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INTRODUCTION

The title of this report was carefully chosen to depict a major
dilemma of modern society. That is, the growth of the country has
placed man in the position of regarding water, both in quantity and
quality, as a limited resource and of developing a workable means to
protect this resource. "Everyone Can't Live Upstream" is directly
concerned ‘with the quality aspects. It is a factual document show-
ing what happens to a major river as metropolitan areas develop along
the stream banks and in essence is a description of the plight of the
downstream user.

This report documents the history of water quality problems on
the Missouri River beginning with the first Federal enforcement
actions, describing the development of water quality standards, and
some of the attendant controversy involved, and finally presenting
the results of two years of water quality investigations of the river

to develop the technical support for stringent water quality standards.



BACKGROUND AND ENFORCEMENT ACTIONS

On July 9, 1956, Congress approved Public Law 84-660, an Act to
extend and strengthen the Federal Water Pollution Control activities.
Section 9 of this 1956 legislation empowered the Federal government
with specific enforcement capability against pollution of interstate
waters. Beginning in 1957, a series of enforcement actions were
instituted on the Missouri River. '

During the period of 1957 to 1966, as these enforcement confer-
ences, hearings and court action progressed, the Federal law was fur-
ther strengthened by Congressional amendments. The most significant
o% these amendments was the Water Quality Act of 1965 which called for
Federal Water Quality Standards on interstate waters. These Standards
were to be developed by the individual states, reviewed and approved
by the Federal government, and then accepted as both the State and
Federal Standard of quality for the body of water concerned.

Along with the Standards requirement, the Water Quality Act of
- 1965 introduced the. concept of enhancement of quality. The old
approach of attempting to solve the problem after damage had occurred
was replaced by a program of prevention and control.

The institutional pathways to achieve the goals set forth in the
legislation were tortuous. The never ending argument of Federal inter-
vention in States' rights was heard time and again. And, finally the
pollution control effort by the states and the cities was one of
expediency in order to placate the Federal government. This is demon-

strated by the history of water pollution actions on the Missouri



River which are summarized on the following pages.

MISSOURI RIVER - SIOUX CITY, IOWA AREA

An enforcement conference was convened by the Public Health
Service on July 24, 1958, at Sioux City involving the municipalities
of Yankton, Vermillion and Elk Point, South Dakota; Sioux City, Iowa;
South Sioux City, Dakota City, Ponca and Blair, Nebraska; and their
associated industries which were discharging their wastes into and
causing po]]ution‘of the Missouri River. The conferees agreed that
pollution of the Missouri River, principally by the municipal and
industrial wastes from Sioux City, Iowa, interfered with water uses
in Nebraska. A time schedule calling for the awarding of contracts
for remedial works by January 1, 1961, was established.

Thé failure of Sioux City, Iowa, to make suitable progress in pro-
viding abatement facilities resulted in the calling of a hearing by
the Secretary of Health, Education, and Welfare. This hearing was
held in Sioux City, Iowa, on March 23-27, 1959. The Hearing Board
found Sioux City, Iowa, and 10 meat_packing firms were discharging
matter causing pollution of the interstate waters of the Missouri
River so as to endanger the health and welfare of persons in Nebraska.
Sioux City, Iowa, and its 10 associated industries were then directed
to cease and desist and to provide what at that time was considered
adequate collection and disposal facilities (primary treatment) by
March 1, 1963. Although this schedule, as recommended by the Hearing
Board, has been met substantially, new industries, such as Iowa Beef

Packers at Dakota City, Nebraska, have located in the area increasing



the waste loads discharged. This industry has agreed to provide
secondary treatment of their wastes by August 1971.

Water quality standards established by the State of Iowa in
accordance with Section 10(c)(1) of the Federal Water Pollution Con-
trol Act were determined in part not to be consistent with protection
of the public health and welfare, the enhancement of water quality,
and the purpose of the Federal Water Pollution Control Act. As a
result, a Conference to Consider the Establishment of Water Quality
Standards for the Missouri River Basin Interstate Waters--State of
Iowa was convened April 15, 1969. As a result of the Conference,
Secretary of the Interior Walter J. Hickel proposed standards for Iowa
in the Federal Register November 1, 1969, cé]]ing for, among other
things, secondary treatment plus bacteria]lcontrol for domestic wastes
(90 percent reduction of BOD) and equivalent treatment by industry by
December 31, 1973. These standards were adopted by the Secretary of
the Interior on May 12, 1970. On June 2, 1970, Governor Ray of Iowa
petitioned for a hearing on the matter.

Subsequently, the State of lowa conducted studies in the Sioux
City Area and found evidence of pollution which confirmed our findings.
Sioux City was then ordered to procede with. the design and construc-

tion of secondary treatment facilities.

MISSOURI RIVER - OMAHA, NEBRASKA, COUNCIL BLUFFS, IOWA AREA
The first session of the enforcement conference on the Missouri
River, Omaha Area, was held on June 14, 1957, in Omaha, Nebraska. The

conferees concluded that pollution did exist and that the major cause



of this pollution was Omaha, Nebraska. The schedule set by the con-
ferees was not followed. Progress at Omaha had proceeded on the
assumption that the industries would provide pretreatment of the
wastes prior to discharge to the City's sewers. A sewage treatment
plant was designed on this assumption. By January 1964, the Public
Health Service learned that the packinghouses had made an agreament
with the City to have the City treat their wastes; however, the
municipal sewage treatment plant was not designed to handle this load-
ing of paunch manure and grease. Several proposals to provide pre-
treatment of the packinghouse wastes either did not meet with the
Omaha City officials' approval or the approval of the packing industry.
Since it was evident that adequate progress~was not going to be pro-
vided according to the time schedule set by the first conference, the
second session of this conference was called for July 21, 1964, in
Omaha, Nebraska. The main recommendations and conclusions from this
conference gstab]ished a new timetable for the planning, financing,
and construction of a pretreatment complex. In addition, an Omaha
Technical Committee, established by the conferees, continued to meet
after the formal conference to work out a technically sound proposal
for pretreating the packinghouse wastes. A survey of packinghouse
wastes was conducted under the auspices of the Omaha Technical Commit-
tee during December 1964.

The findings of this study were presented at a Progress Evaluation
Meeting of the Conferees held on February 11-12, 1965, at Omaha,
Nebraska.

The findings and recommendations of the Technical Committee, which
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were endorsed by the conferees unanimously, agreed upon a new time
schedule calling for the completion of the pretreatment complex by
December 15, 1966.

When it did not appear that the new time schedule would be met,
the conferees were again in session on January 27 and March 28, 1966.
The conferees reestablished the completion dates set forth at the
earlier meeting and set certain limits on grease and suspended solids
to be met by the pretreatment facilities.

A follow-up evaluation meeting in Omaha on March 8, 1967, saw the
City officials again pledge to complete the pretreatment complex. It
was finally completed and put into operation September 2, 1969.
Recently, the system has been experiencing operating difficulties,
causing a bypassing of wastes to the Missouri River via the Monroe
Stréet sewer. After negotiations with Federal and State officials
the City assumed responsibility for operation of pretreatment.

The Omaha City Council, on February 3, 1970, resolved to provide
secondary treatment at its Papillion Creek plant by the end of 1975,
and by 1978 at the Missouri River plant. Advancing the 1978 date is
subject to improvement in the availability of Federal-State funds.

On October 9, 1970, the Nebraska Water Pollution Control Council
amended Nebraska Water Quality Standards by requiring secondary treat-
ment of all municipal and industrial waste sources discharging to the
Missouri River by December 31, 1975. This amendment stated "To pro-
tect and enhance the quality of productivity of the waters, all
municipal wastes shall receive at least secondary treatment plus such
additional treatment as is required to maintain Water Quality Criteria.

6



A11 industrial wastes shall receive an equivalent degree'of treatment
or control consistent with waste characteristics, uses and quality of
receiving waters."

On May 4, 1970, the Council Bluffs, Iowa, City Council passed a
resolution to provide secondary treatment by December 31, 1973, or

any subsequent date reached jointly by State and Federal governments.

MISSOURI RIVER - ST. JOSEPH, MISSOURI AREA

A conference was held by the Public Health Service on June 11,
1957, in St. Joseph, Missouri. The conferees agreed on a time sched-
ule for the installation of remedial facilities. The main recommen-
dation was that the contract award for the construction of sewage
treatment plant to serve the City of St. Joseph and its 18 associ-
ated industries be made by January 1, 1959. Since the City of
St. Joseph and its electorate were not responsive to the recommenda-
tion by the conferees, a public hearing was called by the Secretary
of Health, Education and Welfare on July 27-30, 1959, and on August 12,
1959, the Secretary issued a notice directing St. Joseph and 18 indus-
tries to cease and desist and to provide remedial work by July 1, 1963.

The St. Joseph Stockyards Company and related meat packing inter-
ests formed a sewer district on the south side of St. Joseph which
proceeded to build a primary treatment plant in response to the recom-
mendations of the conferees and the cease and desist order of the
Secretary following the hearing.

The City of St. Joseph, however, did not respond to the cease and

desist order, and an action was instituted in Federal Court which,



following a favorable vote for a bond issue in St. Joseph, resulted
in a Court Order of October 31, 1961, setting forth completion dates
and provisions whereby the City of St. Joseph could make semiannual
reports to the Court with provisions for reopening the case by the
Government or the City. This case was dismissed without prejudice
in U. S. District Court on March 16, 1970.

The municipal primary sewage treatment plant at St. Joseph is
complete and operative, although only treating approximately 70 per-
cent of the City's wastes. Remaining interceptor work is proceeding
with an anticipated June 1971 completion date.

On November 25, 1969, St. Joseph Mayor Merrifield committed the
City to a July 1, 1974, date for the completion of secondary treatment
facilities.

.The Missouri Water Pollution Board at its regular meeting on
February 27, 1970, advanced the Statewide date for secondary treatment
of all municipal and industrial wastes to December 31, 1975.

On January 8, 1971, the Kansas Board of Health amended the Kansas
Water Quality Standards witH a requirement for secondary treatment of

all municipal and industrial wastes by December 31, 1975.

KANSAS CITYS AREA
On December 3, 1957, a conference was convened which determined
that pollution of interstate waters subject to abatement under the
Federal Water Pollution Control Act was occurring in the Missouri
River-Kansas Citys Area. The conferees found the major sources of

pollution to be the untreated and inédequate]y treated sewage and



industrial wastes from Kansas City, Kansas; Kansas City, Missouri;

and North Kansas City, Missouri, and local industrial establishments.
They recommended that adequate waste treatment facilities (primary)
for Kansas City, Kansas; Kansas City, Missouri; and North Kansas City,
Missouri, be completed and in operation b& March 1, 1962, with the
understanding that the complete separation of storm and sanitary
sewage from Kansas City, Kansas, may not be effectuated until

January 1, 1963.

In addition, the conferees recommended that industry in the Kansas
City Metropolitan Area either connect with a municipal waste disposal
system or complete and put into operation adequate treatment works for
disposal of domestic and industrial wastes not later than March 1,
1962.

Because effective progress toward pollution abatement was not
being made by any of the municipalities cited, a hearing was called
and convened June 13-17, 1960. The Hearing Board recommended that on
or before January 1, 1963, a]] remedial facilities (primary) should be
placed under contract for construction to be completed and placed in
operation within a reasonable time. North Kansas City completed its
primary treatment facilities and sewerage system in 1964.

With implementation of recommendations lagging for the two Kansas
Citys, a Progress Evaluation Meeting was convened April 21, 1965. The
Federal and State conferees unanimously recommended "...that all
municipal and industrial wastes originating in the Kansas City Area,
the Kansas and Missouri Rivers and the tributaries thereof, be collected
adequately through the municipal systems in accordance with the

9



requirements of the State agencies, and that all these works be com-
pleted and in operation by January 1, 1967."

Subsequent to the Progress Evaluation Meeting, the City of Kansas
City, Missouri, placed its primary treatment facilities and sewerage
system collecting domestic and industrial wastes into operation dur-
ing 1966. As previously mentioned, the Missouri Water Pollution
Board advanced the date for secondary treatment facilities to 1975.
In response to this decision, the Council of Kansas City, Missouri,
issued a resolution stating that Kansas City, Missouri, would comply
with this schedule.

The City of Kansas City, Kansas, placed its primary treatment
facilities into operation in 1968 and to date has not fully completed
construction of its sewerage system. The City still discharges some
untreated wastes to streams in the area, and numerous industries dis-
charge untreated wastes to the Missouri River via the Fairfax Drainage
District outfall. On May 19, 1970, the Secretary of Interior, Walter
J. Hickel, issued a 180-day notification of the violation of estab-
lished water quality standards to the Fairfax Drainage District and
called a hearing for July 7, 1970. As a result of this hearing, the
District has submitted an abatement schedule which.is being reviewed
by EPA pending further enforcement action.

On February 19, 1970, the Board of Commissioners of the City of
Kansas City, Kansas, adopted a resolution calling for completion of
secondary waste facilities by December 31, 1975.

As previously mentioned, the Kansas Board of Health requires a
minimum of secondary treatment or its equivalent of wastes for all

10



sources with an outside date of December 31, 1975.

The case histories make it rather evident that water pollution
control was and still is not a popular movement. Then as now
rhetoric outweighed actions even with considerable Federal involve-

ment.
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WATER QUALITY STANDARDS.

Water Quality Standards are comprised of three separate parts.
These are the quality criteria, the implementation plan §quing time
schedules, and the enfqrcement plan inc]uding'the monitoring_S;heme.
The intent of the Federal legislation was to have the staté§4formu-
late and adopt the standards. Then these standards were to be sub-
mitted to the Secretary of the Interior for his appfova] and when
approved would become both Federal and State Standards. If not
approved, the Secretary of the Interior, after due process of Taw,
would establish the Standards.

The policy guidelines for developing standards provided insight
into the purpose and intent.of.the standards. These guidelines were
based on the premise tﬁat the waters belong to the people, and there-
fore, no one entity has a right to pollute. Sin;e this concept had
not been followed in the past, the standards were to be designed
ultimately to enhance the quality of water through prevention and
control.

The first building block of the standard package was the quality
criteria. Here it was intended for all existing and potential water
uses to be delineated, then:the appropriate quality criteria would be
established to protect these uses. The mechanism of public meetings
was utilized to develop the spectrum of public use desires. The
quality criteria necessary to pfotect these uses were developed by a

national technical advisory committee comprised of well known experfs
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in all fields and published in a report entitled "Water Quality
Criteria." [/

The implementation portion of the standards was for the purpose
of describing the nature of actions to be taken to achieve compliance
and the time frame for completion. In doing so, all relevant pollu-
tional sources were to be considered including municipal and industrial
wastes, cooling water discharges, irrigation return flows, and com-
bined sewer overflows. It was clearly stated that no standard would
be approved which allows any wastes amenable to treatment or control
to be discharged into any interstate water without treatment or con-
trol regardless of the water quality criteria and water uses adopted.
It was also stated that no standard would be approved which recognized
waste transport as the only use.

%he enforcement and monitoring aspect of the standards was
expected to outline the enforcement authority for ensuring compliance
as well as the surveillance program for determining compliance. It
-should be pointed out, the Standards were not designed primarily as
an enforcement device. It was anticipated the orderly implementation
of the Standards would provide a mechanism for improvement of the
quality of water resources without the necessity of adversary hear-
ings.

The status of Water Quality Standards for the states of Iowa,

Nebraska, Kansas and Missouri is shown in Table 1.

1/ U. S. Department of the Interior, Federal Water Pollution Control
Administration, Water Quality Criteria. Report of the National
Technical Advisory Committee to the Secretary of the Interior.
Washington, D. C., April 1968.
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TABLE 1

STATUS OF WATER QUALITY STANDARDS

Date of Present Status
State Initial Approval Federal Exceptions January 1971
Towa Partial Approval Excepted temperature criteria Al11 issues resolved except
1/16/69 for interior streams; Secondary Secondary treatment for one
treatment plus disinfection on community on the Mississippi;
Missouri and Mississippi; phenol State petitioned for hearing
criteria on Missouri. 6/2/70 to protest the stand-
ards promulgated by Federal
Government.
Nebraska 12/19/68 None State has amended standards to
. include a December 31, 1975,
compliance date for Secondary
treatment on Missouri River.
Kansas Partial Approval Bacterial criterion, dissolved Standards have been amended to
4/25/69 oxygen criterion, temperature resolve exceptions and are.
criterion, Secondary treatment awaiting approval of EPA
date.
Missouri ~ 7/30/70 ‘None State on own volition adopted

a December 31, 1975, compli-
ance date for Secondary treat-
ment. Standards fully
approved.




WATER QUALITY STUDIES

The Missouri Basin, which comprises one-sixth of the land area of
the United States, is undergoing a new era of growth stimulated by
control, conservation and development of its water resources. The
development program is essentially that proposed in the Pick-Sloan
Plan and authorized by Congress in the Flood Control Act of 1944.

The result of this development has been a system of dams, levees and
irrigation projects throughout the Basin.

On the Mainstem of the Missouri six large reservoirs have been
created between the headwaters and Yankton, South Dakota. Much of the
811 mile reach downstream from Yankton has been leveed for flood con-
trol and channelized for navigation but the River is in a free-
flowing state.

The last major dam on the Missouri was closed in the early 1960's,
providing almost 76 million acre-feet of storage in the system. Con-
sequently, the flow downstream from Yankton is almost éomp]etely regu-
lated. Two distinct flow conditions prevail, approximately 9 months
of navigation flows at 30,000 cfs or more and about 3 months of winter
flows between 10,000 and 15,000 cfs with the upper reaches subject to
periods of ice cover and ice jams. |

There had not been any comprehensive water quality investigations
since the advent of this hydraulic cohtro] of the river until the
FWQA investigations of 1968-1970. The past Federal involvement of
enforcement actions combined with the preparation and approval of

water quality standards, necessitated the accumulation of data defining
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the quality of the River. This was doubly important because of the
major population centers located on the lower portion of the Missouri
River and their unknown quality impact of the Miséouri River.

A two-part baseline survey was conducted in the fall of 1968 and
the winter of 1969 covering the reach of river from GaVins Point Dam
upstream from Yankton, South Dakota, to Hermann, Missouri, a river
distance of about 700 miles.

The fall 1968 survey was conducted by boat during the navigational
period. The actual field efforts were completed in two parts; the
first encompassing the area from Sioux City, Iowa to St. Joseph,
Missouri, and the second covering St. Joseph, Missouri to Hermann,
Missouri. Twenty-nine sample stationé were located in the upper reach
from Gavins Points Dam to St. Joseph, Missouri and were sampled from
October 7 to October 18, 1968 (first autumn survey period). Twenty-
one of these stations were located on the main stem of the Missouri
River, five stations were on tributary streams and threee stations
were waste sources.

In the lower reach from St. Joseph to Hermann, twenty-eight sta-
tions were sampled in the period of October 28 to.November 8, 1968
(second autumn survey period). Twenty-one of these stations were on
the main stem, five were tributary streams, and two were waste sources.
One main stem station at St. Joseph, Missouri, of the upstream section
was repeated. |

The winter 1969 survey was designed fo reexamine water quality
near urban areas with less extensive -coverage at intervening, less
accessible areas. Because of reduced flows and ice in the river,

16



samples during this survey were collected from the stream banks at
locations accessible by automobile. Thirty-one sampiing stations

were established on the 700-mile reach during the period of January 2¢
to February 2, 1969 (winter survey period). Twenty-four of these were
on the main stem, two were on tributary streams and five were waste
sources.

Stations sampled during the winter survey were located as closely
as possible to the October 1968 locations. Where locations were not
identical, a letter symbol was added to the station number in the
summary tables to distinguish this difference.

Many analyses were necessary to determine the water quality in the
Missouri River. In addition to the biological examinations, 45 chemi-
cal, biochemical, and bacteriological examinations were included in
the analysis series. Not all analyses were pefformed on daily dis-
crete samples from each station. At selected stations coﬁposites were
made from the five daily samples and preserved for analysis of other
constituents. Sample compositing was used to keep the required number
of analyses within manageab]é limits. The sampling interval for each
analysis is shown in Table No. 2. Results of analyses are summarized
in Appendix B.

Biological features studied were bottom-inhabiting invertebrate
organisms and suspended algae (phytoplankton). Bottom sampling was at
approximately 20 river mile intervals except in areas affected by
waste discharges where additional stations were established. Forty
stations on the Missduri River and one station on each of the major
tributaries were sampled. Stations are designated with the same number

17



Frequency of Chemical Analyses

{Gavins Point. Dam to Hermann, Missouri)

TABLE

MIGSOURY HIVER

OCT.=NOV., 1968 & JAK.-FEB., 169 SURVEYS

CONSTITUFNT OR ANALYSIS

DAILY

S=day
Composite

ALL _STATIONS
Temperature :
Dissolved Oxygen (D.0.)
7= and 5-day Plocherical Oxygen Demand (B.0.D.)
Total Alxalinity
Specific Conductance
Turbidity
Chlorides
Sulfetes
Total Dissolved Solide
!btl.l. Suspended Solids
Total Coliform Bactaria
Fecal Coliform Bacteris
Tecal Streptococci Bagtaerie
pR
Magnesiua
alc-xun
Total Fhosphorus
Ammonie Hitrogen
Nitrete Nitrogen
Organic Nitrogen
Total Organic Carbon

SELECTED STATIONS
€0-day Biochemical Oxygen Demand (B.0.D.)
Sodium
Potassium
Fluoride
Boron

Arsenic
Iron

Copper
Lead
Nickel

2ine

Phenol

Cyanide
T™tal Ormanic Chlorine

Chloroform Extrect
Uranfum (u’”‘. u’w)
Radiume76
Thorium=212

Total Alpha Thorium
Strontiums90

FOTES:

X M XK X

» M M

9-day
Composite

MM M XK X M X M M

Dissolved axygen vas not performed on wvaste cffluents dbut only on streen samples.

P=li Times

1 Timn
per
Survey Period

per
Sample of Piltrate Survey Period

8

Analyses were perforwed 3 times per week during the October-November, 1968 Survey; 4sily during the vinter curvey.

(1
(2
53 Performed during the vinter survey only.
Y

Porfor-d tvice during sutumn survey; once during vinter survey.
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as the closest chemical and bacteriological station where possible or
as Corps of Enéineers river miles measured upstream from the Misseuri
RiverAconfluence with the Missieéippi River.

A1l ehemical analytical methods conformed to "FWPCA Official
Interim Methods for Chemical Analysis of Surfaee Waters." &/ Except
for modifications required for automated chemistry, methods conteined-
in this vo1ume are essentially the same as those contained in the 12th
Edition of "Standard Methods for the Examination of Water and Waste-
water." 3/ Most of the heavy metal analyses were performed by atomic
absorption spectroseopy.

Bacterial examinations were performed in accordance with "Standard
Methods.‘l In this report, the term “teta] coliform bacteria" refers
‘to bacteria identified as fhe "Coliform Group" in.Standard Methods.

Bottom animal sampling was restricted to pile dikes and adjacent
- backwater areas because of river channelization and a shifting sand
bottom. Pile dikes were examined to determine the representative
kinds of benthic animals inhabiting a reach ef river, Backwater areas
were sampled for bottom organisms with either’a Petersen or Ekman
dredge. Dredgings were washed and strained fhrough a U. S. Standard
No. 30 sieve, and organisms remaining in the sieve were preserved for
Taboratory identification. | A

- Suspended algal (phytoplankton) eamples of one liter were col-

Tected at'predetermined'sampling stations and were preserved with five

2/ "FWPCA Official Interim Methods for Chemical Analysis of Surface
Waters," Federal Water Pollution..Control Administration, September
1968. ,

3/ »standard Methods for the Examination of Water and Wastewater,"
12th Edition, APHA, AWWA, WPCF, 1965.
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percent formalin for later identification.

Just prior to the completipn of the winter 1969 field work, the
Secretary of the Interior took exception to certain portions of the
State of Iowa's water quality standards. Data from the 1968 and 1969
surveys were compiled and partially ana]yzed to provide a technical
basis for these exceptidns and presented in a standards setting con-
ference in Arpil 1969. The State and the Federal Governments could
not come to agreement and the Secretary of the Interior promulgated
standards for the'State. The State took issue with these standards
and requested a hearing to resolve thesé differences.

In preparation for this more or less adversary confrontation, the
FWQA conducted additional studies to evaluate further the pollution
of the Missouri River. The§e studies were initiated in the Fall of
1969.and continued through the Spring of 1970. The primary objective
of these studies was to ascertain the degree of water quality degredaQ
tion in the Missouri River that could be controlled through waste
treatment.

The Fall 1969 - Winter 1970 investigations were specifically
oriented toward bacteriological and biological aspects of water
quality. Separate investigations were conducted to demonstrate the
effect of waste discharges on (1) the flavor of fish harvested from
the Missouri River; (2) the periphyton crop; (3) the densities of
total and fecal coliform groups and of fecal streptococci; (4) the
presence of enteric virus and salmonella; and (5) the presence of
sterol compounds unique to fecal material.

The fish flesh tainting study was conducted to demonstrate the
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effects of pollutants on fish flavor. To accomplish this, channel
catfish, an important resident species, were exposed to the river
both upstream and downstream from all known significant waste dis-
charges. After a period of four days the fish were removed from the
water, dressed, quick frozen and submitted to a food flavor test
panel.

Periphyton studies were conducted to examine the assemblage of
organisms that grow on surfaces of submerged objects in water. For
these studies glass slides were exposed both in the vertical and hori-
zontal position to provide a calibrated surface for organism attach-
ment. The periphyton slides were then taken to the laboratory where
the organisms were enumerated, identified and tests of organic carbon
and chlorophyll were conducted to determine the community balance in
terms of the ratio of bacterial slimes to plant organisms.

The bacterial populations utilize organic nutrients while the
plants organisms require inorganic nutrient materials. Normally high
densities of bacteria indicate the'presence of organic waste such as
sewage which these organisms convert to inorganic food for the plant
cells. High densities of plant cells are indicative of sufficient
quantities of inorganic nutrients in the proper environment to support
plant growth.

Analyses were made for the total and fecal coliform groups and the
fecal streptococcus group of indicator micro-organisms including dif-
ferentiation of a random selection of fecal streptococci colonies by
biochemical procedures. Fecal coliform to fecal streptococci ratios
were calculated to indicate the probable source of the wastes, that is,
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whether of human or animal origin.

Special studies were conducted to determine if pathogenic organ-
isms, such as salmonella and enteric virus, were present in the river
at the major use points, and if so, the probable source. These data
were desirable to firmly establish the presence of human fecal pollu-
tion and to demonstrate the hazard potential. .

The last part of the stream quality evaluation program was a study
to isolate a specific sterol compound in the waste sources and in the
river water. This fecal sterol is a unique solid cyclic alcohol found
in the feces of man and higher animals. The presence of this compound
in water is positive confirmation of fecal contamination, and since
this sterol is biodegradable, it is indicative of relatively recent
fecal pollution. Studies at the Advanced Waste Treatment Research
Laboratory in Cincinnati have shown this sterol is biodegradable and
effectively removed by secondary treatment.

The process for i§o]ating and identifying the fecal sterol involves
solvent extraction, thin layer chromatography and positive identifica-
tion by gas-liquid chromatography. The thin layer identification is
a highly positive pfesumptive test which is confirmed by the gas-liquid
chromatography.

The sampling scheme for the Fall 1969 - Winter 1970, field effort
is shownAin Table 3. When possib]e, all sample analyses were per-
formed in conformance with either "FWQA Offiéial Methods for Chemical
Analyses of Surface Water," or "Standards Methods, 12th Edition."
Those analyses not covered by either -of the above methods references,
were performed by the best procedures available from the FWQA research
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efforts.

A complete list and descriptfon of'éll étations sémp]ed:istA
appended to this report as'Appendix A. A map of the River showing.
sampling stations and.a description of study area is contained ih

Appendix B.
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TABLE 3

SAMPLING SCHEME
MISSOURI RIVER STUDY
FALL 1969 - WINTER 1970

Samp]ing Reach

[tem Sioux City Omaha St. Joseph Kansas City
to to to to
Omaha St. Joseph ‘| Kansas City Waverly
Fish Flesh Tainting
Date of Survey 9/29-10/18/69 9/29-10/18/69
No. of Stations
Sampled 16 20 1 25
Periphyton
. Date of Survey 9/7-10/7/69 19/7-10/7/69
No. of Samples 12 9 2 15
Bacteriological
(Coliform and
Streptococcus Groups)
Date of Survey 8/8-12/69 19/3<7/69 9/18-22/69 | 9/25-29/69
No. of Stream Stn. 3 4 3 3
No. of Stream
Samples per Stn. 28 to 30 28 to 30 28 to-30 28 to 30
No. of Waste Source :
or Tributary Stn. 6 13 10 8
No. of Samples/Source 2-5 2-5 2-5 2-5
Salmonella
Date of Survey 9/8-12/69 11/3-7/69 9/18-22/69
No. of Swabs
Exposed 10 16 9 12
Virus
Date of Sampling 9/9/69 1/20/70
No. of Samples 14 13 14 12
Fecal Sterols
Dates of Sampling 1/20-3/4/70 1/27-2/23/70 | 2/4-4/7/70 | 2/11-4/14/70
. 3/17-24/70 3/10-31/70 4/21-5/5/70| 4/28/70
No. of River
Stations Samples 3 4 3 3
No. of Waste Source
or Tributary Stn. 2 4 4 5
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WATER QUALITY BY METROPOLITAN AREA

In 1961 the Missouri River Public Water Supplies Association com-
prised of representatives of water utilities using the Missouri River
as their source of supply was formally estab]fshed. This Not-For-
Profit Corporation includes representatives.from the following com-
munities:

1. Omaha, Nebraska

2. Council Bluffs, Iowa
St. Joseph, Missouri
Leavenworth, Kansas
Atchison, Kansas
Kansas City, Missouri
Lexington, Missouri

Booneville, Missouri

W 0 ~N O O B~ W

Jefferson City, Missouri
10. St. Louis, Missouri
11. St. Louis County Water Company

The water supplied to over 3,000,000 people in these communities
represents, by far, the most important use of the river.

Each of these communities has a vested interest in the quality of
the Missouri and each is concerned with the fate of the wastes dis-
charge upstream from their intake. For this reason the quality of the
River was‘examined from the viewpoint of the impact of waste dis-
charges from the upstream major metropolitan areas on the nearest

major downstream water supply intake. The major areas discussed are:
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1. Gavins Point to Omaha, Nebraska, including Sioux City, Iowa

2. Omaha, Nebraska to St. Joseph, Missouri

3. St. Joseph, Missouri to Kansas City, Missouri

4, Kansaé Cify, Missoufi to Waverly, Missouri

Appendix B of this report is the complete documentAprepﬁfed,after
campletion of the Fall 1968 - Winter 1969 survey. Only the mofe 519-'
nificant findings are reported in this text to provide continuity fn

relating the total scope of work completed.

Gavins Point Dam to Omaha, Nebraska-

The water discharged from Gavins Point Dam is of fairly good qual-
ity. Data from the 1968-1969 baseline survey are shown in Table 4.
For the major use of water shpp]y the only quality characteristics
which approach the recommended 1imits of the Public Health Service are
the total dissolved solids and sulfate concentrations which are both
from natural sources.

Wastes discharged from the Sioux City metropolitan area have an
impact on the quality of the Missouri River. There are approximately
18 known waste discharges in this area. However, duriné the FWQA gur-
veys, only the tributary streams, the Big Sioux and the Floyd River
and the wastes from the Sioux City sewage treatment plant and the Iowa
Beef Packers Plant at Dakota City, Nebraska were sampled. In-particu-
lar, the data from the Fall 1968 - Winter 1969 survey showed an
increase in the densities of the bacterial indicator organisms. Since
the preponderance of data collected during that survey was representa-
tive of normal dry weather flow cond{fions; 32,400 cfs at Sioux City,
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TABLE 4
MISSOURI RIVER WATER QUALITY AT GAVINS POINT DAM

Item Oct. 7-18, 1968 Jan, 20-Feb. 2, 1969
Turbidity (Ju) * 14 1.5
Total Suspended Solids mg/1 45 1.5
Total Dissolved Solids mg/1 474 - 518
Chloride mg/1 12 11
Alkalinity (as CaCOg) mg/1 ' 169 ' -
Hardness (as CaC08) mg/] 238 -
Total Phosphorus mg/] - 0.04 -
NH3 as N mg/1 0.08 -
NO3 as N mg/1 0.2 -
Organic N as N mg/1 0.4 -
Total N mg/1 ' 0.7 -
Total Organic Carbon mg/1 5 -
Ca mg/1 66 40
Mg mg/1 21 21
Ba mg/1 "’ < 1.0 < 1.0 **
Cd mg/1 < 0.02 < 0.02 **
Fe mg/1 < 0.30 < 0.1 **
Mn mg/1 < 0.05 0.04 **
Cr mg/1 < 0.05 < 0,02 **
As mg/1 < 0.01 < 0.071 **
Cu mg/1 < 0.05 < 0,05 **
Pb mg/1 < 0.05 < 0,05 **
Ni mg/1 < 0.05 < 0,1 **
Zn mg/1 < 0.05 0.03 **
B mg/1 - 0.12 0.09 **
Na mg/1 75 fald
K mg/1 6.0 **
F mg/1 0.6 **
Total Organic Chlorine mg/1 126.0 46.2
Chloroform Extracts 5.5
Sulfate mg/1 208 ) 206
Feca] Coliform MPN/]OO m1 <125 *kk <20 faladl

* Unless noted otherwise, results are for 5-day composite samples.
**  These results for station 60 miles downstream from Gavins Points Dam.

***  Average of two discrete grab samples.
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it is most probable thaf these organisms were for waste discharges.

The Fall 1969 - Winter 1970 survey provided additional information
on the water quality downstream from Sioux City. These date are sum-
marized in Tables 5-11.

Table 5 is a summary of the fecal coliform and fecal streptococci
data. This table c]eariy shows the impact of the Sioux City Area in.
terms of fecal coliform contributions with the most significant source
being the Sioux City waste treatment plant effluent. In total numbers
of organisms per day the waste treatment, on the average, discharges
twice as many as are found fn the river ten miles downstream. The
ratio of fecal coliform to fecal streptococci clearly indicate a pre-
dominately human or domestic source and the organisms persist from
Sioux City to Omaha in densities greater than those recognized by the
FWQA.as being safe for water supply source use.

Figure 1 is a plot of the numbers of bacteria observed in the
river and in the observed outfalls. It is significant to note that
the Iowa Beef Packers Company plant was on stirke at the time of the
investigation and the data only reflect about 15% of normal production.

Table 6 shows the recovery of salmonella from the Missouri River.
Although no salmonella were iso]éted from the sewage treatment plant
effluents at Sioux City during this brief sampling pefiod, it is impor-
tant to note the persistance of these organisms in the River. Salmo-
nella are known pathogens to humans and their presence indicates a
real hazard. Table 7 shows a frequency of occurrence of the salmonella
serotypes isolated from humans and farm animals. In addition to bac-
terial enumeration, laboratory tests were conducted to demonstrate the
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TABLE 5

MISSOURI RIVER BACTERIOLOGICAL DENSITIES
SIOUX CITY TO OMAHA
SEPTEMBER 8-12, 1969

Geometric
. Mean Fecal
Station - ’ Coliform
Fecal Fecal Number
x River [Coliform | Streptococci Average | Per Day
Number Location Mile |[MF/100 mil MF/100 ml F.C./F.S. Source |Flow cfs| Trillion
M-52 Missouri River Upstream |736.0 85 .160 - - 53760 110.6
From the Big Sioux River
BS-51 | Big Sioux River 734.0 120 - 48 - ‘ - 345 1.0
F-50.5 Floyd River 731.2 3700 2200 - - 103 9.2
SC-49 Sioux City STP 729.7 | 32x106 5x106 6.4 Domestic 24.36| 18864.4
IBP-48.5 | Iowa Beef Packers 726.2 2x106 4x106 0.5 Animal .27 13.1
M-48 Missouri River 717.4 6900 3800 - - 53960 9010.2
LS-45.5 | Little Sioux River 669.2 2100 790 - - 1194 60.7
S-45 Soldier River 664.0 5500 2900 - - 58 7.7
B-43 Boyer River 635.1 3500 1200 - - 125 10.6
M-42 Missouri River at Omaha |626.2 2000 700 - - 54890 2656.7
Water Treatment Plant
Intake
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TABLE 6

MISSOURI RIVER SALMONELLA ISOLATIONS

SIOUX CITY TO OMAHA

SEPTEMBER 8-12, 1969

Number Location Salmonella Isolated
M-52 Missouri River Upstream S. enteritidis ser. Newport
from the Big Sioux River S. enteritidis ser. Norwich
M-48.5 Iowa Beef Packers S. enteritidis ser. Sieburg
Effluent S. enteritidis ser. Binza
M-48 Missouri River Downstream S. enteritidis ser. Anatum
from Sioux City S. enteritidis ser. Derby
M-42 Omaha Water Treatment S.. enteritidis ser. Anatum

Plant Intake
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TABLE 7
SUMMARY OF SALMONELLA SEROTYPES ISOLATED FROM MISSOURI RIVER

Serotypes Isolated Frequency of Serotype Occurrence in 1968*
from River Human** ' Farm Animal***

S. Typhi-Murium 26.1 % 16.2 %
S. Newport 6.3 3.0
S. Infantis 4.8 5.7
S. Thompson 3.8 4.7
S. Derb& 2.1 3.6
S. Oréaienburg ' 1.5 - 0.4
S. Montevideo ' 1.4 2.5
S. Panama o | 1.2 1.0
s. Anatum o 1.1 3.3
S. Muenchen | T 0.4
S. Java 1.0 0.2
S. Bredeney 0.9 1.0
S. Poona 0.4 0.02
S. Schwartzengrund 0.3 0.9
.S. Give 0.3 0.4
S. Cubana 0.3 0.1
S. Norwich 0.2 0.02
S. Sieburg 0.04 0.4
S. Eimsbuettel 0.03 0.7
S. Binza 0.03 0.3

* Annual Summary 1968: Salmonelld Surveillance, National Communicable
Disease Center

**  Total Human Strains Classified by NCDC - 19,723

*** Total Farm Animal Strains Classified by NCDC - 4,422
- : 32



ability of bacterial cultures to survive in waste effluent and
stream samples. The "Survival Study" procedure involved filtering
the original sample through a 0.22 mu membrane filter. This sterile
sample was divided into aliquots which were inocculated individually
. With pure cu1tdres of indicator bacteria. The number of bacteria
remaining were enumerated at intervals of 1, 2, 3, 7 and 14 days.
Table 8 summarizes these data.

These survival data demonstrate the availability of nutrient
material in the waste effluents to support bacterial growth and the
persistance of these organisms in the river water; Considering that
the maximum flow time from Sioux City to Omaha is less than 40 hours,
the potential hazard from bacterial growth and persistance is aptly
demonstrated, esbecially with the S. typhimurium data.

Specia]ized biological studies were conducted concurrently with
the intensive sampling program. These studies including the placing
of glass slides to co]lect’periphyton and the exposure of caged channel
catfish to the river above and below metropolitan areas to determiﬁe
the deéree of fish flesh tainting caused by waste discharges. The.
nature of these biological investigations permitted continuous cover-
age of the entire reach of. stream from Sioux City, Iowa to Waverly,
Missouri. |

Thé results of the periphyton study are inconclusive. Further
study is necessary to evaluate all of the variables influencing the
periphyton communities. The periphyton data are presented in the
appendix.

The fish flesh tainting investiéations demonstrated one form of
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TABLE 8

BACTERIAL SURVIVAL STUDIES

SIOUX CITY TO OMAHA

Station Per Cent Remaining
Initial _
Number Location Count/100 m1* 24 Hrs 48 Hrs 72 Hrs 7 Day 14 Day
Fecal Coliform Group
M-52 Missouri River Upstream 50,000 56 | 15 11 20 <1
from Big Sioux River ~
SC-49 Sioux City, Iowa STP 70,000 214 R¥** R¥** <1 <1
Effluent
IBP-48A | Iowa Beef Packers Effluent 33,000 112 255 R¥** <1 <1
M-48 Missouri River Downstream 67,000 106 122 3 <1 <1
from Sioux City, Iowa
River Mile 717.4
M-42 Missouri River at Omaha 68,000 84 19.1 18 1 <1
Water Treatment Plant -
Intake
Fecal Streptococcus Group
M-52 Missouri River Upstream 15,000 53 30 23 <1 <1
from Big Sioux River
SC-49 Sioux City, Iowa STP 6,800 97 59 72 < <1

Effluent
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TABLE 8 (Continued)

BACTERIAL SURVIVAL STUDIES

SIOUX CITY TO OMAHA

Station Per Cent Remaining
Initial .
Number Location Count/100 m1* 24 Hrs 48 Hrs 72 Hrs 7 Day 14 Day
Fecal Streptococcus Group (Cont.)
IBP-48A Iowa Beef Packers Effluent 22,000 <1 <1 <1 <1 <1
M-48 Missouri River Downstream 8,000 30 6 5 1 <1 |
from Sioux Ciry, Iowa
River Mile 717.4
M-42 Missouri River at Omaha 8,200 48 <1 <1 <1 <1
Water Treatment Plant
Intake
Salmonella Typhimurium
M-52 Missouri River Upstream 200,000 34 19 125 7 4
from Big Sioux River
SC-49 Sioux City, Iowa STP 93,000 R * 215 194 <1 <1
Effluent
IBP-48A Iowa Beef Packers Effluent 400.000 17 48 1 <1 <1
M-48 Missouri River Downstream 110,000 73 26 33 12 <1

from Sioux City, Iowa
River Mile 717.4
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TABLE 8 (Continued)

BACTERIAL SURVIVAL STUDIES
SIOUX CITY TO OMAHA

Station Per Cent Remaining
Initial
Number Location - Count/100 ml1* 24 Hrs 48 Hrs 72 Hrs 7 Day 14 Day
Salmonella Typhimurium (Cont.)
M-42 Missouri River at Omaha 130,000 100 73 108 85 176
Water Treatment Plant
Intake

* Initial count of sample after inoculation with bacterial culture,
** R indicates regrowth or a greater than ten-fold increase,



direct impact of waste discharges on the aquatic system. The results
for the Gavins Point Dam to Omaha, Nebraska reach show that fish
placed in the River above Sioux City, Iowa had an acceptable flavor

as did the fish from the Big Sioux River. The great number of fish-
ermen observed in those areas also attests to their popularity as
fishing sites. Numerous slaughterhouses in Sioux City discharge their
waste water into the Missouri River between River Mile 732 and 731.
Fish held in cages at River Mile 731.5, 731.0 and 730.5 acquired an
unacceptable flavor. Pieces of meat and fat collected on the baskets
and could be seen floating in the water for several more miles down-
stream. The fish exposed at River Mile 730.5, downstream from the
slaughterhouses and other industries in Sioux City received the lowest
flavor score of fish tested in this area.

Wastes discharged into the Missouri River at Sioux City caused an
unacceptable flavor in caged fish in at least one mile of the Missouri
River bordering Iowa. No unacceptable flavor occurred in test fish
placed along either side of the Missoﬁri River from Dakota City,
Nebraska, downstream to River Mile 628.0 near the Omaha, Nebraska
Water Treatment Plant intake.

During the intensive survey activities in the Fall of 1969, explor-
atory sampling was conducted to determine the feasibility of the iso-
lation of a fecal sterol and enteric virus. This fecal sterol,
coprostanol, is a compound unique to the feces of man and other higher
animals. The sterol compound is biodegradable and consequently its
isolation confirms unequivocally the presence of relatively fresh

excreta. Virus are pathogens that will reproduce only in fairly
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specific host cells. Isolation of enteric virus is positive proof of
human wastes and is a potential health hazard.

Table 9 shows the conqentrations of the fecal stero], coprostanol,
obﬁerved in the Missouri River.

There is no doubt about the additions of fecal poliution in the
Sioux City Area nor of the persistence of this pollution to the Omaha
Water Treatment Plant intake at River Mile 626.2.

Fecal coliform densities determined from the same samples are
shown in Table 10. The absolute numbers are not completely correct
because the samples were held for periods up to 48 hours. Even so,
there is a close trend correlation with the Coprostanol concentrations.

The fecal sterol isolations leave no doubt as to the presence of
fecal material at the downstream water intake. The dissolved nature
of coprostanol combined with the biodegradability shows conclusively
that it is possible for any of the many dissolved constituents in
waste discharges to impact downstream water users.

Virus samples were collected from.three locations in the Sioux
City study reach. The analysis of these samples provided the data
shown in Table 11.

These data were obtained using rather inefficient techniques and
should be on the conservative side. The important factor is that a
continuous source of virus is discharging into the river and these

organisms represent a potential hazard.
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TABLE 9
FECAL STEROL CONCENTRATIONS

FECAL COLIFORM DENSITIES ISOLATED FROM WATER
SAMPLES USED FOR FECAL STEROL ANALYSES

Concentration of Coprostanol in ug/liter
Sampling Sampling | River Date of Sampling

Area Point | Mile |[1-20-70 |3-4-70 | 3-17-70 {3-24-70 | Mean
Missouri River M-52 736.0 4 6 10 3 6
Upstream from
Sioux City
Sioux City STP SC-49 729.0 636 723 684 793 709
Missouri River M-48 717.4 98 105 93 109 101
Downstream
from Sioux City
Boyer River B-43 631.1 64 66 60 57 62
Missouri River M-42 626.2 21 16 23 20 20
at Omaha Water
.Treatment Plant

TABLE 10

Number of Fecal Coliforms per 100 ml of Sample
Sampling Sampling|River Date of Sampling

Area Point |[Mile ([1-20-70(3-4-70 |3-17-7013-24-70] Mean
Missouri River | M-52 736.0 - 360 8 44 140
Upstream from
Sioux City
Sioux City STP | SC-49 |729.0| - 26x106| 20x106| 12x106| 19x106
Missouri River | M-48 |717.4] - |1.4x10%|0.8x104|1.6x10%4{1.3x10%
Downstream '
from Sioux City
Boyer River B-43 635.1 - 1.0x104| 380 705 13,500
Missouri River | M-42 626.2 - - 930 600 770
at Omaha Water
Treatment Plant
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TABLE 11

VIRUS ISOLATIONS
SIOUX CITY TO OMAHA

Station
Date Number Virus Virus
of and Station Recovered Types
Sampling { River Mile Description PFU* Recovered
12/11/69 M-52A Missouri River at 0
(732.7) Thacker Marina Sioux
City
12/11/69 SC-49 Sioux City Sewage 96
Treatment Plant
12/11/69 M-48 Missouri River 4 Polio virus 3
(717.4)

*PFU - Plague Forming Units

Omaha-Council Bluffs to St. Joseph, Missouri

This reach includes the 174 river miles between the upstream con-
trol station at the Omaha water treatment plant intake and the down-
stream use-point station at the St. Joseph water treatment plant intake.
At the control station the flow primarily is comprised of releases from
Gavins Point Dam. Significant tributary inflows from a quantity stand-
point are limited fo those from the Platte River. From a quality stand-
point this reach receives heavy waste loads from the Omaha-Council
Bluffs area and lesser loads from other communities located on the
stream banks downstream from Omaha.

The quality data for the control'station as developed by the Fall

1968-Winter 1969 survey are shown in Table 12. The differences in
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TABLE 12

MISSOURI RIVER WATER QUALITY

OMAHA WATER TREATMENT PLANT INTAKE 1/

Item

Oct. 7-18, 1968

Jan. 20-Feb. 2, 1969

Turbidity (Ju)

Total Suspended Solids mg/1
Total Dissolved Solids mg/1
Chloride mg/1

Sulfate mg/1

Alkalinity as CaCO3 mg/1
Hardness as CaC03 mg/1
Total Phosphorus mg/1*

NH3 as N mg/1*

NO3 as N mg/1*

Organic N as N mg/1*

Total Organic Carbon mg/1*
Ca mg/1*

Mg mg/1*

Ba mg/1*

Cd mg/1*

Fe mg/1*

Mn mg/1*

Cr mg/1*

As mg/1*

Cu mg/1%*

Pb mg/1*

Ni mg/1*

Zn mg/1*

B mg/1*

Na mg/1*

K mg/1*

F mg/1*

Total Organic Chlorine ug/1**
Chloroform Extracts mg/1**
Fecal Coliform MPN/100

36
91
532
13
185
172
237

n O
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.06
.34

1/ Unless otherwise noted, values represent averages of eight to ten

discrete samples.

*  Values for 5-day composit

e samples.

**  Results of single grab sample.
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quality as depicted by the data in Tables 4 and 12 demonstrate the
effects of waste discharges from the Sioux City metropolitan area,
especially in the observed fecal coliform densities. Again the base-
line data Were collected during near normal flow conditions and are
considered to be representative of periods of minimum uncontrolled
runoff.

The Fall 1969-Winter 1970 investigation provided more detailed
information on the impact of waste discharges on the quality of the
Missouri River downstream from Omaha. During this investigation,
samples were collected from 18 stations comprised of 4 Missouri River
stations and 14 waste source or tributary stations.

The fecal coliform and fecal streptococcus data are listed in
Téb]e 13. These data clearly show an increase in bacterial densities
down below the waste sources and mean densities in the river in excess
of recognized limits for drinking water supply. The measured fecal
coliform contributions from the waste sources between the control sta-
tion and the next downstream river stétion account for over 50% of the
observed increase in the river. Figure 2 is a plot of the fecal
coliform masses observed in the river and contributed by waste sources,
Again it is readily apparent that the preponderance of fecal coliform
organisms observed in the river is from point source discharges and
that the resulting mean river densities are in excess of recognized
limits for a raw drinking water supply.

The primary reason for measuring the densities of fecal coliform
indicators is to provide some basis for judging the probability of the
existence of pathogens in the water. In most instances, the higher
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" 'TABLE 13

MISSOURI RIVER BACTERIOLOGICAL DENSITIES

OMAHA TO ST. JOSEPH
NOVEMBER 3-7, 1969

Geometric
Mean Fecal
Station Coliform
_ Fecal Fecal Average Number
- River | Coliform | Streptococci Probable | Flow Per Day
Number Location Mile |MF/100 m1} MF/100 ml F.C./F.S. Source CFS Trillions
M-42 Missouri River at Omaha | 626.2 3,700 2,500 - - 43950 3,900
Water Treatment Plant
Intake
M-212 Quakér ODats Company 615.2 2,400 2,400 - - 4 0.23
M-211 Pacific Fruit Express 615.1 2,400 1,200 - - 0.24 0.01
CB-40B | Council Bluffs STP 614.0 12x106 1x106 12.0 Domestic 7.9 | 2,236
TC-210 | Twin Cities Plaza STP 613.6 3x106 0.13x106 23.1 Domestic 0.39 28
0M-40A j Omaha, Nebraska STP 611.5 6x106 8x106 0.8 Mix 26.9 3,906
OM-208 | Monroe Street Sewer 611.2 3x106 10x106 0.3 Animal 4.8 349
Omaha
M-38 Missouri River Upstream| 601.7 | 15,000 11,000 - - 45756 16,600
from Bellevue
M~206 | Bellevue STP 601.5 4x106 0.78x106 5.1 Domestic 0.9 87
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TABLE ‘13 (Continued)

MISSOURI RIVER BACTERIOLOGICAL DENSITIES
OMAHA TO ST. JOSEPH
NOVEMBER 3-7, 1969

Geometric
Mean "~ Fecal
; Coliform
Station Fecal Fecal Average -| Number
River {Coliform [ Streptococci Probable| Flow Per Day
Number Location Mile |MF/100 m1 | MF/100 ml F.C./F.S. Source CFS Trillions
M-205 | Papillion Creek Down- 596.6 | 1.4x106 0.25x106 - - 84 2,848
1 stream from Offut
P-37 'P1atte River 594.8 650 720 - - 475 7.5
M-201 Plattsmouth STP 591.2 5x106 0.59x106 8.5 Domestic 0.65 79
M-200 | Nebraska City STP 563.3 7x106 6x106 2.24 380
M-34 Missouri River Down- 559.7 | 18,000 12,000 51028 22,200
stream from Nebraska
City
N-199 | Nishnabotna River 542.0 710 840 - - 390 7.9
T-198 | Tarkio River 507.6 920 1,500 - - 68 1.5
N-196 | Nodaway River 462.4 1,800 3,200 - - 153 6.7
M-28 Missouri River at 452.3 6,500 3,200 - - 53096 8,400
St. Joseph Water Treat- '
ment Plant Intake
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the densities of fecal coliform, the greater the possibility of patho-
gens being present. The results of the salmonella tests are shown in
Table 14. The isolation of these known pathogens confirms the sig-
nificance of the high densities of fecal coliforms.

Salmonella are present throughout the entire reach from Omaha-
Council Bluffs to St. Joseph. Their presence, particularly at the
water treatment plant intakes, is a potential hazard to all water
consumers.

The significance of the existence of salmonella in the river and
the waste discharges is further emphasized by the résu]ts of the sur-
vival studies as shown in Table 15. Normally the bacteria] indicators
are expected to die off at a rate of somewhere between 70-90% in two
days. When more than 50% survive after 24 hours, the organisms are
persisting, and when there is over a ten-fold increase in numbers;
the organisms are undergoing regrowth. The survival data show the
ability of the river water and the wastes to sustain bacterial persis-
tence and regrowth.

Specialized biological studies were conducted in this are fq_
examine the periphyton community and to document the possibility of
fish flesh tainting.

The periphyton data were somewhat equivocal but did'show the pres-
ence of bacterial slimes about 50 miles downstream from Omaha-Council
Bluffs indicatihg some organic enrichment.

The fish flesh tainting presented a vivid picture of the direct
impact of waste discharges between the Omaha-Council Bluffs area and

the confluence of the Missouri and Platte Rivers. Caged catfish
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TABLE 14

MISSOURT RIVER SALMONELLA ISOLATIONS
OMAHA TO ST. JOSEPH
OCTOBER 9-14, 1969

Station
Salmonella Isolated
Number Location
M-42 ' Missouri River at Omaha Water S. Anatum
Treatment Plant
M-211 Pacific Fruit Express Outfall S. Derby
S. Infantis
S. Bredeney
TC-210 Twin Cities Plaza STP S. Infantis
0M-209 Missouri River Omaha STP Bypass S. Anatum
OM-40A Monroe St. Sewer Omaha S. Derby
OM-208 Omaha Missouri River STP S. Java
Combined Sample Below the Three S. Eimsbuettel
Outfalls
M-206 Bellevue STP Outfall S. Muenchen
S. Schwartzengrund
S. Derby
M-38 Missouri River Upstream from S. Muenchen
Bellevue STP
M-205 Papillion Creek S. Oranienburg
M-34 Missouri River at Nebraska City S. Derby
M-28 St. Joseph Water Treatment S. Montevideo
Plant Intake S. Derby
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TABLE-15

BACTERIAL SURVIVAL STUDIES
OMAHA TO ST. JOSEPH

Station Initial Percent Remaining
Number Location Count/100 m1* 24 Hrs 48 Hrs | 72 Hrs 7 Day 14 Day
Fecal Coliform
M-42 Missouri River at Omaha 108,000 87 72 130 47 33
Waterworks
M-212 Quaker Oats Outfall 78,000 99 123 154 R** R**
M-211 Pacific Fruit Express 91,000 102 62 52 12 3
CB-40B Council Bluffs STP 105,000 86 81 229 R** R**
OM-40A Omaha STP 102,000 R** R¥** R¥* R¥**  Rx*
M-38 Missouri River at Bellevue 104,000 .72 87 83 50 29
M-205 Big Papillion Creek 101,000 81 59 :59 19 47
P-37 Platte River 90,000 83 53 34 14 5
M-34 Missouri River near 90,000 91 53 52 27 7
Nebraska City
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TABLE 15 (Continued)

BACTERIAL SURVIVAL STUDIES
OMAHA TO ST. JOSEPH

Station Initial Percent Remaining ,
Number Location Count/100 ml* 24 Hrs 48 Hrs 72 Hrs 7 Day 14 Day
Fecal Streptococci
M-42 Missouri River at Omaha 55,000 124 126 100 78 73
Waterworks
M-212 Quaker Oats Outfall 50,000 104 38 30 4 <1
M-211 Pacific Fruit Express 56,000 73 96 70 77 70
CB-408B Council Bluffs STP 55,000 89 113 96 151 R**
OM-40A Omaha STP 57,000 263 R** R** R** R**
M-38 Missouri River at Bellevue 56,000 N 98 89 77 80
M-205 Big Papillion Creek 56,000 71 98 80 96 79
P-37 Platte River 48,000 83 110 98 110 110
M-34 Missouri River near 50,000 88 94 78 96 72
Nebraska City
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TABLE 15 (Continued)

BACTERIAL SURVIVAL STUDIES
OMAHA TO ST. JOSEPH

Station Initial Percent Remaining
Number Station Count/100 ml1* 24 Hrs 48 Hrs 72 Hrs 7 Day 14 Day
Salmonella Typhimurium
M-42 Missouri River at Omaha 34,000 44 44 26 11 2
Waterworks
.M—212 Quaker Oats Outfall 25,000 21 17 14 17 4
M-211 Pacific Fruit Express 26,000 81 65 32 12 4
CB-408B Council Bluffs STP 32,000 59 50 23 18 750
OM-4OA Omaha STP | 25,000 R** R** R** R** 680
M-38 Missouri River at Bellevue 26,000 50 46 32 8 5
M-205 Big Papillion Creek 80,000 41 21 19 5 <1
p-37 Platte River 80,000 43 20 16 6 <1
M~34 Missouri River near 84,000 33 23 14 5 2
Nebraska City

* Initial count of sample after inoculation with bacterial culture.

** R indicates regrowth or a greater than ten-fold increase over the initial count. -



exposed in river downstream from the Council Bluffs and Twin Cities
Plaza sewage discharges acquired an unacceptable flavor. Downstream
from the Omaha sewage treatment plant discharge the fish acquired tie
most unacceptable flavor of any tested. -However, in the reach between
the Platte River and St. Joseph all exposed fish had acceptable
flavors.

Fecal sterol and virus investigations were conducted during and
after the intensive sur?ey activities. The fecal sterol is a rather
unique indicator of fecal contamination, and its presence leaves no
doubt concerning fecal and non-fecal pollution. Table 16 is a presen-
tation of the fecal sterol data that were collected. These data were
agéin confirmed by fecal coliform determinations which are shown in
Table 17.

The data in Tables 16 and 17 clearly show the presence of fecal
contamination at the water intakes. They also show the major point
sources which are amenable to control. The presence of fecal material
at the water intake is not a practice either condoned by recognized
public health authorities nor one within the best public interest.

The virus data for this reach are shown in Table 18. Here is posi-
tive proof of the presence of pathogens in the waste effluents and in
the River.

The most significant of these data is the isolation of human

enteric virus from the St. Joseph water supply intake.
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TABLE-16

FECAL STEROL CONCENTRATIONS
OMAHA TO ST. JOSEPH

Concentration of Coprostanol in ug/liter

Sampling Sampling | River Date of Sampling
Area Point | Mile |1-27-70 {2-23-70 {3-10-70 | 3-31-70 | Mean
Missouri River M-42 626.2 9 20 26 28 21

at Omaha Water
Treatment Plant

Council Bluffs CB-40B | 614.0 743 864 766 815 797
STP '

Omaha STP OM-40A | 611.5 250 300 362 335 312
Missouri River M-38 601.7 73 71 76 67 72
Below Omaha

Papillion Creek M-205 596.6 177 200 295 166 210
Platte River p-37 594.8 17 21 13 15 16
Missouri River M-34 559.7 60 73 76 72 70

at Nebraska City

Missouri River M-28 452.3 31 34 31 37 33
at St. Joseph
Water Treatment
PTant
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TABLE 17

FECAL COLIFORM DENSITIES ISOLATED FROM WATER
SAMPLES USED FOR FECAL STEROL ANALYSIS

’ ‘ Number of Fecal Coliforms per 100 m]
Sampling Sampling| River Date of Sampling
Area Point | Mile [1-27-70 | 2-23-70} 3-10-70 |3-31-70| Mean
Missouri River M-42 626.2 - 1,200 800 1,000 1,000
at Omaha Water
Treatment Plant
Council Bluffs CB-40B | 614.0 - 2.9x10° | 1.7x10° | 4.0x106 | 2.9x108
STP
Omaha STP OM-40A | 611.5 - 1.0x106 0.8x10° 4.0x106 1.9x106
Missouri River M-38 601.7 - 3,000 3,000 6,700 4,200
Below Omaha
Papillion Creek M-205 596.6 - 3.1x10° | 4.1x105 | 4.1x10° | 3.8x105
Platte River P-37 594.8 - 340 540 730 540
Missouri River M-34 559.7 - 1,800 3,700 5,800 3,800
at Nebraska City
Missouri River M-28 452.3 - 2,400 1,800 1,900 2,100
at St. Joseph
Water Treatment
Plant
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TABLE 18

VIRUS TISOLATIONS
OMAHA TO ST. JOSEPH

Date Virus
of Station No. Station Isolated Virus
Sampling {(River Mile) Location PFU _ Identification
10/16/69 OM-40A Omaha STP 241 -
10/23/69 CB-40B Council Bluffs STP 421 -
10/23/69 0M-208 Omaha - Monroe St. 296 -
Bypass
10/23/69 TC-210 Twin Cities STP 12 -
10/28/69 M-38 Missouri River - 4 Polio virus 12 & 3
(601.3) Near Bellevue, Neb. Echo virus 1 & 7
1/20/70 M-28 Missouri River at 3
(452.3) St. Joseph Water

Intake

St. Joseph to Kansas City

The quality of the Missouri River at the St. Joseph water intake

reflects the natural self-purification capacity of the river to a

small degree by the reduction in non-conservative constituents.

The

baseline data collected in Fall 1968-Winter 1969 in Table 19 show the

continuing trend in quality degradation due to increases in concentra-

tions of conservative materials.

Again from the major water use stand-

point - water supply - the items of concern are the high fecal coliform

densities, which are in excess of recognized 1limits for this use, and

the total dissolved solids concentrations which approach the 500 mg/1

54



TABLE 19

MISSOURI RIVER WATER QUALITY AT ST. JOSEPH, MISSOURI
WATER TREATMENT PLANT INTAKE !

Item Oct. 7-18, 1968 | Jan. 20-Feb. 2, 1969

Turbidity (Ju) : 48 12
Total Suspended Solids mg/1 131 28
Total Dissolved Solids mg/1 - 472 510
Chloride mg/1 17 23
Sulfate mg/1 170 177
Alkalinity (as CaC03) mg/1 163 174
Hardness {(as CaC03) mg/1 254 -
Total Phosphorus mg/1* 0.26 0.06
NH3 as N mg/1* 0.18 0.34
NO3 as N mg/1* : 0.4 0.4
Total N mg/1* 2.9 1.4
Total Organic Carbon mg/1* 7 6

Ca mg/1* 69 44

Mg mg/1* 20 25

Ba mg/1* <1.0 <1.0
Cd mg/1* <0.02 <0.02
Fe mg/1* <0.30 <0.1
Mn mg/1* <0.05 0.04
Cr (Total) mg/1* <0.05 <0.02
As mg/1* <0.01 <0.01
Cu mg/1* . <0.05 <0.05
Pb mg/1* <0.05 <0.05
Ni mg/1* <0.10 <0.1
Zn mg/1* <0.05 <0.,025
B mg/1* 0.10 <0.12
Na mg/1%* 13 55

K mg/1* 8.6 7.5
F mg/1* 0.78 0.6
Total Organic Chlorine ug/1** 32.8 73.1
Chloroform Extracts mg/1** 3.7 -
Fecal Coliform MPN/100 m1l 6500 2800

1/ Represents the mean of daily discrete samples.
* Represents results of one or two five-day composites.

**  Represents results of one grab'Samp1e.
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maximum recommended concentration in the PHS Drinking Water Standards.

The Fall 1969-Winter 1970 investigation provided additional data
showing the presence of fecal contamination added by St. Joseph and
other downstream communities. The emphasis of this work again was to
show the existence of a potential health hazard that could be miti-
gated by better waste treatment.

Table 20 is a summary of the fecal coliform and fecal streptococcus
data collected during the intensive investigation. These data indi-
cate a significant contribution of both animal and human wastes and
show that 50% of the fecal coliform mass observed in the river is
attributable to those discharges that were sampled. The densities of
fecal coliform organisms increase from 4,300 organisms per 100 ml at
the St. Joseph water intake (River Mile 452.3) to 8,800 organisms per
100 m1 at River Mile 440. The densities decrease to 3,800 per 100 ml
at the Kansas City, Missouri water intake, River Mile 370.5.

Figure 3 is a graphical display of the numbers per day af féé;]
coliform discharge to the River and the profile in the River. Of
particular concern is the occurence of high densities during high
flows not involving storm runoff.

The salmonella data shown in Table 21 show the existence of patho-
gens in the River. The gauze swabs recovered from the Missouri River
at Mile 440 and Mile 370, the Kansas City, Missouri water intake
resulted in the positive isolation of salmonella, as did those swabs
recovered from the listed waste sources.

Here again the potential survival characteristics of the bacteria
in the River are of concern. Laboratory tests were conducted using
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TABLE 20

MISSOURI RIVER BACTERIOLOGICAL DENSITIES
ST. JOSEPH TO KANSAS CITY

SEPTEMBER 18-22, 1969

Geometric
. Mean Fecal
Station Fecal Average ({Coliform
River [Coliform Fecal Probable | Flow No./Day
Number Location Mile | 100 ml }Streptococci | F.C./F.S. | Source CFS Trillions.
M-28 St. Joseph Waterworks 452.3 4,300 4,300 1 - 57900 5931
Intake
SJ-3 | Black Snake Creek 452.3 | 2x106 | 0.96x10° 2.1 - - -
SJ-5 Charles St. Sewer 452.3 3x106 1x10° 3.0 Domestic 2.6 189
SJ-9 Mitchell St. Sewer 452.3 2x100 0.79x10° 2.5 Mix - -
SJ-15 | St. Joseph STP 446.4 4x106 2x100 2.0 Mix 6.68 647
SJ-17 | Brown's Ditch 446.4 0.17x]06 52,000 3.3 - 6.5 27
SJ-18 | South St. Joseph Indus- | 445.6 7x100 37x100 0.2 Animal 11.29 1913
trial Sewer District
STP
M-27 Missouri River Palermo | 440.3 7,800 8,800 0.9 - 59680 11265
Landing .
A-25.5 | Atchison STP 421 2x106 250,000 8.0 Domestic 1.064 79
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TABLE 20 (Continued)

MISSOURI RIVER BACTERIOLOGICAL DENSITIES

ST. JOSEPH TO KANSAS CITY
SEPTEMBER 18-22, 1969

Geometric

Station Mean Fecal

Fecal Average {Coliform

River jColiform Fecal Probable} Flow No./Day

Number Location Mile 100 m1 | Streptococci| F.C./F.S. | Source CFS Trillions
L-24.5 | Leavenworth STP 395.6 4x106 270,000 14.8 Domestic 9.07 878
P-23.5 |Platte River 391.2 420 550 - - 124.6 1

M-101 j{Line Creek 372.2 | 10,000 2,700 - - 2.4 -
M-23 Kansas City, Missouri 370.5 3,800 2,400 - - 63120 5805
Water Intake
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TABLE 21

ST. JOSEPH TO KANSAS CITY
SEPTEMBER 18-22, 1969

MISSOURI RIVER SALMONELLA ISOLATIONS

Station
Number Location Salmonella Isolated
SJd-15 St. Joseph STP S. Schwartzengrund
(RM 447.4) S. Oranienburg
SJ-17 Brown's Branch Ditch S. Panama
(RM 446.4) S. Infantis
S. Java
S. Eimsbuettel
SJ-18 St. Joseph Industrial STP §; Derby
(RM 445.6) S. Give
S. Panama
M-27 Missouri River at Palermo S. Panama .
Landing S. Infantis
(RM 440.3)
L-24.5 Leavenworth STP S. Bredeney
(RM 395.6) S. Infantis
P-23.5 Platte River S. Typhimurium Var. Copenhagen
(RM 391.2)
M-23 Missouri River at Kansas S. Newport
City, Missouri Water S. Give
Intake S. Infantis
(RM 370.5) S. Poona
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both filtered river and filtered waste samples inoculated with pure
bacterial cultures to develop time concentration histories. The
results of these tests are shown in Table 22. Since St. Joseph is
about 24 hours flow time from Kansas City, the ability of these organ-
isms to persist and regrow has significant importance.

The specialized bio]égica] investigations, fish flesh tainting and
periphyton, did not indicate any severely polluted areas between
St. Joseph and Kansas City. The caged catfish exposed in this reach
all had acceptable flavoring and the attached organism community was
normal. Bottom dwelling okganisms collected during the Fall 1968-
Winter 1969 operation were representative of a relatively clean water
population.

The special virus and fecal sterol studies initiated during the
Fall of 1969 and Winter of 1970, reconfirmed the presence of fecal
pollution and pathogenic organisms. The results of the fecal sterol
analyses are shown in Table 23. These data clearly show the accretion
of the sterol, coprostanol, between the control station at the
St. Joséph Waterworks intake and the downstream impact station at the
Kansas City, Missouri waterworks intake. The coprostancl data are
further verified in significance by the fecal coliform determinations
made on the same samples and shown in Table 24.

Virus data are listed in Table 25. These data clearly demonstrate
the source and persisfence of the pathogens through isolation from both

waste source and river samples.
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TABLE 22

BACTERIAL SURVIVAL STUDIES

ST. JOSEPH TO KANSAS CITY

Initial
Station Count Percent Remaining
Number Location Per 100 ml* 24 Hrs 48 Hrs 72 Hrs 7 Day 14 Day
Fecal Coliform
M-28 Missouri River at 98,000 112 92 102 91 68
St. Joseph Intake
SJ-15 St. Joseph STP | 100,000 R¥* R** R** R** R**
SJ-18 St. Joseph Industrial STP 110,000 . R¥** R** R** R** 664
M-27 Missouri River at Palermo 99,000 83 80 59 55 43
Landing
M-23 Missouri River at Kansas 82,000 84 100 82 70 R**
City Intake
Fecal Streptococcus
M-28 Missouri River at 49,000 86 69 94 76 25
St. Joseph Intake
SJ-15 St. Joseph STP 52,000 - 98 44 39 6 7
SJ-18 St. Joseph Industrial STP 52,000 R** 58 73 27 1
M-27 Missouri River at Palermo 83,000 91 68 59 66 59
Landing




TABLE 22 (Continued)

BACTERIAL SURVIVAL STUDIES
ST. JOSEPH TO KANSAS CITY

€9

Initial
Station Count , Percent Remaiping
Number Location - Per 100 mi* 24 Hrs 48 Hrs | 72 Hrs 7 Day 14 Day
M-23 Missouri River at Kansas 52,000 83 90 100 79 44
City Intake
- Salmonella Typhimurium
M-28 Missouri River at 76,000 68 40 55 62 13
St. Joseph Intake
SJ-15 St. Joseph STP 94,000 | R** R** R¥** R** R¥**
SJ-18 St. Joseph Industrial STP 81,000 R** 370 222 103 <1
M-27 Missouri River at Palermo 90,000 40 29 33 19 18
Landing
M-23 Missouri River at Kansas 75,000 44 3 33 2 2
City Intake

* Initial count of sample after inoculation with bacterial culture.

** R indicates "regrowth" or a greater than ten-fold increase over the

initial number.



TABLE 23

FECAL STEROL CONCENTRATIONS
ST. JOSEPH TO KANSAS CITY

Coprostanol Concentration in ug/1 )

Sampling Sampling | River Date of Sampling .

Area Point - | Mile {2-4-70 |4-7-70 {4-21-70 [ 5-5-70 |Mean
Missouri River M-28 452.3 37 31 35 28 33
at St. Joseph
Water Treatment
Plant
St. Joseph STP SJ-15 | 446.4 | 391 418 484 452 436
St. Joseph SJ-18 445.6 | 573 465 503 493 508
Industrial STP
Missouri River M-27 440.3 56 49 48 43 49
at Palermo :

Landing

Atchison STP A-25.5 {421.0 | 365 451 498 389 424
Leavenworth STP | L-24.5 | 395.6 | 424 519 486 535 491
Missouri River M-23 370.5 63 46 54 60 56

at Kansas City
Water Treatment
Plant
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- TABLE 24

FECAL COLIFORM DENSITIES ISOLATED FROM WATER
SAMPLES USED FOR FECAL STEROL ANALYSES

Fecal Coliform Density Organisms/100 ml
Sampling |SamplingfRiver| _ Date of Sampling
Area Point {Mile | 2-4-70 |4-7-70 | 4-21-70 {5-5-70 | Mean
Missouri River M-28 452.3 1,600 1,400 2,600 560 1,800
at St. Joseph
Water Treatment
Plant
St. Joseph STP | SJ-15 |446.4| 1.6x106|6.8x106{ 0.7x106|7.8x106 [4.2x106
St. Joseph sJ-18 |445.6] 1.4x100 4.2x106 22x108| 17x106 | 11x106
Industrial STP
Missouri River | M-27 440.3| 5,200 | 1,800 3,700 450 | 2,800
at Palermo
Landing
Atchison STP | A-25.5 [421.0]0.97x106]5.0x106]0.27x106|4.9x10 |2.8x10°
Leavenworth STP | L-24.5 |375.6| 4.4x106|5.8x106| 1.9x106] 11x106 |5.7x108
Missouri River | M-23 370.5| 6,200 | 2,400 3,000 | 1,000 | 3,150
at Kansas City
Water Treatment
Plant
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" 'TABLE 25

- VIRUS ISOLATIONS
ST. JOSEPH TO KANSAS CITY

Station
Date Number Virus
of and _ Station - | Isolated | Virus
Samples ‘| River Mile Description PFU Identified
1/22/70 | SJ-15 | St. Joseph STP | 93 -
1/722/70 SJ-18 St. Joseph Industrial 10 -
Effluent
4/23/70 M-27 Missouri River at Palermo 3 -
(440.3) Landing
9/24/69 A-25.5 Atchison, Kansas STP 402 -
(421.0)
9/24/69 L-24.5 Leavenworth, Kansas STP 57 -
(395.6)

Kansas City to Waverly

The Kansas City Metropolitan Area is the largest in terms of popu-
lation and diversified industry of those areas considered in these
studies. The nature of wastes generated in the Kansas City Area varies
from straight domestic to complex organic chemicals from industrial
sources. The majority of this waste load is discharged to the Kansas
and Blue Rivers which are tributaries to the Missouri.

Baseline data for the Kansas City, Missouri, water intake are
presented in Table 26. These data collected during the Fall 1968-
Winter 1969 investigation show the river to be approaching marginal

quality levels for water supply use on the basis of Environmental
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MISSOURI RIVER WATER QUALITY AT KANSAS CITY, MISSOURI

TABLE 26

WATER TREATMENT PLANT INTAKE 1/

Item

Oct. 28-Nov. 8,

1968

Jan. 20-Feb. 2,

1969

Turbidity (Ju)

Total Suspended Solids mg/l
Total Dissolved Solids mg/1
Chloride mg/1

Sulfate mg/1

Alkalinity (as CaCO3) mg/1
Hardness (as CaC03) mg/]
Total Phosphorus mg/]*

NH3 as N mg/1*

NO3 as N mg/1*

Organic N as N mg/1*

Total Organic Carbon mg/1*
Ca mg/1*

Mg mg/1*

Ba mg/1*

Cd mg/1*

Fe mg/1*

Mn mg/1*

Cr (Total) mg/1*

As mg/1*

Cu mg/1*

Pb mg/1*

Ni mg/1*

Zn mg/1*

B mg/1*

Na mg/1*

K mg/1*

F mg/1*

Total Organic Chlorine mg/1**
Chloroform Extracts mg/1**
Fecal Coliform MPN/100 ml

61
173
497

17
198
179
261

0.

0.
9
72
20
<1.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
vo<0,
0.
12
9.
0.
45,
0.
6500

29
73
485
22
185
174

8300

NOOOO

1/ Represents the mean of daily discrete samples.

*  Represents results of one or two five-day composites.

** Represents results of one grab sample.
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Protection Agency criteria. The total dissolved solids approach the
recommended maximum concentration contained in the Public Health
Service drinking water standards and the fecal coliform densities
exceed recognized criteria for a raw water source.

| The bacterial contamination is demonstrated in greater detail in
Table 27 in which the résu]ts from the Fall 1969-Winter 1970 survey
are listed. These data show the high densities at the control station
the large increase due to discharges from the metropolitan area and
the persistence of the indicator organisms as far as Waverly, some 87 .
miles downstream or approximately 26 hours travel time. |

Figure 4 is a plot of the numbers of bacteria discharged to the
River in the Kansas City Area and the resulting downstream profile.

The flat s]bpe of the curve demonstrates the persistence of these indi-
cator organisms in the River.

Salmonella were isolated from many of the waste sources discharging
into this feach of the Missouri. Table 28 is a list of the salmonella
serotypes identified.

One of the better indices of the quality of a stream is derived
from an examination of the invertebrate animals living on the stream
bed. The numbers and kinds of bottom dwelling organisms in a specific
aquatic environment indicates within a fairly narrow range the quality
of that environment.

The Missouri River is rather unique from the biological standpoint.
The high flow combined with the intense channelization by flow control
structures have limited the development of invertebrate communities to
the rock flow control structures and the quiescent areas behind these
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MISSOURI RIVER BACTERIOLOGICAL DENSITIES

TABLE 27

KANSAS CITY TO WAVERLY
SEPTEMBER 25-29, 1969

Geometric
. . Mean
Station Fecal
Fecal _ Fecal Average |Coliform
, River |Coliform |Streptococcus Probable| Flow No./Day
Number Location Mile 100 ml Per 100 ml F.C./F.S.| Source CFS Trillions
M-23 |Kansas City, Missouri 370.5 3,800 4,600 - 63,000 5,793
~ [Water Intake
M-]O@ Fairfax Industrial Sewer|367.6 0.56x106 0.23x106 - - -
KR-22 |Kansas River . 367.4 1,600 | 630 - 2,234 24
M-103 |Kansas City, Kansas STP |367.2 5x10° 5x106 Mix 15.35] 1,857
M-104 |Kansas City, Missouri 367.19 1x10° 1x108 Mix 23.99 581
Westside STP
M-105A{Corn Products Interna- |[365 1,700 . 18,000 - 24.4 1
tional (Major Effluent)
M-105B|Corn Products Interna- [364.8 2,600 30,000 - 2.0 0.1
tional (Minor Effluent) ‘ _ : :
M-106 |Rock Creek, North Kansas{362.7 0.3x106 ]5x106' 4.44 32
City STP .
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TABLE 27 (Continued)

MISSOURI RIVER BACTERIOLOGICAL DENSITIES

KANSAS CITY TO WAVERLY
SEPTEMBER 25-29, 1969

Geometric
Station Mean
Fecal
Fecal Fecal Average |[Coliform
River |Coliform|Streptococcus Probable| Flow No./Day
Number Location Mile 100 m1 | Per 100 ml F.C./F.S.| Source CFS Trillions
M-19 |Kansas City Blue River | 358 3x106 0.58x100 5.2 Domestic 87.96| 6,386
STP
M-107B|{Blue River 358 .99x106 .15x108 6.2 - 19.2 460
M-108 [Rock Creek STP 356.9 2x108 1x10° 2.0 - 8.22 398
Independence
M-18 |Missouri River near 345.5 9,000 54,000 - - 63,270 13,780
Missouri City
M-109 |Little Blue River 339.5 4,100 2,900 - - 11.6 1.2
M-15 |Missouri River near 293 8,700 12,000 - - 63,600 13,390
Waverly
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TABLE 28

MISSOURI RIVER SALMONELLA ISOLATIONS
KANSAS CITY TO WAVERLY

Station
Number Location Salmonella Isolated
M-101 Line Creek S. Infantis
M-102 Fairfax Industrial Outfall S. Binza
S. Typhimurium
M-107B Big Blue River S. Montevideo
S. Cubana
S. Tompson
M-109 Little Blue River S. Muenchen

structures.

The bottom dwelling organism communities were sampled intensively
during the Fall 1968 field study. At the control station near the
Kansas City, Missouri water intake the organisms found were indicativ-
of relatively clean water. There was an assemblage of 7 pollution
sensitive and 1 pollution tolerant form.

Approximately 11 miles downstream, most of the pollution sensitive
organisms were replaced by pollution tolerant forms indicating degraded
water quality. Downstream from the Blue River confluence, 14 miles
from the control station, all pollution sensitive organisms were
absent and only the more tolerant forms were :present. Between the con-
fluence of the Blue River, R.M. 356, and Waverly, Missouri, R.M. 293,

the accumulation of organic sludge on the pile dikes and in backwater
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areas limited the available habitat to tolerant forms.

The major tributary streams in this reach, the Kansas and the Big
Blue Rivers were both found to be grossly polluted. Bottom dwelling
organisms in the Kansas were limited to the most tolerant kinds such
as sludge worms, while the Blue River was so severely polluted that
the bottom samples were\devoid of animals.

The specialised biological studies during the Fall 1969-Winter 1970
reconfirmed the 1968 findings. The fish flesh tainting studies demon-
strated that wastés discharged to the Missouri River caused unaccept-
able flavors in caged catfish for a distance of 22 miles downstream
from the Kansas City Area. In addition, fish placed in the Big Blue
River, the old channel of the Blue River and Sugar Creek died within
24 hours.

The periphyton studies indicated polluted conditions in a six-mile
reach (R.M. 362-R.M. 356) downstream from the Kansas River. Large
reductions in numbers of attached organisms were observed in comparison
with upstream stations indicating an unfavorable environment. Some
recovery was observed downstream from R.M. 356 in numbers of organisms,
but the communities included pollution tolerant blue-green algae and
protozoans which feed on organic materials.

The fecal sterol isolations represented another index of recent
fecal pollution in the Missouri River. Table 29 shows the coprostanol
concentrations from samples taken in this reach.

Table 30 is a listing of the fecal coliform densities in the fecal
sterol samples. The correlation between the fecal coliform and fecal
sterols is quite good even though the samples were between 48 and 72
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TABLE 29

FECAL STEROL CONCENTRATIONS
KANSAS CITY TO WAVERLY

Concentration of Coprostanol in ug/

liter

Sampling Sampling | River Date of Sampling

Area Point | Mile 2-11-70 14-14-70 | 4-28-70 |5-13-70 .| Mean
Missouri River M-23 370.5 80 68 98 - 82
at Kansas City
Water Treatment
Plant v
Kansas River K-22 367.4 78 70 83 - 77
Kansas City, M-103 367.20 522 496 587 - 535
Kansas STP
Kansas City, M-104 367.19 259 319 298 - 290
Missouri West- ‘
Side Plant
Blue River M-107B | 358.0 92 110 92 - g5
Kansas City, M-19 358.0 328 419 396 - 381
Missouri Blue :
River STP
Missouri River M-18 345.4 86 75 98 - 87
at Missouri City
Missouri River M-15 293.0 66 79 58 - 70
at Waverly

74



TABLE 30

FECAL COLIFORM DENSITIES ISOLATED FROM WATER SAMPLES
USED FOR FECAL STEROL ANALYSES
KANSAS CITY TO WAVERLY

Number of Fecal Coliforms per 100 ml of Sample:
Sampling Sampling|River Date of Samplin "
Area Point |Mile |2-11-70{4-14-70|4-28-70{5-13-70{ Mean

Missouri River M-23 370.5 880 | 2,100 700 |18,500 5,500
at Kansas City
Water Treatment
Plant
Kansas River KrR-22 |367.4 | 6,200 | 1,300 { 7,400 { 1,800 | 4,200
Kansas City, M-103 |367.20{ 20x106| 13x108|5.9x100 13x106 13x106
Kansas STP
Kansas City, M-104 |367.19{1.3x108]0.3x10%]0.4x10%|1.6x108|0.9x10®
Missouri West-
Side Plant
Blue River M-107B (358.0 80 500 400 {32,000 | 8,300
Kansas City, M-19  |358.0 [1.9x106|2.6x106|2.2x106|4.1x108|2.7x108
Missouri Blue
River STP

- Missouri River M-18 345.4 | 1,600 | 1,600 | 2,100 {19,000 | 6,100
at Missouri City
Missouri River M-15 293.0 770 | 1,800 | 1,600 |11,800 | 4,000
at Waverly

75



hours old.

These data again confirm the presence of fecal pollution in the
River. For the bacteriological, viral, and fecal sterol data, the
upstream control station provides the datum and the downstream obser-
vations show a positive increase above this base. The waste discharges
that were sampled showed.contributions which accounted for almost 60%
of the increase in fecal coliform densities. The présence of the fecal
sterol, coprostanol, reinforces the significance of the fecal coliform
as an indicator and the isolation of salmonella and virus confirms the
existence of a potential hazard. Combining these observations with the
results of the fish flesh tainting studies, the periphyton studies and
the earlier bottom dwelling organism investigation, a rather complete
spectrum of pollution is produced.

The virus data as shown in Table 31 provide the final confirmation
of the nature of the waste discharges. The total number of virus from
waste sources in the Kansas City Area, based on the data in Tabie 31,
averages about 264 virus per gallon of sewage. When it is considered
that the Kansas City Area discharges almost 100 million gallons per day
into the river, the viral hazard potential is placed in a rather stag-

gering perspective.
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TABLE 31
VIRUS ISOLATIONS

KANSAS CITY TO WAVERLY

Date Sampling Sampling Virus
of | Station Station Isolated Virus
Samples | Number ~ Description PFU/Liter | Identification
9/26/69 M-102 Fairfax Industrial 63 -
Sewer
M-103 Kansas City, Kansas 75.5 -
STP
M-104 Kansas City, Missouri 71.5 -
Westside STP
M-106 Rock Creek - North 3.0 -
Kansas City STP
M-108 Rock Creek - Independ- 94 -
ence STP
M-19 Kansas City Blue River 114 -

STP
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OTHER FACTORS

The field fnvestigations conducted between 1968 and 1970 have pro-
vided more knowledge of the quality of the Missouri River than hereto-
fore available. These studies were unique in that they included the
exotic as well as the standard tests of water quality. And in the
end, this uniqueness further emphasized the relationships in the over-
all body of data.

One of the most significant findings of these investigations is
the relative importance of point source discharges and of land runoff.
A 2-day portion of the 1968-1969 baseline survey was conducted during
a heavy rainstorm. These data are contrasted against the 8-day dry
weather data in Table 32, to show the effect of runoff.

It is readily apparent that storm runoff adds a significant waste
load to the river. There is an increase in the 5-day 20°C BOD and an
attendant decrease in the dissolved oxygen concentrations.' The densi-
ties of fecal coliform indicator organisms show an increase of several
orders of magnitude due to wet weather flow.

However, it is equally important to realize the frequency of occur-
rence of wet weather flows. Flow hydrographs for five of the more
significant streams were plotted to estimate the frequency of runoff
peaks that might contribute pollution to the Missouri River. The num-
ber and duration of runoff peaks were determined using an arbitrary
flow increase with a 2-3 day peak definition. Table 33 summarizes
these findings.

Based on these the Missouri cou]d be free from uncontrolled runoff
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TABLE 32

A COMPARISON OF WET AND DRY WEATHER
WATER QUALITY AT SELECTED STATIONS
MISSOURI RIVER
1968

Dissolved|5-Day 20°C Suspended | - Fecal

Oxygen BOD Solids Coliform
Station Station ma/1 mg/] ma/] MPN/100 m] -
No. Location Dry {Wet |Dry Wet [Dry | Wet|Dry Wet
M-52 |Upstream from Conflu- |9.5 |10.0{0.9 1.2] 55 - | 220} 30,300

ence of Missouri River
and Big Sioux River

M-42 |[Omaha Water Treatment |9.1 8.0]1.9 4,9 91 [1020 {8300 210,000
Plant

M-28 [St. Joseph Water 8.6 | 5.613.0 - 1131 |2780 16500 {230,000
Treatment Plant

TABLE 33

SUMMARY OF RUNOFF DURATION AND FREQUENCY
FOR SELECTED MISSOURI RIVER TRIBUTARIES

Runoff . Peak

Record Duration Runoff Peaks

Length | Affected Days/Yr Number/Yr
Stream Location Yrs % Time |Avg |Min }|Max | Avg |Min | Max
Kansas Bonner S. 13 16 60 20| 92| 12 | 6 18
Platte (Iowa) | Agency 13 14 531 22| 8| 14| 8 24
Nishnabotna Hamburg 13 11 39 (16| 64} 10 ] 5 17
Little Sioux | Turin 9 12 42 1 141 79 6| 4 9
Big Sioux Akron 13 9 3% |10 81 4 1 10
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84 or more percent of the time from any particular tributary. No
attempt to modify this for combination of tributaries seems feasible.

Table 34 is a 1ist of all of the significant tributaries and their
average flow contrfbution. The tributaries are listed in descending
geographical order. It is expected that the individual stream flow
characteristics would be similar to those shown in Table 33.

In addition to the investigation of the significance of point
sources, an industria] waste survey was conducted to determine the
character of the discharges other than municipal. The metropolitan
areas of Kansas City and St. Joseph, Missouri; Omaha and Dakota City,
Nebraska; and Council Bluffs and Sioux City, Iowa were included in
this survey. All identifiable industries were contacted by letter,
phone or personal visit to collect available data on their waste dis-
charges. The entire industrial waste survey effort was under the
sponsorship of the respective State Water Pollution Cohtro] Agency.

In the Sioux City area, the wastes being discharged to the Floyd
River and the Missouri River consist primarily of domestic wastes,
industrial wastes associated with the food processing industry --
particularly the meat packing industry, and wastes from large ammonium
nitrate and insecticide manufacturing plants. Except for periods dur-
ing storm runoff, all wastes discharged to the Sioux City municipal
sanitary sewer system receive primary treatment. This includes all
industrial wastes produced in Sioux City except those from the stock-
yards and cooling and condensate waters from various industries.
Reportedly, a small percentage of the domestic wastes in the Sioux
City area are discharged into the municipal storm sewer system.
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TABLE 34

SUMMARY OF MISSOURI RIVER TRIBUTARIES

Avg. Dischg. .} . -
USGS Gage Stream - Gage cfs (1967) Rank
6-4785 James River Scotland 366 13
6-4855 Big Sioux’ Akron 830 9
6-6005 Floyd James 174 16
6-6075 Little Sioux | Turin 1,003 7
6-6085 Soldier Pisgah 128 18
6-6095 Boyer Logan 301 ]4'
6-8055 Platte South Bend 5,503 3
6-8100 Nishnabotna Hamburg 970 :
6-8130 Tarkio Fairfax 186 15
6-8150 Little Nemaha Falls City 598 1
6-8175 Nodaway Burlington, Mo. : 508 12
6-8205 Platte (Mo.) Agency, Mo. '827 10
6-8925 Kansas Bonner Springs - 6,583 2
6-8935 Big Blue Kansas City 137 ' l]7.
6-8940 Little Blue Lake City 108
6-9020 Grand Summer 3,683 4
6-9055 Chariton Prairie Hill 1,071 6
6-9265 Osage St. Thomas 9,604 1
6-9335 Gasconade Jerome 2;486 - 5
6-4860 Missouri Sioux City 31,680
6-6100 Missouri Omaha 27,680 .
6-8930 Missouri Kansaé City 54,350
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Based upon the findings of this survey there are six major waste-
water outlets in the Sioux City area. These are the outlets from a
packing plant in Dakota City, Nebraska, the primary effluent from the
Sioux City municipal wastewater treatment plant, the effluent from the
detention ponds serving the chemical plants, at Port Neal, and three.
major outlets serving the Sioux City stockyards.

In Council Bluffs, the municipal wastewater treatment plant pro-
vides treatment for the domestic and industrial wastes. The major
sources of industrial wastes are two food processors and one meat
packer. |

The packing plant is a large beef slaughtering facility designed
to handle 250 head of beef per hour. Some treatmént facilities are
being provided and supported by an EPA Research and Demonstration
Grant. |

The industry in Omaha is oriented heavily toward agkicu]ture,
including Tivestock slaughtering, rendering, and hide processing indus-
tries; meat processing (breakihg, boning, sausage manufacture, etc.);
and food processing industry; particularly the frozen-prepared dinner
industry, the potato chip industry, and the ice cream and other milk
product industry. In the milk product category, cheese manufacturing
is minimal.

Another important industrial source of liquid wastes in Omaha‘is
livestock receiving facilities, the largest facility being the Union
Stockyards Company. At Union Stockyards, livestock ié received and
marketed for slaughter or for further feeding. Manure in the cattle
pens is removed in the semi-solid form, dehydrated, bagged and sold.as
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soii conditioner. Manure from the swine and sheep pens is washed to
the sewer. ATl mﬁﬁoff resulting from rainfall flows to the sewer.

Associated with the animal handling wastes are the livestock trans-
port trucks. Several truck washing businesses within the city special-
ize in cleaning manure and bedding from trucks and washing the interior
and exterior of the truck. These washwaters enter the sewer carrying
considerable quantities of the semi-solid manure removed from the
trucks.

Another class of industry, which may be of importance as a source
~of .pollutants having public health significance, is the pharméceutica]
industry. One products,.diethyl stilbestrol, is widely used as a feed
additive for stimulating animal growth. In general, the pharmaceutical
industries in Omaha are careful to minimize the loss of product to the
sewer. However, the significance of the quantities of hormones and
other pharmaceuticals discharged to the sewer from pharmaceutical manu-
fécturing, as compared to other potential sources of the same chemicals,
such as from livestock slaughtering operations, cannot be quantified
from this survey.

Other classes of industry in Omaha, such as metal plating, textiles,
pulp and paper wastes, plastics, and machinery manufacturing, are mini-
mal or non-existent.

Only a superficial survey was made of St. Joseph, Missouri. The
domestic waste is processed through two primary treatment plants.
Slaughterhouse and insecticide waste are combined in one STP with some
domestic sewage to handle the only exotic chemical problem existing in

the area.
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During the Lower Missouri Survey effort the chemical plant was shut
down and no waste other than domestic/slaughterhouse was; entering the
river.

The industrial background of North Kansas City, Missouri is
characterized by a heavy concentration of storage and packaging opera-
tions. Few industries are process in nature. Most organizations work
the daylight shift with the resultant loading on the sewage treatment
plant going from 7,000 PE at night to 70,000 PE in the day.

There are a few light metal fabrication operations where etching,
cleaning and plating, produce waste which could be harmful to secondary -
treatment processing. Those.companies not treating wastes in plant can
be identified.

Three.industries are potential sources of trouble. One produces a-
large amouﬁt of organic loading resulting from the refining of sugar
from corn. Some of these wastes are discharged to cityvsewer while
others are allowed to go direct into the Missouri River.

A second industry, a repair shop for railroad.tank cars allows the
steamings from the car-cleaning operation to escape by seepage into
the ground. This is an undefined route of disposal and within a few
yards of the river levee and water's edge. Some o0ils have been seen in
storm sewer outfalls into the Missouri River near this installation.

The third industry manufactures copper powder and one of the wastes
is a copper ammonium carbonate complex. This material is believed to
be adequately disposed of; however, unexplained copper color has been
seen in a storm sewer outfall to the Missouri River.

A small creek flows through North Kansas City and into the Missouri

84



which carries the primary treated effluent from the North Kansas City
STP and miscellaneous industrial wastes. .

Kansas City, Missouri is a transportation terminal for finished
~and semi-finished goods. Numerous warehouses and assembly plants
exist in the area. Industrial waste from these operations is primarily
dry in character and very little of an exotic nature.

The City is on a sewer system with localized areas being served by
package treatment plants. Most all industries are handled through the
City's central treatment plant.

There are numerous food processors throughout the City, éuch as
potato chip manufacturers, dairies, bottling works in addition to
restaurants in the retail trade. These high organic waste sources are
not a problem source.

An industrial complex centered around a steel mill with attendant
etching, plating, cleaning, painting operations exists on the Blue
River in the east part of Kansas City. This group of companies dis-
charge much of their wastes into the Blue River making the quality of
the stream far below State Standards. The State of Missouri has issued
compliance orders in hopes to improve this stream.

Two chemical companies near the steel mill complex could be the
source of exotic organo-phosphorus insecticides. One firm reclaims
various types of wastes and employs a series of sealed lagoons on the
river side of the levee. The other firm, a large manufacturer of
agricultural chemicals, is constructing a treating plant to handle its
industrial waste. Their wastes are being lagooned and neutralized
prior to disposal into the City sanitary sewer.
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Table 35 summarizes the results of the industrial waste survey and
the basic data are contained in Appendix G.

Based on the analyses of significance and frequency it is readily
apparent that point source discharges are responsible for the observed
water quality degradation for about 85% of the time. It is also
apparent that the pathogenic hazard is high because of the domestic or
agri-industry origin of the wastes. Then it is only a matter to
determine what feasible means are available to solve this problem.

The problem in the most basic terms is the addition of organic
materials, bacteria and virus to the river. Some of the organic mate-
rials cause the tainting of fish flesh. Others serve as necessary
nutrients to sustain the persistence or regrowth of bacteria. Specific
organic compounds such as the fecal sterols show the ability of these
biodegradable organic compounds to persist in the watef environment and
also indicate the presence of recent fecal contaminatioh.

The bacterial indicator organisms also show the presence of mate-
rial of fecal origin and indicate a possibility of the existence of
pathogenic organisms. Isolation of salmonella and virus confirms this
premise.

In summary the Missouri River represents a potential hazard to any-
one using it as a source of drinking water or for recreation. Mitiga-
tion of this hazard thfough a higher level of waste treatment with
adequate bacterial control is technically feasible and well within the
public interest.

A properly operated secondary treatment plant will remove between
85 and 95 percent of the five-day biochemical oxygen demand. This rep-

86



/8

TABLE 35

SUMMARY OF INDUSTRIAL WASTE SURVEY

: Number of Total No.. : Number of ‘Companies
Metropolitan SIC Code . of With Significant With Discharge to
Area Groups Companies_ Inplant Treatment Municipal Sewers
Sioux City, Iowa 9 74 13 66
Council Bluffs, Iowa 9 35 '3 31
Omaha, Nebraska 14 172 10 159
North Kansas City, Missouri 9 30 6 26
Kansas City, Missouri 80 14 72
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resents a reduction in readily available carbonaceous material which is
susceptible to biological oxidation or stabilization. This also removes
a substantial portion of the nutrient material necessary for bacterial
persistence or regrowth and many of the compounds that taint fish

flesh.

Properly operated secondary treatment will remove on the average
about 50 percent of the nitrogén which is another nutrient necessary
for bacterial growth or persistence.

And, last but not least, properly operated secondary treatment will
reduce significantly the bacterial and virus densities. Bacterial
removals between 90 and 98% can be obtained. The secondary effluent
is more easily disinfected due‘fo gréafer removals of solids and oxi-
dizable substances. The bacterial reductions that can be obtained with
disinfection of secondary effluent depend upon disinfection technique.
With chlorination, efficiencies of 99% can be reached. |

Insofar as the removal of virus is concerned, properly operated
activated sludge treatment will remQVe ub to 90% of the virus. These
virus are removed either by adsorption onto the suspended or colloidal
material or by inactivation frémAtoxic substance§: Additioné] virus
removal can be obtained with pfoper ch]ofination, that is requisite

free chlorine residuals and proper contact time.

88



CONCLUSIONS

A minimum of secondary sewage treatment is needed to protect
water uses that exist now, as well as in the future, in’the Missouri
River. The time is past when this Nation can ask itself how much
pollution can be added to the environment instead of how much environ-
mental pollution can be prevented. We can no longer afford to take
the risk of relying on our reckoning of the assimilative capacity of
the receiving waters and minimum acceptable quality as the basis for
designing minimum level of waste treatment. This concept has not pro-
tected us in the past from polluting most of the Nation's waters, and
it is less valid today when the volume and complexity of waste dis-
charges continue to increase at a rapid rate. We subscribe to a con-
cept of water quality enhancement through adequate waste treatment.

There are many valuable and tangible attributes a;sociated with
secondary waste treatment other than its capacity to remove oxygen-
demanding wastes. Most of these are affected little, if at all, by
primary treatment. These attributes include up to 95 percent sus-
pended solids reduction and the removal of substantial quantities of
bacteria, pathogenic organisms, viruses, heavy metals, and nutrients
including 30 percent or greater phosphorus removal and 50 percent
nitrogen reduction. The receiving waters of efficiently treated wastes
are kept aesthetically clean. A very important factor is that secon-
dary treatment provides the basis for efficient, effective disinfection
through the removal of most of the solid particles that harbor bacteria

and by destruction of fecal organic matter in which they multiply. To
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‘strive for less than secondary waste treatment or its equivalent is to
strive towards mediocrity when something far superior is attainable,
technically realistic and needed to protect water uses,

Data collected during investigations made of the Missouri.River
and its tributaries by the FWQA over the past two years demonstrate
conditions of serious po]]ution. Wastes discharged by the major com-
munities, using only primary treatment, cause measurable increases in
bacterial indicator organisms, virus and fecal sterols. 'Theﬁe wastes
also cause water quality degradation as reflected by the structure‘of
the periphyton communifies and the fainting of fish flesh. Each |
measured pollutional characteristic or observed effect is attributab]é
to constituents that can be substantially removed from waste waters
by properly operated secondary treatment facilities with bacterial
control. |

This investigatidn also provided specific knowledge on,ainumber of
pollutants that should be prevented from entering the Missouri River
and that can be controlled by secondary treatment with disinfection.
For example, the treatment of public water supplies is based on a con-
cept of multiple barriers against the invasion of pathogenic organisms.
One of these barriers is adequate disinfection of municipaj wastes that
may enter the waterway from which the supply is drawn. There are a
number of organisms presént in sewage that threaten the health of per-

sons drinking or swimming in the water that is so contaminated. These

include: Salmonella; Shigella; Leptospira; Mycobacterium; and the
enteric viruses, such as polio and hepatitis.

The FWQA investigations on the Lower Missouri River resulted in the
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isolation of a number of constituents that can be removed by secondary
treatment. These included 19 Salmonella serotypes, many of these were
pathogenic human strains. Pathogenic Salmonella were demonstrated in
three water supply intakes. Bacterial regrowth was found to be sig-
nificant in the receiving waters. Viruses were isolated from water
supply intake areas. It was demonstrated that viruses could survive
in Missouri River water for a period of 25 hours or longer, which would
permit them to reach most water supply intakes from the pollution
source. In laboratory experiments, they survived in large numbers.

Fecal sterols were isolated from water intake areas during the sur-
vey. The isolation of fecal sterols confirmed independently with a
chemical test rather than a bacteriological one that fecal pollution
does occur. These are biodegradable and would be removed in a secon-
dary treatment process.

The Fish-tainting study was not a unique or alternate approach to
a comprehensive water quality investigation, but one that has been
used on a number of occasions to successfully identify taste and odor
problems in water. The presence of unacceptable flavors in fish flesh
from caged fish confined downstream from metropolitan areas in the
Lower Missouri River is a significant indication of the existence of a
problem and of the presence of taste and odor producing compounds in
the water. Secondary treatment removes ketones that bccur in paint
solvents, phenols, hydrocarbons and coal tar wastes that produce dis-
agreeable ‘taste in fish flesh. Water quality standards adopted by the
States specify that water quality should be such that off flavors are

not produced in fish flesh.
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In the case of the Missouri River where the principal use is as a
water supply source for approximately three million peop]e, the obli-
gation of upstream communities is readily apparent. Their sewage
treatment plants serve as the first of the mu]tip]e‘barriers between
the upstream wastewater and downstream water user.

Although it is now technically feasible to produce dfinking water
from sewage, it is not economically practicable. The water utilities
constantly search for the best quality raw water source to provide

'the general public with a safe potable water supply. The water treat-
ment systems of today are probably capable of removing 99.9% of the
virus present. .But there is still a chance of the 0.1% slipping
through. Since virus were isolated at the water intakes, and since
it may take as little as one viral particle to cause infection, the
average man dependent on the Missouri River municipal water systems
could be subjected to a viral infection. The 1mp1ementation of higher
levels of waste treatment can mitigate this threat. It must be remem-

bered, not everybody can Tive upstream.
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APPENDIX A

SAMPLING STATION DESCRIPTION



STATION DESCRIPTIONS

Station River
Number Mile

M-52 736.0 Two miles upstream from mouth of Big Sioux
River at I-29 Bridge.

BS-51 734.0 Big Sioux River upstream from confluence with

- Missouri River at Sioux City, Iowa.

F-50.5 731.2 Floyd River new channel at Dace Avenue Bridge,
Sioux City, Iowa.

SC-49 729.7 At Sioux City STP effluent.

I1BP-48.5 726.2 Iowa Beef Packers, Inc., Dakota City, Nebraska.
Plant effluent at second manhole downstream
of package STP on company property south of
Sioux City.

M-48 717.4 Below Sioux City STP outfall at power cable
crossing.

LS-45.5 669.2 Little Sioux River at Highway I-29 Bridge
near River Sioux, Iowa.

S-45 664.0 Soldier River upstream from confluence with
Missouri River.

B-43 635.1 Boyer River one mile upstream from confluence
with Missouri River.

M-42 626.2 At Omaha, Nebraska water works intake 0.3
Mile below State Highway 36 bridge.

M-52A 732.7 Approximately one mile South of Elk Point,
South Dakota, 0.5 mile upstream from
U. S. Highway 73 bridge.

M-212 615.2 Quaker Oats Company effluent at concrete box
(covered with steel grill) on levee about
100 feet from Missouri River at Pierce Street,
Omaha, Nebraska.

M-211 615.1 Pacific Fruit Express outfall off 35th Street
at Council Bluffs, Iowa.

CB-408B 614.0 Council Bluffs STP primary effluent at the

plant, 35th Street and 23rd Avenue.
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Station

Number

TC-210

0M-40
OM-40A

OM-208

M-38

M-206

M-205

P-37

M-201

M-200

M-34

N-199

T-198

N-196

River

“Mile

613.6
611.5

611.2

601.7

601.5

596.6

594.8

591.2

563.3

559.7

542.0

507.6

462.4

Twin Cities Plaza STP effluent at plant.
Omaha, Nebraska STP effluent.

At Omaha, Nebraska 10th and Monroe Street
sewer effluents in ditch below twin-tube
outfall structure, about 100 feet west of
Missouri River.

At Bellevue, Nebraska 0.1 mile below State
Highway 370 bridge.

At Bellevue, Nebraska STP Number 1 primary
effluent at plant clarifier outfall (upstream
of STP secondary digester overflow and water
plant lime sludge waste) State Road 370.

Papillion Creek at one-lane steel truss and
wooden bridge, approximately one mile down-
stream from U. S. Highway 73 and 75 bridge
and Offutt Air Force Base secondary STP out-
fall, Sarpy County, Nebraska

Platte River 3 miles upstream from confluence
with Missouri River at U. S. Highway 73 and
75 bridge south of La Platte, Nebraska.

At Plattsmouth, Nebraska STP pr1mary effluent
at plant. .

At Nebraska City, Nebraska STP primary
effluent at plant.

Downstream from Nebraska City, Nebraska,
0.2 mile above Fraziers Light.

Nishnabotna River at Southeast edge of Hamburg
at confluence with Missouri River,
U. S. Highway 275 br1dge

Tarkio River near Corn1ng, M1ssour1 at State
Highway 111 bridge.

Nodaway River north of Nodaway, M1ssour1 at
U. S. Highway 59 bridge on November 3, 1969
and at County Road T Bridge on ' :
November 4 - 7, 1969.
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Station River
Number ‘Mile

M-28 452.3 Missouri River at St. Joseph water works
intake 0.3 miles downstream from daymark
right bank.

0M-209 611.9 Missouri River - Omaha STP By-Pass.

SJ-3 452.3 B]acksnake Creek sewer at mouth of pipe to
"~ sink hole aside the Missouri River at
St. Joseph, Missouri.

SJ-5 452.3 Charles Street Sewer at manhole in Second
Street intersection, St. Joseph, Missouri.

SJ-9 452.3 Mitchell Street sewer at manhole located
approximately 30 feet west of Sixth Street
curbline, St. Joseph, Missouri.

SJ-15 446.4 St. Joseph, Missouri, Municipal STP primary
effluent at outfall to ditch, approximately
150 feet East of Missouri River edge.

SJd-17 446.4 Brown Branch Ditch approximately 400 feet
from Missouri River confluence and 10 feet
upstrem of South St. Joseph . Industrial STP
emergency by-pass outfall and downstream of
St. Joseph Power & Light Company power plant
waste discharge.

- SJ-18 445.6 South St. Joseph, Missouri Industrial Sewer
District Treatment Plant effluent at mouth
of outfall pipe at bank of Missouri River.

M-27 440.3 Missouri River at Palermo Landing 1.3 miles
upstream from Palermo Light, left bank about
4 miles west of St. Joseph, Missouri

A-25.5 421.0 . Missouri River at Atchison, Kansas STP
primary effluent at the plant outfall weir.

L-24.5 395.6 Missouri River at Leavenworth, Kansas STP
o primary effluent at the collection box for
the two clarifier streams.

P-23.5 391.2 Platte River south of Farley, Missouri at
State Highway 45 bridge.

M-101 372.2 Line Creek. at CB&Q Railroad Bridge approximately
- 0.4 mile upstream of mouth.
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Station

Number

M-23

M-102

KR-22

M-103

M-104

M-105A

M-105B

M-106

M-19

M-1078

M-108

M-18

M-109
M-15

River

‘Mile

370.5

367.6

367.4

367.2

367.19

365.0

364.8

362.7

358.0

358.0

356.9

345.5

339.5
293.5

Missouri River at Kansas City, Missouri
Water works Intake (opposite Fairfax Airport).

Missouri River at Kaw Valley Drainage District,
Fairfax District, Kansas City, Kansas Industrial
sewer at outfall structure on Kansas bank of
Missouri River. R

Kansas River 3 miles from confluence with
Missouri River at Missouri Pacific Railroad
Bridge, Kansas City, Kansas. -

Kansas City, Kansas STP.
Kansas City, Kansas west side STP.

Corn Products Corporation hot waste effluent
at the outfall mouth to ditch (the major dis-
charge to Missouri River).

Howell Street Sewer outfall. Corn Products
Corporation minor discharge at floodgate
upstream of ditch approx1mate1y 200 feet from
Missouri River.

North Kansas City STP primary effluent at
outfall mouth to Rock Creek, Missouri.

Big Blue River at Blue River STP, Kansas City,
Missouri about 3 miles upstream.from confluence
with Missouri River.

Big Blue River new channel abproximately
100 feet upstream from the mouth, Missouri.

Rock Creek STP, Independence, Missouri raw
sewage by-pass line~ from September 25 through
September 28, 1969, and primary effluent on
September 29, 1969.

Missouri River 1 mile upstkeam'of Missouri
City, Missouri, N. W. Electric Power Plant Co-op.

Little Blue River at U. S. Highway 24 bridge.

Missouri River at Waverly, Missouri U. S. High-
way 24 and 65, USGS 6-8955. '
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APPENDIX B

REPORT ON THE 1968-1969 BASELINE SURVEY
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INTRODUCTION

This report 1s based on field surveys conducted
by personnel from the National Field Investigations Center
of the Federal Water Pollution Control Administration(FWPCA),
Cincinnati, Ohio in cooperation with the Missourl Basin Re-
gion, FWPCA, Kansas City, Missouri.

The purpose of the surveys was to determine Missouri
River water quality along the T0O-mile reach from Gavins
Point Dam near Yankton, South Dakota, to Hermann, Missouri
(Figure 1) which includes parts of the borders of South
Dakota, Nebraska, Iowa, Missouri, and Kansas.

* throughout this report reference is made to the Federal
Water Pollution Control Administration (FWPCA) which is
now the Federal Water Quality Administration (FWQA).
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SUMMARY

The subject of this report is the water quality in
the 700-mile reach of the Missouri River from Gavins
Point Dem near Yankton, South Dakota, to Hermann,
Missouri. Major metropolitan areas include: Sioux
City, Iowa; Omahs, Nebraska-Council Bluffs, Iowa;
St. Joseph, Missouri; and Kansas City, Missouri.

Two chemical and bacteriological surveys were con-
ducted. The first was from October 7 to November 8,
1968; the second from January 20 to February 2, 1969.
An aquatic blological survey was conducted from Octo-
ber 7 to October 16, 1969.

Forty-five physical, chemical, biochemical, and bac-
teriological examinations were made on samples from
56 locations for the autumn (October-November, 1968)
survey and 31 sampling locations for the winter (Janu-
ary-February, 1969) survey.

Three hydrologic conditions were encountered during
the two surveys:

a. "Normal" weather and navigational flows
for the first eight sampling days of the
first autumn survey between Gavins Point
Dam and St. Joseph, Missouri (average flow
36,600 cfs), and for the second autumn sur-
vey between St. Joseph and Hermann, Missou-
ri (average flow 55,600 cfs).

b. Two days of heavy rainfall in the basin
which caused nearly double normal navi-
gational flows between Omaha, Nebraska
and St. Joseph, Missouri for the last
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two days of the first autumn survey.
The flow averaged 70,400 cfs.at St.
Joseph.

Winter weather and non-navigational
flows combined with river stages
affected by ice Jams were encountered
during the winter survey. Flow at
St. Joseph averaged 20,800 cfs.

At all stations, coliform bacteria densities exceeded
by several times the National Technical Advisory Com-
mittee Criteria for sources of public water supply
and for recreation.

Specifically:

a,

During the normal weather periods of the
autumn survey, the highest geometric mean
total and fecal coliform bacteria densi-
ties were 256,000 MPN/100 ml and 61,200
MPN/100 ml respectively, downstream from
Omaha-Council Bluffs; and 189,000 MPN/100
ml and 15,000 MPN/100 ml respectively,
downstream from Kansas City, Missouri.

The coliform densities increased greatly
during the autumn. 2-day, rain-affected
period. Both total and fecal coliform’
bacteria exceeded 100,000 MPN/100 ml at

19 of 21 river stations sampled with the
highest 2-day densities of 1,440,000 MPN/
100 ml and 1,120,000 MPN/100 ml respective-
1y, occurring downstream from Nebraska City,
Nebraska.

The winter survey bacterial densities were
generally lower than those of the autumn
survey. The highest geometric mean densi-
ties occurred downstream from the ms jor
metropolitan areas. Total coliform, fecal
coliform, and fecal cstreptococci bacterial
densities were 53,800 MPN/100 ml, 1k, 200
MPN/100 ml, and 61,100 respectively, down-
stream from Omaha-Council Bluffs, and 128,
000 MPN/100 ml, 23,900 MPN/100 ml, and 26,
600 MF/100 ml respectively downstream from
Kansas City, Missouri.
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Dissolved oxygen (D.0.) concentrations were greater than
8.3 mg/l during the autumn survey in the Gavins Point
Dam to St. Joseph reach and were greater than 9 mg/l in
the St. Joseph to Hermann, Missouri reach. Concentra-
tions during the winter survey exceeded 9.0 mg/l in the
total 700-mile reach. The lowest dissolved oxygen con-
centrations occurred during the 2-day, rain-affected
period when the lowest average was 5.2 mg/l near St.
Joseph.

A lead concentration of 0.085 mg/l for the average of
two S5-day composite samples and cyanide concentrations
of 6 ug/l downstream from Sioux City indicated potential
toxicity in the Missouri River..

The total dissolved solids concentrations exceeded the

-- recommended limit of 500 mg/l contained in. the Public
. Health Service Drinking Water Standard at six of twenty

stations during the first autumn survey upstream- from
St. Joseph. During the winter survey, twelve of twenty
stations exceeded this criterion in the Gavins Point Dam
to Hermann reach.

Radionuclide concentrations were much less than NTAC per-
missible criteria in the main stem of the Missouri River
and in tributary streams, Concentrations were indicative
of natural background levels for uranium, radium-226, and
thorium-232. When calculated as gross alpha, the total
concentrations, were 2.5 pc/l Strontium-90 concentra-
tions averaged about 1.8 pc/l during the autumn surveys.

A study of bottom-associated animal populations in 638
miles of the Missouri River downstream from Sioux City,
Jowa, indicated at least 117 miles were severely degraded
by orgenic pollution and an additional 99 miles were mod-
erately degraded by pollution. Specifically:

a. From Sioux City, Iowa to Omaha, Nebracka,
and Council Bluffs, Iowa, stream bed ani-
mals reflected unpolluted conditions with
the exception of localized degradation in
the Sioux City area.

b. Severe degradation of the bottom-associated
organisms occurred for 54 miles downstream
from the Omaha and Council Bluffs area, Ob-
Jectionable floating solids (grease and chunks
of animal fat) were evident from the Omaha and
Council Bluffs area downstream past the St.
Joseph, Missouri water supply intake a dis-
tance of approximately 166 miles.
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c. Wastes from the Kansas City area and the
Blue and Kansas Rivers produced adverse
conditions for aquatic life for 66 river
miles downstream as indicated by the ab-
sence of pollution-sensitive (clean water)
bottom organisms.

d. Increasing numbers of pollution-sensitive
bottom organisms occurred in farther down-
stream reaches which indicated recovery .
from severe pollution.

Biological studies indicated degraded water in tributar-
ies to the Missourl River including the Big Sioux, Floyd,
Soldier, Boyer, Kansas and Blue rivers.

Suspended algae in the Missourl River increased in numbers

from 1,000 cells/ml to 6,000 cells/ml downstream from Omahs,
Nebraska - Council Bluffs, Iowa.
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METHOD OF STUDY

SAMPLE STATIONS

The autumn survey was designed to give more extensive river
coverage when the river was readily accessible because of sustained
navigational flows and sampling could be accomplished from boats.
The winter survey was designed to reexamine water quality near ur-
ban areas with less extensive coverage at intervening, less access-
ible areas. Because of reduced flows and ice in the river, samples
during this survey were collected from the stream banks at locations
accessible by automobile.

Fifty-six sample stations were selected in the Gavins Point
Dam to Hermann, Missouri river reach for the autumn survey (Appen-
dix A). Twenty-nine sample stations were located in the upper reach
from Gavins Point Dam to St. Joseph, Missouri and were sampled from
October 7 to October 18, 1968 (first autumn survey period). Twenty-
one of these stations were located on the main stem of the Missouri
River, five stations were on tributary streams and three stations
were waste sources. '

In the lower reach from St. Joseph to Hermann, twenty-eight
stations were sampled in the period of October 28 to November 8, 1968
(second autumn survey period). Twenty-one of these stations were on |
the main stem, five were tributary streams, and two were waste sources.
One main stem station (M-27) of the upstream section was repeated.

Thirty-one sampling stations were established on the 700-mile
reach during the period January 20 to February 2, 1969 (winter survey
period). Twenty-four of these were on the main stem, two were on trib-
utary streams and five were waste sources.
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Stations sampled durlng the winter survey were located as closely as
possible to the October 1968 locations. Where locations were not

identical, a letter symbol was added to the station number in the
summary tables to distinguish this difference (Appendix A).

ANALYSES

Many analyses were necessary to determine the water quality
in the Missouri River., In addition to the bilologicel examinations,
45 chemical, biochemical, and bacteriological examinations were in-
cluded in the analysis series. Not all analyses were performed on
daily discrete samples from each station. At selected stations com-
posites from five daily samples were made and preserved for analysis
of other constituents. Sample compositing was used to keep the re-
quired number of analyses within manageable limits. The. sampling
interval for each analysis is shown in Table No. 1;.results of- analy-
ses are summarized in Appendix B.

Biological features studlied were bottom-inhabiting inverte-
brate organisms and suspended algae (phytoplankton). Bottom .sampl-
ing was at approximately 20 river mile intervals except in areas
affected by waste discharges where additional stations were estab-
lished. Forty stations on the Missourl River and one station on
each of the major tributaries were sampled. Stations are designated
with the same number as the closest chemical and bacteriological
station where possible or as Corps of Engineer river miles measured
upstream from the Missouri River confluence with the Mississippi
River (Appendix A).

ANALYTICAL METHODS

All chemical analytical methods conformed to "FWPCA Official
Interim Methods for Chemical Analysis of Surface waters."* Except
for modifications required for automated chemistry, methods contained
in this volume are essentially the same as those contained 'in the 12th
Edition of "Standard Methods for the Examination of Water and Waste-
vater."** Most of the heavy metal analyses were performed by atomic
absorption spectroscopy.

Bacterial examinations were performed in accordance with
"Standard Methods." In this report, the term "total coliform bac-
teria" refers to bacteria identified as the "Coliform Group" in
Standard Methods.

* .
"FWPCA Official Interim Methods for Chemical Analysis of Surface

Waters," Federal Water Pollution Control Administration, September,
1968.
"Standard Methods for the Examination of Water and Wastewater," 12th
Edition, APHA, AWWA, WPCF, 1965.
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TABLE 1

Frequency of Chemical Analyses
MLSSOURI RIVER

{Gavins Point Dam to Hermann, Missouri)

OCT.sNOV., 1968 & JAN.-FEB., 1969 SURVEYS

CONSTITUENT OR ANALYSIS

DAILY

5-day 5-day
Composite Composite
Sample iof Filtrate

=4 Times

L Time

per
Survey Period

ALL STATIONS
Temperature
Dissolved Oxygen (D.C.)
7- and S5-day Biochemieal Oxygen Demand {(B.0.D.)
Total Alkalinity
Specific Conductance
Turbidity
Chlorides
Sulfetes
Total Dissolved Sollds
Total Suspended Sollds
Total Coliform Bacteries
Fecal Coliform Bacteris
Fecal Streptococci Bacteris
pH
Megnesium
Calcium
Total Phosphorus
Ammonis Nitrogen
Nitrate Nitrogen
Organic Nitrogen
Total Organic Carbdbon

SELECTED STATIONS
20-day Biochemical Oxygen Demand (B.0.D.)
Sodium
Potassium
Fluoride
Boron
Argenic
Iron
Barium
Manganese
Cadmium
Chromium
Copper
Lead
Nickel

Zine

Phenol

Cyanide
Total Ormanic Chlorine

Chloroform Extract
Grantim (U735 & y738)
Radium-726
Thorium-232

Total Alpha Thorium
Strontium=-90

MNOTES:

1)
2)
3) Performed during the winter survey only.
k)

»

E T T

® X X

X

X

Dissolved oxygen was not performed on waste effluents but only on stream samples.
Analyses vere performed 3 times per veck during the October-November, 1968 Survey; daily during the vinter survey.

Performed twice during autumn survey; once during winter survey.
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Bottom animal sampling was restricted to pile dikes and adja-
cent backwater areas because of river channelization and a shifting
sand bottom.. Pile dikes were examined to determine the representa-
tive kinds of benthic animals inhabiting a reach of river. Backwater
areas were sampled for bottom nrganisms with either a Petersen or
Ekman dredge. Dredgings were washed and strained through a U. S.
Standard No. 30 sieve, and organisms remaining in the sieve were
preserved for laboratory identification. '

Suspended algal (phytoplankton) samples of one liter were

collected at predetermined sampling stations and were preserved
with five percent formalin for later identification.

119 .



MISSOURI RIVER AND TRIBUTARY FLOWS AND HYDROLOGY

Water released from Gavins Point Dam is the major control-
ling factor affecting Missouri River flows during dry weather per-
iods. During periods of heavy rainfall the hydrology of tributary
streams can greatly affect flows in the main stem of the Missouri
River. Ice jams in the river during cold, winter weather can also
interfere with normal stages and flow rates, : :

AUTUMN SURVEY

The Gavins Point Dam to St. Joseph, Missouri reach w2s sam-
pled from Ocztober 7 to 18, 1968. TFor the period October 7 to 16,
1968, which included the first 8 days of sampling, river flows re-
flected normal weather conditions. An average of 31,300 cubic feet
per second (cfs) was released from Gavins Point Dam (Table No. 2
and Appendix E.) Tributary inflows increased the flow to an aver-
age of 36,600 cfs at St. Joseph, Missouri, 360 miles downstream.
Rainfall for this period was recorded at 0.46 inches at Omaha,
Nebraska (Teble No. 3).

Beginning late in the day on October 15, 1968, and continuing
for the next two days, heavy rainfall occurred in the upstream reaches
of the basin (Table No. 3). The average water released from Gavins
Point Dam was reduced to 28,500 cfs for the period October 17 to 18,
1968. However, flows increased to 45,900 cfs (139 %) at Omaha; and
to 70,400 cfs (192 %) at St. Joseph (Table No. 2). The ratio of rain-
affected flows to dry weather flows generally increased in the down-
stream direction.

Tributary streams in this reach of the Missouri River exhib-
ited even greater percentage flow increases between the normal weath-
er period and the rain-affected period (Table No. 2). The greatest
was the Soldier River which increased from 30 cfs to 1,050 cfs
(3,500%). The October 7 to 18 survey period, therefore, reflects
two distinctly different river conditions. Samples from the October
7 to 16 period reflect river conditions during "normal" autumn weath-
er; samples from the October 17 to 18, 1968 period reflect river con-
ditions warped by extremely heavy rains,
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‘PABLE NO. 2

SummATy 6: Average Daily Discba.rgesy

MISSOURI RIVER :
Gavins Pt. Dam to St. Joseph, Missouri
October 7-18, 1968 and January 20-31, 1969 Surveys

. . 1968 DISCHARGES 1969 DISCRARGES
STATION ) cu.ft.[sec. cu.ft.[sec. .
) Oct. 7-16 Oct. 17-1 Flow Ratlo- Jan. 20-31 Flow Ratio

Name River Hileageg/ Normal Fall Extremely Wet Wet/Normal Non-Navigation 1969/1968 Normal
MISSOURT RIVER: o
Gavins Pt. nanif S. Dak. 811.0 31, 300 28, 500 0.91 16, 500 0.54
Sioux City, Iowa : 732.3 32,400 34,000 1.05 16,800 0.52
Omaha, Nebraska 615.9 33,100 45,900 1.39 ' 15,000 0.Ls5
Nebraska City, Nebraska 562.6 35,600 57,300 ' 1.61 18, 300 ~ o0.51
Rulo, Nebraska 498.0 36, 300 f¢,600 1.94 19, 200 : 0.53
St. Joseph, Missouri 448, 2 36, 600 70,400 1.92 20, 800 T0.57
TRIBUTARIES: '
Big Sioux River at Akron, Iowa 73%.0 170 700 b5 v 113 0.66
Soldier River at Pisgah, Iova 664.0 30 1,osoy 35.00 35 1.12
Boyer River at Logan, Iowa 635.1 30 1,720 5.55 . e 0.36
Platte River near South Bend, Nebr. 594.8 3,450 A 17,100 4.96 3, 3503/ 0.97
WASTE SourcEs:2/ A o ‘
Sioux City, lowa - STP : 729.0 ' 25.1 (16.2 mgd) - : 22.6 (14.6 mgd) _ -
Council Bluffs, Iowa - STP 614.0 1.7 ( 5.0 ngd)é/ - 8.0 ( 5.2 mgd) -
Omaha, Nebraska - ' _ .

Missouri R. STP 611.5 - - 2.8 (16 med) -

Monroe St. Sewer N
Omaha, Nebraska 611.5 53.1(34.3 mgd) 87.0 (56.2 mgd)J 1.64 - -
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TABLE NO. @
(contd)

Susmary of Average Deily Dlichﬂrge&l-'/

(coata)
MISSOURI RIVER

St. Joseph to Hermann, Missourl
October 27-November 8, and January 20-February 2 Surveys

1068 DISCBARGES 1969 DISCHARGES

STATION . cu.ft./sec. cu.ft./sec.

: 2 Oct. -Nov. Jan, ~Feb. Flov Ratio
Rame . - River Hll:agel Normal Fall Non-Navigation 1962/1%€8 Noroa:
MISSOURI RIVER:
St. Joseph, Missouri M8.2° 38,800 20,600 . 0.53
Kansas Jity, Missouri 366.1 . " 46,300 26, 100 . 0.41
Waverly, Missouri ‘ 293.4 45,500 9,300 . 0.64
Boonville, Missouri 196.6 48, 500 u6,7oo§/ ’ 0.96
Berwann, Missouri 97.9 55,600 92,700§/ 1.67
TRIBUTARIES:

Kansas River st Bonner Springs,

" Kansas 367.4 i 6,500

Grand River near Sumner,
Missouri 250.0 N 167

Chariton River near
Price Hill, Missouri 238.8 sl

Osage River near
St. Thomas, Missouri 130.0 5, 380

Gasconade River near
Jerome, Missouri 8/ 104 .4 2,170

WASTE SGJRCES:-E/

Ksnsas City, Kansas STP 367.20 12.1(7.81 mgd)
Ksasas City, Missouri .

WEST SIE STP 367.19 -

BLUE RIVER STP ’ 356.9 65.9(42.6 mgd)

y Average flows based on provisional U. S. Geological Survey data except for waste sources,
Cavins Point Dam releaces, and Platte River in January, 1969.

?j River Mileage refers to location of Missouri River USGS gage or to point where tributary
or vaste source enters Missouri River.

ej Average flows based on U. S. Army Corps. of Engineers data,

L/ Average 1ncludes datly flow on 10/16/68.

14,000 2.15
5,5008J ‘ ’ 33.10
1,110 ' - 32.80
) 21,000/ ‘ 1.90
9,000 . b.1s

26;8 (17.3 mgd) -
91.3 (59 mgt)?/ ' 1.39

2/ Waste source flovs are averages for sample days only and
may be precipitation-affected.
§/ Flov estimated from information provided by plant personnel.
1/ No flov due to shutdown for systeo repairs., All sevage wvas by-
passed rav from many outfalls along the Omaha wvaterfront.
8/ Discharges are for period from January 20-31, 1969.
2/ Average includes & daily rav sevage bypass of 43 mgd.



LOCATION

Sioux City, Ia.
Omaha, Nebrasks
Auburn, Nebraska

S5t. Joseph, Mo,

St. Joseph, Mo.

Kansas City, Mo.

Jefferson City, Mo.

Hermann, Mo,

Sioux City, Ia.
Omaha, Nebraska
Auburn, Ncbraska
St. Joseph, Mo.

Kansas City, Mo,

Jefferson City, Mo.

Hermann, Mo.

TABLE NO, 3

Weather Summary

For the Survey Periods

MISSOURI RIVER

Inclusive
Periods
Normal Wet
Oct. Oct.
T-1k4 15-18
7-15 16-18
T7-15 16-18
7-15 16-18

Oct. 28-Nov., 8

Jan,

Jan.

Jan.

123 .

Inches

Normal

Rainfall

Wet

0.48
0.46

0.08

1.29

L.12
3.61
3:90
1.32

0.69

0.57
1.67

1.73

0.61
0.46
0.50
0.55
0.53
3.69
2.94

_ Air Temp.
Avg. Avg.
Max. Min.
66.2 L8.6
69.8 51.7
70.8  s52.2
Th.7  5h.5
2.3 36.2
58,3 39.8
61.7 36.3
18.1 2.6
22.6 6.0'
%.5 10.8
32.7 15.3
33.2  17.6
2.2

37.3
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The St. Joseph, Missouri to Hermann, Missouri reach was
sampled during the period October 28 to November &, 1968. River
flow rates had subsided from the peak of the previous period,
Flows averaged 38,800 cfs at St. Joseph and 55,600 cfs 350 miles
downstream at Hermann. Approximately 84 percent of the flow in-
crease in this reach during the survey period was contributed by
three tributaries: the Kansas River (6,500 cfs), Osage River
(5,380 cfs) and Gasconade River (2,170 cfs).

Precipitation during this period was recorded as 0.57
inches at Kansas City, Missouri (Table No. 3).

WINTER SURVEY

Flows during the January to February, 1969 survey were
affected by ice jams in the river upstream from Kansas City and
by rain downstream. For much of the survey period, river stages
were higher than normal summer navigational levels in the reaches
upstream from St. Joseph. Flow rates were affected by the damming
effect of the ice jams downstream. At Omaha, flows averaged about
1,800 cfs less than that released from Gavins Point Dam (Table No. 2).
The flow at St. Joseph averaged 20,800 cfs. Upstream and immediate-
ly downstream from the ice jams flows were reduced during the second
week of the survey. The flow at Kansas City was composed of 6k, 5%
Missourl River water the first week but only 30.0% the second week
(Table No. 2). Approximately two-thirds of the flow at Kansas City
was composed of Kansas River water during the second week.

The flow increased slightly to 29,300 cfs at Waverly, Mis-
souri; to 46,700 cfs at Boonville, Missouri 97 miles farther down-
stream; and to 92,700 cfs at Hermann, another 100 miles downstream.
These flows ranged from 53% of the October 28 to November 8 flows
at Kansas City to 167% at Hermann. Tributary flows increased from
215% to 3,310Y of the earlier period.

Precipitation during the winter survey was 0.46 inches at
Omeha, 0.53 inches at Kansas City and 3.69 inches at Jefferson City.
These data indicate the large amount of precipitation downstream from
Kansas City.

Most of the precipitation was in the form of snow upstream

from St. Joseph. Precipitation downstream occurred as a combination
of snow, sleet, and rain.
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WATER QUALITY

BACTERIAL POLLUTION

Total and fecal coliform bacteria enumeration analyses were
performed during the two autumn survey periods of the Missouri River.
Fecal streptococci bacteria were enumerated in addition to the coli-
form analyses during the winter survey.

The report of the National Technical*ﬁdvisory Committee to
the Secretary of the Interior (NTAC Report) has numeric bacterial
criteria for natural waters used for public water supplies and for
recreation. The permissible criterion for a source of public water
supply is a "...monthly arithmetic average based upon an adequate
number of samples..."”  of 10,000/100 ml total coliform bact~ria and
2,000/100 ml fecal coliform bacteria. The criteria for recreation
is divided into three classifications. These classifications and
numerical limits are: General recreational use of surface waters,"...
average not to exceed 2,000 fecal coliforms per 100 ml..."*¥; waters
designated for recreation uses other than primary contact recreation,”

should not exceed a log mean’ " of 1,000/100 ml..."* fecal coli-
form bacteria; and primery contact recreation,"...shall not exceed
a 1og mean of 200/100 ml..."**fecal coliform bacteria.

Geometric mean  bacterial densities and the 80% confidence
limits for the autumn surveys versus time-of-water travel and river
mile are presented graphically in Figures 2 and 3. The time-of-water
travel analysis for the autumn survey is included as Appendix D. The
winter survey bacterial densities versus river mile are presented in
Figure 4. Ice jams affected river stage-discharge relationships mak-
ing accurate time-of-water travel calculations difficult upstream from
Kansas City, Missouri. An unstable hydrograph downstream from Kansas
City affected time-of-water travel such that only an average of a wide
interval could be calculated. Thus, time-of-water travel is not mean-
ingful for the winter survey period.

%
Anon. 1968. Water Quality Criteria. Report of the National Tech-
nical Advisory Committee for the Secretary of the Interlor, Feder-
al Water Pollution Control Administration, Washington, D.C.

Log mean and geometric mean are equivalent terms, l.e., the anti-
logarithm of the average of the logarithms of a set of numbers.
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Gavins Point Dam - St. Joseph, Missouri

Water released from Gavins Point Dam contained low densities
of coliform bacteria during the upstream autumn sampling period.
Total and fecal coliform bacteria had been increased from mean dens-
ities of 250 MPN/100 ml and less than 120 MPN/100 ml, respectively
to 1,380 MPN/lOO ml and 220 MPN/lOO ml respectively, at Station M-52
(R.M. 736.0) upstream from Sioux City.

Waste from the Sioux City area increased total and fecal coli-
form densities to 62,800 MPN/100 ml and 14,300 MPN/100 ml respective-
ly, at Station M-48, located 4.5 hours time-of-water travel downstream
from the Sioux City sewage treatment plant (STP) discharge. A major
cause of this increase in bacterial densities was the unchlorinated
discharge from the Sioux City primary sewage treatment plant (Table 7).
Another major waste source is the Iowa Beef Packers plant at Dakota
City, Nebraska. This plant, providing minimal waste treatment, was
not sampled during these surveys.

Coliform densities decreased downstream from the Sioux City
area, The trend lines in Figure 2 illustrate the indicated decrease.
At the Omaha Metropolitan Utility District (M.U.D.) water intake (Sta-
tion 42, R.M. 626.2), 34 hours time-of-water travel downstream from the
Sioux City STP discharge, the mean total and fecal coliform bacteria
densities were 52,300 MPN/100 ml and 8,320 MPN/100 ml, respectively.
These densities were 5.2 times and 4.1 times respectively, the NTAC
criteria for sources of supply for public drinking water.

Wastes from the Omaha, Nebraska-Council Bluffs, Iowa area i
increased the mean bacterial densities to 256,400 MPN/100 ml and 61,200
MPN/lOO ml total and fecal coliform bacteria respectively, at Station
M-39 (R.M. 610.5),™ 0.2 hours time-of-water travel downstream from the
Monroe Street sewer outfall. The major ceuses of this increase were
the wastes from Omaha including the 34.3 million gallons per day (MGD)
of untreated packing house wastes plus an estimated 16 MGD of raw sew-
age bypassed because of & pumping station outage; and 5 MGD of unchlor-
inated effluent from the Council Bluffs, Iowa primary sewage treatment
plant, -

Downstream from Omaha-Council Bluffs coliform bacteria densities
decreased. At the St. Joseph, Missouri Water Company intake, mean total
and fecal coliform densities had decreased to 57,700 MPN/lOO ml and
6, 500 MPN/lOO ml, respectively. These levels are respectively 5.8 times
and 3.2 times the drinking water criteria in the NTAC report.

T .
In discussion of bacteria densities, "mean" refers to geometric mean
throughout this report.

¢
laboratory composited sample made from quarter point samples (3 samples
per station cross-section). '
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Graphical extrapolation of the trend lines in Figure 2 indi-
cates that of the bacterial contamination at the St. Joseph Water
Company intake about 24% of the total coliform bacteria and 15% of
the fecal coliform bacteria were from sources upstream from Omaha-
Council Bluffs (primarily from the Sioux City area). The remainder
of the contamination was introduced from the Oma&ha-Council Bluffs
area,

During the 2-day rain-affected period, coliform bacteria
increased to very high densities throughout the entire reach. Nine-
teen of the 21 sampling stations had both total and fecal coliform
bacterial densities that exceeded 100,000 MPN/100 ml. The highest
densities were at Station M-34 (R.M. 559.7) downstream from Nebraska
City, Nebraska where densities were 1,440,000 MPN/100 ml and 1,120,000
MPN/100 ml total &and fecal coliform bacteria, respectively.

Comparison of the column in Table B-k entitled "fecal coliform
bacteria as a percent of total coliform bacteria" for the 8-day nor-
mel period and the 2-day wet period showed a much higher ratio at
most stations during the wet period. This large increase in percent
fecal coliform bacteria indicates that the coliform bacteria from
land runoff were largely from fecal sources. Such areas as feedlots
and pastures are heavily contaminated and yield large numbers of fecal
coliform bacteria.

Coliform bacterial densities during the winter survey were sub-
stantially less than during the 8-day normal weather period in October
1968 even though stream flow was reduced by about 50% (Figure 3, Ap-
pendix Tables B-4 and B-6). The decrease in the winter densities
within the Sioux City-Omaha reach was partially caused by the reduced
densities in the waste flow from the Sioux City STP discharge (Table
No. 7). Reductions in bacterial densities also occurred in portions
of the wastes discharged in Omaha. Municipal wastes bypassed during
the autumn study received treatment during the winter study.

Downstream from the Sioux City area at Station M-4BA (R.M.
718.3) bacterial densities increased to Uk, 300 MPN/100 ml and 11,200
MPN/100 ml total and fecal coliform bacteria, respectively, and 16,500
MF/100 ml fecal streptococci bacteria. Both fecal coliform and fecal
streptococci bacteria had higher densities downstream at Station M-47

(R.M. 699.5).

At the Omaha M.U.D. Water Intake (Station M-L2, R.M. 626.2)
bacterial densities were reduced from upstream levels. The total
coliform densities were approximately equael to the NTAC report crite-
ria for sources of public drinking water supplies; however, fecal
coliform densities were 2.9 times the criteria.

Bacterial densities increesed following the introduction of
wastes from Omaha and Council Bluffs. Bacterial densities at
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Station M-38 (R.M. 601.3) increased to 53,800 MPN/100 ml and

14,200 MPN/100 ml total and fecal coliform bacteria respectively,
and 61,100 MF/100 ml fecal streptococci bacteria. The mean fecal
coliform density was larger downstream at Station M-35 (R.M. 580.9).

Bacterial densities decreased farther downstream. However,

the effect of the increased time-of-water travel caused by the ice
Jjams downstream exaggerated the apparent rate of decrease,

St. Joseph, Missouril-Hermann, Missouri

Station M-27 (R.M. 440.3), located about 2 hours time-of-travel
downstream from the St. Joseph sewage treatment plant (STP) outfall,
was sampled during both the upstream and downstream autumn surveys.
Coliform densities were similar during each survey with means of
67,000 MPN/100 ml and 8,100 MPN/100 ml total and fecal coliforms
respectively, during the latter St. Joseph-Hermann survey (Figure 4)
and 65,300 MPN/100 ml and 11,800 MPN/100 ml respectively, during the
upstream autumn survey.

In the reach between St. Joseph and Kansas City, wa.tes from
the Kansas commnities of Atchison and Leavenworth enter the Missouri
River. The bhacterliological effects of wastes from these communities
are not readily discernible in Figure 4. This is the result of high
residual densities from upstream sources, a large amount of variation
in the data as indicated by the 80 % confidence limits, and the dilu-
tion afforded by river flows in excess of 38,800 cfs.

Densities upstream from the Kansas River at Station M-23 (R.M.
370.5) located at the Kansas City, Missouri Water Works Intake, were
77,000 MPN/lOO ml and 6,500 MPN/lOO ml total and fecal coliform bac-
terla, respectively. These levels are 7.7 times and 3.2 times res-
pectively, criteria recommended by the NTAC report for sources of
public water supplies,

Bacterial densities in the Missouri River were increased by
the inflow of: the Kansas River; the Kansas City, Kansas sewage
treatment plant; the Kansas City, Missouri west side sewage treatment
plant; and the Blue River which contained the Kansas City, Missouri,
Blue River sewage treatment plant effluent (Appendix Table B=-2),
Densities were increased to 189,000 MPN/100 ml and 15,000 MPN;lOO ml
total and fecal coliform bacteria at Station M-18 (R.M. 345.4) 3.9
hours time-of-water travel downstream from the Blue River.

Coliform densities decreased downstream from the Kansas City
area but were greater than recommended water use criteria. At
Station M-16 (R.M. 313.2) located within 1 hour time-of-travel from
the Lexington, Missouri water intake, total and fecal coliform dens-
ities were 11.9 times and 9.0 times the NTAC report criteria for a

130



FIGURE 4

o
8 3 2
- : " 2
. < ) . . . c ¥
i3 z 3 R 3 o= < g
A g HE I
g | N i 21 & =2 3 ﬁ o 8| 3
c g3 z 3l 33 g 8 3 3k
L < Il - ] 5 ® @ 2 8 3 x
1,000,000 4
100,000 4 i
o
3 §
g f RN - T T T e
e \ $ECOND wEEK OMLY TTme—meo -
; 10,0004 FIRST WEEK ONLY . -
a
: -
@
=
s 1,000 4
[ .
2
© R TOTAL COLIFORM BACTERIA
2
£ 100 1 UPPER 80% CONFIDENCE LiMIT MISSOURI RIVER
e : ST JOSEPHf MO, - HERMANN, MO.
GEOMETRIC MEAN OCT. - Nov., |19€8
10 - LOWER 80% CONFIDENCE LIMIT
RIVER MILE .
ogo s?o 200 . igo
| L ¥ | BJ L] U LJ IJ . T T T L v
[} 10 20 30 40 8o 60 70 8o 20 100 1o 120 130
TIME OF WATER TRAVEL, HOURS
(FROM USGS GAGE AT RM 447.9)
s
a .
- z ,: ﬁ
0 < ¢
x 5 3 ] 4 >
$ 3 [ 1 « $ 9 3 S = & 4
- x - - u g 2 W > b1
£ 3 g 3 2| > 3 § 2
w 3 3 = @ X 3 @
b a z g el = ¢ 2 W H
» 3 2 | 3 3 ) - .
- - 3 & 3 3 g 58 3
1,000,000
100,000 .
2
2
o
e
LY .
= 'ow00
o -eao
a m———h
)
g t—— SECOND WEEK ONLY
g looo FIRST WEEK ONLY
3
]
3 FECAL COLIFORM BACTERIA
g 100 LEGEN MISSOURI RIVER
©w UPPER B80% CONFIDENCE LIMIT ST. JOSEPH.MO- - HmANN' Mo.
GEOMETRIC WEAN : OCT. - NOV., 1868
10 LOWER 80 % CONPOENCE LiWRF’ :
RIVER MILE
400 300 ) 200 100
i LI A AJ ¥ J T v T ¥ + T 1 4 L 1
[ 10 20 30 40 8o [ ] [ 90 100 o 120 130

TIME OF WATER TRAVEL, HOURS
(FROM USGS GAGE AT RM. 44T7.9)

131



15

source of public water supply. These same criteria were also ex-
ceeded at the water supply intakes for the Missouri communities _
of Glasgow (approximately 7 and 4.4 times the criteria respective-
ly), Boonville (approximately 5.7 and 3.4 times the criteria res-
pectively), and Jefferson City (approximately 4 and 2.4 times the
criteria respectively). :

Graphical extrapolation of the trend lines in Figures 4A
and 4B indicate that about 34% of the total coliform bacteria and
30% of the fecal coliform bacteria at Jefferson City were from
sources upstream from Kansas City. The remainder of the coliforms
were principally from the Kansas City area.

During the winter survey, bacterial densities downstream
from the St. Joseph area were affected by flow phenomena. Calcu-
lations indicate that only & fraction of the Missouri River water
at St. Joseph reached Kansas City during this period (see Flow
Section for discussion). The character of the river water changed
downstream from the Kansas River as it furnished an average of one-
half the flow of the Missouri River during the study period. Bac-
terial densities in the Kansas River were not determined during the
winter survey.

Densities at Station M-17 downstream from Kansas City (R.M.
334.5) were 128,000 MPN/100 ml and 23,900 total and fecal coliform
bacteria respectively, and 26,600 MF/100 ml fecal streptococci bac-
teria. Bacterial densities exhibited a decreasing trend in the
downstream direction even though rains caused tributaries to flow
at several times the Nuvember, 1968 rates (Figure 5).

The NTAC report criteria for sources of public drinking
water supplies of 10,000/100 ml total coliform bacteria and 2,000/
100 ml fecal coliform bacteria was again exceeded at all water
supply withdrawal points in this reach.

BIOCHEMICAL OXYGEN DEMAND (BOD)

Wastes containing oxygen demanding organic materials, such
as munizipal sewage, remove dissolved oxygen from the aquatic eu-
vironment in the process of the biochemical decomposition and
stabilization of these materials. A principal function of waste
treatment is the removael of such oxygen-demanding materials. A
common measure of the strength of these materlals is the 5- day,
20° C. biochemical oxygen demand (BOD ).

In these surveys, 2-day and 5-day BOD analyses were per-
formed. The use of both analyses permitted estimation of the
reaction rates of BOD satisfaction. A detailed analysis of the
BOD data is presented in Appendix C.
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Gavins Point Dam-St. Joseph, Missouri

The BOD: for the 8-day normal weather period during the up-
stream autumn survey reflected the waste discharges from the major
metropolitan areas (Figure6 ). From background concentrations up-
stream from Sioux City (< 1.0 mg/l) the BODs was increased to 1.6
mg/l at Station M-47 (R.M. 699.5) by wastes from that area. Waste
discharges from the Omaha-Council Bluffs area increased the BOD5
to 5.8 mg/1 at Station M-39 (R.M. 610.5). The concentration deZ
creased irregularly downstream to the St. Joseph Water Company In-
take.

The average BODcg concentrations for the 2-day, rain-affect-
ed period increased substantially throughout thke entire survey
reach. Increases ranged from 1.3 times (0.9 mg/l to 1.2 mg/l) at
Station M-52 (R.M. 736.0) to 2.2 times (3.t mg/l to 7.6 mg/l) at
Station M-29 (R.M. 469.0). As was indicated by increases in the
bacterial densities, much of this increase was from organic mater-
ial transported by surface runoff from feedlots and pastures tri-
butary to the river.

The winter survey data indicated concentration increases
similar to the normal weather period of the autumn survey for the
Sioux City and Omaha metropolitan areas. BOD: concentrations were
reduced downstream from Omaha-Council Bluffs partially because of
the increased time-of-water travel caused by the ice jams and result-
ant sedimentation of suspended organic material.

St. Joseph, Missouri-Hermann, Missouri

The average BODc's remained relatively constant between
St. Joseph and Kansas City with averages of approximately 3~mg/l.
Wastes from Kansas City increased the B0D5 to 3.5 mg/l at Station
M-21 (R.M. 365.6). The concentration decreased downstream from
Kansas City and reached the lowest average of 1.7 mg/l at Station
M-9 (R.M. 221.0). Downstreem.from this point the BOD5 increased
irregularly.

The average BODg concentration trend between St. Joseph ,
and Kansas City was affected by the hydraulic interferences of the
ice jams during the winter survey. Downstream from the Kansas City
area waste discharges increased the BODg to 5.4 mg/1 at Station
M-17 (R.M. 334.5). The concentration was slightly reduced to 5.0
mg/l at Station M-12 (R.M. 2:1.2).

BOD5 concentrations farther downstream were affected by the
large amounts of rain and irregular main stem and tributary hydro-
graphs.
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DISSOLVED OXYGEN (D.O.)

The D.O. of & flowing stream or & body of water is an import-
ant, necessary constituent to maintain desirable fish and other aqua-
tic life, and to maintain pleasing aesthetic conditions by avoiding
obnoxious odors associated with septic conditions.

D.0. Criteria

For sources of public water supply, the NTAC criterion for
D.0. is a monthly mean equal to or greater than L mg/l with individ-
ual samples equal to or greater than 3 mg/l. The NTAC report states,
"Criteria for dissolved oxygen are included, not because the sub-
stance is of appreciable significance in water treatment or in fin-
ished water, but because of its use as an indicator of pollution by
organic wastes." NTAC criteria for fish and other aquatic life appli-
cable to the Missouri River is stated, "For a diversified warm-water
biota, including game fish, the D.O. concentration should.be above
5 mg/l,...however, they mey range between 5 and U4 mg/l for short
periods during any 2h-hour periogd,..."

Gavins Point Dam - St., Joseph, Missouri

D.0. concentrations averaged 8.3 mg/l or greater in the main
stem of the Missouri River for the first 8 sampling days of the Oc-
tober 7-18, 1968 survey (Figure 7 and Appendix Table B-1). The high-
est average D.O. concentration was 9.5 mg/l and occurred at Station
M-52 (R.M. 736) upstream from Sioux City, Iowa.

The rain-affected, 2-day average D.O. concentrations generally
decreased from Sioux City to St. Joseph. D.C. concentrations varied
inversely with river flows; as the ratio of wet weather flows to dry
weather flows increased, D.O. concentrations generally decreased.
Two-day average D.0. concentrations had a low of 5.2 mg/l at Station
M-29 (R.M. 469.0) upstream from St. Joseph.

During the January-February, 1969 survey, D.0. concentrations
showed the effects of an ice cover which was formed by blockage of
floating ice by an ice jam upstream from St. Joseph. As additional
floating ice was trapped, the ice cover was backed-up past Omaha
during the second week of the survey. Upstream from the ice cover
and Omaha-Council Bluffs, D.O. concentrations exceeded 12.5 mg/l.

With the introduction of wastes from the Omaha-Council Bluffs
area and with the ice cover reducing reaeration, the D.0. concentra-’
tions decreased steadily to the lowest average of 9.1 mg/l at Sta-
tion M-30 (R.M. 488.3) near White Cloud, Kansas (Figure 7). Down-
stream from St. Joseph and the ice cover, the D.O. concentration in-
creased. ‘
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St. Joseph, Missouri - Hermann, Missouri

Average D.O. concentrations at Station M-27 (R.M. 440.3)
were 1.1 mg/l greater during the second autumn survey than during
the first autumn survey. This difference is partially accounted
for by the lower average water temperature (16° C. vs 9° C.) in
the latter survey period. This decrease in temperature increased
oxygen/saturation from 10.0 mg/l to 11.6 mg/l, a difference of
1.6 mg/l.

D.0. concentrations decreased slightly downstream from St.
Joseph but exceeded 9.5 mg/l at all stations upstream from the
Kansas City, Missouri water works intake, Downstream from the
waste discharges in the Kansas City area, D.0O. concentrations de-
creased to the lowest average of 9.2 mg/l at Station M-16 (R.M.
313.2) approximately 15 hours time-of-water travel downstream.
D.0. concentrations recovered further downstream and averaged
9.8 mg/l at Station M-1 (R.M. 98.0) at Hermann.

During the winter survey, D.0. concentrations downstream
from St. Joseph increased from 9.6 mg/l at Station M-28 (R.M. 452,3)
to 11.2 mg/l at Station M-20A (R.M. 358.3). The warped flow condi-
tions did not adversely affect D.0. concentrations. Downstream from
the waste discharges in the Kansas City area, D.0. concentrations
decreased slightly to 10.7 mg/l at Station M-9A (R.M. 219.2). The
D.0. concentration exceeded this level at the remaining stations in
the reach.

The D.O. criteria recommended in the NTAC report were exceed-
ed at all stations during both survey periods.

TOTAL SUSPENDED SOLIDS

The total suspended solids concentration is a measure of the
organic and inorganic particulete matter in water. The organic frac-
tion consists of constituents such as, organic material from sewage,
meat-packing waste, and suspended algae. The inorganic fraction
consists of clays and silts washed from the land and carried by the
river, The total suspended solids concentration is an indirect in-
dicator of water clarity.

Gavins Point Dam - St. Joseph, Missouri

Water released from Gavins Point Dam (R.M. 811.0) averaged
45 mg/l total suspended solids (Figure 8). The concentration in-
creased to 55 mg/l at Station M-52 (R.M. 736.0) upstream from Sioux
City and remained relatively uniform at this level for 60 miles
farther downstream. The total suspended solids increased irregular-
ly downstream from Station M-46 until the highest average concentra-
tion in the reach of 278 mg/l occurred at Station M-32 (R.M. 525.1).
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The rain-affected two-day average total suspended solids con-
centrations were several times greater than the 8-day normal weather
concentrations which averaged 715 mg/l at Station M-LL (R.M. 654.6)
downstream from the Soldier River. The concentrations followed an
irregular, although generally upward trend for the remaining stations
in the reach. Beginning at the Omaha Metropolitan Utilities District
(M.U.D.) water intake (Station M-42, R.M. 626.2), all of the remain-
ing 13 downstream stations exceeded 700 mg/l total suspended solids,
10 stations exceeded 1,000 mg/l and two stations exceeded 2,000 mg/l.
The highest average for the 2-day period was 2,780 mg/l at the St.
Joseph Water Company intake (Station M-28, R.M. 452,3).

Upstream from the ice jams, the total suspended solids con-
centrations during the winter survey were quite low when compared
with the autumn results. Water released from Gavins Point Dam (R.M.
811.0) contained only 2 mg/l which increased to 48 mg/l upstream from
the major waste discharges in Sioux City. The nine remaining main
stem stations in the reach had concentrations between 9 and 28 mg/1l.

The clarity of the Missouri River during the winter survey
when compared with the autumn survey is attributed to the frozen
condition in the drainage basin. Tributary runoff carrying clay
and silt particles was small. The damming effect of the ice jams
reduced water velocity allowing sedimentation which contributed to
water clarity. '

St. Joseph, Missouri - Hermann, Missouri

The total suspended solids concentrations in this reach grad-
ually increased in the downstream direction during the autumn survey.
The average concentrations increased from 161 mg/l at Station M-27
(R.M. 440.3) downstream from St. Joseph, to the highest average of
297 mg/l at Station M-6 (R.M. 162.0). The concentration decreased
slightly at Hermann.

Downstream from the ice Jams during the winter survey, the
total suspended solids concentrations increased. Concentrations
increased from 29 mg/l at Station M-27 (R.M. 440.3) at the St. Jos-
eph water intake to 233 mg/l at Station M-14 (R.M. 270.0). With the
heavy rainfall and high runoff in the lower basin, concentrations
reached the highest average of 596 mg/l at Station M-TA (R.M. 174.8).

NITROGEN(N)

Total nitrogen consists primarily of ammonia, nitrate, and
organic forms. Nitrites are generally insignificant in streams and '
are not usuaelly determined. Ammonia and nitrate forms of nitrogen
are important nutrients required for green plant growth while am-
monia and organic nitrogen (from protein-containing organic compounds)
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compose most of the second stage or nitrogenuous BOD. Ammonia can
be a problem at water treatment plants because of its high chlorine
demand. Sources of nitrogen include waste discharges, runoff from
chemically fertilized agricultural lands and feedlots, and to a
minor extent, fixation of atmospheric nitrogen by certain biota.

Gavins Point Dam to St. Joseph, Missouri

During the normal weather survey, total nitrogen concentra-
tions increased in the reach from Gavins Point Dam to Sioux City,
decreased between Sioux City and Station M-4i4 (R.M. 654.6), but
exhibited an increasing trend downstream from Omaha (Figure 9).
The highest average concentration was 3.3 mg/l at Station M-27
(R.M. 440.3) at the lower end of the reach downstream from St.
Joseph.

The composite samples from the rain-affected portion of the
survey exhibited an erratic trend in total nitrogen concentrations
but generally increased in the downstream direction. Total nitro-
gen concentrations were less than the 8-day normal-weather data for
the Gavins Point Dam to Sioux City reach; approximately the same
from Sioux City to the Soldier River; and greater than the normal
weather concentrations downstream from the Soldier River. ‘'tne high-
est total nitrogen concentration was 4,1 mg/l at Station M-29 (R.M.
469.0). Five of the main stem stations had concentrations of 3.0
mg/l or greater.

During the winter survey total nitrogen concentrations follow-
ed a similar pattern although concentrations were greater than dur-
ing the autumn survey, The highest average concentration in the
reach was 2,2 mg/l which occurred both at Sioux City and near St.
Joseph,

St. Joseph, Missouri - Hermenn, Missouri

During the autumn survey, total nitrogen concentrations
generally increased downstream from St. Joseph. The average concen-
tration increased to 2.3 mg/l at Station M-8 (R.M. 197.2) at Boon-
ville, Missouri. Following an apparently aberrant increase at Sta-
tion M-7 (R.M. 179.0), the concentration decreased to 1.9 mg/l at
Hermann.

Average concentrations during the winter survey followed a
similar pattern with concentrations increasing downstream from St.
Joseph. The highest average concentration was 3.3 mg/l at Station
M=15 (R.M. 293.4) at Waverly, Missouri.

PHOSPHORUS(P)

Phosphorus is an important constituent in chemical fertilizers
because of its requirement for plant growth. In streams, phosphorus
can contribute to excessive algal growths which cause obnoxious
tastes and odors in water supplies. Major sources of phosphorus in-
clude detergents in waste discharges and runoff from chemically fer-
tilized agricultural lands. 181
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Gavins Point Dam - St. Joseph, Missouri

Average total phosphorus concentrations were 0.0L mg/l in
water released from Gavins Point Dam (R.M. 811.0) during the October
1968 survey (Figure 10).

Downstream from the Omaha-Council Bluffs area, total phosphor-
us renged from 0.24 mg/1l to 0.30 mg/l. This concentration includes
significant contributions from Papillion Creek™ and the Platte River
(0.80 mg/1). The concentration remained essentially unchanged dur-

ing the remainder of the reach.

Total phosphorus concentrations increased greatly at most sta-
tions in the composite samples collected during the railn-affected
period which reflected runoff from agricultural lands. Concentrations
increased irregularly downstream from Gavins Point Dam and reached the
highest average of 0.92 mg/l at Station M-29 (R.M. 469.0).

During the winter survey, average total phosphorus concentrae
tions had an irregular but generally increasing trend downstream from
Sioux City (Figure 10). Concentrations were less than the autumn
samples because of reduced contributions from tributaries and the
frozen watershed.

St. Joseph, Missouri - Hermann, Missouri

Total phosphorus increased downstream from St. Joseph during
the fall survey. Concentrations at 21 of the 22 stations ranged from
0.22 mg/1 to 0.40 mg/l. One station had a concentration of 0.62 mg/l.

The winter survey results exhibited a similar pattern. Winter
survey phosphorus concentrations were reduced upstream from Lexington,
Missouri, but greater downstream. The large amount of rainfall and
subsequent land runoff caused the increase downstream. The highest
average concentration in the reach was 0.56 mg/l at Station M-5A
.(R.M. 132.0), two miles upstream from the Osage River.

WATER TEMPERATURE

During the upstream autumn survey period, average water tem-
peratures during the 8-day normal period ranged from 14° C. upstream
from Sioux City to 16° C. near the St. Joseph water intake (Appendix
Table No. B-1). Average temperatures decreased during the 2-day
rain-affected period in the upper reach., The temperature decreased
to 10° C. at Sioux City.

Temperatures were reduced during the downstream autumn survey
period. Temperatures ranged from 9° C. downstream from St. Joseph
to 12° C. at Hermann. Sixteen of the 22 stations averaged 10° C.

*Papillion Creek is composed primarily of sewage treatment plant
effluent. The total phosphorus concentration during the winter
survey was 6.45 mg/l. A similar concentration would be estimated
for the autumn survey. 123
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Average water temperatures in the entire T7OO0-mile reach were
near 0° C. and reflected the low air temperatures and floating ice
in the river during the winter survey. Four stations on one sampling
run had a 1° - 2° C. difference in temperature (Stations M-26A, M-27,
M-28 and M-30) from adjacent upstream and downstream stations. Eight-
een of the remaining nineteen stations averaged 0°.C. Station M-1
(R.M. 98.0) at Hermann averaged 1°C.

HYDROGEN ION CONCENTRATION(pH)

The NTAC Report on Water Quality Criteria recommends pH
levels between 6.0 and 9.0 for maintenance of fish and other aquatic
life. The waters of the Missouri River were within these limits.

The pH of the Missouri River was approximately 8.3 for most
stations in the upstream reach during the autumn normal weather per-
iod(Appendix Table B-1). Average pH's varied from 8.1 to 8.6.

The pH decreased slightly at several stations during the 2-
day rain-affected period. The lowest average pH during this period
in the main stem Missouri River was 7.8 at Station M-30 (R.M. 488.3).

Downstream from St. Joseph the pH was generally 8.z G.ring
the autumn survey. Average values ranged from 8.1 to 8.3 but 19 of
the 22 main stem stations averaged 8.2.

Average pH's were generally lower during the winter survey
than during the autumn 8-day normal weather period. In the reach
from Sioux City to Atchison, Kansas, average pH values decreased
from 8.1 (M-524, R.M. 732.8) to 7.8 (Station M-26A, R.M. 422.5).
After an increase to 8.0 at Station M-23 (R.M. 370.5) at the Kansas
City, Missouri water intake, the pH generally decreased downstream
to the lowest average of 7.6 at Station M-7A (R.M. 174.8).

ALKALINITY

The alkalinity of natural waters is primarily composed of
bicarbonates, carbonates and hydroxide ions and is a measure of the-
buffer capacity (i.e., resistance to pH change with addition of
either acid or base) of a water. It is generally reported as equiv-
alent CaCO,;. The NTAC report recommends alkalinities greater than
20 mg/l for maintenance of fish and other aquatic life, and between
30 to & maximum of L400-500 mg/l for sources of public water supplies.

Alkalinity concentrations ranged from 160 mg/l to 197 mg/l
in the upstream reach during the normal autumn weather period (Ap-
pendix Table No. B-1). Fourteen of 20 stations averaged between
160 - 170 mg/l Concentrations decreased during the 2-day rain-
affected period with a range of 114 mg/l to 130 mg/l. Sixteen of
19 stations averaged between 140 - 160 mg/l. During the autumn
survey downstream from St. Joseph, alkalinities averaged between 162
mg/1 and 181 mg/1 with 20 to 22 stations between 170 - 181 mg/l1.
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Alkalinities during the winter survey averasges between 165.
mg/1l and 192 mg/l from Sioux City to Station M-12 (R.M. 2il1.2).
Fifteen of the 19 main stem stations averaged between 170 - 185
mg/l. Farther downstream, heavy rains and high flows resulted in
a reduced alkalinity concentration of 116 mg/l at Hermann.

TOTAL DISSOLVED SOLIDS

Total dissolved solids are & measure of the inorganic salts
present in a water although some soluble organic material may also
be included. Excessive total dissolved solids are objectionable
because of physiological effects, mineral tastes and economic
effects such as corrosion.

The NTAC criteris and the PHS Drinking Water Standards*
recommend that total dissolved solids not exceed 500 mg/l for
sources of public drinking water supply. Several stations on the
Missouri River exceeded this concentration.

Total dissolved solids concentrations during the normal
autumn weather period ranged from 468 mg/l to 645 mg/l upstream
from St. Joseph (Appendix Table No. B-1). Of the 20 main stem
stations sampled, fourteen stations averaged less than 500 mg/l
and 19 stations less than 552 mg/l. Concentrations were reduced.
during the 2-day rain-affected period when results ranged from 198
mg/l to 516 mg/l. Eleven of 16 stations averaged less than 40O mg/l.

Total dissolved solids concentrations ranged from 375 mg/l to
504 mg/l downstream from St. Joseph during the autumn survey. Twenty-
one of 22 stations averaged less than 500 mg/l with 14 between 450

mg/1 and 500 mg/l.

During the winter survey, the concentration of total dissolved
solids ranged from 480 mg/l to 653 mg/l except at the four most down-
stream stations (M-9A, M-TA, M-5A and M-1). Of the 20 stations sam-
pled, eight ranged from 480 mg/l to 500 mg/l, seven exceeded the 500
mg/l criterion and ranged between 500 mg/l and 550 mg/l. Concentra-
tions at the lower four stations were less than upstream and ranged
from 403 mg/l to 254 mg/l. The decrease was caused by the heavy
rains and high runoff,

SULFATES

The significance of the sulfate ion in drinking water is es-
sentially the same as total dissolved solids. The Public Health Ser-
vice Drinking Water Standards recommend limiting sulfate concentra-
tions to 250 mg/l. Average concentrations did not exceed this standard

* Anon. Public Health Service Drinking Water Standards, DHEW, Public

Health Service Publ. No. 956 (1962).
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in the Missouri River although concentrations in excess of 200 mg/l
occurred.

Sulfate concentrations ranged from 164 mg/l to 220 mg/l in
the upper reach during the autumn normal weather period (Appendix
Table No. B-1). Nine of the 20 stations in this reach averaged-
over 200 mg/l Concentrations were similarly distributed during
the 2-day rain-affected period although 7 stations had higher results
than during the normal period.

Sulfate concentrations ranged from 113 mg/l to 203 mg/l down-
stream from St. Joseph during the autumn survey. Fifteen stations
averaged less than 190 mg/l. Concentrations had & generally decreas-
ing pattern downstream from Kansas City.

During the winter survey, sulfate concentration trends were
similar to those of the autumn survey upstream from Station M-GA
(R.M. 219.2). Concentrations ranged from 150 mg/l to 224 mg/l.
downward trend occurred between Stations M-GA and M-l because of
dilution from heavy tributary runoff.

TOTAL ORGANIC CARBON

The total organic carbon test is a measure of the total organic
matter in water and comprises the theoretical, maximum carbonaceous
oxygen demand. The test measures organic carbon in materials contained
in waste discharges, naturally occurring organic materials such as lig-
nins, and living organisms such as algae and bacteria, all of which are
transported by a stream.

The total organic carbon concentrations were less than 10 mg/l*
during the autumn normal weather period in the upstream reaches (Figure
11). Concentrations increased irregularly from 5 mg/l at Gavins Point
Dam.to concentrations of 8 - 9 mg/l near St. Joseph. Concentrations
downstream from Sioux City were approximately two times greater during
the rain-affected period when compared to the normal weather period.
Two stations had concentrations greater than 20 mg/l and seven stations
exceeded 15 mg/1.

Downstream from St. Joseph during the autumn survey, total or-
ganic carbon concentrations ranged from 8 mg/l to 11 mg/1 with no
definite trend evident. Five stations averaged 8 mg/l, 9 stations
avera7ed 9 mg/l, 7 stations averaged 10 mg/1 and 1 station averaged
11 mg/l

Total organic carbon concentrations during the winter survey
ranged from 5 mg/l at Sioux City (Station M-524, R.M. 732.8) to 7 mg/l
at the Kansas City, Missouri water intake (Station M-23, R.M. 370.4).
Downstream from the Kansas River and the Kansas City area, concentra-
tions generally increased. The highest average of 16 mg/l occurred at

Station M-SA (R.M. 132.0).

*
Ex¢ept for an sberrant concentration of 135 mg/l at Station M-48.
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SOLUBLE METALS

Eleven different metal analyses were performed during the
surveys of the Missouri River. All determinations were on the
filtrate from samples and thus indicate soluble concentrations.
Of these metals, several were absent at all sample stations in
detectable concentrations: barium ( < 1.0 mg/l), cadmium ( <
0.02 mg/1), total chromium ( < 0.02 mg/l), copper ( < 0.05 mg/l),
and nickel ( < 0.10 mg/1l) (Appendix Table No. B-10).

During the autumn survey, detectable concentrations of
boron and iron occurred. Approximately 0.12 mg/l of boron occurred
upstream from St. Joseph. Downstream concentrations decreased from
0.34 at Station M-24 (R.M. 384.9) to less than 0.02 mg/l at Hermenn
(Station M-1 - R.M. 98.0). A soluble iron concentration of 0.60
mg/l for the second 5-day composite was detected at Station M-39
(R.M. 610.5) Jjust downstream from the Missouri River STP discharge
in Omaha.

Detectable concentrations of iron, manganese, boron, lead,
and arsenic occurred during the winter survey. Soluble iron concen-
trations ranged from < 0.1 mg/l to 0.3 mg/l. Five of 12 stations
had measurable concentrations. Manganese concentrations ranged from
< 0.02 mg/1 to 0.10 mg/1l. Eleven of the 12 stations sampled had
positive results. Boron concentrations were detected at all stations
selected for analysis. Concentrations ranged from 0.08 mg/l to 0.12
mg/l. The average concentration of lead at Station M-48A (R.M. 718.3)
was 0.085 mg/1 which exceeded the PHS Drinking Water Standard of 0.05
mg/l. The source of lead was not determined. The largest arsenic
concentration in a discrete sample was 0.035 mg/l and occurred upstream
from Sioux City at Station M-42 (R.M. 626.2). Detectable concentra-
tions also occurred at Station M-23 (R.M. 370.5) and M-38 (R.M. 601.3).

CYANIDE

Cyanides are synthetic organic compounds which have acute .
toxicity. The PHS Drinking Water Standards have establicshed & limit
of 200 pg/l for cyanides. Since there are no naturally occurring
cyanides, their presence indicates a waste source containing the con-
stituent.

Positive cyanide results (more than 1.0 ng/l) were obtained
at six of the seven stations sampled between Sioux City and St. Jos-
eph during the autumn survey (Appendix Table No. B-13). Samples from
three of eight stations were positive downstream from St. Joseph.

Maximum concentrations during the autumn surveys occurred dur-
ing the 2-day rain-affected period when the highest single result was
15.2 pg/1l at Station M-33 (R.M. 546.7). Four stations in this reach
exceeded lO‘pg/l during this wet period. Downstream from St. Joseph,
the highest single concentration of 7.0 ug/l occurred downstream from
the Kansas River at Station M-20.
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During the winter survey measurable cyanide results were
obtained at 10 of the 12 stations sampled. The maximum concentra-
tion was 7.7 pg/l at the Omaha M.U.D. water intake.

TOTAL ORGANIC CHLORINE

Total organic chlorine indicates the presence of organic
chlorine-bearing compounds which are principally chlorinated hydro-
carbon pesticides in the absence of chlorinated waste discharges.
Although the test is non-specific as to which pesticides or other
compounds are present, it does indicate the presence of the general
group.

Total organic chlorine concentrations were generally higher
upstream from St. Joseph than downstream during the autumn surveys
(Appendix Table No. B-13). The highest concentration was 264.3 ng/l
downstream from the Omaha area waste discharges. Downstream from
St. Joseph concentrations ranged from 30.6 ng/l to 98.7 ng/l.

The cause of the higher concentrations of organic chlorine
upstream may be related to pesticide use on the extensive farmland
in this area (also irrigation upstream from study area) as well as
use for insect vector control in feedlot operations.

Total organic chlorine concentrations exhibited no definite
pattern during the winter survey. Tributary runoff for most of the
basin was small (upstream from Jefferson City, Missouri) because of
the frozen conditions of the watershed. Pesticides, also, had not
been applied for several months. These levels would represent con-
centrations in upstream storage reservoirs of both the Missouri
and Kansas Rivers. Concentrations ranged from 22.2,ug/l to Th.h

ng/l.

GREASE

The determination of grease by the Standard Methods procedure
includes fats, waxes, oils and other non-volatile materials which are
soluble in hexane., Grease is an obnoxious compound in water because
of the unsightly surface scum formed, and because it causes problems
in water supplies.

Because of previous difficulties reported by water supplies
downstream from the Omaha area (principally, St. Joseph), grease
concentrations were determined for waste discharges in the Omaha area
and Sioux City. Downstream from the Omaha area and continuing past
the St. Joseph water intake "grease balls" were observed floating on
the water surface during the autumn survey. Measurement of grease from
the Iowa Beef Packers Plant in Dakote City, Nebraska was determined at
e later time by the Missouri Basin Region. Results of these analyses
(Teble No. 4) indicate grease concentrations in packinghouse waste and
in primary treated effluent.
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TABLE L

GREASE

MISSOURI RIVER SURVEYS

Monroe St.- Missouri R. Council Bluffs Sioux City Ia. Bf.Pkrs.
S. Omaha Sewer Sewg. Trmnt. Iowa STP Iowa STP Dakota City
Composite ~ Plt. Effluent Effluent Nebraska
mg/1 mg/l mg/1 mg/1 mg/1
OCTOBER-NOVEMBER
299 - - 17 -
JANUARY-FEBRUARY
- 2 31 38 263(%)

(1)

Average of 3 samples collected on March 27-28, 1969 when Grease removal was not in operation,
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Average Grease concentrations in untreated packinghouse waste
ranged from 260 - 300 mg/l; that from primary treated effluents ranged
from 15 - 4O mg/l1.

RADICACTIVITY LEVELS

Radiological analyses were performed only during the autumn
surveys. The naturally occurring radionuclides uranium (U-235 and
U-238), radium -226, thorium -232 and total alpha thorium; and the
"fission" product strontium-90 were determined. Although not an in-
clusive list of analyses, this series of naturally occurring nuclides
allows an estimate of the natural background levels. Strontium-90
occurs because of past atmospheric nuclear weapons testing and is
significant for physiological reasons because its chemical properties
are similar to calcium.

As shown in Table No. 5, dissolved radionuclide concentrations
in the Missouri River and selected tributaries were substantially
lower than the permissible criteria recommended by NTAC for sources
of water supply. In the main stem of the Missouri River, at the four
stations sampled, uranium concentrations varied from 2.5_ug/l to 4.3
pg/l; radium -226 concentrations from 0.02 pc/l to 0.07 pc/l; and
strontium-90 concentrations from 1.5 pc/l to 2.2 pc/l. * Thorium -232
concentrations were less than the detection limits of the analytical
method. :

Gross alpha concentrations for various stream locations in the
country are reported in Radiological Health Data and Reports (RHD&R).
For the periocd July to December, 1968 concentrations averaged 2.9 pc/l
for the Missouri River at the Missouri City and St. Joseph, Missouri
stations. Total alpha concentrations during the autumn surve) were
celculated from the uranium (after conversion to pc/l*) and radium -
22 concentrations. The concentration calculated by this method was
2.5 pc/l which is very close to the value reported in RHD&R. Thus,
the naturally-occurring radionuclides ere primarily responsible for
the observed autumn concentrations.

The headwaters of the Platte River drain the uranium enriched
areas of Colorado and transport higher concentrations of uranium than
other Missouri River tributary streams. The uranium concentration was
6.4 pg/l but still much less than the NTAC criterion (Table No. 5).

The strontium-90 concentrations averaged about 1.8 pc/l during
the autumn surveys. Strontium-90 concentrations in water have de-
clined with the reduction in atmospheric nuclear testing. In the
period from July to September, 1967 RHD&R reported concentrations of
3.0 pc/l and 3.2 pc/l respectively for Missouri City and St. Joseph.
The autumn data reflect the decline in the intervening time period.

¥
~ For uranium, 1 pg equals 0.668 pc assuming U-234 equilibrium.
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TABLE NO. 5

National Technical Advisory Committee

Recommended Surface Water Radiological Criteria
for
Public Water Supplies

Permissiblé(l) Desirable(?)
Constituent Criteria Criteria
Uranium .4 mg/1 Absent(3)
Radium-226 3 pe/1 <1 pe/l
Strontium-90 10 pc/1 _ < 2 pc/1

(1) Concentrations in raw surface waters which allow the production
of a safe, clear, potable, aesthetically pleasing, and accept-
able public water supply which meets the limits of the Public
Health Service Drinking Water Standards.

(2) Conzentrations in raw surface waters that represent high quality
water in all respects for use as public water supplies.

(3) Not detectable by the most sensitive analytical procedure in
"Standard Methods" or other approved procedure.
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BOTTOM ANIMALS

Many invertebrate animals are found living on the beds of
rivers. In a clean water environment, this community includes
numerous kinds of pollution-sensitive animals which serve as food
organisms for desirable game fish. Pollution-tolerant organisms
are present but are few in number. As the environment receives
increasing amounts of organic pollution, clean water animals are
reduced or eliminated from the commnity in the order of their
sensitivity to degraded water gquality. This adverse change in
the bottom-associated community is indicative of the extent of
pollution. Further evidence of organic pollution is indicated
by increases in floating solids and in the formation of sludge
deposits in slack water areas behind man-made or naturally occur-
ring obstructions. The sludge may decompose and produce obnox-
ious gases and remove dissolved oxygen from the overlying flowing
water.

The river upstream from Sioux City at Station M-52 (R.M.
736) and downstream to the Omaha, Missouri River waste treatment
plant (R.M. 612), supported a stream bed animal community indica-
tive of unpolluted water (Figures 12 and 13, and Table 6). Clean-
water stoneflies, mayflies, and caddisflies were the predominant
kinds of bottom organisms throughout most of this reach (Appendix
Table No. B-16). The number of pollution tolerant forms remained
proportionately lower than sensitive kinds except in the reach
bordered by Sioux City, Iows and Dakota City, Nebraska at Station
M-50 (R.M. 730). Floating solids consisting of manure, chopped
garbage and similar materials were observed. These were found up-
stream from the municipal waste treatment plants, and thus, origi-
nate from untreated waste sources.

Tributaries examined in this reach indicated polluted condi-
tions. Flows from these streams were low in volume and the degraded
water entering had no observable effect on the Missouri River.

Downstream from Omaha-Council Bluffs, adverse effects of dis-
charged wastes were discernible for more than 166 miles., Floating
solids were evident and unsightly globular masses of grease, chunks
of animal fat, and paunch manure accumulated in eddy areas. Clean-
water animals were destroyed for 54 miles downstream to Station M-33
(R.M. 547) except at Barlett, Iowa at Station M-35 (R.M. 581) where
ah aberrant increase in kinds of sensitive and tolerant forms occur-
red (Figure 13). At Bartlett, available evidence indicated that the
animals found were from the Platte River. The Platte River enters
upstream, and could have carried invertebrates into the Missouri
River. The community found at Station M-35 (R.M. 581) was composed

*The bottom animal community was sampled from locations behind rock
Jetties and other backwater areas. The bottom animal identifications
discussed are for these areas only and are not intended to represent
conditions for the entire channe.l]b. fross sections. (See the Section on
Methods. )
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of nearly the same kinds as found in the Platte River. These partic-
ular forms were not found at adjacent Missouri River stations and thus
would not be indicative of Missouri River water quality at this sta-
tion.

Downstream from Brownville, Nebraska, at Station M-32 (R.M.
525), the number of pollution sensitive kinds of bottom animals were
proportionately greater than pollution tolerant animals (Figure 13).
This increase resulted from water quality improvement caused by natural
removal of organic settleable solids contained in upstream wastes so
that backwater bottom conditions improved. The river continued to sup-
port a community of benthic animals indicative of good quality water
downstream to Kansas City. Slowly decomposing grease globs remaining
in these waters did not induce changes sufficient to affect the aquatic
life but were aesthetically objectionable for recreation and water supply
uses.

Pile dikes at Station M-23 (R.M. 370) immediately upstream from
the Kansas City area supported a diverse bottom fauna. The community
contained an assemblage of 7 pollution sensitive and 1 pollution toler-
ant form. The number of animal kinds present and the composition of
the bottom-associated organisms was indicative of unpolluted water
(Table 6).

Approximately 11 river miles downstream at Station M-20 (R.M.
359), the number of pollution sensitive forms decreased from 7 to 2
kinds and the tolerant forms increased from 1 to 4. Pollution tolerant
sludgeworms, pulmonate sneils and leeches predominated which indicated
degraded water quality. Sensitive forms such as, mayflies were reduced
in number of kinds; caddisflies were eliminated. Large quantities of
floating and suspended material and oil were observed at this station,

Downstream from the Blue River confluence, all pollution sensi-
tive organisms were eliminated and replaced by more pollution tolerant
forms (R.M. 356). Restriction of the diversity of forms to those that
are most tolerant indicated gross organic pollution:. The accumulation
of organic sludge on the pile dikes, and in the backwater areas, limited
the available habitat to tolerant forms. This condition persisted for
approximately 63 miles downstream to Waverly, Missouri at Station M-15

(R.M. 293).

Downstream from Waverly from Station M-14 (R.M. 270) to Station
M-8 (R.M. 197), the appearance of pollution sensitive forms indicated
slight recovery from pollution. However, this portion of the river
contained animal communities comprised of near equal varieties of
pollution sensitive and tolerant animals. This is indicative of mod-
erate pollution when compared to upstream clean-water areas where the
variety of sensitive forms were four to five times as numerous as the
tolerant ones.
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From Lupus, Missouri, at Station M-7 (R.M. 179) downstream:
to Hermann, Missouri, at Station M-1 (R.M. 98), large numbers of
pollution sensitive burrowing mayflies were collected. The pres-
ence of these clean water organisms was an indication of improved
water quality in this reach.

SUSPENDED ALGAE

The suspended algal community, phytoplankton, ia large flow-
ing streams originate in lakes and backwaters associated with the
streams. This community is affected by environmental factors char-
acteristic of each stream such as: turbidity, water wvelocity, and
available inorganic nutrients. Turbidity restricts the amount of
light that penetrates the water and thus restricts algal photosyn-
thesis.

Water velocity also affects phytoplankton which are princi-
pally static water organisms.  Their presence in flowing water re-
sults from facultative adaptation. Swift turbulent currents are
detrimental to many of these fragile organisms because of the abras-
ive action of suspended solids and because the organism is prevented
from mainteining a position for optimum light. Increased inorganic
nutrients may produce increases in numbers and change the kinds of
algee present, unless physical factors are limiting.

In the Missouri River, a ccmbination of a swift current, high
turbidity, and lack of adjoining still water environments (due to
channelization of the river), tend to limit the phytoplankton com-
munity to low numbers.

Suspended algae ranged in numbers from 870 cells per milli-
liter (ml) to 1,000 cells per ml in the river reach from Station M-52
(R.M. 736.0) at Sioux City to Omaha-Council Bluffs at Station M-41
(R.M. 618.3) (Figure 14). Downstream from Omaha-Council Bluffs, be-
ginning at Station M-38 (R.M. 601.3), the algal population started to
increase and attained a high of 6,000 cells per ml at Station M-34
(R.M. 559.7) which was approximately a sixfold increase. This in-
crease is attributed to nutrients being discharged to the river.
Downstream from this point to St. Joseph, Missouri, at Station M-28
(R.M. 452,3), the population of algae gradually declined. From Sta-
tion M-28 at St. Joseph, Missouri to a point downstream from Kansas
'City at Station M-1% (R.M. 293.L4), the algal population ranged from
1300 to 2000 cells per ml. The algal population of 2,000 per ml in
this reach would have declined to numbers equal to, or less than,
those noted upstream from Omaha except for the nutrients discharged
from cities adjoining the river., Downstream, the effects of current,
turbidity and suspended solids reduced the population to 500 cells
per ml at Station M-9 (R.M. 221). The algal population increased
slightly to 1,000 cells per ml farther downstream at Station M-6
(R.M. 162.0).
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Tributary streems conteined high populations of phytoplank-’
ton but stream flows were too small to contribute significant quant-
ities of algae to the Missouri River algal populations.

TRIBUTARY STREAMS

Twelve tributary streams were sampled either for chemical and
bacteriological analyses or biological analyses, or both, near their
confluences with the Missouri River during the autumn survey (Table 6, 7
and Appendix B). Two of these (Papillion Creek and the Platte River)
were again sampled during the winter survey.

Big Sioux River

This stream flows into the Missouri River Jjust upstream from
Sioux City, Iowa, and forms the South Dakota-Iowa state line. Only
four kinds of pollution tolerant and one kind of poliution sensitive
animals were found. The bottom contained deposits of organic mater-
ial and oil., During the two-day, rain-affected period, DO's decreas-
ed by fifty percent (from 12.0 mg/l to 6.0 mg/l) and fecal coliform
bacteria increased from 110 MPN/100 ml to 4,000 MPN/100 ml.

Floxd River

The bottom of this stream was covered with organic solids,
including manure, and exuded the rotten egg odor of hydrogen sulfide.
Water quality was degraded so severely that only one kind of pollu-
tion tolerant bottom animal could inhabit these waters.

Soldier River

The water quality in this stream was greatly affected by rain-
fall. During the rain-affected period, geometric mean fecal coliform
bacterial densities increased from 4,000 MPN/lOO ml to 2,000,000 MPN/
100 ml, and suspended solids from 10 mg/l to 3,530 mg/l. The stream
supported only two kinds of pollution tolerant bottom organisms and
no clean water kinds.

Boxer River

The water guality of the Boyer River was also adversely affected
during the rainy period. Fecal coliform densities increased from a
mean of 20,500 MPN/100 ml to 1,500,000 MPN/100 ml, and the BOD5 in-
creased to 1k mg/l. The sandy bottom of the stream supported only
one kind of sensitive clean water organism, and three kinds of toler-
ant bottom organisms. :

Papillion Creek

A primary source of flow in this stream is the treated sewage
discharges from Omaha's Papillion Creek sewage treatment plant,
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TABLE 6

NUMBER OF KINDS OF

BOTTOM-ASSOCIATED ANIMALS

MISSOURI RIVER

OCTOBER, 1968
Pollution Pollution Pollution Total Number
mnogorrespondins River Sensitive Interme- Tolerant of
Water Quality Mile  Oreanisms Sdiately Organisms Kinds
Station ensitive
. Organisms

MI SSOURI RIVER
M-50 730 3 4 3 10
M-48 717 5 P 3 10
M-47 699 7 2 b 13
M-16 616 6 ? 3 11
M-Liy 655 8 5 1 I
M-39 610 3 i - 9
M'38 601 1 9 3 13
M-35 581 5 7 i Y
M‘3"‘ 560 1 5 2 8
M-32 525 3 6 2 11
M-30 488 2 4 1 7
M"29 h69 6 9 3 18
M-28 Ls2 N 8 2 1k
M-27 LLo 5 8 1 1%
M-26 k23 3 2 3 8
M-?s 397 " 1l 2 7
M-23 370 7 8 1 16
M-20 359 T 2 IN 8
- 356 0 1 L 5
M-18 345 o} 3 3 A
M-17 33 0 3 i 7
M-16 313 o 3 N 7
M-15 293 (o] 3 1 k
M-1k 270 3 5 e 10
M-12 238 1 4 1 6
M-10 235 1 L -3 7
M- 9 271 2 3 1 6
M- 8 197 1 ? > 5
M- 7 179 2 3 N 9
M- 6 162 ? N ) 8
M- 5 139 1 0 1 2
M- 3 118 1l 0 1 ?

TRIBUTARY STREAMS

BIG SIOUX RIVER BS-51 1 2 4 7
FLOYD RIVER - 0 (o} 1 1
SOLDIER RIVER S-45 ) 9 2 1
BOYER RIVER B-43 1 5 3 9
PIATTE RIVER P-37 L L 2 10
KANSAS RIVER Kr-22 o] 3 2 S
BIUE RIVER - 0 0 0 0
GRAND RIVER Gr-13 2 5 2 9
OSAGE RIVER 0-4 1 3 3 7
GASCONADE RIVER G2 1 b i 6

NOTE:  Bottom organism identifications are in Appendix Table No. B-16.
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TABLE T

SUMURY OF TRIBUTARY STREAM DATA

MISSOURI RIVER

TRIBUTARY STREAM

Big Sioux River(BS-51)

Soldier River(S-45)

Boyer River(B-43)

Papillion Creek(PA-3TA)

Platte River(P-37)

Kansas River(KR-22)
Crand River(GR-13)
Chariton River{C-11)
Osage River(0-4)
Gascoosde River(G-2)

S-Day Biochemical

Dissolved Oxygeu

Iaters fxygen Drmand

Missouri River 8-Da: ¢-Dar 8-Day 2-Day
st R.M. Normal Wet Winter Normal _Wet  _Wioter
T34.0 9.1 6.0 - 120 6.0 ~ -
664.0 2.3 6.9 - 9.9 6.6 -
635.1 9.2 o - . 82 57 -
596.5 - Y4 & - - 3.9
594.8 7.9 8.2 21 9.2 7.3 10.0
367.4 3.1 9.6
250.0 3.3 9.3
238.8 3.b 0.k
130.0 1.6 9.4
1044 3.2 9.7

8-Day o-Day Sutpe::::lSonds
Tougo li‘ecnl Total Vet Fecal mu:int"hcax Hg;: 252:’ Winter
1,130 1o 17,000 4,000 - - 5 71 -
14,700  k,000 2,400,000 2,000,000 - - 1 35 -
114,500 20,500 > 2,000,000 1,500,000 - - 79 999 -
- - 16,000,000 11,000,000 4,040,000 591,200 - - 100
27,700 11,200 620,000 290,000 36,000 18,700 763 - 32
116,000 6,800 264
5,000 < béo 59
> 10,700 2,30 S
$,000 1,100 55
2,600 510 66
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Offutt Air Force Base, and the community of Bellevue, Nebraska.

This small creek was sampled during both the fall and winter sur-
veys. Sampling was confined to three days, all of which were
affected by rain, during the autumn survey. Water quality approach-
ed that of untreated sewage with a BOD5 of 127 mg/l and a fecal coli-
form density of 11,000,000 MPN/lOO ml, Water quality was only slight-
ly better during the winter survey when the BOD5 was 84 mg/l and the
fecal coliform density was 591,000 MPN/100 ml.

Platte River

The Platte River is the largest tributary to the Missouri
River in the reach from Gavins Poirt Dam to St. Joseph, Missouri.
This stream was sampled for chemical and bacteriological analyses
during both the autumn and winter surveys. Biological sampling was
conducted during the autumn period only.

During the autumn and winter surveys, the fecal coliform dens-
ities were quite similar with densities of 11,200 MPN/100 ml and
18,700 MPN/100 ml, respectively. However, the densities increased
to 290,000 MPN/lOO ml during the 2-day, rain-affected period.

The average concentration of suspended solids during the
winter survey was only four percent (32 mg/l) of .that during the
autumn survey (763 mg/l). The frozen condition of the watershed,
and low runoff, accounted for this reduction. :

The bottom animal community during the autumn survey was com-
posed of predominately clean water forms. Four pollution sensitive
and two pollution tolerant animal kinds were found.

Kansas River

Bottom materials from the Kansas River were composed primarily
of paunch manure and organic sludges, and emanated a distinct rotten
egg odor during the autumn survey. Bubbling gases from these bottom
deposits, oil and floating solids such as, animal fat, clotted blood,
and hair were observed in this stream. Only pollution tolerant sludge-
worms, mothflies and midge larvae were found in the bottom animal
community.

The fecal coliform bacterial density was 6,800 MPN/100 ml near
the stream mouth. Total suspended solids averaged 284 mg/l.

Blue River

The Blue River was severely polluted by wastes discharged from
the Kansas City Blue River sewage treatment plant, and industrial
wastes including that from steel processing. Bottom samples collected
from the Blue River were devoid of bottom animals which indicated gross
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organic pollution and possibly, the presence of toxic materials. Bot-
tom sediments were composed of a gray-black organic sludge that had

a strong hydrogen sulfide odor. The water was colored gray and pock-
marked by bubbles of decomposition gases.

Grand River

When sampled during the autumn survey, this stream had low
flows averaging 167 cfs. (Winter flows averaged 5,500 cfs.) The
bottom animal community was composed of two pollution sensitive,
and two pollution tolerant forms. Two-thirds of the population
density were tolerant sludgeworms. Mean fecal coliform densities
were < UL60 MPN/100 ml during this low flow period.

‘Chariton River

This stream had a mean flow of only 54 cfs during the autumn
sampling pericd. Fecal coliform bacteria had a geometric mean of"
2,340 MPN/100 ml which exceeded the NTAC contact and non-body contact
recreation criteria. The average D.0. of 10.4 mg/l was near satura-
tion and satisfactory for aquatic life.

Osage River

The Osage River is a large tributary to the lower Missouri
River. The flow averaged 5,380 cfs during the autumn survey, and
21,000 cfs during the winter survey. During the autumn survey, fecal
coliform bacteria had a geometric mean of 1,100 MPN/100 ml which ex-
ceeded the NTAC contact and non-body contact recreation criteria. The
bottom organism community was composed of one pollution sensitive and
three pollution tolerant forms. However, more than one-half the popu-
lation density was composed of the pollution sensitive variety.

Gasconade River

Waters of this stream had geometric mean fecal coliform dens-
ities of 570 MPN/lOO ml which exceeded the NTAC primary contact recre-
ation standard of 200 MPN/100 ml. However, land runoff from the 1-2/3
inches of rain during the two-week autumn survey may have increased the
densities., The bottom animal community was composed of one pollution
sensitive and one pollution tolerant form. One-third of the population
density was composed of tolerant sludgeworms.

MUNICIPAL WASTE SOURCES

Seven of the larger municipal waste discharges were sampled
during the Missouri River surveys (Table 8). Six of the discharges
were final effluents from primary waste treatment plants; one reported
discharge was a composite of two separate Omsha sewers which discharged
untreated wastes to the Missouri River: the Monroe Street and South
Omaha interceptor sewers.
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TABLE 8
MUNICIPAL WASTE SOURCES

MISSOURI RIVER

iog Total BACTERIAL DERSITIES Total(2) Total(2) Total(?)
Sazp PLOW BOD, Suspend. TOTAL FECGAL FECAL Organic Phos- - Nitro-  Grease
WASTE DISCHARGE Period 3 Solids coLl coLr STREP Carbon  Phorus gen
MGD mg/1 ng/1 MPN/100m1 MPN/100m1 MF /100m1. og/1 g/l ng/l mg/1
Sioux City, Iowa STP Oct. 7-18, 1968 16.2 a7 109 75, 200,000 20, 200,000 - 97 10.6 718.8 17
Jan.20-31, 1969 14,6 340 130 19,460,000 5,150,000 8,760,000 65 .2 73.2 38
6-1:, Nebraska: .
Composite: Monroe St. . . ’
& So. Omaba Sewers Oct. 7-1B, 1968 3#.3 985 891 18, 600,000 7,760,000 - 212 1.4 67.2 299
Missouri River Sew- (3) . .
age Trestment Plant Jan.20-24, 1969 16.0 256 91 11,180,000 3,000,000 16, 650,000 .30 6.9 2.8 26
Council Bluffs, Iove oct. 1968¢1) 5(3) . - 160, 000, 000 35,000,000 - - - -
Sewvage Treatment Plant Jan.27-31, 1969 5.2 335 99 22, 540,000 4, 330,000 1, 320,000 61 16.5 57.0 31
Kansas City, Missouri:
Blue River Sewvage Oct,28-Nov. 1, 1968 42,6 171 87 46,000,000 k, 500, 000 - 49 9.8 32.6 -
Treatment Plant Jan,20-24, 1969 59.0 136 78 Lo, 440,000 7,930,000 7,880,000 31 8.7 30.4 -
West Side Sevage Jan.27-31, 1969 17.3 123 58 8,940,000 2,760,000 5,050,000 ® 5.6 2.4 -
Treatment Plant
Kansas City, Kadsas: Nov. 4-8, 1968 7.8 o en 267 46, 000,000 9,700,000 - 82 12.0 43.7 -

Sewvage Treatment Plant

NOTES: (1) Single grab sample,
(2) Weekly composite made from 5 daily composite saxples.

(3) Estimsted by plant personnel.
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Secondary treatment of these discharges as well as other
smaller municipal treatment plants, and industrial waste discharges
would substantially reduce concentrations of BOD; total organic
carbon; settleable and suspended solids; grease and other floatable
materials; and bacteria and viruses discharged to the Missouri River
from these controllable sources. Resulting water quality improvement
in the Missouri River would be both aesthetic through removal of ob-
noxiously appearing suspended and floatable material which forms scum
on pile dikes and settles to form sludge in backwater areas; and bac-
teriologically by affording a safer water for recreation and for mun-

icipal water supply.

Future vater quality studies will be designed to quantitate
these and additional water quality improvements.
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STATION DESCRIPTIONS
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APPENDIX B-1

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION River(l) Sample(e) DESCRIPTION
Mile Type : .

M-1 98.0 A Missouri River at State Highway 19
bridge, Hermann, Missouri.

G-2 10k. 4 A Gasconade River at State Highway 100 -
1 mile upstream from confluence.

M-3 118.0 A Missouri River at Chamois. Missouri
(0.2 miles upstream from Kishmar Light).

0-4 130.0 A Osage River at Bonnots Mill landing,
Missouri.

M-5A . 132.0 C Missourl River at small boat dock -

off Missouri State Highway 9k.

M-5 139.0 A Missouri River - 3 miles downstream
from Jefferson City, Missouri (at
Moreau River light).

M-6 162.0 A Missouri River at Wilton, Missouri

' (0.2 miles upstream from Wilton light).
M-TA 174.8 c Missouri River at Lupus, Missouri.
M-7 179.0 A Missouri River at Searcys Bend - L

miles upstream from Lupus, Missouri
(at Searcys Bend light).

(1) Biology stations may not colncide exactly with chemical and bacterio-
logical sampling stations; usually they were + 0.2 mile.

(2) Sample type: A —“Chemical, bacteriological and biology sample station.
B - Biology sample station only.
C - Chemical and bacteriological sampling station only.
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APPENDIX B-1
(Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION

River
Mile

DESCRIPTION

M-8

M-9

M-10

c-11

M-12

GR-13

M-14

197.2

219.2

221.0

235.1

238.8

41.2

250.0

270.0

Missouri River at M.K.T. RR bridge,
Boonville, Missouri.

Missouri River at limestone quarry,
downstream from Bluffport, Missouri.

Missouri River at Fish Creek Bend -
5 miles downstream from Glasgow,
Missouri (at Brockway Island Light -
221.0).

Missouri River at Gilliam Bend - 6
miles downstream from New Frankfort,
Missouri (at light).

Chariton River upstream from conflu-
ence. For October 28-30 at a point
approximately 1 mile upstream. For
October 3l-November 8 at Price Bridge,
Highway VV south of Keytesville,
Missouri.

Missourli River at New Frankfort land-
ing, Missouri.

Grand River upstream from confluence.
For October 28-30 at Brunswick. For

October 31-November 8 at U.S. Highway
2 Bridge, Missouri.

Missouri River at Ray-Carrol County,

Grain Growers, Inc., loading dock,
east of Wakenda, Missourl.

169



A-3

APPENDIX B-1
(Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION riverd)  sampie(® DESCRIPTION
Mile Type :
M-15 293.4 A Missouri River at U. S. Highway 24 &

65 - Waverly, Missouri.

M-16 313.2 A Missouri River - 4 miles downstream
from Lexington, Missouri (at Ray-
Carrol G.G., Inc. loading dock).

M-17 334.5 A Missouri River at Fishing River lLand-
.ing via gravel road south from Orrick,
Missouri.

M-18 345.4 A Missouri River at N. W. Electric (Co-

operative) Power Plant near Missouri
City, Missouri.

- 356 ¥ B Missouri River downstream from con-
fluence with Blue River.

K-19 358.0 c ' Kansas City Blue River Sewage Treatment
Plant (effluent to Big Blue River).
- ‘ 358.0 B Big Blue River.
M-20A 358.3 ' c Missouri River at Kansas City Power and

Light Company - Hawthorne Plant water.
intake structure.

M-20 359.3 A Missouri River at C.R.I. & P. RR bridge.

M-21 365.6 A Missouri River A.S.B. Highway & RR
bridge.

K-19B 367.19 c Kansas City, Missouri West Side Sewage
Treatment Plant effluent.

K-19A 367.20 c Kansas City, Kansas Sewage Treatment Plant
effluent.
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APPENDIX B-1
(Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION River(l) Sample(e) DESCRIPTION
Mile Type
KR-22 367 .4 ' A Kansas River at Central Avenue bridge.

M-23 370.5 A Missouri River at Kansas City, Mis-
souri Waterworks Intake opposite Fair-
fax Airport.

M-24 384.9 A Missouri River upstream from Kansas
City (at Weavers light).

M-25 397.4 A Missouri River at Leavenworth, Kansas
(0.2 miles downstream from Highway
bridge).

M-25.5 h18.0 C Missouri River - approximately L4 miles
downstream from Atchison, Kansas.

M-26A 422.5 o Missouri River at Atchison and Eastern
Railroad Company bridge.

M-26 L22.6 A Missouri River at Atchison, Kansas (0.1

- miles upstream from RR bridge).’

M-27 440.3 A Missouri River at Palermo landing (1.3
miles upstream from Palermo light).

M-28 h52.3 A Missouri River at St. Joseph Water
Company Waterworks Intake.

M-29 465.0 A Missouri River - 0.5 miles upstream from

. : Charleston landing (Daymark).

M-30 488.3 A Missouri River at White Cloud, Kansas
(at power cable crossing).

M-31 507.5 A Missouri River - 9.5 miles upstream from

Rulo, Nebraska. :
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APPENDIX B-1
(Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

(1) 2)

Sample(

STATION River DESCRIPTION
Mile Type
M-32 525.1 A Missouri River (at Upper Morgan Bend,
' : upper light).

M-33 546.7 A Missouri River at Peru Sportsman Club
ramp.

M-3L 559.7 : A Missouri River downstream fr-~m Nebraska
City (0.2 miles upstream from Frazers
1ight).

M-35 580.9 A Missouri River at Bartlett, Iowa (at
Shenandoah Boat Club ramp).

M-36 591.°2 A Missouri River at Plattsmouth, Nebraska
(0.7 miles downstream from Pollock light).

P-37 594 .8 A Platte River at U.S. Highway 75 bridge,
Nebraska.

PA-3TA 596.5 C Big Papillion Creek at Offutt Air Force

. ) Base Road to Capehart, Nebraska - off
U.S. Highway 75.

M-38 601.3 A Missouri River at Bellevue, Nebraska
(0.1 miles downstream from State Highway

370 bridge).
M-39 610.5 A Missouri River downstream from Omaha STP
outfall (at power cable crossing). '
OM-L40 611.5 C Composite sample of 7 parts Monroe St.
Sever effluent and 1 part South Omaha
Sewer, Omaha, Nebraska (approximate river
mi-leage).
OM-4OA 611.5 C Omaha, Missouri River Sewage Treatment

Plant effluent (approximate river mileage).
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APPENDIX B-1
(Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION River(l) Sample(e) DESCRIPTION
Mile Type
' CB-LOB 614.0 | c Council Bluffs Sewage Treatment Plant
effluent (approximate river mileage).
M-L1 618.3 . A Missouri River at I.C. RR bridge.
M-L42 626.2 A Missouri River at Omaha Waterworks

Intake (0.3 miles downstream from
Highway 36 bridge).

B-43 635.1 A Boyer River at I-79 Highway bridge,
Iowa.

M-44 654.6 A Missouri River upstream from Blair,
Nebraska (at Tyson Boat Marina).

S-h5 664 .0 A Soldier River at I-£Q Highway bridgze,
Towa,

M-46 676.5 A Missouri River at Upper Sioux Reach,

upper light.

M-L7 699.5 A - Missouri River at Lighthouse Marina
' (also called Don Ruth Marina - 6 miles
from Whiting, Iowa).

M-L8 717.4 _ A Missouri River downstream from Sioux City
STP outfall (at power cable crossing).

M-L48a 718.3 c Iowa Power and Light Co. Power Plant.

sc-k9 729.0 C Sioux City Sewage Treatment Plant efflu-

ent (approximate river mileage).

M-50 730.0 A Missouri River downstream from Floyd River
confluence - Sioux City, Iowa (at power
cable crossing).

- . 731 B Floyd River 0.1 miles upstream from the
confluence.
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APPENDIX B-1
(Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION  River'l)  samp1e(®) DESCRIPTION
Mile Type
M-S52A 732.8 c - Missouri River 0.5 miles upstream from
. . U.S. 73 Highway bridge.
BS-51 T34.0 A Big Sioux River upstream from confluence
(at I-29 Highway bridge).
M-52 736.0 _ A Missouri River - 2 miles upstream from
Sioux River confluence.
Gavins
Pt. Dam 811.0 c Lewis and Clark Reservoir Dam upstream
from Yankton, South Dakota (Corps of
Engineers).
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DATA SUMMARY
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TABLE RO. B-1

Summary of 8- & 2-Day Averagesl'/ for Discrete Samples
. MISSOURI RIVER
OCTOBER T7-18, 1968 SURVEY

DISSOLVED ALXALINITY HARDNESS
STATION . TEMPERATURE OXYGEN 2-DAY BOD 5-DAY BOD pH Ca CO Ca CO
River °c ng/1 mg/1 mg/1 Units mg/13 mg/]_3
Name Mileage 8-Day 2-Day 8-Day 2-Day 8-Day 2-Day 8-Day 2-Day 8-Dey 2-Day 8-Day 2-Day 8-Day 2-Day
MISSOURI RIVER:
Gavins
— Pt. Dam  B811.0 - - - - - - - - 8.5 - 169%/ - 2p¥ -
; M-52 736.0 14 10 9.5 10.0 0.4 0.6 c.9 1.2 8.3 8.4 166 160 258 254
M-50 730.0 1k 10 9.4 9.7 0.4 0.6 1.1 1.2 8.3 8.3 165 160 249 275
M-48 7.4 1k n 9.3 9.k 0.8 0.8 1.5 1.6 8.3 8.3 167 160 252 258
M-4L7 699.5 15 12 9.2 9.2 0.8 0.9 1.6 1.8 8.2 8.3 174 154 257 254
M-46 676.5 15 1n 9.2 9.0 0.7 1.0 1.k 1.8 8.3 8.3 160 158 Z54 258
M-lb 65L4.6 15 13 9.1 8.0 0.8 1.9 1.5 L.o 8.3 8.2 197 156 264 254
M-42 626.2 1L 12 9.1 8.0 1.1 2.6 1.9 k.9 8.2 8.2 172 168 237 271
M-41 618.3 14 14 8.9 7.8 1.2 2.2 2.0 L2 8.2 - 8.2 169 154 263 238
M-39 610.5 1 13 8.8 - 3.6 3.2 5.8 6.1 8.3 8.1 164 1% 250 238
M-38 601.3 15 13 8.8 1.6 1.9 2.6 3.4 5.2 8.6 8.1 168 147 250 238
M-36 591.2 15 12 8.6 7.8 1.9 2.9 3.4 5.4 8.2 8.1 167 154 aig 242
M-35 580.9 15 12 8.6 7.5 1.8 2.9 3.3 5.6 8.1 8.0 168 180 72 258
M-3h 559, 14 1k 8.5 6.8 1.3 3.3 2.8 6.8 8.3 8.0 169 148 262 -
M-33 546.7 15 14 8.4 7.0 1.7 3.9 3.2 6.7 8.3 8.0 170 146 256 246
M-32 525.1 15 14 8.6 6.1 1.3 2.8, 2.6 7.0 8.2 8.0 17k 158 258 246
M-31 507.5 15 1 8.6 6.6 1.3 2.5 2.6 5.8 8.2 8.0 165 160 253 258
M-30 488.3 15 15 8.3 6.0 1.9 2.6 3.2 5.8 8.2 7.8 170 152 258 258
M-29 L69.0 15 15 8.6 5.2 2.1 3.0 3.k 7.6 8.2 7.8 173 145 261 242
M-28 452.3 16 16 8.6 5.6 1.8 - 3.0 - 8.3 8.0 163 158 25k 246
M-27 440.3 16 15 8.7 5.6 1.6 2.9 3.0 5.6 8.2 7.8 171 143 263 242
TRIBUTARIES 5/

Bs-s].3 734.0 1k n 12.0 6.0 L.6 3.4 2.1 6.0 8.4 8.0 21k 177 388 385
s-usJ 664.0 - 10 9.9 6.6 1.3 5.2 2.3 6.9 8.3 7.8 255 1h9 350 246
B-43 635.1 1k 10 8.2 5.7 5.0 8.1 9.2 1.0 8.1 7.8 251 17k %0 42
pa-378Y  5%.5 - 10 : : : 55 ) 127 i : t . - -
P-37 594.8 16 n 9.2 7.8 2 3.8 7.9 8.2 8.2 1.7 158 130 199 184

WASTE SOURCES 5/
sc-l;93 729.0 - - - - 152 160 a7 260 T.4 8.0 412 374 439 3hk
oM~ 611.5 - - - - 554 551 985 8u7 7.3 7.7 a9 225 263 293



TABLE NO. B-1

(contd)

Summary of 8- & 2-Day Averagesy for Discrete Semples

MISSOURI RIVER

OCTOBER 7-18, 1968 SURVEY

TOTAL TOTAL SPEC. CONDUC.
STATION TURBIDITY SUSP. SOLIDS DISSOL. SOLIDS ;unhos(cm CHLORIDE SULFATE
River Units /1 ng/1 at 25°C. mg/1 mg/1 .
Rame Mileage 8-Day 2-Day 8-Day 2-Day 8-Day 2-Day 8-Day 2-Day 8-Day 2-Day 8-Day 2-Nay
MISSOURI RIVER: .
Gavins 2 2 i
Pt. Dam  B11.0 12 - 152 - vpu?/ . 8002/ - 1 - 20 i
M-52 736.0 2z 30 55 - k71 - 800 750 1 13 3 2&;
M-50 730.0 21 3% 62 87 484 4oy 820 . 880 12 1 21 2
M-48 T1i7.4 24 48 Ly b7 Lok 365 790 720 12 14 209 1
M-47 699.5 2 u6 61 114 552 341 800 730 11 15 191 5
M-U46 676.5 24 39 58 102 496 398 790 T40 12 13 210 %g
M-Lk 654.6 LY 255 155 715 533 7 790 720 12 19 139 e
M-42 626.2 36 231 91 1020 532 330 800 680 13 13 1&5) 182
M-41 618.3 47 245 120 T80 540 3% 790 710 12 17 i 0 . 52
M-39 610.5 39 250 95 850 478 469 790 680 13 17 21 170
M-38 601.3 37 350 95 998 493 313 T90 T70 16 17 210 1;8
J M-36 591.2 L6 300 136 1100 485 327 7% 770 15 18 187 8
M35 580.9 50 325 185 1340 L90 - 790 640 15 18 1'5 33
M-34 559.7 67 470 220 1610 493 500 790 6o 19 a7 1 X 83
M-33 546.7 1k uho 238 1780 482 - 780 650 17 7 187 128
M-32 525.1 59 4g2 218 1120 645 245 780 660 20 32 220 1
M-31 507.5 6L 560 142 1310 480 516 800 640 18 28 203 é
M-30 488.3 - 52 810 110 1480 512 klg 700 600 22 16 19 1u2
M-29 469.0 L6 985 123 2550 468 312 790 580 21 21 166 165
M-28 452.3 48 1120 131 2780 k72 198 780 600 17 20 170 165
M-27 Lb40.3 L7 1120 12 2690 458 17k 780 600 17 21 186 130
'mmu'mams:-s-/
L2
- k.0 20 30 55 T1 SkT Lop - 1040 900 4s 52 169 1
35-313 gg&.o 6 1670 10 3530 423 3670 660 340 13 13 hg 26
B-43 u/ 635.1 245 1850 729 999 392 2860 T00 Loo 45 2? 7- 3-5
Pﬁ: ;(TA : ggl‘ig 1';5 5-38 733 - 504 - 810 620 69 69 68 7%
WASTE souncss:i/
Lo
-k .0 - 61 ol 109 170 1330 1020 2230 1900 243 300 236 1
§2c4- 23 2122.5 178 297 891 840 1650 1690 2370 2110 481 k99 188

CB-LOB 61k

1/ 8-day average is for typical Fall weather
2-day average is for extremely wet weather,

2/ Aversge of two 5

%/ Averages for 7 days of typical Fall and 3 days of extremely wet weather.

L/ Average for 3 days of extremely wet weather.

2/ River Mileage refers to point where tributary or waste source enters Missouri River.
Samples were collected on tributary or waste source upstream from confluence.

» where total precipitation was 0.46" in Omaha;
where precipitation was 3.61.
-day composite samples (Gavios Pt. Dam only).

23h
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TABLE NO. B-2

Summary of Averages for Discrete Samples
MISSOURI RIVER
OCTCBER 28-NOVEMBER 8, 1968 SURVEY

DISSOLVED ALKALINITY HARDNESS
STATION TEMPERATURE OXYGEN 2-DAY BOD S-DAY BOD pH asCa CO3 asCa CO
River °c mg/1 mg/1 mg/1 Units mg/1 mg/1

Name Mileage

MISSOURI RIVER:

M-gy 440.3 9 9.8 1.5 3.0 8.2 179 257
M- > 422.6 10 9.7 1.4 2.6 8.2 181 248
M-25.5J 418.0 9 9.6 1.6 3.2 8.2 179 263
M-25 397.4 9 9.5 1.4 3.0 8.2 179 : 248
M-24 384.9 10 9.6 1.5 3.0 8.3 186 . 258
M-23 376.5 9 9.7 1.5 2.9 8.2 179 261
M-21 365.6 10 9.6 1.7 3.5 8.2 180 243
M-20 359.3 10 9.7 1.b 2.7 8.2 181 242
M-18 345.4 10 9.4 1.k 3.0 8.2 180 243
M-17 334.5 10 9.4 1.5 2.7 . B.2 181 242
M-16 313.2 10 9.2 1.3 2.8 8.2 181 246
M-15 293.4 10 9.3 1.3 2.6 8.2 180 2Ly
M-14 270.0 10 9.4 1.0 2.2 8.2 176 2hh
M-12 1.2 10 9.5 0.9 2.1 8.2 177 237
M-10 235.1 10 9.5 1.0 1.8 8.2 174 239
M- 9 221.0 10 9.6 0.9 1.7 8.2 174 41
M- 8 197.2 10 9.5 1.3 2.4 8.1 7s 242
M- T 179.0 10 9.5 1.4 2.4 8.2 174 250
M- 6 162.0 10 9.6 1.2 2.4 8.2 174 25k
M- 5 139.0 10 9.6 1.2 2.4 8.2 174 239
M- 3 18.0 12 9.7 2.4 4.1 8.2 161 208
M- 1 98.0 12 9.8 1.9 3.5 8.1 162 210
mmumams:é/
KR-22 367.4 n 9.6 1.6 3.1 8.2 182 213
GR-13 250.0 1 9.3 1.9 3.3 8.1 182 193
c-11 238.8 9 10.4 1.8 3.4 8.2 168 196
o-b4 130.0 13 9.4 1.0 1.6 8.1 112 154
G-2 104 . L 12 9.7 2.0 3.2 8.2 167 179
WASTE souncns:g/
K-lﬁ 367.20 19 - b7 1 7.6 . 301 292
K-1 356.9 - - 127 171 7.2 188 229



TABLE NO. B-2
(contd)

Summary of Averages for Discrete.Samples
MISSOURI RIVER
OCTOBER 28-NOVEMBER 8, 1968 SURVEY

" TOTAL TOTAL SPEC. CONDUC.

6Ll

STATION TURBIDITY SUSP. SOLIDS DISSOL.SOLIDS pmhos/cm CHLORIDE SULFATE
River Units mg/1l mg/1 at 25°C. mg/1 ) mg/1
Name Mileage :
MISSOURT RIVER:
M-27,,  140.3 5 161 L85 7 17 174
M-26—/2 422.6 €1 200 e’} 71C 1€ 203
M-es.s—/ 418.0 53 141 L96 720 16 192
M-25 397.4 58 169 Lok 710 16 : 194
M-24 384.9 €0 165 504 7.C 1€ 201
M-23 370.5 61 173 Loy .. TiC 17 198
M-21 365.6 102 202 L6k €710 20 17€
M-20 359.3 86 20k 468 680 18 190
M-18 345.4 99 © 194 L71 680 : 19 T 190
M-17 334.5 100 188 ’ L69 680 18 186
M-16 313.2 101 21k 459 €80 19 179
M-15 293.4 103 23 Ls2 : €70 18 188
M-1k £70.0 71 229 466 680 19 154
M-12 241.2 Th o7 L66 68C 19 15€
M-10 235.1 73 238 ks 67C 19 153
M- 9 221.0 T2 a5 458 €90 19 154
M- 8 197.2. 75 276 L8 660 .19 152
M- 7 179.0 79 257 L6 €80 19 150
M- 6 162.0 81 297 L34 670 19 152
M- 5 139.0 81 265 Lho 660 19 152
M- 3 18.0 68 250 373 580 17 122
M- 1 98.0 78 241 375 570 16 113
TRIBUTARIES:Q/
KR-22 367.4 135 284 312 500 29 103
GR-13 250.0 31 59 266 450 12 ’ L1
c-11 238.8 35 5k 285 LT0 10 63
0- b 130.0 28 55 17h = 5 22
G- 2 10b.4 3k 66 194 330 h 5
WASTE SOURCES:Q/.
K-19§$/ 367.20 ar 265 Th 1260 123 41
K-19~  356.9 6l 87 656 9ko 85 229

Result for 5 discrete samples, 10/28 - 11/1/€8.

Result for 5 discrete samples, 11/ - 11/8/€8.

River Mileage refers to point where tributary or waste source
enters Missouri River. Samples were collected on tributary
or waste source upstream from confluence.

Rl
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TABLE RO. B-3

Summary of Averages for Discrete Samples
MISSOURI RIVER
Jamuary 20-February 2, 1969

DISSOLVED ALRKALINITY
STATIOR TEMPERATURE OXYGEN 2-DAY BOD 5-DAY BOD pH Ca CO
River *c mg/1 mg/1 mg/1 Units mg/13
Name Mileage
MISSOURI RIVER:
Gavins
Pt. mm‘l'/ 811.0 - - - - - -
M-52A 732.8 0o’ 12.7 0.4 1.1 8.1 175
M-L8A T18.3 0 12.6 0.8 1.6 8.1 174
M-47 699.5 o 12.7 1.0 2.0 8.1 176
M-L42 626.2 0 13.2 0.8 1.4 8.1 192
M-38 601.3 0 12.8 2.2 3.6 8.1 187
M-35 580.9 (Ve 12.5 1.7 2.7 8.0 188
M-3h4 559.7 o 10.6 1.1 1.9 8.0 185
M-32, 525.1 0 9.k 1.1 2.2 7.9 182
M- 3 488.3 2 9.1 1.7 3.4 7.8 165
M-28 452.3 2 9.6 1.5 3.0 7.8 17h
M-27 uko. 3 2 10.0 1.3 2.9 7.8 175
M-26A 422.5 2 10.3 1.6 3.5 7.8 176
M-23 370.5 o] 11.0 2.2 L.0 8.0 17h
M-20A 358.3 0 1.2 2.7 5.1 7.9 181
M-18 345.4 0 11.3 2.1 4.3 7.9 183
M-17 334.5 o] 1.2 3.1 5.4 7.9 183
M-15 293.4 0 1.2 2.7 5.3 7.9 186
M-14 270.0 0 1.3 2.5 5.1 7.9 179
M-12 A1.2 0 1.2 2.8 5.0 7.8 178
M- 219.2 0 10.7 3.2 > 5.5 T.7 1Lk
M-TA 174.8 0 1.0 3.0 - > 5.6 7.6 132
M-SA 132.0 0 10.7 7.7 > 10.9 7.6 136
M-1 98.0 1 11.8 2.3 4.3 7.7 116
mmtmarzs:y
PA-3TA  596.5 1 3.9 41 84 7.8 289
P-37 594 .8 0 10.0 1.1 2.1 7.9 181
WASTE swacr:s:l/
sc-k9 729.0 - 17 - 7 340 T.6 y72
@B-LBY, 61 - R 172 335 7.3 213
OM-LQA, 611.5 - - 162 256 7.9 208
K-1§7/ 367.19 - - 71 123 T.h 158
K-1 356.9 - - 88 136 7.4 206



TABLE NO. B-3
(contd)

Summary of Averages for Discrete Samples
MISSOURI RIVER
January 20-Februatry 2, 1969

18l

i TOTAL TOTAL SPEC. CONDUZ.
STATION TURBIDITY SUSP. SOLIDS DISSOL.SOLIDS pumhos/cm . CHLORIDE SULFATE
River Units mg/1 mg/1 at 25°C. mg/1 mg/1

‘Name Mileage

MISSOURI RIVER:

Gavins .

Pt. lhmy 811.0 1.5 1.5 518 - . 11 206
M-S 732.8 19 L8 546 800 12 21k
M-L8A 718.3 10 23 553 230 13 213
M-LT 699.5 9 18 55k 8 1k 213
M-L2 626.2 9 25 629 . BéG 15 . ook
M-38 601.3 8 17 - 570 81¢ 16 221
M-35 580.9 8 17 653 . 70 18 206
M-3b 559.7 T -2 525 760 : 25 175
M-322 525.1 6 9 57 75C e 173
M-3 188, 3 17 27 486 710 22 : 170
M-28 452,3 12 28 510 TLO 23 177
M-27 44o.3 12 29 517 . 730 23 179
M-26A k22,5 16 L2 506 . 7he 23 175
M-23 370.5 29 T3 485 730 22 185
M-20A  358.3 35 91 489 T3¢ 25 178
M-18 3454 ) k1 115 Lol 720 2% 167
M-17 334,5 - LY 102 Loy 730 27 173
M-15 293.4 60 BN 496 706 7 181
M-1h 270.0 TQ 233 480 710 28 173
M-12 A).2 66 197 L&g 680 26 150
M-9A 219.2 144 h23 ko3 560 20 120
M-TA 174.8 211 596 337 480 17 95
M-5A 132.0 219 543 mn 5:0 19 109
M-1 98.0 138 331 254 360 9 55

'mmumms:é/ .

PA-3TA 596.5 g 100 646 1000 106 . 80
P-37 594.8 16 32 . kss 700 56 81

WASTE samczs:y

sC-h9 729.0 55 130 1482 #2770 33 200
cn-hong/ 614 55 99 908 - 1370 113 42
OM-LOoA 611.5 52 91 1132 1650 291 238
1(-12/ 367.19 Lo 58 1428 2590 538 232
K-1 356.9 .50 78 836 1230 145 217

1/ Result for the average of two 5-day composite samples.

2/ Result for five discrete eamples, 1/20 - 1/24/69.

3/ River Milesge refers to point vhere tributary or
waste source enters Migssouri River.

Samples were collected on tributary or waste source upstream from confluence.

4/ Result for five discrete samples, 1/27 - 1/31/69.
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TABLE NO. B-4

Summary of Bacterial Densities

MISSOURI RIVER

October 7-18, 1968 Survey

TOTAL COLIFORM BACTERIA

- FECAL CO M BACTERIA
STATION ’l‘ine-of-'dnery Normal Uppermnoo ulawer Wet Normal Uppermlﬁgs mll.m:er Wet TOTAL c;' 2 %ot
River Pravel: 8-Day 80% Conr. 80% Conf. 2-Day 8-Day 80% Conf. 80% Conf. 2-Day Nomi‘m Mﬂ?
Name Mileage Hours Mean Limit Limit Mean Mearn Limit Limit Mean 8-Day 2-Day
MISSOURI RIVER:
Gavins 81n.o - esoy - - - < 1;‘55/ - - - < 50.0 -
Pt. Dam

M-52 736.0 - 1.6 1,380 3,940 590 75,800 220 710 70 30, 300 15.9 40.5
M-50 730.0 0.5 2,420 6,050 970 74,800 2o 1,080 €0 47,000 9.9 62.8
M-18 7174 5.2 62,800 226,400 17,600 2€5,000 1%, 300 48,900 4,710 116,000 2z.8 43.8
M-4T7 699.5 11.3 57,100 197, 200 16, 500 230,900 26,600 199, 500 6,460 108, 000 L6.6 47.0
M-%6 676.5 18.8 53,000 178,000 15,800 213,000 18,900 77,900 4,500 149, 000 '35.7 70.0
M-bl 654.6 25.2 39,500 91,400 17,100 852,000 9,030 50, 600 1,610 278,000 cz.9 32.6
M-b2 626.2 3.7 52,300 192, 900 14, 200 414,000 3,320 34,100 2,030 207,000 15.9 50.0
M-b41 618.3 37.3 46,600 223,100 S, 750 802,000 11, 200 34, 600 3,630 207, 000 2.0 25.8
M-39 610.5 39.3 256,400 708, 000 92,800 330,000 61,200 164,600 22,800 230,000 23.9 69.7
M-38 601.3 41.6 165, 200 421,800 64,700 560,000 L5, 200 96,400 21, 200 330,000 o1.. T1.7
M-36 591.2 4 2 174, 200 306, 200 99,100 790,000 53,500 107, 600 26, 600 Ahgo,ooo 30.7 62.0
M-35 580.9 47.3 130,400 495,600 3%, 300 790,000 38,400 104,100 14, 200 330,000 29.4 51.8
M-34 559.7 53.8 16€, 800 k74,500 58,600 1,450,000 50,800 150,000 17, 200 1,120,000 30.4 7.8
M-33 546.7 57.7 189, 400 377,600 9k, 900 > 727,000 38, 500 82,400 18,000 460,000 20.3 63.3
M-32 595.1 6.7 100, 400 232,900 %3, 300 767,000 19,000 50,400 ~ 7,130 357,000 18.9 45.9
M-31 507.5 70.6 133,800 294, 500 60,800 838,000 26,600 70,200 11, 200 435,000 21.0 51.9
M-30 488.3 7.1 154,400 614,000 38,800 - 28,400 128, 100 6,310 - 18.4 -
M-29 469.0 83.9 147,800 392,700 55,600 - 1%, 600 73:%00 2. - 9.9 ~
M-28 152.3 89.8 57,700 252,900 13, 200 852,000 6,480 26,900 1, 560 232,000 1.7 .2
M-2Zr W03 93-6 65,300 168,900 25, 300 750,000 11,800 2, 200 5,320 330,000 18.1 u1.8

TRIBUTARLES: '

BS-51 T34.0 -0.8 1,130 6,730 190 17,000 110 Lo 30 &,000 9.7 73.5
8-45 664.0 22.5 14,700 96,100 2,250 2,400,000 k4,000 63,100 240 2,000,000 1.2 83.3
B-43 635.1 31.6 114,400 1,011,000 12,900 > 2,000,000 20, 500 376,700 1,110 1, 500,000 17.9 75.0

PA-3TA  596.5 §3.0 . . - 16,000, 0002 - . - 11,000,002 - 68.8
P-37 59%.8 b3.3 21,700 259,800 2,950 620,000 11,200 82,700 1,500 290,000 Lo.b k6.8

WASTE sounces:/

sc-49  729.0 0.7 75,200,000 151,500,000 37,300,000 49,000,000 20, 200,000 53,300,000 7,680,000 19,000,000 %.9 100.0

BA4B  614.0 8.4 160,000,0003/ - - - 35,000,000/ - - - 2.9 -

oM-ko 611.5 39.1 . 18, 600, 000 42, 500,000 8,160,000 30,000, 000 7,760,000 19,400,000 3,100, 000 11,000,000 41.7 36.7

1/ Average of tvo discrete samples.

g/ Average for 3 samples vhich were influenced by extremely wet weather.

%/ Single sample during normal weather period.

_j River Mileage refers to point where tributary or wvaste source enters Missouri River.
Samples vere collected on tributary or waste source upstream from conflueance.

5/ Time-of-water travel from USGS Gage at Sioux City, Iova.



TABLE NO. B-5

Summary of Bacterial Densities

MISSOURI RIVER
October 28-November 8, 1968 Survey

STATION Time-of-Wated/ %N%M Momn mu&gy{ggo:? i Fecal Coliform Bacteris
. River Travel Geom. Upper 80% Lover B0% Geom. Upper B0% Tower 80% - as a ¢ of
Name Mileage Hours Mean Conf.Limit Conf.Limit Mean Conf.Limit Conf.Limit Total Coliform Becteris
MISSOURI RIVER:
M-27 4k0.3 2.3 67,000 183,400 24,700 - 8,100 19,400 3,390 12.1
M-aGl/ L22.6 7.7 37,000 51,900 27,000 11,000 18, ko0 6,270 29.7
M~25.5g/ 418.0 9.3 65,000 125,900 " 33,600 7,300 21,400 2,510 1.2
M-25 397.4 16.3 82,000 164,000 41,100 11,000 25,100 L, Lho 13.4
M-24 384.9 20.4 64,000 124, 200 33,300 7,500 13,500 4,220 11.7
M-23 370.5 25.2 77,000 208,300 28, 500 6,500 12,900 3,300 8.4
M2l 365.6 2%6.6 88,000 151,000 51,300 14,000 * 33,300 5,780 15.9
M-20 359.3 78.8 79,000 169,800 36,900 19,000 T4, 200 4,760 7.0
M-18 3u5.4 33.5 ' 189,000 537,300 66,700 15,000 33,200 7,570 7.9
M-17 334.5 37.3 150,000 382,700 57,200 18,000 29, 500 10, 600 12.0
M-16 313.2 Bl 7 119, 000 412,100 34, 200 18,000 35,800 9,170 ' 15.1
M-15 293.4 51.6 77,000 173,600 34,100 10,000 24,400 h, 280 13.0
M-1b 270.0 60.2 119, 000 221, 900 64, 200 15,000 55,100 h, 200 12.6
M-12 241.2 T1.1 88,000 140, 900 sk, 600 10,000 25,400 L, 260 11.L
M-10 235.1 73.5 §7,ooo 149, 600 30,000 . 12,000 28,000 5,570 179
M- 9 221.0 78.7 80,000 206, 300 31,200 8,900 29, 200 23700 1.1
M- 8 197.2 88.1 65,000 106,700 39,800 ' 7,000 12,800 3,800 10.8
M~ 7 179.0 ol .4 39,000 72,800 20,700 5,700 23,900 1,350 1.6
M- 6 162.0 100.4 uh, 000 104,900 18, 200 5,000 12,400 2,000 ' 11.b
M- 5 139.0 108.5 41,000 87,500 19, 500 5,400 12,700 2,300 13.2
M~ 3 118.0 116 4 36,000 6k, 400 20,400 k4,700 13,700 1,580 13.1
M- 1 98.0 1247 15,000 35,000 6,100 3,800 9,950 1,570 25.3
'mmu'rmms:;/
KR-2? 367.4 %.2 116,000 315, 200 42,900 6,800 17,600 3,700 5.9
G1-13 250.0 67.8 . k000 36,900 L3o < k6o < 6,470 < 30 < 11.5
c-11 238.8 ’ 1.9 > 10,700 > 110,600 > 1,030 2,340 22,400 240 <21.9
0- 4 130.0 112.1 5,000 61,300 410 . 1,100 14, 500 8o 22.0
G- 2 1044 121.5 2,600 39,300 170 570 10,700 30 21.9
WASTE Sources: S/
K-19A 367.2 6.2 46,000,000 88,200,000 24,400,000 9,700,000 21, 300,000 &, 390,000 21.}
K-19 356.9 29.6 46,000,000 59,000,000 36,100,000 ' 4,500,000 7,360,000 2,810,000 9.8

1/ Results for Tive discrete samples, 10/e8 - 11/1/68.

2/ Rkesults for five discrete samples, 11/4 - 11/8/68.

;/ River Mileage refers to point where tributery or waste source enters the Missouri River.
Samples were collected on tributary or waste source upstream from confluence.

y Time-of-water travel from USGS Gage at St. Joseph, Missouri.
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TABLE NO. B-6

Summary of Bacterial Densities

MISSOURI RIVER
January 20-February 2, 19%€9 Survey

_— TOTAL COLLFORM BACTERIA FECAL COLFFORM BACTERIA FECAL ST I0S3C5] BACTERIA Feeal Coli. Bact. RATIO
River Geom. Upper 73 Lover Geom. Upper B0% Lover BO% Geom. Upper T ag & % of Fecal Coli. Bact.

Name Milesge Mean Conf . Limit Conf . limit Mean Conf.Limit Conf.Limit Kean Conf.Limit Conf.Limit Tot. Coli. Fecal Strep. Bact.

MISSOURI RIVER: B

Gavins 1

Pt. 811.0 < 30 - - < 2 - - 20 - - - -
M-520  732.8 1,040 2,200 soc 120 550 130 770 470 100 30.8 1.45
M-584  T718.3 Ly, 300 98, 900 19,800 11, 200 32.900 2,780 1£.500 57,200 is. 800 5.2 0.£8
M-b7  539.5 39,000 58, 200 15,400 15,300 58.800 3,920 31.70C 17800 8,030 9.2 2.48
M-z 626.2 10,100 88. 300 1,160 4. 91 23,200 810 5,970 53,700 €50 £8.¢ 0.83
M-38 601.3 53.800 125,400 23.100 1L, 200 34,800 5,830 61,100 119, 500 31, 700 6.4 Q.73
¥-35 580.9 45,100 113,900 17,800 19,100 45,900 7,950 37,798 105,400 13,500 s 0.51
M-34 559.7 21,600 L1,600 11,200 9,510 21,800 4,150 1€, 300 t3, 300 6,130 &k .0 0.58
M-32  525.1 7,280 37,300 1,k20 1,980 7,600 520 5,940 47.%00 740 7.2 0.33
M-3? 4883 95,200 162,600 56,100 5,830 18,300 1,860 17,300 53,500 5,860 6.1 2.3
M-28  452.3 15,800 158,800 1,580 2,830 15,900 50 5,59 57, 200 550 17.9 0.51
M-27 440.3 17,300 201, koo 1,480 3,760 22,800 620 5,90 46,800 7€0 1.7 0.€3
¥-26A L22.5 51, 500 177, 900 1k, 900 16, 900 41,600 8,600 1£,600 53,400 5,170 36.7 1.1
M-23 370.5 37,400 251, 200 5,560 8,320 36,000 1,920 15,000 €9, 500 3,220 752 0.55
M-204 338.3 136, 500 374,700 k9,700 18,600 56,700 ’ 6,100 27,000 73,5¢c0 €,530 13.6 0.84
M-18 345.4 87,400 297,400 25,700 2k, 200 94, 900 6,100 25,700 9¢, 300 6,920 7.7 0.94
M-17 U5 128,000 £77,700 34,300 23,900 5€.600 10,100 €, €00 £9,100 *19, 200 18.7 0.90
M-15 293.4 150, 300 342,500 66,000 19,500 £3,000 8.870 70,90 49, 300 6.30C 13.0 0.93
M-1b 279.0 140, 500 o2, 300 20, 900 13,700 ol 500 4,110 18.500 £2.60C 5,550 1%.0 1.0€
n-12 3.2 87,300 373,600 23,600 3,560 13,600 2,780 11,200 Lz,500 4959 &l 2.50
M-GA  219.2 70,000 285,400 17, 200 7,520 15,£00 3.€20 1€, 200 7, 200 3,640 10.7 9.4%
M-TA 175.8 129, 500 736,100 27,600 5. 970 16, 300 2,190 25,000 1z, boc 8,590 [N 0.17
M-5A 132.0 73,500 191, 500 28, 200 4,700 12,900. ’ 1,710 2C.500 T¢.600 £, 730 £k 9.77
M-1 98.0 42,800 110, 200 16, 600 3,380 €,29%0 1,820 15,900 54,600 3,940 1.¢ 0.71

mBuTaies:Y

PA-3TA  596.5 b, 0.0, 000 9,570,000 1,710,000 591,200 1,130,000 310,100 535,200 1,570,000 182,100 pUR] 1.11
P-37  59%.8 36,000 143,600 9,000 18,700 50,600 5,750 8,06 €3,900 1,070 5.9 .37

wASTE sources: Y

sC-43  729.0 19,460,000 57,930,000 6, 540,000 5,150,000 20,000,000 1, 330,000 8,760,000 37,670,000 2,010,000 2%.5 c.59
mtos? 6.0 22,540,000 42,190,000 12,060,000  %,330,000 9,630,000 1,950,000 1,320,000 2,930,000 591,000 19.7 3.8
omsoa? 611.5 11,180,000 33,730,000 3,700,000 3,000,000 14,990,000 600,300 16,650,000 £2,120,000 4,167,000 #.8 0.18
K-m;'i/ 367.2 8,940,000 26,630,000 3,000,000 2,760,000 5,220,000 1,460,000 5,050,000 11,310,000 2, 260,000 2.9 0.53
x-19?/ 356.9 $0,54%0,000 111,980,000 14,610,000 7,930,000 12,380,000 5,100,000 7,880,000 19,793,000 1,752,000 19.£ 1.01

1/ Result for two discrete samples, 1/24 and 1/31/69.

2/ Result for 5 discrete samples, 1/20 - 1/24/69.

l/ River Mileage refers to point where tributary or waste source enters Missouri River.
Samples were collected on tributary or waste source upsiream from confluence.

4/ Results for 5 discrete samples, 1/27 - 1/31/69.
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TABLE NO. B-T

Summary of 5-Day Composite Samples

MISSWURI RIVER
October 7-18, 1968 Survey

TOT, PEOSPHORUS NHjas N NOq as N ORG, N as N TOT. NITROGEN TOT.ORG ,CARBON Ca Mg
STATION og/1 ) ag/1 “mg/L ng/1 wg/1 ng/1 mg/1 wg/1
River Normal Wet Normal Wet Normal Wet Normal Wet Normal Wet Norpal Wet Avg. of Tvo Avg. of Two

Name Mileage 5-Day  5-Day 5-Day 5-Day 5-Day 5-Day 5-Day _ 5-Day S5-Day  5-Day 5-Day  5-Day S-Day Samples 5-Day Samples

MISSOURI RIVER:

‘;;:‘_"g:ny 811.0 0.04 0.03 0.08 0.06 0.2 0.3 0.4 0.2 0.7 2.6 3 6 66y my
M-52 736.0 0.05  0.07 0.09 0.12 0.2 0.k 1.2 0.4 1.5 0.9 5 5 69 20
M~50 730.0 0.07 0.11 0.20 0.16 0.2 0.2 1.0 0.4 1.4 0.8 [ 6 70 0
M-48 717.4 0.07 0.11 <0.01 0.2 0.2 0.2 0.7 0.6 0.9 1.0 135 7 79 20
M-LT7 699.5 0.06 0.15 0.20 0.8 0.2 0.3 0.8 0.6 1.2 1.2 6 7 68 °?
M-46 676.5 0.07 0.12 0.15 0.18 0.2 0.2 0.9 0.7 1.2 1.1 6 5 67 20
M-L4 654 .6 0.08 0.54 0.2 o.21 0.3 0.4 0.6 1.5 1.1 2.2 5 13 68 22
M-L2 626.2 0.12 0.49 Q.07 0.19 - 0.3 0.4 0.9 1.3 i.3 1.9 6 10 65 20
M-kl 618.3 0.2 o.ko 0.12  0.17 0.3 0.h 0.8 2.0 1.2 2.6 8 9 92 6
M~39 610.5 0.24 0.37 0.17 0.22 0.3 0.4 0.8 1.5 1.3 2.1 8 10 68 20
M-38 601.3 0.20 0.35 0.09 0.15 0.3 0.4 0.9 1.1 1.3 1.6 7 10 £8 20
M- 36, 591.2 0.30 0.35 3.07 0.47 0.b 0.4 1.0 1.5 ’ 1.5 2.4 9 11 63 el
M-35 580.9 0.29 0.38 0.14 0.52 0.3 0.4 1.2 1.1 1.€ 2.0 g 10 70 23
M-34 559.7 0.25 0.70 0.19 0.51 0.3 0.6 1.0 2.9 1.5 4.0 3 21 68 20
M-33 546.7 0.1 073 0.13 1.3 o.b 0.6 1.h 2.2 1.9 3.9 9 8 70 20
M-32 525.1 0.28  0.60 0.13  1.55 0.3 0.5 1.9 1.6 2.3 4.0 8 16 €€ 22
M-31 507.5 0.21 0.58 0.1 0.18 0.4 0.6 1.5 1.8 2.0 2.6 7 16 66 22
M-30 488.3 0.2 0.73 0.25 0.2%6 0.3 0.7 1.0 2.0 1.6 3.0 9 19 €8 22
M-29 469.0 0.33 0.92 0.17 0.8 0.3 1.0 1.1 2.8 1.6 k.1 9 24 68 21
M-28 kse.3 0.2 0.60 0.18 0.21 0.4 0.7 2.3 1.6 2.9 2.5 7 16 69 . 20
M-27 4ko.3 0.25 0.56 0.19 .27 0.4 0.6 7 1.'3 3.3 2.2 8 1 72 19

mmurARIEs:?/ ’ .

BS-51 T34.0 0.29 0.32 0.39 0.62 0.2 1.3 .19 1.2 2.5 3.1 13 9 oh 7
S-45 664.0 0.17 3.00 0.10 .72 0.5 1.6 0.7 T.b 1.3 9.7 5 56 72 32
B-43 635.1 2.10 2.85 0.64  0.52 3.0 3.9 5.7 k.9 9.3 8.9 %) 37 72 36
PA-37A 596.5 - - - - - - - - - - - - - -
P-37 594.8 0.80 1.50 0.43  0.59 0.5 0.5 2.1 3.k 3.0 4.5 19 23 61 1

WASTE souacEs:g/
sC-49 729.0 10.6 9.60 66.80 60.00 <0.1 <0.1 12,6 13.7 78.8 73.8 97 82 13 3t
OM-L0 611.5 mk 12.0 . 3.8  39.8 0.5 <0.1 30.0 160 67.2 199.8 212 278 70 21

CB-LOB 61k - - - - - - - - - - - - -

1/ 5-Day Composite for typical Fall weather period 10/7-11/68.
g/ River Mileage refers to point where tributary or waste source eaters Missourt River.
Samples were collected on tributary or vaste source upstrean from confluence.



TABLE NO. B-8

Average of Two 5-Day Composite Samples

MISSOURI RIVER
October 28-November 8, 1968 Survey

TOTAL TOTAL
STATION PHOSPHORUS ~ MHgme N Nojas N ORGANIC TOTAL ORGANIC
River as P Nas N NITROGEN CARBON Ca Ng
Naoe Mileage o og/l mg/1 mg/1 ng/1 ng/1 mg/1 og/1 _ngfl
MISSOURI RIVER:
M-27 bko.3 0.25 0.16 1.0 0.6 1.8 9 - -
w26 u22.6 0.22 < 0.01 1.4 0.5 1.9 8 - -
M-ES.'}g/ 418.0 0.25 0.11 1.0 0.6 1.7 9 - -
M-25 397.4 o.a1 0.12 1.1 0.8 2.0 9 - -
M-24 384.9 0.31 0.12 1.0 0.6 1.7 8 '69 21
M-23 370.5 0.32 0.12 1.1 0.6 1.8 9 72 0
M-21 365.6 0.62 0.19 1.0 0.9 2.1 10 67 18
M-20 359.3 0.32 0.20 1.1 0.8 2.1 10 67 18
M-18 3u5.4 0.36 0.23 1.1 0.7 2.0 11 68 22
M-17 334.5 0.34 0.24 1.2 0.8 2.2 10 - -
M-16 313.2 0.35 0.26 1.2 0.7 2.2 9 - -
M-15 293.4 0.36 0.22 1.2 0.8 2.2 10 - -
M-1b 270.0 0.3 0.12 1. 0.7 2.0 9 66 20
M-12 241.2 0.31 0.12 1.2 0.9 2.2 8 66 18
M-10 235.1 0.38 0.10 1.3 0.9 2.3 10 o 19
M- 9 221.0 0.40 0.10 1.3 0.8 2.2 9 63 20
M- 8 197.2 0.40 0.16 1.3 0.8 2.3 | 10 66 18
M- T 179.0 0.38 0.16 1.2 1.7 3.1 9 71 18
M- 6 162.0 0.38 0.16 1.2 0.9 2.3 8 62 20
M- 5 139.0 0.38 0.1k 0.8 0.8 1.7 9 6l 18
M- 3 118.0 0.30 0.09 1.0 0.8 1.9 8 56 16
M- 1 98.0 0.30 0.10 1.0 0.8 1.9 10 56 17
TRIBUMRIES: Y/
KR-22 367.4 0.46 0.23 1.2 0.8 2.2 1 - -
GR-13 250,0 0.16 0.05 <0.1 0.32 0.5 8 (2] 10
c-11 238.8 0.22 0.09 0.2 0.6 0.9 9 59 12
0- U 130.0 0.08 0.10 0.4 0.4 0.90 6 u6 10
G- 2 1044 o.11 0.0k 0.2 0. 0.6k 5 38 0
VASTE sources:Y
K-l%y 367.20 12.0 33.0 1.2 9.5 u3.7 82 - -
k16 356.9 9.75 %.2 <01 6.2 32.6 up - »

1/ Result of one 5-Day Composite for 10/28 - 11/1/68.

®/ Result of one 5-Day Composite for 11/4 - 11/8/68.

3/ River Mileage refers to point where tributary or
wvaste source enters Missouri River.

Samples were collected on tributary or waste source upstream from confluence,
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TABLE NO. B-9

Average of Two S-Day Composite Samples

January 20-February 2, 1969 Survey

MISSOURI RIVER

TOTAL TOTAL SPECIFIC
. TRUENE WgeN  Moped  mamc  wL gmm ome

Name Mileage ng/l ng/1 og/1 og/l ng/1 mg/1 at_25° C. ng/1 9.5'71

MISSOURI RIVER:

7o b 811.0 - - - - - - 700 40 2
M-S T732.8 0.04 0.14 0.4 1.2 1.8 5 800 U1 23
N-U8A T18.3 0.06 0.87 0.6 0.6 2.2 b T90 ko 23
M-L47 699.5 0.05 0.37 0.l 0.6 1.3 L 780 4o 23
M-42 © 626.2 0.06 0.34 0.k 0.8 "1k 6 860 NN 25
M-38 601.3 0.10 0.4o 0.6 0.6 1.6 6 790 ['¥-] =1
N-35 580.9 ' 0.13 0.48 R 0.6 1.6 6 800 42 24
N-34 559.7 0.19 0.63 0.6 0.6 1.8 y 750 40 2
N-32 525.1 0.18 0.75 0.6 0.7 2.0 6 750 Lo 21
x-302  188.3 0.2 0.75 0.5 0.8 2.1 6 6% 8 19
M-28 4s2.3 0.30 0.81 0.6 0.8 2.2 6 720 (33 ]
M-27  Lh0.3 0.20 0.78 0.k 0.8 2.0 6 710 L1 20
M-26A 422.5 0.22 0.82 0.7 0.8 2.4 7 7:0 39 20
M-23 370.5 o.24 0.75 0.7 0.9 2.4 7 700 Lo 19
M-20A  358.3 0.30 0.87 0.6 1.2 2.7 8 710 L1 19
M-18 345.4 0.28 0.82 0.9 1.0 2.8 8 710 Lo 19
M-17 334.5 ‘0.32 0.80 0.8 1.2 2.7 8 700 L0 19
M-15 293.4 0.52 0.9% 0.8 1.6 3.3 12 700 4o 19
M-14 270.0 0.40 0.82 0.7 1.1 2.6 9 700 Lo 19
M-12 241.2 0.36 0.78 . 0.8 1.2 2.8 10 630 37 19
M- GA 219.2 0.uk 0.74% 0.9 1.6 3.3 12 550 30 16
M- TA 174.8 0.5 0.60 0.8 1.8 3.1 13 490 25 1
M- 54 132.0 0.56 0.6l 0.7 1.8 3.2 16 520 % 15
M- 1 98.0 0.34 0.31 ‘ 0.8 1.4 2.4 10 360 23 1

RIBUTARIES: &/

PA-37A  596.5 6.45 21.0 1.0 3.8 31.8 22 990 43 22
P-37 594.8 0.32 0.k 0.8 0.6 1.9 S 690 26 b
VASTE SoURCES: 2/ '
SC-kg 729.0 1.2 59.2 < 0.01 14 73.2 65 2,280 52 36
cs-vae¥ 614 16.5 45.0 0.03 12 57.0 61 1,320 18 12
om-banY  611.5 6.5 0.2 0.7 5.9 2.8 30 1,580 38 22
K-1953/ 367.19 5.55 19.5 0.3 4.6 24.h 28 2,360 k2 10
K-191J 356.9 8.70 25.5 0.07 4.8 30.4 31 .1,220 us 1

%/ Result of one 5-Day Composite for 1/20 - 1/24/69.
Result of one 5-Day Composite for 1/27 - 1/31/69.
3/ River Mileage refers to point where tributary or
waste source enters Missouri River.

Cea

Samples were collected on tributary or waste source upstream from confluence.
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Average of Two 5-Day Composite Samplies

TABLE NO. B-10

Summary of Soluble Metals

MISSOURI RIVER

Octover 7-16, 1468 Survey

STATION
River Ba cd Fe Mo cr As Cu Po Ni Zn B Na K F
Name Mileage mg/1L g/l mz/i mg/1 ng/1 mg/1 ng/l ng/1 og/1 ug/l mg/1 ug/1 mg/1 mg/i
MISSOURI RIVER:
‘Pt‘:'hl:m 811.0 <1.0b 0.0 < o.;oy < o.usi/ < o.usﬁ/ <0.01 o.o‘;y v usy Y o.osy 0.1~ - - -
- M-52 (36.0 < 1.0 0.02 < 0.30 < 0.05 < 0.05 < 0.01 V.U 0.05 0.10 0.06 o1 15 17 0.57
B Mo 130 - - - - - - - . - . . W 7.5 0.59
B M-ub Ti7.4 < 1.0 0.02 < 0.30 < 0.05 < 0.05 < 0,01 0.05 0.05 0.10 0.05 0.1 - - -
M-4b 65i4.0 - - - - - - - - - - - 1k 7.6 0.74
M-42 620,2 < 1.0 002 <0.30 <0.05 < 0.0 < 0.01 0.05 0.05 0.0 - o.1 13 8.0 0.66
M-39 610.5 < 1.0 0.02 < 0.45 < 0.05 < 0.05 < 0.01 0.05 0.05 0.10 0.03 0.11 - - -
M-38 601, 3 < 1.0 0.02 < 0.30 < 0.05 < 0.05 < 0.01 0.05 0.05 0.10 0.05 0.1~ 14 8.0 0.62
M-36 591.2 - - - - - - - - - - - 1 8.7 0.6
M-33 546.7 < 1.0 0.02 <0.30 < 0.05 < 0.05 < .01 V.05 0.05 0.10 0.05 0.15 - - -
M-26 452.3 < 1.0 0.02 < 0.30 < 0.05 < 0.05 < 0.01 0.05 0.05 0.10 0.05 0.13 13 8.6 [V
M-27 itho, 3 < 1.0 0.02 < 0.23 < 0.0% < 0.05 < 0.0l 0.05 0.05 0.10 0.05 0.10 - - -

1/ 5-Day composite for typical Fall weather period 10/7-11/68 (Gevins Point Dam only).
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TABLE NO. B-11
Sunimary of Soluble Metals
Average of Two 5-Day Composite Samples

. MISSOURI RIVER
October 28-November 8, 1968 Survey

STATION Tot.

River Ba cd - Fe . Mn Cr As Cu Po Ni 2a B i Na K F
Name Mileage ngf1 mg/1 mg/1 ng/1 ng/1 ng/1 mz/1 ng/1 mg/1 ng /1 wg/1 mg/1 mg/1 mz/1
MISSOURI RIVER: ’ o
M-24 384.9 <1.0 <002 '€0.30- <0.05 <0.05 <0.0l <0.05 <0.05 <0.10 <0.10 0.34 - - - -
M-23 370.5 <10 <0.02 <0.30 <0.05 <0.05 .<0.01 <0.05 < 0.05 <0.10 < 0.05 0.32 12 9.0 0.5
- M-21 365.6 <1.0 <0.02 <0.30 < 0.05 < o;os ‘< o.oi < 0.05 < 0.05 < 0.10 < 0.05 0.31 - - -
M-20  .359.3 <1.0 '<€0.02 <0.% <0.05 <0.05 <0.01 <0.05 <O0.05 <0.10 <0.05 0.24 - - -
M-18 345.4 <1.0 <0.02 <0.30 <0.05 <0.05 <00l <0.05 <0.05 <0.10 <0.05 0.27 - - -
M-12 1.2 <10 <002 <0.3 <0.05 <0.05 <00l <0.05 <O0.05 <0.10 <0.05 0.06 - - -
M- T 179.0 <1.0 <0.02 <0.3 <0.05 <0.05 <00l <0.05 <0.05 <0.10 <.0.05 0.05 - - . -
M- 1 98.0 <1.0 <0.02 <0.30 <€0.05 <0.05 <001 <0.05 <O0.05 <0.10 < 0.05 0.02 - - -
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TABLE NO. B-12

Summary of Soluble Metals
Average of Two 5-Day Composite Samples

MISSOURI RIVER
January 20-February 2, 1969 Survey

STATION Tot. i
River Ba Cd Fe Mn Cr As Cu Pb Ni Zn B Na K F
Name Mileage ng/1 mg/1 mg/1 mg/1 mg/1 ng/1 ng/1 mg/1 ng/1 mg/1 ng/1 mg/1 ng/1 ng/l
MISSOURI RIVER:
M-52A  732.8 <1.0 <0.02 < 0.1 0.04 < 0.02 0.01 <0.05 < 0.05 <0 0.03 0.09 75 6.0 0.6
M-48A  T718.3 <1.0 <0.02 <0.1 0.05 < 0.02 0.01 < 0.05 0.085 < 0. 0.07 - - - -
M-42 626.2 < 1.0 < 0.02 0.1 0.03 < 0.02 0.02 < 0.05 < 0.05 <0 0.07 0.10 81 6.6 0.6
M-38 601.3 <1l.0 < 0.02 < 0.1 0.0k < 0.02 0.02 < 0.05 < 0.05 <0 0.08 0.10 70 6.2 0.6
M-28 L52.3 <1.0 < 0.02 <0.1 0.0h4 < 0.02 0.01 < 0.05 < 0.05 <0 0.025 0.1z 55 7.5 0.6
M-27 440.3 <1.0 <0.02 <0.2 0.04 < 0.02 0.01 < 0.05 < 0.05 <o 0.055
M-23 370.5 <1.0 <0.02 <o0.2 0.06 < 0.02 0.01 < 0.05 < 0.05 <0 0.110 0.08 66 7.6 0.8
M-20A 358.3 <1.0 < 0.02 0.1 0.0k < 0.02 0.01 < 0.05 < 0.05 < 0. 0.115 - - - -
M-18 345.4 <1.0 <002 0.3 0.07 < o0.02. 0.01 < 0.05 < 0.05 <0 0.105 - - - -
M-12 241.2 <1.0 <0.02 < 0.1 0.06 < 0.02 0.01 < 0.05 < 0.05 <0 < 0.02 - - - -
M-TA 174.8 <1.0 <0.02 0.2 0.10 < 0.02 0.01 < 0.05 <0.05. <O < 0.02 - - - -
M-1 98.0 1.0 < 0.02 0.2 < 0.02 <0.02 001 < 0.05 < 0.05 <0 < 0.02 - - - -



TABLE NO. B-13

Summary of Organic ard Radioactive Constituents

MISSOURI RIVER
October 7-18, 1968 Survey

latL

STATION CYANIDE, pg/l PHENOL, pig/1 o1.30rc.  zHLOROFORMY/ URAN-, ra-226%/ / ror.t/  sowsis?/
River Y 2/ CHLORINE  EXTRACTS UM - i THORIUM— o THORTUM Sf-90
Name Mileage Avg. Max. Avs. Max. nzg/l mg/1 pe/l pe/fl ng/l ps/1 pe/1
MISSOURI RIVER:
Gavinsg
Pt. Dam  811.0 - - - - 126.0 5.5 - - - - -
M-52 736.0 < k.3 12.2 < 1.5 2.0 - - L.3 0.02 <ih <0.5? 2.2
M-48 717.4 6.2 k.0 < 1.5 2.0 56.5 0.0 - - - - -
M-b42 626.2 < 2.7 5.4 - - 138.2 6.1 - - - - -
M-39 610.5 < 5.1 8.k < 1.5 2.0 -. - - - - - -
M-38 601.3 < 1.0 < 1.0 < 1.5 2.0 264.3 9.4 - - - - -
M-36 591.2 - - - - - - 2.5 0.07 <u < 0.67 1.9
M-33 Sh6.7 5.62 15.2 < 1.5 2.0 - - - - - - -
M-28 bs2.3 b7 1.2 < 1.5 2.0 32.8 3.7 - - . - -
M-27 kLo.3 < 2.7 5.4 < 1.5 2.0 - - - - - - -
mIBUTARIES: Y
BS-51  T34.0 - - - - - - 4.3 0.07 <t o.awoaet 12
S-45 664.0 - - - - - - 3.9 0.07 < i <0.18 1.0
B-43 635.1 - - - - - - k.1 0.19 <h < 0.18" 1.8
P-37 5948 . - - - - - 6.4 012 <4 0.300.2287 0.8
VASTE SoURCES:®/
OM-40 611.5 - - - - - 133,5 - - - - -
Average of 3 to L grab samples during typical Fall and wet weather. ? Includes a maximum discrete value of 15.7:g/l1.
Average of 2 grab samples during typical Fall weather. _/ River Mileage refers to point where tributary or

R

Single grab sample during typical Fall weather.
Composite for 8 samples collected both during typical Fall weather
and extremely wet weather.

waste source enters Missouri River.
Samples were collected on tributary or waste source upstream

Z/ Counting error is expressed at the 95% confidence level.

from confluence.



TABLE NO. B-1k

MISSOURI RIVER
October 28-November 8, 1968 Survey

Summary of Opganic and Radioactive Constituents

1or.3/0re. cHLOROFORMY/  URAN-

Ra-??(y

SOIDBIEE/

STATION CYANIDE, yg/l PHENOL, yg/1 L/
River 1/ 2/ CHLORINE:  EXTRACTS IUM Sr-90
Name Mileage Avg.= Max. Avg.= Max. s/l mg/1 pg/l pe/l pc/l
MISSOURI RIVER:
M-2k kg < 1.0 1.0 < 10 < 10 - - - - -
M-23 370.5 < 2.4 o.h < 10 < 10 k5.9 0.0 - - -
— M-21 365.5 < 1.0 1.0 < 10 < 10 - - - - -
o
PO M-20 359.3 < 3.6 7.0 < 10 <10 - - - - -
M-18 345.4 < 1.0 1.0 < 10 < 10 30.6 25.5 - - -
M-14 270.0 - - - - - - b.3 0.07 1.7
M-12 241.2 <1.0 1.0 1.2 1.4 - - - - -
M- 7 179.0 3.6 5.0 0.6 0.6 - - - - -
M- 3 113.0 - - - - 98.7 3.6 - - -
M- 1 98.0 < 1.0 1.0 1.7 2.6 - - 3.0 0.04 1.5
TRIBU'I‘A’-?IES:éj
KR-22 367.4 - - - - 52.1 15.0 - - -
GR-13 250.0 - - - - - - 2.0 0.03 1.5
Cc-11 238.8 - - - - - - 1.6 0.02 1.4
0- b 130.0 - - - - - - 0.5 < 0.02 1.2
G- 2 10i .k - - - - - - 0.5 0.03 -
1/ Average of L grab samples.
2/ Average of 2 grab samples.
3/ single grab sample on 11/1/68.
i/ Composite of 5 grab samples, daily from 11/k - 11/8/68.
2/ River Mileage refers to point where tributary or

waste source enters Missouri River.
Samples were collected on tributary or waste source upstream from

confluence.
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TABLE NO. B-15

Summary of Organic Constituents

MISSOURI RIVER
January 20-February 2, 1969 Survey

STATION CYANIDE, )xg/l FHENOL, g/l m.-:f/ ORG.
: River Y 1/ THLORINE
Name Mileage Avg .~ Max. Avg.= Max. g/l
MISSOURI RIVER:
Gavins
Pt. Dam 811.0 - - - - L6, 2
M-52A 732.8 <1.2 2.0 <1l.2 1.6 -
M-L8A 718.3 1.9 3.8 <1.2 1.6 22.7
M-h2 626.2 < 2.7 7.7 < 1.9 .0 0.1
M-38 60Y.3 < 1.8 2.6 <1.0 < 1.0 33.0
= M-28 452.3 < 1.9 3.6 <2 <2 73.1
M-27 440.3 < 1.7 3.2 <2 <2 : -
M-23 370.5 < 1.2 1.6 .o 2.7 4.0 42.1
M-20A 358.3 < 1.0 < 1.0 5.0 9.0 -
M-18 345,k < 3.0 7.0 8.7 16.0 36.1
M-12 241.2 < 1.6 2.8 < 1.3 2.2 -
M- 7A 174.8 < 1.2 1.6 <1.2 1.6 -
M- 1 98.0 <1.0 < 1.0 <1l.2 1.6 Th.b
TRIBUI‘ARIES:y
P-37 594 .8 - - - - 72.0

1/ Average of 3 to L grab samples.

2/ Single grab sample.

3/ River Mileage refers to point where tributary or
waste source enters Missouri River. 5
Samples were collected on tributary or waste source upstream from confluence.



Organism

TABLE NO. B-16

Bottom Associated Animals

MISSOURI RIVER
October 1968

Station (River Mile)

736

Stoneflies
Perlodidae

Acroneuria

Mayflies
Ameletus
Caenis
Heptagenia
Hexagenia
Isonychia
Stenonena
Tricorythodes

Caddiaflics
Cheunatopsyche
Hydropayche
Neurezlitaia
Potaryin
Fa:mhamy.a

sublotel/sg. ft.

Rt tal/kinds

Midgen
Crizotonus
clypretendipes
Orthocladius
Polypedilum
Procladius
Paectrocladius
Pseudechironomus
Tanvtarsue

Crane{lies
Eriovtera

Blackflies
Simulium

Damsrlflies
Amphiagrion
Argia

Scuds
Garmmarus
Hynlella

L ceviqdae

Clams
Srhaeriidas

Sov Bugs
Asellus

Subtotal/sq. ft.

Subtotal/kinds

Snails
Physa

Leeches
Hirudidae

Bloodworms
Chironomus

Sludgeworms
Tubificidae

Subtotal/sq. ft.

Subtotal/kinds

Grand Total/sq. ft.

Number of Kinds
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Q = Organisms collected qualitatively.
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TABLE NO. B-16
(contd)
1
Bottom Associated Animals

MISSOURI RIVER

October 1968
Station (River Mile) Platte
. b River
Organiems 610 6 51 B 60 AT 525 07 hB8 469 bz2 Mo b2y 397 385 595-5
Sensitive Organisms
Mayflies .
Ameletus Q - - Qe - - - - - Q Q Q - - - -
Bactis - - - - - - - - - - - - - Q - -
Heptagenia - - - Q - - . Q - Q Q a a - - e
Isonychia - - - Q - - - - - - - - - - - -
Srenchens ., O I T T T A S SR
Caddisflies
Cheumatopsyche Q Q - Q - Q - - Q - Q Q
Hydropsyche - - - Q r - Q - Q - Q - Q - Q
+ Neureclipsis - - - - - Q - Q Q Q Q - -
Subtotal/sq. ft. - - - - - - - v - 4 . - - - .
Subtotal Kinds 3 1 0 5 1 0 3 3 2 6 " 5 3 Y 2 L
. Intermediate Organisms
Beetles
Cymbiodyta - - Q - - - - - - - - - - - - -
Midges .
Cardiocladius - Q - - - - - - - Q Q - - - - o=
Chironomus - - - - - - - - 2 - - Q - - 2 -
Clinotanypus - Q - - - - - - - - - - - - - -
Cricotopua Q Q - - - - - - - Q Q Q - - Q -
Glyptotendipes - - - - - - - Q - - - - - - - -
Orthocladius - - - - - - - - - - - Q - - - -
Pentaneura - - - - Q - - - - Q Q Q - - - -
Polypedilun Q b Q Q Q Q Q Q Q Q Q Q - Q Q Q
Procladius - Q - Q - - - - - - - - - - - Q
Peectrocladiuc - [ - - - - « - - - - - - - Q -
Spaniotoma Q Q - - Q - Q - Q Q Q “ Q - Q -
Tenytarsus Q Q - - - - Q - - -] - O - - Q Q
Tanypus - - - - - - - 4 - - - - - - Q -
Psectrctanypus - - - Q - - - - - - - - - - - -
Craneflies
Erioptera - - - - - - - - Q - - - - -
Limcnia - - - - - - Q - - - - - - - - -
Blackflies
Simulium - - - - - - - - - - - - - - - Q
Demgelflies
Amphiagrion - - - Q - - - - - - - - - - Q -
Argla - - - Q - - - Q - - Q - - - - -
Scuds
Crangonys - - - - Q - Q - Q Q - - - - - -
Gammarus - - - Q - - - - - - - - - - - -
Hyslella - - Q - Q Q - Q - Q Q - - - - -
Sow Bugs .
Asellus - Q - - - - - Q - Q - - - - - -
L: t
‘ml 114 - - - - - - - - - - - Q Q - Q -
Subtotal/sq. ft. & 2 3 T 5 2 6 9 5 9 8 - _ _ P .
Subtotal Kinds 1Y 9 "3 ki 5 2 6 6 I 9 8 5] 2 1 9 [
Tolerant Organisms
Snails
Physa - Q Q R Q - - - - - Q - Q Q - -
Leeches
Hirudidae Q Q - Q - - Q - - Q - - Q - - Q
Bloodvorms
Chironomus - - - Q - - - Q - 8 - - - Q - -
Sludgeworms
Tubificidae , Q 190 100 Q 200 180 320 120 90 580 Q Q 10 - 50 Q
Subtotal/sq. ft. - 190 100 - 00 180 320 120 '90 588 - 1 10 - 50
Subtotal/ kinds 2 3 2 [ 2 1 2 2 1 3 2 1 3 2 1 2
Grand Total/sg. ft. - 194 106 - 00 180 30 1% 94 ) - b 10 - 54 -
Nurber of Kinds 9 13 5 16 8 3 1 1 7 18 1 14 8 T 12 10

Q = Organisms collected qualitatively- ]95



QOrganism

Mayflies
Ameletus
Casnis
Hentagenin
fexagania
Isonychim
Paraclosodes
Stenonema
Tricorythodes

Ceddisflies
Chmimatopsyche
Hyvdropsyche
Potamvia

Subtotal/sq. ft.
Subtotal/Kinds

Beetleo
Dinmutnn
Rarpus
Other

Midges
Alblabesmyin
Chironomus
Cricotapus
Glyptotendives
Paralauterborniella
Polypedilum
Procledius
Parctrocladius
Provdnchironcens
Spaniotoma
Tanytarsus
Tanypus

Phantom Midges
Chaohcrus

Mosquitoes
Anopheleas

Craneflien

Mothflies
Pericoma

Demselflies
Amohinerion
Arain
Erallazma
Ischnura

Scuds
Crangonys

RAyalelln
Lizmetna

11d
rafiorms”
Turbeilarie
Biting Midges
Bezzia
Clams
Sphaeritdin
Sphaerium

Subtotal/sa. ft.
Subtotal/Kinds

Snails
Phyea
Leeches
- Lirvdidae

Blogﬂvnma
hiran:nus
Sludgrwnymn

Tubificidae
Subtotal/sq. ft.
Suhtotal/Kinde

Grand totalfeq. ft.

Grand total -
Mimhar of kinds

Stntion (River Mile)
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OCTOBER-NOVEMBER, 1968

TABLE NO. B-17

Suspended Algae
MISSOURI RIVER

Cell Vol.

STATION River Number/

‘Mile ml (ppm)
M-52 736.0 872 0.84
M-50 730.0 728 1.34
M-48 T17.4 339 1.01
M-47 699.5 749 1.2
M-46 676.5 687 0.93
M-Lk 654.6 893 T 1.5k
M-42 626.2 966 1.85
M-L1 618.3 996 2.23
M-39 610.5 453 0.65
M-38 601.3 817 5.44
M-36 591.2 b7 1.92
M-35 | 580.9 1,654 2.17
M-3k 559.7 5,995 5.82
M-33 5k6.7 3,791 3.53
M-32 525.1 2,584 2.51
M-31 507 .5 3,046 2.93
M-30 488.3 1,769 2.63
‘M-29 469.0 1,905 3.51
M-28 452.3 1,366 1.85

140.3 2,14k L.65

M-27
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TABLE NO. B-17
(contd.)
1

Suspénded Algae
MISSOURI RIVER
OCTOBER -NOVEMBER, 1968

STATION River Number/ Cell Vol.

Mile ml (ppm)
M-26 422.6 . 2,178 3.21
M-25 3974 1,584 2.85
M-24 384.9 1,863 5.34
M-23 370.5 1,749 3.83
M-21 365.6 1,798 2.67
M-20 359.3 1,699 L. 48
M-18 345,k 1,600 1.67
M-17 334.5 Lrer 2.8u
M-16 313.2 2,013 1.37
M-15 293.4 1,617 2.32
M-1k 270.0 782 0.59
M-12 241.2 765 0.73
M-10 235.1 603 0.58
M- 9 221.0 L1 0.64
M- 8 197.2 605 0.90
M- 7 179.0 815 0.86
M- 6 162.0 1,016 1.30
M- S 139.0 895 0.87
M- 3 118.0 4 1,593 1.54
M- 1 98.0 : 826 0.85
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TABLE NO. B-1l7
(contd.)

'd

Suspended Algae
MISSOURI RIVER
OCTOBER~-NOVEMBER, 1968

STATION River Number / Cell Vol.
Mile ml (ppm)

TRIBUTARY STREAMS

BIG SIOUX RIVER
BS-51 . 734.0 ‘ 11,653 11.75

SOLDIER RIVER

S-L5 664.0 64k 0.61
BOYER - RIVER
B-43 635.1 961 0.88
PLATTE RIVER .
P-37 - 594.8 9,236 '13.04
KANSAS RIVER
Kr-22 367.4 1,815 0.86
GRAND RIVER
GR-13 . 250.0 10,649 6.0k

CHARITON RIVER
c-11 238.8 2,986 4,76
OSAGE RIVER
0- 4 ‘130.0 9h3 1.16
GASCONADE RIVER

G- 2 104 .4 851 1.2
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APPENDIX B-3

DETERMINATION OF BOD EXERTION RATES
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APPENDIX B-3
DETERMINATION OF BOD EXERTION RATES

MISSOURI RIVER

The biochemical oxygen demand (BOD) test is an empirical
biocassay-type procedure which measures the oxygen consumed by
microbiological organisms during the assimilation of the organic
matter present. The BOD can exert a significant iafluence on
water quality by depleting the dissolved oxygen concentration to
levels that can damage beneficial water uses. Although no known
damages to beneficial water uses because of the BOD depleting the
D.0O. were known to occur in the Missouri River during these surveys,
low dissolved oxygen concentrations did occur during the peak run-
off period of O:tober 17 and 18, 1968. The minimum observed D.O.
was L.5 mg/l at Station M-28, near the St. Joseph, Missouri water
intake. The corresponding BOD5 was 8 mg/l. During the January,
1969 survey, the effects of an ice cover significantly reduced
reaeration, and D.0.'s were reduced by BOD exertion.

There is only a remote possibility that D.0O. could be sup-
pressed to levels that would damage aquatic life in the Missouri
River. Such an occurrence would likely occur during heavy run-
off from large areas of the watershed, including scouring of organ-
ic bottom deposits and hydraulic overflows containing sewage and
packinghouse wastes. The Missouri River downstream from Omaha is
the reach where the probability is greatest for such an occurrence;
the organic loads are greatest, the watershed most subject to erosiou,
and the climate most appropriate.

The following limited objectives required a more detailed
analysis of the BOD data:

1. To calculate BOD's at exactly 2.0 and 4.0
days from nominal values of observed BOD,
which were incubated at various times near
2.0 and 5.0 days. All average BOD concei-
trations at Missouri River stations were
found to be within + 0.1 mg/l of the calcu-
lated "exact" results.
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2. To determine BOD exertion rate constants(kl).

3. To discuss the BOD results obtained during this
survey which may be helpful in future water qual-
ity surveys of the Missouri River.

The primary assumptions for the BOD calculations made were
that the kinetics of the BOD reactions observed at all stations were
"first-order,” and that nitrification (second stage BOD) was not an
effect within the 5-day time of incubation. These assumptions were
generally confirmed by the 20-day BOD results determined at selected
stations.

For each daily sample, the k;'s were computed using the nom-
inal BODp and BODg concentrations and exact incubation times to the
nearest 0.001 day. Because of the low precision in the BOD test at
low concentrations, the standard deviation about the mean of the daily
ki's at a station commonly equalled one-half the calculated kj, and
occasionally exceeded ky. The mean of a set of individual k;'s at a
station had little meaning when the variability of the individual
samples was great. A more meaningful statistical method was used:
the daily BODp's and BOD5's and incubation times at each station were
averaged for each of the survey periods and using first order kinetics,
a value of ki was determined. This procedure yielded more significant
results.

The reaction rates (ky) determined for each station were graphed
versus time-of-water travel for the autumn survey (Figure C-1 and C-2)
and versus river mile for the winter survey (Figure C-3). Trend lines
drawn through the graphed points indicate that the rate of BOD satis-
faction decreases downstream from the major waste discharges. This
effect occurs because the less readily biodegradable compounds remain
as the microbiological assimilation and oxidation progresses and thus,
dissolved oxygen is consumed at a reduced rate.

At stations where flows were available or could be accurately
calculated, the BODg loads (as pounds per day) were computed for the
fall navigational périod (Figure C-i4). Flows are plotted and connected
so that the build-up of BOD loads could be shown with respect to river
discharge.

Because of hazards to small boats on the Missouri River during
high runoff periods, only one sample was obtained for many stations in
the period of rain-affected runoff, October 17 and 18, 1968. The k,
for individual samples and the kq, from the average of two samples
ranged from 0.02 to 0.16 per day during this period. Organic materials
ranged from the highly inert to the highly biodegradable such as sew-
age. Results from the analysis, including K1, BODL, and BOD5 load for
tributaries and waste sources studied, are in Table C-1. The BOD load
analysis shows the relative importance of the various waste sources and
tributaries contributing oxidizable organic pollution.
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TABLE RO. C-1

Summary of BOD Characteristics for Tributaries and Waste Sourzes
MISSOURI RIVER
Autumn and Raian-affected Period, 19¢8 and Winter, 1963 3urveys

STATION SAMPLING K%‘B’W BODL, BOD L>ad SAMFLING Mlu-ﬂigulgzaxoa.m%? 8% Load SAMFLING x%mw59 BODp  BOD_Load
NAME FERIJD per Day og/1 1bs?/Day PERIOD per Lay =g/ 1557 /tay PERIOD 1per Day =z, 1 ibs? /oy
TRIBUTARIES:

BS-51 10/8-1€/€8 0.10 13.% 8,%00 10/17-18/68 0.13 8.1 ., 500 - - - -
S-45 10/7-15,68 0.17 2.7 koo 10/16-18/68 0.31 7.2 k1,300 - - - -
B-43 10/8-16/68 0.03 1.6 18, 200 10/17-18/68 0.13 18.5 117,000 - - - -

PA-37A - - - - 10/16-18/68 0.02 552 119,000% 1/20-31/69 0.06 16 22,6007
P-37 10/8-16/68 0.08 13.% 158,000 10/17-18/68 0.05 20.9 756,000 1/20-31/69 0.08 3.5 L0, 300

KR-22  10/28-11/8/68 0.09 4.9 111,000 - - - - - - - R

GR-13 10/28-11/8/68 0.10 5.0 2,800 - - - - - - - -
c-11 10/28-11/8/68 0.12 4L 1,000 - - - - - - - -
0-4 10/28-11/8/68 0.1k 2.1 53,400 - - - L - - - -
G-2 10/28-11/8/68 0.16 3.8 43,400 - - - - - - - -

WASTE SOURTES:

[ oB ] 10/6-1</68 3.15 303 33,300 10/16-17/68 0.18 305 40,900 1/70-31/69 0.1 ¥4} 41,700

“B-43B - - - - - - - - 1/71-31/69 0.08 558 1%, 200

OM-40 10/8-15/6L 0.13 1,370 258,000 10/16-18/68 0.20 963 505,000 - - - -

OM-LaA - - - - - - - - 1/70-23/69 0.1? 3 34, 200
K-19A 11/4- 8/68 0.11 385 18, 300 - - - - - - -
K-198 - - - - - - - - 1/71-31/69 0.13 161 17 800
X-19 10/28-11/1/68  0.28 179 61,900 - - - - 1/20-2: /69 0.18 195 66,800

2/ Based on estimated aversge flow of 50 cfs.

y Based on estimated average flov of 150 =fs.
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APPENDIX B-4

TIME-OF-WATER TRAVEL IN THE MISSOURI RIVER
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APPENDIX B-4 -

TIME-OF~WATER TRAVEL IN THE MISSOURI RIVER

The purpose of this analysis was to determine the time-of-
water travel that occurred during the autumn of 1968 for the
reach from Sioux City, Iowa to Hermann, Missouri. The time-of-
water travel of solutes in the Missouri River has been computed
for various flow rates in the reach from Yankton, South Dakota,
to 5t. Louis, Missouri. The variations in the main stem flow
that occur over this reach require that time-of-water travel be
computed separately for several sub-reaches. The reference gage
for each sub-reach is the one that measures inflow. For this
analysis reference gages considered were the following:

Sioux City, Jowe; Omaha and Nebraska City, Nebraska; St. Joseph,
Kansas City, Waverly, Boonville, Jefferson City, and Hermann,
Missouri - the upstream gage being the reference gage for each
reach,

The computed U. S. Geological Survey times-of-travel* vere
cumulatively summed for each station downstream, beginning with
time equal O hours at the Sioux City gage. Flows used were 30,000,
40,000, and 50,000 cubic feet per second (cfs). The results were
graphed (Figure D-1) versus the Missouri River mileage of the
station. These three flow rates encompass the range of flows that
occurred in the reach when studied in 1968.

For each sub-reach, the mean discharge (Table D-1l) at the
reference gage was calculated by linear interpolation and plotted
between cgmputed discharges. The flow line was constructed by con-
necting points within a sub-reach. An example of this procedure
is presented for the sub-reach from Boonville to Jefferson City,
Missouri. Mean discharge at the Boonville reference gage for the
period of study from October 28, to November 8, 1968 was 48,500
cfs. Computed times-of water travel downstream from Sioux City,
Iowa, in the sub-reach at bracketing flows were:

¥ Bowie, J. E., and Petri, L. R., 1969, Travel of Solutes in the
Lower Missouri River, U. S. Geological Survey Hydrol. Inv.
Atlas BA~332. »
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a) Boonville:
174.9 Hours (40,000 cfs)

161.6 Hours (50,000 cfs)
b) Easely:

184.8 Hours (40,000 cfs)

171.1 Hours (50,000 cfs)
c) Jefferson City:

.194.9 Hours (40,000 cfs)

180.3 Hours (50,000 cfs)

Interpolating for a flow equal to 48,500 cfs gave a time-
of-water travel from Sioux City of: 163.6 hours at Boonville,
173.2 hours at Easely, and 182.5 hours at Jefferson City. Plotting
these times versus the respective Missouri River mile and connect-
ing with a straight line gave the flow line for the sub-reach. The
cumulative travel times at the head and tail of each sub-reach were
recorded so that the time-of-water travel could be adjusted for a
change of flow in each adjacent sub-reach. 1In the Waverly to Boon-
ville sub-reach, for instance, the time-of-water travel at the tail
of the flow line at Boonville was 169.8 hours. This value will be
needed to adjust the cumulative time-of-water travel downstream from
Sioux City for variations in discharge.

To use the constructed flow lines for the various sub-reaches
considered, the graph is entered from the abscissa at each respective
station mileage for which the time-of-water travel is to be determined.
Pivoting at the interpolated flow line and reading the ordinate gives
a nominal time-of-water travel with respect to the Sioux City gage.
This value must be corrected because the flow line from sub-reach to
sub-reach is discontinuous due to changes in the discharge. In mak-
ing this correction, use the two values of nominal time-of-water
travel at the point of discontinuity - the reference gage. For ex-
ample, the upstream sub-reach from Waverly to Boonville flow line
had a nominal time of-water travel of 169.8 hours at Boonville. The
adjacent downstream sub-reach from Boonville to Jefferson City had
a nominal time-of-water travel of 163.6 hours. To make the time-
of-water travel continuous, the 6.2 hours must be added to the down-
stream sub-reach. In this example the correction is additive be-
cause the downstream sub-reach discharge exceeded the upstream one.
When the mean discharge at the downstream gage is less, the correction
is negative. To determine the time-of-water travel from some initial
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TABLE NO. D-1

Time-of-Water Travel

MISSOURI RIVER
Fall, 1968 Navigation Season Surveys

Nominal Jorrection Cumu- Corrected Corrected
Trav. Time account of lative Trav, Time Trav. Time
STATION belov Ref. Correc- below below
River Sioux City GageChange tion Sioux Clity St. Joseph
Rame Milesge Reference Gege Hours Hours Hours Hours Hours
MISSOURI RIVER: .
M-52 736.0 1.6V 1.6
731..8 Sioux City, Iowa 0.0 0.0
M-50 730.0 0.5 [ <} 0.5
M-48 TIT. 4 5.2 [ 3} 5.2
M-47 699.5 11.3 [} [} 21.3
M-46 676.5 18.8 [ "] 18.8
M-lh 654.6 5.2 0 o %.2
. M-b2 626, 2 H.7 ] 0 3.7
M-b1 618.3 37.3 4} 3} 37.3
615.8 Omaha, Nebraska
M-39 610.5 39.0 +0.3 +0.3 39.3
M-38 601.3 41.3 +0.3 +0.3 41.6
M-36 591.2 k3.9 +0.3 +0.3 bk, 2
M-35  580.9 7.0 +0.3 +0,3 7.3
561.8 Nebraska City, Nebraska
M-34 559.7 52.0 +1.5 +1.8 53.8
M-33 546.7 55.9 +1.5 +1.8 5T.7
M-32 525.1 62.9 +1.5 +1.8 64,7
M-31 507.5 8.8 +1.5 +1.8 706
M-30 4883 5.3 .5 .8 T
M-29 u69.0 82.1 +1.5 +1.8 83.9
M-28 b52.3 88.0 +1.5 +1.8 89.8
7.9 St. Joseph, Missouri 89.5 +1.5 +1.8 91.3 0.0
M-27 440.3 89.0 +2.8 +L.6 93.6 2.3
M-26 L22,6 9h.b +2.8 +4.6 9.0 7.7
M-25.9 418.0 96.0 +2.8 +4.6 100.6 9.3
M-25 397.4 103.0 +2.8 +4,6 107.6 16.3
M-24 384.9 107.1 +2.8 .6 11.7 20.4
M-23 370.5 111.9 +2.8 +4.6 116.5 25.2
365.7 Kansas City, Missouri
M-21 365.6 106.9 +6.b +11.0 117.9 26.6
M-20 359.3 109.1 +6.4 +11.0 120.1 2.8
M-18 35,4 13.8 6.4 +11.0 12..8 33.5
M-17 3345 117.6 +6.1 +11.0 128.6 37.3
M-16 3.2 125.0 +6.1 +11.0 136.0 14
M-15 293.4 131.9 +6.4 +11.0 42,9 51.6
293.4 Waverly, Missouri
M-1b 270.0 1814 -0.9 +10.1 151.5 60.2
M-12 a1.2 152.3 -0.9 +10.1 162.4 1.1
M-10 235.1 15h.7 -0.9 410.1 164.8 73.5
M- 9 221.0 159.9 -0.9 +10.1 170.0 78.7
M- 8 197.2 169.3 -0.9 +10.1 . 179.4 88.1
196.6 Boonville, Missouri
M~ T 179.0 169.4 +6.2 +16.3 185.7 ok b
M- 6 162.¢ 175.4 +6.2 +16.3 191.7 100.%
3.9 Jefferson lity, Missourd
n- 5 139.0 181.3 +2.8 +18.5 199.8 108.5
M- 3 118.0 189.2 +2,2 +18.5 207.7 116.4
M- 1 98.0 197.2 +2.2 +18.5 215.7 12,4

)_./ Nerative sign denotes upstrecm t~om reference gage.
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TABLE NO. D-1
(contd)

Time-of-Water Travel
MISSOURI RIVER

NORMAL FALL - Oct. 7-16, and Oct. 28-Nov. 8, 1968
TRIBUTARIES, MUNICIPALITIES AND WASTE SOURCES

Nominal Correction Cumu- Corrected Corrected
Trav, Time account of lative Trav. Time Trev. Time
STATION below Ref. Correc- below 2 below
River Sioux City CageChange tion Sioux czty-/ 8t. Joseph-y
Rame Mileage Reference Gage  Hours Hours Bours Hours Houre
Big Sioux River  T34.0 0.8 0 0 -0.8Y
731.8 Sioux City, Iowa 0.0 0 o] 0.0
Sioux City 729.0 +0.7 0 0 +0.7
Soldier River 664.0 22.5 0 0 22.5
Boyer River 635.1 31.6 0 0 31.6
Omaba-Council Bluffs - Metro. Area .
Upper Boundary 624.0 35.4 0 0 35.4
615.8 Omaha, Nebraska
Council Bluffs  614.0 38.1 +0.3 +0.3 ' 38.4
So. Omaha - Monroe
St. Sewers 611.5 - 38.8 +0.3 +0.3 39.1
Omaha-Council Bluffs
Metro. Area - Lower
Boundary 601.0 41.3 +0.3 +0.3 b1.6
Papillion Creek 596.6 2.7 +0.3 +0.3 k3.0
Platte River 594.8 43.0 +0.3 +0.3 43,3
Nebraska City 562.0 53.0 40.3 +0.3 53.3
Nebraska City,
561.8 Nebraska
St. Joseph Water : ’
Co. Intake 452.3 88.0 +1.5 +1.8 89.8
47,9 St. Joseph, Mo. 91.3 0.0
St. Joseph L47.0 87.0 +2.8 +4.6 91.6 0.3
Atchison 42,5 gh. b +2.8 +.6 99.0 7.7
Leavenworth 396.0 103.3 +2.8 .6 107.9 16.6
Kansas City, Kansas -
Mo. Metro. Area -
Upper Boundary 369.0 112.3 +2.8 +#.6 116.9 25.6
Kaneas River 367.4 112.9 +2.8 +.6 117.5 2.2
Kansas City, Kans. 367.2_ 113.0 +2.8 +.6 117.6 2.3
365.7 Kansas City, Mo.
Blue River - Kansas
City Metro. Area -
Lower Boundary 356.9 109.9 +6.4 +11.0 120.9 29.6
Lexington 316 12k.0 +6.4 +11.0 135.0 43.7
293.4 Waverly, Mo.
Grand River 250.0 149.0 -0.9 +10.1 159.1 . 67.8
Chariton River 238.8 153.1 -0.9 +10.1 163.2 71.9
Glasgow 226.0 158.0 -0.9 +10.1 168.1 76.8
Boanville 196.6 169.8 -0.9 +10.1 179.9 88.6
196.6 Boonville, Mo.
Jefferson City 145.0 181.9 +6.2 +16.3 198.2 106.9
Osage River 130.0 184.9 +2,2 +18.5 203.4 12.1
Gasconade River 1044 19%.3 +2.2 +18.5 . 212.8 121.5

y Negative sign denotes upstiream from reference gage.
g/ October 7-16 study period pertains to reach from Sioux City to St. Joseph - River Mile 447.9.
3/ Octover 28-November 8, 1968 study period pertains to reach from St. Joseph to Hermann, Missouri - River Mile 98.0.
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point on the Missouri River, the above procedure must begin at that
point and proceed downstream. The corrections for discontinuity in
flow are cumulative from sub-reach to sub-reach in downstream order.

The corrected time-of-water travel downstream from Sioux City
to St. Joseph is a mean for the study period from October 7-16, 1968;
from St. Joseph to Hermann, is for the period from October 28 -
November 8, 1968. 1In addition to the discontinuities mentioned, one
further break in the data is caused by the change in study periods at
St. Joseph. Flow at the St. Joseph gage in the October T7-16, 1968
survey period averaged 36,600 cfs, in the October 26 - November 8 sur-
vey period the flow averaged 38,800 cfs.

Table D-1 presents the nominal and corrected travel times and
the correction. factors used in this analysis. Fizure D-2 shows the
time-of -water travel downstream from Sioux City, Iowa, and St. Jos-
eph, Missouri, for the respective periods of study.

As a precaution before using these data, the qgalifications
cited in the basic data reference should be examined:

"The date in this report are for a full conserve-
tive soluble contaminant. Contaminants that do not fall
into this category such as, low-density oily wastes, might
move at rates considerably different from those of a con-
servative soluble contaminant.

"A contaminant may be introduced into the river in
many ways. It might be introduced suddenly or gradually,
or it might be introduced along the bank or near midstream.
The mode of introduction can affect significantly both the
travel time and the maximum concentrations attained."
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APPENDIX C

DATA FROM PERIPHYTON STUDY



TABLE 1
STATION DESCRIPTIONS BY MISSOURI RIVER MILE

River Mile , ~ Descrjption

737.5 Missouri River - 3.5 m11es upstream from B1g S10ux
River confluence. ‘

734-0.5 Big Sioux River 0.5 miles upstream from confluence.

732.1 M{ssouri River 1.9 miles do@nstréam from Big Sibux

River confluence, Iowa side of river.
731-0.1 Floyd River near I-29 bridge.

729 Downstream 0.1 mile from Sioux City Sewage Treatment
Plant effluent, Iowa side of river.

727.9 Missouri River, Sioux City Pipe Line crossing
Northern Natural Gas Co., Nebraska side.

723.2 Missouri River, 2.3 miles downstream from Dakota
City, Nebraska side of river.

717.7 Missouri River 0.5 miles upstream from Iowa Power
and Light cable crossing, Nebraska side of river.

699.0 Missouri River 0.5 miles downstream from Lighthouse
Marina, Nebraska side of river.

664.6 Missouri River 0.6 miles upstream from Soldier River
confluence, Iowa side of river.

664-0.5 Soldier River approximately 0.5 miles upstream from
confluence with Missouri.

627.6 Missouri River 1.4 miles upstream from Omaha
Waterworks intake, Iowa side of river.

625.6 Missouri 0.6 miles downstream from Omaha Waterworks
intake, Iowa side of river.

613.5 Missouri River 0.5 miles downstream from Council Bluffs
Sewage Treatment Plant effluent, Iowa side of river.

608.1 Missouri River 2.4 miles downstream from Omaha STP
outfall, Nebraska side.

595-0.5 Platte River 0.5 miles upstream from confluence with
Missouri.
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TABLE 1 (Cont.)

River Mile ' Descrigt1oﬁ A

289.8 - Missouri River, 3.6 miles downstream from Waverly,

Missouri, right bank.

257.6 Missouri River 5 miles downstream from U. S. Highway
41 bridge, right bank.

239-0.1 Chariton River 0.1 miles upstream from conf]uence
with the Missouri.

178.3 Missouri River 35.3 miles upstream from Jefferson
City, Missouri, left bank of river.

130-1.0 Osage River 1 mile upstream from confluence with
Missouri, left bank.

104-0.1 Gasconade River near railroad bridge 0.1 mile upstréam
from confluence with Missouri, left bank.
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TABLE 1 (Cont.)

River Mile

591.8
580
560
523.7"
485.6
451.6
417.4
367.5-0.2
362.9
358-0.1
357-0.i
356.2
356.1
347.4

326.8

Description

Missouri River 0.6 miles upstream from Plattsmouth,
Nebraska, Nebraska side.

Missouri 0.9 miles downstream from Shennandoah Boat
Club Ramp, Nebraska side.

Missouri River 2 miles downstream from Nebraska City,
Nebraska side.

Missouri River 4.1 miles downstream from Little Nemaha
River confluence, Missouri side of river.

Missouri River 2.4 miles downstream from White Cloud,
Kansas, Kansas side.

Missouri River 0.7 miles downstream from St. Joseph,
Missouri Waterworks intake, Missouri side of river.

Missouri River approx. 4.6 miles downstream from
Atchison, Kansas, Kansas side.

Kansas River near 4th bridge, upstream from confluence
with Missouri.

Missouri River approx. 0.7 miles upstream from
Chouteau Bridge, right bank.*

‘Big Blue River 0.1 miles upstream from the confluence

with the Missouri.

Big Blue River (01d Channel) 0.1 miles upstream from
confluence with the Missouri.

Missouri River downstream 1.8 miles from confluence
with Big Blue River, right bank of river.

Missouri River downstream 1.9 miles from confluence
with Big Blue River, right bank.

Missouri River 2 miles upstream from N. W. Electric
Power Plant, right bank.

Missouri River 3 miles downstream from Napoleon,
Missouri, right bank.

*Convention for right or left is looking downstream with
the direction of water flow.
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MAIN STEM
737.
732.

729

727.
723.
nr.

699

664.
627.
625.
613.
608.
591.
580.

5
1

Greens

150,000
44,000

200,000

100,000
325,000
275,000
200,000
100,000
75,000
675,000
75,000
50,000
1,000,000
1,550,000

TABLE 2

NUMBERS OF ATTACHED ORGANISMS/SQ. IN. ON VERTICALLY EXPOSED SLIDES

MISSOURI RIVER, SEPTEMBER 7 - OCTOBER 7, 1969

Blue- Centric Co?gzgal Sheathed
Greens Flagellates Diatoms Diatoms Diatoms Protozoa Fungi Nematodes Misc. Total
325,000 - 150,000 2,275,000 150,000 - - - - 3,050,000
162,000 - 9,000 602,000 - - - - - 817,000
950,000 - - 2,450,000 - - - - - 3,600,000
175,000 - 75,000 3,550,000 - - - - - 3,500,000
175,000 - 50,000 1,975,000 50,000 - - - - 2,525,000
275,000 - 2,300,000 3,525,000 1,825,000 - - - - 8,200,000
825,000 - 100,000 5,825,000 125,000 - - - - 7,075,000
- - 100,000 5,875,000 6,550,000 - - - - -12,625,000
250,000 - 1,250,000 3,600,000 8,825,000 100,000 - - - 14,100,000
500,000 - 50,000 3,425,000 - - - - - 4,650,000
50,000 - 75,000 3,400,000 525,000 - - - *Z 4,125,000
50,000 - 600,000 1,400,000 100,000 - 25,000 - - 2,225,000
100,000 4,775,000 - 13,825,000 25,000 50,000 - - - 19,775,000
150,000 475,000 125,060 2,425,000 550,000 - - - *7 5,275,000
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TABLE 2 (Cont.)

Blue- Centric Co?gﬁ;al Sheathed

River Mile Greens Greens Flagellates Diatoms Diatoms Diatoms Protozoa Fungi Nematodes Misc. Total
560.0 - 100,000 50,000 275,000 6,000,000 5,225,000 - - - *Z 11,650,000
523.7 100,000 - - 650,000 9,500,000 6,675,000 75,000 - - - 17,000,000
485.6 25,000 25,000 - 200,000 8,225,000 7,050,000 - - - - 15,525,000
451.6 50,000 - 350,000 25,000 4,975,000 50,000 - - - - 5.450,000
nr.a 50,000 25,000 75,000 75,000 1,475,000 325,000 - - - - 2,025,000
362.9 18,000 900 17,000 4,000 92,000 60,000 900 - - - 192,800
356.2 “22,000 105,000 - 11,000 76,000 346,000 11,000 - - - 571,000

' 356.1 173,000 2,554,000 129,000 151,000 130,000 3,874,000 108,000 - - - 7,119,000
347.4 238,000 - - 43,000 909,000 1,580,000 - - - - 2,770,000
326.8 173,000 346,000 87,000 216,000 390,000 77,318,000 - - - - 78,530,000
289.8 130,000 43,000 - 216,000 1,385,000 2,337,000 - - - - 4,111,000
257.6 541,000 22,000 - 43,000 2,446,000 1,904,000 - - - - 4,956,000
228.4 368,000 22,000 - 130,000 2,445,000 606,000 - - - - - 3,571,000
178.3 130,000 87,000 - 22,000 110,000 158,000 - 22,000 - - 529,000

*I1 - Ioogloea sp. present
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TABLE 2 (Cont.)

, Blue- Centric coV82¥a1 Sheathed
hiver Mile Greens Greens Flagellates Diatoms Diatoms Diatoms Protozoa Fungi Nematodes Misc. Total
TRIBUTARIES
734 Big 75,000 - - 200,000 575,000 - - - - - 850,000
Sioux
731 Floyd 425,000 250,000 625,000 1,000,000 12,075,000 625,000 - - - - 15,000,000
664 400 900 1,300 - 13,000 8,000 - - 400 - 24,000
Soldier
595 5,000 2,000 400 - 32,000 - 900 - - - 40,300
Platte
367.5 14,000 53,000 16,000 14,000 209,900 46,000 31,000 900 1,300 - 386,000
Kansas . -
358 Big 2,000 12,000 - 500 3,000 - - - - - 17,500
Blue
357 Big - 3,000 - - ] 3,000 - - - - - 6,000
Blue
(014
Channel)
239 10,000 3,000 900 - 65,000 - - 1,700 - - 80,600
Chariton ) . ;
130 43,000 86,000 29,000 72,000 1,529,000 836,000 29,000 29,000 - - 2,624,000
Osage ' . .
104 25,000 100,000 1,025,000 - - - ) - 1,250,000

Gasconade

100,000 - -




TABLE 3
AMOUNTS OF CHLOROPHYLL a AND ORGANIC CARBON IN THE ORGANISMS
ATTACHED TO VERTICALLY SUSPENDED ARTIFICAL SUBSTRATES IN THE
MISSOURI RIVER, SIOUX CITY, IOWA, TO HERMANN, MISSOURI

Chlorophyll a Organic Carbon |
River Mile ﬁg/sq. in. mg/sq. in. |
MAIN STEM |
737.5 3.1 7.7
732.1 .9 2.6
729 14.4 3.0
727.9 3.1 1.8
723.2 .2.3 5.5
717.7 27.7 7.6
699 44.0 6.7
664.6 24.6 6.5
625.6 40.8 2.7
608.1 6.2 13.7
591.8 21.8 1.8
580.0 21.1 10.3
560.0 39.5 3.2
523.7 22.8 4.6
485.6 7.8 2.8
451.6 <.9 1.7
417.4 <.9 2.9
362.9 4.6 3.2
356.2 2.7 0.9
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TABLE 3 (Cont.)

Chlorophyll a Organic Carbon
River Mile* ug/sq. in. mg/sq. in.
356.1 3.4 10.2
347.4 6.8 3;2
327.0 13.4 5.0
326.8 15.7 12.6
289.8 7.8 9.8
257.6 | 15.7 7.2
228.4 9.1 7.1
178.3 2.8 3.3
TRIBUTARIES |

734 Big Sioux River 2.4 3.4
731 Floyd River 2.1 11.0
664 Soldier River 2.7 4.6
595 Platte River 2.1 2.5
367.5 Kansas River 3.4 2.8
358 Big Blue River <.9 5.0
357 Big Blue River -

01d Channel 1.9 6.4
239 Chariton River 1.0 2.0
130 Osage River 11.9 3.7
104 Gasconade River 15.9 2.7

*River mile of Missoufi River at the

tributary confluence.
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TABLE 4
NUMBER OF ORGANISMS AND DRY WEIGHT OF MATERIALS
COLLECTED ON VERTICALLY AND HORIZONTALLY ORIENTED SUBSTRATES

Numbers of Organisms/sq. in. Dry Weight of Sample in Grams

River Mile ~ Vertical Slide ‘'Horiz. Slide = Vertical Slide 'Horiz. Slide
737.5 \ 3,050,000 1,100,000 3.6087 10.4616
732.1 817,000 679,000 0.4642 ‘5.2474
729: 3,600,000 3,250,000 0.1366 0.4096
727.9 3,900,000 2,475,000 0.1773 4.9300
723.2 2,525,000 1,700,000 0.1656 0.2764
717.7 8,200,000 3,500,000 1,2132 4.4110
699 7,075,000 3,175,000 0.4752 4.3280
664.6 12,625,000 4,800,000 1.3128 1.0303
657.9 1,125,000 425,000 - -
627.6 14,100,000 17,450,000 -- --
627.4 4,825,000 7,875,000 0.0468 0.6276
625.6 4,650,000 1,475,000 0.2533 1.5492
613.5 4,125,000 4,125,000 -- --
608.1 2,225,000 3,075,000 6.0893 7.2959
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l.

. SUMMARY

An investigation of effécts of pollutants on fish flavor
was conducted on the Missouri River from Sioux City,
Jowa, downstream to Waverly, Missouri. Test channel
catfish were placed upstream and downstream from all
known signilicant waste discharges in this reach. After
four days exposure, they were removed, dressed, quick
frozen, and submitted to a food-flavor test panel.

Fish held in the Missouri River in a one mile reach
downstream from slaughterhouses and industrial waste
discharges at Sioux City, Tows, had an unacceptable
flavor. Pieces qf meat scraps and fet littered the
water surface and collected.on the baskets containing
the fish.

Downstream from the Council Bluffs and Twin Cities sevage
discharges, caged fish acquired an unacceptavle flavor.
Downstream {rom the Omaha sewage treatmeni plant dis-
charge, fishh acquired the most unacceptable [lavor of
any tested in the sﬁudy. Wagtes from the Omaha sewage

treatment plant caused an unacceptable lavor in fish

" for 2.5 miles of river along the Ilebreska store.
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10.

The discharge of inadequately treated wastes from the
Cmaha sewage treatment plant produced slimes in the
rivér that coilected on the cages, another indication
of the severity of pollution in this area.

Test fish placed in the Missouri River downstream fram
the confluence of the Plaéte River ;6 Kansas City, -
Kansas, had an acceptable flavor.

Wastes in runoff from the Fairfax dump at Xansas City,
Kansas, caused fish to have an unacceptable flavor.

Fish placed in the Kansas River acquired an unacceptable
flavor. |

Wastes in the Kénsa# River and from the Kansas City,
Kansas, and Kansas City,'Missduri, sevage treatment
plants discharge.combined to cause an unacceptable.
flavor in caged fish in 2.5 miles along the south. shore
of the Missouri River.

Slime growths étimulated by wastes from Corn Products
Company plant covered baskets placed 1000 feet downstream
from the outfall and suffocated the test [ish.

Fish placed along the north shore of the river downstream
from the North Kansas City, Missouri, sewage treatment

plant (Rock Creek) acquired an unacceptable flavor.

228



11.

13.

14,

Fish placed in the Big Blue River and immediately down-
stream from its confluence with the bissouri River died
within 2k hourg indicating that these waters were toxic.
Fish placed farther downstream in the Missouri River.(one-
half mile) possessed an unacceptable flavor.

The 0ld Blue River and Sugar Creek'waters.were toxic to
fish., Caustic wastes in Sugar Creek dissclved the meat
leaving only skin and bones in the basket. Fish in the
Missouri River downstream from Sugar Creek acquired even
more of an unacceptable flavor than fish at the next upe
stream station,

VWastes discharged to the Missouri River and its tribu-
taries from the Kansas City area not only causéd an un-
acceptable flavo; in test fish for Z2Z miles, but were
toxic to fish.

Of the LUO mile reach of the Missouri River studied,
unacceptable flavors were found in fish placed at
locations bracketing a total of 26 miles of river, all

of which were confined to metropolitan areas.
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ST-JDARDS VIOLATIONS

1. The State of Iowa general standard that surface waters
be "Free from materials attributable to‘municipal,
industrial or other discharges producing color, odor,
or other conditions in such degree to be detrimental
‘to legitimate uses of water"” was violated by the dis-
charge of industrial wastewater at Sioux City, Iowa,
and the sewage discharges fram Council Bluffs and Twin
cities, Iowa,

2. The State of Kebraska standard “"Concentrations of sub-
stances shall be less than that.amount vwhich is or may
become injurioqg to the designated uses" was Qiolated by
the wastewater dischnarge from the Omzha sewage treatment
plant.

3. The State of Xansas standard "Taste and odor producing.
substances from man-mede sources shall be limited to con-
centrations in rivers that will not interfere with ...

or impart unpalatable flavors to fish ... vas violated
by wastes in the runoff from the Fairfax durp at Xansas

City, “ansas, and wastewater discherges to the KXansas River.
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h.

The State of Missouri standard "Taste and odor producing
substances from men-made sources shall be limited to
concentrationsnin rivérs that will not interfere with ...
or impart uppaiatable flavors to fish ... " was violated
by the discharge of wastewater to the Kansas River and

from the Kansas City, Kansas, and Kansas City, Missouri,

.sewage treatment plant discharges. The stendard also was

violated by the wastewater from the liorth Kansas City,
Missquri, sevage treatment plant (Rock Creek), the South
Kansas City, Missouri, sewage treatment plant (Big Blue
River), and industrial wastewater carried by Sugar Creek

to the Missouri River.
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EFFZCTS OF WASTE WATER DISCHARGES ON THE
FLAVOR OF FISHES IN THE MISSOURI RIVER
(SIOUX CITY, IOWA, TO WAVERLY, MISSOURI)

OCTOBER 1969

At the request of the Regional Director of the Missouri
Basin Region, FWPCA, to investigate waste discharges that may
effect an unacéeptable flavor in fish in the Missouri River
from Sioux City, Iowa, to downstream from Kansas City, Kansas,
the National Field Investigations Center conducted fish flesh
tainting studies‘ from September 29 to October 18, 1969. The
study reach extended from Sioux City, Iowa [River b:iile (R.M.)
735] to Waverly, Missouri (R.M. 295)' (Figﬁre 1).

Fishermen have captured fish which possessed 'unaccept-
able flavors fram the /Missouri River. Because of this, sports
fishermen have sought new uncontasminated {ishing waters where
their catch will be edible. Commerciasl f[ishermen have lost
dressed fish markets because of consumer rejection of fish
with unacceptable flavors and must sell their catches at
reduced prices es live fishes for stocking ponds where with
time the f.lavor will improve.

The study was directzd to the identification of waste

discharges that cause unacceptable flavor in channel catfish
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(Ictalurus punctatus Rafinesque). This fish is one of the most

important commercial and game fish in the Missouri River.

The commercial fishery on the Missouri River is a valuable
resource. In 1966, ﬁ.S million pounds of fish valued at $315,000
were harvested from the Missouri River. In thé states of Iowa,
Kansés, Missouri and Nebraska, there were 292 Missouri Rivef
camercial fishermen. However, the vast majority of people who
fish ‘'on the Missouri River are sports fishermen. It should be
recognized that the Missouri River has both an important sport
and cammercial fishery and these should be protected and improved.

Stateé bordering the Missouri River have endeavored to
protect the Missouri River fishéry resources by Water Quality
Standards} The State of Nebraska Standards for taste and odor
producing substances, state, "Concentrations of substances shall
be less than that amount which is or may become injurious to the
designated uses." |

Water Quality Standards for the State of Missouri state,
"Taste and odér producing substances discharged shall be limited
to concentrations in tﬁe stream that will not interfere with...
or impart unpalatable flavor to food fish,..." Water Quality
Standards for tﬁe State of Kansas state for the Kansas and Missouri

rivers that, "Taste and odor producing substances from man-made
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sources shall be limited to concentrations in rivers that will
not interfere with...or impart unpalatable flavor to fish,..;"
The State of Iowa Standards include the general criteria which
provide that surface.waters be "Free from materials attributable
to municipal, industrial or other discharges ?roducing color,A
odor or other conditions in suéh degree as to be detrimemtal to

legitimate uses of water."
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METHOD

The method employed on tge Missouri River to identify
waste sources producing an unacceptable flavof in catfish was
to place untainted catfish in cages located upstream and dowm-
~stream from sﬁspected waste sources. This procedure has teen
found to successiully relate the unacceptable Tlavor produced
in native fish to particular'waste sources.

To ensure uniform tasté quality before exposure, all
fish were held in 62° F well water for a period of 10 days.
After this period) some Tish were cleaned and frozen on dry
ice as reference fish. After the [ish were transferred to the
test sites, four fisg each were placed in fish cagés and
suspended approximately two feet beneath the water's surface.
Fish were exposed to waters for 96 hours.

The Missouri River was divided into four test reaches:

(1) The Sioux City reach (mile 735 to £91) encompassed

16 test sites.

(2) The Omaha reach (river mile 628 to 562) included

21.test sites.

(3) The St; Joseph reach (river mile 452.4 to 391)

had 11 sites.
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(4) The Kansas City reach (river mile 378 to 295)

had 25 test sites.

Arfer exposu}e, the fish were dressed and frozen on dry
ice. The control andiexposed samples were shipped to the
Department of Food Science and Technology, Oregon State
University, Corvallis, Oregon, where samples were stored at °F
until testing. For testing, frozen catfish were washed, wrapped
in alﬁminum foil, placed on slotted, broiler-type pans, and
cooked in a gas oven at 400° F for 23 to 45 minutes depending
on the size of the fish. Each sample was boned and the flesh
flaked and mixed to 1n§ure a uniform sample. Samples were
served in coded cups to Jjudges séated in individual test booths.
Known and cé@ed references or control samples were included in
each test. The Jjudges scored the flavor and desirdbility of
each sample on a seven point scale ranging from 7, no unnatural
flavor or very desirable, to 1, very extreme unacceptable flavor
or very undesirable. Fish flesh having scores of 5.0 or higher

--were considered to have an acceptable flavor.
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RESULTS

Fish placed upstream fram Sioux City had an acceptable
flavor, Test fish fram the Big Siocux River aiso exceeded the
acceptable value (5.0). Numerous fishermen observed in these
areas attest to the popularity of these arees as fishing sites. .
Numerous slaughterhouses in Sioux City discharged their waste
water into the Missouri River between river mile 732 and T31.
Fish held in cages at river mile T3l.5, 731.0 and T730.5 acquired an
unacceptable flavor (Figure 2). Pieces of meat and fat collected
on the baskets and could be seen floating in the water for several
more miles downstream. Fish held at river mile 730.5 downstream
from the slaughterhoqpes and other industries in Sibux City re-
ceived the lowest flavor score of fish tested in this area (Table 1).
Wastes discharged into the river at Siéux City caused an unaccept~
able flavor in caged fish in at least one mile of the Missouri River
bordering Iowa.

No unacceptable flavor occurred in test fish placed along
either siderf the river frcm Dakota City, Nebraska, downstream
to river mile 628.0 near Omaha, Nebraska. Test fish between river
miles 628 and 624.6 retained near acceptable flavors (Figure 3).

At river mile 622 (Iowa shore), the fish scored 4.3 indicating an
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unacceptable flavor. At river mile 617; the test fish had a
flavor score of 4.9 indicating a near acceptable flavor;

Along the(Idwa side of thg Missouri River, caged fish
had acceptable flavors downstream to river mile 614.0 where
the Council Bluffs and Twin Cities sewers discﬁarged to the
river and caused an unacceptabie flavor in caged fish at_
river mile 612. Directly across the river on the Nebraska
bank,‘the caged fish were rated with an acceptable flavor
score of 5.2 (Figure 3). Atlriver mile 611 (800 ft. down-
stream from the Omaha sewasge treatment discharge), caged fish
acquired the most unacceptable flavor (rating of 2.6) of any
of the fish tested in 440 miles of the Missouri River studied.
The discharge of inadequately treated wastes fram the Omsha
sewage treatment plant also sufficiently enriched tﬁe Missouri
River to support slime growths that covered the cages. Slime
growths indicate organic pollution which degraded the environment .
Flavor of caged fish was still severely degrade 900 feet down;
streaﬁ from the slaughterhouse discharges which entered the river
approximately one-half mile downstream from the Omaha sewage
treatment planp outfall. Caged catfish from both sides of the
Misséuri River at river mile 608 were rated with acceptable

flavor scores (Figure 3).
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Wastes {rom the Cmaha sewege treatment plant degraded the.
flavor of fish in 2.5 miles of river along the lebraska shore.
Wastes from the Council Bluffs and Twin Cities sewage discharges
degraded the flavor in caged fish to make them unacceptable in
2.5 miles of river along the_Iowa shore. |

The flavor of caged catfish was acceplable from river
mile 608 to upstream fram Xanses City, Kansas, at river mile
378 (Fiéuré L). Along the Kansas side of the Missoﬁri River
two miles downstream from the Fairfax dump (river mile 372),
caged fish had an unacceptable flavor (rating of 3.6). At-
river mile 367.3, approximatély .3 mile upstreem from the
Kansas Riﬁer confluence, fish flavor was acceptable indicating
dilution of the compounds from the Fairfax dump.

Test fish frém the Kansas River (river mile 367.5-0.5)
had an unacceptable flavor rating of 2.9. Downstream fram river
mile 367.5, along the south shore of the tiissouri River, the
combined effects of the Kansas River and waste water discharged
fromAa Kansas City, Kansas, and a Kansas City, Missouri, sewage
vtreatment plant caused an unacceptable flavor in fish held at
river mile 366.6 and 3€4.2 (Figure 4). TFish placed across the
river {north shore) utl river mile 365.6, 39:.0, and 363.0 did not

acquire an unacceptable flavor. However, £ish placed in baskets
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1000 feet downstream from the Corn Products Company waste discharge
(river mile 365, Missouri's north shore) died because of suffocation
caused by dense slime growths covering the baskets. These growths
did not occur upstream fram Corn Products indicating the Corm .
Products Company was discharging inadequately £reated wastes. The
growths also covered the rocks of the jettys thus reducing habitat
for fish food organisms in at least one-mile of the river.

‘ Test fish along the north bank of the river approximately
400 feet downstream from Rock Creek confluence at river mile 362.6
had an unacceptable flavor rating of 3.8. Rock Creek receives
wastes frpm.the North Kansas City, Missourl, sewage treatment
plant;‘ ' ’ |

Degradation of fish flavor was found along the souih bank

at river mile 358.2 where fish acquired an unacceptable flavor
rating gf 4.2. Immediately upstreem from this station, either a
pover or an industrial complex discharged their waste waters to
the river.

Test fish in the Big Blue River died within four hours
of planting~ana those fish placed in the Missouri River 200 feet
downstream from the Big Blue River confluence died within 24 hours.
Qne-half mile déwnstreéh at river mile 357.5, the caged fish
acquired an unacceptable,flavor rating of 3.0. The Old-Blue

Rivéflwas also toxic; however, the unacceptable flavor of fish
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in this reach of the Missouri River maskéd any further degra~
dation caused by the Old Blue River. Wastes in Sugar Creek,
river mile 356.7 - < 0.1, not only were toxic but also caustic
which resulted in fish flesh being dissolved off the bones.
After 96 hours, only skin and bones remained in the cages set
’ih Sﬁg‘ar Creek. Approximately 200 feet downstream from the |
Sugaé'&reek conflhence, the test {ish were given even a'lower
flavor score (5.2) than had been given to the-test fish down-~
stream from the Old Blue River at river mile 356.9 (Table 1).
Fish placed in baskets three miles downstream still had an un-
aéceptdble flavor as a result of wastes from the Big Blue and
01d Blue rivers and Sugar Creek. TFish with accepfabie flavors
vere recovered fram the station at river mile 345, . The fish
downstrean from the Little Blue River had only a slight un-
acceptable flavof (4.9). Fifty miles downstream at Vaverly,
Missouri, the fish scored 5.5 indicating acceptable flavor.
Viastes discharged to the lMissouri River from tlLe Kgnsas
City, Kansas,.north Kansas City and Kansas City, Missouri, and
the Kanaas‘Rivernéreas caused unacceptable flévoié in fish.for
22 miles. Wa;teé carried in Sugar Creék, the Big‘Biue and Old

Blue rivers vére toxic to test fish.
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Table 1
Off-Flavor and Desirability Scores of

Caged Catfish, Missouri River, 1969

Misscuri

River 1 Flavor ‘Desirability
Mile Bank Locetion Score Sgore
Control 5.9 5.3
T34.6 R + L Upstream from Sioux City 5.1 b
T34 O-2 |
0'5 . R Big Sioux River 5.5 L.7
732.0 R '~ : Upstream from Old Floyd River ‘5.1 b4
R . SLAUGHTERHOUSE WASTE DISCHARGES
731.5 R Upstream. from New Floyd River 4.7 3.9
R SLAUGHTERHOUSE WASTE DISCHARGES
731.0 R Dowustreem fram New Floyd River 4.8 3.9
R SLAUGHTERHCUSE WASTE DISCHARGES-
730.5 R Downstream from New Fldyd River- 4.3 3.3
T729.5 R Upstrean from.Sioux City Sewage
' Discharge 5.0 3.8
R SI0UX CITY SEWAGE DISCHARGE
i .
T729.0 R Downstream from Sioux City Sewage
Discharge - : 5.0 4.0
728.1 R Downstream from Sioux City Sewagc
: Discharge 5.0 h.1

1Lboking upstream.

2Miles upstream in tributary.
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Missouri

River 1 Flavor Desirability
Mile Bank Location Score Score
T728.0 L Upstream from slaughterhouse waste
Discharge 5.2 4.0
L SLAUGHTERHCUSE WASTE DISCHARGES
T26.2 L Dovmstreon fram Slaughterhouse
Waste Discharges, Dakota City,
Nebraska - ) 5.1 L.s
L DAKCTA CITY, NEBRASKXA, SEWAGE
DISCHARGE
T25.2 L Dovmstream fram Dckota City Sewage
~ Discharge 5.6 L.7
T23.5 L Downstream fram Dakota City Sewage
Discharge 5.3 .7
T1iT.5 R Dovnstream from Metropolitan
Utilities District and Iowa
Pover and Light Co. Discherge 5.3 L.y
691.0 L Decatur, Nebraska 5.0 4.3
628.0 R + 1 Upstrean from Omaha, Nebraska 5.1 4.6
625.0 L Downstrean fron Metropolitan
Utilities District Power Discharge 4.9 4.6
624.6 L Upstream from Portland Cement 4.8 .l
622.0 R Dovmstrean: from Omeha Stoma Sever k.3 .0
€17.0 R Upstream from Nationol Co-op
Refinery 4.9 5.5
616.4 L Omehu Municipal Dock and
Cargill, Inc. LT L.n
616.2 L Downstream from Ditch from Ruil-
road Yards 5.4 .8
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Missouri

River 1 Flavor Desirability
Mile Bank Location Score Score
615.0 R Upstream from Council Bluffs Sewage
. Discharge 5.1 4,2
614.8 L Downstream from QuAker Oats Waste .
Discharge ‘ L.9 L.l

COUNCIL BLUFFS SEWAGE DISCHARGE

614.0 R Downstream from Council Bluffs -
Sewage Discharge : 5.0 bk
‘R TWIN CITIES SEWAGE DISCHARGE
612.1 R Downstream from Council Bluffs and
Twin Cities Sewage Discharge L,2 3.4
612.1 L Upstream from Omaha Sewage
Discharge 5.2 5.6
L OMAEA SEVAGE DISCHARGE
611.0 L Downstream from Omaha Sewage
Discharge . 2.6 1.6
L SLAUGHTERHOUSE WASTE DISCHARGE
610.0 L Downstream from Omaha Sewage dis-
charge and Slaughterhouse
Waste Discharges 3.8 2.8
603.0 L Downstream from Omaha Cewage
: . Discharges 5.4 h.6
608.0 R Downstreem from Council Bluffs
Sewage Discharges 6.0 5.4
602.0 L Upstream from Bellevue, lebraska 5.4 L7
599.0 L Downstream from Bellevue Sewage
' Discharges . S.1 4.1
5{51.0 - T Plattsmouth, Kebraska 5.5 4.8
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Missouri

River 1 ' Flavor Desirability
Mile Benk Location - Score Score
562.0 L Nebraska City, llebraska 5.3 4.6
Ls2.4 R Upstream from St. Joseph Missouri
. Water Intake _ 5.6 5.1
449.0° R - Downstream from a St. Joseph,
: Missouri, Storm Drain . 5.7 5.2
ky7.0 R Upstream from St. Joseph Sewage
Discharge o 5.6 4.9
R ST. JOSEPH MUNICIPAL STP
L46.0 R Downstream from 5t. Joseph Sewage .
Discharge _ 5.8 : 5.4

SOUTH ST. JOSEPE INDUSTRIAL SEWER
DISTRICT STP OUTFALL

L4k .0 R Downstream from 3t. Joseph, Missouri

Industrial Waste Discharge 5.4 4.8
L40.0 R Downstream from 3t. Joseph, Missouri 5.6 5.3
L24.0 .L Upstream from Atchison, Kansas 5.9 ' 5.4
421.0 L Downstream from itchison, Kansas Fish cage lost
398.0 L Upstresm froam Leavenworth, Kansas 5.8 5.3
395.0 L Downstream {rom ~eavenworth, Kansas 5.4 | 5.0
391.0 R " Downstream from Platte River Con-

fluence 5.9 5.0
378.0 L Upstream from Kansas City, Kansas 5.1 L.s

L DRAINAGE FRCM FAIRFAX DUMP

370.4 "R Kensas City; Missburi} Viater Intake 5.5 L.7
370.0 L Downstrean from “airfex Dump 3.6 2.3
368.1 L Kew Valley Drainage District
367.8 L " Upstream from Kansas River 5.5 L.7
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PlLLcueL
River Flavor Desienbildiny

L . . ..
vilo Tonk Inacation : Coore Vieoro

367.5- L Kansas River 2.9 h ¢
0.5 :

L KAISAS CITY, XANSAS, AND VANSAS CITY,

‘ MISSOURI, SEWAGE DISCHARGES

366.6 L Dovnstrai: fram Woncas River confluence and
Dovmstrean ra Kanses City, lLio.,

-and Kansas City, Xansas, Secwvage
Diccherges %9 2.7

.

365.6 R Upstreamn fror Corn Products
Waste Discharge S Lo
R CORIi PRODUCTS WASTE DISCIHARGES
56 .2 L Dovnstream from Yansos River and
Kansas City, Mo., and Kansas Civy,
Kensas, Sevug:2 Discharges . HS 45
Gk .0 R Downstreom fion Cora Products
Wastc Discharge .5 .0
363.C R Upsirean from Rock Cr. £.3 L6
rd
R JORTH WALISAS CITY, MISSGURI, SEWAGH
DISCHARGES
552.0 R '~ Dovmstreazm fron Rock Cr. 2.3 2.6
353.2 L Upstrean fran Big Blue River L.2 3.5
553.0~ L Big 3Blue River - : Terxic, Fich Dizd
o [
)
L CALGES CITY, M1G50URT, SEWAGH
DI SCHARCE
397.9 L Downstire:n from Big Blue River Moxic, Fich Dicd
357.5 L Dowvnstrezn from Big Blue River .. 5.0 1.9
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Pllosourd

River 1 ' . \  Flavor  Decirubility
Mile Rank Location Scora Seare
%57.2 L Dovnstream from 3ig Bluc River 3.5 2.2
2%57.0 14 Upctrean from Old Blue River 3.0 1.7
357.0- . L _ 01d Blue River 3.5 -3
< 0.1 Toxic to.3 of L
test fish A
556.9 L Dovmistrean from Cld Bluc River 3.6 2.7
%56.7- L Sugar Cr. : Toxic, Cuousiic
<0.l ' : ' Dissolved Meat
356.6 L Dovastrean from Sugaer Cr. 3.2 2.3
354.2 L. - Downstream from Ceuent City,
Missourd L.2 5.1
545.0 R Dovnsirewn Srou Missouri City
Elzctric Power Discharge . 5.4 L.
%39.5 L Downstreum from Little Blue River L,o -~ .0
295.0 L Waverly, Missouri . S5 ' [P
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COPROSTANOL, A POSITIVE MARKER OF DOMESTIC AND RUN-OFF POLLUTION
Sterol Assay of Wastewater Plant Effluents and Surface Waters of

the Lower Main Stem Missouri

Henry H. Tabak and Robert L. Bunch

The specific proof of pollution of natural waters from various
sources requires isolation and identification of the specific organic
pollufants in these waters. Although contamination of waters by domestic
sewage is commonly concluded on the basis of standard coliform organism
counts, the use of a specific fecal organic compound that can be cor-
related quantitatively with this major source of pollution is more
desirable. Steroids offer such a class of compounds, since certain
steroids are characteristic of wastes from human beings and higher
animals.

-Coprostanol (coprostan-3-B-ol, 5 p—cholestan-3 }-ol) is one of
the principal sterols in feces of human beings and higher animals, and
feces are said to be the only source of this compound. The finding of
coprostanol in water would therefore indicate excreta from either domestic
wagtes or run-off from pastures or barnyards. The merits of using this
major human fecal sterol as a positive marker of domestic pollution has
been recently emphasized (Murtaugh and Bunch, 1967; and Smith and Gouron,
1969). It was shown by the first authors that these compounds are removed

by adequate secondary sewage treatment,

253



This study was undertaken to estimate the extent of human and
warm-blooded animal fecal pollution and to pinpoint the main sources of
this pollution in the Missouri River. The survey covered 28 sampling
stations in the Sioux City, Omaha, St. Joseph and Kansas City areca. The
sampling stations and their river mileage (RM) are described in éppendix I.
Each location was sampled four different times at approximatcly two-week
intervals. The samples were iced and flown to this laboratory. They
were about one day old when analyzed.

The analytical method.uséd for the estimation of the coprostanol
in the river waters and in the wastewaters was based on the methodology
which was preQiously developed in this laboratory (Murtaugh and Bunch,
1967), and proven effective for the recovery of sterols from wastewater
as well as from a stream in the Cincinnati area. There was one major
change in that a new packing was used for the gas-liquid chromatography
column which permitted the free sterols to be run. This eliminated the
need for making the trimethylsilyl ether derivatives. The procedure con-
sisted of hexane extraction, mild alkali-alcohol hydrolysis of esters and
conjugates to free sterols, cleanup by thin-layer chromatography (TLC) and
quantitative measurement by gas-liquid chromatography (GLC). The procedure
used is fully described in appendix II.

Simultaneously with the assay for the fecal stercl the number of

fecal coliforms were determined utilizing the membrane filter technology.
Results and Discussion

The examination of sewage effluents and surface waters in the

Sioux City, Omaha, St. Joseph and Kansas City areas of the lower main stem
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Missouri revealed the presence of goprostanol. The chromatographic
analyses of all samples from the sampling points.show significant vari-
ations in the amount of the specific indicator of domestic pollution,
coprostanol, as the degree of sewage pollution of the watercourse varied.

Thé sewage treatment plant (STP) effluents along the Missouri River
within the above four sampling areas were shown to have significantly
higher concentration of the fecal sterol thanlphe surface water samples
taken at points just beforg the plant sewage effluent discharge area or
further down the river away from the treatment plants. The decrease in
concentration of coprostanol was demonstrated adequately by analysis of
water samples taken further away along the riverfrom thenlocation of
treatment plant outfalls.

Table 1 summarizes the analytical data on the concentration of
coprostanol in effluent and surface ﬁater samples from the 28 sampling
points. The treated sewage effluent samples from the Sioux City treatment
plant (SC-49) contained a conéentration of coprostanpl in ﬁhe range of
636 to 794 pg per liter. The SIPveffluents of the Omaha area at sampling
poin;s CB-40'B and OM-40 A gave values in the range of 743 to 864 and
250 to 362 pg per liter respectively. The range values of coprostanol
concentration in samples of sewége effluent from sgmpling points SJ-15,
SJ-18, A-25.5 and L-24.5 of the St. Joseph area were, respectively, 391
to 484, 465 to 573, 365 to 498 and 424 to 535 pg per liter. Kansas City
area samples of STP effluent from M-103, M-104, and M-19 sampling points
contained concentrations of fecal sterol.in the range from 496 to 587,

259 to 319, and 328 to 419 pg per liter, respectively. The surface river
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water samples contained substantially lower concentrations of coprostanol,
particularly at points further away from the treatment plant outfalls.

These conclusions are further substantiated By the microbiological
data compiled fbr the same samples which were subjected to sterol analysis.
A resume on the enumération of fecal colifofms in the treated sewage
effluents and surface river samples from the Missouri River is given in
Table 2. The trecated scwage effluents demonstrate the number of feccal
coliforms in the millions per 100 ml of sample, whilé surface river samples
further away from the plant sewage outfall show a ﬁrogressively lower
density of fecal coliforms. Siﬁce the same trend was detecrmined for the
concentration of coprostanol in the effluent and gurface river samples,
there scems to be a definite and significant correlation between the
concentration of the fecal sterol ana the degrce of fecal pollution. This
is graphically shown in Figure 1 which is a profile of the average density
of fecal coliforms and average concentration of coprostanol for the 28
sampling stations.

On an average a hog, a cow or a human being would be expected to
excrete 800 to 1,000 mg of coprostanol per day. If this is diluted with
100 gallons of wastewater, the expected concentration would be 210 to 250
pg per liter in raw wastewater. The results as compiled in Table 1 show
that all treatment plant effluents exceeded this amcunt. The river samples
are very high considering the dilution the wastewater would receive upon
entering the river. The Missouri River samples were more than 10-fold
greater in coprostanol than below an outfall of a poorly run secondary

treatment plant in the Cincinnati arca (Murtaugh and Bunch, 1967).
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Summary

Sewage treatment plant effluents and surface river water samples
from 28 sampling stations on the lower main st;m Missouri were analyzed
for the presence of the fecal sterol, coprostanol.

Data compiled on tﬁe amounts 6f coproétanol in the treatment}plant
effluents and surface waters indiéate conclusively that the Missoﬁri‘River
is polluted with fecal mattér.

Sigﬁificant variations in‘tﬁe amount of.c0prostanol in'the effluents
and surface waters at sampling points further away from séwage effluént
outfalls were clearly demonstratédAand these show a correlation to the
density of fecal coliforms at the samé 1ocations. |

The analytical data definitely:demonstrate the pdten£131 for using
the analysis for sterol content to meésure‘fecal pollution and tﬁe merit
fér using coprostanol as a positive marker of fecal pollutioﬁ. The specific
nature of coprostanol and its occurrence in surface waters polluégé by
domestic and run-off sewage leave little doubt that the presence of this
fecal sterol connotes fecal pollution and that it ought tovbe used as an

index of poilution in addition to the standard method for enumeration of

fecal coliforms.
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TABLE 1. Quantitative Analysis of Copresstanol in Waste
Treatment Plant Effluent and Swurface Waterx
Samples Taken from Sampling Peints of the Lower
Main Stem Missouri

Concentration of Coprost.anol in pg/liter

1-20-70 3-4-70  3-17-70  3-24-70
Sioux City  M-52 736.0 4 6 10 3 6
Area SC-49 729.0 636 - 723 684 793 709
M-48 717.4 98 105 93 109 101
B-43 *  631.1 - 64 66 60 57 62
M-42 626.2 21 16 23 20 20
1-27-70  2-23-70  3-10-70  3-31-70
Omaha Area M-42 626.2 9 20 26 28 21
CB-40 B 614.0 743 864 766 815 797
OM-40-A  611.5 250 300 362 335 312
M-38 601.7 73 71 76 67 72
M-205 596.6 177 200 295 166 210
P-37 594.8 17 21 13 15 16
M-34 559.7 60 73 76 72 70
M-28 452.3 31 34 31 37 33
2-4-70 4-7-70  4-21-70 5-5-70
St. Joseph  M-28 452.3 37 31 35 28 33
Area SJ-15 4464 391 418 484 452 436
SJ-18 445.6 573 465 503 493 508
M-27 440.3 56 49 48 43 49
A-25.5 421.0 365 451 498 389 424
L 24.5 395.6 424 519 486 535 491
M-23 370.5 63 46 54 60 56
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TABLE 1. (Continued)

Concentration of Coprostanol in pg/liter

sovins s e ot S
2-11-70  4-14-70  4-28-70  5-13-70

Kansas M-23 370.5 80 68 98 : -- 82
City Area 4 9 367.4 78 70 83 - 77
M-103 367.20 522 496 587 -- 535

M-104 367.19 259 319 298 -- 290

M-107 B 358.0 92 110 92 - 95

M-19 358.0 328 419 396 -- 381

M-18 345.4 86 75 98 -- 87

M-15 293.0 66 79 58 - 70
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TABLE 2. Enumeration of Fecal Coliforms in Wastw Treatment Plant
Effluent and Surface Water Samples Taken from Sampling
Points at the Lower Main Stem Missouri

Number of Fecal Coliforms per 100 ml of Sample

ii:gling ' nggilng ﬁi;Z:gé Date of Sampling ' Mean
1-20-70 3-4-70  3-17-70  3-24-70
Sioux City  M-52 736.0 --- . 360 8 A 140
Area SC-49 729.0 cee - 26 x10° 20 % 10° 12 x10%° 19 x 10°
M-48 717.4 -——— 1.4 x 104 0.8 x 104 1.6 x‘104 1.3 x IOZ+
B-43 635.1 --- 1.0 x 10% - 380 - 705 3,500
M-42 626.2 .- ST 930 600 770
1-27-70  2-23-70  3-10-70  .3-31-70
Omaha Area  M-42 . 626.2 - 1,200 .. 800 1,000 1,000 .
CB-40 B 614.0 - 2.9 x 106‘A1.7 x 10° 4.0 x 10 2.9 x 10°
OM-40 A  611.5 eee o 1.0x10% 0.8x 10° 4.0x10% 1.9 10°
M-38  601.7 . - 3,000 3,000 . 6,700 4,200
M-205 596.6 --- 3.1 x 10° 4.1 % 10°- 4.1 x 10° 3.8 x 10°
P-37 594.8 --- 340 540 730 540
M-34 559.7 --- 1,800 3,700 - 5,800 3,800
M-28 452.3 -—— 2,400 1,800 1,900 2,100
2-4-70 4-7-70  4=-21-70 5-5-70
St. Joseph ., M-28 452.3 1,600 1,400 2,600 560 1,800
Area sJ-15 446.4 1.6 x 10° 6.8 x 10° 0.7 x 10° 7.8 x 10® 4.2 x 10°
s1-18  445.6 1.4 x 10° 4.2 x 10° 22 x 10° 17 x 10®°  11.x 10°
M-27 440.3 5,200 1,800 3,700 450 2,800
A-25.5 421.0  0.97 x 10° 5.0 x 10° 0.27 x 10% 4.9 x 10® 2.8 x 10°
L-24.5 375.6 4.4 x 10° 5.8 x 10° 1.9 x 10° 11 x 10° 5.7 x 10°
M-23 370.5 6,200 2,400 3,000 1,000 3,150
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TABLE 2. (Continued)

Number of Fecal Coliforms per 100 ml of Sample
Sampling Sampling  River - - Mean
Area Point Mileage Date of Sampling

2-11-70 4-14-70 4-28-70 5-13-70

Kansas M-23 370.5 880 2,100 700 18,500 5,500
City Area ¢ o 367.4 6,200 1,300 7,400 1,800 4,200
M-103 367.20 20 x 10° 13 x 10° 5.9 x 10° 13 x 10® 13 x10°
M-104 367.19 1.3 x 10° 0.3 x 10® 0.4 x 10° 1.6 x 10®° 0.9 x 10°
M-107 B 358.0 80 500 400 32,000 8,300
M-19 358.0 1.9 x 10° 2.6 x 10® 2.2 x 10° 4.1 x 10° 2.7 x 10
M-18 345.4 1,600 1,600 2,100 19,000 6,100
M-15 293.0 770 1,800 1,600 11,800 4,000
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FIGURE
RELATIONSHIP BETWEEN COMCENTRATION OF COPROSTAK-3-B-0L

AND NUMBER OF FECAL COLIFORMS
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APFENDIX T

SAMPLIIG LOCATIONS - IOAER MAIN STEM MISSOURI

Sioux City Area

1. M-52  Missouri River at T#-736 above the mouth of the Big
Sioux River

2. SC-49 Sioux City STP Effluent
3. M-8 Sioux City mixing zone station - Missouri River at RM TLT
h, M-k2 Missourl River at RM 626.2, Omzha Waterworks Intake

5. B-L3 Boyer River at I-29 Highway Bridge above Onaha

Omaha Area
1. M-k2 Mismouri River at RM-626.2, Omaha Waterworks Intake
2. O4-40A  Omaha-Missouri River STP Effluent.
3. CB-kCZ  Council Bluffs STP Effluent
k., M-205 Papillion Creek at CRB 1 mile below US-T3

5. M-38 Missouri River at Bellevue RM-601.6, Omaha area mixing
station

6. M-34 Missourl River at Nebraska City K¥-559.7
T. M-28 Missouri River at St. Joseph Waterworks Intake RM-U452.3

8. P-37 Platte River at US-T3 Bridge Junction at RM-594.9L -

St. Joseph Area

1. M-28 Missouri River at St. Joseph Waterworks Intake RM-452.3
2. 8J-15 St. Joseph Municipal STP effluent
3. S8J-18 South St. Joseph Industrial STP effluent

k., M-27 Missouri River at St. Joseph area mixing station RM-440.3
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APFERDIX I (continued)

5. A-25.5 Atchison STP effluent

6. L-2k.5 lLeavemworth STP effluent

7. M-23  Missouri River at Kansas City Waterworks Intake RM-370.5
Kansas City Area

1. M-23 Missouri River at Kansas City Waterworks Intake RM-370.5

2. K-22 Kansas River at Central Avenue Bridge in Kansas City, Kansas

3. M-103 Kansas City, Kans;as STP Effluent Westside | '

k. M-10b  Kansas City, Missouri STP Effluent

5. M-19 Kansas City, Missouri-Blue River STP Effluent

6. M-107TB Big Blue River at Mouth RM-358.0 |

T. M-18 Missouri River at Missouri City Power Plant Mixing Zone

8. M-15 Missouri River at Waverly RM-293.0 |
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I.

II.

IIT.

APPENDIX II

METRODOLOGY

Analysis of Cholesterol and Coprostanol
in Rivers and Wastewaters

Hexane extraction of sterols and sterol conjupates.

1.

fo 1 liter samples add 20 ml of conc. HCl and 20 ml of 20% NaCl
aoueocus solution. Mix thoroughly.

Extract three times with 1/5 voluues of prepurifiied hexane. Ex-
traction is perforucd in 2 liter capscilty separatory funnels on a

. reciprocal shaker.

The pooled hexane fractions are then passed through a column of
sodium sulfate to elininate the water content.

The hexane 15 evaporated in a floch evaporutor under vacuum to near
dryness.

Mild allnli-ethbanol bydrolvsis of hexans extracted sterols.

Ed LAV T

5.

The near dry residue is transferred to small digestion flasks.

ACd 3 ml of 259 KOH aguecus soluticn and mix the contents thercughly.
Add T ml o1 §5% ethyl alcobol and mix the conteuts thoroughly.

Add a few boiling chips to each of the digestion flasks and place
them on a hot plate, connect them to the condensers and hydrolyze

the contents for 2 hours.

After hydrolysis, cool the flasks immediately in an ice bath.

Hexane extraction of hydrolysates.

1.

-~ Ao & Wi

To the chilled contents In digestion flasks add 10 ml of distillegd
vater.

Transfer the contents to 125 ml capacity separatory funnels.

Rinse the digestion flasks thoroughly with 40 nl of prepurified hexane
and pour the solvent into the separatory funnels.

Extract on reciprocal shaker.

Repeat extraction with second 40 ml volume of hexane.

The pooled two hexane fractions are rinsed with 10 ml of 2% aqueous
FaCl solution, shaken thoroughly, and allowed to stand for 10 minutes.
The NaCl layer is drained off and the hexane layer is transferred to
evaporation flasks and evaporated in a flash evaporator to almost
dryness.
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APPERDIX II (continued)

Transfer of hydrolyzed extract to small storage tubes.

1.

The near dry resildue in evaporation flasks is rinsed 3 times with
2 ml volumes of absolute ethanol, each rinsing facilitated by 10-
minute shaking on a reciprocal or rotary shaker.

The rinsings are placed into small tubes and the contents are eva-
poratzd to drynees under forced prepurified air on a specialJy
desigred steam bath.

Follow the rinsing of the evaporation flasks with two additionzal
acetone rinsings using 2 ml of acetone for each rinse.

Acetone rinsings are evaporated in the tubes, using above method.

Prelimipnary thin layer chromatography of the sterol extracts,

1.

2.
3.

20 by 20 cm glass plates are coated with 0.25 mm layer of Silica
Gel G (E. Merck, Darms“adt) and activate for one hour at 110 C.

The prepared plates are tored in a vacuun.desiccator until used.
Standard solutions of the sterols in acetone are prepared as 0.1%
solutions, and the reference standards are spotted by means aof
Hamilton syringes on the Silica Gel G plates, using 5 ug/S ul twice
per each spot.

To the ydoolysed mogles of extracted eterdls in swrll tubher orc
added 0.5 ml volumes of warm acetone. The contents are dissolved
in acetcne and 10 ul volumes of each of the extract camples are
spotted on the same plate next to the reference standards.

The drying of the spots is facilitated by the use of infrared lamp.
The chrcmatoplates are developsd with a mixture of chloroform and
ether in the ratio of 9:1. They are then air dried for 15 minutes
and heat dried (110 C) for additional S5 minutes.

The chromatoplates are sprayed with a 10% solution of phosphomolybdic

acid in 95% ethanol.

After heating at 100 C for 15 minutes, the sterols appear as dark
spots (violet-blue-indigo) on a yellow background.

The Rf values of the standard references are compared with those of
the sterol extracts.

Preparative thin layer chromatography for GC chromatography analysis.

Reference standards of sterols are spotted on the plate using the
same concentrations per spot as agbove.

0.1 ml volumes of the hydrolyzed samples of extracted sterols in
acetone are streaked on the same plates with the standards on the
right half portions of each plate.

After drying, the chromatoplates are developed with a mixture of
CHC13-ether in the ratio of 9:1, air dried and heat dried.
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VII.

APPENDIX II (continued)

The sterols are located by covering that portion of the plate con-
taining the unkncwn samples with alumimpn foll and spraying the
reference standards with 10% solution of phosphcmolybdic acid in
95% ethanol.

The standard reference spots are visualized after heating at 100 C
for 15 minutes.

Arecs for unknowm sgamples corresponding to locations of reference
standards are removed with a micro spatuls, placed in prewashz=d
medicine dropnnrc plu@ged with prewashed glass wool and eluted into
micro thistle tubes with 5 ml of acetcne.

The eluted stnrolo axre concentrated in the thistle tubes to the top
level of the thistle on a steam bath with the aild of a gentle stream

. of clean, dry air.

Gas-lioquid chromatosraphy of the silleca Gel G eluted sterols.

10.

Quantitative determinations are made with an Aerograph gas chroma-
tograph and using a flame ionization detector.

A stainless steel column 1/3 in x 6 ft is rzcked with 60-80 mesh
chromacorb Q coated with fluoroalkyl siliconez polymer QF-1 (3% by
weight) and column temperature is maintained at 235 C.

Eeliwz is used s coarrier gaz, helium pressure adjusted to 25 psi,
and the carrier gas {low rate maintuined at 49 ml per minute.
Eydrogen flow rate to the flame ionization detector is kept at

25 m]/nxn. and the source of hydrogen is a hydrogen generator.

The air flow to the ionization detector is maintained at 200 ml/min,
The temperatures of the injector and detector are kept at 240 C.

5 ug/5 ul concentrations of reference standerds are injected and
standard reference peaks determined for the concentirations of cach
of the standard sterols injected,

The retention time of each of the respective sterol standards is
detemmined for the above set of column and detector conditions used.
Quantitative determinations of the unknown sterol extracts are based
on pealk height compared to a standard curve prepared from known re-
ference standards. Qualltative determinations of unknowns are based
on the retention time as compared with that of standards.

Internal standards are employed in the analysis of each of the separ-
ated (TIC) unknown sterol fractions to definitely categorize the
unknown sample.
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APPENDIX F

REPORT ON VIRUS ISOLATION INVESTIGATION



THE VIRUS HAZARD ON T:Z MISSOURL RIVER

Gerald Berg, Danicl R. Dehling, Donald Berman, and Carl Walter

A single infectious virus excreted by a human is capable of
infecting other humans who consume that virus (Table 1)(1). The
presence of a single such virus in water that people consume, there-
fore, constitutes a clearcut hazard to health and well- -being.

Fecal coliforms always occur in the gastrointestinal tracts of
warm blcoded animals. Certain viruses and pathogenic bacteria may or
may not be present at the same time. Fecal coliforms serve as indicators
that viruses or pathogenic bacteria may be present. Thus, evidence of

feceld coliforms in water is only an indication that hazardous agents

may be present. Evidence constituted by mary ovher biological and
chemical indicators of pollution is often equivocal too, because in
themselves, these indicators usually cannot bs shown <o be injurious
_to health. #hen no one line of evidence is conclusive, nultiple lines
of such evidence must be relied upon to support enforcement actions on
the prenise that the sum of the rany such lines of evidence will stand
stronger than any one line could‘stand alone.

Viruses are a different matter. 3Zach virus is cavable of

producing infection. =ach virus is thereby a danzercus rellutant.
Thus, the dstection of 2 sinsle virus perticls is the delection of

2 gansercus rollutant.

-~

The detection of a virus in a sewage effluent ejacted into a
watervay constitutes a clear and present danger to health in the area

of the outfall, immedictely downsirean of thez outf2ll, and in cormmunities
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well downstream when that virus will survive in the stream long enough
to reach the dewnstrean communities. Even when downstrean trénéﬁission
is not in evidence, the presence of viruses in an effluent ond in a
receiving water a short distance downstrean of the outfall from which
the effluent is discharged is a hazard, constitutes an adulteration

of stream quality in that area, and thereby iﬂ‘itself demands remedial
action. ‘
HATERIALS AITD 1ETHODS ‘

Collection of szmples. All samples were collected by Region

personnel. Raw influent and effluent samples were collected in
cubitainers from primary itreatment plants along tha lissouri River

and couriered to Cincimmati by air or transported by truck when river
vater samples were also taken. Samples were Xkept cold during transvort.

Most sewage and effluent samples vere processed immediately
upon reaching the laboratory, but some were stered at =70 C before
. processing.

Large sanmples of water were collected in 355-ga2llon Dlastice
lined drums from selzciaed locations on the liissouri River and trucked
overnight to éincinnati. In scze instances, field filtretions were
achieved with the equimment described beslow and tha filter sandwiches
were returned to Cincinnati, along with the silt cdllccted on ths pre-
filters, for processing.

Ltreatnent plant effluents.

k|
|G}
[}
3
(: 3
W
[$]
o
[N

Recovery of viimises fror

Ezch two-liter sample of sewvaze or treztment plent effluent was filiered

through a Millipore AP 20 fiberglzass prefilier and an }F 0.45 u membrane

[ 5]
S ]

270 /



-3 -

filter. Prefilters and filters were pretreated with O.lﬂ-Tween-8O to
prevent virus adsorpticn to the filters and then rinsed with distilled
water prior to contzct with the samples. Ten 2l cf an Al(CH)3 gel,
prepared in leIlveine's buf fer by vrocedures dascribed elsevhere (2),
was added to each filitered szmple and each susnension was stirred with

a magnetic stirrer for an hour. The n_(Cn)3 orecipitates, to which
virus had adsorbesd, were collected by filtration oi I 0.45 p membranes

and removed vith a spatula. The membranes weres washed with 10 nl of a

cell graﬁn nediuwm, and th

()

washings were added to the corresponding
Al(OH)3 precipitates. The suspensions of mediuz and A1(CH)3 vere
diluted 1:5 and inoculated onto cell cultwres, 1 ml per culture, for
assay by the plaque technic.

Five grans of frcction S bovine alburin and 100 nl of 19 aqueous
protanine sulfate were added to each sample fro: which the Al(OH)3 had
bzen filtered and the suspensions were stirred for 30 niinutes with a
- megnetic stirrer. The precipitates that formed were then collscted on

res s LY .

W =oU=yrea : nere : O02r 2855 -&vf Lcerx
Tween-80-treated Millinore AP 20 fiberglass prefilters, and 1 ml of
1 M [laCl was filtered throush each pzd to dissolve the precipitates
and elute the viruses. Zach pad was sutsequenily weshed with 6 ml of

irere added to the corressending dissolved pre-

- ()

5

distilled water vhic

cipitate, and the total volumes were inceulated cito cell cultures,

=d of C.C5 M Ia2n:64-ani sufficient citric
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studies were done, it was believed that the Al(OH)3 proce&ure would
recover only small viruses and the protanmine sulfate procedure would
recover only large viruses. Subsequently, it was showm that the Al(OH)3
procedure does recover some large viruses, and the protanins sulfate
procedure does recover some sn2ll viruses. Thus, the resulis from the
Al(OH)3 procedure and those frem the prov °ﬂln; sulfate n*ocedure overlap
somevhat and are not additive when separats effluént sarples were used
for each. Unless otherwvise indicated in the table footnote, however,
the two propédures were gpplied in tandem on the same sazple, and the
total nuaber of viruses recovered reflect the minimm present in the
semple. In any event, neither procedure is quentitative. The total
amount of viruses in an effluent nust exceed by somz considerable

amount the quantity of viruses det tected.

Rzcovery of wviruses from river water. Fifty or 100 gallcns of

river water were filtered through a 293 rm Tween-80-treated Millipore
AP 20 prefilter and then throuzh two 143 rm Tween-80-ireated AP 20
prefilters between which were sandiwiched 1.8 gm of washed Monsanto

PE 60 polyelectrolyte (4). The.filter vads were suprorted in lMillivore
filter holders of approprizte size connected in tandem. The 293 m
filter clogged freguently with silt and was replaced as nscessary.

The silt was ccllected with & spatule and the virus eluted from it
with 3% beef extract by a rethod designed in this laboratory (6).
Viruses were eluted from the polyelecirolyte by circulating 60 nl of
0.5% pancreatin throuch the sandwich three %imes, and then circulating

60 m1 of pH 9 borate buffer conteining 1% fetal c2lf serm through the

n

sandwich three times. The borate vuffer consisied of 0.05 M H. 303,
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0.05 M ¥C1l, and sufficient IicOH to bring the pH to é. Each eluate was
collected separately, filtered throuch an MF 0.45 p membrane filter to
renove dbacteria and fungi, and inoculated cnto cell cultures, 1 ml per
culture for assay of viruses.

Cell cultures. All viruses were isolated by the plague technic

.

in primary cell cultures prevared from rhesus ronkey lkidney cells.

-

Tdentification of viruses. Viruses are being identified under

contrect with Dr. S. S. Kalter, Southwest Foundation for Research and

Education, San Antonio, Texas.

RESULTS AND DISCUSSION
Our first important effort to demonstrate virus pollution of a

mejor stream was undertaken in the late suwmer of 1959 along the
IZgsouri River., Ra2pcated cfforits to domonstrate, vwith standerd pollu-~
tion indicators [such as depressed dissolved o:ygen levels (D0) and
5-day 20 C biochemical oxygen demands (30D)] deletericus alteration

of the stream by communities that discharged »nrimary effluents into

it had been essentizlly unsuccessful. The likelihood of recovering
viruses from a stream when other indicaiors of pollution could not be
demcnstrated seemed rerote: Viruses usuzlly do not reach levels much
beyond several thousand nlague-foraing unitis (PFU)* ver gallon of

sewage, they do nct multiply in the effluent or in the strsam, and

Rt
they slowly die off as time progresses. loreover, conce diluited in the

.

strean they become diflicult to detect because good quantitative con-

centration rethods have not yet been developed. Thore did exist, how-
ever, the adventare that dercnstiraticn of even ¢nz viris narticle of

Plague=-forming units are infectious uaits.
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huzen orizin is bonafide evidence of dancerous rollution, vwherees

sm2ll chanzes in vollution indicator velues belew cutfalls are

difficult to interoret.

t

-y
Hy
H

[9)]

Thus, our initial effo were directed at detecting viruses

in effluents dischzrzed into the river. Six ?i“es curing the months
of Sertember and Ccicbver 1959, samples were talen from sewage treatment
plants aloag stretches of the watervay. lost samp;es were primary
effluent, but scme raw sewage and river water samples were also taken.
Viruses, oftén several hundred per gallon, were consistently recovered
from nunicipal trezatment nlant primary efflusnts, and from raw sewage
(Tables 2-T). tock yard effluents also yielded hundreds of viruses
vhen tested iﬂ celf Midney cells,indicgtive that aninmal viruses in

rge numbers are centinuously dischargsed intc the waterﬁay. In it~
self, all of this was bcnafide evidence that the lissouri River was
being polluted with infectious agents.

To determine how far dowmstream these infectious agents consti-
tuted a hazard opresented a rore conplex proovlen, because dilution of
the viruses in the strean necessitates a concentration of small nuibers
of viruses from very large volumes of water. io established methods
vere available for such studies. As an alternative, viruses of the
types present in sewage efiluents (enterovir"”es and reoviruses) were
seeded into lissouri River vater and into the efiluents as well, and

2h-hour viral survivels (long enoush to reach major dovmstreen weter
4

. Toble 8 shows thai large nuabers of viruses

3

]

supplies) were deifermine

survived in the lMissouri river water, in the scwage, and in the effluents .
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after 2% hours.
in certain animals when inoculated in very s

to increase in numbers in the river vater,

FR)
[

brezldng up. It was clear, in any event, that viruses

with deorme

211 anounts (5),

The reovirus, revcrtedly capoble of producing cancers

appeared

parnars the result of clunps

ejected into

vatervays tic sewage could reach water intakes many niles
dovmstrean.

The detection ¢f viruses at waber intulizs downsirean of a
pollution source can demcnstrate that the hazard perpetrated in the

.

ti

tative

nt, capzble of

promise of

area of an outfall by the discharge of viruses into that area hes
extended itself to the dowmstrean comunity. Good quan

technics for dstzeting snall ernounts of viruses in large volunes of
water were notv aveilzalle, but a uechnlc under develorme

detecting a portion of the viruses vresent, gave sone

sufficient sensitivity. This was the polyelectrolyte

A ] -
4 ieth l2s

rials oy

»3

this method (sece late ods), larsze vol

filtered throuzh a !llcasento cosgound designcte

ro2d

some viruses Adso viruses subsequantly

tificd.' Thus, an effort was rade Lo recover viruses
of river water., £An ztiemdt s mode also Lo recover
silt that collected oxn fiverzlass prefiliesrs used to
naterial before the “=mier passed throush the polyelsct

..

number of attempis wers nzde to

from cutfells end et scie water intalies Tizse studies
in Tatle 9.

A 50=-z21lcn weter gumple taﬁe“ at Misscurl City
viruwes, and a sample of sinilar size itulien at Delievyu

nethod.

In

£

of water are

4 PT 60 which adsorbs

can be eluted and cuan-

reom large voluxmes

viruses from the

renove suspznded

and dowmsitrean
are suTnerized
vielded five
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viruses. Six more viruses were recovered from the silt in the water
sample. At Sioux City, four viruses were recovered from a 50-gallon
water sample and its silt five miles below the sewage outfalls, but
none vere recovered fron samples taken above the outfalls. Torty-
eight viruses per liiter of sample were reccversd from Sioux‘City
primary effluent sanmrled on the sanme day.
A mid-winter siudy at St. Joserh

One virus was recovared from 50 gellens of water taken at Palermo
landing, about 10 miles below St. Joseph's sevage trectment outfalls,
but 19 viruses were recovered from a sample of similar size taken at

the water intake above the outfalls. This is souzl to 360,000 virusss

-

per nillion gallens of water. Rscovery of viruses {rom water intakes

during the winter, esmecially, wnen transmission of enteric viruses is
at a relatively low point, underscores the hazard psrpetrated upon down-
strean coimunities by upstrean commuunities that dicchorge viruses in

their efifluents. St. Joseph primory efflusnits also yielded considerable

)

quantities of virusss (Table 9). This study was repscted in the spring
at wnich tixe viruses were z2gain recovered fron thoe water intake, and
at Palermo landing also.

A1l viruses identified thus far are polioviruses and echoviruses,

are of human origin, and are cepable of infecting humans vho ceonswme than.

during the winter monihs,vas 4ifficult, a conzarative situly was set up

L2 oL PR s v Lo e ey TVl ~ - R h PR -3 R -
at the time of the soring scxmrpling et St. Jeserih to Jeierizine whether
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filtrations throuzh the polyelectrolyte could be done in the field
end virus elution and isolation subseguent to return of the filters
to the Cincinnati leboratory. fhe results of this éﬁudy show that
the same anownt of viruses sere recoverel whe fiitrationé were cdone
in the field as when they were done in the laboratory on trucked-in

.

ueszsguant studies in cur laboratory showed that

(/)

sanples (Table 10).
storage of the filters at I C.for several days afore cnd after waker

was filtered throush them did not reduce virus recoveries (Teble 11),

m

and thus added support to the feasibility of field filtration technic.
The results in Table 11 also demonstrate the inefficiency of the technic
as a gquanvitativa métnod for virus recovery.

Although technical problems occurred in the field that nade it
impossible to filter much nore thén half of the 50 gallons that were

filt ered in the laboratory, these problens vere ninor and should be

easy to resolve.

SULARY

A single viable virus excreted by a hwizn is capable of infecting

'r.

A3

other hurans vwho consune it, and.thus constitutes a hazard o health and

well-beinz. Thus, each virus is z danzercus nollutant. Viruses have

been detected al onz tne lissouri River in effluscnis, nidstrezn, and at

water intakas, demonstrating a clzzrcul hzzard verpsirated uron dom-

stream cormmunities by those upstreca. The nethods used to demonsirate
the virus zollution vwerz cazable of deteciing cnly a portion of the

viruses presenc. Taus, many ore viruses vere present than we vere

4+ , —— = —~ - ~-‘ - vt . o 3
methodolorys for datecting cmell mimbars of virusss in larse volwmes of

- 217
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Table 1. Minimal Infective Dose of Viruses for Man

% Route of infected
Virus Dose inoculution inoculated | % infected
: .y : Oral
Poliovirus 1 (M) | 2 PFU (celatin caps ule) 2/3 6T
Poliovirus 3 (Fox)| 1 TCDs Gavae 3/10 30
Mecasles 1 TCDy, Intranasal 8/35 24
*

Given in plaque-forming units (PFU) or that amount of virus that will infect

50% of the tissuec cultures inoculated (TCDSO)

-
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Table 2. Recovery of Viruses from Missouri River Effluents

(Samples of 9/19/69)

Laboratory Virus
S C 2
Site 0? sampling Type of rccovery recovered
Sample Place River miles effluent method (PFU/liter)
A-25.5 Atchison scwage 421.0 Primary Al(OH)3 9.5

trcatment plant
L-24.5 Leavenvorth sewage 395.6 Primary Al(OH)3

treatment plant
SJ-15 S5t. Joseph sewage hub.h Primar& Al(OII)3 8

: trcatment plant
.X.

5J-18 South Ste. Joseph  Lh5.6 Primary A:L(on)3 2.5

indwstrial scwer

district (stock Protamine sulfate®| 10

ard

yard) , Al(QH)3

Protamine sulfate
*

Tested in calf kidney cells.
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Table 3. Recovery of Viruscs from Missouri River Effluents

(Samples of 9/24/69)

- . Laboratory Virus
Slte of sampling Type of recovery recovered
Sample Place River miles | effluent method (PFU/1iter)
A-25.5 Atchison sewage 421.0 Primary Al(OH)3 128.5
treatment plant
Protamine sulfate 27h
L-24.5 Leavenvorth sewuge 395.6 Primary - Al(OI-I)3 50
treatment plant
Protamine sulfate -9
SJ-15 St. Joscph sewage L46.L Primary Al(OH)3 53
treatment plant '
Protamine sulfate 20.5
sJ-18 South St. Joseph LY45.6 Pr.mary Al(OH)3* k5.5
industrial sewer . *
district (stock Protamine sulfate 58
yard) A1(0H)4 85
Protamine sulfate 15

*
Tested in calf kidney cells.
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Table 4. Recovery of Viruses from Missouri River Efflucnts

(samples of 9/26/69)

Site of sempling . Laboratory Virus
ype of rccovery ~ recovered
Sample Place River miles effluent method™ (PFU/1iter)
M-19 Big Blue River Primary Al(OH)3 96
scwage treatment
plant Protamine sulfate 18
M-104 Kansas City, Mo. 367.19 Primary Al(on)3 T
westside sewage
treatment plant Protamine sulfate 0.5
M-106 Rock Creclc below 362.7 Primary Al(OII)3 2.5
North Kansas City :
sewage treatment Protamine sulfate 0.5
plant
M~108 Rock Creek at 356.9 " Raw A1(0H)3 85
Indepeadence, Mo. sevage )
ruv scwage by-pass Protamine sulfate 9
line
M-102 Kaw Valley District 367.6L Primary Al(OH)3 61
outfall
Protamine sulfate 2
M-103 Kansus City, Konsas 367.2L Primary Al(on) 73
sewage treatment : 3
plant Protamine sulfute 2.5

+
Separate samples used for tests with Al(OH)3

and protamine sulfate,
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Table 5. ‘ Recovery of Viruses from Missouri

(Samples of 10/1/69)

River Effluents

Site of sampling Labora.tory C Virus
: Type of recovery recovered
Sumple Place River miles effluent method (Pru/1iter)
M-19 Big Blue River Primary A1(OH) 3 109
sewage - treatment ' ‘
plant Protamine sulfate 0
M-102 Km.:'VaJJ.cy District 367.6L Primary A.'l.(OII)3 0
outfall , :
Protamine sulfate 1
M-103 | Kansas City, Kansas  367.2L Primary AJ.(OH)3 146
seware treatment '
plant Protamine sulfate 56
M-104 | Kansas City, Mo. 367.19 Primary AL(OH) 3 92
westside sewage i
treatment plant Protamine sulfate 6
M-106 | Rock Crcck below 362.7 Primary A1(on) 3 1.5
north Konsas City
sewage treatment g Protamine sulfate 0]
plant
M-108 | Rock Creck at 356.9 Paw Al(OH)3 16
Independence, Mo. sewvage .
raw sewage by-pass Protamine sulfate 0.5

line
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Table 6.

(Samples

of 10/16/69)

Racovery of Viruscs from Missouri River Effluents

Laboratory

Separate samples usced for tests with Al(OH)3 and protamine sulfate.

Site of sampling Virus
A Type of rccover recovered
Sample Place River miles effluent method’ (PFU/1iter)
OM-40OA | Omaha=-Missouri 611.5 Raw sewage A1L(OH) 3 19
River scwage :
treatment plant Protamine sulfate 222
r'rom Monroe Street :
by-pass
M-211 | Pacific Fruit 611.5R Train car wash Al(OH)3 0.
Express outfall ) raw discharge
’ Protamine sulfate 0
| M-212 Quaker Oats Co. 615.2L Raw process Al(OH)3 o}
waste
outfall Protamine sulfate 0
*
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Table 7. DRecovery of Viruge: from Miscouri River Effluents
(samples of 10/24/69)

Site of sampling Laboratory Virus
Type of recovery recovered

Sample Place River miles effluent method (Pru/liter)

M-38 Bellevue, 0.1 miles River water AL(o1) 3* 0
above Siate Highway %

370 bridge Protanine sulfate 0

M-203 Omiha-Dapillion Creek 2/3 sccondury m(om)s” b1
scwage “reatment plant 1/3 primary | p.iorso soirate® 1.5

M-211 Pacific Fruit 611.5R  |Train car wash 1\1(011)3* 0
Express ravw discharge %

: Protumiiic sulfate 0

M-212 Quaker Oats Co. 615.2L Raw process Al(ou)3"" 0

waste outfall .
, Protamine sulfate* 0

oM-L0A Omeha-Missouri 611.5L Primary AL(om) 3* 20
River sewage treat- : ] %
ment plont Protamine ;;*.ulfate 26

TC-210 Twin Cisies Plaza  613.6R Row n(om) ;" 5
rav scwige discharge sevage . *

Protanine sulfate T
.)(.

CB-40B Council Bluffs 614.0R Primary (o) 3 135
sevace “reatment ' Protomine sulfate. 286
plant

OM-208 Monroe Strect by- 611.4L Rav packing AL(ot )3 95
pass of raw wastes waste . :
to Missouri River Protamine sulfate 201

r(om) 5" 0
Protamine sulfate+ 0.5

% ‘
Scparate samples used for tests with Al(OIi)3 and protamine sulfatec.
+ Tested in calf kidney cells.
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Survival of Viruccs in Missouri River

Water

. - e *
and in Soewase Effluents

te smmples

Site of sampling

Poliovirus 1

Echovirus 7T

Reovirus 1

. Type of llours Tours lcurs
collected Place/River miles sample 0 ol 0 ol 0 oL
River K33 N 23 ) ) 3 h
water 354 .4 Water 9.6 x 10 7.1 x 10°(74)719.5 x 10" {1 k.7 x 10*(50) |1.6 x 102 |1.07 x 10*(157)
10/7/69 Big Blue Primary I i l I 3
River scwage effluent {11.3 x 10 6.0 x 10°(53) 8.8 x 10" |13.2 x 10'(150) |2.4 x 10° [2.06 x 103(85)
treatmnent plant
River 5 " L \ 4
water 601.3 Water 1.1 x 10 6.8 x 107(61) |8.7 x 10 8.0 x 10*(92) |1.21 x 103 {1.65 x 163(125)
10/29/69 : \ ~
. o ary, - ! 5 -
Pupillion |2f3sewndary| 110 107 | Wb x 10%(h0) |7.6 x 10" | 1.0% x 105 (136)]9.4 x 102 | 2.23 x 103(233)
Creek 596.6 | 1/3 primary -
N
(o]
(o))
River .5 S 5 L 3 L
, vater - L40.3 Water 1.47 x 10 3.2 x10 (22) {1.W4 x 107 | 7.8 x 10°(54) |3.2 x 10” |2.15 x 10 (672)
11/9/69. | 5. s, ‘
Jozeph Primary 5 - ) 3
ind. Lys5.6 effluent | 1.3%x 10 1.22x10°(91) 1.2 x10°{ 9.5 x10%79) |5.2 x 10 | 3.39 x 103(65)
sewer
dist.
River 5 }l- - u )4_ )4
water 718.3 Water 312 x 10 5.8 x 10 (29) (1.6 x10°{ 5.6 %10 (35) |1.25 x'10" |{5.1 x 10 (4c3)
H-U43 ' '
1/27/69 | sioux Primary , 4 L !
City 729.0R effluent | 1.89 x 10° 8.4 107 (4k) {21.34 x 10° | 6.8 x 10 (s1) {1.% x 10 |21.52 x 10°(103)
Sc-h9
*

Samples were stored at room temperature (23-26 C).
ol PrU per ml.

R

Percent surviving given in parenthesis.
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Recovery of Viruses irom lMissouri

River Vater and Gilt

Site of sampling Type Gize Virus .
Mte of of of Lab rccovery recoverced Virus tYPiS
sempling Pluce River miles sample sumple procedure (PFU/swnplc) reeovercd
10/8/69 Missourl City 3544 Water 50 gal Polyclectrolyte 5 E8, B8, E1, R,
Pouer Plunt Dock X BY
Silt fron 8.33 gal Beel extract 0
10/30/69 Ilear Cmaha Water 50 pgal Polyclectrolyte L P2, =7, P2,
Bellevue Power 601.3 %
Plant Silt  from 50 gal Beef extract 6 El, P1, E7, P3
12/1_1/59 Thaclkar Marina in Water 50 gal Polyclectrolyte o
Siowx City (above 732.7L .
all sew:ge outfalls) Gilt from 50 gal Beef extract 0
Sioux City Primary 2 liters !\l(OH)3 .82
efflucnt Protanmine sulfate 1h
Sioux City (5 Water 50 gal Polyclectrolyte 1
miles belew ol T17.0 %
sewace outfalls) Silt frem 50 gal Beel extract 3 P3, I3
1/22/70 St. Joseph Water Water 50 gal Polyclectrolyte 19 P3, 2, F2, r2,
Works intake line 452.3 27, B33, 233
(above scwapge
outfalls)
Silt from 50 gal*¥ Beef extract )
St. Joseph Municipal Primary 2 liters .'\J.(OH)3 33 Mot yet trrol
effluent N .
Protamine sulfate 5 Fov yet typa2
St. Josceph Munieipel Primary 2 liters Al(O’:I)3 13k
(meat packing plunt) effluent - Protamine silfate o
Palermo Landing 440.3 Hater 50 gal Folyclectroiyte L £33
Oilt from 50 531*% Beel coxtract 0
4/23/70 St. Joseph Water
Works intoke ’ k52,3 Water 50 gal Polycleetrolyte 3 ot yeot tyr2d
{abeve scuups o
outfulls;) Silt rom 50 gal Leef cxtroct 0
St. Joseph Municinal Primary 2 liters A"_(O]I)3 222 ot yet tyr2d
ceware treatment efflucat
plunt Protamine sulfcte 66 Ilob yet topad
5t. Joseph Industrial Primary 2 liters 'Al(OII)3 10 Iiot yet ty1a2
:(.-'.:u.r;;c trc:‘.tmcnt. effluent Protamine sulfate o
plent (meat packing
plant)
Felermo Landing L4o.3 Water 50 gal Polyelcectrolyte 3 fiot yot tywed
frem 50 gai™* Beef extrict 0

*
Lot 21l viruses recovered have been typed as yct.

*
511t talen from prefilters used in filtration of 50-pgellon samples. Sometimes silt from volumes L

the 50 pullons fllicred were used.

287
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Table 10. Comparison of Field Filtration and Laboratory Filtration of Water Samples on Efficiency
of Recovery of Viruses from Missouri River Water at St. Joseph '

Site of sampling ' - Virug Virus
Type of Size of - Bite of recovered - types .
Place River miles sample sample filtration | (PFU/sample) | recovered
Watervorks U452.3 Water 50 gal Laboratory 3
Intake
31 g2l Field 1 E1
. Silt Silt from Laboratory 0
50 gal¥*
Silt from Field 1 ET
31 gal¥ : '
Palermo 140.3 Water 50 gal " Laboratory 3
Landing
21 gal Fielad 1 BT
Silt Silt frgm Laboratory 0
50 gal
Silt fronm Field 2 ET
21 gal®

¥

Not all viruses recovered have been typed as yet.

Silt taken from prcfilters used in filtration of corresponding water samples.
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\

Table 11. Recovery of Viruses from Freshly Prepared and Stored Polyelectrolyte PE 60

Storage (days at 4 C)

: Before After

Virus Control Freshly prepared PE 60 Stored PE 60 test test
Poliovirus 1| 75" 38" (51%) bs* (53%) 2 3
Echovirus T 9 - 24 (307%) 20 (25%) 2 5
Reovirus 1 105 33 (315) 9 (8%) 2 5

Reovirus 1 84 b (17%) 2 2.5

12 (1u%)

*
Plagque-forming units.



APPENDIX G

INDUSTRIAL WASTE SURVEY SUMMARY DATA



Sic
Group
20
26
27

28

32
33
34
36

50

Group

Name
Food Products
Paper Products

Printing/Publishing
Chemicals & Allied

Stone-Clay Products
Primary Metals
Fabricated Metals

Electrical/Equipment
Supplies

Wholesale Trade

SIOUX CITY, IOWA

c d e f
With Discharge General
Number Significant to Character
of In-Plant Municipal of
Companies Treatment Sewers - Wastes
38 ‘9 36 Food Scrap
1 0 1 Cooling Water
4 0 4 Photo Engrav-
ing-Acids
5 1 1 Process
Chemicals
4 0 - 4 Wash Waters
1 0 1 Plating
7 3 5 Plating
4 0 4 Dilute Acids
10 0 10 Wash Water
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SIC
Group

20
27

28

33
34
36

37

42

50

Group
Name
Food Products

Printing/Publishing
Chemicals & Allied

Primary Metals
Fabricated Metals

Electrical/Equipment
Supplies

Transportation
Equipment

Motor Freight
Transportation

Wholesale Trade

COUNCIL BLUFFS, IOWA

c d e f
With Discharge General
Number Significant to Character
of In-Plant  Municipal of
Companies Treatment Sewers - Wastes
5 ] 5 Food Scrap
2 2 2 Photo Engrav-
ing-Acids
4 0 4 Process
Chemicals
2 0 2 Plating
1 0 -1 Plating
3 0 3 Dilute Acids
2 0 2 Steamed Wash
Waters
5 0 3 Wash Water
11 0 9 Wash Water
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- SIC
Group
07
20
27

28

29
33
34
35
36

37
42"

50
73
75

Group

Name
Agricultural Services
Food Products

Printing/Publishing
Chemicals & Allied

Petroleum Refining
Primary Metals
Fabricated Metals
Manufacturing

Electrical/Equipment
Supplies .

Transportation
Equipment

Motor Freight
Transportation

Wholesale Trade
Misceéllaneous Business

Auto Repair

OMAHA, NEBRASKA

o d e f
With Discharge General
Number Significant to - Character
of In-Plant Municipal of
Companies Treatment Sewers Wastes
2 0 1 Feedlot Runoff
78 2 78 Food Scrap
2 0 2 Photo Engrav-
ing-Acids
18 2 15 Process
Chemicals
2 0 2 Petroleum
2 1 0 Plating
8 1 8 Plating
6 0 6 Plating
2 1 2 Dilute Acids
2 0 2 Steamed Wash
Waters
9 1 9 Wash Water
32 2 29 Wash Water
4 0 4 Wash Water
-5 0 . 1 Plating
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NORTH KANSAS CITY, MISSOURI

a b ¢ d e f
| With Discharge General
, . Number Significant to Character
SIC Group of In-Plant Municipal - of
Group Name Companies _Treatment: Sewers . Wastes
20  Food Products ' 3 0 3 Food Scrap
26 Paper Products 2 0 2 Cooling Water
27 Printing/Publishing 3 0 3 Photo Engrav-
. ' ing-Acids
28 Chemicals & Allied- N 3 8 Process
o Chemicals
29  Petroleum Refining 4 1 4 Petroleum
33 Primary Metals 2 1 2 Plating
34 Fabritated Metals 2 0 2 Plating
36 = Electrical/Equipment 2 1 2 Dilute Acids
Supplies
37 ~ Transportation ' 1 0 0 Steamed Wash

Equipment ' ' Waters
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SIC
Group

20
26
27

28

29
31

33
34
36

45

50
78

Group
Name

Food Products
Paper Products

Printing/Publishing
Chemicals and Allied

Petroleum Refining

Leather Products

Primary Metals

Fabricated Metals

Electrical/Equipment.

Supplies

Air Transportation

Wholesale Trade

Motion Pictures

KANSAS CITY, MISSOURI

c d e f
With Discharge General
Number Significant to Character
of In-Plant Municipal of
Companies Treatment Sewers Wastes
12 a 11 Food Scrap
2 0 2 Cooling Water

5 0 5 Photo Engrav-
ing-Acids
23 2 20 Process
Chemicals
5 1 5 Petroleum
2 2 2 Hide
By-Products
7 1 6 Plating
15 3 13 Plating
4 2 4 Dilute Acids
1 1 0 Plating/
Petroleum
3 0 3 Wash Water
1 1 1 Film
Processing
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APPENDIX H

BASIC DATA



The data upon which this report is based “as been placed in the
EPA STORET System for storage and easy retrieval. Arrangements to
obtain copies of these data can be made by contacting the Environmental

Protection Agency, Office of Water Quality, 911 Walnut, Kansas City,

Missouri ©64106.
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