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INTRODUCTION-THE MISSOURI RIVER 

Ralph H. Luebbers, Professor of Chemical Engineering, University of Missouri 

The Missouri River is one of the great rivers of the 
world, having a drainage area of 580,000 square miles. 
Of this, 25 50 square miles, are in Canada and the balance 
in the eight states; Montana, North and South Dakota, 
Wyoming, Nebraska, Iowa, Colorado, Kansas and Mis-
souri. It is the third longest river in the world being 
exceeded in length only by the Amazon and the Nile. lt 
is 2475 miles from Three Forks north of Yellowstone 
National Park where the confluence of the Jefferson, 
Madison and Gallatin Rivers form the Missouri River to 
the point where the Missouri enters the Mississippi di-
rectly north of St. Louis. 

While all of the watershed of the Missouri River 
is in an area having an annual rainfall of less than 40 
inches per year and much is in semi-arid regions with a 
rainfall rate of less than 20 inches a year the average flow 
at the mouth is of the order of 100,000 cubic feet per 
second. This is in contrast to the Nile where the upper 
reaches are in areas in which the rainfall is up to 80 
inches per year and the Amazon where most of the water-
shed has an annual rainfall over 80 inches per year and 
all over 60. It is estimated that the Missouri River dis-
charges over a half a million tons of silt into the Missis-
sippi each year. Under natural conditions maximum flow 
rates of 500,000 cfs have been measured at Kansas City 
and 200,000 cfs at Sioux City. The minimum flows are 
about 23,000 cfs at Kansas City and 12,000 cfs at Sioux 
City. 

f 
• TRIBUTARY RESERVOIRS 

Figure 1 

It will be noted from Figure 1, which is a map of 
the river and its watershed, that many reservoirs have 
been built both on the main stem and on the tributaries. 

In fact more are being built and planned at present, 
though the major program is largely complete. The 
major dams on the main stem include Ft. Peck, Garrison, 
Oahe, Big Bend, Ft. Randall and Gavins Point. The 
Oahe dam was first closed in August 1958. There are 
five principal purposes for these dams: Flood control, 
regulation of flow to maintain a suitable channel depth 
for river transportation, provide water for irrigation pur-
poses in certain areas, to provide the flow needed for 
sanitary purposes during the winter months and to gen-
erate electrical power. 

This series of dams and reservoirs is being controlled 
and operated by the Corps of Engineers, Division Of-
fice at Omaha. The Control Plan is developed each year 
by a Committee which has been set up by the Corps of 
Engineers for this purpose. This is done in two stages. In 
the spring of each year a public hearing is held for the 
purpose of gathering information on public needs as far 
as the Missouri River Flows are concerned. This com-
mittee headed this year by Mr. Pafford of the Corps of 
Engineers, is made up of representatives from the eight 
states in the watershed and representatives from the fol-
lowing governmental agencies: Corps of Engineers; 
Bureau of Reclamation, Public H ealth Service, Federal 
Power Division, Fish and Wildlife Service, Weather 
Bureau, Geological Survey and the Department of Agri-
culture. Mr. J. C. Alexander, Engineer, Division of Re-
sources and Development, Water Section, Jefferson City, 
has represented Missouri during the past year. The sec-
ond phase of the development of the Operating Plan 
is carried out in the fall of the year when the committee 
is called together for the purpose of completing final de-
tails of the plan for the coming year. Each year, includ-
ing the last meeting in September, there has been un-
animous agreement among those in attendance on the 
details of the plan which is then published annually. 
Some of the details of the 1959-60 plan are shown on 
Figures 2 and 3. Figure 2 shows the operation of the five 
major dams and the water being released by each for 
1958 and 1959 and that being planned for 1960. Figure 
3 shows the total storage on the system and the flow at 
Sioux City for the same period. It is to be noted that 
flows between 20,000 and 30,000 cfs were maintained for 
somewhat over seven months during the summer months. 
This represents the season for river transportation. The 
flow was reduced immediately when the last boat had 
completed the season. It should be pointed out that the 
total flow during this period was greater than that pro-
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Figure 2 

duced by the watershed during the same period. The 
lower flow requirements for sanitary purposes, during the 
winter months, allowed the reservoirs to be somewhat 
refilled. 

Experience indicates that a minimum of 23,000 cfs 
flow is needed to provide an ·adequate channel depth for 
river transportation. The U. S. Public Health Service 
has in a report dated October 1952 recommended a mini-
mum flow for sanitary purposes of 6,100, 8,500 and 
12,700 cfs at Sioux City, Omaha and Kansas City re-
spectively during the months of June, July, August and 
September with the requirements during the remainder 
?f the year dropping to 45 per cent of these values in 
March, April, October and November, and 60 per cent 
during the remaining four months. In 1956 it was rec-
ommended that the winter flows at Kansas City be kept 
at least 2,000 cfs above these levels. This has resulted in 
a flow of 9,600 cfs being considered a minimum require-
ment at Kansas City. Over the years some difficulty has 
been experienced in maintaining the desired flow during 
periods of heavy freezing. Although during the months 
of December 1958 and January 1959 the average flow 
past Kansas City was 16,000 cfs, there were two occasions 
during which the flow fell to about 7,000 cfs as a result 
of temporary loss of flow to ice storage. The duration of 
flow below the desirable level of 9,600 cfs was six days 
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Figure 3 

in December and five days in January. Supplemental re-
leases, made from Gavins Point Reservoir before both 
occurrences on the basis of forecasted cold waves, shorten-
ed the duration of the low flow periods. 

In the meeting today we are largely interested in the 
quantity and particularly the quality of the water in the 
River as it passes through Missouri. The quantity of 
water is dependent upon the rainfall on the watershed. 
The rate of flow throughout the year is determined by 
how the dam and reservoir system is regulated, with 
some modification due to heavy freezing and thawing. 
The quality of the water is determined by the dissolved 
salts and silt picked up in the river bed and the nature 
and quantity of the contribution from each of the towns 
and industries along the course of the river. For the pur-
pose of the discussion today the contributions of the 
towns and cities are most significant. Yanktown, Sioux 
City, Omaha, Council Bluffs, St. Joseph, Leavenworth, 
Kansas City, Independence, Lexington, Boonville, Jef-
ferson City and St. Louis all contribute something. 

Reference: 
Summary of actual 1958-59 operations and annual 

operating plan for 1959-60. U. S. Army Engineer Divi-
sion, Omaha, Nebraska. Aug. 1959. 



POLLUTION ABATEMENT IN THE ST. LOUIS AREA 

F. E. Wisely, Horner & Shifrin, Consulting Engineers, St. Louis, Missouri 

Sanitary sewage and industrial wastes from the St. 
Louis Metropolitan Area are discharged to the Mississippi, 
Missouri, and Meramec Rivers. The two agencies bearing 
the principal responsibility for the abatement of pollution 
contributed from the immediate vicinity of St. Louis are 
the Metropolitan St. Louis Sewer District, with jurisdic-
tion over 233 square miles, including the City of St. 
Louis and part of Sc Louis County in Missouri, and The 
East Side Levee and Sanitary District, with jurisdiction 
over an area of 96 square miles, including parts of Madi-
son and St. Clair Count1c:s in Illinois. 

The entire St. Louis Metropolitan Area is notable 
for its highly diversified industrial activity, and this ac-
tivity is reflected in the quantity and quality of the wastes 
presently being discharged from the area to the major 
rivers. Essentially all of the industrial wastes from the 
area, together with most of the sanitary wastes, are dis-
charged to the Mississippi River. The wastes discharged 
to the Missouri and Meramec Rivers are predominantly 
domestic in character. On the Illinois side of the Missis-
sippi, the volumetric proportion of industrial wastes to 
sanitary sewage was found to be about ten to one. On 
the Missouri side, based on information collected to date, 
this proportion is believed to be about two to one. Be-
cause of the predominance of industrial wastes, with the 
resulting influence on the design of public sewage treat-
ment works, this discussion deals mainly with some of 
the problems confronting industry with relation to the 
abatement of water borne pollution. 

During the past ten years, the State and Federal 
public health agencies have been scrutinizing pollution 
in the major rivers in the vicinity of St. Louis. In 1952 
and prior thereto, under the 1948 Federal Water Pollu-
tion Control Act, the Bi-State Development Agency, in 
collaboration with the United States Public Health Serv-
ice, the Illinois Sanitary Water Board, and the Missouri 
Division of Health, studied pollution in the Mississippi 
River. This study culminated in a report entitled "Missis-
sippi River Water Pollution Investigation-St. Louis 
Metropolitan Area, 1954." The report outlined_ the 
degree of pollution and the major sources thereof for the 
entire Metropolitan St. Louis Area. It contained general 
recommendations for the abatement of pollution and 
further recommendations that those responsible for the 
pollution take definite steps toward its abatement. Al-
though no specific timetable was set, the report had the 
effect of causing some industries and communities to 
take at least preliminary steps to study their pollution 

problems, and in some cases, to construct sewage treat-
ment facilities. 

After passage of a strengthened Federal Water Pol-
lution Control Act in 1956, a conference was held in ac-
cordance with the provisions of the Act, and timetables 
were established for the construction of sewage treatment 
facilities by the responsible agencies to serve the entire 
Metropolitan St. Louis Area. Most of these responsibile 
local agencies presented a schedule under which the in-
vestigation, design and construction of pollution abate-
ment facilities was to be performed. Both the Metropoli-
tan St. Louis Sewer District and The East Side Levee and 
Sanitary District took immediate action, and generally 
have complied with the schedules. 

To date, on the Illinois side of the Mississippi, the 
pollution abatement program has progressed through the 
preliminary report stage, which required about sixteen 
months for completion. A recommended plan for pollu-
tion abatement has been evolved and presented to the 
appropriate authorities. The next major step to be taken 
is by the communities affected by the plan, who now are 
required to decide whether they will participate in a co-
ordinated plan for pollution abatement, or whether they 
will proceed individually with the construction of inde-
pendent treatment works. Following these decisions , a 
bond issue to cover the required facilities will be sub-
mitted to the voting public. 

On the Missouri side of the Mississippi, a study 
estimated to require thirty months for completion has 
been under way for about ten months. Most of the sewer 
gaging work required for this investigation has been 
completed along with the major portion of the analytical 
work. It is anticipated that the first report of four in-
cluded in this study, covering the fact finding phase of 
the investigation, will be submitted in the first quarter 
of 1960. 

According to the State and Federal authorities, the 
pollution abatement program should accomplish the fol-
lowing: 

1. Substantially complete removal of floating and 
settleable solids. 

2. Removal of not less than 45 per cent of the total 
suspended solids. 

3. Removal of toxic materials and substances causing 
undesirable taste, odor, or unsightly conditions 
downstream from the St. Louis area. 

The first two of these objectives normally can be 
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easily accomplished by primary treatment of the wastes. 
However, the removal of toxic materials and of taste and 
odor producing substances usually cannot be achieved by 
standard sewage treatment processes of the primary type, 
at least to the degree desired. Thus, the abatement of 
pollution caused by such materials often must be attacked 
at the sources, and the responsibility for abating this pol-
lution, in many cases, must rest with the contributing 
industry. 

As a major part of the investigations conducted for 
the local agencies mentioned in the preceding discussion, 
each of the major industries is interviewed. In most cases 
these interviews have proved to be of mutual benefit, and 
have provided the medium for a free exchange of infor-
mation. Most of the industries have shown a gratifying 
degree of cooperation, and have gone to considerable 
lengths to supply the data required on water consump-
tion, on quality of waste streams, and their best estimates 
as to the future waste contributions their plants will 
make to the public sewer systems. Conversely, every rea-
sonable effort has been made to provide candid and ac-
curate answers to the questions posed by the industrial 
representatives. 

In a few instances, misunderstandings were found to 
exist with regard to the necessity for pollution abate-
ment, with regard to the extent to which the industries 
would be required to abate pollution within their own 
plants, and with regard to the practicality of complying 
with effluent standards with which the industrial repre-
sentatives had been confronted elsewhere. It is believed 
that most of such misunderstandings were dissipated by 
describing the helpful and cooperative attitudes of the 
public health officials who have shown an admirable de-
sire to help those industries with difficult pollution prob-
lems, rather than to penalize them. 

Both of the state public health agencies have indi-
cated a reluctance to set effluent standards. Apparently 
most of the major industries appreciate this stand, since 
it allows them more leeway in attacking their problems 
in a step-wise manner. 

Without doubt the aspect of pollution abatement 
that is of greatest interest to industry is that of econom-
ics. Most of the industries in the St. Louis area realize 
that the construction of pollution abatement facilities is 
inevitable, and are planning accordingly. However, for 
intelligent evaluation of the economics of in-plant pollu-
tion abatement, it is necessary to have an understanding 
of how such public facilities would be financed, and of 
how the costs of financing would be distributed among 
the waste contributors. 

The most appropriate method of financing the con-
struction and operation of the contemplated major sew-
age treatment works for the St. Louis area appears to be 
by means of revenue bonds, for which the debt service, 
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as well as the costs of operating and maintaining the fa-
cilities, would be derived by sewage service charges. Par-
ticularly for highly industrialized communities, the prac-
tice of basing such service charges on both the quantity 
and strength of the wastes contributed, is becoming more 
and more common. Two relatively recent applications of 
such charges are in Cincinnati, Ohio and the Allegheny 
County Sanitary Authority in Pennsylvania. This method 
already has been· recommended for the proposed facilities 
for The East Side Levee and Sanitary District, and at the 
present time the method appears to have merit for the 
financing of sewage treatment facilities for the Metropoli-
tan St. Louis Sewer District. The financing report recent-
ly submitted to The East Side Levee and Sanitary Dis-
trict recommended that the charges to industrial contri-
butors be based on the gallons of waste contributed, the 
pounds of suspended solids present in the waste, and in 
the case of one treatment facility, on the pounds of phenol 
and acidity present in the waste stream. 

It is obvious that with sewage service charges based 
on these or similar characteristics, in many cases it will 
be economically advantageous for the individual indus-
tries to effect the abatement of pollution within their 
own plants to a fairly high degree. Recent experiences 
have shown that when sewage service charges are levied 
against industries on the bases described in the foregoing, 
a high reduction in industrial pollution takes place, even 
in advance of the completion of sewage treatment plants. 
This has been demonstrated vividly at Cincinnati, Ohio, 
where, over a five-year period, industrial in-plant pollu-
tion abatement resulted in striking reductions in the pol-
lutants discharged to streams. At Cincinnati, ether solu-
ble matter was reduced from 22,137 to 2,762 pounds per 
day, biochemical oxygen demand was reduced from 
50,014 to 6,694 pounds per day, and suspended solids 
were reduced from 77,680 to 1,507 pounds per day. 

However, industries cannot evaluate the economics 
of in-plant pollution abatement on the basis of generali-
ties, and must have at least an approximate idea of what 
service charges might be applied to their specific condi-
tions. Until a plan is developed for the interception and 
treatment of the sanitary sewage and industrial wastes, 
it is obviously not feasible to furnish the industries with 
an accurate schedule of service charges, since the charges 
are developed from the capital and operating costs of the 
facilities to be constructed. As interim information, dur-
ing the course of the interviews conducted with industry, 
schedules of service charges in effect in similar communi-
ties were given to the industry representatives. Although 
these schedules are not directly applicable to the St. Louis 
area, they appear to serve a useful purpose as a guide for 
preliminary economic evaluations. 

In addition to the individual interviews, during the 
course of the investigation for the area east of the Missis-



sippi, group meetings were held with industries with 
common problems. These meetings, held for the purpose 
of providing current information to the participants, were 
well receive~,, and it is felt that mutual benefits resulted 
from them. Several valuable suggestions were made dur-
ing these meetings that were influential in deriving some 
of the conclusions of the study. 

In the meantime, the industries are not _standing by 
idly. Many are examining their waste problems in detail. 
A few with major problems, are conducting pilot plant 
studies to determine treatability of their wastes. Almost 
all of the larger industries are scrutinizing means of ef-
fecting water conservation. In a few cases, industries have 
discovered that savings will result from the reclamation 
of materials that are presently being discharged to the 

sewers. Several of the industries using large quantities of 
cooling water are investigating the possibilities of dis-
charging clean wastes directly to the rivers or to open 
channels. 

The pollution abatement program in the St. Louis 
area is. regarded as a cooperative effort, arid one in which 
both public and private agencies must play an active part. 
It is necessary, then, that a spirit of complete -understand-
ing be developed to achieve cooperation, and both the pub-
lic ancfthe private agencies must make special efforts to 
understand the problems of the other. All too often, due 
to misunderstandings, some degree of mistrust has been 
allowed to exist. Only by correcting the misunderstand-
ings can complete cooperation be regained and the pollu-
tion abatement program carried to a successful conclusion. 
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EFECTIVENESS OF THE INTERCEPTION OF SEWAGE-STORM WATER MIXTURES 

Walter G. Shifrin, Horner & Shifrin, Consulting Engineers, St. Louis, Missouri 

One of the most critical stream pollution problems 
existing in the United States today is that of the Missouri 
and Mississippi Rivers in the St. Louis Metropolitan area. 
Huge quantities of both sewage and industrial wastes 
from Missouri and Illinois communities are discharged to 
the rivers, for the most part, with no treatment. 

This problem has recently been brought to a head 
by the action of the United States Public Health Service 
and the States of Missouri and Illinois. Acting within the 
jurisdiction of the Federal Water Pollution Control Act, 
Public Law 660, the Surgeon General held a conference 
in March of 1958 in St. Louis. At that time the courses 
of action necessary and a timetable for these steps were 
set forth. 

In compliance with the findings of this conference, 
The East Side Levee and Sanitary District, which en-
compasses some 13 incorporated areas in Madison and 
St. Clair counties of Illinois, and the Metropolitan St. 
Louis Sewer District, which includes the City of St. Louis, 
as well as 96 communities in St. Louis County, both re-
tained the consulting engineering firm of Horner & 
Shifrin to carry out studies to develop plans for abating 
the pollution· of the Mississippi River. 

Although the problems of these two agencies are in 
many ways very different, they do have one major prob-
lem in common-that is that many of the sewer systems 
in both areas are of the combined type. This paper, the 
basic thought and initial work of which were done by 
W. W . Horner prior to his death in September 1958, 
presents an engineering analysis of the amount of the 
mixture of sewage and storm water runoff which should 
be intercepted for treatment. 

Figure No. 1 shows a typical hydrograph for a com-
bined sewer system. This hydrograph was developed from 
actual measurements of the flow from one of the Metro-
politan St. Louis Sewer District outlets during the sum-
mer of 1959. Initial inspection of this hydrograph shows 
a definite pattern of dry weather flow. The wide varia-
tions and the relative magnitude of the discharge due to 
surface runoff of rainfall are also shown. 

It may be seen by further inspection of Figure No. 1 
that it would not be economically feasible to intercept 
and treat all of the sewage-storm water runoff mixture. 
In order to approximate the possible magnitude of the 
storm water runoff for comparison with sewage flow, this 
runoff was calculated for the extremely heavy rainfall of 
June 14 and 15, 1957. For the area served by the com-
bined sewer systems of the City of St. Louis, the runoff 
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from the storm which lasted approximately 16 hours, was 
found to be about 50 times as great as the volume of dry 
weather sewage flow for a twenty-four hour period. Dur-
ing the height of the storm the rate of runoff was 250 
to 260 times as great as the average dry weather sewage 
flow. 

In the past, interceptor sewers have been arbitrarily 
designed with capacities of 3 to 5 times, and in rare cases, 
even up to 10 times the design average dry weather flow. 
For a typical large sewer system such as those in exist-
ence in the St. Louis area, the ratio of the peak to the 
average dry weather flow may be on the order of 1.36 to 
1 as is also shown in Figure No. 1. Therefore, the rare 
case of interception of 10 times the average dry weather 
flow would result in interception of 7.5 times the peak 
dry weather flow if this factor is used for the above 
system. 

In the Metropolitan St. Louis area it is estimated that 
the average sewage flow to the Mississippi River is on 
the order of 220 cubic feet per second ( cfs) from the 
Illinois communities and 490 cfs, not including ground 
water infiltration, from the Missouri side. The Mississippi 
River, with an average discharge of 167,000 cfs and a 
minimum flow of 45,000 cfs, affords on the average a 
dilution of 240 to 1 and a minimum dilution of 64 to 1. 
With this available dilution, it is obvious that occasional 
discharges of raw sewage mixed with surface runoff of 
rainfall will be insignificantly detrimental to the quality 
of the river water. 

With the huge volumes of wastes to be handled in 
the Metropolitan St. Louis area, the economic considera-
tions relating to interception and treatment can not be 
over-stressed. The available dilution of the Mississippi 
River, as pointed out above, allows the Engineer to take 
some liberties, not necessarily allowable in other areas, in 
determining the proper interception factor in terms of 
efficiency and economy. 

Analysis of Rainfall 

The primary purpose of this study is to determine 
the proper interception factor-especially with respect to 
runoff resulting from light rainfall, since it is obviously 
not economically feasible to intercept the huge quantities 
of surface runoff from heavy rainfalls. Therefore, it is 
necessary to study rainfall frequency and intensity in rela-
tively small time intervals. 



The data selected as the basis for this analysis are 
those obtained from the published records of the United 
States Weather Bureau, entitled "Hourly f>recipitation 
Data." The period chosen for investigation is the'year 
195i.in which there was a wide variation in rainfall oc-
currence. Additionally, 1957 was an abnormally wet year, 
with precipitation about 140 per cent of normal. 

The area selected for study is the sewer system of the 
City of St. Louis. These sewers also serve some CQ!Ilmuni-
ties which lie in adjoining St. Louis County. In general, 
these sewers have been designed and constructed to carry 
combined flows of sewage and storm water runoff to the 
Mississippi River for disposal. Large areas of St. Louis 
County are served by two systems which deserve special 
consideration with respect to interception of the flow 
carried by them. 

The area drained by these remaining combined sewer 
systems is approximately 25,300 acres. With an estimated 
future population of 680,000 persons or 27 persons per 
acre, the estimated future average sewage flow, not in-
cluding ground water infiltration, based on average water 
consumption for all types of usage, would be 600 cubic 
feet per day per acre. In order to be comparable to rain-
fall, this flow was converted to the equivalent 0.007 inch 
of depth per hour per acre. For purposes of this study 
this value will be 1ised as the average dry weather sewage 
flow. Furthermore, based upon experience, the peak rate 
of sewage flow has been assumed to be 0.0095 inch per 
acre per hour or approximately 136 per cent of the aver-
age flow. 

The procedure followed was first to tabulate the 
hourly precipitation data for the entire year as extracted 
from the Weather Bureau data. Runoff was then esti-
mated on the basis that 35 per cent of the surface area is 
impervious and that about 0.04 inch of depth of rainfall 
are required before surface runoff from the impervious 
area can begin. The runoff from the impervious area was 
then calculated by deducting 0.04 inch from the hourly 
rainfall and then multiplying the remainder by 0.35 . Ex-
cept for the hot, dry season, it is also assumed that the 
film of 0.04 inch accumulates through successive hours. 

For the pervious area, it is assumed that the first 0.12 
inch represents permanent surface retention, and that 
regardless of the condition of the ground, the first 0.12 
inch in an hourly sequence would produce no runoff. In 
rainfalls of greater intensity, the infiltration rate in the 
first hour is generally taken to be 0.50 inch per hour, and 
in the succeeding hour, to be 0.25, reducing in continu-
ing hours to a low value of 0.12 . These are average values 
developed in the past from research projects in which 
the Consultants have participated. However, for each par-
ticular application these figures are varied by judgment, 
recognizing antecedent conditions and related soil mois-
ture. 

The results of the above calculations showed that 
out of the 8,760 hours in the year, measurable rainfall 
occurred in 626 hours, but runoff at a rate of 0.01 inch or 
more occurred in only 401 hours. 

Next, an analysis of the calculated storm water run-
off was performed. For this purpose, the computed sur-
face runoff was tabulated in groups with increments of 
0.0025 inch up to the runoff rate of 0.05 inch. Above 
this rate, increments of 0.01 inch were used. The hours 
at each runoff rate were tabulated, as well as the total 
flow, that is the surface runoff plus the average dry 
weather sewage flow of 0.007 inch per hour. 

Analysis of Interceptor Efficiency 

Three sizes of interceptor sewers were then chosen 
and the effectiveness of each evaluated. The first of these 
had a capacity equal to the average sewage flow (0.007 
inch per hour) plus 0.0025 inch per hour of runoff. This 
total capacity of 0.0095 inch per hour would be approxi-
mately equal to the peak sewage flow. Interceptors with 
capacity equal to approximately 1.72 and 2.07 times the 
average sewage flow (127 and 153 per cent of the peak 
dry weather flow rate, respectively) were also analyzed. 
The method followed in this evaluation was to determine 
the volume of sewage-storm water mixture which would 
not be intercepted at each increment of runoff, that is, by 

. s-ubtracting the capacity of the interceptor from the total 
flow: By knowing the percentage of sewage in the mix-
ture, based upon average sewage flow, the volume of 
sewage being bypassed was computed. Knowing the 
number of hours of by-passing at this rate, then the num-
ber of equivalent hours at the average sewage flow rate 
for this amount of sewage to be by-passed were calculated. 

The results of this analysis are shown on Figure 
No. 2. For an interceptor with capacity equal to the peak 
dry weather sewage flow (136 per cent of the average 
flow), only 3.07 per cent of the dry weather flow would 
be by-passed to the receiving stream during the year if 
the selected pattern of rainfall (actual rains of 1957) oc-
curred. If the capacity of the interceptor system is in-
creased to twice the average sewage flow or approximate-
ly 150 per cent of the peak flo~rate, the amount of raw 
sewage which would be by-passed is only reduced to 2.19 
per cent. 

For an interceptor with a capacity equal to the peak 
sewage flow rate, it was determined that out of 8,760 
hours in the year, rainfall occurred in 626 hours, runoff 
greater than 0.0025 inch per hour in 507 hours, and by-
passing 435 hours , or 4.9 per cent of the time. Actual 
sewage by-passed during these 435 hours is equivalent to 
269 hours of flow at the average dry weather rate. 

By going one step further, the effects of these inter-
ceptors of various capacities on the effectiveness of pollu-
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tion abatement facilities may be shown. It is presently 
contemplated that "primary treatment", that is, plain 
sedimentation of the sewage solids with the necessary 
devices for pre-treatment as well as sludge treatment and 
disposal, will satisfy the criteria set forth for treatment of 
wastes to be discharged to the Mississippi River in the 
St. Louis Metropolitan area. It may normally be expected 
that if such facilities are properly maintained and oper-
ated, they will remove 90 per cent of the floating solids, 
80 per cent of the settleable solids, 50 per cent of the 
total suspended solids, and 35 per cent of the 5-day bio-
chemical oxygen demand. 

With an interceptor capacity of approximately 150 
per cent of the peak sewage flow rate, it was shown that 
2.19 per cent of the total annual sewage flow would be 
by-passed to the river. From the 97.8 per cent of the flow 
which would be intercepted and treated, 50 per cent of 
the total suspended solids would be removed, thereby 
effecting an overall removal of 48.9 per cent. By provid-
ing an interceptor with a capacity equal to only the peak 
dry weather sewage flow rate, this efficiency would be 
reduced to 48.5 per cent. In Figure No. 3, the effect of 
various size interceptors on the removal of other consti-
tuents of the waste flow is shown. With the exception of 
floating solids, these curves are based upon the percent-
ages of sewage by-passed. The percentage of time in 
which by-passing occurs, was used to develop the curve 
for floating solids. This difference is due to the fact that 
some portion of the pollutants which are distributed 
throughout the volume of the mixture being discharged 
would be intercepted; whereas all the floating materials 
would tend to be by-passed during periods of overflow. 
The overall efficiencies which are shown on Figure No. 3 
lie within the aims of this program as stated by the Il-
linois Sanitary Water Board and the Missouri Water 
Pollution Board. 

Interceptor capacity also has a great effect on the 
costs of interceptor and treatment facilities. The size of 
interceptor sewers, pumping stations, and the hydraulic 
elements of treatment plants would be directly affected. 
In Figure No. 4 the relative costs of sewers with capacity 
of 100, 126, and 152 per cent of the peak sewage flow 
rate are plotted. It may be seen that in order to provide 
interceptor capacity for approximately 150 per cent of the 
peak flow rate or, in other words, twice the average sew-
age flow rate, sewers would cost about 45 per cent more 
than if capacity were provided for only the peak sewage 
flow rate. The magnitude of this increase may be visual-
ized when one realizes that rough estimates for the neces-
sary interception system, including intercepting devices, 
sewers, pumping stations, and force mains, for the Met-
ropolitan St. Louis Sewer District approach fifty million 
dollars ($50,000,000). 
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Conclusions 

Based upon the above discussions, the following con-
clusions have been drawn. In evaluating these conclu-
sions, one must bear in mind that occasional discharges 
of raw sewage mixed with surface storm water runoff in 
the St. Louis area will be into the Mississippi River, 
which has a tremendous capacity for assimilating these 
discharges. Raw sewage discharges of the amounts pro-
posed herein might adversely affect the quality of smaller 
and less turbulent streams. 

Therefore, our conclusions are listed as follows: 
1. The selection of interceptor capacities in excess 

of the peak dry weather flow rate will produce an in-
significantly small increase in the effectiveness of pollu-
tion abatement at a significant increase in the initial cost 
of the facilities . 

2. For the ratio of peak to average dry weather sew-
age flow as used in this study (peak flow equal to 136 
per cent of the average sewage flow), or for any ratio in 
excess of that used in this study, there is not justifica-
tion for adopting interceptor capacities in excess of the 
peak sewage flow rate. 

3. For occasional high dry weather peaks of short 
duration, there may be justification for selecting inter-
ceptor capacities less than that of the peak flow. 

A meeting was held in February of 1959 for the pur-
pose of presenting the above conclusions to the agencies 
of jurisdiction, that is, the United States Public Health 
Service, the Illinois Sanitary Water Board, and the Mis-
souri Water Pollution Board. After independent study of 
these results, each of these agencies has given its approval. 
Therefore, preliminary designs and cost estimates of sew-
age interception and treatment facilities for The East 
Side Levee and Sanitary District as well as for the Met-
ropolitan St. Louis Sewer District are being prepared on 
the basis of providing interceptor capacity equal to the 
anticipated peak sewage flow rate. 
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Comments 

Ray Lawrence: One comment that could be made 
Professor Luebbers. I was particularly interested in what 



Ed Wisely had to say about the plant at Cincinnati. 
Actually Cincinnati designed into the plant a certain 
capacity for handling industrial wastes and as a result of 
the in-plant measures that were taken by many of the 
industries those loads were reduced. I'd say this has 
created a little bit of a problem in the matter of the 
rates because they are dependent upon charges to indus-
try pay for this plant capacity. The industries by reduc-
ing their load are upsetting the rate schedule upon which 

the plant financing was based. 

F. E. Wifely: Further comment along that line is this, 
that the largest industry in the Cincinnati area provided 
the most accurate picture of their predicted waste load 
and they were within very few pounds and very few gal-
lons of their actual prediction. The smaller industries 
that possibly didn't spend quite as much technical effort 
on it were those that were a little less accurate. 
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MASTER PLAN FOR TRUNK SEWERS AND SEWAGE 
TREATMENT FOR KANSAS CITY, MISSOURI 

Ray E. Lawrence, Black & Veatch, Consulting Engineers 

Purpose of Study 

In 1957, the City of Kansas City, Missouri, decided 
to undertake a study of trunk sewers and sewage treat-
ment. The purpose of the study was threefold: (1) to de-
termine the adequacy of existing trunk sewers and the 
need for additional trunks and interceptors to serve the 
study area and certain outside areas; (2) to ascertain 
waste treatment facilities needed to comply with require-
ments established by State and Federal health authorities; 
(3) to devise facilities that could be integrated into a 
regional or metropolitan system, should such a system be 
established in the future. 

Scope of Study. 

Black & Veatch was engaged to study that part of 
Kansas City, Missouri, which lies south of the Missouri 
River. The firm of Haskins Riddle & Sharp conducted a 
generally similar study in the portion of the City lying 
north of the Missouri River. These portions of the City 
are located in what was identified as the north and south 
study areas respectively. The north study area also em-
braced a small portion of Platte County. The south study 
area included the City of Kansas City, Missouri, plus part 
of Jackson County and totaled a combined area of 65,890 
acres. Also studied were certain areas which drain into 
the City or which lie adjacent to it. These included: 

a) The Central Industrial District (Kansas) 310 
acres), 

b) The Turkey Creek Basin (Kansas) (15,400 acres), 
c) The Leawood area (Kansas) (3,200 acres), 
d) Part of the Blue River Basin (Missouri) south of 

the study area (16,500 acres), 
e) The Rock Creek Basin containing part of the 

City of Independence, Missouri (6,300 acres) . 
The total area studied comprises 107,600 acres. 

Existing Trunk Sewer System 

The sewer collection system serving the City south 
of the Missouri River covers portions of three watersheds, 
(a) Kansas River (b) Missouri River and ( c) Blue River. 
Certain small areas in Kansas are also served by the 
Kansas City, Missouri Sewer System. All existing trunk 
sewers were designed as combined sewers; that is, they 
were sized .to carry both storm-water runoff and sanitary 
sewage. 
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During periods of high river stages the T..urkey Creek 
Trunk Sewer and certain of its principal tributary main 
sewers become surcharged by backflow from the Kansas 
River. To prevent flopding during these occasional peri-
ods of surcharge the City maintains two pumping sta-
tions, one at 25th and Fairmount, and the other at 28th 
and Southwest Boulevard. Scattered throughout the col-
lection system at various points are eleven pumping sta-
tions. Two of ,these pump combined storm and sanitary 
sewage, and nine, located in more recently constructed 
areas, pump only sanitary sewage. 

Some of the trunk sewers emptying into the Mis-
souri and Kansas Rivers pass through levees along these 
streams. They discharge to pumping stations designed to 
pump the collected waste to the streams during periods 
of high river stage. Interception of dry-weather sewage 
flow from such trunk sewers presented a variety of prob-
lems. 

Quantity of Sewage 

An extensive gaging program was carried on over a 
period of several months to: 

a) determine the adequacy of the existing trunk 
sewer system and to ascertain where this system 
has capacity to carry additional flows , 

b) provide basic data for estimating future sewage 
flows, 

c) determine the effect of air-conditioning cooling 
water on sewage flows. 

A variety of gaging methods were used including: 
1. weirs, 
2. the area velocity method employing the use of a 

current meter, 
3. the area velocity method using conductivity varia-

tion, 
4. critical depth, 
5. depth of flow measurement. 

Gaging of flow was carried out over twenty-four hour 
periods at each trunk sewer outfall and measurements were 
repeated several times. Simultaneously with gaging of 
flows, samples were collected from the principal trunk 
sewers to determine the character and strength of the 
sewage wastes. The total mean daily flow measured was 
66.4 million gallons which came from a riet tributary area 
of 31,186 acres containing a population of 454,300 peo-
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ple. This total flow as distributed between the three 
watersheds indicated: 

1. The Blue River area had a mean daily flow of 
31.7 million gallons from 23 ,726 acres containing 
306,600 people. 

2. The Missouri River watershed from Main Street 
to the Northeast Bottoms had a mean daily flow 
of 8.9 million gallons from 2,060 acres containing 
29,000 people. 

3. The Kansas River tributary area yielded a mean 
daily flow of 25 .8 million gallons from 5,400 acres 
cM1taining 118,700 people. 

During gaging in the Blue River trunk sewer, meas-
urements were made to determine variations in Manning's 
"n" with changes in depth of flow and also as a result of 
bottom deposits. The latter were found to .be· more sig-
nificant than changes in depth of flow in their effect on 
((n." 

Flow measurements were made by the area-velocity 
method using the co~ductivity method to measure the 
mean velocity. This method was found to be simple and 
quite accurate and was used in measuring flows over a 
range of 10 to 222 cubic feet per second. 

Design criteria for proposed trunk sewers to serve 
recently developed areas involved consideration of foot-
ing drain flows, infiltration, population increase and ex-
pected future per-capita water consumption. Trunk sewers 
were sized to carry the ultimate peak flow from such 
tributary areas. Interceptor sewers along the Missouri 
River were sized to carry 1 ½ times the ultimate peak of 
dry-weather flow from tributary trunk sewers. Flow regu-
lation at interception points from these tributary com-
bined sewers would be achieved by gate controlled, 
gravity type interceptor structures. Each structure would 
be provided with a telemetering device which would re-
lay information on flow conditions and gate position to 
the control center. An operator at the control center by 
positioning the gates could regulate the flow into the in-
tercepting system, or by closing the gates exclude river 
water or storm water from the interceptor. Design 
cr1teria for future trunk sewers also provided capacity for 
expected commercial and industrial flows. 

A study of unusually high flows in sanitary sewers 
in adjacent Johnson County, Kansas, revealed that during 
wet weather, ground water flows from foundation drains 
were as much as one gallon per minute (gpm) or 1440 
gallons per day (gpd) per house connection. Since it has 
become general practice in the construction of new houses 
in this area to connect such footing drains to sanitary 
sewers, design criteria for proposed trunk sewers made 
suitable allowance for such foundation drain flow. 
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Characteristics of Sewage 

The laboratory data provided a good indication of 
the strength of .the sewage from the various trunk sewer 
systems serving the study area. In general, the sewage 
sampled from the southern part of the study areas was a 
typical, weak, domestic sewage with a BOD of about 150 
parts per million, a suspended solids content of 200 parts 
per million and a pH slightly above neutral. Waste from 
the industrial areas varied considerably in strength, rang-
ing from 300 parts per million (ppm) to 600 ppm BOD 
and reaching 1800 ppm BOD in one sample. The latter 
sample contained strong industrial wastes. 

A summary of the samples collected in 195 7 from all 
major trunk sewers of the collection system revealed that 
the study area had a population equivalent of 914,000 on 
a BOD basis. It was estimated that J:>y 1980 population 
and industrial growth would increase this population 
equivalent to 1,640,000 on a BOD basis. 

A comprehensive study of existing industrial wastes 
within the study area was carried on as part of the study. 
Questionnaires were sent to 82 industries to determine 
the volume and character of the wastes which they pro-
duce and which reached the City sewers. As a result of 
the recommendations made concerning this feature of 
the study the City has undertaken a continuing indus-
trial-waste study program in order to gather more in-
formation on the industries and to initiate a basic con-
trol program. The study pointed out a variety of control 
measures which are available to industry as an aid in the 
overall program of industrial waste collection and treat-
ment. These include flow regulation to discharge such 
wastes into the sewers during off-peak flow periods, pre-
treatment of strong wastes, and waste reduction by care-
ful scrutiny of waste-producing operations. 

The report recommended adoption of an industrial-
waste-control ordinance that would define inadmissible 
industrial wastes and set forth maximum allowable limits 
on certain other wastes. Also recommended, was a suit-
able service charge for such wastes based on the volume 
and solids content. 

Proposed Method of Treatment 

The aim of Federal and State water pollution control 
programs is the preservation or restoration of the quality 
of water resources. In 1952 the engineering section of 
the Missouri River Basin health council, consisting of 
the chief sanitary engineers of the ten Missouri River 
Basin states, adopted water quality objectives as a guide 
for water pollution control programs in the Missouri 
River Basin. Salient features of the criteria are (a) elimi-
nation of toxic substances from sewage effiuents (b) re-
moval of settleable and floating solids and ( c) provision 
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of industrial-waste treatment on a basis comparable to 
that provided for municipal wastes. 

Achievement of these objectives will require primary 
treatment of the Kansas City, Missouri, sewage plus con-
trol of toxic wastes by industries. Primary treatment con-
sists essentially of removal of settleable solids and treat-
ment and disposal of the resultant sludge. 

Due to its putrescible nature and high water con-
tent, sewage sludge is a difficult material to process. 
After considerable study the following sludge-processing 
procedure was recommended for Kansas City, Missouri. 

1. Thickening of sludge. 
2. Conditioning by coagulation with lime and iron 

salt. 
3. Vacuum filtration. 
4. Drying or incineration. 
Sludge drying is more costly than incineration be-

cause in the latter process the organic material in the 
sludge provides a source of heat; . whereas in drying only 
all of the heat required must come· from fuels such as gas 
or oil. On the other hand, sludge drying yields a material 
having value as a soil conditioner. The recommended 
method of sludge processing permits either drying or in-
cineration using the same equipment. 

Plans for Sewage Interception and Treatment 

Interception of sewage for treatment in most sewer 
systems involves gravity collection of the wastes from the 
various tributary watersheds. In Kansas City, Missouri, 
watersheds are involved; however, these can be combined 
into two major drainage areas. On this basis then it was 
logical to consider two major trunk and intercepting 
sewer systems with two corresponding treatment plant 
sites. A number of separate plans were considered but all 
were variations of two basic plans. In all, twenty-two 
separate plans were studied to determine the one that 
was most economical. An economic appraisal of the vari-
ous plans required that certain assumptions regarding 
useful life be made. These were: (1) that sewers would 
have an 80-year life, and (2) that pumping stations and 
sewage-treatment plants would last for 35 years. It was 
further assumed that financing of construction would re-
quire a 3- ½ per cent interest rate. The developed cost 
included amortization, maintenance, and operating costs 
for treatment works, pumping stations and intercepting 
sewers. 

The existing Blue River trunk sewer was designed 
and built to receive sewage from about 7,000 acres in the 
Brush Creek Basin. This area though completely sewered 
does not discharge to the Kansas City sewer system and 

18 

as a result, the Blue River trunk sewer has available, 
capacity in the section north of Brush C~eek. This ca-
pacity was utilized in the formulation of the recom-
mended plan. 

The final selection of the most suitable plan of waste 
collection and treatment for Kansas City, Missouri, in-
volved a number of considerations. These included (1) 
metropolitan aspects (2) treatability of sewage and (3) 
relative economics. An overall metropolitan or regional 
plan of collection and waste treatment may be devised 
in the future. If this occurs, it will be possible to inte-
grate the recommended plan into such an area plan. 

Recommended Plan 

The recommended plan includes two primary-treat-
ment plants. The first would be located at the mouth of 
the Turkey Creek trunk sewer and the Kansas River. The 
second plant would be located at a site some distance 
above the mouth of the Blue River and would discharge 
through an outfall sewer to the Missouri River. The plan 
would also involve a pumping station at the junction of 
Indian Creek and Blue River which would receive sanitary 
sewage from the Indian Creek drainage area and would de-
liver it into the proposed East Blue River trunk sewer. 
The East Blue River trunk would terminate in a pump-
ing station located at 23rd Street which would discharge 
into the existing Blue River trunk. The area south of 
Indian Creek and west of the Blue River would also be 
served by a West Blue River trunk. The East Blue River 
trunk system was designed to provide capacity to carry 
the ultimate peak dry-weather flow from the tributary 
areas within the study area, from the Leawood area in 
Kansas, and from the Blue River watershed south of the 
study area in Jackson and Cass Counties. 

Project Costs 

The recommended plan for the south study area was 
separated into three phases. The first phase which would · 
be carried out immediately involved: intercepting sewers 
and pumping stations costing $20,062,000 and treatment 
facilities estimated at $11,385,000. The total first phase 
cost would be $31,447,000. 

The second phase of the plan includes construction 
of additional intercepting sewers at a cost of $5,282,000. 
The third phase involves enlargement of treatment facili-
ties and would cost $4,200,000. Including estimated costs 
for recommended improvements north of the Missouri 
River the total cost for first phase would be $34,685,000. 
Similarly phase two would cost $30,138,000 and p>hase 
three, $10,296,500. 
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METHODS OF CHARACTERIZING ORGANIC MATERIALS OF TASTE 
AND ODOR SIGNIFICANCE FROM MISSOURI RIVER WATERS 

D. W. Ryckman, N. C. Burbank, Jr., and E. F.dgerley, Jr., Sanitary Engineering 
Laboratories, Washington University, St. Louis, Missouri 

Introduction 

The Missouri River, for many many years, has pro-
vided a source of water from which potable water is pro-
duced for millions of people located in seven states. The 
lower Missouri River had long been known for its ex-
tremely heavy turbidity loads which required water treat-
ment facilities along the river to be especially concerned 
with the removal of high suspended solids concentrations. 
With the closing of the Fort Randall and Gavin's Point 
Dams in South Dakota in the early 1950's, the last of 
the impounding reservoirs in the upper Missouri River, 
the water in the lower 900 mile section of the river 
drastically changed in quality having lower suspended 
solids. (1) 

The lower Missouri River, that portion of the river 
below the Fort Randall Dam, bounds five states and 
travels across the full width of the State of Missouri. This 
section of the river, therefore, serves as a source of water 
for numerous centers of population in Missouri, Kansas, 
Nebraska, Iowa and South Dakota. These population 
centers, like all other progressive areas in the country, 
have experienced extensive growth in population and 
industry with the inevitable corrollary, increases in waste 
discharges to this river. 

With the combination of decreasing turbidity and 
increasing domestic and industrial pollution in the river, 
the water treatment plants along this section of the Mis-
souri River have experienced an increase in the frequency 
of taste and odor problems and have been finding it more 
and more difficult to produce a water of acceptable taste 
and odor quality. The necessity of distributing a taste and 
odor free water to the consumer and the large economic 
factor often involved in producing a water of acceptable 
quality is well known to everyone in the water industry. 
In addition, other industries using water in plant opera-
tions, such as plating, ion exchange processes, beverage 
production and the manufacture of high purity chemicals 
and allied products are concerned about the presence of 
certain organic materials in their process water. 

Thus, the importance of the presence of taste and 
odor causing materials in the Missouri River was realized 
by representatives of industries and municipalities and 
resulted in the formation- of the Missouri River Pollution 
Monitoring Committee. Active cooperation by this com-
mittee was given in furnishing materials of taste and 
odor significance for study in the Sanitary Engineering 
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Laboratories of Washington University, St. Louis, Mis-
souri. 

A study of these organic materials of taste and odor 
significance wilLbe presented. Also, the techniques pres-
ently utilized to characterize these organic substances will 
be discussed. 

Mode of Study 

The organic material studied was collected at vari-
ous points along the lower Missouri River extending 
from Yankton, South Dakota, the first municipal water 
user below the last of the large impounding dams, to 
St. Louis, Missouri, where the Missouri River discharges 
into the Mississippi. Along this 840 mile stretch of river, 
eight sampling stations were established at water treat-
ment plants. Here activated carbon filters were installed 
to monitor both raw river water and tap water. These 
sampling stations, shown in Figure 1, were located at 
Yankton, South Dakota; Omaha, Nebraska; St. Joseph, 
Kansas City, Lexington, Jefferson City, St. Louis (Howard 
Bend Plant), and St. Louis County (North Plant), Mis-
souri. 

Water was passed through the 127 cu. in. carbon 
filter at a rate which allowed 5000 gallons of water to be 
filtered in a two week period. At the end of this period, 
the carbon in the filter was replaced and the carbon con-
taining the adsorbed organics dried and extracted with a 
suitable solvent. The solvent containing the extracted or-
ganic material was then removed leaving the concentrated 
organics and the weight of these were determined. 

Chloroform was chosen as the solvent for three rea-
sons. First, other investigators ( 4) have shown that the 
majority of taste and odor producing organics found in 
natural waters are chloroform soluble and second, chloro-
form would el1minate groupings of organics which are 
not of significance in taste and odor problems. Third, 
chloroform soluble organic materials obtained in prelimi-
nary studies confirmed the capture of odorous materials. 

The total concentrated chloroform soluble organics 
was separated into groups using the principle of solu-
bility partition. ( 4) This procedure, outlined in Figure 2,, 
divided the material into the following groups : ether in-
solubles, water solubles, amines, strong acids, weak acids and 
neutrals. The group separation was accomplished by dis-
solving a tared sample of the original material in ether 
and filtering the mixture to remove the ether insolubles. 
The remaining solution was extracted with water and the 
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water soluble group recovered by evaporation. The re-
maining ether solution was extracted with N/1 HCl, the 
water layer basified to pH greater than 10 and then ex-
tracted with ether to obtain the amines. 

The ether solution containing the remainder of the 
organics following the acid extraction was further ex-
tracted with a 5% NaHCO3 • The resulting water layer 
was acidified to pH 2 with HCl and extracted with ether 
to separate the strong acid group upon evaporation. 

Again, the original ether solution was extracted with 
N/1 NaOH. The resulting water layer was acidified to a 
pH of 2 with HCl and extracted with ether, obtaining 
the weak acid group upon evaporation of the ether. The 
neutrals were obtained by evaporating the remainder of 
of the original ether solution. 

A column chromatographic separation procedure was 
utilized to separate the neutral group into the following 
three sub-groups: aliphatics, aromatics and oxygenated ma-
terials. As shown in Figure 2, the neutrals were absorbed 
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on a column ot silica gel and the column elutriated first 
with isooctane, then with benzene and finally with a 1 : 1 
mixture of chlorform and methanol. 

All groups and sub-groups were carefully dried at 
a temperature of 55 to 60° C with the aid of a jet of 
purified air. After dessication the weights of these ma-
terials were determined. 

Since this study is predicated on the existence of taste 
and odor problems encountered with Missouri River 
waters, it was necessary to select a parameter to 
measure this characteristic. The threshold odor test 
was used for this purpose as outlined in the 10th Edi-
tion of Standard Methods for the Analysis of Water, 
Sewage and Industrial Wastes. ( 6) It was determined 
through preliminary studies that the significant odor pro-
ducing materials were concentrated in the neutral and 
weak acid groups. Therefore odor determinations were 
conducted on these two groups as well as the total chlor-
oform soluble material. The same five man odor test 
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panel was used for all determinations. 
The remarkable ability of natural waters to remove 

certain organics is well recognized. More recently some 
organics have been found to be very resistant to bio-
logical degradation and have been reported by various 
investigators (2) (5). This information led the authors 
to investigate the feasibility of using biological extrac-
tion procedures as a method of (a) further concentrating 
organics which would be troublesome from the stand-
point of their persistence and (b) isolating those com-
pounds which have considerable odor potential. There-
fore, biochemical studies were conducted on total chloro-
form soluble organics under simulated stream condi-
tions (7). Samples of sufficient size for these studies were 
obtained by compositing a portion of the total extracts 
collected over a period of several months. The two bottle 
single dilution technique for long-term BOD studies (3) 
was used to measure the degree and rate of degradation 
of these materials. The COD (6) of the organics was 
determined prior to biological degradation and threshold 
odor levels measured on the contents of the reaction ves-
sels at the beginning and end of the 20-day testing peri-
od. Oxygen utilization was determined daily. Nitrite de-
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GROUP SEPARATION 

OF ORGANIC EXTRACTS 
BY PHYSICAL CHEMISTRY 

FIGURE 2· 

terminations were utilized to insure that the results of 
oxygen utilization were due only to the carbonaceous 
phase. 

Infrared spectrographs were prepared of the original 
organics used in the BOD studies and of the chloroform 
soluble organics extracted from the BOD bottles at the 
end of the degradation period. Spectrographs were also 
prepared of total samples of organics from the various 
sampling stations and of the various group separations. 

Results and Discussion 

Data on the quantity of chloroform soluble organics 
passing each of the eight sampling stations have been 
continuously collected since October 1957. The results 
for 1958 are shown in Table I. This information was ob-
tained by continuously measuring the odorous organics 
contained in a portion of the river water at each sampling 
point and the weighted daily averages of organics com-
puted using flow data supplied by the United States 
Geological Survey. It may be observed that the average 
number of pounds of organics passing each sampling sta-
tion daily generally increases as one proceeds downstream 
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from Yankton, S. D. to St. Louis, Mo. As shown in 
Figure 3, four thousand one hundred pounds per day of 
chloroform soluble organics passed the Yankton sampl-
ing station while over 16,000 pounds per day were meas-
ured at the St. Louis stations. This is evidenced even 
though such processes as adsorption, sedimentation and 
biological assimilation are known to take place in our 
natural waters. 

The 1958 data listing average concentrations of or-
ganics in tap and raw waters are presented in Table II. 
It may be observed that there was an increase in the con-
centration of organics measured in tap waters over those 
measured in the raw waters. This demonstrates the in-
effectiveness of the presently used water treatment pro-
cedures in removing these substances . The increase of 
these organics during water treatment is a major problem 
and is being further investigated. 

Group separations were performed on selected sets of 
total organics. A set consisted of organics collected over 
the same two week time period at each sampling station. 
Results of group separations on a set of samples collected 
between February 17 and March 5, 1958, are presented in 
Figure 4 to illustrate the type of information gained 

TABLE I 
AVERAGE QUANTITY OF CHLOROFORM SOLUBLE OR-
GANICS PASSING EACH SAMPLING POINT DURING 1958 

ORGANICS 
SAMPLING POINT Pounds Per Day 

YANKTON-------------- -- --- ----- -- - --- -
OMAHA---------------------------------
ST. JOSEPH-----------------------------
KANSAS CITY---------------------------
LEXINGTON-- - ------ -- --- ---- ---- ----- --
JEFFERSON CITY-----------------------
ST. LOUIS (Howard Bend)-----------------
ST. LOUIS COUNTY (North Plant)----------

TABLE II 

4,100 
4,900 
3,900 
4,800 

10,100 
7,300 

17,200 
16,200 

AVERAGE CONCENTRATION OF CHLOROFORM SOLUBLE 
ORGANICS IN RAW AND TAP WATERS AT EACH SAMP-

LING POINT DURING 1958 

SAMPLING POINT 
ORGANIC CONCENTRATION 

Parts Per Billion 
RAW TAP 

WATER WATER 

YANKTON--- -- - --- ----- ----- -- 37 -------- 39 
OMAHA----------------------- 36 -------- 47 
ST. JOSEPH------------------- 33 -------- 38 
KANSAS CITY~---------------- 41 -------- 36 
LEXINGTON--- - --- ----- ------- 36 -------- 45 
JEFFERSON CITY ------------- 32 -------- 46 
ST. LOUIS (Howard Bend)------- 41 -------- 48 
ST. LOUIS COUNTY (North Plant) 36 -------- 53 

through this method of analysis. It may be seen from this 
data that there is little significant change in the quantity 
of the ether insoluble group or the amine group between 
the various sampling stations. However, the quantity of 
neutrals and weak acids do significantly increase at sampl-
ing points downstream from Yankton, South Dakota. 
It is to be noted that these latter groups are the ones 
that have been related to the most odorous fractions of 
the total organics. There was also an appreciable increase 
in the water soluble group at downstream sampling points 
and some increase indicated in the strong acid group. Al-
though these two groups in themselves do not contrib-
ute significantly to the odor content of the total organic 
extract, concentrations of these materials is of importance 
in correlating results with sources of organic materials 
entering the river. 

The results of the column chromatography study of 
the neutral group for this same set of samples are illus-
trated in Figure 5. It is to be noted that there was some 
increase in the aliphatic and aromatic portions and a very 
significant increase in the oxygenated derivatives at down-
stream sampling stations. This is evidence that certain 
aliphatic and aromatic constitutents are persisting in the 
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river and the major increase in the oxygenated derivatives 
provides a basis for considering the possibility that the 
organics entering the river are being converted to mate-
rials falling in this group through partiaJ degradation. 

The results of the infrared spectrographs prepared of 
total samples of organics and of the group separations 
were similar for all stations. Typical spectrograms are 
shown in Figure 6. 

Results of threshold odor tests conducted on the set 
of samples used for the group separations described above 
are presented in Table 3. These data include threshold 
odor results obtained on total and neutral fractions of the 
organic extracts from both raw and tap waters. The con-
centration of total organics required to produce a thres-
hold odor generally decreased downstream from Yankton 
in both raw and tap water samples. This means that the 
odor potential of these organics actually increase at down-
stream sampling stations. It required 430 ppb of the total 
extract from the raw water at Omaha, Nebraska, to pro-
duce an odor while it took only 128 ppb to produce an 
odor from the St. Louis County (North Plant) organic 
sample collected during the same period. In the case of 
the organics from the tap water it required 720 ppb for 
the Yankton sample while a threshold odor was obtained 
using only 256 ppb of the sample from the St. Louis 
County (North Plant). For this latter case, there is al-

TABLE III 
THRESHOLD ODOR RESULTS ON SAMPLES OF ORGANIC 

EXTRACT* 

SAMPLING 
POINT 

YANKTON 

OMAHA 

ST. JOSEPH 

KANSAS CITY 

LEXINGTON 

JEFFERSON CITY 

Total Extract 
Neutral Fraction 

THRESHOLD ODOR 
Parts Per Billion 

RAW TAP 
WATER WATER 

720 
512 

Total Extract ---- 430 --------- 304 
Neutral Fraction - 324 -------~- 204 

Total Extract ---- 304 --------- 256 
Neutral Fraction - 430 --------- 362 

Total Extract ---- 218 --------- 304 
Neutral Fraction - 430 --------- 512 

Total Extract ---- 256 --------- 362 
Neutral Fraction - 362 --------- 362 

Total Extract ---- 180 --------- 151 
Neutral Fraction - 92 --------- 92 

ST. LOUIS (Howard Bend) 
Total Extract ---- 362 --------- 430 
Neutral Fraction - 180 --------- 256 

ST. LOUIS COUNTY (North Plant) 
Total Extract ---- 128 --------- 256 
Neutral Fraction - 180 -- ------- 256 

*Samples collected February 17 to March 5, 1958. 
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TABLE IV 
RESULTS OF BOD STUDY ON ORGANIC EXTRACTS* 

SAMPLING 
POINT 

BOD & COD of 5 mg/1 
SOLUTION OF ORGANICS 
20-DAY BOD COD 

mg/1 mg/1 

20-DAYBOD 
AS% OF 

COD 

YANKTON----------- 0. 76 -------- 10. 70 ----- 7.2 
OMAHA ------------- 0. 75 -------- 10. 75 ----- 7.0 
ST. JOSEPH--------- 1.37-------- 11.00----- 12.4 
KANSAS CITY-------- 1.53-------- 11.00----- 13.9 
LEXINGTON--------- 1.25 -------- 10.55 ----- 11.9 
JEFFERSON CITY---- O. 75 -------- 10.05 ----- 7.5 
ST. LOUIS 

(Howard Bend) ----- 0. 75 -------- 11. 75 ----- 6.4 
ST. LOUIS COUNTY 

(North Plant)------- 0.65 -------- 11.25 ----- 5. 7 

*Chloroform soluble organics composited from samples 
collected over the period from October, 1957 to July, 
1958. 

most a three-fold increase in the odor potential of the 
organics at the downstream sampling point over that at 
the upstream point. 

In the case of the organic extract samples from raw 
water there is some decrease in the concentration of the 
neutral group organics required to produce a threshold 
odor at the Omaha upstream station over that at the St. 
Louis stations as illustrated in Table III. A greater dif-
ference may be observed for the neutral group organics 
from the tap waters between the Yankton and St. Louis 
stations. The interpretation of ~his is that the odor po-
tential of the neutral fraction organics also increase at the 
downstream St. Louis stations; this was noted previously 
in connection with the total organic extracts. 

The BOD study was conducted on portions of total 
extract composited from samples collected over the period 
from October, 1957 to July, 1958. COD values were 
measured on 10 mg of the total extract. BOD was ob-
tained for a concentration of 5 mg/1 of the extracted 
organic material; this being a concentration which would 
be expected to provide an adequate measurable oxygen 
depletion for degradable organics. The COD of 5 mg and 
the 20-day BOD values for 5 mg/1 of these organics for 
the various sampling stations are listed in Table IV. The 
20-day BOD computed as a percent of the measured COD 
are also given. These values range from approximately 
5% to 14% which are very low when compared to values 
of usually over 60% for readily assimilated materials. 
Since BOD values for organic materials which are known 
to be biologically degradable have been reported to be 
less than 10% (2) of the COD values, it may be logically 
concluded that these odorous organics are in this same 
persistant group. 

The threshold odor levels measured on the contents 
of the BOD bottles before and after the 20-day incuba-
tion period were observed · to be the same. Infrared spec-
trographs prepared from the extract prior to degradation 
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FIGURE 7 - SPECTROGRAPHS OF ORGANIC EXTRACT - BOD STUDY 

and the organic material recovered by extraction follow-
ing the incubation period are shown in Figure 7 for a 
typical station. In general, there was no noticeable change 
between the spectrographs which is further evidence that 
these substances are resistant to decay. 

Summary 

From the results of the work to date it is indicated 
that the carbon filter is a good tool for the study of 
organics of taste and odor significance found in the Mis-
souri River; that threshold odor data is a most important 
parameter and there is no substitute for this test ; that 
there is a build-up of organics in the Missouri River as 
it proceeds downstream; that water treatment is not re-
moving significant quantities of organics of taste and 
odor significance and, in fact, is increasing the quantity of 
chloroform soluble organics in many cases ; that infrared 
spectroscopy is useful in proving other methods of char-
acterization; and that characterization through the use 
of biological degraduation studies is important in de-
termining the persistence of organic material having taste 
and odor significance. 
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THE MISSOURI RIVERAS A SOURCE OF WATER FOR PUBLIC WATER SUPPLY 

H. 0. Hartung, Vice President and Manager of Production-St. Louis County Water Co. 
and Chairman, Missouri River Pollution Monitoring Committee 

The Missouri River is now the water supply source 
for over 3,000,000 people. Population esdmates indicate 
that nearly 4,000,000 people will be dependent upon the 
Missouri River for their drinking water within one to 
two decades. The health and welfare of these people is 
unquestionably dependent upon this water. Should pol-
lution increase to the extent that the Missouri River 
would be no longer suitable for public water supply, 
obviously, the harmful consequences would be catastroph-
ic. Pollution prevention and pollution abatement are all 
important to preservation of this vital natural resource 
for public water supply. 

The quality of the Missouri River water, if not alter-
ed by pollution is exceptionally well suited for public 
water supply use. It is low in color, almost entirely free 
of natural tastes and odors, has moderate total hardness 
and dissolved solids, is free of iron, manganese and other 
troublesome inorganic salts, has a reasonably low chlorine 
demand and is usually oxygen saturated. In addition, this 
water can be readily processed in modern water purifica-
tion plants as now constructed at the major cities along 
the Missouri River, to remove suspended .matter, soften-
ed, and made chemically balanced against corrosion and 
incrustation. The growth of such metropolitan centers as 
Omaha, Kansas City, St. Louis, St. Louis County and 
others has been possible and encouraged by the adequacy 
and excellent quality of their public water supply. 

Pollutants being dumped into the Missouri River 
over the years have been increasing in amount and are 
becoming a threat to the excellency of our public water 
supplies. This condition is cause for concern. Illustrative 
of such pollution are the following: Coliform bacteria 
counts frequently exceed 50,000 per 100 ml; Threshold 
odors numbers which have normally been 2 to 3, now 
at times equal 32; (See Figure 1 for the year prior to 
November, 1959); Ammonia in the river water which 
is zero during high and summertime flows has equalled 
1.2 ppm during the winter of 1955; (See Figure 2 for the 
year prior to September, 1959). The number of days the 
river water required special taste and odor control pro-
cessing over and above normal chlorination increased an 
average of from 10 per year prior to 1955, to over 60 in 
1959. On occasion there is some foaming on the river. 
During February, 1959, foam on purification basins at 
St. Joseph, Mi_ssouri, was particularly troublesome. Chlor-
oform soluble organics in the river water, normally 20 to 
50 parts per billion during summer time flows, have been 
as high as 160 parts per billion during winter flows. (See 

Figure 3 for year prior to November, 1959). Grease and 
oil slicks are visible on some reaches of the river from 
time to time. Oil scum on the purification basins at Lex-
ington, Missouri is frequently reported. The average 
chlorine demand on the river, normally 4 to 5 ppm, has 
been as high as 15 ppm. (See Figure 4 for the year prior 
to November, 1959). 

Another indication of pollution in the Missouri River 
and its effect on public water supply is the organization 
and operation of a cooperative, continuous organic pol-
lution monitoring program by Missouri River public 
water supply utilities between, Yankton, South Dakota 
and St. Louis. Nine public water supply utilities spaced 
along an 800 mile stretch of the Missouri River are con-
tinuously sampling the river water and the processed 
water, utilizing the carbon filter-chloroform extraction 
method developed by the U.S. Public Health Service. 
This cooperative monitoring program was an outgrowth 
of very disagreeable taste and odor producing pollution 
in the river below Kansas City during December, 1955. 
Tastes and odors at that time were not satisfactorily re-
moved in any of the water purification plants on the 
lower Mssouri River and caused numerous consumer 
complaints and newspaper publicity. This experience very 
forcefully demonstrated that even the mighty Missouri 
River with its abundant volume of water could no longer 
assimilate the ever increasing amount of pollution it is 
receiving. 

The objectives of this pollution monitoring com-
mittee have been; 

1. To define stream water pollution problems in 
terms of amounts, frequency, and kinds of pol-
lution. 

2. To secure background data on the quantity of 
organic pollution in the river utilizing the carbon 
filter-chloroform extraction method. 

3. To assess the significance and possible harm to 
water supply of pollution in the Missouri River. 

4. To pinpoint, when possible, the sources of pol-
lution entering the Missouri River. 

5. To procure data useful and necessary for enlisting 
public action toward the preservation of the Mis-
souri River for use as a public water supply. 

Even though the amount of pollution in the Mis-
souri River is a matter for concern, all of the public 
water supply utilities along the Missouri River are deliver-
ing a safe water to their customers. The majority of the 
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time the water i_s also free of objectionable taste and 
odors. This has been possible because of added methods, 
efforts and costs in their water purification plants. As an 
example, the St. Louis County Water Company has in-
creased its raw water sampling and testing frequency. 
Additional control tests have been made routine pro-
cedure. Laboratory staff, to enable closer control of water 
purification plant processing, has been enlarged. Increased 
quantities of chlorine, activated carbon and other process-
ing are being applied in the purification plant. 

All of the major cities and a majority of industries 
along the Missouri River dispose their sewage and wastes 
untreated into the Missouri River. Based on U.S. Public 
Health Service announcements, there is planning by these 
-municipalities to give primary treatment to_sewage before 
discharging into the river. However, it will be at least 
several years before primary treatment becomes fact. 

Primary sewage treatment usually means the removal 
of settleable solids from the liquor. The removal or treat-
ment of dissolved matter, either by chemical precipitation 
and oxidation methods, or by biochemical oxidation is 
defined as "secondary" or complete treatment and is not 
a part of primary treatment. 

Pollution which has caused taste and odors in Mis-
souri River public water supplies has been dissolved mat-
ter, not removed by coagulation and filtration iri the 
water plant. This means it is reasonable to expect, that 
even though primary sewage treatment is a forward step 
toward Missouri River pollution abatel_!lent, water taste 
and odor treatment requirements in the public water sup-
ply water treatment plants will not be lessened because of 
primary sewage treatment: 

Primary sewage treatment should be considered only 
as the first step of a long range Missouri River pollution 
abatement program. From an engineering point of view, 
it is improper to assume that there can be election as to 
whether wastes should be treated in sewage treatment 
plants or should be removed from the water in water 
purification plants. Sewage treatment plant processing is 
totally unlike the processing in water treatment plants. 
Both maximum waste processing in the sewage treatment 
plant and potable water treatment in the water purifica-
tion plant are necessary to cope with modern domestic 
and industrial wastes. 

When characterizing Missouri River water, it is per-
tinent to note that the Missouri River is not the most 
polluted river in the United States. As reported by the 
U.S. Public Health Service basic data program results, 
there are several rivers more grossly polluted than the 
Missouri River. However, for those people dependent 
upon the Missouri River for drinking water, there should 
be little satisfaction in the knowledge that the Missouri 
River is less polluted than the worst. 

Pollution which imparts tastes and odors to River 
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water causes more difficulty in the water purification plant 
than does bacterial pollution. With Missouri River water, 
it has always been possible to add sufficient chlorine to 
the clarified water to cause bacterial disinfection. How-
ever, tastes and odors are not always as easily removed. 

To date, a majority of the tastes and odors in the 
Missouri River have been removed by the addition of 
8 ppm to 12 ppm of chlorine and about six hours con-
tact time. For_ some tastes and odors 5 ppm or more of 
activated carbon has been required after oxidation with 
chlorine. In a few instances, the water consumer has told 
us that the above treatment was not adequate. 

At those times, when the consumer has complained 
about his drinking water, he has described the taste as 
chlorinous, medicinal, musty, woody or metallic. In some 
cases the "after", or lingering taste in the mouth, has 
been more pronounced than the odor while the water 
was being consumed. Some tastes have become more pro-
nounced when the water was added to instant coffee or 
frozen orange juice. Taste and odors also have been in-
tensified as the water aged in the distribution system. 

Tastes and odors are not continuously noticeable in 
the river water. Pollution concentration in the river is 
also a variable. Flow in the river, the strength of wastes 
dumped into the river, biological activity because of tem-
perature and other reasons all vary from day to day. As a 
result, the occurrence of tastes and odors is periodic and 
without advance indication to the water plant operator. 

Taste and odor removal in the water purification 
plant requires early detection of taste and odor in the raw 
water or early detection of that quality in the raw water 
which will result in tastes and odors after chlorination. 
This is very difficult because of the lack of a good labora-
tory analytical tool for measuring and monitoring tastes 
and odors. Tastes and odors perceptible or objectionable 
to one person may be unnoticed or unobjectionable to 
another. Early detection of taste and odor conditions in 
the raw water is also difficult because the occurrences are 
irregular and without advance indications. Thus, raw 
water sampling and testing must be frequent on an around 
the clock basis and must involve more than one person. 

At the St. Louis County Water Company, waters 
which require special taste and odor control processing are 
detected from the following controls : First, water purifica-
tion plant basin operators and laboratory personnel fre-
quently ( every few hours) observe for changes in odor 
coming from the water as it spills over the presedimenta-
tion basin weirs. Because of the large mass of water spill-
ing over the weir, this in-plant odor detection method is 
often a more sensitive odor indication than the laboratory 
threshold odor test. Second, a change from the normal 
threshold odor number of 2 to 4 is noted and sets in 
motion a more frequent tasting of the water in all of the 
purification basins. (Laboratory people claim that the 



tasting of unchlorinated water is an occupational hazard, 
consequently the tasting of unchlorinated water is much 
less frequent) . Third, basin water samples, following pre-
chlorination, are discriminantly tasted by the laboratory 
staff several times each day. Fourth, an increase in chlo-
rine demand above a winter time normal of 5 parts per 
million is regarded as indicative of increased pollution 
and possible taste and odors. Fifth, reports of taste and 
odors from upstream water plants are regularly received 
through a cooperative arrangement with upstream water 
utilities. 

On some occasions it has been possible to show a 
definite correlation between upstream reports of pollution 
and odor conditions at St. Louis County. An example of 
such correlation is shown in Table I. Nine to ten days 
after the Corps of Engineers reported unusual strong 
odors and oil slicks at Missouri City, 315 miles upstream 
from St. Louis County Water Company's Central Coun-
ty Plant Intakes, extra taste and odor removal processing 
was required at the St. Louis County Water Company's 
purification plant. 

Not all tastes and odors reported upsteam cause 
troubles at St. Louis County. This undoubtedly is the re-
sult of dilution by the Grand and Osage rivers and by 
natural biological degradation of the pollutants. On the 
other hand, some taste and odor difficulties experienced at 

St. Louis County have not been noticed upstream. The 
latter is explained by research study information from 
Washington University, which shows that chloroform 
soluble organics taken from the river at St. Louis have a 
greater odor producing potential than an equal weight of 
organics recovered from upstream sampling points. 

The sporadic nature and the duration of tastes and 
odors in the Missouri River is shown by the plot of thres-
hold odor number by days. (Figure 1) The most trouble-
some tastes and odors and the highest threshold odor 
numbers occur during the winter months. During these 
months, the flow in the river is lower than during the 
less troublesome summer months. Also, water tempera-
tures are lower during the winter months resulting in 
less biological activity for biochemical degradation of 
pollutants. 

It has not been possible in every instance to corre-
late tastes and odor intensities with quantity of water in 
the river. Taste and odor difficulties have been experi-
enced at both high and low river flows. However, at St. 
Louis County taste and odors occur more often at the 
lower flows and following a change in river stage. Only 
a few taste and odor difficulties have coincided with river 
flows in excess of about 40,000 cubic feet per second. 
Tastes and odors at Kansas City have more often coin-
cided with river flows in excess of 40,000 cubic feet per 
second. 

TABLE 1 
CORRELATION OF TASTES AND ODORS IN THE MISSOURI RIVER AT ST. LOUIS COUNTY WATER COMPANY'S 

PURIFICATION PLANT WITH REPORTS OF POLLUTION AT MISSOURI CITY - 315 MILES UPSTREAM 

MISSOURI CITY POLLUTION REPORT TASTES AND ODORS AT ST. LOUIS COUNTY 
Elapsed Time -

Threshold Chlorine Odors at Missouri 
Date Description Date Description Odor Requirements City and St. Louis 

Numbers (1) P.P.M. (2) County 

12-13-58 Strong odor resembling 12-22-58 
rotten cabbage to Septic 8 8 About 9 days 

12-18-58 Light oil scum 12-30-58 

12-27-58 Heavy oil slick 1-6-59 
1-1-59 Strong Odors to Musty and Septic 8 7 About 10 days 

1-12-59 

1-7-59 Light oil slick 1-17-59 
1-8-59 Oil and rotten cabbage to Strong Septic 6 8.5 About 10 days 

odor 1-20-59 

1-28-59 2-6-59 
1-29-59 Heavy oil slick to Septic 8 8 About 9 days 

2-7-59 

(1) Normal Threshold Odor Number during period was 2. 
(2) Normal Chlorine Requirements during period were 5½ to 6 ppm. 
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T?e total quantity of chloroform soluble organics 
found m the Missouri River at the monitoring stations 
between Yankton, South Dakota and St. Louis is shown 
in Figure 5. Over a two year period, the average quantity 
of these chloroform soluble organics in the Missouri 
River at Yankton, South Dakota has been about 4000 
pounds per day. At St. Louis, the average quantity was 
18,000 pounds per day. In addition to the 4 ½ to 1 in-
crease in total chloroform soluble organics between Yank-
ton and St. Louis, the odor producing potential of each 
pound of organics at St. Louis is about three times greater 
than at Yankton. This means that one-third pound of 
the chloroform soluble organics at St. Louis will produce 
as much odor in the river water as one pound of the 
chloroform soluble organics obtained at Yankton. 

Another very significant finding to date is that water 
purification processing does not remove or reduce these 
organics. 
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Conclusion 

. ~he Missouri River, when reasonably free of pollµ-
t10n, i_s an excellent source for public water supply. The 
mo_st important use of the river is for this purpose. Pol-
lut10n abatement is necessary to preserve the Missouri 
River for future use as a drinking water source. 

T~e in~rea~ing quantities of pollution now reaching 
the Missouri River are causing a deterioration of the river 
water quality. Tastes and odors, high chlorine demands 
increasing amounts of chloroform soluble organics, and 
free ammonia are all illustrative of such deterioration. 

Water purification plants along the Missouri River 
are producing safe drinking water. Only occasionally the 
treated water has objectionable taste and odor. However 
it is not expected that these plants can continue to pro~ 
duce the same high quality water as in the past unless 
realistic pollution abatement programs become fact. 



THE DIVISION OF HEALTH LOOKS AT THE MISSOURI RIVER 

Warren A. Kramer, Chief, Public Water Supply, Missouri Division of Health, 
Jefferson City, Missouri 

What is more fascinating than a river? Poets, scien-
tists, philosophers, historians have all written pages on 
pages about rivers. When we look at the mighty Mis-
souri, we think of much that can be said about its history, 
its beauty, its usefulness, and its future . However, for 
the purposes of this discussion the subject is limited to 
THE DIVISION OF HEALTH LOOKS AT THE MIS-
SOURI. 

Through the eyes of the Division of Health the Mis-
souri Rive.is seen as the greatest source of public water 
supply in the State. It serves six cities plus most of the 
communities in St. Louis County. Numerically speaking, 
it serves 50 per cent of the population of the State. 

It is of interest to note that the River divides the 
water resources of the State nearly in half. To the south 
of the River there are abundant ground aquifiers varying 
from a depth of a few feet to 2,000 feet below the sur-
face. In contrast, we find that to the north of the River, 
potable water is practically nil at any depth; consequently, 
communities to the north of the River must, in general, 
depend on impoundments for sources of public water 
supply. 

Viewing the River from the Division of Health 
standpoint, one must consider two major factors; namely, 
quantity and quality. Because of the great number of 
cubic feet per second of flowing water-even at minimum 
velocities-one is inclined, at first glance, to consider 
quantity lightly. Upon closer investigation, however, we 
find that such questions as the following are being asked: 
Will there be enough water for public use? hydro-electric 
power? irrigation? navigation? water pollution? With 
these controversies now prevailing on the availability of 
sufficient water to meet such fundamental uses, we look 
again at the potential quantity. 

A report made by Jerone G. Locke, engineer, to the 
Presidents' Water Resources Policy Committee summar-
izes as follows: there is insufficient water within the flow 
of the Missouri to supply all the demands for the pur-
poses included in the Pick-Sloan Plan. In fact-con-
tinues the report-not even the irrigation program pro-
posed by the Pick-Sloan Plan could be adequately sup-
plied by the flow of the Missouri much less all the other 
contemplated uses. 

Is there reason, then, to consider the quantity? Yes, 
if it is conceivable that the whole flow of the River 
could be consumed by irrigation alone or, even if the 
major part of the flow were consumed by the irrigation 

program, might this not give rise to such major con-
troversies as the one concerning the use of the flow of 
the Colorado River? (This controversy, as you know, 
was settled by allocating the flow of the Colorado among 
the states it touches and Mexico) With this backlog of 
experience; it seems fitting, then, that careful cognizance 
be taken as to the quantity of the Missouri River; and 
subsequently, the allocation of its flow. As the popula-
tion increases and industry expands, the Division of 
Health sees the Missouri as a source of even greater de-
mand for public water supply. 

Several years ago Mark B. Layne-consulting engi-
neer-and the author proposed construction of huge 
water transmission lines diagonally across the northern 
half of the State which would join the Missouri and Mis-
sissippi rivers. These transmission lines were to serve as 
sources of water for purification plants located in stragetic 
areas. From these plants, finished water could be trans-
ported through a network of systems covering entire 
counties. Such a plan was conceived to serve a section of 
the State where economic advancement is now retarded 
because of inadequate water supplies. It was further pro-
posed that raw water be made available for irrigation in 
certain northeastern counties. This plan, in our opinion, 
is not a hopeless dream; but rather a practical, potential 
use of this natural resource for the advancement of public 
health and better living in Missouri. The natural re-
sources of this great river are barely tapped, but once 
they are tapped the problem of quantity will be a major 
consideration for public health officials. 

Since the success and happiness of people in the Mis-
souri Valley will in a large measure depend on how wise-
ly and how well we control the uses of this natural life 
line through the valley, it would seem a mistake for any 
state agency to enter into any kind of an agreement or 
pact with other state agencies or the Federal government 
on fixing minimum flows for the lower Missouri River 
Basin at this time. 

Now let us take a look at the second phase of the 
public health aspects of the Missouri River; namely, the 
quality of the raw water. For convenience, let us classify 
the quality of the water .into the four following categor-
ies : (1) silt contamination (2) domestic sewage (3) in-
dustrial wastes ( 4) radiological contaminations. For the 
moment, since it is not too much of a health problem, 
no consideration need be given the silt. Likewise, it 
would be only time consuming to present here the statis-
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tical data on domestic sewage, since factual data on this 
type of contamination can be reviewed at any of the water 
purification plants which routinely examine the raw 
water. For now, it is sufficient to say that untreated domes-
tic sewage is discharged daily by the tons into the River. 
These wastes contain typhoid, para typhoid, and various 
types of microbes causing dysentery, diarrhea, enteritis, 
hepatitis, maybe cholera, and perhaps polio. Except for 
the thin line of protection in the water purification plants, 
these would descend upon the public. Few people know 
how thin this line really is. Let us bring this into focus 
with this example : One day at an army camp installa-
tion which processed contaminated river water, a strange 
looking organism appeared on a plate. Identification tech-
nique established it to be bacillus dystenterie ( the Shiga 
type which is the most vicious of all) In spite of prompt 
action, four men died and 7,000 became ill. What had 
happened? The thin line-in this case the lime dosing 
machine-had broken down. Without lime, there was no 
flocculation; consequently, the bacillus had passed 
through the filters . 

There are other classic examples which emphasize 
the thinness of the safety factors between the consumers 
of public water supplies and the filth of the streams 
from which water supplies are taken. However, a po-
tential danger that is ever present lies in the vicious at-
titude of those who consider that the main purpose of 
the Missouri is to receive waste. This attitude has been 
a primary obstacle in the abatement of pollution of its 
source. 

I have here a summary of a report MISSOURI 
RIVER WATER QUALITY SUR VEY, which is the 
product of the water works plants' personnel that operate 
on the Missouri River and the U. S. Public Health 
Service ( copies are probably available upon request to 
the U. S. Public Health Service). The data in this report 
are typical and representative of bacterial loads of the 
River water. This survey reveal~ the following : 

The raw water at the Lexington Plant intake is the 
most polluted of any public water supply intake on 
the River. 
At every station in Missouri the River frequently 
exceeds 100,000 coliform bacteria per milliliter. 
Lexington shows that 100 per cent of the samples 
examined to exceed 20,000 per milliliter. 

Yet, there are planners who say that we need more 
study before beginning a concerted effort to 'clean up. 
They have said this for more than 25 years. I say, let 
them study; for we all know that long range planning 
is necessary; but the facts indicate that we also need 
some action now. Let us get the job started. Let us abate 
pollution! Once it is abated, further study will determine 
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how right we have been, and what we must do to main-
tain control. 1 

Communities using Missouri River as a source of 
water supply have been tormented for years by taste and 
odor problems. On two very severe occasions occurring 
in 1938 and 1939, surveys were made of River conditions 
from St. Joseph to St. Louis during which interviews 
were held with dozens of people living in communities 
along the River. Unity of thought was found on this 
score: the River stinks. In one of the smaller communi-
ties, a young lad was known to say, "There's pole cats 
on the River." (skunks, that is) This struck me as a 
sound observation for I believed at that time that the 
odors were mercaptans dumped with waste from a manu-
facturing process. 

Concurrently with (1938 and 1939) the epidemics of 
odors and tastes were outbreaks of intestinal enteritis. I 
interviewed a number of the practicing physicians in 
communities along the River concerning the epidemic 
who believed that there was a relationship between these 
intestinal disturbances and River conditions. I reported 
to my employers that I firmly believed that the periodic 
occurrences of enteritis were due to toxic chemical rather 
than of bacterial origin. At that time no one was inter-
ested in following through with the study. 

Then came the break-point chlorination technique, 
which did a good job of reducing or eliminating tastes 
conditions in processed water. Meantime, there were no 
moves towards pollution abatement. In fact, the River 
was used more and more as a convenient means of get-
ting rid of human filth and industrial wastes. Little con-
sideration has been given to the down stream uses. The 
prevailing idea has been to let the next fellow who might 
need the water struggle to clean it up. Pollution in-
creased, and now there are no known techniques in 
water purification that can be relied upon to remove all 
taste and odor. 

Industrial wastes, the second category, are extremely 
complex. Actually, no one knows the composition of 
the many, many chemical complexes that are found in 
the raw water of the Missouri River. More important, we 
do not know their long-time effect on health. Some re-
search is in progress isolating and identifying certain 
organic groups that have been extracted from the water 
with carbon and chloroform. Some of the chloroform 
extracts are very repulsive, and there is evidence of their 
toxicity. Other solvents as ether, alcohol, et cetera if used 
may show even more alarming pollutants in the water 
that 50 per cent of the population of the State is con-
summg. 

It can, on the brighter side, be said that properly 
processed Missouri River water is meeting all current 
acceptable bacteriological and chemical standards for 



potable water; that is, measured by the tools we now 
have available. However, our present methods of analysis 
are not telling the complete story, and standards of 
quality are not sufficiently inclusive. Water treatment 
processes are not removing the pollutents that may be 
deleterious to health. Free chlorine may react with odor-
ous materials of the raw water to produce less odorous 
compounds, but chlorination does not necessarily remove 
organics of health significance. In fact, some data indi.-, 
cates that chlorination changes substances to compounds 
of higher molecular weights. 

Many of our difficulties and delays are caused by 
our conflicting philosophies and inconsistent policies. 
These result mainly because there is not a clear defini-
tion as to "what may and what may not be dumped in-
to the River." For example, there are those who say dis-
charge anything and everything into the River until it 
proves detrimental in drinking water. In other words, 
let the consumer be the guinea pig. Others believe that 
no material should be discharged into the River until it 
has been proven harmless for human consumption. The 
Division of Health and health officials, in general, sup-
port the latter policy in regard to impounded supplies, 
but have not held steadfast on this point where flowing 
streams are concerned. 

We are continually asked whether certain algaecides 
that come on the market can be used in impoundments. 
A very effective herbicide known as Aqualin is now avail-
able; but we have advised producers that it cannot be 
approved for impounded water supplies until its toxicity 
in small concentrations is cleared by the U. S. Public 
Health Service. 

Approval has been requested for the use of organic 
coagulant aids, weed killers, et cetera in water works 
practices; but consistently, we reply in the negative; that 
is, unless it has been demonstrated that these materials 
are harmless to the health of the water consumer. 

Looking at the River, we see that prior to 1959 no 
one had asked what he should or should not dump into 
the River. It was simply assumed that it was legitimate 
to dump whatever waste one wanted to be rid of into 
the River. All sorts of organics were discharged into the 
River daily. Many are still being discharged into the 
River, and some of these are no doubt highly toxic. 

A most dramatic example of such occurrence was 
discovered by Robert A. Taft Sanitary Engineering Cen-
ter, U. S. Public Health Service. Samples collected for 
the National Water Quality Network from the Missis-
sippi River revealed the presence of a unique chemical. 
By chromatographic procedures and infrared tests the 
compound was identified as orthonitrochlorobenzene 
(this material is very toxic and possibly cumulative) was 
detected on the River at New Orleans and tracked up to 

St. Louis. It was consistently picked up at Cape Girar-
deau, but did not occur above St. Louis. The properties 
of the ONCB indicated its probable source and when 
the manufacturers were approached they agreed to stop 
discharging it into the River at once. There are many 
other compounds present in undetermined concentra-
tions, and these are of unknown toxicity. Others which 
were found and identified included phenyl ether, aldrin, 
and DDT. Since modern water treatment processes do 
not remove many substances, in order to safely guard 
public health the pollution must be corrected at its source. 

Looking further, I have seen water plants with Mis-
souri River intakes whose basins were foaming excessive-
ly; this was, most likely, due to detergents present in the 
water. Now, although detergents may not be deleterious 
to health; the thought of drinking diluted scouring 
agents is not pleasing. It is recognized that modern sew-
age treatment plants do not remove the dissolved sub-
stances that trouble the water works officals and perhaps 
threaten the health of the consumer. The proposed pri-
mary treatment of all domestic waste prior to discharge 
into the River is a progressive step toward pollution 
abatement; but, is it enough? 

I believe that these conditions are justifiable reasons 
to cause health officials to take a second look at the 
River. Knowing that these conditions are present, can 
we-with a dear conscience-recommend the Missouri 
River as a source of public water supply? 

Let us consider the case of Marshall. For many years 
Marshall wrestled with the problem of water supply hav-
ing to determine whether to continue with an inadequate, 
highly mineralized well supply; construct an impound-
ment; seek water directly from the Missouri River (ap-
proximately eight miles away) or take water from shal-
low wells in the Missouri River bottom. 

In Columbia there is now the same identical prob-
lem; and this city has the same alternatives. In both cases 
the Division of Health has strongly recommended wells 
in the Missouri River bottom land rather than River in-
takes. This recommendation was made on the basis that 
impoundments are only temporary answers to the prob-
lem, and the taste and odor problems are perpetual in 
both impoundments and the River. Also, the River 
source is viewed with the additional apprehensions that 
have been discussed in this paper. 

I do not mean to infer that potable water is not be-
ing produced from the Missouri River. Since early in the 
19th century; some Missouri communities have secured 
their public water supply from the River. However, it 
should be emphasized that domestic and industrial pollu-
tion has shown an increase from year to year. Although, 
all the water supplies now using Missouri River intakes 
are meeting the generally accepted bacteriological and 
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chemical standards as measured by present day techniques; 
it is doubtful that they would be acceptable if all the ma-
terials now dumped in the raw water could be brought 
into accurate analyses. 

There are actually no moral or technical reasons for 
River pollution to continue unabated. No group of peo-
ple -whether a community or corporation, public or 
private-can justify spoiling this magnificent natural re-
source-the Missouri River which actually belongs to all 
the people. 

The Missouri Monitoring Committee, composed 
chiefly of water works offidals, is doing an excellent job 
in ferreting out those materials that are particularly 
troublesome. The Water Pollution Board-the recently 
created official pollution control agency-has made an ex-
cellent beginning. It is encouraging that industries are 
now taking a more humantarian look at the problem. 
They are beginning to try to find out how to use the 
Missouri effectively; and yet, not spoil the water for other 
sources by overloading it with waste. 

In a sense, one may view the Missouri River as the 
life blood of this state. The River means more to a greater 
number of citizens than any other resource in Missouri. On 
the other hand, it is one of the greatest potential health 
hazards in the State; being as it is, laden. with all kinds 
of infectious germs. One little piece of negligence on the 
part of a water works operator could send many to the 
hospital and some to the grave. 

It is said that all water problems can be summed up 
in six short words; namely, too much, too little, and too bad. 
We have reached a point where our water wealth in the 
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Missouri River must-through balanced management-
serve all purposes; therefore, when we look at the River 
from the public health standpoint, we must earnestly P(O-
claim that all kinds of pollution must be abated. If public 
health is to maintain its share in the overall use and the 
management of the plan for the River, the vicious theory 
that the River can be used as a dumping place for all 
kinds of waste must go. It must be put on the shelves 
with other obsolete theories. We believe that a good 
start has been made in this direction. 

Finally, in looking at the Missouri River; you may 
note that I have not commented on radiological pollu-
tion. This type of contamination may result from fall-
out or discharge. This, as you know, is a new threat to 
the River and must be seriously considered. The Division 
of Health has started a limited program of sampling and 
testing water from the water purification intakes at St. 
Joseph, Kansas City Lexington, Boonville, and St. Louis. 
The data collected as of today is scant; but, perhaps, in 
another year there will be sufficient data to afford inter-
esting discussion. 

It is unfortunate that routine testing for radio-active 
materials did not start earlier so as to have accumulated 
a record of the occurrences on these materials as they 
showed up _in the raw water. As it is now, the Division 
of Health feels that the problem can be best handled by 
the water works officials. This should become a regular 
testing program just as the bacteriological and conven-
tional chemical testings now are; that is, it should be-
come a permanent part of the water works program. 



EGYPT: HEALTH AND SANITATION IN AN ANCIENT LAND 

Lindon J. Murphy, Professor of Sanitary Engineering, University of Missouri 

It has often been stated that the Orient is on the 
march. This is also true of the Middle East and of Egypt 
in particular. This ancient land with 5000 years of re-
corded history is awakening and is throwing off the 
chains of poverty and ill health that for many centuries 
have bound it in poverty and ill health. Since the revolu-
tion of 1952 the people have new hope. They now be-
lieve that old injustices, inequities and misery_are not 
inevitable, but can be corrected. So today Egypt is in fer-
ment, with each year recording radical changes which 
would normally be expected onfy after decades of striving 

Egypt as a Country 

Egypt has been called the "gift of the Nile," in fact 
one often hears the statement "The Nile is Egypt; Egypt 
is the Nile". The Nile has been the source of life giving 
water for irrigation, for sustenance of man and beast. It 
has likewise been the avenue of transportation of all com-
modities up and down Egypt. It is thus understandable 
that the Nile is looked upon with a reverence akin to 
worship. 

Located in the northeast corner of Africa, Egypt re-
sembles Missouri in shape though it is 2 ½ times as large 
as Texas, having a land area of 386,198 square miles of 
which only 13,500 square miles is arable and settled. Its 
climate along the Mediterranean is similar to that of 
northern Florida, while upper (south) Egypt experiences 
even more stifling summer heat than Central America. 
It's location, topography; and climatic conditions result 
1n a land almost devoid of rainfall. The delta and Medi-
terranean coast receives a few inches of rain while most 
of upper Egypt remains parched throughout the year. It 
is obvious then why all of Egypt is a desert except for a 
few oases and the narrow ribbon of land watered by the 
Nile. This great river originates at Lake Tanganyika in 
the heavy rain fall area of Central Africa and flows 4160 
miles north to the Mediterranean, crossing Egypt for the 
700 miles from its south border to its north at the sea. 

Thus Egypt is largely a desert waste, cut by the nar-
row Nile valley, and with only 1 / 3 0 of its area settled and 
cultivated. 

An Exploding Population 

In 1846 an estimated 4 ½ million people lived in 
Egypt. Today an estimated 24 million 800 thousand peo-
ple must find livelihood on that same limited strip of 

irrigated land along the Nile and a few scattered oases 
watered by canals from the Nile or by ground water. The 
density of population on the irrigated land is computed 
at 1135 per square mile or almost two per acre. Agricul-
tural experts state that 2 ½ acres per person are required 
to supply food and clothing at a minimum health level. 
Hence it is obvious that Egypt is faced with a grnve 
problem of overpopulation on the land available and 
cultivated at the present time. This is the more serious 
problem since Egypt is almost entirely an agricultural 
economy. 

Staggering Health Problems 

With every acre of cultivable land at a premium the 
rapidly growing population has been crowded into the 
already limited space allotted to the villages, and has 
overflowed into the crowded cities. Families and relatives 
are thus frequently crowded into small mud brick houses 
of one, two, or three rooms which must also accommo-
date a gamoosa (water buffalo) and/ or a donkey. (Floors 
are of mud, and window openings small. Streets are 
narrow and crooked with houses abutting on both sides.) 
Crop land is too valuable for the luxury of lawns or 
gardens except for the few wealthy. 

Sanitary facilides are generally non-existent. The 
street and the canal bank are recipients of much human 
waste. Village water supply usually comes from the Nile 
or its canals. These same water sources are used for wash-
ing dishes and clothes, for bathing (human and animal), 
and for disposal of wastes. Hence the Nile, the giver of 
life, has come to bring also disease, as the once pure 
waters become increasingly polluted by misuse. Thru ir-
rigation this polluted water is carried to practically all 
food crops. Leafy vegetables are further contaminated by 
being " freshened" in filthy canal waters on the way to 
market. 

The available records indicate that Egypt is among 
the countries with the highest dealth rate in the world. 
Infant mortality has likewise been among the highest 
with 30% ofall infants dying before they are one year 
old. It is little wonder that incidence 6f communicable 
diseases is exceedingly high. 

Thyphoid, paratyphoid, dysentery, hookworm, tuber-
culosis, trachoma-all these are endemic-and all are re-
lated to or aggravated by insanitary conditions. Bithar-
ziasis (snail fever) is very widespread among the fellaheen 
(farmers) . It, too, is spread in and thru infested canal 
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water. Malaria and Yellow Fever come from mosquitoes 
breeding in stagnant water. A sage observer commented, 
"Half the ill health of the country could be eliminated if 
safe drinking water could be provided (and used) and if 
the food could be protected against contamination." 

Solutions 

The government is aware of and is attempting to 
find solutions to all these major problems. The proposed 
Aswan Dam will increase by 30% the cultivatable land. 
It will produce up to 10 billion kilowatt-hours of power 
per year. This in turn can be used to industrialize the 
country. All the industrial potentials of the nation are 
being studied for exploitation. Mineral, oil, and coal re-
sources are being explored. New industries are being de-
veloped in many areas under government auspices, often 
with foreign equipment and technicians. Examples are a 
recent steel plant, a tire factory, numerous nylon, rayon, 
and textile factories, an auto factory, and canning plants. 

The government proposes increased reclamation of 
the desert and greatly increased industrialization to solve 
the country's economic problems, while many officials 
hope that these developments will solve the explosive 
population problems, others realistically perdict that any 
increase in food output will not match the rapidly grow-
ing needs. They see birth control as a necessary aspect of 
the solution. 

The appalling health problems are being tackled on 
many fronts. Health offices have been set up in over 200 
towns or districts each of which serves 40,000 to 50,000 
people. A new Graduate School of Public Health, under 
government auspices but with the aid and support of the 
W odd Health Organization, is training the health physi-
cians, administrators, nurses and public health engineers 
needed to wage the war against disease. 

Provision of a safe water supply is the objective of 
an increasingly well trained corps of engineers. 95 public 
water supply systems have been constructed for the towns 
and cities of Egypt. 51 depend only on ground water as 
a source of supply; 21 utilize both ground and surface 
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water; 23 use only surface water. These 95 systems sup-
ply about 6,700,000 people. 

Lower Egypt in the delta above a latitude of 31 ° en-
counters only brackish water below ground. Surface 
sources are therefore necessary even for rural residents, 
and ½ of the inhabitants of Egypt live in rural districts. 
Six "county" water systems serve the villages in the delta 
area supplying about 5,000,000 people. This leaves over 
half the people of Egypt still dependent upon village wells 
or the canals. The high typhoid and dysentery rates are a 
measure of the contamination of these sources. In some 
cases Nile water is used in preference to safer well sup-
plies because of long established habit, or because the 
canal water may be more conveniently at hand. Educa-
tion therefore becomes an important part of the solution 
of health problems. The fellaheen must be made aware 
of the correlation between polluted water and disease. He 
must come to understand how insanitary practices result 
in pollution of the water he drinks and contamination 
of the food he eats. 

It has been said that "Sanitation is a way of life. It 
is evidenced in the clean home, clean farm, clean factory, 
clean community. As a way of life it must come from 
within the people. It is nourished by knowledge and de-
veloped by education." If the answer to many of Egypt's 
health problems is sanitation, so is sanitation dependent 
upon education which will change the insanitary habits 
and practices of several thousand years. The hopeful sign 
is that habits can and are being changed. 

Egypt is blazing new trails in improving its agri-
cultural economy, in its rapid strides toward industriali-
zation, in broadscale education of a whole people, in eco-
nomic reforms, in its development of a nationwide health 
and medical program. It can and is developing safe water 
supplies and sanitation practices which can banish the 
scourges of water-borne and filth-borne diseases. Egypt is 
on the march, through education and enlightened leader-
ship it is striving to throw off the chains of poverty and ill 
health. In that struggle the engineer will make his con-
tribution in building the Egypt of tomorrow. 



WATER, A NATURAL RESOURCE: HOW SHOULD THE STATE 
REGULATE ITS USE? 

Because of my agricultural and business background, 
as well as my legal training, the conserving of natural re-
sources and particularly water has been of great interest 
to me. 

Ever since I accepted the invitation to appear on 
this program, there has been considerable publicity deal-
ing with the problem of water, and particularly in the 
western and southwestern parts of our country. This 
problem is not confined to Missouri. If regulatory meas-
ures are not passed, shortages will exist almost every-
where because of increased competition in industry, new 
people, and improved methods of agriculture. 

It is said that from Texas across 1200 miles of high 
plateau and to the Pacific one common question haunts 
thoughtful leaders: Where can we get more water? With 
considerable rains in the Southwest this year, the people 
do not seem too concerned, but across the Southwest 
and West the average annual rainfall is under 20 inches 
and in some regions under 10 inches. Town planners are 
worried about water, and the politicians and special in-
terests are fighting over it. The reason: the population 
boom. 

Kitchen taps are multiplying at a fantastic rate all 
over the nation, housing is pushing farmers out into the 
more arid regions, and new industries are using millions 
of gallons of water. California has 15,000,000 population 
today and expects 28,000,000 by 1980. 

Texas uses 3,000,000 acre feet of water per year and 
expects a demand of 8,000,000 acre feet 40 years from 
now. Water is the key to the growth of any state. 

In California the water issue has dominated state 
politics for many years and last spring a bare majority of 
that state's Legislature agreed finally upon a water plan, 
after strong support by Governor Brown. 

Los Angeles is expected to use all water presently 
available by 1971, the earliest possible time that new 
aqueducts could reach that city from the north if started 
at once. 

A Federal commission is hoping to complete a 
master water plan for Texas by July 1961. 

We must recognize the fact that there is no known 
way to make more water than presently exists, and that 
science has yet to discover a method of converting sea 
water in sufficient quantities, and at a price which would 
be feasible, to even approximately meet the pressing 
needs for water in states near the oceans and the Gulf-
both of which are too far to do Missouri any good. 

Not having any new source of water, we must exert 

George A. Spencer, Senator, State of Missouri 

our energy and mental capacities to conserving the water 
we have and making the best possible use of it. 

Here in the United States, blessed originally with a 
continent of virgin soil and untapped resources, we have 
been slow to recognize and accept our responsibilities as 
custodians for future generations of nature's bountiful 
gifts. Even after public attention was focused upon the 
wasteful exploitation and consumption of our natural re-
sources in the early 1900's, there was little concern for 
that basic necessity for all kinds of life-water. Legisla-
tive interest in the quantity and quality of water available 
to the people has been inversely proportionate to the 
supply. 

In the arid regions of the West, where there are 
miles upon miles of parched, unproductive soils, it is ap-
parent why the legislatures of states in those areas have, 
since the first settlements thereof, been heedful of the 
dire need for water to make vegetation-and, indeed, life 
of any kind-possible. 

Thus, a major portion of the history of the West 
evolves around the development of sound water policies. 

It is an entirely different situation in the eastern part 
of the United States, and this differentiation exists to a 
lesser extent in the Middle West. 

In these parts, glistening waters and fertile soils 
dominate the scene. It is small wonder that there has 
been little legislative concern with the allocation and 
use of water in such areas. To this point, legislation has 
generally been in respect to drainage of areas where 
water is too plentiful, in making rivers more navigable, 
and in eliminating and controlling pollution. Where con-
flicting claims arise, infrequent as they have been, the 
solution has been entrusted to the judges, who hold each 
case as an individual problem, and base their decisions, 
for the most part, upon tradition and established prin-
ciples of justice, coming mainly from the early common 
law of England. 

In recent years, however, and particularly since the 
end of World War II, the concern over water allocation 
has diverged to the middle west and even to the east. 
This interest has arisen from the fact that the demands 
for water are increasing: Urban populations are growing 
tremendously along with industries generally located 
therein; and uses are expanding to include new ideas and 
inventions of the modern era. But the supply is not 
keeping pace with the ever growing demand. Statistics 
show, alarmingly enough, that shortly there will be a 
lack of water where it is needed, even in areas where 
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the supply has been plentiful heretofore. Nationally 
water consumption is increasing at the rate of 4.5%. The 
increase in Missouri is slightly less than 4% per year. 

Missouri has been slow in marshaling to meet this 
problem. The first major action in the field was the 

1 
"Water Policy Conference" held here in Columbia, Mis-
souri, early in 1954. The first step by the legislature was 
taken in the 68th General Assembly when House Resolu-
tion No. 57 was passed resolving that, 

"a thorough study be made of the statutory law of 
other states pertaining to water rights and water re-
sources, for the purpose of guiding our legislature 
in enacting similar legislation to conserve out state 
water supply; and 
" .... , that the Committee on Legislative Research 
be requested to investigate this subject and assemble 
pertinent data into the form of a report which shall be 
given to the Sixty-Ninth General Assembly in 1957." 

In accordance with this resolution, the Committee on 
Legislative Research prepared and published a Report 
No. 17, entitled, "Water-The Problem In Missouri". 
This report contained an analysis of the existing theories 
in the United States governing water rights-,-the ap-
propriation doctrine of the seventeen western states, and 
the riparian doctrine of the thirty-one eastern states-
and discussed the development, and often lack of devel-
opment, of Missouri riparian law, both statutory and 
judicial, in relation thereto; and further, the report made 
no recommendations, but posed the problems existent in 
adopting a plan to "properly coordinate and unify the 
various aspects of water use and control" so that a "broad, 
long-range" program might be developed for Missouri. 
During the same session an additional resolution was 
passed, Senate Resolution No. 100, whereby a committee 
of five Senate members was appointed by the president 
pro tern of the Senate "to study water resources and 
rights in water in this state and to recommend a water 
use policy for the state of Missouri." Unfortunately this 
committee was unable to function. It had been activated 
by a senate resolution passed only by the senate, without 
approval of the house or the governor. The comptroller 
refused to sanction any expenses of the committee when 
operating during the interim between sessions on the 
grounds it was operating illegally, not having been form-
ed in accordance with certain constitutional limitations 
regarding the passage of resolutions. The Supreme Court 
of the State of Missouri later sustained the action of the 
comptroller in this instance. By the time this decision 
was handed down, the Sixty-eighth session of the Gen-
eral Assembly had terminated, and the legislators could 
only hope to legally activate a similar committee to func-
tion during the next legislative session. 

Senate Concurrent Resolution No. 5, passed by both 
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the House of Representatives and the Senate of the 
Sixty-ninth General Assembly, established a joint com-
mittee on Water Resources to function during the in-
terim between the Sixty-ninth and Seventieth General 
Assemblies. The committee conducted extensive re-
search, investigated the water laws of the other states, 
received testimony from persons learned and interested 
in the problem, and as a culmination of their activity in-
troduced a proposed water code in the last session of our 
state legislature. 

The Problem 

With the recognition of the fact that the acquisition 
and retention of sufficient amounts of water to supply 
present users and potential users was fast becoming al-
most as serious a problem in the eastern and middle 
western states as it had always been in the western states, 
came the realization that the present laws in such eastern 
and middle western states were proving insufficient and 
ineffectual to cope with the situation. Thereupon, it be-
came the natural inclination to turn to the arid western 
states where the problem had long been existent, for a 
probable solution. Gradually the feeling grew that the 
western law of appropriation would remedy many of the 
alleged defects of eastern laws. 

Under the riparian doctrine, presently existent in 
Missouri and the eastern states, the use of stream water 
is restricted to the owners of lands adjacent, or riparian, 
to a stream. Thus, the right to use water is said to arise 
from ownership of land. The courts in Missouri have 
further espoused the "reasonable use" rule in interpreting 
the riparian doctrine, so that each owner along a stream 
is entitled to a reasonable amount of water in light of all 
surrounding circumstances and the rights of the other 
users. Priority of use is only a factor in judging reason-
ableness, and nonuse of water by a riparian does not alone 
result in loss of his right. 

This riparian doctrine has been criticized for several 
reasons. First, it prevents the optimum use of water by 
denying the transportation of water to land away from 
the stream, even though better use of the water could 
be made at other places. Second, there is a strong ele-
ment of uncertainty associated with the right of reason-
able use, especially for purposes not domestic-that is 
those uses other than household or family uses. Since 
each riparian user's right is predicated upon the coexist-
ing rights of the other riparian owners along the stream, 
any change in activities of one or more of such users 
may upset the entire picture, and such changes are pre-
valent since riparians are free to commence or enlarge 
uses despite long nonuse of their rights. Third, the man-
ner of administration becomes involved since the court 
generally must determine the extent of rights in each 



instance where a question or disagreement arises. 
The appropriation doctrine, or Western law, presents 

a striking contrast to the riparian doctrine. An appropria-
tion right arises from the application of previously un-
used water to a present beneficial use. Thus an appropria-
tive right is predicated upon actual use, not ownership 
of land contiguous to a stream, and theoretically nonuse 
results in abandonment of a right. This appropriative 
right entitles the holder to continue to divert water at a 
given point, for use at a given place, for a given purpose, 
and at a given time, for as long as he so desires. 

In origin, appropriation rights could be acquired by 
posting notice at the point of diversion, or filing a copy 
in county records, and then commencing the use. Today, 
nearly every western state requires an application to a 
state agency. 

It is claimed that under this system, water is likely 
to be used where most beneficial. Moreover, there is a 
greater degree of certainty as to the extent to which the 
right of water use is legally authorized, and a premium 
is placed upon the actual use of water, and unused rights 
are not allowed to persist. It is particularly this advantage 
of greater certainty which is sought by advocates of ap-
propriative rights' legislation in the East. 

Thus, many states, particularly in the middle west 
and southeast, have discussed seriously the matter of in-
troducing a western type law of water allocation into 
the eastern viewpoint. In addition to the seventeen 
western states having the doctrine of appropriation, 
Arkansas, Iowa, Michigan, Minnesota, Mississippi, North 
Carolina, South Caroline, Texas and Wisconsin all may 
be cited as examples of states that currently are preparing, 
or have inaugurated, plans to regulate and allocate their 
water under a permit system similar to the Western con-
cept, the extent of the regulation varying to a marked 
degree, depending upon the needs and desires of each 
state. 

Senate Bill No. 45 

The interim committee on water resources intro-
duced S. B. No. 45 as a proposed codified water code. 
While the water laws of many starns were given serious 
consideration, particular attention was given to the statute 
recently enacted by the state of Iowa. That state is similar 
to Missouri in climate, typography, resources, business 
and agriculural activity. Moreover, the Iowa law insured 
constitutional guarantees by providing that all existing 
rights in water remain untouched but achieved a high 
level of beneficial use of limited supplies by restricting 
riparian rights to the amount of existing use and by al-
lowing appropriation rights to attach to any remaining 
supply. 

Senate Bill No. 45 was entitled, "AN ACT Relating 

to the conservation, protection, development, use and 
regulation of the water resources of Missouri, with penal-
ty provisions for violation thereof.", and provides in es-
sence as follows: 

"Water occurring in any natural body of water of 
the state, which may be applied to any useful and bene-
ficial purpose, is declared to be public water and the pub-
lic wealth of the people of the state and the control and 
development and use of the water for all beneficial pur-
poses shall be in the state, which, in the exercise of its 
police powers, shall take such measures as shall effectuate 
full utilization and protection of the water resources of 
the state of Missouri." 

Of course, as previously stated all vested and exist-
ing rights are secured. Section 4 of the act codifies cer-
tain aspects of the riparian doctrine, or in other words, 
states by statute the doctrine which has long been 
espoused by the courts of Missouri. In addition to pro-
tecting vested rights in water, the bill exempts certain 
named uses from its regulatory provisions. The exempted 
uses are: 

"(a) the use of water for ordinary household 
purposes, 

"(b) the use of water for poultry, livestock and 
domestic animals, 

" ( c) any beneficial use of surface flow from the 
Mississippi and Missouri rivers as they border and 
traverse the state of Missouri; 

"( d) the use of ground water on islands or 
former islands situated in such rivers, 

" ( e) existing beneficial uses of water within the 
territorial boundaries of municipal corporations on 
the effective date of this act, except industrial users 
of water, other than those who make a non-regulated 
use of water under the provisions of subparagraph 
(c) of this section, having their own water supply, 
within the territorial boundaries of municipal corpo-
rations, when the water use exceeds three per cent 
more than the highest per day beneficial use prior 
to the effective date of this act, and 

"(f) any other beneficial use of water by any 
person of less than five thousand gallons per day; 

"(g) the use of any water from a mine or mine 
operation taken as an incident to the mining opera-
tion and which is subsequently released or diverted 
and which does not constitute a depleting use; and 

"(h) the use of any water, including the pump-
ing, diversion, ·storage and withdrawal thereof, for 
the benficiating and processing of minerals under 
conditions which do not constitute a depleting use 
of the water. 

"(i) any beneficial use of water in the area of 
a primary drainage basin above the point where the 

45 



main stream of such basin flows out of the state of 
Missouri, from a well not deeper than 100 feet." 
The bill establishes a system of permits for the al-

location of water which is designed to be administered 
by a "Water Resources Board".· The board, a division of 
the department of business and administration, is com-
posed of five voting members selected by the governor 
and one ex officio nonvoting member, the state geologist. 
Members are appointed for staggered six year terms. A 
chief water engineer is selected by the board to serve at 
its pleasure and subject to its directions. 

The board or the chief water engineer may issue 
permits "for beneficial use of water in a watercourse pro-
vided the established average minimum flow is pre-
served". Section 14 requires the issuance of a permit for: 

"(1) Any person supplying a municipal corpora-
tion which increases its water use in excess of one 
hundred thousand gallons, or three per cent, which-
ever is the greater, per day more than its highest per 
day beneficial use prior to the effective date of this 
act. The person may be required to make reasonable 
provision for the storage of water at the times when 
the daily use of the water by the person is less than 
the amount specified. 
"(2) Except for a nonregulated use, any person using 
in excess of five thousand gallons of water per day, 
diverted, stored, or withdrawn from any source of 
supply except a municipal water system or any other 
source specifically exempted under the provisions of 
sections 13 to 24. 

"(3) Any person wno oiverts water or any ma-
terial from the surface directly into any underground 
watercourse or basin. Any diversion of water or ma-
terial from the surface directly into any underground 
watercourse or basin existing upon the effective date 
of this act shall not require a permit if the diversion 
does not create waste or pollution. 

"(4) Industrial users of water having their own 
water supply, within the territorial boundaries of 
municipal corporations, shall be regulated when such 
water use exceeds three per cent more than the high-
est per day beneficial use prior to the effective date 
of this act; except that a permit need not be secured 
by any person making a nonregulated use of water 
as defined in subparagraph ( c) of paragraph (12) of 
section 1 of this act." 

The procedure for securing a permit prescribed by 
the act requires the applicant for a p·ermit to file an ap-
plication in writing with the board setting forth the des-
ignated beneficial use for which the permit is sought, and 
the specific limits as to quantity, time, place, and rate of 
diversion, storage, withdrawal or use of waters along 
with a filing fee of twenty dollars . Upon receipt of the 
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application, the board shall set the time and place for a 
hearing, which is held before the chief water engineer, 
unless the applicant requests otherwise. Notice is re-
quired to be published in a newspaper of general circula-
tion in the county in which the permit is sought and in 
each county in which any affected property is located, 
once each week for two consecutive weeks. Any inter-
ested person may appear at the hearing. 

The determination of the chief water engineer on 
any application shall be in writing showing his findings, 
and shall be filed with the board. Also a copy of the de-
termination is sent to the applicant and any person ap-
pearing at the hearing who in writing requests a copy of 
the determination. 

Any person aggrieved by the determination of the 
chief water engineer, may, within thirty days, appeal to 
the board. Appeal may be taken by filing notice with the 
chief water engineer. The board shall review only the 
evidence which was before the water engineer, and his 
findings of fact shall be conclusive in the absence of 
fraud. Notice must be given to persons appearing at the 
original hearing, and the determination of the board 
mailed to the applicant 

Appeals may be taken from any determination of the 
board to be tried de novo by the circuit court of Cole 
County without a jury. The filing of a petition for such 
review stays the enforcement or effectiveness of any order, 
rule or regulation. 

In consideration of applications for permits, priority 
will be given in the order applications are received, ex-
cept that persons who have made diversion or withdrawal 
of water prior to the effective date of the act will be ac-
corded priority according to the actual date of diversion 
or withdrawal. The use of water for ordinary household 
purposes, for poultry, livestock and domestic animals has 
priority over any other use. Any person with an existing 
irrigation system in use prior to the effective date of the 
act will have one year to apply for the permit to continue. 

A permit may be granted for any period of time not 
to exceed twenty years, and shall specify the quantity, 
time, place and rate of diversion, storage, withdrawal or 
use of water. Also, a permit may be extended in the same 
manner as prescribed for the granting of an original per-
mit. A permit, when granted, will remain as an appur-
tenance of the land, unless a permittee will sell, transfer, 
or assign his permit by conveying, leasing, or otherwise 
transfering ownership of the land. 

A permit is irrevocable during the term for which 
it is issued, except that it may be modified or cancelled 
by the chief water engineer, with the consent of the per-
miitee, and may be modified or cancelled by the board 
when there is a breach of the terms, a violation of the 
law pertaining thereto by the permittee, a conflict be-



tween two permittees, a nonuse of three consecutive years, 
or to protect public health and safety. 

Conclusion 

Senate Bill No. 45 was passed by the Senate but 
received no final action by the House of Representatives 
during the regular session of the Seventieth General As-
sembly, and therefore, did not become law. The problems 

discussed herein are not only continuing ones, but are of 
ever increasing gravity. Much important groundwork has 
been done. A bill has been prepared which if not a 
panacea, is an important first step for the solution of Mis-
souri's water problems and the establishment of a com-
prehensive code for the conservancy and sensible use of 
our most important natural resource. The future course 
of action in this fidd now lies with the citizenry of our 
state and their elected representatives of the Seventy-first 
General Assembly. 
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NITROGEN COMPOUNDS IN MISSOURI WATERS 

George B. Garner, Department of Agricultural Chemistry, University of Missouri 

We are conscious of the disasters caused by either too 
much or too little water, but are we aware of the loss in 
animal production and health due to poor water supplies. 
Are we conscious of the food we eat being some 65-85% 
water, and the type of compound found dissolved in that 
water? We are conscious of the human health problem 
with our drinking water, but semi-conscious with respect 
to water and livestock health. I raise these questions of 
our food supply and drinking water because in the next 
few minutes we will be talking about some nitrogen 
compounds that arise from both the food and water sup-
ply. In nutrition and health of farm animals we need to 
stress more vigorously the important role of water in 
acheiving maximum production. 

What nitrogen compounds do we find in water sup-
plies? The simple forms are listed in this table. 

COMMON FORMS OF NITROGEN FOUND 
IN WATER SUPPLIES 

Ammonia NH3 Reduced State 

Amino and Amine RNH2 

krOOic j l A=rOOk Elemental N2 

Nitrite NO2 

Nitrate NO3 Oxidized State 

We might consider each just briefly. 
Ammonia in drinking water would certainly be un-

palatable before one reached a toxic level. For m ost of 
you in pollution control or municipal water supply work 
its chief concern is in relation to chlorination. Ammonia 
is found in highest concentration in water supplies where 
anerobic conditions exist and raw waste is present. 

As we go down this list the amino acids of agricul-
tural origin are not toxic but may contribute to taste after 
chlorination. ( 6) The amines are less desirable and again 
water should be unpalatable before a toxic level is reached. 
Just open a bottle of any amine in the laboratory to 
check this. 

Nitrogen is placed here simply to indicate the half 
way point in this diagram. There may be some mechani-
cal problem related to nitrogen gas, but I don't believe 
one could attribute health problems to it. 

When we oxidized nitrogen to the extent of 2 atoms 
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of oxygen per 1 atom of nitrogen we have a very toxic 
material. This ion oxidizes the iron of hemoglobin in the 
blood to the extent that oxygen cannot be carried to the 
tissues. 

Our last ion, the nitrate ion is not so toxic if toxic 
at all. With experimental animals we generally say it 
takes 10 times more nitrate than nitrite to produce death. 
The nitrate ion is a potential toxic material when sub-
jected to certain conditions of the digestive tract of ani-
mals and man by bacterial action or biochemical reaction 
in the liver. Thus the chief concern with nitrate is its 
potential conversion to nitrite, the toxic form. 

In the next slide, we find that protein (poly amino 
acids) from sewage, agricultural waste and the flora of 
rivers and pond contribute to the nitrogen level of water 
supplies. The simple steps of their breakdown are given. 
Notice ammonia is given off. It can remain in that form 
or be oxidized toward nitrates depending on conditions 
of the water. Decarboxylation produces the amines which 
are less desirable. A review by Delwiche ( 1) entitled 
" Biological Transformation of N itrogen Compounds" is 
an excellent source for further studies of these reactions. 

MICROBIAL DEGRADATION 
OF AMINO ACID 

DEAMINATION 

Oxidative 

Reductive 

H 1P 
R- C-C 

I ' NH20H 

H ,,0 
R-c-c, 

I OH 
NH2 

DECARBOXYLATION H O 
R-C-C1 

0 -1ol... R-C-C f NH3 
0 OH 

H 0 
-1.Hl_ R-C-C +NH 

H OH 3 

I ' NH OH __ 
2 

T his slide simply shows one can, from an agricultural 
source and from algae, have a similar problem with sul-
fur. Fortunately not many amino acids contain sulfur. Of 
interest is the relationship of the river microflora to in-
crease with the increase availability of nitrogen and phos-
phorus in the water. (2) 

My point in presenting this basic information is de-
signed to point out forms of nitrogen in order that we 
do not leave here believing that only nitrate and nitrite 



DECOMPOSITION PRODUCT OF 
PROTEINS (Amino Acids) 

Nitrate J Oxidation 

NH3 <---- NH3 

Cysteine 
H2 //0 

HS-C-C-C 
Nif2 'oH 1. S04 

Sulfate 

Bacterial TOxidation 
action .I 

f Acetate f- H2S Hl 
Formate 

are to be considered in water supplies. A test for nitrates 
today may be negative and a few days later under an oxi-
dative condition be quite positive. A check for total nitro-
gen or organic nitrogen would indicate the potentials and 
with municipal water supplies I believe this is common 
practice. 

Early this year we became increasingly aware of the 
possible role nitrate from water supplies might be having 
·in agricultural practice. Dr. A. A. Case of our Veterinary 
School diagnosed the trouble of a dairy herd as the ni-
trate intoxication symdrome. We began to check water 
supplies more carefully after we found both nitrates and 
nitrites present in both the pond and well supplies. 

From Texas county we received a number of samples. 

NITRATE CONTENT OF WATER 
FROM WELLS IN TEXAS COUNTY 

DEPTH OF WELL 

270 ft. 

266 

235 

214 

200 

190 

185 

165 

160 

140 

105 

90 

65 

NITRATE CONTENT 

14.7 ppm. 

39. 8 

12.8 

1.8 

2.9 
4.5 

49.5 
6.7 

12.9 
1.9 
6.1 

45.3 
36.8 

57 104.0 

3 Springs Avg. 4.2 

(45 ppm NO3 equivalent to 10 ppm NO3 - N) 

Part of these are given in this slide. I have arranged these 
in according to depth. We cannot say this is just a shal-
low well problem, however it is more likely to occur in 
shallow well. In looking over some literature pertinent to 
this problem I find some authors have failed to distin-
guish between p.p.m. nitrate and p.p.m. nitrate-nitrogen. 
Of the wells we checked 32% were above 15 p.p.m. ni-
trate sources refers to the 1945 work of Comly as to the 
level acceptable for human consumption. His level was 
10-20 p.p.m. nitrate-nitrogen. So if we take the safer level 
of 10 p.p.m. nitrate-nitrogen this would be about 45 
p.p.m. as nitrate. 

In the next slide we have the analysis by months of 
a well in Texas county. Last March, our first check we 

Month 
March 
March* 
April 
May 
June 
July 
August 
September 
October 

MONTHLY NITRATE ANALYSIS OF 
ONE WE LL IN TEXAS COUNTY 

(Well Depth 65 ft.) 

Nitrate (ppm) Nitrate N (ppm) 
227 51.3 

38 8.6 
28 6.3 
30 6.7 
30 6.7 
58 13.1 
38 8.6 
31 7.0 

172 38.8 

*Extensive Pumping 

found 227 p.p.m. nitrate. We suggested he pump the 
well dry and then resample from the ground water. The 
owner did this and we found 38 p.p.m. In general the 
level of nitrate in the ground water appears to be approx-
imately 30 p.p.m. nitrate. The O ctober. sample indicates a 
surface contamination. (320 p.p.m. N03 or 72.3 p.p.m. 
N02 N.) This follows the heavy rains of this fall , how-
ever it is doubtful that this is contamination from surface 
run-in. Since it is only a few feet to a predominance of 
rock in this area, it would be conceivable that a fissure in 
the rock structure is letting the soil solution into the well. 
This well is located close to a garden and barnyard where 
soil nitrification would be high. Schmidt (7) in a Min-
nesota study points to the role of nitrification on under-
ground waters and seasonal influence of nitrifaction on 
the accumulation of nitrates in wells. 

This slide indicates some of the conditions which 
contribute to high nitrate water in ponds and wells. Poor 
location is one problem. This presents a real problem for 
the farm operator in getting his water supply so it is 
convenient and safe. Drilled wells might be better than 
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FACTORS CONTRIBUTING TO HIGH NITRATE WATER 

1. POOR LOCATION 

(a) with respect to sources of contamination 
(b) under ground structure 

2. FAULTY CONSTRUCTIONS 

3. SEASON 

(a) soil nitrification 
(b) leaching 

4. INCREASED USE OF NITROGEN FERTILIZER 

shallow-dug wells with respect to nitrate and bacterial 
contamination, but the cost is a factor that must be con-
sidered. The number of unfenced ponds remaining in this 
state is evidence that we are not making much progress 
in our -edfort to h-av{! switary -water supplies for livestock. 
Proper pond management would not only benefit the 
owner but also all his neighbors down stream from him. 

Faulty construction contributes to surface contami-
nation. I would like to point out that we generalize too 
often on the-relationship ef ni-tcrate to bac-t«i-al cemami-
nation. Either can exist without the other. (4) They most 
commonly occur together when we have contamination 
from animal excreta (8) or raw sewage. NormaH-y high 
bacterial contaminated water will produce nitrites from 
nitrates when sealed in a jar at room temperature. Only 
two samples from the Texas county area showed nitrites 
upon arrival at the laboratory. It would seem then that 
soil nitrification and leaching as it varies by seasons ( 4) 
constitute a major problem. Some evidence has -indicated 
that nitrate concentration in wells would be highest in 
December and January and lowest in July and August. 
It was reasoned by Metzler that nitrification continues 
past plant utilization during late summer and fall. Thus 
leaching during early winter places the nitrate in the un-
derground water supply. The spring rains dilute fhis 
since little nitrification takes place in the winter. This 
becomes an increasing problem with decreasing soil 
depth and the type of rock formation underlying the 
soil. For farm pond and farm well-the accidental con:: -
tamination with nitrogen fertilizers is a problem. The 
leaching of the very soluble nitrogen from fertilizer has . 
presented problems along rivers. This means not only in-
creased ammonium and nitrate, but an increase in algae 
and bacteria due to the availability of the nitrogen for 
growth. These algae then contribute to taste and other 
problems. 

At this p0int I would like to mention the physio-
logical response to nitrites and nitrates. The slide pre-
pared from the U. S. Dispensatory list the following. 
Number two is important, number four should be_rein-
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vestigated with techniques available today and number 
five is the real culprit and the one which causes 
alarm. We in conjunction with the pediatric Depart-
ment of the University Hospital found a definite case 
this year from the Poplar Bluff area. The water contained 
371 p.p.m. nitrates or 84 p.p.m. nitrate-nitrogen. Graham 
(3) quoting the ALPHA Yearbook 1949-50 states most 
cases occur when there is an excess of 40 p.p.m. nitrate-
nitrogen. 

With respect to nitrite we find the five characteristics 
listed. Number five is the same as five under nitrate in 

Classical Pharmacological Properties of Potas-
sium Nitrate and Sodium N"itrite. 

From the U. S. Dispensatory, 24 Edition. 

KN03 

1. Does not alkalize system as organic K compounds. 

2. Increases urine flow. 
3. Not very potent as a poison. 

a. Vomiting 
b. Purgative 

4. Long exposure to small amounts. 
a. Anemia 
b. Low blood pressure 
c. Mild nephrites 

5. Cyanosis in milk fed infants. 

1. Pulse rate increase. 
2. Marked lowering of blood pressure. 
3. Motor weakness and diminution of reflex activity. 
4. Relaxation of all smooth muscle. 
5. Hemoglobin converted to methemoglobin. 

that the cyanosis results when nitrates are converted 
nitrites. Conditions which determine infant susceptibility 
according to Graham (3) 1951 are (a) Nitrate concentra-
tion and aa.ount of H 20 consumed per day (b) duration 
of exposure ( c) number of reducing bacteria in upper 
intestine ( d) condition of the mucosa. From his paper 
one finds he is in agreement with Comly, and that long 
exposures to as little as 10 p.p.m. nitrate-nitrogen (45 
p.p.m. nitrate) may result in cyanosis of an infant. 

Since it is established ( 5) that nitrates can be con-
verted to nitrites by bacterial action you can appreciate 
the fact that cattle and sheep would be prone to this 
cyanosis because they have a paunch or rumen filled with 
bacteria at the start of their digestive system. Actually in 
1890 in this county, acute nitrate toxicity was n0ted. Be-
fore we leave this slide let's remember cyanosis, low 
blood pressure, increased urine flow and relaxation of all 



smooth muscle. These are also important in agriculture 
with respect to cattle. 

This final slide indicates the problem of nitrates in 
the ration of cattle. The water supply can contribute sig-
nificantly to this problem. These values are arbitary and 
refer to nitrate percentage of dry matter intake. Remem-
ber also that the nitrate in feedstuff would be leached 
out gradually over a period of time. Water is consumed 
in a relatively short time, therefore, the amount of nitrate 
exposed to bacterial action should be greater than that 
leached from the food. We believe, water containing 40 
p.p.m. nitrate could furnish the nitrate necessary to pro-
duce the chronic cough and contribute to detrimental 
health of the cattle. 

ACTION OF NITRATE ON CATTLE 

1. High Nitrate Intake (above 1%) 
a. Death 
b. Abortion 
c. Milk Production Loss (immediate problem) 
d. Vasodilation 

2. Moderate Nitrate Intake (0.5-0.8%) 
a. Chronic Cough 
b. Milk Production Loss (delayed) 
c. Non-thrifty Appearance 
d. Reproductive Difficulty 

Dr. C. P. Merilan (9) of our Dairy Department 
found in Warburg test that as little as 0.01% KN02 in-
hibited normal bacterial action of these rumen micro-
organism. This would be 16 p.p.m. nitrite nitrogen. We 
know from our work that repeated dosing with less than 
this will produce a non-functioning bacterial population. 
Also if one found 16 p.p.m. nitrite nitrogen in the rumen 
a definite cyanosis would be evident in the animal if this 
level existed for several hours. 

My objective 1s to leave with you this idea; nitrogen 

compound in water supplies is becoming as significant in 
animal production and health as it is in the area of 
municipal water supplies. The use of nitrogen in agri-
culture will increase. The level of non-protein nitrogen 
in food will increase and the nitrogen contributed by 
water supplies may become more important. Certainly it 
will become more important in agriculture. 
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ATMOSPHERIC POLLUTION AND METEOROLOGY 

Wayne L. Decker, .Associate Professor of Climatology, University of Missouri 

Factors Related to Air Pollution: 

Air pollution is a process of contamination of the 
atmosphere with gases, liquids and solids. The liquids 
and solids are in a finely divided state ranging from the 
size of a raindrop downward to a size equivalent to one-
one hundreth of a fog droplet. These contaminants, 
which are from smoke, dust, exhaust of internal com-
bustion engines and fumes, remain in the atmosphere 
becahse of their small size. 

The pollution of the atmosphere with contaminants 
introduces problems which range from public health 
hazards to nuisance producing odors. Recalling the 20 
deaths attributed to smog at Donora, Pennylsvania in 
1948, and the 2000 deaths caused by air pollution during 
1952 in London, one realizes the serious danger to health 
induced by air pollution. In addition, restrictions to visi-
bility associated with air pollution often result in hazards 
to both air and surface transportation. 

Obviously the most effective way to avert air pol-
lution is to prevent the contaminants from entering the 
atmosphere. This means either abandonment of all heat-
ing, industrial and transportation activities producing 
these contaminants or the installation of processes for 
removal of virtually all of these contaminants. The latter 
alternative is possible but involves expensive processes 
for which industry or the operator of the internal com-
bustion engine must pay. 

Ahother alternative is the dilution of the pollutants 
by mixing throughout the atmosphere. Under proper 
conditions the lowest thirty to fifty thousand feet of the 
atmosphere is available for the dilution of the materials 
causing the pollution. The conditions favorable for dilut-
ing the contaminants through the atmosphere are deter-
mined by the weather prevailing during the period that 
the pollution is occurring. 

Some weather occurrences result in the removal of 
the contaminants from the atmosphere. Rain and snow 
wash the pollutants from the air, although fog is as-
sociated with an increased incidence of the air pollution. 
Changing air masses often remove the air containing the 
pollution. When cold air masses surge southward across 
the United States, they often push back air ladened with 
contaminants. As a result, prolonged periods with air 
pollution cannot occur in areas where rain and changes 
in air masses are frequent. 

52 

Wind as a Factor in Air Pollution: 

Wind is an important dispersing agent and carrier 
of air pollution materials. Areas downwind from the 
source of the contaminants receive the bulk of this ma-
terial. The seasonal distribution of the frequency of wind 
direction at St. Louis is shown in Figure 1. .This distri-
bution of wind direction is typical of the entire state of 
Missouri. 
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During most of the year a southerly wind is the 
most likely direction of wind in Missouri. In summer, 
winds with a southerly component occur 51 percent of 
the time, and in winter the percentage is 47. A striking 
characteristic of the cold portion of the year is the high 
frequency of northwesterly winds. In winter the wind 
blows from the northwest quarter 30 percent of the time, 
while in summer the frequency is only 15 percent. It is 
correct to conclude that in winter, Missouri is most 



likely to be under the influence of warm southerly cir-
culation or receiving cold air movement from the north-
west. 

In Missouri, northeast winds are the least likely to 
occur in all seasons of the year. The location of industrial 
sites to the northeast of cities and residential districts 
provide those areas with a minimum of opportunity for 
pollution. 

The wind direction associated with pollution at a 
given location depends upon direction of the source of 
the material causing the pollution. For example, at Lam-
bert Field in St. Louis, restrictions to visibility are more 
likely with a southeast wind because that is the direction 
of the industrial region of the city. By the same token, 
at the Kansas City Municipal Airport more pollution 
occurs when the wind is blowing from the southwest. 

Wind speed is another factor in the dispersion of 
pollutants to the atmosphere. Dispersion is inversely 
proportional to the wind speed. A wind speed of 20 
miles per hour will have twice the dispersial power as 
one of 10 miles per hour. 

Atmospheric Stability as a Factor in Air Pollution: 

As shown in Figure 2, an unstable atmosphere is 
associated with mixing, while a stable atmosphere greatly 
retards mixing. Dilution of contaminants through the 
atmosphere will result during periods when the atmos-
phere is unstable. 

Figure 2 
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Atmospheric Stability and air pollution 

Wind shear is a mechanism for producing an un-
stable atmosphere. High wind speeds, particularly aloft, 
will induce the wind shear. These high wind speeds and 
their associated cyclonic activity are at a maximum over 
Missouri in winter, but are not lacking during other sea-
sons of the year. This high frequency of "stormy weather 
patterns" prevents a high incidence of atmospheric pol-
lution in Missouri. This condition is particularly true 
during winter when other weather factors are favorable 
for pollution. 

Air temperature normally decreases with increasing 
height. When temperature decreases with height, by a 
large amount, the conditions are favorable for mixing in 
the atmosphere. On the other hand, when temperature 
decreases with increasing height at a rate of less than 
3° F per thousand feet (.5° C per 100 meters) stability 
of the atmosphere results. Then; are many times when 
the temperature actually increases with height, and such 
conditions are very stable. When the temperatures in-
crease with height an inversion is said to exist. 

Inversions and stable conditions prevail when surface 
temperatures are below the air temperature. Such weather 
occurrences are frequent in winter when warm air moves 
from the southern United States over Missouri. In Table 
1 are shown by seasons the incidence of restrictions to 
visibility at St. Louis, Missouri. It will be noted that the 
occurrence of smoke is related to incidence of fog, and 

PERCENT OF TIME WITH RESTRICTIONS TO VISIBILITY 
AT ST. LOUIS, MO. 

Visibility Season 
Restriction Winter Spring Summer Fall 

Lt. and Mod. Fog 18 & 4 7 
Dense Fog 2 + + + 
Smoke 4 1 + 2 
Precipitation 17 10 4 9 

+ less than 1% 

Table 1 

that both are more frequent in winter. The increased 
stability of the lower atmosphere and the greater use of 
fuels, cause winter to have a high incidence of atmos-
pheric pollution in Missouri. 

The earth surface cools to a temperature below that 
of the air on nights when the skies are clear or have but 
a few clouds. This increases the stability of the lower 
atmosphere as the night progresses. The highest in-
cidence of fog and smoke occurs immediately before sun-
rise. This is shown quite effectively for St. Louis in 
Figure 3. 

On clear nights, cool air accumulates in valleys and 
depressions. This creates a condition where cooler tem-
peratures are found in valleys than are found above the 
valleys at elevations higher than the surrounding hills. 
Such an atmospheric condition is very stable and air from 
the valley will not mix with that above the valley. If 
industrial plants or other sources of contamination are 
located within the valley, air pollution will result. This 
condition occurs in nearly every city in the industrialized 
Appalachian region of the eastern United States. It is a 
factor worthy of consideration for communities in the 
Missouri Ozarks who may be considering industrial ex-
pansion. 
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Diurnal Variation of Fog Occurrence 
ST. LOUIS. MISSOURI 
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Figure 3 
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Meteorological Considerations for Prevention of 
Atmospheric Pollution: 

Nothing is better than the prevention of atmos-
pheric pollution through the removal of the contamin-
ants before they enter the atmosphere. If this is impos-
sible, impractical, or undesirable, some prior planning 
for location of a plant site should be considered. Besides 
the general atmospheric conditions described here, a de-
tailed study of local circulation of the proposed plant 
site should be made. This may necessitate the retaining 
of a consulting meteorologist to avoid costly mistakes in 
location. 

The curtailment of plant operations when unfavor-
able weather conditions are expected should be used only 
as a last resort. Besides the obvious possibility of an in-
correct weather forecast, it is costly to shut down plant 
operations. 

Because of Missouri's location prolonged periods of 
atmospheric conditions favorable for widespread air pol-
lution are not likely. This makes each pollution problem 
a local concern and one which may be handled by local 
planning and regulation. 







PUBLICATIONS OF THE ENGINEERING BULLETIN SERIES 
Copies of the complete list of publications may be secured from the Director of the Engineering 
Experiment Station, University of Missouri. 

Bulletin 
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*240 The Grading of Earth Roads, by H. A. LaRue (1923) 
*25. Experiments on Sunflower Seed Oil, by H. E . French and R. 0. Humphrey (1926) 
*26. Directory of Alumni and Former Students, College of Engineering (1926) 
*27. Tests on Lubricating Oils, by Dr. Mary V. Dover (1928) 
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*30. Flood Flow on Missouri Streams, by Horace W. Wood, Jr. (1942) 
*31. Cross-Connection Survey in Calhoun County, Michigan, by E . L. Stockton (1942) 
*32. Cross-Connection Survey in Calhoun County, Michigan, by E. L. Stockton (1942) (Revised) 

33. Supplemental Irrigation for Missouri and Regions of Similar Rainfall, by Harry Rubey (1945) 
34. A New Transit Method for Realigning Railway Curves and Spirals, by Harry Rubey (1946) 
35. Influence Lines for Horizontally Curved Fixed-end Beams of Circular-arc Plan, by Robert 

B. B. Moorman and Manford B. Tate (1947) 
36 0 Stresses in a Uniformly Loaded Circular-arc I-Beam, by Robert B. B. Moorman (1947) 
37. Thermodynamic Equilibrium Calculations for Combustion Jets, by Ralph Scorah and Jack T. 

Kimbrell (1950) 
38. The Effect of High Temperature Steam on a Nickel-Chromium-Iron Alloy , by Paul Ogden and 

Ralph Scorah (1952) 
39. Air and Water Pollution Conference (1955) 
40. Selected Papers from the Air and Water Pollution Conference (1956) 
41. Pressure Changes at Storm Drain Junctions , by W. M. Sangster, H. W. Wood, E . T. Smerdon, 

and H. G. Bossy (1958) 
42. Selected Papers from the Air and Water Pollution Conference (1957) 
43. Proceedings of the Missouri Community Development Clinic, by J . Pitts Jarvis, Jr. (1958) 
44. Bibliography of Factory Layout (1940 through 1958), by Robert M. Eastman, James C. 
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