlna lt>NN than 2ii ma so._. ( 2il.OO ml max) 

into a 100.ml beaker anfl adju11t the rnhtme to a1111rox 2a ml. The dlssoll'ed-
11olld11 <·1mtent should not ex<oeecl 121> mg for the high-range titration or ?iO 
mg for the low range. 

4. Adju11t the pH to between 2.2 and ;, with O.OON NaOH if nec·eMSury. 
a. Add llO ml dloxttne. 
6. Add 1.0 1111 thorln lncllt·ator. 
7. Titrate with RaCI. to the point where the <·olor 1·h1tnaeM Mmldenly from yellow 

to orange when l'lewed through the filter. On titrating NUlfate conrentratlons 
of les11 than 10 ppw, the entl point wlll appear and then fade on stirring. At 
the true end point the rolor 11er1tl11t11 for se,·eral minnte11. 
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Calculations 
When RaCI., 1.00 1ul¢O.iiO mg so."', and 0.04 percent thorin Indicator are used : 

The titration i11 not 11trl<·tly linear below 5 mg so ..... and the so ..... concen­
tration 111 determined by reading from a graph prepared by titrating stand­
ards. The following tltrant volumes have been required : 

mg so...o "" 
0.00 0.05 
.25 .55 

1. 21) 2.50 
2.50 4.95 
5.00 9.90 

so -1- 1 1,000 BO -I 
ppm • - density X ml sample X mg 4 

When BaOla, 1.00 ml*l.00 mg so .... , &nd 0.1 percent tborin lodleator are u8ed: 

SO -1- l l,OOO ml B Cl 
ppm 4 - density X ml sample X a 1 

Report sulfate concentrations of < 10 ppm to 1 decimal place, be­
tween 10 and 999 ppm to whole numbers, and of >999 ppm to 3 sig­
nificant figures only. 

Preparation of reagents 
Sodium hydroxide, O.OON: Dissolve 2.0 g NaOH In water and dilute to approx 

1 llter. 
Thorin Indicator, 0.0! percent : Dissolve 0.20 g of thorln In water and dllute to 

500ml. 
Thorin Indicator, 0.1 percent: Dissolve 0.5 g of thorln In water and dilute to 

500ml. 
Barium chloride, 1.00 ml~l.00 mg so ..... : Dissolve 2.130 g anhydrous BaC11, dried 

overnight In an o\·en at 180°C, in water and dilute to 1,000 ml. This con­
centration ls not stri<>tly stoichiometric but has been determined empirically. 
Check the titer by titrating standard so..... solutions as directed in the 
procedure. 

Rarlum chloride, 1.00 ml¢0.50 mg so.""': Dls1mlve 1.08.'l g anhydrous BaCl., dried 
o\·ernlght in an o\·en at 180°(', In water, and dllute to 1,000 ml. 

Sodium sulfate, 1.00 ml=l.00 mg so .... : Dls11olve 1.!787 g Na.so., dried for 2 hr 
at 1R0°C, In water, and dilute to 1,000 ml. 

D:lta.-1 SPECTllOPROTODTlUO 'l'ROBDr KETKOD 

The spectrophotometric thorin method is useful for waters whose 
sulfate content does not exceed 200 ppm and for waters with high 
color that interferes with the visual detection of the end point in the 
visual thorin method (see sec. D: 38n-1) . 

Principle of determination 

The chemistry of the determination is similar to that in section 
D: 38a-1, with the exception t hnt the preferable titration medium 
consists of 80 percent ethyl alcohol instead of 66 percent dioxane. The 
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pH is adjusted to and maintained at 5 by a sodium acetate buffer. 
The end point of the titration is detected instrumentally. 

With listed apparatus, results are accurate and reproducible to 
±0.005 mg, which is comparable in terms of parts per million to that 
for the visual thorin method (see sec. D: 38a-1). 

Apparatus and reagents 
lon·exchangp rolumn (Ree Ile('. n: 381l-l) 
Absor1,tloD <'f'lls, r.o.mm. Thf' cement in some l'ells reacts with thorln to give a 

rPll color. Cells should be tested for thorln reaction, and those that give 
a rPd .c.'Olor In 10-H'i min should be rejected. 

R11ectropboto111etrk·tltra tlon &RSembly (see IV'<'. (' : 2h). 
Spedrophotometer, Beckman Model B : 

Wavelength: 520 ml' 
Phototube: Bh1e·Sf'nslth·p 
Initial 11enMUlvlty l'lt'ttlng: 1 
End point : At 0.20 absorbancy 

Burel, 10.ml 
Soh·ent-lndlcator solution 
Rarlum chloride, l.OOml:::;:0.20 mg SO, ... 

Procedure 
1. Rinse thf' lon-Pxchlinge columns with 20-30 ml of sample and discard the 

rinse <this 11ortlon can be checked for the presence of ealclum If desired). 
2. Pass suftlclent Sftmple through the exchanger to provide a 10.ml eftluent for 

the determination. 
3. Pl pet a volume of sample containing less than 1 mg SO,_. and 10 mg dissolved 

solids (10.00 ml. max) Into a llO-mm absorption cell and adjust the volume 
to 10.0 ml. 

4. Add 40 ml soh·ent-lndlcator solution. 
t;. Start the stirrer and set the absorbaney to 0.100. 
6. Titrate with BaCl,, fl.00 ml:::;:0.20 mg so,-') to an absorbaney of 0.20, which 

ls stable for 30 sec. 
7. Determine a blank rorrectlon by titrating dilution water. The blank ls 

eonstant throughout the coneentratlon range of the method. A blank of 
0.05 ml has been used. 

Calculations 

ppm so,-2=-d 1 .t X /·000 
1 X0.2X(ml titrant-ml blank) 

ens1 y m samp e 

Report sulfate concentrations of < 10 ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 to 3 si1?Dificant 
figures only. 

Preparation of reagents 
Solvent-indicator solution : Dlssoh·e 0.02::; g thorln (the Hal"h Chemical Co. 

product bas been used satisfactorily), 0.5 g anhydrous sodium acetate ln 
10 ml of water. Add the 11olutlon to 1,000 ml of 95 11ercent ethyl alcohol. 
Add 12 ml glaelal HC,H,O, (1111gr1.049) and mix. 

Barium chloride, 1.00 ml:::;:0.20 mg SO, ... : Dissolve 0.434 g anhydrous BaCI,, 
dried for 1 brat H10°C, In water, and dilute to 1,000 ml. 
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D:ll...a GRATIJIBTBIO METHOD 

The gravimetric method is similar in substance to part IA, APHA 
( 1955) Standard Methods; D 516-49, ASTM ( 1954) Manual on I ndt:s­
trial Water; and method 8:l, F.S. Slllinity Laboratory Staff (1951) 
Handbook 60. 

Principle of determination 

Sulfate is precipita.ted as barium sulfate, and the precipitate is 
ignited and weighed. Precipitation is carried out in acid media to 
prevent precipitation of barium carbonate, hydroxide, and phos­
phate, which are insoluble in alkaline media. Hydrochloric acid 
has the effect of promoting the formation of coarse crystals. The 
acid concentration is not important as long as it does not exceed 
0.05N. The precepitation should be made at boiling temperature 
because the tendency toward supersaturation decreases at the higher 
temperatures. According to Kolthoff and Sandell (1952, p. 322-336): 
Barium sulfate provideR a notorious example of a pre<·lpltate subject to con­
tamination through the action of copre<>lpltatlon phenomena. Since the deter­
mination of sultate ls of great practkal lmportan(•e, a great deal of attention 
bas been paid to the problem of obtaining a pure precipitate of barium sulfate, 
and hundreds of papers on the subject are to be found In the literature. In spite 
of the immense amount of work that bas been done, the determination of sulfate 
remains one of the less accurate determinations of quantitative analysis. 

The analyst is referred to authoritative texts, such as Kolthoff and 
Sandell (1952) and Hillebrand and Lundell (1929), for detailed 
discussions of potential errors involved. In water analysis the 
effect of coprecipitation is largely dependent on the character and 
concentration of the other solutes. Small quantities of ferrous iron, 
magnesium, zinc, and aluminum may be present. Calcium, ferric 
iron, and nitrate should not be present in appreciable amounts. 
Even though some of these constituents may be coprecipitated with 
the barium sulfate, prolonged digestion of the precipitate in the 
mother liquor at elevated temperatures makes for a precipitate 
approaching theoretical composition. Silica may also be precipi­
tated from the hot acid solution. The interference of silica is 'elimi­
nated if the sulfate is determined on the filtrate from the gravimetric 
silica determination (see sec. D: 34a-2). An alternative method that 
minimizes silica interference involves treatment of the ignited resi­
due (procedure 9) in a platinum crucible with hydrofluoric acid and 
a few drops of concentrated sulfuric acid, followed by reignition. 

Best results are obtained if the weight of the precipitate is between 
0.025 and 0.150 g, about 10-60 mg of sulfate. With careful work, 
results are reproducible to +0.2 mg; the accuracy is dependent on 
the purity of the precipitate. 
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Apparatus and reagents 

Steam bath or hot plate 
l'orc•elaln crucibles 
1\1 utile furnace 

ANALYTICAL PROCEDURES 

Methyl orange Indicator solution 
Hydrochloric acid, <'<>nc (MP gr 1.19) 
Harl mu c·hlorlde, 101ier1·ent 
Fllter-11aper pulp 

Procedure 

D:38&-4 

1. llllute or <·oncentrate filtrate from the gra \'lmetrk sillt·1l determination 
(see St>e. J>: 34a-2, 11rol'ednre 8) to a c•om-enlent \'olume. l'l1iet an aliquot con­
taining between 10 and 60 mg S0.-·1 Into a 400-ml beaker and adjust the 
rnlume to approx 200 ml. 

2. A<·!dlfy to methyl orange with <·om· HCI 1111<1 11<ld u few drops ln exl'eRR. 
3. llt>at the al'idlfted allc1not to boiling an<l while hot add 1dowly dro11wl11e, an<l 

with constant stirring, 10 ml hot 10 per cent BaCI,. 
4. Cowr the beaker with a wakhglal!S and <lil(e!ilt on the Kteam hath or hotplate 

(do not boll) for 2-8 hr, or preferably overnight. 
ii. Mix In a small quantity of tilter-paper pulp and let stand for 1 hr on steam 

bath or hotplate. 
II. lt'llter hot through Whatman Xo. 42 tilter paper. 
;. Qnantitath·ely transfer the 11rel'ipitate to the tilter paper and wash thor­

oughly, scrubbing out the beaker ae1Jeral timea with a rubber policeman and 
rinsing with bot water several times. The filtrate from the last washing 
Khould eontaln no chloride when tested with AgNOa. 

8. Slowly Ignite the precipitate ln a tnred cruelble O\'er a low oxidizing fiame 
until the filter paper ls reduced to a white ash. 

9. Transfer the cruc-lble to the muffle furnace and Ignite at approx. 800°C for 
1.0 hr. 

10. Cool in a dei!fccator and weigh. 

Calculations 

ppm SO,-t=-d 1 ·i X ml l,OOO I X mg BaSO, X 0.4115 
ens1 y sampe 

Report sulfate concentrations of < 10 ppm to 1 decimal place, of 
between 10 and 999 ppm to whole numbers, and of >999 ppm to 3 
si1-,YJ1ificant figures only. 

Preparation of reagents 

Meth~·) orange indicator solution: Dhisol\'e 0.05 g methyl orange in water and 
dilute to approx 100 ml. 

Barium chloride, 10 perc-ent: Dissolve 100 g BaCl, ln water and dilute to approx 
1 llter. 

D:lla-l TlJBBmIKETJUC KETHOD 

The turbidimetric test is limited to rough approximl\tions of sulfate. 
Its maximum _utility is l\.S ~·laboratory aid in the selection of'proper 
sample size for the determinations described in secs. D: 38a-1, -2, -3, 
1:1nd as a field test for the approximation of sulfate when accuracy 
requirements are low. 
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Principle of determination 
Sulfate is precipitated as barium sulfate, and the resultant turbidity 

is compared with that produced in standards of known concentration: 

Apparatua and reagents 
Test tubes 
Sodium sulfate, 1.0 ml=0.10 mg so. 
Barium chloride, acidified, 10 percent 

Proeedure 
1. Pipet a volume of sample containing le88 than 0.25 mg so .... (10.0 ml max) 

Into a test tube and adjust volume to 10.0 ml. 
2. Prepare s\Ullclent standards ln the 0.00- to 0.25-mg range and adjust the 

volume to 10.0 ml. 
3. Add 1.0 ml 10 percent Ba Cl,. 
4. Shake vigorously and allow suspensions to stand 10 min. 
5. Compare the turbidity of the sample with that of the standards. Comparison 

ls best made by looking down through the tubes against a black background. 

Caleulations 

ppm so,-1 

Preparation of reagents 

I l,OOO l x mg so,-1 in standard 
m sampe 

Sodium sulfate, 1.0 ml=0.10 mg so .... : Dissolve 0.148 g Na.so. in water and dilute 
to 1,000ml. 

Barium chloride, acldlfted, 10 percent : DiMolve 10 g BaCl, ln water, add IS ml cone 
HCl ( sp gr 1.19), and dilute to approx 100 ml. 
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D :39 8VLl'D>• 
Sulfide occurs in water as a result of bact.erial and chemical 

processes. It usually is present as hydrogen sulfide. Variable 
amounts may be found in waters receiving sewage, and (or) indus­
trial wastes, such as from tanneries, paper mills, chemical plant&, 
and gas manufacturing work (California State Water Pollution 
Control Board, 1952, p. 271-272). 

Waters containing sulfides, especially hydrogen sulfide, may be 
considered undesirable because of their odor. The U.S. Public 
Health Service (1946) states that water on carriers subject t.o 
Federal quarantine regulations shall have no objectionable taste 
or odor. The toxicity to aquatic organisms differs signifir~!'tly with 
the species. 

D:• ... 1 JODOJlftUC D'DIOD 

This iodometric method does not differentiate the forms in which 
the sulfide exists in solution. The procedure is recommended for 
use on water containing more than about 0.5 ppm of sulfide. 

Prlndple of detenaination 
Sulfide is reacted with an excess of iodine in acid solution, and 

the remaining iodine is then determined by titration with sodium 
thiosulfate using starch as an indica.t.or (Kolthoff and Sandell, 1952, 
p. 585-605). 

s-1+1. H•1 s+21-1 -1.+:as.o.-1 ~s.01-•+21-1 

A blank is treated with exactly the same amount of iodine and 
titrated with sodium thiosulfate. The sulfide concentration is cal­
culated from the difference between the volume of thiosulfate 
required for the blank and the volume used for the sample. 

Reducing substances such as sulfites and heavy-metal ions will use 
up iodine and therefore contribute positive errors. Oxygen and 
other oxidants may react with hydriodic acid to liberate iodine and 
thus contribute negative errors. 

When the sulfide concentration is below 0.05 mg, the method is 
accurate to only ±50 percent. Above 0.05 mg of sulfide the accu­
racy improves as the sulfide concentration increases, and, at 5 ppm 
of sulfide, the results are reproducible to ±0.05 mg. 

Apparatus and reagents 
Buret, 10-ml. 
Iodine solution, O.OlON 
Hydrochloric acid, cone ( sp &T 1.19) 
Sodium thioeulfate solution, O.OlON 
Starch indicator, stable 
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288 ANALYTICAL PROCEDURES D:39a-l 

Proeedure 

Samples for the determination of sulfide should be collected with a 
minimum of aeration and agitation as directed in sec. A: 3c and 
treated in accordance with directions given in sec. A: 4d. 

1. \'lgorously shake the samplt> to mix the contents th:iroughly. Iwwedlately 
plpet a volume of sample with ZnS in suspension containing less than 1.5 mg 
R (100.0 ml max) into a 250-ml Erlenmeyer flask and adjust the volume to 
approx 100 ml. 

2. Prepare a blank of approx 100 ml water and carry it through the procedure 
with the sample. 

3. Add 10.00 ml O.OlON I •. 
<i. Without delay add 10 ml cone HCL 
a. Immediately titrate the excess I. with O.OlON Na,S.O., adding 2-3 ml starch 

indicator as the end point ls approa('hed. 

Calculations 

s-1 H.S---1-X 1,000 XO 1704 x(ml blank titrant ) 
ppm a;i - density ml sample · -ml sample titrant 

Report sulfides concentrations of < 10 ppm to 1 decimal place and 
of > 10 ppm to 2 significant figures only. 

Preparation of reagents 
Iodine solution, O.OlON: Dissolve 6 g iodate-free KI, In approx 25 ml water. 

Add 1.2691 g resubllmed 1.. When solution ls complete, dilute to 1,000 ml. 
Rtandardlze with O.OlON Na.s,o. using star('h as indicator. 

N al·t f I O.OIOXml NasS.01 orm 1 y o 1= ml 11 

Sodium thlosulfate, O.OlON: I>lssoh·e 2.482 g Na1S10.·5H10 in carbon dioxide-free 
water and dilute to 1,000 ml with carbon dioxide-free water. Standardize 
against KIO. as follows: Dry ap11rox 0.5 g KIO. for 2 hr at 180°C. Dissolve 
0.3567 g In water and dilute to 1,000 ml. Plpet 25.00 ml KIO. solution Into 
200-ml Erlenmeyer ftask, then add successively 75 ml water and 0.5 g lodate­
free KI. After solution ls complete, add 10 ml cone HCl (sp gr 1.19). 
Allow the stoppered flask to stand 5 min in the dark and titrate with Na,S.01 
using starch indicator as end point ls approached (light straw color). 

Normnlity of NasSs01 ml ~!~01 
Potassium iodide, iodate-free: The Kl can be tested for 10.-• by dissolving about 

0.1 gin l'i ml water, acidifying with 1 or 2 drops cone H1SO\ (sp gr 1.84) and 
1tddlng 2-3 ml starch indicator. Immediate appearance of a blue color indi­
cates the presence of 10.-1 ; slow color formation ls due to atmospheric 
oxidation. 
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D:40 TUBBmITY 

Turbidity is the optical property of a suspension with reference 
to the extent to which the penetration of light is inhibited by the 
presence of insoluble material. Turbidity is a function of both the 
concentration and particle size of the suspended material. Although 
it is reported in terms of parts per million of silica, it is in no way 
synonymous with the weight of sediment per unit volume of water. 
The standard for turbidity (Newell, 1900) is 
... a water wblcb contains 100 pe.rta of slllca per million in sucb a state of 
fineness that a brtrht platinum wire 1 mUlimeter In diameter can jll8t be eeen 
when the center of the wire ls 100 millimeters below the surface of the water 
and the eye of the observer ls l.2 meters above the wire, the observation belnr 
made in the middle of the day, in the open air, but not in sunlirht, and in a 
vesael so large that the sides do not abut out tbe Urbt so aa to 1n11.uence the 
results. The turbidity of such water shall be 100. 

This definition in effect describes the size of the particles to be used 
as standard solutions. With this size particle, and only this size, 
1 ppm silica. (turbidity) is equal to 1 ppm silica (weight). 

The U.S. Public Health Service (1946) recommends that the 
turbidity not exceed 10 ppm in drinking and culinary water on 
carriers subject to Federal quarantine regulations. Some species 
of fish require clear water, but others thrive in somewhat turbid 
water. In general, turbidity adversely affects fish production by 
excluding light and thereby interfering with the growth of plants 
important in the fish-food cycle (California State Water Pollution 
Control Board, 1952, 1954, p. 22~228). Turbid water is abrasive 
to pipes, pumps, and turbine blades. In process water, turbidities 
much more than 1 ppm are not tolerated by several industries, but 
others permit up to 50 ppm or higher. 

D:ffa-1 HELLIGE TlJBBIDIKETEB 

Principle of determination 

The optical phenomena which cause the opalescent or "milky" 
appearance of a fine suspension are light scattering and absorption. 
Which of the two effects predominates in a particular case depends 
upon the size and the concentration of the particles. Inasmuch as 
the subjective reaction to these phenomena. cannot be accurately 
duplicated by means of the turbidimeters on the market at the present 
time, it is quite possible to find instrumental measurements of this 
property at variance with the observers' visual reaction. Sometimes 
nn instrumental measurement will designate one sample as having 
higher turbidity than a second sample, whereas the observers' 
reaction will be the reverse. 
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At the present time the property called turbidity is defined by the 
instrument used for its measurement. While the basic instrument is 
considered to be the Jackson candle turbidimeter, there are many 
other instruments in use. Readings from one to the other are not 
universally comparable. While all the common visual instruments, 
including the Jackson device, utilize both the absorption and scatter­
ing eft'ect in making the measurement, there is wide variation in the 
degree to which each eft'ect predominates in the various instruments. 
In order to achieve uniformity consistent with convenience, the Hel­
Jige turbidimeter has been selected as the basis for the turbidity 
measurement herein described. See sec. C: 2g for a description of the 
Hellige turbidimeter. 
Apparatua and reagents 
Turbidimeter, Helllge 
Illumlnatlon bulbs and eallbration eurves. New bulbs should be calibrated 

against standards prepared by the manufacturer and not against laboratory· 
prepared suspensions of fuller's earth or other similar material. 

Procedure 
Meticulous cleanliness of the sample containers and all parts of the 

instrument is mandatory, and the manufacturer's instructions in the 
operation and maintenance of the instrument should be followed 
explicitly. 

Calcalatlou 

Determine the turbidity of the sample from appropriate calibration 
curves. Report turbidity as follows : 

f'•rMd,,. BeconJ to file 
( .. ,,,,. 8'01) tleGre.·~ 

0-1 0.1 
1-10 1 

11-100 5 
101-400 10 
401-700 50 

~701 100 
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Viscosity is a charact.eristic property of fluids. It may be described 
in simple t.erms as an int.ernal friction or an int.ernal resistance to 
motion and is defined as the tangential force in dynes that must be 
exerted between 2 parallel layers, 1 sq cm in area and 1 cm apart, 
in order to maintain a velocity of &tree.ming of 1 cm per sec of 1 
layer past the other (Glasstone, 1M6, p. 95-166). Such a fluid would 
have a velocity of 1 poise ( dynes per cm• per sec). A more common 
t.erm for reporting viscosity is the centipoise, which is 1/100 of a 
poise. Since the viscosity of wat.er is approzimately 1 centipoise 
at 20°0, it seems desirable to report viscosity in centipoises at 20°0. 

The experimental methods for the determination of viscosity are 
based on the fundamental equation of viscosity derived by J. L. M. 
Poiseville in 1844 .,..,,, 

•=svL 
relating the coefficient of viscosity,.,,, to the volume, V, of gas or liquid 
which will fl.ow through a narrow tube of L length and r radius in t 
time when under the inftuence of p driving pressure (Gla.sStone, 1946). 

D:tl~l ..OODISJ.D TDOOD'l'D 

Prindple of determination 
The principle upon which the Brookfield viscomet.er operat.es is 

the measurement of the drag produced upon a spindle rotating at 
a definit.e constant speed while immersed in the sample. The torque 
on the spindle rotating at constant speed is measured by a cilibrat.ed 
spring. Viscosity changes appreciably with changes in t.emperature; 
therefore, the viscosity should be measured at const;ant or control­
lable t.emperature. 

When measuring viscosities within the range of 0-10 centipoises, 
the result.a are reproducible to ±0.02 centipoises. 

Apparatu 
Brook1leld Viscometer, model LV with UL adapter 

Procedure 
Follow the instructions and procedure that the manufacturer 

issues with the viscomet.er. 

Caleulationa 

Report viscosity to 0.01 centipoise at 20°0. 

RBPBRBNCB 
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D:41 znrc 

Zinc is abundant in rocks and ores but is only a minor constituent 
in natural water because the free metal and its oxides are only spar­
ingly soluble. In most alkaline surface and ground waters it is pres­
ent only in trace quantities, but more may be present in acid water. 
Chlorides and sulfates of zinc a.re highly soluble. Zinc is used in 
many commercial products, and industrial wastes may contain large 
amounts. 

Zinc in moderate concentrations is not known t.o have adverse 
physiological ettects on man or stock, but zinc salts give water an 
unpleasant astringent taste and form a greasy film on boiling water 
(Howard, 1923, p. 411). The U.S. Public Hea?th Service (1946, p. 
13) recommends that the concentration of zinc not exceed 15 ppm 
in drinking and culinary water on carriers subject t.o Federal quar­
antine regulations. Small quantities of zinc a.re t.oxie t.o various 
aquatic animals and plants. The elemf\nt may also have such a. t.oxic 
action on purifying bacterial flora of streams as t.o present serious 
sewage pollution problems. The concentration of 0.3 ppm is t.oxic 
t.o some fresh-water fish (Ellis, Westfall, and Ellis, 1946). High 
concentrations of zinc are reported t.o be detrimental t.o some crops 
(Kelly and Brown, 1938). 

D:Ua-1 DITHIZO••· llTliOTIO• XETBOD 

The dithizone extraction method is similar in substance t.o part IA 
(tentative), .APHA (1955, p. 212-214) Standard Methods. 

Principle of determination 

Zinc forms a ket.o complex with dithizone. This complex is soluble 
in carbon tetrachloride or chloroform and imparts a bright-red color 
to the solution. Many other metals react the same way with dithi-
7..one as does zinc. At a. pH of 4.0-5.5 sodium thiosulfate largely 
prevents the reaction of copper, mercury, silver, gold, bismuth, lead, 
and cadmium with dithizone while allowing the reaction of zinc t.o 
proceed. In the presence of much nickel or cobalt, potassium cyanide 
can be used as the complexing agent. 

The reaction may not go to completion because the presence of 
thiosulfate also retards the reaction between zinc and dithizone. 
Therefore, the determination is to some extent empirical, and it is 
essential to adhere to directions as t.o volumes, time of extraction, 
pH, etc. Even analytical-grade reagents often contain sufficient 
zinc to be detected by the procedure. Instructions are given for 
extraction of prepared reagents with dithizone before use. Some 
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batches of dithizone may require purification; when necessary, the 
reagent can be purified by the ammonia extraction method (Sandell, 
1950). Zinc may also be dissolved from gli.ssware and some stop­
cock grease. All glassware should be rinsed with dilute nitric acid 
before use. Dithizone and dithizonates decompose rapidly in a 
strong light. Hence, samples and standards should be carried 
through the procedure simultaneously, and the. color comparison 
should be made before an undue lapse of time. 

In the absence of excessive quantities of other metals that react 
with dithizone at the pH of the test, result.a are accurate and repro­
ducible to ±0.000IS mg. 

Apparatua and reasenta 
Matched test tubee, glalllHltoppered 
8eparatory fwmela, 125-ml 
Zinc chloride, 1.00 ml=0.010 mg Zn•• 
Hydrochloric acid, O.OC>N 
Sodium b7dro:dde, O.OC>N 
lletb7l oranse indicator aolutlon 
Acetate bu1rer aolutton 
Sodium thlosulfate, 25 percent 
Dl:tblzone, 0.001 percent In CCI. 

Proeedure 
Samples for the determination of zinc should be treated in accord· 

ance with directions given in sec. A: 4d. 

1. Plpet a volume of Ample containing less than 0.005 mg Zn•• (ISO.O ml ma:ir:) 
Into a aeparato17 funnel and adjust the volume to ISO ml with metal-free 
water. 

2. In aeparato17 funnels, prware a blank and aumctent atandarda, and ad.jut 
the volumes to ISO ml wlth metal-free water. 

8. Adjuat the sample and atandarda with O.OC>N BCl and O.OC>N NaOB until the7 
are Juat acid to methyl orange. 

4. Add 25 ml acetate butler. 
15. Add Ii ml 25 percent Na1S.Oa. and mb:. 
8. Add 15.0 ml 0.001 percent dlthlzone. 
T. E:ir:tract by shaking vigorously for 2.0 min. 
8. Withdraw the CCI. layer into a rlaBB-stoppered teat tube and stopper tlchtl7 

to prevent lose of solvent. 
9. Compare the Ample and standards by viewing transversely against a wblte 

background. The color changes from green to red with tncreaalnr concen­
trations of zinc. Record the zinc concentration of the Ample to the neareet 
0.0005 mg zn·•. 

Calealationa 
l 1 000 ppm Zn•1==--X ' X mg Zn+t In sample 

denaity ml sample 
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Report zinc concentrations of < 1 ppm to 2 decimal places and of 
> 1 ppm to 2 significant .figures only. 

Pre,aratlon of reqenta 
Zinc cbloride, 1.00 ml=0.010 me zn.a: Dilute 10.00 ml ZnCla (1.00 ml==0.10 mg 

Zn.a) to 100.0 ml with metal-free water. Prepare Immediately before ualq. 
Zinc chloride, 1.00 ml=0.10 mg Zn.a: Dl88olve 0.100 1 reagent-grade Zn• <» 

mesh) In a sll1ht excess of dilute BCl and dilute to 1,000 ml wltb metal-free 
water. 

Bydrocblorlc acid, O.OliN: Dilute 4.2 ml cone BCl (sp gr 1.19) to approx 1 liter 
with metal-ftiee water. 

Sodium hydroxide, O.OCiN: Dlaolve 2.0 g NaOB In metal-free water and clllute 
to approx l liter with metal-free water. 

Methyl orange Indicator solution : DlBBolve 0.5 g methyl oraqe In water and 
dilute to approx l llter. 

Acetate buffer solution: Mix equal volumes of 2N NaCJLO. and 2N BCJLO.. 
Remove heayY metals by repeated extraction with O.OOG percent dltbisone 
until the CCI. remains green. Rinse out the dlthlsone by extractln1 with 
CCI.. 

Sodium acetate, 2N: Dlaolve 136 1 NaC.B.0.·3B10 in 500 ml metal-free water. 
Acetic acid. 2N: Dilute 57 ml 11aclal BC.B.Oa to 500 ml with metal-free water. 
Dlthlzione, O.OOG percent In 001.. Di8801ve 12.5 mg dlpbenyltblocarbazooe In 

approx 250 ml CCt.. Stopper tightly and store In the refrigerator. 
Sodlum tbiosulfate, 25 percent: Diaolve 25 1 Na.S.0.·5B.O In approx 100 ml 

metal-free water. Extract repeatedly with O.OOG percent dltblsone until the 
CCI. remains green. Rinse out tbe dlthlzone by extractlq with CCI •. 

Dlthlsone, O.OOG percent In CCI.. Dissolve 12.5 mg dlphenylthlocarbasone In 
1 liter CCI.. Stopper tightly and store In the refrl~erator. 

D:UH DIBEOT 001.0-..COUAJUIO• D'l'BOD 

The method is not as specific for zinc as D: 42a-1 but is more rapid 
if copper is also determined. 

Principle of determination 

In a buffered solution, zinc forms a red keto complex with dithizone 
in acetone. Sodium thiosulfate inhibits the interference of other 
metals that react with dithizone. Sodium citrate is used to complex 
iron, which oxidizes dithizone. The keto complex is soluble in water­
acetone media, and no extraction is required. 

Copper also forms a complex which absorbs light in the same range 
as the zinc complex. The absorbancy of the zinc and copper complexes 
determined collectively are corrected for that attributable to copper. 

In the absence of other interfering metals, results are accurate and 
reproducible to ± 0.0005 mg. 

Additional information on the principle of the determination 1s 
given by Sandell (1950, p. 87-113). 
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Apparatus and reagents 
Spectrophotometer, Beckman Model B: 

Wavelength: 5.'iO ml' 

Cells : 40-mm optical depth, cyllndrical 
Phototube: Blue-sensitive 
Initial sensitivity setting : 3 
Slit width : 0.3 mm (approx) 

The following absorban<'les have been obsened: 

Mg Zn 

0.001 
.000 
. 004 
.008 

Zinc chloride, 1.00 ml=O.OOI mg zn•' 
Sodium thlosulfate, 25 percent 
Acetate-citrate composite solution 
Acetone 
Dlthlzone, 0.05 percent In acetone 
Copper solution, 1.00 ml=0.010 mg Cu" 

Procedure 

A b1orbattey 

0.068 
.133 
.260 
• 515 

D:&-2 

Samples for the determination of zinc should be collected in accord­
ance with directions given in sec. A: 4d. 

1. Determine the copper contt>nt of the sample by the procedure described in sec. 
D: 14a-1. 

2. Plpet a volume of sample containing less than 0.01 mg zn•• (10.00 ml max) 
Into a 00-ml beaker and adjmit the volume to 10.0 ml with metal-free water. 

3. Prepare a blank and suffi<'lent standards, and adjust tbe volumes to 10.0 ml 
with metal-free water. 

4. Add 1.0 ml 25 percent Na,s.o, and mix. 
5. Add 1.0 ml acetate-citrate comJ>ORite !lOlutlon and mix. 
6. Add 10.0 ml acetone and mix. 
7. Add 2.0 ml 0.05 percent dlthizone and mix. 
8. Cover the beakers to minimize evaporation. 
9. Immediately determine the combined absorhancy of the test sample and 

sta:ndilrds against the blank, and when neeessary make corref.'tion for water 
.color as directed iJt sec. C: la-2, method 1. 

10. Prepare a correction curve for copper contributing to absorbancy by treating 
standard solutions by the procedure gi,·en above. 

Calculations 
1. Correct absorbancy for that attributable to copper. 

Azn=A.zn+cu-Acu 

2. Determine quantity of Zn" In test sample from a plot of corrected absorb­
ancies of standards containing known amounts of <'<mstituent. 

1 1000 . 
3. ppm Zn+2= -d ' t X 1 ' 1 X mg Zn+z m sample ens1 y m samp e 

Report zinc concentrations of < 1 ppm to 2 decimnl plnces and of 
> 1 ppm to 2 significant figures only. 
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Preparation of rupnta 
Bodlum thi0811lfate eolutlon, 215 percent: Di1110lve 2l50 1 NaaS.O.·m.<> in metal­

free water and dJlute to approx 1 liter. Extract with dlthlsone In CCl. until 
titrant &hows no evidence of sine. 

Acetate-citrate composite aolutlon: Di1110lve 340 g NaC.S.0.·81LO in metal-tree 
water, add 1.15 1 Na.c.B.Ot·2JLO, and dilute to 1,000 ml. Extract with 
dithlsone In CCI. until tltrant shows no evidence of sine. 

Dithlzone reagent, O.OG percent : Dl890lve 0.100 g dlphe117lthlocarbuone In 200.0 
ml acetone. This reacent must not be refrigerated ( dlthlsone will precipi­
tate at low temperatures). 

Zinc chloride, 1.00 ml=0.0004 me Zn"': Dilute 10.00 ml ZnCla (1 ml=0.10 mg 
Zn..,) to 2l50.0 ml with metal-free water. Dilute 10.00 ml of thla Intermediate 
solution to 100.0 ml with metal-free water. Prepare Immediately before 
using. 

Zinc chloride, 1.00 ml=0.10 mg Zn"': Dl880lve 0.1000 1 reacent-grade Zn• <» 
meah) in a slight excess of dilute BCl. Dilute to 1,000 ml with metal-free 
water. 

Copper solution, 1.00 ml=0.010 me Cu"': DllllOlve 0.0100 g cu• In a minimum of 
dilute HNO. and dilute to 1,000 ml with metal-free water. 
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