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INTRODUCTION

The title of this report was carefu]iy chosen to depict a major
dilemma of modern society. That is, the growth of.the céuntry has
placed man in the position of regarding water, both in quantity and
quality, és a limited resource and of developing a workab?e'maans to
protéct this resource. "“Everyone Can't Live Upstream" is directly
concerned with the quality aspects. It is a factual document show-
1ng what happens to'a major river as metropolitan areas deﬁe1op along
the streaﬁ banks and in essence'is_a description of the plight of the
downstream user. | :

This report documents the history of water gquality problems on
the Missodri River beginning with the first Federal enfoféement
actions, describing the development of water quality standards, and
some of the attendant controversy invd?ved, and finally presenting
the results of two years of water quality 1nvestigations of the river

to develop the technical support for stringent water quality standards.



- BACKGROUND AND ENFORCEMENT ACTIONS

On July 9, 1956, Congreés approved Public Law 84-660, an Act to
extend and strengthen the ?ederai Water Pollution Control activities.
Section 9 of this 1356 legislation empowered the Federal government
with specific enforcemeht capability agafnst poliution of,intérstate
waters, Beginning in 1957, a series of enforcement actions were
1nstituted on the Missouri River. |

During the period of 1957 to 1966, as- these enforcement confer-
ences, hearings ana court action progressed, the Federal Taw was furw
ther strengthened by Congressionai amendments. The most significant
of'these'amendmenfs was theVWater Quality Act of 1965 which called for
Federal Water Qda11ty Standards on interstate waters, Thése Standards
ﬁere to;be developed by the individual states, reQiewed and approved
by the FederaT‘governmént,.and then accepted as both the State and
Federal Standard of qua?ity for the bddy of water concerned.

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

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

-sthated by the history of water pollution actions on the Missouri




River which are summarized on the following. pages.

MISSOURI RIVER - SIQUX CITY; IOWA AREA

An enforcement conferencé was convened by the Public Health
Service on July 24, 1958, at Sioux City involving the-municipa1ities
of Yankton, Vermillion and ETk Point, South Dakota; Sioux City, Iowa;
© South Sioux City, Dakbta City, Ponca and Blair, Nebraska; and their
associated industries which were discharging their wastes into and
causing po11ut10nlof the Missouri River. Tﬁe conferees agreed that
po?Tutioﬁ 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.

The 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 Heaith, Educatfon, 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 dispoéa] facilities (primary treatment) by
March 1, 1963. Although this schedule, as recomménded 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
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the waste loads discharged. This industry has agreed ta 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.consfstent witﬁ protectioé
of the public health and we]fére, the enhancement of water quality,
and the purpose of the Federal Water Pollution Control Act.- As a
result, a Conference to Consider the Estab]ishmenf of Water Quality
-Standards for the Missouri River Basin Interstate Waters--State of
Towa was convened April 15, 1969. As a result of the Conference,

- Secretary o% the Interior Walter J. Hickel proposed standards for Iowa
in the Federal Register November 1, 1969, céiling for, among other
things, secondary treatment plus bacterial control for domestic wastes
(90 percent reduction of BOD) and equivaient.treatmént by industry by
December 31, 1973. These standards were adopted by the Secrétary Qf
the Interior on May 12, 1970. On June 2, 1970, Governor Ray of Towa
petitioned for a hearihg on the matter,

Subsequént]y, the State of Iowa conducted studies in the Sioux
City Area and found evidence of pollution which conf%rmed our findings.
Sioux City was then ordered to procede with the design and construc-

tion of sebondary 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
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~of this pollution was Omaha, Nebraska. The schedﬁ?e set by the con-
ferees was not fo11owed. Progress at Omaha had proceeded on the
aséumpﬁion 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 agreement
with the City to have the City treat their wastes; however, the
municipal sewage‘trgatment plant was not designed to handle this load-
ing.of paunch manUre_and greasé. 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 packihg industry.
Since it was evident that adequate progress'was not going to be pro-
vided accordfng 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 tﬁis
conference established a new timetable for the planning, financing,
and construction of a pretreatment cémp1ex. In addition, an Omaha
Technical Committee, established by the conferees, continued to meet
after the forma!lconference to work out a techéica]]y sound proposal
for pretreating the packinghouse wastes. A survey of packingﬁouse
wastes was conducted under the auspices of the Omaha Technical Commit-
tee during December 1964,

,Thé 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 recommendétions of the Technical Committee, which
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were endorsed by the cbnferees unanimously, agreed upon a new time
échedu]e ta]iing for the completion of thé pretreatmeht 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 ahd March 28, 1966.
The conferees reestablished the comp]etion dates set forth at the
earTier meeting and set certain 1imits on grease and suépended solids
to be met by the pretréatment facilities.

A follow-up evaluation meeting in Omaha on March 8, 1967, saw the
City officials agaih pledge to complete the pretreatment complex., It
was finally comp1efed and put into operation September 2, 1969,
Recently, the system has been experiencing operating difficu]ties,
causing a bypaséing of wastes to.the Missouri River via the Monroe
Stréet sewer, After negotiations with Federal and State officia?s.
the City assumed responsibility for operatioh of pretreatment,

The Omaha City Council, on February 3, 1970, reso]ved t0 providé
secondary treatment at its Papillion Creek plant by the end of 1975,
and by 1978 at the Missouri River plant. Advancing the ]978Idate is
subject to improvement in the availability of Federal-State fuhds.

On October 9, 1970, the Nebraska Water Pollution Control Council
amended Nebraska Water Quality Standards by requiring sécondary 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
municipa1'wa5tes shall receive at least secondary treatment ptus such
additional treatmént as is required to maintain Water Quality Criteria.

6



A1l industrial wastes shall receive an equivalent degree of treatment
or control consistent with waste characteristics, uses and quaTity of
receiving waters.“.

On May 4, 1970, the Council B}uffs; Towa, City Council ﬁassed a
resolution to provide secondary treatment by December 31,71973, 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 dJune 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. Josepﬁ and its 18 aséoci-
ated industries be made by January 1, 1959. Since the City of
St. Joseph and its e?ectofate 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_ndtice directing St. Joseph and 18 indus-
tries to cease and desist and to provide remedigi work by July 1, ]963;

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 ndt respond to the .cease and

desist order, and an action was instituted in Federal Court which,
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following a favorabTe vote for a-bond issue in St. Joseph, resulted
in a Court Order of October 31, 1961, setting forth compietfon dates
and provisions whereby the City of St. Joseph could make semiannual
reports to the Court with provisions for reopening the cése by the
Government or the City. This case was dismissed without prejudice
in U. S. District Court on March 16, 1970. |

- The municipal primary sewagé treatment plant at St. Joseph is
complete and operative, although only treating approximateiy 70 per-
cent of ﬁhe 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, déte for the completion of secondary treatment
facilities. |
| .The MissouriAWater Pollution Board at its regular méeting 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

alt municipal and industrial wastes by December 31, i975.

KANSAS CITYS AREA
On December 3, 1957, a conference was convened which determinéd
that pol1ution of interstate waters subject to abatement.under-the
Federal Water Pollution Control Act was 6ccurr1ng in the Missouri
River-Kansas Citys Area. The conferees found the major sources of

pollution to be the untreated and inadequately treated sewage and




industrial wastes from Kansas City, Kansas; Kansas City, Missouri;
and North Kansas City, Missouri, and Tocal industrial establishments.
They recommended that adequaté waste tréatment facilities (primary)
for Kansas City, Kansas; Kansas City, Missouri;.and North Kansas City, |
Missouri, be completed and in operation by March 1, 1962, with the
understanding that the comp?efe 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
| systém or compiete and put into operation adequate treatment works for
disposal of domestic and industrial wastes not Tater than March 1,
1962. _

Becauée effective progress toward poliution abatement was not
being made by any of the municipa?itieé‘cited, a hearing was called
and convened June 13-17, 1960. The Hearing Board recommended that'on
or before January 1, 1963, all remedial facilities {primary) should be
placed under contract for construction té be completed and placed 1n'
operation within a reasonable time. North Kansés 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
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requirements of -the State agencies, and that atll theée works be com~
pleted and in operation by January 1, 1967."

‘Subseéuent to the Progress Evaluation Meeting, the City of Kansas
City, Missouri, piaced.its primary treatment facilities and sewerage
system collecting domestic and industrial wastes into operation dur-
ing 1966. As preﬁious}y mentioﬁed,.the Missouri Water Pollution -
Board advénced the date for secondary treatment facilities to 1975.
In response to this decision, the Council of Kansas City, Missodri,
issued a reso1uti0n stating that Kansas City, Missouri, would comply
“with this schedule, | |

The City of Kansas City, Kansas, placed its primary treatment
facilities jnto obération in‘1968 and to date has not fully completed
construction 6f its sewerage system. The City still discharges some
untreated wastes to streams in the area, and numerous’industriés'dis~
charge untfeated 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-
.Tished water quality standards to the Fairfax Drainage District and.
caTled a hearing for July 7, 1970. As a result of thi§ hearing, the
District has submitted an abatement schedule which is being reviewed
by EPA pending'further enfdrcement 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 mehtioned, the Kansas Board of Health requires a
minimum of secondary treatment or its equiva]ent of wastes for all
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sources with an outside date of December 31, 1975,

The case histories make it rather evident that water poliution
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 s*rANﬁARns:

Water Quality Standards are comprised of three separate parts

These are the qua11ty cr1ter1a the 1mp1ementation plaa 5howing t1me o

schedules, and the enforcement plan 3nc1ud1ng the manitoring*scheme.
The 1ntent of the Federal 1egis1at1on was to have the states‘formu-
late and adopt the standards. Then these standards were to be sub-
mitted t§ the Secretary of the Inter1or for h1s approval and whenl
approved would beéome both Fedéra1 and State Standards., If{nbt,‘
apprOvéd, the Secretary 6f the Interior, after dueipkacess Qf-faW, L
would establish the Standards. -

The policy gu1de11nes for deve!opzng standards provided 1ns¢ght
into the purpose and 1ntent of the standards, These:gu1de1ines were
based on the premise tﬁat the waters belong td the people, and there-
fore, no one entity has a right to pollute. Since this conéept had
not been followed in the past the standards were to be: des1gned |
u1t1mate1y to enhance the quai1ty of water through prevent1on and
control, | | ' '

The first building block of the standard packagé?wés‘the quality.
| criteria. Here it was intended for all existfng and,potentiai water :
uses to be delineated, then-thé appropriate qualitykcriterié W6u1d be
established to protect these uses. The mechaﬁism of public meetinés
was uti]ized to develop the spectrum of pub1ic use desirés; ‘The ‘
quality criteria necessary to protect these uses were devé}oped byla

national technical adViSpry committee comprised of well kﬁdﬁn;éxperfs
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in all fields and published in é report entitled "Water Quality
Criteria.” 1/ |

The implementation portion of the staﬁdardS‘was for the purpose

of describing the nature of éct%ons to be-taken to achieve compliance

and the fime frame for comp}etioﬁ. In doing so, all relevant potlu-
tional sources were ﬁo be considefed‘inc?uding mun{cipal and industrial
wastes, cooling water discharges, frfiéétﬁon return flows, and com-
bined sewer overflows. It-waé cTeakTy stated that no standard would
be apﬁroved 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 gquality criteria and water uses adopted.
It was also stated that no standard would berapprbved which recognized
waste transport as the oniy use.

.The enforcement and monitoring aspect of tﬁe standards was
expected to outline the enforcement authofity for ehsuring compliance
as well as the surveillance program for detérmining compiiance, It
éhouid be pointed out, the Standards were not desighed primarily as
an enforcement device. It was anticipated'the‘brder1y implementation
of the Standards would provide a mechanism for {mprovement of the
quality of water resources without the necessity of advérsary hear-
ings.

The status of Water Qua]ity 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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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 ih'the Pick-SToén
~ 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 completely regu-
lated. Two distinct flow conditions preQai], 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 aﬁd ice jams. |

There had not been any comprehensive water quality investigations
since the advent of this hydraulic control of the river until the
FWQA investigations of 1968-1970.  The past Federa] involvement of
enforcement actions &ombined 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 Missouri Riyer.

A two*part baseline survey was conducted in the.fa]1 of 1968 and
the winter of 1969 covering the reach of river from Gavins Point Dam
upstream from Yankton, South‘Dakofa, 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 compieted 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 samp]e stat1ons were located in the upper reach
from Gavins Points Dam to St. Joseph, Missouri and were sampled from
October 7 to October 18, 1968 (firét 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 threée 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 t04Noyember 8, 1968
(second autumn survey period). Twenty-one of theselstations were on
the main stem, five were tributary streams, and two were waste sources.
One main stem station at St. Joseph, Missouri,:of the upstréam section
was, repeated, |

The winter 1969 survey was des1gned to reexamine water quality
near urban areas with Tess extensive- coverage at intervening, less
accessible areas. Because of reduced flows and ice in the river,
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samples during this survey were collected from the stream banks at
locations accessible by automobile. Thirty-one sampling stations
were estahlished on the 700-mile reach during the period of January 2C
to February 2, 1969 (winter survey period). Twenty-foﬁr of these were
on the main steﬁ, 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
Missoubf River. In addition to the biological examinations, 45 chemi-
cal, biochemical, and bacteriological examinations were included in
the analysis series. WNot all analyses were performed on daily dis-
crete sampies ffom each station. At selected stations composites were
made from the five daily samples and preserved for anaTySis of other
conétituents. Samp1e compositing was used to keep the required number
of analyses within manageable Timits. The sampling interval for each
analysis is shown in Table No. 2. Results of anéiyses are summarized
in Appendix B. |

Biological features studied were bottom-inhabiting invertebrate
organisms and suspended algae (phytoplankton). Bottom sam§1ing was at
approximately 20 river mile intervals except in areas affected by
waste discharges where additional stations were established. Forty
stations on the Missouri River and one station on each of the major
tributaries were sampled. Stations are designated with the same number
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as the closest chemical and bacteriolegical station Where possible or
as Corps of Engineers river miles measured upstream'frqm thé‘M{ssouri
River confluence with.the Missiséippi‘River;

A11 chemical analytical methods conformed to "FWPCA Official
Interim Methods fof Chemical Analysis of Surfate Waters." 2/ ‘Except
for modificationé reduired for automated chem%stry, methodé contained'
in this vo?ume are essentially the same as those contained in the 12th
Ed1t1on of "Standard Methods for the Examination of Water and waste-
water." 3/ Most of the heavy metal ana]yses were performed by atomic
absorption spectroscopy. 7

Bacterial examinations were performed in accordance with "Standard
Methods." 1In this report, the term "total coliform bacteria" refers
to bacteria identified as the "“Coliform Group” in Standard Methodéa

Bottom animal sampling was restricted to‘piie,dikes and adjacent
backw&ter areas because of river channelization and a shifting sand
bottom. Pile dfkes were examined to determine the repreéentative
kinds.of benthic animals inhabiting a reach of river. Backwater areas
were sampled for bottom organisms with either a’Pétersen 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
faborétory identification.

| Suspended algal (bhytop?ankton) samples of one liter were col-

lected at predetermined sampling stations and were preserved with five

2/ "FWPCA Official Interim Methods for Chemical Analysis of Surface
Waters,"” Federa] Water Pollution. Gontrol 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. 1ater 1dent1f1cat1on

Just prior to the completion 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 compi?ed'and partfa13y anafyzed to provide a technical
basis for these exceptions and presented in a standards setting con-
ference in Arpil 1969. The State and the Federal Governments.cou]d
not come to agreement and the Setretary of the Interior promulgated
standards for the State. The Stafe:took issue with these standards
aqd requested a hearing to resolve these differences.

In preparatioﬁ for this more or less édversaky confrontation, the
FwQA conducted additional studies to evaluate further the pollution
of the Missouri River. Théﬁe stddiés were initiated in the Fall of
i969.and continued through the Spring of 1970. The primary objective
of these studies was to ascertain the degree of water quality degreda;
" tion in the Missouri River that could. be controlled through waste
treatment

The Fall 1969 - w1nter 1970 }nvest1gat1ons were spec1f1ca11y
or1ented toward bacteriological and biological aspects of water |
quality. Separate investigations were cohductad to demonstrate the'
effect of waéie discharges on (1) the flavor of fish harvested from
the Missouri River: (2) the periphyton crob; (3) the densities of
total and fecal coliform groups and of feca1 streptococci; (4) the
presence of enteric virus and salmonella; and (5) the presende of
sterol compounds unique to fecal métgria]. .

Thé fish flesh taintihg study was conducted to demonstrate the
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effects of pollutants on fish flavor. To accomplish this, channe1
catfish, an important resident species, were exposed to the river
both upstream and downstream from'ail kﬁbwn 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
panet. |

Periphyton studies were éonducted 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‘s1ide5-were then taken to the Tdboratory where
the organisms were enumerated, identified and tgsts of organic carbqn
and chlorophyll were conducted to determine the‘community balance .in
terms of the ratio of bacteriaT s1imés to p?ant'organisms; |

The bacterial popu]atioﬁs utilize organic nutrients while the
plants organisms require inorganic nutrient materials. Normally high
&ensities of bacteria indfcate the presence of organié waste such és
sewage which these organisms convert to,inorgaﬁic food;for.the plant
cells., High densities of plant cells are indicat%ve of sufficient
quéntities of inorganic nutrients in the proper environment to support
p¥ant 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 rahdom selection of fecal streptoco#ci 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 studfes were conducted to determine if pathogenic organ-
isms, such as saimonella and enteric virus, were present in the river
at the maJor use points, and 1f S0, the probable source. These data
were des1rab1e to firmly estab]xsh the presence of human fecal pollu-
tion and to demonstrate the hazard potential.

The last part of the stream QUa]ity 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 tb€5'60mpound
in water is positive confirmation of fecal contamination, and since
this sterol-is biodegradable, it is indicative of relatively recent
fecal pollution. Sfudies at the Advanced Waste Treatment Research_
Laboratory in Cincinnati‘have shovn this sterol is biodegradable and
effectivé¥y removed by secon&ary treatment,

The process for isolating and idEntifying_the fecal sterb] involves
solvent extraction, thin layer chromatography and positive identifica-
tion by gas-liquid chromatography. The thin layer 1dent1f1cat1on is
a highly positive presumptive test wh1ch is confirmed hy the gas 1iquid
chromatography. _

The sampling scheme’ for the Fall 1969 - Winter 1970, field effoft
is shown.in Table 3. When poss1b]e all sample analyses were per-
formed in conformance with either "FWQA 0ff1c1ai Methods for Chemical
Analyses of Surface Water," or "Standards Methods, 12th Edition."
Those ana]yses not covered by either of the above methods references,
were performed by the best procedures ava11ab1e from the FHQA research
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efforts.

A complete Tist and description of all stations sampled is.
appended to this report as Appendix A. A map of the RiVef éﬁéwing '
‘ samp]fng stations and a description of stﬁdy area is contained ih

Appendix B.
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TABLE 3

SAMPLING SCHEME
MISSOURI RIVER STUDY
FALL 1969 - WINTER 1970

Item

Samp]ing Reach

Sioux City
to
Omaha

St. Joseph | Kansas City

Omaha St. Joseph
to to

Kansas City
to
Waverly

Fish Flesh Tainting

Date of Survey

No. of Stations
Sampled

Periphyton
. Date of Survey
No. of Samples

Bacteriological
(Coliform and
Streptococcus Groups)
Date of Survey
No. of Stream Stn.
No. of Stream
Samples per Stn.
No. of Waste Source
or Tributary Stn,
No. of Samples/Source

Salmoneila

Date of Survey

No. of Swabs
Exposed

Virus :
Date of Sampling
No. of Samples

Fecal Sterols
Dates .of Sampling

No. of River
Stations Samples
No. of Waste Source
or Tributary Stn.

9/29-10/18/69
16

8/7-10/7/69
12

8/8-12/69
3
28 to 30
6
2-5

9/8-12/69
10

9/9/69
14

1/20-3/4/70

. 3/17-24/70

3
2

20 1
9 2
19/3:7/69 9/18-22/69
4 . 3
28 to 30 28 to 30
13 10
2-5 2-5
11/3-7/69 | 9/18-22/69.
16 9
13 BV
1/27-2/23/70 | 2/4-477/70
3/10-31/70 | 4/21-5/5/70
4 3
4 4

8/29-10/18/69
25

1 9/7-10/7/69

15

9/25-29/69
3

28 to 30

8
2-5

12

1/20/70
12

2/11-4/14/70
4/28/70
3
5
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WATER QUALITY BY METROPOLITAN AREA

In 1961 the Missouri River Public Water Supplies Association_comn

prised of representatives of water utilities using the Missouri River

as their source of supply was formally established. This Not-For-

Prdfit Corporation includes representatives from the following com-

munities:

1.

11.

Omaha, Nebraska

Council Bluffs, Iowa

St. Joseph, Missoquri
Leavenworth, Kansas
Atchison, Kansas

Kansas City,‘Missouri
Lexington, Missouri
Booneville, Missouri
Jefferson City, Missouri
St. Louis, Missouri

St. Louis County Water COmpany

The water supplied to over 3,000,000 people.in these communitiés

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 cohéerned‘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:

25



1. Gavins Point‘t6 0maha; Nebraska, including Sioux City, Iowa
2. Omaha, Nebraska to St. Joseph, Missouri
3. St. Joseph M1ssour1 to Kansas CTty, Missouri
4, Kansas C1ty, M1ssour1 to waver1y, Missouri ‘
Append1x B of this report is the comp1ete document prepared after ‘
cnmp]etTOn of the Fall 7968 - Winter 1969 survey Only the more Sjgf <l
nificant findings are reported in this text to provjdg continuity'in

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 sbpp]y the only qué1ity chéracteristics'
which approach the recommended limits of the Pub1ic Health Service are
the total dissolved solids and sulfate concentrations which are both
from hatural sources.

waétes.disﬁharged from the Sioux City‘meﬁropolitan area have an
impact on the quality of the Missouri River. There are approx1mate1y
18 known waste discharges 1hfthis area. However, during the FNQA sur-
veys, only the tributary streams, the Big Sioux and the Floyd River
and the wastes from the Sioux City sewage treétmentlpiant and fhe Towa
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 bactéria1~1ndicator organisms; Since
the preponderance of data collected during that survey was representa-
tive of norma1‘dry‘weather'f16w condifions,-32,400 cfs at Sioux City,
26




TABLE 4
MISSOURI RIVER WATER QUALITY AT GAVINS POINT DAM

Item Oct. 7-18, 1968 1 Jan. ZO-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 CaC0g) mg/1 238 -
Total Phosphorus mg/1 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/! 0.7 -
Total Organic Carbon mg/1 5 -
Ca mg/1 66 40
Mg mg/1 2] 21
Ba mg/1 < 1.0 < 1,0 **
Cd mg/1 < 0,02 < 0,02 **
Fe mg/1 < 0.30 < 0.1 **
Mn mg/ < 0.05 0.04 **
Cr mg/1 < 0.05 < 0.02 **
As mg/1 < 0.01 C < 0,07 *%
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 *k
K mg/1 : 6.0 **
F mg/] ‘ 0.6 **
Total Organic Chlorine mg/ 126.0 46.2
Chloroform Extracts 5.0
Sulfate mg/1 : 208 - 206
Fecal Coliform MPN/100 ml . <125 dokk <20 ke

* 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 samp]és.
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it is most probable that these organisms were for waste dischargeé.
The Fall 1969 - Winter 1970 survey provided additional information
on the water qua11ty'downstream from Siqu 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 clearly shows the impact of the Sioux City Area 1in

terms of fecal coliform contributions with the most significant source

being the Sioux City waste treatment plant eff¥ueﬁt. In total numbers

of organisms per day the waste treatmeht, on the average, discharggs
twice as many as are found in the_fiver ten mi?es-downstfeam. The
ratio of fecal co?iform'to fecal streptococci clearly indicate a pre-
domfnate?y humén 6r domestfc source and the organisms persist from
- Sioux City to Omaha in densities greater than those recognized by the
FNQA as being safe for water supp]y source use.
Figure 1 is a plot of the numbers of bacteria_observed in the
river and in the observed outfaf]s. It is-significant to note that
the Iowa Beef Packers Company plant was on stirke at.the time of the
investigation and the data 6n1y ref1éct about 15% of normal production.
Table 6 shows the recovery of sa1moné11a from.the‘Missouri River.
Although no saTmontea were isolated from tﬁe sewage treatmenf plant
effluents at Sioux City during this brief sampling period, it is impor-
tant to note the persistance of these organisms in the River. Salmo-
ne]]a‘are known pathogens to humans and their presence indicates a
real hézard. Table 7 shows'alfrequency qf occurrence of the salmonella
serdtypes 1§o]éted from humans and farm animals. In addition to baqm
terial enumeration, laboratory tests were conducted to demonstrate the
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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. Norwicp
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 ~ $. enteritidis ser. Anatum

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

wy [72] wy w. [#2] w w w

Serotypes Iso]ated - Frequgnéy of Serotype Occurrence in 1968*
from River . Human** , Farm Animai*?*

S. Typhi-Murium | 26.1% 16.2 4
S. Newport _ 6.3 3.0
S. Infantis 4.8 | 5.7
S. Thompson 3.8 - , 4.7
S. Derby 2 3.6

. Oranienbdrg . 1.5 ; 0.4

Montevideo '. 1.4 | 2.5
Panama 1.2 1.0

. Anatum - TR T B 3.3

. ‘Muenchen 1.1 0.4

. Java | 1.0 0.2

.. Bredeney 0.9 ' 1.0

. Poona | 0.4 : 0.02
S. Scﬁwartzengrund ‘ 0.3 ' : 0.9
S. Give 0.3 . 0.4
S. Cubana 0.3 o 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
*

sk

Fedksk

Annual Summary 1968: Sa1moné?1&‘$urvei11ance; National Communicable
Disease Center - '

Total Human Strains Classified by NCDC - 19,723
Total Farm Animal Strains Classified by NCDC - 4,422
: o 32



ability of bacterial cultures to survive in waste eff1uaqt and
stream samples. The "Survival Study" procedure involved fi?tering
'the original sample through a 0.22 my membrane filter. This sterile
sample was divided into aliquots which were inocculated ind{vidua11y
with pure cultures of indicator bacteriaQ The number of bactefia
remaining were enumerated at intervals of 1, 2, 3, 7 and 14 days.
Table 8 summarizes these data.

.TheSQ 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, especially with the S. typhimurium data.

Spgcia1ized biological studies were conducted concurrently with
the intensive samp?ing program. These studies including the placing
of glass slides to collect periphyton and the exposure of caged channel
~catfish to the river above and below metropolitan areas toldetermine
the degree of fish flesh tainting caused by waste discharges. The.
nature of these biological investigations perm{tted continuous cover-
age of the entire reach of. stream from Sioux City, Iowa to Waverly,
Missouri. |
| The results of the periphyton study ére_inconclusive.- Further
study is necessary to evaluate all of the variables influencing the
periphyfen-communities. The periphyton data are presented in the
appendix.

The fish flesh tainting investigations demonstrated one form of
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direct impact of waste discharges on the aquatic'system. The results
for the Gavins Point Dam to Omaha, Nebraska reach show that fish
b?aced 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
uaaccepfable flavor. Pieces of ﬁeat and fat collected on the baskets
and could be seen floating-in the water for several moke miles down-
stream. Thé fish exposed at River Mile 730.5, downstream from the
slaughterhouses and other industries in Sioux City received the lowest
flavor score of fish fested in this area.

Wastes discharged into the Méssouri 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 Missouri 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 samp]ing was conducted to determine the feasibility of the iso~
latibn 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 compcuﬁd is bib&egradabie 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
humén wastes and is a potent131 health hazard.

Table 9 shows the concentrat1ons of the fecal sterol, coprostanoi,
observed in the Missouri River.

There is no doubt about the additions of fecal po]iution 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 determ1ned from the same samples are
shown in Table 10. The absolute numbers are not comp?ete}y correct
because the samples weré'heid for periods up to 48 hours. Even so,
there is a close trend correlation with the Coprostanol concentrations.

~The fecal sterol 1so1at10ns leave no doubt as to the presence: of

fecal material at the downstream water intake. The dissolved nature
of coprostanol combined with the biodegradabi]ity shows conclusively
that it 1s possible for any of the many diésolved constituehts 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 Tabie 11.

These data were obtained using rather fnefficient techniques and
should be on the conservative §ide. 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 8

FECAL STEROL CONCENTRATIONS

: Concentration of Cop?oétanoT in uQYIiterﬂ
SampTing 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 g8 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 S
Treatment Plant

TABLE 10 o

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

Number of Fecal Coliforms per 100 ml of Sample .
Sampling Sampling|River Date of Sampiing
Area Point |Mile |1-20-70|3-4-70 [3-17-70{3-24-70| Mean

Missouri River | M-52 736.0 - 360 8 44 140
Upstream from ‘ :
Sioux City
Sioux City STP | SC-49 [729.0| - 26x106| 20x106| 12x108| T9x7106
Missouri River | M-48 717.4 - 1.4x104{0.8x104{1.6x104 1.3x104
Downstream ' ' .
from Sioux City
Boyer River B-43 635.1 - 1.0x104| 380 705 13,500
Missouri River M—#Z 626.2 - - 930 600 770
at Omaha Water
Treatment Plant
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TABLE 11

~ VIRUS ISOLATIONS
SIQUX 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
(717.8) :

*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 compri#e? of releases from -
Gavins Point Dam. -Significant tributary inflows from a quahtity stand-
point are limited to those from the Platte River. From a quality stand-
point this reach receives heévy waste loads from the Omaha-Council
Bluffs area and lesser Toads from other communities Tocated 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) .36 9

- Total Suspended Solids mg/1 91 25
Total Dissolved Solids mg/1 532 : 629
Chloride mg/1 o 13 15
Sulfate mg/1 , 185 224
Alkalinity as CaCO3 mg/1 172 192
Hardness as CaCO03 mg/1 237 -
Total Phosphorus mg/1* 0.12 0.06
NH3 as N mg/1* 0.07 0.34
NO3 as N mg/1* 0.3 - 0.4

" Organic N as N mg/1* 0.9 0.8
Total Organic Carbon mg/1* 6 6
Ca mg/1* 65 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 0.3
Cr mg/1* 0.05 0.02
As mg/1* - 0.01 0.02
Cu mg/T1* 0.05 0.05
Pb mg/1* 0.05 0.05
Ni mg/1* - 0.10 0.1
In mg/1* - 0.07
B mg/1* 0.1 0.10
Na mg/1* 13 81
K mg/l* 8.0 6.6
F mg/1* 0.66 0.6.
Total Organic Chlorine ug/1** 138.2 40.1
Chloroform Extracts mg/1** 26.1 -
Fecal Coliform MPN/100 8300 4900

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

discrete samples.

*  Values for 5-day composite samples.

*%* Results of single grab sample.

41



quality as depicted by the data in Tables 4 and 12 demonstrate the
effects of waste discharges from the Sioux City metropolitan area,
éspecia]]y in the‘observed fecal coliform densities. Again fhe base~-
1ine data Qere collected during near normal flow conditions and are
considered to be représentative of periods of minimum uncontrolled
runoff.  ' | |

The Fall 1969-Winter 1970 investigation provided more detailed
information on the 3mpact of waste discharges on the quality of the
MisSéuri River downétream from Omaha. During this invesﬁigation,
samples were collected from 18Astationslcomprised of 4 Missouri River
stations and 14 waste source or tributary stations.

fhe fecal coliform and fecal streptococcus data are Tisted in
Table 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 1imits for drinking water supp!y. The measured fecal
coliform contfibutions 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 thg river and contributed by waste sources,
Again it is readily apparent‘that the prepoéderance of fecal coliform
organisms observed in the river is from point source discharggs and
‘that the resulting mean river dénsitiés are in excess of recognized
timits for a raw drinking water supply.

The primary reéson 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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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 iso]ation.of these known pathogens‘confirms the sig-
nificance of fhe high densfties of fecal coliforms. \

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

.. The significance of the existencé of salmonel1a in the river‘and
the waste discharges is further emphasized by the results 6f the sur-
vival studies as shown in Table 15, Normally the. bacterial indicators
are expected to die off at a rate of somewhere between'70~90%-in two
days. When more than 50% survive aftef 24 hours, the organisms are
persisting, and when there is over a ten-fold increase in numbers,
the organiéms are undergoing regrowfh. 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 to
examinerthe periphyton community and to document the possibility of
| fish flesh tainting.

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

The fish flesh fainting presentéd 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

MISSOURI 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
OM-209 Missouri River Omaha STP Bypass S. Anatum
OM-40A Monroe St. Sewer Omaha S. Derby
0M-208 Omaha Missouri River STP . S, Java
Combined Sample Below the Three S. Eimsbuette]
Outfalls -
M-206 1 Bellevue STP Odtfa]T 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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exposed in river downstream from the Council Bluffs and Twin Cities
Plaza sewage discharges atquired an unacceptable flavor. Downstream
from the Omaha sewage tfeatment plant dfschargé the fish acquired tre
most unacceptable flavor of any‘tested. However, in the reach between
the Platte River and St. Joseph all expose& fish had acceptable
flavors. \ |

Fecal sterol and virus investigations were conducted during and
after the intensive surﬁey activities. The fecal sterol is a.rather
unique indicator of fecal contamination, and itg 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
again confirmed by fecal coliform determinations which are éﬁown 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 éontro?. The presence of fecal material
at the water intake is not a practice either condoned by recognized
pub?ic‘hea1th 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
Sampiing - | Sampling | River Date of Sampling

. Area Point | Mile [1-27-7012-23-70 [3-10-70] 3-31-70 | Mean
Missouri River M-42 626.2 9 20 .26 28 21

at Omaha Water
Treatment P1ant

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

Omaha STP oM-40A | 611.5 | 250 300 362 335 | 312
Missouri River | M-38 |601.7| 73 71 76 67 72
Below Omaha ' ‘ S B | -

Papillion Creek | M-205 |596.6 | 177 200 295 166 | 210
Platte River p-37  [s504.8| 17 21 13 15 16

Missouri River -M-34 559.7 | 60 73 76 72 70
at Nebraska City ‘ o

Missouri River M-28 452.3 31 34 31 37 33
at St. Joseph _ : B '

. Water Treatment ‘ _
Plant : , - <
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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 |[1-27-701|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 | -  |2.9x108 | 1.7x10° {4.0x106 | 2.9x10°
STP '
Omaha STP OM-40A | 611.5 - I.Ox]OG 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-34 589.7 - 1,800 3,700 5,800 3,800
at Nebraska City o
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 ISOLATIONS
OMAHA TO ST. JOSEPH

Date - ' Virus
of Station No. | "~ Station isolated Virus
Sampling |(River Mi]e)' Location PFU Identification
10/16/69 | OM-40A | Omaha STP 241 -
10/23/69 CB-406B Council Bluffs STP 421 -
10/23/69 0OM-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
h - (601.3) Near Bellevue, Neb. Echo virus 1 & 7
1/20/70 M-28 1 Missouri River at 3
(452.3) St. Joseph Water

Intake

St. Jqseph 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 1imits for this use, and

the total dissolved solids concentrations which approach the 500 mg/1
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TABLE 19

MISSOURI RIVER WATER QUALITY AT ST. JOSEPH, MISSOURI
WATER TREATMENT PLANT INTAKE 1/

Ttem

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/?

Alkalinity (as CaC03) mg/1
Hardness (as CaC03) mg/1
Total Phosphorus mg/1*
NH3 as N mg/1*

NO3 as N mg/1*

" Total 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*

in wmg/1*

B mg/1*

Na mg/1*

K mg/1*

Fomg/1*

Total Organic Chlorine ug/1**

Chloroform Extracts mg/1**
- Fecal Coliform MPN/100 ml

1/ " Represents the mean of daily discrete samples,

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

**  Represents results of one grab'samp]e.
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- maximum recommended concentration in the PHS Drinking Water Standards.

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

Table 20 is a summary of the fecal colifofm and feca1_streptococcus
data collected during the intensive investigation. Theseldata indi-~
. cafe a significant contribution of both animal and human wastes and
show that 50% of the fecal coliform mass observed in the river is
attributabié to those discharges that were sampled. The densities of
fecal coliform organisms increasé from 4,300 organisms per 100 mi at
the St. Joseph water intake (River Mile 452.3) to 8,800 organisms per .
]bO ml at River Mile 440. The dehsitfes decrease to 3,800 per 100 ml
at the Kansas City, Missouri water 1ntake; River Mile 370.5. )

~Figure 3 is a graphical display of the numbers per‘day of fecal
coliform discharge to the River and the profile in the River. Of
particular concern is the occurence of high densities during high
flows not inyo?ving storm runoff. | ’

The salmonella data shown in Table 21 show the existence of patho-
gens in the River., The Qauze swabs recovered from the Missouri River
at ‘Mile 440 and Mi]e 370, the Kansas City, Missouri water intake
resulted in the‘positive.iso?atibn of salmonella, as did those swabs
recovered from the Tisted waste sources.

Here again the potential survival chéracteris?ics of the bacteria
in the River are of concern. Laboratory tests were conducted using
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TABLE 21

MISSOQURT RIVER SALMONELLA ISOLATIONS
ST. JOSEPH TO KANSAS CITY
SEPTEMBER 18-22, 1969

. Station
Number Location Salmonella Isolated
SJ-15 'St. Joseph STP S. Schwartzengrund
(RM 447.4) S. Oranienburg
$J-17 Brown's Branch Ditch S. Panama
(RM 446.4) S. Infantis
S. Java
S. Eimsbuettel
$J-18 St. Joseph Industrial STP S. 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 L S. Infantis
(RM 370.5) S. Poona
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both fi?tered river and filtered waste samples inoculated with pure
bacterial cultures to develop tiﬁe 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 specia?izea.bioiégical investigations, fish flesh tainting'and
‘periphyton, did not indicate any severe?ylpol1uted areas between
St. Joseph and Kansas City. The caged catfish exposed in this reach
all had acceptable flavoring aﬁd the -attached organism'cohmunity was.
normal. Bottom dwelling organisms collected during the Fall 1968-
Winter 1969 operaiion were representative of a relatively clean water
population.

The special virus and fecal'steroi studies initiated during the
Fall of 1969 and Winter of 1970, reconfirmed the presence of fecal
pollution and péthogenic 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. Joseph Waterworks intake and the downstream impact station at the
Kaﬁsas City, Missouri waterworks‘intake. The coprostanol datalare
further verified in significance by the fecal coliform determinations
made on the same samples and shown in Table 24.

Virus data are listed in Tab?e 25. These data clearly demonstrate
the source and persistence of the pathogens through isolation from both

waste source and river samples.
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TABLE 23

FECAL STEROL CONCENTRATIONS
ST. JOSEPH TO KANSAS CITY

Coprostanol Concentration in ug/]
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 | s3-18 | 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 -Lw24.5 395.6 | 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

oy Fecal Coliform Density Organisms/100 ml
Sampling tSamplingj 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] 1,600 | 1,400 | 2,600 560 | 1,800
at St. Joseph '

Water Treatment

Plant

St. Joseph STP | SJ-15° |446.4| 1.6x106|6.8x105 0.7x10817.8x106 {4.2x108
St. Joseph. sJ-18 | 445.6] 1.4x106]4.2x108] 22x108| 17x108 | 11x108
Industrial STP :

Missouri River | M-27 |440.3| 5,200 | 1,800 | 3,700 | = 450 | 2,800
at Palermo -

Landing

ntchison TP | A-25.5 |421.0]0.97x106]5.0x108]0.27x106 |4.9x105 2. 8x10°
Leavenworth STP | L-24.5 |375.6] 4.4x106{5.8x108| 1.9x106| 11x106 5,7x100
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 ‘ 3 Station | Isolated | Virus
Samples | River Mile Description PFU Identified
V/22/70 | S3-15 | St. Joseph STP .'. 93 | -
1/22/70 $J-18 St. Joseph Industrial 10 -
Effluent ' :
4/23/70 | M-27 Missouri River at Palermo 3 . -
(440.3) Land1ng | : .
9/24/69 A-25.5 | Atchison, Kansas STP 402 -
(421.0) ' :
89/24/69 L-24.5 Leavenworth, Kansas STP 57 -
- (395.6) : .

Kansas City to Waverly

The Kansas City Metropolitan Area is the 1afgest in terms of‘popu-
lation and diversified industry of those areas cons1dered in these
studies. The nature of wastes generated in the Kansas C1ty Area varies
from straight domestic to comp1ex organic chemicals from 1ndustr1a?
sources. The majority of this waste Toad is discharged to the Kansas
and Blue Rivers whxgh are tributaries to the Missouri.

Baseline data for the Kansas City, Missouri, water intake are |
presented in Tab1é 26. These data collected during the‘Fa]l 1968-

Winter 1969 investigation show the river to be approaching marginal

quality levels for water supply use‘ah the basis of Environmental
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| TABLE 26
MISSOURT RIVER WATER QUALITY AT KANSAS CITY, MISSOURI

WATER TREATMENT PLANT INTAKE 1/

Item

Oct. 28-Nov. 8, 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 CaC03) mg/1
Hardness (as CaC03) mg/1
Total Phosphorus mg/1*

NH3 as N mg/T1*

NOg 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 (Tota1) 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/i*

F mg/1*

Tota1 Organic Chior1ne mg/1%*
Chloroform Extracts mg/1**
Fecal Coliform MPN/100 ml

61

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 critéria for a raw water source. |

The bacterial contamination is deﬁonstrated in greater detail in
Table 27 in which the résu]ts from the Fall 1969-Winter 1970 survey
are 1isted. These data show the hwgh denSTtles at the control stat1on
the large increase due to d1scharges from the metropo]1tan area and
the persistence of the indicator organisms as far as Waverly, some 87
miles downstream or approximately 26 hourS-trave1 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 slope 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 reach of the Missouri. Table 28 is a Tist of the salmonella

serbtypes identified.

One of the better indices of the quality of a stream is derived
from an examination of the invertebrate animals Tiving 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 rathér unigue from the biological standpoint,

The high flow combined with the intense channelization by flow control

structures have 1imited the development of invertebrate communities to

the rock flow control structures and the quiescent areas behind these
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TABLE 28

MISSOURI RIVER SALMONELLA ISOLATIONS
: KANSAS CITY TO WAVERLY

: Station , |
Number | Location Salmonella Isolated
M-107 Line Creek S. Infantis
M-102 Fairfax Industrial Qutfall S. Binza
S ‘ S. Typhimurium
M-1078 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 contro] station near the
Kansas City, Missouri water intake the organisms found were indicativ~
of‘relative1y clean water. There wés an assemblage.of 7 pollution
sensitfve and 1 pollution tolerant form. |

Approximately 11‘mi1es downstream, most of the po{jution sensitive
-organisms were replaced by pollution tolerant forms §ndicating degkaded
_ water quality. Downstreém 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, Mféscuri, 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 thié-reach, the Kansas and the Big
Blue Rivers were both found to be grossly poliuted. Bottom dwelling
organisms in the Kansas were 1imited.to the most tolerani kinds such
as sludge worms, while the BTue River was so severely poliuted that
the bottom éamp1es 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 comparﬁson
with upstream stations indicating an unfavorable environment. Some
_recovery was observed downsfream from R.M. 356 in humbers of orgénisms,
but the communities included pollution tolerant Eauemgreen algae and
protozoans which feed on organic materia]s.k .

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 réach.

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

73



TABLE 29

FECAL STEROL CONCENTRATIONS
KANSAS CITY TO WAVERLY

Sampling

'Concentration of Coprostanol in ug/liter

Sampling River Date of Sampling ]

Area Point |Mile |2-11-70 [4-T4-70 | 4-28-70 [5-13-70 | Mean
Missouri River M-23 370.5 80 68 | 98 - - 82
at Kansas City :

Water Treatment

Plant :

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-1078 | 358.0 92 110 92 - 85
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
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‘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 5-13-701 Mean
Missouri River M-23 370.5 880 | 2,100 700 18,500 5,500
at Kansas City -

Water Treatment

Plant

Kansas River KR-22 1367.4 | 6,200 | 1,300 | 7,400 | 1,800 4,200
Kansas City, M-103 |367.20 20x10® 13x106 5.9x10° 13x106 ¥3x106
Kansas STP . ‘

kansas City, | M-104 |367.19]1.3x106}0.3x108]0.4x10%|1.6x10%]0.9x10°
Missouri West- :
-Side Plant

Biue River M-107B |358.0 80 500 400 |32,000 | 8,300
Kansas City, M-19  |358.0 {1.9x106|2.6x108|2.2x106 |4.1x108|2.7x10°
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
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hours old.

These data‘again Eonfirm the presence of fecal pollution in the
River. For the bacteriological, viral, and fecal sterol data, the
Upsiream control station provides tﬁe datum and the downstream obser-
vations show a positiva increase above this base. The waste discharges
that were sampled showed contributions which accounted for almost 60%
of tﬁe increase in fécal coliform densities. The presence of the fecal
sterol, coprostanol, re1nforces ‘the significance of the fecal coliform

as an indicator and the 1so1at1on of sa?mone11a 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 dwe]ling organism investigafion,.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 d1scharges The total number of virus from
waste sources in the Kansas City Area, based on the data in Tab1e 31,
averages about 264 v1rus per gallon of sewage. When it is conSTdered
that the Kansas City Area discharges almost 100 million gallons per day
into the river, the viral hazard potential is placed +n 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 -
S Sewer
M-103 Kansas City, Kansas 75.5 -
STP
M-104 Kansa$ 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 investigations conducted between 1968 and 1970 have. pro-
vided more knowledge of the quality of the Missouri R1ver than hereto-

fore avaw]able These studies were un1que in that they 1nc1uded the

- exotic as we?] as the standard tests of water qua11ty And in the

end, this uniqueness further emphas1zed the relationships in the over-
all body of data. |
| One of the most significant findings of these investigations is
the relative 1mportaﬁce of point source discharges and of land runbff.
A 2-day portion of the 1968-1969 base]!ne survey was conducted during
a heavy ra1nstorm These data are contrasted against the 8- day dry
weather data in Table 32 to show the effect of runoff 4

It is readq]y apparent that storm runoff adds a significant waste
Toad to the river. There is an increase in the 5~-day 20°C BOD and an
attendant decrease in the dissolved_o*ygen concentrations. The densi-
tiqs of fecal coliform indicator‘organisms show an increasé of several
orders of magnitude due to wet weather flow.

However, it is equally important to rea?ize the frequency of occur-
rence of wet weather flows. Flow hydrographs for fxve of the more
7 s1gn1f1cant streams were p1otted to estimate the frequency of runoff
peaks that might contribute pollution to the Missouri River. The num-
ber and duration of runoff peaks were defermined using an arbitrary
flow increase with a 2-3 day peak definition. Table 33 summarizes
theée findings.

Based on these the Missouri couTa 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 mg/] ma/l ma/l _MPN/100 m]
No. Location Dry [Wet !Dry Wet {Dry { Wet|Dry Wet
M-52 |Upstream from Conflu~ {9.5 |10.010.9 1.21 55 220} 30,300
ence of Missouri River
and Big Sioux River
Ma42 Omaha Water Treatment |9.1 8.0i1.9 4,91 91 [1020183001210,000
Plant '
M-28 |St. Joseph Water 8.6 1 5.613.0 - 1131 1278016500 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 Dayvs/Yr Number/Yr .
Stream Location Yrs % Time | Avg |Min [ Max | Avg |Min | Max
Kansas Bonner S. | - 13 16 601 201 921 12 | 6 18
Platte (lowa) | Agency 13 14 531 221 86| 1418 | 24
Nishnabotna | Hamburg 13 11 39| 16| 64] 105 | 17
Little Sioux | Turin 9 12 42 | 14 | 79 6| 4 9
Big Sioux Akron 13 9 35 ‘10 | 82‘ 7 4 } 10
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84 or more percent of the time from any partfcular tributary. No
attempt to modify this for combination of tributaries seems'feasbee

| Table 34 is a 1ist of all of the sxgn1f1cant tributaries and their
average flow contribut1on The tributaries are listed in descend1ng
geograph1ca1 order. It 1srexpected that the individual stream flow
characteristics would be simiiar to those shown in Table 33.

1In addition to the investigation of the significance of point
sources, an industrial waste survey was condgcted to determine the
character of the discharges other than municipal. The metropolitan
areas of Kansas City and St. Joseph, M1ssour1, Omaha and Dakota C1ty,
Nebraska; and Council Bluffs and S?OUX City, Iowa were included in
th1s survey. All 1dent1f1ab1e industries were contacted by letter,
phone or personal visit to co]]egt available data on théir waste dis-
charges. The entire industrial waste su%vey effort was under the
sponsorship offthe respective Stéte Water Pollution CoﬁtroT Agency,

In the Sioux City area, the wastes being discharged to the Floyd
River and the Missouri River consist pr1mar1]y of domestic wastes,
1ndustr1a] wastes associated with the food proce551ng 1ndustry -
part1cuiar1y the meat packing industry, and wastes from 1arge ammonaum
nitrate and insecticide manufacturing plants. Except for periods dur-
ing storm runoff, all wastes discharged to the Sioux City municipal
sanitary sewer system rece1ve primary treatment. This includes ali
industrial wastes produced in Sioux City except those from the stock-

yards and cooling and condensate waters from various indUStffes.
| Reportedly, a smalllpercentage of the domestic wastes in the Sjoux
City area are discharged into the municipal storm-sewer system,
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TABLE 34

SUMMARY OF MISSOURI RIVER TRIBUTARIES

Avg. Dischg.

Rank

 USGS Gage Stream - Gage cfs (1967).
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 14
6-8055 Platte South Bend 5,503 3
6-8100 Nishnabotna Hamburg 970 8
6-8130 Tarkio Fairfax 186 15
6-8150 Little Nemaha Falls City . 598 11
6-8175 Nodaway Burlington, Mo. - 508 12
6~8205 Platte (Mo.) Agency, Mo. 827 10
6-8925 Kansas Bonner Springs 6,583 2
68935 Big Blue Kansas City 137 17
6~8940 Little Blue Lake City 108
6-9020 Grand Summer 3,683 4
6-9055 Chariton Prairie Hill 1,071 6
6-9265 (sage 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'C1ty 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 eff]uent from the
Sfoux City municipéf wastewater treatment plant, the effluent from the
detention ponds serving the chemical p]ants, at Port Neal, and three
major outlets serving thé Sioux City stnckyards N

In Council Bluffs, the municipal wastewater treatment plant pro-
v1des treatment for the domestic and industrial wastes. The major
sources of 1ndustr1a1 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 provfded and supported by an EPA Research and Demonstration
Grant. o .

The industry in Omaha is orienfed heavily toward anicU]ture,
including 11vestock_slaughtering, rendering, and hide processing indus~
tries; meat processing (breaking, boning, sausage manufacture, etc.);
‘and food processing industry; particularly the frozen -prepared d1nner
industry, the potato chip 1ndustry, and the 1ce cream and other milk
product industry. In the miTk product category, cheese manufacturing
is minimal.

Ancther 1mportant industrial source of 1iquid wastes in Omaha is
11vestock receiving facilities, the largest facf1ity being the Union
Stockyards Company. At Union Stockyards, Tivestock is received'and
marketed for slaughter or for further feeding. Manure.in the catt?é'
pens is removed in the semi-solid form, dehydrated, bagged and sold.as
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soii conditioher. Manure from the swine and sheep pens is washed to
the sewer. A1l runoff resulting from rainfall flows to the sewer.

Associated with the animal handling wastes are the 1ivestock trans-
port trﬁcks. Several truck wash?ng businesses within the city special-
ize in cleaning manure‘and bedding from trucks and washing the interior
and exterior of the truék. These washwaters enter the sewer carrying
considerable quantities of the semi-solid manure removed from the
trﬁcks.-

Another class of industry, which may be of impdrtance'as a source
of pollutants having public health signif%cance, is the pharmaceutical
industry. One products, dietﬁy] stilbestrol, is widely used as a feed
édditivé.for stiﬁu?ating animal growth. In general, the pharmaceutica1.'
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-
facturing,'as compared to ofher potential sources of the same chemicals,
such as from livestock s1aughterihg operations, cannot be guantified
- from this survey. ’

Other classes of industry in Omaha, such as méta? 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 {n

the area: .
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During the Lower Missouri Survey effort the chemical plant was shut
down and no waste other than domestic/sTtaughterhouse 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, OOG PE at night to 70,000 PE in the day.

There are a few light metal fabrication operataons where etch1ng,
cleaning and- plating, produce waste which could be harmfu? to secondary
- treatment process1ng.‘ Those companies not treating wastes in plant can
be identified. |

Three industries are potential sources of trouble. One produces a
Targe amount of organic Toading resulting from the ref1n1ng of sugar
from corn. Some of these wastes are discharged to c1ty sewer whi]e
bthers are allowed to-go diféct into the Missouri River.

A second industry, a repair shop for rai¥road tank cars allows the
steamings from the car- cleaning operation to escape by seepage Tnto
the ground. This is an undefined route of disposal and w1th1n a few |
yards of the river levee and water's edge. Some 0ils 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 comp?ex This materia1 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
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which carries the p%imary treated eff1uent from the North Kansas City
STP and miscellaneous ndustrial waétes.

Kansas‘City, Missouri is a transportation terminal for finiShed
.and-semi-finished goods. Numerous‘warehouses and assémb1y p]aﬁts
exist in the area. Industrial wasté‘from these operations is primarily |
dry in character and very little of an exotic,haturé.

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

There are numerous food processbrs throughout the City, §uch as
potato chﬁp manufacturers, daifies, bottling works in addition to
restaurants in the retail trade. These high organic waste sources are
not a probfem source.

An industrial complex centered around a sieel 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 bf
the stream far below State Standards. The State gf Missouri has issued
compliance orders in hopes to improve this stream. |

Two chemical companies near the steel mill compiex could be the
source of exotic organo-phosphorus insecticides. One firm reclaiws
various types of wastes and employs a series of sealed lagoons on the
river side of the levee. The other firm, a large manufaétﬁrer’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 1f is readily
apparent that poiht source discharges are responsible for the obseryed
water quality degradation for about 85% of the time. It is also
apparent that the pathogenic hazard is high beéause of the domestic or
'agri-industry origin of the wastes. Then it fs_on?y a matter to
determine what feasible means are available to solve this problem.

The problem in-thejmost‘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 fiesh. Others serve as necéssary
nutriénts to sustain the persistence or‘regrowth of bacteria. - Specific
organfc combounds such‘as the fecal sterols show the abi]ity of these
biodegradable organic compounds to persist in the water env1ronment and
also indicate the presence of recent fecal contam1nat10n

The bacterial indicator organisms a}so show the presence of maté?
rial of fecai origin and indicate a8 possibility of tha existence of
pathogenic organisms. Isolation of salmonella and virug_confirms this
premise.

In summary the Missouri River represents a potent1a1 hazard to any-
one using it as a source of drinking water or for recreation. Mitiga-
tion of this hazard through a higher level of waste treatment with
adequate bacterial control is technicé11y feasibTe 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~
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resents a reductfon in readily available carbonaceous material which is
susceptibTe to biological oxidation or. stabilization. This.also removes
a substantial portion of the nutrient material necesSary:fof bacterial
persistence or regrowth and maey'of the comeounds that taint fiSh

flesh. |

“Properly bperated secondary- treatment will remove on-the ave}age
about 50 percent of the n1trogen which is another nutrient necessary
for bacterial growth or persistence.

And, Tast but not least, properly operated secondary treatment w111
reduce s1gn1f3cant1y the bacterTa] and virus densities. Bacterial
removals between 90 and 98% can be obtained., The secondary effiuent
is more easily disinfected due to. greater removaTs of so11ds and oxi-
dizable substances. The bacterial reduct1ons that can be obta1ned thhii
d151nfect1on of secondary effluent depend upon d1s1nfect10n techn1que
With chlorination, efficiencies of 99% can be reached, |

Insofar as the removal of virus is concerned, proper}y'operated
activated s]udgettreatment will remove up to 90% of the virUs' These
“virus are removed either by adsorptqon onto the suspended or co1101da1 |
material or by inactivation from toxic substances Add1t1ona1 v1rus
removal can be obtained with proper ch10r1nat10n, that is requisite

free chlorine residuals and proper contact time,
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CONCLUSIONS

A minimum of secondary sewage treatment is needed to protect
water uses that exist now,;as‘we1l as in the future, in7the Missouri
River. The time is past when this Nation can ask itself how much
poliution can be added to the environment instead of how much environ-
mental po1¥ution can be prevented. We can no Tonger afford to take
the risk‘of relying on our reckoning of the assimilative capacity of
the receiving waters'and minimum acceptable quatity 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 vo1umé and compiexity of waste dis-
chargeé continue to increase at a rapid rate. We subscribe to a con-
cept of water 4ua11ty enhancement through adequate waste treatment.

There are many valuable and tangible attributes associated with
éecondary waste treatment other than its capacity to remove oxygen-
demanding wastes. Most of these are affected Tittle, if at all, by
primary treatment. These attributes include up to 95 percent sus-
pended solids reduction and the removal of substantial gquantities of
bacteria, pathogenic organisms, viruses, heavy metals, and nutrients
including 30 percent or greater phosphorus removal and 50 percent
nitrogen reduction. The receiving wéters of efficiently treated wastes
~are kept aesthetically clean. - A very important factor iﬁ that secon-
dary treatment provides the basis for efficient, effective disinfection
' throUgh the removal of most of the solid parti;1es that harbor bacteria

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

Data collected during inveﬁtigations made of the Missouri River
and its tributaries by the FWQA over the past -two years demonstrate
conditions'of serious péiTut%on. Wastes discharged by the major com-
munities, usihg only primary treatment, cause measurable increases in
bacterial indicator organisms, virus and fecal stérols. These wastes
also cause water quality degradatidn as reflected by the structure of
the periphyton communities and the tainting of fish flesh. Each
measured pollutional characteristic or observed effect 15 attributable
to const1tuents that can be substantially removed from waste waters
by proper]y operated secondary treatment fac111t1es with bacterial
controt. |

This 1nvest1§at1on also provwded specific know]edge on a number of
pollutants that shou1d be prevented from enter1ng the M1ssour1 River
and that can be controlled by secondary treatment with disinfection.
For example, the treatment of public water supplies is baséd-on a con-
cept of multiple barrieré_against the invasion of pathoéenic organisms.
One of these barriers is adequate disinfection of municipal wastes that
may enter the waterway from which the supply is drawn. - There are a
number of organisms present in sewage that threaten the health of per-
sons drinking or swimming in thé water that s so contaminated These

inc1ude: Salmonella; Shigella; LeptospTra Mycobacter1um 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 cdnstituents that can be removed by secondary
treatment. %hese included 19 Sa?mone??a serotyﬁes, many of these were
pathogenic human sirains. Péthogenic 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
supp]y‘intake areas. It was demonstrated that viruses could survive

in Missouri River water for a period of 25 hours or Tonger, which wquld

permit them to reach most water supply intakes from the pollution

“source. In laboratory experiments, they survived in_1arge'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 bacterio1bgica1 one that fecal pollution

does occur. These are bicdegradable 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 successfu31y identify taste and.odor
problems in water. The presence of unacceptable flavors in fish flesh
from caged fish confined downstream from metropo?%tan 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 occur 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 people, the ob1i-
Qafion of upstream communities is readily épparént. Their sewage
treatment plants serve as the first of the multiple barriérs‘between
the upstream wastewater and downstream water user. | |

Although it is now technically feasible to produce drinking water
from sewage, it 1is ndt'economic611y practicab1e. The water utilities
chStant]y search for the best qua1ity raw water source té‘provide
the general public with a safe potable watef supply. The water treat-
ment systems of today are probably capable of removing 99;9% of the
virus preseht. <But there is sti11 a chance of the 0.1% s¥ippin§
through,  Since virus wére isolated ét’the water intakes, and since
it may‘take as little as one viral particle to cauﬁe infection, the
average man dependent on the Missouri Rivér municipal water systems
could be subjected to a viral infection. The implementation of higher
Tevels of w&ste treathent can ﬁitigate this threat. It must be remem-

bered, not everybody can live upstream.
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APPENDIX A

SAMPLING STATION DESCRIPTION



Station

Number

M-52
BS-51
F-50.5

SC~49
IBP-48.5

M-48
LS-45.5
S-45
B-43
M-42

M-52A

M-212

M-211

(B-408

River

Mile

736.0

734.0

731.2

729.7

726.2

717.4

669.2

664.0
635.1
626.2

732.7

615.2

615.1

614.0

STATION DESCRIPTIONS

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

Big Sioux River upstream from confluence with
Missouri River at Sioux City, Iowa.

Floyd River new channel at Dace Avenue Bridgé,
Sioux City, Iowa.

At Sioux City STP effluent.

Iowa Beef Packers, Inc., Dakota City, Nebraska.

Plant effluent at second manhole downstream
of package STP on company property south of
Sioux City. '

Below Sioux City STP outfall at power cable
crossing.

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

Soldier River upstream from confluence with
Missouri River.

Boyer River one mile upstream from confluence
with Missouri River. ‘

At Omaha, Nebraska water works intake 0.3
Mile below State Highway 36 bridge.

Approximately one mile South of ETk Point,
South Dakota, 0.5 mile upstream from
U. S. Highway 73 bridge.

Quaker Oats Company effluent at concrete box
(covered with steel grill} on levee about

100 feet from Missouri River at Pierce Street,
Omaha, Nebraska.

Pacific Fruit Express outfall off 35th Street
at Council Bluffs, Iowa.

Council Bluffs STP primary effluent at the
plant, 35th Street and 23rd Avenue.
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Station

Number

TC-210

OM-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
963.3

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 Time sludge waste) State Road 370.

Papiliion 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 upstreém from confluence

with Missouri River at U, S. Highway 73 and
75 bridge south of La Platte, Nebraska.

At Plattsmouth, Nebraska STP primary 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 bridge.

Tarkio River near Cornihg, Missouri at State
Highway 117 bridge.

Nodaway River north of Nodaway, Missouri at
U. S. Highway 59 bridge on November 3, 1969
and at County Road T Bridge on

November 4 - 7, 1969,

97



Station
Number

M-28

oguzog
SJ-3

Sd-5

SJ-9
Sd-15

Sd-17

$J-18
M-27

A-25.5

L-24.5

P-23.5

M-101

River

‘Mile

452.3

611.9
452.3

452.3

452.3

446.4

446.4

445.6

440.3

421.0

395.6

391.2

372.2

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

Missouri River - Omaha STP By-Pass.

Blacksnake Creek sewer at mouth of pipe to

‘sink hole aside the Missouri River at

St. Joseph, Missouri.

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

~Mitchell Street sewer at manhole located

approximately 30 feet west of Sixth Street
curbline, St. Joseph, Missouri.

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

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. '

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

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

Missouri River at Atchison, Kansas STP
primary effliuent at the plant ocutfall weir.

Missouri River at Leavenworth, Kansas STP
primary effluent at the collection box for
the two clarifier streams.

Platte River south of Farley, Missouri at
State Highway 45 bridge.

Line Creek at CB&) 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-1054
M-105B
M-106
M-19
M-107B

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 A1rport)

Missouri River at Kaw Valley Dra1nage D1str1ct,
Fairfax District, Kansas City, Kansas Industrial
sewer at outfall structure on Kansas bank of
M1550ur1 River.

Kansas River 3 miles from confluence with
Missouri River at Missouri Pacific Railroad

Bridge, Kansas City, Kansas.

Kansas .City, Kansas STP.
Kansas City., Kansas wést 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 approx1mate?y 200 feet from
Missouri River,

North Kansas City STP primary effluent at
outfai] mouth to Rock Creek Missouri.

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

Big Blue River new channel approximately

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 upstream of Missouri
City, Missouri, N. W. Electric Power Plant Co-op.

L1tt1e Blue River at U. §S. Highway 24 brnge.

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 is based on fleld surveys conducted
by personnel from the National Field Investigatlions Center
of the Federal Water Pollution Control Administration(FWPCA),
© Cineinnati, Ohlc 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
Dekots, Nebraska, Iowa, Missouri, and Kansas.

* throughout this report referénce 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 T0Q-mile reach of the Missourl River from Gavins
Point Dem near Yankton, South Dakota, to Hermann,
Missouri. Major metropolitan areas include: Sioux
City, Iowa; Omaha, Nebraska-Council Bluffs, Iowa;
St. Joseph, Missourl; and Kensas City, Missourl.

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

Forty-five physical, chemical, biochemical, and bec-
terioclogical 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
flrst sutumn survey between Gavins Point
Dam and St. Joseph, Missouri (average flow
36,600 cfs), and for the second autumn sur-
vey between S5t. Joseph and Hermann, Missouw
ri (average flow 55,600 cfs).

b. Two days of heavy rainfaell in the basin
which caused nearly double normel 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 cfe.

At all stations, coliform bacteria densities exceeded

by several times the Nationel Technical Advisory Com-
mittee Criteria for sources of public water supply
and for recreation. ‘

a,

- Specifically:

During the normal weather periods of the
autumn survey, the highest geowetric 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 &t

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-
ly, occurring downstream from Nebraska City,

© Nebrasks. '

The winter survey bacterial densities were
generally lower than those of the autumn

“survey. The highest geometric mean densi-

ties occurred downstream from the major
metropoliten areas, Total coliform, fecal
coliform, and fecal streptococel bacterisl
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/1 during the autumn survey in the Gavins Point
Dem to St. Joseph reech and were greéster 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 5-day composite samples and cyanide concentrations
of . 6 pg/l downstream from Sioux City indicated potentisal
toxicity in the Missouri River. ‘ o

The totel 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 sutumn 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 eriteria 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. Wnen calculated as gross slpha, 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,
Iowa, indicated at least 117 miles were severely degraded
by organic pollution and an additional 99 miles were mod-
erately degraded by pollution. Specifically:

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

b. Severe degradatlion of the bottom-associated
organisms occurred for 54 miles downstream
from the Omaha and Council Bluffs area., Ob-
Jectionable floating solids (gresse and chunks
of animas) fat) were evident from the Omaha and
Council Bluffs aresa downstresm past the St.
Joseph, Missouri water supply intake a dis-
tance of approximately 166 miles.

14



5

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 abe

~ 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.

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

Suspended algae in the Missouri River incressed in numbers

from 1,000 cells/ml to 6,000 cells/ml downstrean from Omaha,'
Nebraska « Council Bluffs, Towa,
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METHOD OF STUDY

SAMPLE STATIONS

The sutumn swurvey 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 nesr ure
‘ban areas wilth 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 =zample stations were selected in the Gavins Point
Dam to Hermenn, Missouri river reach for the sutumn survey (Appen-
dix A). Twenty-nine sample stations were located in the upper reach
from Gavins Point Dam to St. Joseph, Missourl 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-elght
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 tributery 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 oh trib-
utary streams and five were waste sources.
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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 tebles to dlstinguish this difference (Appendix A).

ANALYSES

Many analyses were necessary to determine the water quality
in the Missouri River., In addition to the biological examinations,
45 chemical, biochemical, and bacteriological examinations were inw
eluded 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 analysls is shown in Table No. l, results of analy-
ses are summarized in Appendix B. :

Biological features studied 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 Missouri 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 "Starndard Methods for the Examination of Water and Waste-
water." ™ Most of the heavy metal analyses were performed by atomic
abaorptlon speciroscopy.

Bacterinl 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
Weters," Federal Water Pollution Control Administration, September,
1968,

Edition, APHA, AWWA, WPCF, 1965.
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TABLE 1

Frequency of Chemleal Antlyses
MLSG50URT RIVER
(tavins Point Tew to Hewmann, Missourd}

OCT.ANOV., 1968 & JAY.-FEB., 1063 SURVEYS ) : e

j o i C Gmdey 4~Gay - Pl Times . L Fime
CONSTITUENT OR ANALYSIS . DATLY Compoplte Composite per - per
. . . - Sawple Jaf Filtrate Survey Feriod Survey Feriod
. 3

ALL STRTIONS - C C

Temperature - L

Dissolved Oxygen {D.0.) x(:‘)
7~ &nd S-day Biochemleal Oxygen Demand (B.0.D.) - X
Total AlkIinity ‘ X
Speciflc Conduttance . X
Turdidity X
Chlorides ' x(p)

Sulfntes )C( 2)

Total Dissolved Solids x2)
Rotal Suspeaded Solids o x(¥
Totrl Coliforn Bacteria % .
feeal Coliform Bacteris X |
Fecrl Streptotocel Bassteris ’ XH’) B
PE x '
Hagnesivn

© {alolum

Total Phatphorus

LI

Ammonia Htrogen

Witrate Nitrogen

b

Orgaolc Ritvogen ' X

Total Organic Carbon - . £

SELECTED STATIONS

20-dey Blockendcal Oxygen Pemand (B.0.D.) ’ x(")
Sodlum

Potassium
Fl\mr:{éé

Hx M oM

Boron

M

Rregnic
Iron

b

Boriom
Mangenese
Cadmium
Shromiun
Coppar
Llend
Hickel

.
> 4 sl > ks = e »

Zine

Phenol, : X
Cyonide X
Potul Ormenie Chiorine . b4

OhloreTrem Bxtreet ’ 13

Uraniom (U"',‘35 & U?BB)

Redfum-7r6

Thorium-932

> k] .M

Totsl Alphr Thorium
Strontium-90 ’ %

O

1} Digsolved oxygen wab not performed on waste offluentz but only on strea.m Baxples.

2] Anmlysea were performsd 3 times per weck during the Qcto\mr-h’ovem:cr, 1968 Survey, daily during the winter survey,
) Performed during the winter survey only.

) Pegformed twice during mutumn purvey; nnoe 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. B.
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.
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MISSOURI RIVER AND TRIBUTARY FLOWS AND HYDROLOGY

 Water released from Gavins Point Dam is the major controi-
ling Tactor 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. TIce Jjams in the river during cold, winter weather can slso
interfere with normal stages and flow rates.

AUTUMN SURVEY

The Gavins Point Dem to St. Joseph, Missouri reach wos sam-
pled from October T to 18, 1968. For 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 Dem (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 (Table No. 3).

Beginning late in the day on October 15, 1968, and continuing
Tfor 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 efs 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 S5t. Joseph (Table No. 2). The ratio of rain-
affected flows to dry weather flows generally increased in the down-
stream direction.

Tributery streams in this reach of the Missouri River exhib-
ited even greater percentage flow increasses between the normal weath-
er period and the rain-affected period (Teble No. 2). The greatest
wes the Soldier River which increaséd from 30 cfs to 1,050 cfs
(3,500%). The October 7 to 18 survey period, therefore, reflects
two distinctly different river conditions, Semples 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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LOCATION

Sioux Clty, Ia.
Omaha, Nebraska
Auburn, Nebraska

3t. Joseph, Mo.

‘BSt. Joseph, Mo.

Kansas City, Mo.

Jeflferson City, Mo,

Hermann, Mo,

. Sioux City, Ia.
Omaha, Nebraska
Auburn, Nebraska
' 5t. Joseph, Mo.

Kansas City, Mo.

Jefferson City, Mo.

Hermann, Mo.

TABLE NO. 3
Weather Summary

For the Survey Periods

MISSOURI RIVER

Inclusive Rainfall
Periods Inches
Normal Wet Normal Wet

oét. Oct.
714  15-18 0.48 4,12
7-15  16-18 0.6 3.61
7-15 ~ 16-18° 0.08 3:90
7-15  16-18 1.29 1.32
Oct. 28-Nov. 8 0.69

" 0.57

" 1.67

" LT3
Jan, 20-31 10.61'

" 0.46

" | 0.50
Jan. 23-Feb. 2 0.55

" 0.53
Jan. 20-31 3.69

" 2,94

123 .

C Alr Temp.

37.3

°F
Avg.,  Avg,
Max. Min,
66.2 48,8
69"’.8 51.7
70.8  52.2
(C AN
€2.3 6.2
8.3 39.8
61.7 36.73
8.1 2.6
22,6 6.0
2.5 10.8
32.7 15.3
33.2 17.6
2l.2
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The Bt. Joseph, Missouri to Hermann, Missouri reach was
sampled during the period October 28 to November 8, 1968, River
flow rates had subsided from the peak of the previous period.
Flows averaged 38,800 ofs at 8t. 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 Kanses River (6,500 ofs), Osage River
(5,380 cfs) and Gasconade River (2,170 cfs).

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

WINTER SURVEY

Flows during the Januery to February, 1969 survey were
affected by ice jems 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 Omeaha, flows averaged about
1,800 cfs less than thet 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 64.5%
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 Tlow increased slightly to 29,300 cfs at Waverly, Mis-
gouri; to h6,700 cfs at Boonville, Missouri 97 miles farther down-
stream; and to 92,700 cfs at Hermann, ancther 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 3,320 of the earlier period. )

Precipitation during the winter survey was 0.L46& inches at
Omeha, 0.53 inches at Kansas City and 3.69 inches at Jefferson City.
These data indicate the large amount of precipitation downsiream from
Kansas City.

Most of the precipitation wag in the form of snow upstream

from S5t. Joseph. Precipitation downstream occurred as a combination
of' snow, sleet, and rain, ' g
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WATER QUALITY

BACTERIAL POLLUTION

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

The report of the National Technlcalaﬁdvisory Committee to
the Secretary of the Interior (NTAC Report)’ has numeric bacterial
criteria for natural waters used for public weter supplies and for
recreation. The permissible criterion for a source of public water
supply is a "...month%x arithmetic aversge based upon an adequate
number of samples..."”  of 10,000/100 ml total coliform bact~wia and
2,000/100 ml fecal coliform bacteria., The criteria for recreation
is divided into three classifications. These classifications and
numerical limits are: General recrestional use of surface g&ters,"...
average not to exceed 2,000 fecal coliforms per 100 mi..."  ; waters
designated for recreatlon uses other than primery contect recreation,
.+. should rot exceed a log mean = of 1 000/100 mi..."** fecal coli-
form bacteria; and primary contact recreation,"...shall not exceed
a log mean of 200/100 ml..."**fecal coliform bacteria.

7"

Geometric meanf**Bacterial densities and the 80% confidence
limits for the asutumn 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 aé 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, Missourli. An unstable hydrograph downstream from Kansas
City affected time-of-water travel such that enly an average of a wide
interval could be calculated. Thus, time-of-water travel is not mean-
ingful for the winter survey period.

e
Ancon. 1968. Water Quelity Criteria., Report of the National Tech-
nical Advisory Committee for the Secretary of the Interior, Feder-
al Water Pollution Control Administration, Washington, D.C.

Log mean and geometiric mean are equivalent terms, i.e., the anti-
logarithm of the average of the logarithms of & 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 periog.
Total and fecal coliform bacteria hed been incressed 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/100 ml respectively, at Station M-52
(R.M. 736.0) upstream from Sioux City. ‘

Waste from the Sioux City srea increased total and fecal coli~
form densities to 62,800 MPN/100 ml and 14,300 MPN/100 ml respective-
1y, at Station M-48, located 4.5 hours time-of-water travel downstream
from the Sioux City gewage trestment plant (sTP) discharge. A mdjor
ceguse of this increase in bacterial densitles 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 weste treatment, was
not sampled during these surveys. :

Coliform densities decreased downstream from the Sioux City
‘gres, The trend lines in Figure 2 illustrate the indicated decrease.
At the Omaha Metropoliten 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 58,300 MPN/lOO ml and 8,320 MPN/lOO 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 Omeha, Nebraska-Councll Bluffs, Towa area ,
increased the mean bacterial densities to 256,400 MPN/lOO ml and 61,200
MPN/lOO ml total and fecal coliform bacteria respectively, at Station
M«39 (R.M. 616.5),** 0.2 hours time-of-water travel downstream from the
Monroe Street sewer outfall. The major causes of this increase vere
the wastes from Omshe including the 34.3 million gallons per any {MGD)
of untreated packing house wastes plus an ectimated 16 MGD of raw sew-
‘age bypassed because of a pumping station outage; and 5 MGD of unchlore
inated effluent from the Council Bluffs, Iowa primary sewage treatment
plant, -

Downstream from Omahs-Council Bluffs coliform bacteries densities
decreased. At the St, Joseph, Missouri Water Company imtake, mean total
and fecal coliform densities had decreased to 57,700 MPN/lOO ml end

6,500 MPN/IOO ml, respectively. These levels are respectively 5.8 times
and 3.2 times the drinking water criteris in the NTAC report.

+*% .
In discussion of bacteris densities, "mean" refers to geometric mean
throughout this report. '

i
Laboratory composited sample made from quarter point samples (3 samples

per station cross-section}.
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Graphical extrepolation 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 bacteris and 15% of
the fecal coliform bacteris were from sources upstream from Omaha-
Council Bluffs (primarily from the Sioux City area). The remainder
of the contemination was introduced from the Omsha-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
vacterial densities that exceeded 100,000 MPN/lOO ml. The highest
densities were st Stetion M-34 (R.M. 559.7) downstream from Nebraska
City, Nebraske where densities were 1,440,000 MPN/100 mlL and 1,120,000
MPN/100 ml total and fecal coliform bacteria, respectively.

Comparison of the column in Table B-4 entitled "fecal coliform
bacteria as a percent of total coliform bacteria" for the 8-day nor-
mel period and the 2-day wet perlod showed & much higher ratio at
most stations during the wet period. This large increasse in percent
fecal coliform becteria indicates that the coliform bacteria from
land runoff were largely from fecal sources. BSuch 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 f'low 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 wintér study.

Dovnstream from the Sioux City area at Station M-484 (R.M.
718.3) bacterial densities increased to bi, 300 MPN/100 ml and 11,200
MPN/100 ml total and feeal 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-ik2, R.M. 626.2)
bacterial densities were reduced from upsiream levels. The total
coliform densities were approximately equal to the NTAC report critew-
ria for sources of public drinking water supplies; however, fecal
coliform densities were 2.9 times the criteria,

Bacterial densities increased 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

1%, 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 downstresm 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
jams downstream exaggerated the apparent rate of decrease.

St Joseph, Missouri—ﬁermann,_Missouri

Station M-27 (R.M. L40.3), located about 2 hours time-of=-travel
dovnstream from the St. Joseph sewage treatment plant (STP) outfall,
was sampled during both the upstream and downstream sutumn surveys,
Coliform deggities were similar during esch survey with means of
67,000 MPN/100 ml end 8,100 MPN/10C ml total and fecal coliforms
respectively, during the latter St. Joseph-Bermann 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 Clity, wastes from
the Kensas communities of Atchison and Leavenworth enter the Missouri
River. The bacteriological effects of wastes from these communities
are not readily discernible in Figure 4. This is the result of high
residual dengities 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 XKansas River at Station M-23 (R.M.
370.5) located at the Kansas City, Missouri Water Works Intake, were
77,000 MPN/100 ml and 6,500 MPN/100 ml total and fecsl coliform bac-
teria, 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 Kensas River; the Kansas City, Kansas sewage
treatment plant; the Kansas City, Missouri west slde sewage treatment
plant; and the Blue River whlch contained the Kansas City, Missouri,
Blue River sewage trestment plant effluent (Appendix Table B=2}.
Densities were incressed to 189,000 MPN/100 ml and 15,000 MPN/10C ml
total and fecal coliform bacteris at Station M-18 (R.M. 345.4) 3.9
hours time-of-water travel downstream from the Blue River,

~ Coliform densities decreased downstresm from the Kanses City
area but were greater than recoumended 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 colifcrm dens-
ities were 11.9 times and 9.0 times the NTAC report criteria for a

130



$T. JOSEFH, MO. STP

5,000,000 4

16,000

TOTAL COLIFORMS, MPN / 100 ML,

ATCHISON, KAN,

FIGURE 4

GASCONADE RIVER

LEAVENWORTH, KAN.
R nes
LEXINGTON, M0,

BRAND RIVER

CHARITON RIVER
GLASGOW, MO,
BOONVILLE, MD.
JEFFERSON CITY, MO,

OSASE_FVER
HERMANN, 0. .

e
SECOND WEEK ONLY s kel S e ————
FIRST WEEK ONLY

1,000 ‘
LEGEND ; RM BACTERIA
190 1 UPPER 89% JONFIDENCSE LMY ’ MISSQURi RIVEQ
. ) 8T JOSEPH MO, - HERMANN, MO.
Ct. = Nov., 1968
10 -] LOWER A9% CONFIDENCE LIMIT
RIVER MILE L
490 - 300 2oc iog”
| 1 1 i o
1 . T ) T 1} 1 L) 1 L ) L] E 1
y TS a0 W - 40 s0 50 70 s - 90 w00 10 120 130
TIME OF WATER TRAVEL, HOURS
(FROM USGS GAGE AT RM 447.9)
a § .
=, 1 4 g S
§ i 3 H § g E 4 = F
R £ > g8 2 =2 uf, ¥ w %
i g & : R : 8o 8
* B wl #H B = % g g
L - °, al H & E @l o w .}
s 3 > g . g o 2 2
EoE & g I E g 8 &9
1,000,040
106,000 4 .

1,000

100

FECAL COLIFORMS, MPNY 100 ML

L‘“' SECOND WEEX ONLY
FIRST WEEK ONLY

FECAL COLIFORM BACTERIA
T MISSOURI Rt!ﬁER

ST JOSEPH, MO, HWANN.MO
GCT. - NOV,, lﬂ 8

LEGEN

UPRER BO% COHEIDENCE LIMlT

GEQMETRIC HEQN‘

LOWER ao% cnnmmww :.uiu:i

[ ot

: " RIYER, *MILE
400 300 v 00 100
1

G N ]
0 20 ) 40 6o . e 20 % 100 o 120 %0
TIME OF WATER TRAVEL, HOURS :
(FROM USGS GAGE AT R.iA. 447.9)

131




15

source of public water supply. These same criteria were also eXe
ceeded at the water supply intakes for the Missouri communities
of Glasgow (approximately 7 and 4.4 times the criteria respective-
1y), Boonville (approximately 5.7 and 3.4 times the criteria res-
pectively), and Jefferson City (approximately 4 and 2.4 times the
eriteria respectively). . '

' Graphical extrapolation of the trend lines in Figures LA
and 4B indicate that about 34% of the total coliform bvacteria and
30% of the fecal coliform bacteria at Jefferson City were from
sources upstream from Kansas City. The remsinder of the coliforms
were principally from the Kansas City aresa. ‘

During the winter survey, bacterial densities downstream
from the St. Joseph area were affected by flow phenomena. Calcu-
lations indicate that only a fractioh 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
downgtream 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 mi 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 municipal sewage, remove dissolved oxygen from the aqguatic en-
vironment in the process of the biochemical decomposition and
gtabilization of these materials. A principal functlion of waste
treatment is the removal of such oxygen-demanding materials. A
common measure of the strength of these materials is the 5-day,
20° C. biochemical oxygen demand (BOD5)'

In these surveys, 2-day and 5-day BOD analyses were per-
formed. The use of both analyses permitied. 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 weathér period during the up-
stream autumn survey reflected the waste discharges from the ma jor
metropolitan areas (Figure6 ). From background concentretions up-
stream from Sioux City (< 1.0 mg/l) the BODg was increased to 1.6
mg/l at Station M-47 (R.M. 699.5) by wastes from that area. Waste
discharges from the Omeha-Council Bluffs area increased the BOD
to 5.8 mg/l at Stetion M-39 (R.M. 610.5). The concentration de~
creased irregularly downstream to the St. Joseph Water Company In-
take.

The average BODs contentrations for the 2-day, rain-affect-
ed period incressed. substantially throughout the entire survey
reach. Increases ranged from 1.3 times (0.9 mg/l to 1.2 mg/l) at
Station M52 (R.M. 736.0) to 2.2 times (3.4 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 datea indiceted concentration increases
similar to the normal weather period of the autumn survey for the
Sioux City and Omahs metropoliten areas. BOD: concentrations were
reduced downstream from Omeha-Council Bluffs partially becsuse of
the lncreazsed time-of-water travel ceaused by the ice jams and result-
ant sedimentation of suspended orgenic materisl.

St. Joseph, Missouri-Hermsnn, Missouri

The average BOD:'s remained relatively constant between
5t. Joseph and Kansas City with averages of approximately 3 mg/l.
Wastes from Kansas City lncreased the BOD5 to 3.5 mg/l at Station
M-21 {R.M. 365.6). The concentration decfeased downstream from
Kansas City and reached the lowest average:of 1.7 mg/l at Station
M-9 (R.M. 221.0). bownstream. from this point the BOD5 incressed
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/l at Station
M-17 (R.M. 334.5). The concentration was slightly reduced to 5.0
mg/l at Station M-12 (R.M. 241.2). B ‘

BODs5 concentrations farther downstream were affected by the
large amounts of rain and irregular mein stem and tributary hydro-
graphs,
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DISSOLVED OXYGEN (D.0.)

The D.0, of a flowing streem or a body of water is an import-
ant, necessary constituent to maintain desirable fish and other aqua-
tic life, end to maintain pleasing aesthetic conditions by avoiding
obnoxious odors associated with septic conditions.

D.O. Critéria

For sources of public water supply, the NTAC eriterion for
D.0. is a monthly mean equal to or greater then & 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 subw
stance is of apprecieble significance in water treatment or-in fin-
ished water, but because of its use &s an indicator of pollution by
organic wastes.” NTAC criteria for fish and other aquatic life appli-
cable to the Missourl River is stated, "For & diversified warm-water
biota, including game fish, the D.0. concentration should. be above
5 mg/l,...however, they may range between 5 and 4 mg/l for short
periods during any 2k -hour period,.

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.0. concentration was G.5 mg/l and occurred at Station
M-52 (R.M. 736) upstream from Sioux City, Iowa.

The rain-affected, 2-day average D.0. concentrations generally
decreased from Sioux City to 5t. Joseph., D.0. concenirations varied
inversely with river flows; as the ratic of wet weather flows to dry
weather flows increased, D.0. concentrations generslly 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 Januery-February, l969 survey, D.0., concentrations
showed the effects of an ice cover which was formed by blockage of
floeting 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 Omzha-Council Bluffs, D.0. concentrations exceeded 12.5 mg/l.

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

Average D,O. concentrations at Station M-27 (R.M. L440.3)
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, e 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 Kensas City area, D.0. concentrations de-
creased to the lowest average of 9.2 mg/l at Station M-16 (R.M.
313,2) epproximately 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 downstreeam
from St. Joseph increased from 9.6 mg/l at Station M-£28 (R.M. k52,3)
to 11.2 mg/l at Station M~-20A (R.M. 358.3). The warped flow condi-
tions did not adversely affect D.O. concentrations. Downstream from
the waste discharges in the Kansas City area, D.0. concentrations
decreased slightly o lO,T-mg/l at Station M-94 (R.M. 219.2). The
D.0. concentration exceeded this level at the remaining stations in
the reach.

The D.0O. criteria recommended in the NTAC report were exceed-
ed at all stations during both survey periocds.

TOTAL SUSPENDED SO0LIDS

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

Gavins Point Dam - St. Joseph, Missouri

Water released from Gavins Point Dam (R.M. 811.0) averaged
‘45 mg/1 total suspended solids (Figure 8). The concentration in-
creased to 55 mg/l at Station M-52 (R.M. ?36.0)'upstream from Sioux
City and remained relatively uniform at this level for 60 miles
farther downstream. The totel suspended solids increased irregular-
ly downstream from Station M-46 until the highest average concentra-
tion in the reach of 278 mg/l occurred st Station M-32 (R.M. 525.1).
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The rain-affected two-day average total suspended solids con-
' dentrations were several times greater than the 8-day normal weather
concentrations which averaged 715 mg/l at Station M-khk (R.M. 654.6)
dowvnstream 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-i2, R.M., 626.2), all of the remain-
ing 13 downstream stations exceeded 700 mg/l total suspended sclids,
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. L52.3).

Upstream from the ice jams, the total suspended solids con-
centrations during the winter survey were guite 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 upstreem from
the major waste discharges in Sioux City. The nine remaining main
stem stations in the reach had concentrations between 9 and 28 mg/l.

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. Tributery runoff carrying clay
and silt particles was small. The damming effect of the ice jems
reduced water velocity allowing sedimentation which contributed to
wvater clarity.

St. Joseph, Missourl - Hermann, Missourd

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-1# (R.M. 270.0). With the
heavy rainfall and high runoff in the lower basin, concentrations
reached the highest aversge of 596 mg/l at Station M-TA (R.M. 17k.8).

NITROGEN(N)

Total nitrogen consists primarily of ammonia, nitrate, and
organic forms, Nitrites are generally insignificant in streams and
are not ususlly determined. Ammonia and nitrate forms of nitrogen
are important nutrients required for green plent growth while am-
monia and organic nitrogen (from protein-containing organic compounds)

140 -



m .

compose most of the second stage or nitrogenuous BOD. Ammonis cen
be a problem at water treatment plants because of its high ehlorine
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, totel nitrogen concentra-
tions increased in the reach from Gavins Point Dam to Sioux City,
decreased between Sioux City snd Station M-bl (R.M. 654.6), but
exhibited an increasing trend downstream from Omehs. (Figure 9).

The highest average concentration was 3.3 mg/l at Station M-g7
(R.M. 340.3) 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 Siloux City to the Soldier River; and greater than the normal
weather concentrations downstream from the Soldier River, ‘ine 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 then 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.
Joséph. . : ‘

St, Joseph, Missouri - Hermenn, Missouri

During the autumn survey, total nitrogen concentrations
‘generally increased downstreem from St. Joseph. The average conceén-
tration increased to 2.3 mg/l at Station M-8 (R.Ms 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/1 at
Hermann, '

Aversge concentrations during the winter survey folloved 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 1s an important constituent in chemical fertilizers
because of its requirement for plent 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. 147 : .
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Gavins Point Dam - St, Joseph, Missouri

Average total phosphorus concentrations were 0.04 mg/l in
- water released from Gavins Point Dam (R.M. 811.0) during the October
1968 survey (Figure 10).

o Downstream from the Omsha-Council Bluffs area, total phosphor-
us renged from 0.24% mg/l to 0.30 mg/l. This concentration includes
significant contributions from Papillion Creek" end the Platte River
(0.80 mg/1).  The concentration remained essentially unchanged dur-
ing the remainder of the reach. o

Totael phosphorus concentrations increased greatly at most sta-
tions in the composite samples collected during the rain-affected
- period vwhich reflected runoff from agricultural lands. Concentrations
increased irregularly downstream from Gavins Point Dem and reached the
highest average of 0.92 mg/l at Station M-29 (R.M. L6g.0).

During the winter survey, average total phosphorus concentraw
tions had an irregular but'generally-increasing trend downstream from
Siloux 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 incremsed downstream from St. Joseph during
the fall survey. Concentrations at 21l of ‘the 22 stations ranged from
0.22 mg/l 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-SA
(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 normel period ranged from 14° C. upstream
from Sioux City to 16° C. near the St. Joseph water inteke (Appendix
Table No. B=l), Average temperatures decressed during the 2-day
rein-affected period in the.upper reach. The temperature decreased
to 10° C. at Sioux City. '

. Temperatures were reduced during the downstream asutumn survey
reriod. Temperatures ranged from 9° C. downstream from St. Joseph
to 12° C. at Hermann., Sixteen of the 29 stations everaged 10° C.

*Papilliqn Creek is composed primarily of sewage treatment plant
effluent. The total phosphorus concentration during the winter
survey was 6,45 mg/l. A similer concentration would be estimated
for the autumn survey. 143
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Average water temperatures in the entire 700-mile reack 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° ¢. 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 aguatic
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 normel weather per-
iod(Appendix Teble B-1). Average PH's varied from 8.1 to 8.6.

The pH deéreased slightly at seversl statlons 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 PE was generally 8.z Giring
the autumn survey. Aversge 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 velues decreased
from 8.1 (M-524, R.M. 732.8) to 7.8 (Station M-26A, R.M. k22,5),
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). '

AIXATINITY

The alkalinity of natural weters is primarily -composed of
blearbonates, carbonates and hydroxide ions and i1s & measure of the
buffer capacity (i.e., resistance to pH change with addition of
either acid or base) of & water. It is generally reported as equiv-
alent CaCO3. The NTAC report recommends alkalinities greater than
20 mg/1l fof maintenance of fish and other aquatic life, and between
30 to a maximum of L00-500 mg/l for sources of public water supplies.

Alkalinity concentrations ranged from 160 mg/1 to 197 mg/l
in the upstream reach during the normal sutumn weather period {Ap-
pendix Table No. B-1). Pourteen 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 awbumn
survey downstream from St. Joseph, alkalinities averaged between 162
mg/1 and 181 mg/1 with 20 to 22 stations between 170 - 181 mg/l.
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~Alkalinities during the winter survey averages between 165.
mg/l and 192 mg/l from Sioux City to Station M-12 (R.M. 241.2).
Fifteen of the 19 mein stem stetions averaged between 170 - 185
mg/l. Farther dowvnstream, heavy rains and high flows resulted in
a reduced alkalinity concentration of 116 mg/l at Hermann.

TOTAL DISSOLVED SOLIDS

Total dissolved solids are a measure of the inorganic salts
present in a water although some soluble orgenic material mey also
be included. Excessive total dissolved solids are objectionable
beceuse of physiological effects, mineral testes and economic
effects such as corrosion,

The NTAC criteria and the PHS Drinking Water Stanﬁards*
recomnend 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 aversged 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 L0C mg/l.

Total dissolved solids concentrations ranged from 375 mg/l to
504 mg/1 downstream from St. Joseph during the autumn survey. Twenty-
one of 22 stations averaged less than 500 mg/l with 1 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~QA, M-TA, M-SA and M~1). Of the 20 stations sam-
pled, eight ranged from 480 mg/l to 500 mg/l, seven exceeded the 500
mg/1l 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-
sentielly 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

* pnon. 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~1l). Nine of the 20 stations in this resch averaged
over 200 mg/l. Concentrations were similarly distributed'during
the 2-day rain-affected period although 7 stations had higher resulis
than during the normal period.

. Sulfate concentrations ranged from 113 mg/l to 203 mg/l down-
stream from 8t. Joseph during the autumn survey. Fifteen stations
averaged less then 190 mg/l. Concentrations had & generally decreagw -
ing pattern downstream from Kansas City.

During the winter survey, sulfate concentration trends were
simlilar to those of the autumn survey upstream from Station M-QA
(R.M. 219.2). Concentrations ranged from 150 mg/l to 224 mg/l.
downward trend occurred bhetween Stations M~9A and Myl becsuse of
dilution from heavy tributary runoff

TOTAL ORGANIC CARBON

The total organic carbon test is a measure of the total organic
matier in water and comprises the theoretical, maximum carbonaceous
‘oxygen demand. The test messures 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
transporied by a stream, ‘

The total organic carbon concentrations were less than 10 mg/l
during the autumn normal weather periocd in the upstream resches (Flgure
11). Concentrations increased irregularly from 5 mg/l at Gavins Point
Dam to concentrations of 8 - 9 mg/l rnear St. Joseph, Concentrations
‘downstresm from Sioux Clty were approximately two times grester during
the rain-affected period when compered to the normal weather period.
Two stations had concentrations greater than 20 mg/l and seven stations
exceeded 15 mg/l.

Downstream from St. Joseph during the autumn survey, total or-
ganic carbon concentrations ranged from 8 mg/l to 11 mg/l with no
definite trend evident. Five stations averaged § mg/l, 9 stations
averaﬁed 9 mg/l, 7 stations aversged 10 mg/l 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-52A, R.M. 732.8) to 7 mg/1
at the Kansas City, Missouri water intake (S‘ba.'tion M-23, R.M. 370.4).
Downstresm from the Kansas River and the Kansas City ares, concentra-
tions generally increased. The highest average of 16 mg/l occurred st

Station M-SA (R M. 132.0).

Except for en eberrant concentration of 135 mg/l at Station M-L8.
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 SOLUBLE METALS

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

During the autumn survey, detectable concentrations of
boron and iron ocourred. Approximately 0.12 mg/l of boron cccurred
upstream from St. Joseph. Downstream concentrations decreased from
0.34 at Station M.24h (R.M. 384.9) to less than 0.02 g/l at Hermann
(station M-1 ~ R.M. 98.0). A soluble iron concentration of 0.0
mg/l for the second 5-dsy composite was detected at Station M-390
(R.M. 610.5) just downstream from the Missouri River STF 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 concentrationeg ranged from
< 0.02 mg/1 to 0.10 mg/l. Eleven of the 12 stations sampled had
positive results. Boron concentrations were detected at all stations
selected for enalysis. Concentrations ranged from 0.08 mg/l to 0.12
mg/l. The average concentration of lead at Station M-48A (R.M. T718.3)
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 Iargest arsenic
concentration in & 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 established a limit
of 200 pg/l for cyanides. Since there are no naturally occurring
cyanides, thelr presence indicates & waste scurce containing the con-
stituent. | '

Positive cyanide results (more than 1.0 mpg/1) were obtained
at six of the seven stations sampled between Sioux City and St. Jos-
eph during the sutumn survey (Appendix Teble 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 perilod when the highest single result was
15.2 pg/1 at Station M-33 (R.M. 546.7). Four stations in this reach
exceeded'lo,mg/l during this wet period. Downstream from St. Joseph,
the highest single concentration of T,O,ng/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 yg/l at the Omahe M.U.D. water intake.

TOTAL ORGANIC CHLORINE

Total organic chlorine indicates the presence of organic
chlorine~bearing compounds which are principally chlorinated hydro-
cerbon pesticides in the absence of chlorinated waste discharges.
Although the test is none-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 26L4.3 pg/1
downstream from thie Omaha area waste discharges. Downstream from
St. Joseph concentrations renged from 30.6 npg/l to 98.7 ng/1.

The cause of the higher concentrations of organic chleorine
upstream mey be related to pesticide use on the extensive farmland
in this area (also irrigation upstresm 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. Tributery runoff for most of the
basin was small (upstream from Jefferson City, Missouri) because of
the frozen conditlons 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 Kansag Rivers., Concentrations ranged from QE.Q’pg/l to Th.h

pe/l.
GREASE

The determingation 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
dovnstream from the Omahs area (principally, St. Joseph), grease
concentrations were determined for waste discharges in the Omahs area
and Sioux City. Downstream from the Omehs ared and continuing past
the St. Joseph water intake "grease balls" were observed floating on
the water surfece during the autumn survey. Measurement of grease from
the Iowa Beef Packers Plant in Dakota City, Nebraska was determined at
& later time by the Missouri Basin Region Results of these analyses
(Table No. 4) indicate grease concentrations in packinghouse waste and
in primary treated effluent.
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Average (Grease concentrations in untreated packinghouse waeste
ranged from 260 - 300 mg/l that from primary treated effluents ranged
from 15 - 1O mg/l.

- RADICACTIVITY LEVELS

Radiologicsl analyses were performed only during the autumn
surveys., The naturally occurring radionuclides uranium (U-235 and
U-238), redium -226, thorium -232 and total alpha thorium; and the
"fission'" product strontium~90 were determined. Although not an ine-
clusive 1list 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 weter supply. In the main stem of the Missouri River, at the four

" stations sampled, uwranium concentrations varied from 2.5 ug/l to 4.3
© pg/l; radium -226 concentrations from 0.02 pe/l to O. o7 pe/l; and
strontium-90 concentrations from 1.5 pc/l to 2,2 pe/l. " Thorium -232
concentrations were less than the detection limits of the analytical
method.

Gross alpha concentrations for various streéam locations in the
country are reported in Radiologicel Health Data and Reports (RHD&R).
For the period July to December, 1968 concentrations averaged 2.9 pe/l
for the Missouri River at the Missouri City and 5t. Joseph, Missouri
stations. Total alphs concentrations during the sutumn survey were
calculated from the uranium (after conversion to pc/I*) and readium -
226 concentrations. The concentration calculated by this method was
2.5 pe/L which is very close to the value reported in RHD&R. Thus,
the naturally-cccurring radionuclides are primarily responsible for
the observed autumn concentrations. .

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

The strontium-90 concentrations averaged about 1.8 pe/l during
the autumn surveys. OStrontium-00 concentrations in water have de~
clined with the reduction in atmospheric nuclear testing. In the
period from July to September, 1967 RHI%R reported concentrations of
3.0 pc/l and 3.2 pc/l respectively for Missourl City snd St. Joseph.
The autumn data reflect the decline in the intervening time period.

Far uranium, 1 pg equals 0.668 pe assuming U-234 equilibrium.
15%



TABLE NO. 5

National Technical Advisory Committee

Recommended Sﬁrface Water Radiological Criteria
for
Public Water Supplies

Permissiblé(l) ' ‘ DESirable(Q)
Constituent Critgria ‘ - Criteria —
Uranium . bl mg/1 apsent(3)
'Radium~2?6 | 3 pe/l | 1 . < 1pe/L
-Stroﬁtiurp-@O | 10 pe/1 _ < 2 pe/1

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

(2)

_Coneéntrations in raw surface waters that represent high quality
water in all respects for use as public watertsupplies.

(3) Not detectable by the most sensitive analytzcal 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 enviromment, 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 nuwber. As the environment receives
increasing amounts of organic pollution, clean water animals are
reduced or eliminated from the community in the order of their
gensitivity to degraded water quality. 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 obwtructions, The sludge may decompose and produce obnoxe
ious gases and remove dissolved oxygen from the overlyling 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 & stream bed animal commnity 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, Iowa and Dakota City, Nebragka at Station
M-50 (R.M. 730). Floating solids consisting of manure, chopped
garbage and similar meterials were observed. These were found up-
stream from the municipal waste treatment planis, and thus, origi-
nate from untreated waste sources.

Tritutaries exsmined in this reach indicated polluted condi-
tions., Flows from these gstreams 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 mwasses of grease, chunks
of animal fat, and paunch manure accumuleted in eddy areas. Clean-
water animals were destroyed for 5S4 miles downstream to Station M-33
(R.M. 547) except at Barlett, Iowa at Station M-35 (R.M. 581) where
an 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 Platie River enters
upstream, and could have carried invertebreies into the Missourl
River. The community found at Station M-35 (R.M. 581) was composed

*The bottom animsl community was sampled from locations behind rock
Jetties and other bvackwater areas, The bottom animal identifications
discussed are for these areas only and are not intended to represent
conditions Tor the entire ch&nneﬁyfross 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 tolerent animals (Figure 13).
This inecrease resulted from water quality improvement caused by natural
removal of organic settleable sdlids contained in upstream wastes so
that bacikwater bottom conditions improved. The river continued to sup~
port a community of benthic animals indicative of good quality water
downstream to Kanses City. Slowly decomposing grease globs remaining
in these waters did not induce changes sufficient to affect the aquatic
life but were esesthetically 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 snails and leeches predominated which indicated
degraded water quality. Sensitive forms such as, mayflies were reduced
in number of kinds; caddisflies were eliminated. Iarge quantities of
Tloating and suspended material and oil were chserved at this station.

Dovnstream 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 babitat to tolerant forms. This condition persisted for
?pproximagely 63 miles downstream to Waverly, Missouri at Station M-15

R.M. 293). :

Dovnstream 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 pollutlon when compared to upstream clean-water areas where the
variety of sensitive forms were four to five times as mumerous 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 weter organisms was an indicetion of improved
water qguality in this reach,

SUSPENDED ALGAE

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

Water velocity also affects phytoplankton which are princi-
pally static water orgenisms. 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 actlon of suspended solids and because the organism is prevented
from maintaining a position for optimum light. Increabed inorganic
nutrients may produce increases in numbers and change the kinds of
algee present, unless physical factors are limiting.

In the Missouri River, a combination of a swift current, high
turbidity, and lack of adjoining still water enviromments (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-Ll
(R.M. 618.3) (Figure 1b4). 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-3h
(R.M. 559.7) which was approximately a sixfold increase. This in-
crease 1s attributed to nutrients being discharged to the river.
Downstream from this point to St. Joseph, Missouri, at Station M-28
(R.M. k52,3), the population of algae gradually declined. ¥From Sta-
tion M-28 at St. Joseph, Missouri to a point downstream from Keansas
City at Station M-15 (R.M. 293.4), 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 streams contained high populations of phytoplank-"
-ton but stream flovws were too small to contribute significant quant-
itles of algee 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, T
and Appendix B). Two of these (Papillion Creek and the Platte River)
were again sempled during the winter survey. :

Big Sioux River

This stream flows into the Missouri River Jjust upstream from
Sioux City, Iowa, and forms the South Dakote-Iowe state line. Only
four kinds of pollution tolerant and one kind of pollution sensitive
‘animals were found. The bottom contained deposits of orgzanic matep-
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 feecal coliform
bacteria increased from 110 MPN/100 ml to 4,000 MPN/100 ml.

Flogd.River

The bottom of this stream was covered with organic sdlids,
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 feecal coliform
bacterial densities increased from 4,000 MPN/100 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 bdttom organisms and
ne clean water kinds. '

Boyer River

_ The water quality 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 BODg in~
creased to 14 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 &

NUMBER OF KINDS OF

BOTTOM-ASSOCIATED ANIMALS

MISSOURT RIVER

OCTOBER, 1968
. ‘ Poliution Pollution Pollution Total Number
mnogorreepon ding  River  Sensitive Interme-  Tolerant of
Vater Quality Mile Organisms Sdiately Organisma Kinds
Station ensltive
Organisms
MISSOURI RIVER
M-52 736 b 4 3 9
Mw5G T30 3 k -3 10
M-48 77 5 P 3 10
MU 699 - T P k 13
M-hi6 676 [ P 3 1
M-kl 655 8 5 1 1k
M-Lz2 656 L 3 7 ]
M-k1 618 6 5 b S13
M-139 610 3 4 P 9
M-38 601 1 g 3 13
M-36 561 0 .3 ? 5
M-35 581 5 7 . 16
- M=34 560 1 5 2 8
M-33 s47 0 2 1. 3
M-32 525 3 6 2 11
M=-31 507 3 6 B 11
w30 L&a 2 b 1 T
M-29 469 6 9 3 18
M-28 hse Eh 8 2 1h
M-27 hlig 5 8 1 1k
M 26 Leg3 3 2 3 8
M-25 397 L 1 2 T
\ M2k 38s 2 -9 1 12
M-23 370 7 B 1 16
M~E0 359 7 g b 8
- 356 0 1 4 5
M-18 3hs 0 3. 3 6
M=17 3% 0 3 h 7
M-16 313 o] 3 4 7
M-15 293 - o} 3 1 i
M-k 210 3 5 2 10
M-12 238 1 k& 1 6
M-10 235 1 4 2 7
M~ G 221 2 3 1 6
M- 8 197 1 b4 P 5
Ma 7 179 2 3 h 9
M- 6 . 169 b b P 8
M- 5 139 1 o] 1 2
M- 3 118 1 0 1 ?
M- 1 98 5 3 3 b
TRIBUTARY STREAMS
BIG SICUX RIVER BS-51 1 & L T
FLOYD RIVER . - 4] ¢} 1 1
SOLDIER RIVER S-h5 ) ] 2 11
BOYER RIVER Bwl3 1 5 3 g
PLA™IE RIVER © P=37 L b 2 10
KAKSAS RIVER Kpa2g 0 3 2 5
BIUE RIVER - O o} o . 0
GRAND RIVER Gr-13 2 5 2 9
OSAGE- RIVER Oult 1 3 3 T
GASCONADE RIVER G=2 1 4 i 6

NOTE: Bottom orgeniem identifications sre in Appendix Teble No. B-16.
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Offutt Air Force Base, and the community of Bellevue, Nebrasksa,

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 approsch- .
ed that of untreated sewsnge with = BOD5 of 127 mg/l and a feecal coli-
form density of 11,000,000 MPN/100 ml.  Water quality was only slight-
1y better during the winter survey when the BOD5 was 8h mg/l and the
fecal coliform density was 591,000 MPN/100 mi.

Platte River

The Platte River is the largest tributary to the Missouri
River in the reach from Gavins Point Dam tc 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/lOO ml, respectively. However, the densities increased
to 290,000 MPN/100 ml during the 2-day, raln-affected period.

The average concentration of suspended sollds 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 animel community during the autumn survey was com-
posed of predomlnately clean water forms. Four pollution sensitive
and two pollution tolerant animal kinds were found,

Kangas River

Bottom materiale from the Kansas River vere composed primarily
of paunch manure and organic sludges, and emanated & distinet rotten
egg odor during the autumn survey. DBubbling 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-
wornms, mothflles and mldge 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 284k mg/l.

Blue River

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

& strong hydrogen sulfide oddor. 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 35,500 cfs.) The
bottom animal community was composed of two pollution sensitive,
and two polliution tolerant forms. Two-thirds of the population
density were tolerant sludgeworms. Mean feecal coliform densities
were < 460 MPN/100 ml during this low flow period.

Chariton River

This stream had & mean flow of only 54 cfs during the autumn
sampling period. 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 wBS near satura-
tion and satisfactory for aguatic 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 & 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.

(tasconade River

Waters of this stream had geometric mean fecal coliform dens-
ities of 570 MPN/lOO ml which exceeded the NTAC primery contact recre-
ation standard of 200 MPN/100 ml. However, land runoff from the 1-8/3
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 largéer municipal waste discharges were sampled
during the Missouri River surveys (Table 8). Six of the discherges
were final effluents from primary waste treatment plants; one reported
discharge was a composite of two separate Omaha sewers which discharged
untreated wastes to the Missouri River: +the Monroe Street and South
Omaha interceptor sewers,
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Secondary ireatment of these discharges as well as other
smaller municipal treatment plants, and industrial waste discharges
would substantially reduce concentrations of BOD; totel orpganic
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 quelity improvement
in the Missouri River would be both sesthetic through removal of ob-
noxiously eppearing 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. S ‘

Future watef quality studies will be designed to qpanﬁitate
these and additional water quaelity improvements.
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APPENDIX B-1

STATION DESCRIPTIONS
(by Missouri River Mile)
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APPENDIX B-1

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

stattoN  River'!)  sampie(?) DESCRIPTION
Mile Type o :
| M-1 98.0 A Missouri River at State Highway 19
: bridge, Hermann, Missouri.
- G-2 wok.bh A Gasconade River at State Highway 100 -
- )1 mile upstream from eonfluence.
M-3 118.0 - A Missouri River at Chemois. Missouri
(0.2 miies upstream from Kishmar Light),
O~k 130.0 A Osage River at Bonnots Mlll Lanaing,
' Missouri. . .
M-SA 132.0 o o Missouri River at small boaf dock -

off Missouri State Highway ol.

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 1ight)

MTA 17h.8 ¢ Missouri River at Lu;us, Migsouri.

M-T 179.0 A Missouri River at Searcys Bend - 4

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

(1) Biology stations may not coincide exactly with chemical and bacterio-
logical sampling stations, usually they were + O 2 mile

(#) Sample type: A - Ch&mical bacteriological and biology s&mple station.-‘
‘ B - Biology sample station only.
£ - Chemicsl and bacteriological sampling statlon only.
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APPENDIX B-1
- {Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

STATION  River(!)  sampre(® DESCRIPTION
' : Mile Type .
M-8 - 197.2 A Missouri River at M.K.T. RR bridge,

Boonvilie, Missouri.

M- Q4 219.2 c Missouri River st 1imestoné qQUBTTY,
: "~ downstream from Bluffport, Missouri.

M-9 221.0 . A Missouri River at Fish Creek Bend -
N ‘ : 5 miles downstream from Glasgow,
Missouri (at Brockway Tsland Light -
221.0).

M-10 235.1 A Missouri River at Gilllan Bend - 6
miles downstream from New Frankfort,
Missouri (at light). :

c-11 238.8 A Chariton River upstream from conflue
: 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.

M-12 241.2 A ., Missouri River at New Frankfort Land-
ing, Missouri. '

GR~13 - 250.0 A ~ Grand River upstream from confluence.
' For October 28-30 at Brunswick. For
October 3l-November 8 at U.S, Highway
24 Bridge, Missouri.

M-1h4 270.0 A Missouri River at Ray-Carrol County,
‘ Grain Growers, Inc., loading dock,
east of Wakenda, Missouri.
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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
M-15 293.h4 A Missouri River at U. 8. Highway &4 &

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 33h4.5. A Missouri River at Fishing River ILand-
_ ‘ .ing via gravel road south from Orrick,

Missouri. . ‘

M-18 3454 A Missouri River at N. W. Electric (Co-

operative) Power Plant near Missouri
City, Missouri.

+

- 356 = B Missouri River downstream from cone

fluence wlth Blue River.

K-19 358.0 o Kansas City Blue River Sewage Treatment
Plant (effluent to Big Blue River),

- 3580 B Big Blue River.

M-20A - 358.3 C Missouri River at Kansas Clty 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. Higlway & RR

' bridge.

K~198 367.19 c Kaneas City, Missourd West Side Sewage

e : : Treatment Plant effluent.

K-19A " 367.20 c Kenses City, Kensas Sewage Treatment Plant

effiuent. :
140 '
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APPENDIX B-1
{Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

station  River't)  sempie(?) DESCRIPTION
- Mile Type
KR-22 367 .4 o 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-2hL 38L.9 A Missouri River upstream from Kansas
City (at Weavers light).

M-25 397.4 A Mlssouri River at Leavenworth, Kansas

' ' (0.2 miles dovmstream from Highway
bridge). :

M-25.5 418.0 c Missouri River - approximately k miles

T ‘ downstream from Atchison, Kansas.
M- 264 §22.5 ' C  Missouri River at Atchison and Eastern
- Railroad Company bridge.
M-26 hoo.6 A Missouri River at Atchison, Kansas (0.1
- miles upstream from RR bridge).

M-27 - 450.3 A Missouri River at Palermo landing (1.3
miles upstream from Palermo light).

M-28 Lhs2,3 A Missouri River at St. Joseph Water
Company Waterworks Intake,

M-29 469.0 A Missouri River - 0.5 miles upstream from

. : Charleston landing (Daymark).

M-30 188.3 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.)

SPATION DESCRIPTIONS
(by Missouri River Mile}

MISSOURI RIVER BASIN SURVEYS

STATION River't (2) DESCRIPTION
Mile
M-32 525.1 Missouri River (at Upper Morgan Beﬁd,
' upper light).

M-33 5L6.T Missouri River at Peru Sportsmen Club
ramp. : :

M~3h 559,77 Missouri River downstream from Nebraska
City (0.2 miles upstream from Frazers
light).

M-35 5809 Missouri River &t Bartlett, Iowa (at
Shenandoah Boat Club ramp).

M-36 591.2 Missouri River at Plattsmouth, Nebraska .
(0.¢ miles downstream from Pollock light).

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

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

. Base Road to Capehart, Nebraska - off
U.S. Highway T5.

M-38 £01.3 Missouri River at Bellevue, Nebraska
(0.1 miles downstream from State Highway

370 bridge).

M-39 610.5 Missouri River downstream from Omaha STP
outfall (at power cable crossing).

OM-40O 611.5 Composite sample of T parts Monroe S5t.
Sewer effluent and 1 part South Omeha
Sewer, Omaha, Nebraska (approximate river
milesge).

OM-LCA 611.5 Omahe, Missouri River Sewage Treatiment

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

STATION DESCRIPTIONS

{by Missouri

-6

River Mile)

MISBOURI RIVER BASIN SURVEYS

_ STATICON River(l) Sample(e) DESCRIPTION
Mile - - Type : : :
" CB-4OB 614.0 | c Council Bluffs Sewage Treatment Plant
o effluent {approximate river mileagze).

M~k1 £18.3 A Missouri River at I.€. RR bridge.

M-kp 626.2 A Missouri River at Omaha Waterworks
Intake (0.3 miles downstream from

. Highway 36 bridge).

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

M-lils 65k .6 A Missouri River upstream from Blair,

-Nebraska (at Tyson Boat Marina). '

S-45 664.0 A Soldier River at I-£9 Highway bridge,
Iowa,

M-L6 676.5 A Missouri River at Upper Sioux Reach,

. upper light. : ‘
Mnh?' £99.5 A Missouri River at Lighthouse Marina
' - (alsc called Don Ruth Marina - 6 miles
from Whiting, Iowa).
M-~48 717.4 A Missouri River downstream from Sioux City
_STP outfall (at power cable crossing).
M-L8A 718.3 c Towa Power and Light Co. Power Plant.
5¢-Lg 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).

- T31 B _ Floyd River O,l miies ﬁpstream from the

confluence.
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APPENDIX B-1
{Contd.)

STATION DESCRIPTIONS
(by Missouri River Mile)

MISSOURI RIVER BASIN SURVEYS

staTION  River() semp1e ) DESCRIPTION
Mile Type
M-SR 732.8 c Missourl River 0.5 miles upstream from
‘ U.5. 73 Highway bridge.
BS-51 734.0 A Big Sioux River upstream from confluence
(at I-29 Highway bridge).
M-52 136.0 A Missouri River - 2 miles upstiream from
8ioux River confluence. '
Gavins '
Pt. Dam 811.0 c Lewis and Clark Reservoir Dam upstresm
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DATA SUMMARY
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TABLE HO. B-5

Summary of Bacterisl Densities

MISSOURI RIVER
Getober 20-NHovamber 8, 1968 Survey

STATION Time-of»ﬁate#/ mM%N(]'%%?:;.H HACTERIA . mmhﬁpgogog{: BACTERIA Feesl Coliform Bacteris
River © Travel Geom.  Upper 30% tower BO% Geor. Uppar Lover : %8 8 % of
iame Mileage dours - Mean Conf,Limit Conf . Limit Mean Conf Iimit Conf . Limlt wots] Colifors Bacteris
{SSOURT RIVER: ' .
M-27 hho. 3 2.3 67,000 183,400 2,700 - 8,100 19,500 3,390 2.1
w26t 226 T.7 37,000 51, 500 27,000 11,000 18,k00 8,270 2.7
M-as.ﬁj 418.0 9.3 " 65,000 ' 185,900 33,600 7,300 21, koo 2,510 ) itz
M-85 397.L 16.3 82,000 1éh,ooo _ 1,100 ‘ ' 11,000 5,100 b, ko '13.%
M2k 384.9 20.4 64,000 18k,200 33, 300 ) 7, 500 13,500 b, 270 ‘ 117
M-23 370.5 25,8 77,000 208, 300 28, 500 €, 500 18,960 3,300 -B.4
Me2l  365.6 26.6 £8,000 151,000 51,300 1,000 33,300 5,780 15.9
M-20 359.3 6.5 79,000 169,800 16,900 . 19,000 %h,mo 4,760 4.0
K-18 5.5 3.5 189,000 537,300 66,700 15,000 33,700 7,720 7.9
M«-l?‘ 33h4.5 37.3 1_50,000 382,700 57, 200 18,000 £9, 500 10,600 12,0
M-16 ‘ 313.8 bh 7 119,000 hip, 100 34, 200 18,000 35,800 9,170 15
M-15 2934 © o518 C 77,000 173, 600 3,100 10,000 zh, hoo 4,280 13.0
M- 270.0 60.2 119,000 221, 500 &h, 200 15,000 55,100 I, %00 8.6
Me12 ST 1.1 88,006 150, 900 sk, 600 10,'000 ' 25, 400 L, 060 11k
M-10 235.1 73.5 F’{,ooo 159,800 30,000 . 12,000 28,000 5, 570 79
M- 9 221.0 8.7 80,000 208, 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 16.8
M- 7 179.0 9h b 39,000 72,800 0,700 . 5,700 23,900 1,450 k.6
e 6 162.0 1001 ‘Bh,006  10%,900 18, 200 5,000 12,%00 2,000 1Lk
M« § 139.0 108.5 bi,000 87,500 19, 500 é,hoe . 12,700 2,300 13.2
M- 3+ 118.0 116 4 36,000 ghioc 20,400 1,700 13,700 1,580 13.1
M- 1 $8.0 1.7 18,060 35,000 6,100 . 3,800 - 9,950 1,570 25,3
miBuTariEs: Y L
KR-29 367.4 6.2 116,000 315,200 k2,500 6,800 15,600 3,700 5.9
G3-13 850.0 - 67.8 . h,000 36,'900 430 < k60 < 6,470 fe 30 < 11.5
g-lL 238.8 ' 719 > 10,700 > 110,600 > 1,030 %,340 22,00 2ho < 21.9
o- % 130.0 112.1 5,000 61,300 110 . L,100 - 1k,500 80 9.0
g2 20k 1213 2,600 39,300 170 570 10,700 30 21.9
AASTE SeRcRs:
K104 367.8 6.8 'hﬁ,coo,ooo 88, 200,000 24, 400, 000 9,700,000 21, 300,000 4,390,000 ° 21.3
K19 356.9 20,6  B6,000,000 59,000,000 36,100,000 4,500,000 7,360,000 2,810,000 9.8

1/ Results for Tive diserete samples, 10/28 - 11/1/68.

2/ Results for five discrote samples, 11/4 - 11/8/68.

;5/ River Mlledge refers to point where tributery or waste scurce enters the Missouri River.
Samples Were colleeted on tributery or waste scurce upstresm from confluence.

L/ Pime-of-water travel from USGS Gege &t 8t. Joseph, Missourd.
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TABLE NO. B-8

Avarage of Two 5-Day Cnmposilte Sanmples

MISSOURE RIVER
Octover 28uXovember 8, 1966 Survey

TOTAL . : TOTAL
SPATION ‘ PHOSPHORUS  MHgpe N Ko s K ORGANIC TOTAL ORGANIU
River BB P ¥ as N NITROGER CARBON Ca Mg
Fame Mileage . _mgfl mg/1 g/l ma /L el gl ng/fl me/
MISSOURY RIVER:
M-T7 Lk0,3 ' 0.5 0.16 1.0 7 0.6 1.8 G - -
mg&jy 422.6 . 0.8 < 0.01 1k 0.5 1.9 & - -
M-25.5§/ hlS.O. .25 0.11 1.0 0.8 1.1 g - -
H-25 397 .0 0.97 0.12 1.1 0.8 20 9 - .
M2 384,86 Q.31 0.12 1.0 0.6 . .7 8 .69 21.
M-23 370.5 0.32 0.1# 1.1 c.6 1.8 9 78 s
M1 365.6 o‘.ée 0.19 1.0 0.9 2.1 10 &7 18
Me20 3593 ' 0.32 .20 3.3 0.8 2.1 10 67 18
M-18 5.4 0.36 0,83 1.1 .7 2.0 1l £8 72
M1t 3.5 0.3 o, 1.2 0.8 7.2 w - “
M-16 EikN- g 0.33% 0.2 1.2 0.7 2.2 9 w : -
M-15~  293.b 0.36 0.0 1.2 0.8 LN 1w - -
Muih 270.0 0.3k 0.12 ol c.7 2.0 9 66 20
Mel12 2hy.2 0.31 0.12 1.2 0.9 2.2 8 66 18
M10 235.1 0.38 0.10 1.3 0.9 23 10 L 19
M- 220 0.0 .10 1.3 0.8 2.2 9 63 20
¥- 8 197.2 R 0.16 B 0.8 23 10 66 18
M. 7 179.0 : 0.38 0.16 1.2 1.7 3.1 ] 71 18
Me 6 168.0 ] 0.38 0,16 1.2 0.9 . 2.3 8 62 oo}
-5 139.0 0.38 0.1% 0.8 0.8 1.7 9 6l 18
M3 118.0 0.30 ©.09 1.0 0.8 1.9 8 56 16
M-l 98.0 : 0.30 .10 1.0 0.8 19 10 6 17
’mrawnnms;i/ ‘
KR~22 367.h ' 0.46 0.23 1.2 6.5 2.2 il - -
GR-13  250.0 0.16 0.05 < 0.1 0.32 0.5 8 60 ©
c-21 238.8 0.2 G.09 c.2 0.6 0.9 g 59 12
0« & . 130.0 0,08 0.10 0.h ok, 0.9 6 11 10
G- 7 10k, 4 0.11 0.0k 0.2 0.b 6.6k 5 38 20
WASTE sovncas: Y
w1002 367.20 12,0 33,0 1.8 9.5 03,7 ap - ..
kit 356.9 9.75 .2 <o0. " 6.2 326 by - -

1/ Result of one 5-Day Composite for 10/28 « 11/1/68.
B/ Result of one 5-Duy Composite for 11/h - 11/8/68.
3/ River Mileage refers to point where tributary or
waste poures enters Misaourd River.
Samples were colleécted on tributary or waste sourcs upstresm from confivence.
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TABLE NC. B-9

Averege of Two 5-Day Composite Samples

'MISSCRRI RIVER
Jdenuary 20-February 2, 1969 Survey

FOTAL T TOTAL SPEOIFIC

Mogimr , ‘ Pmizngﬂus Migs N HOgs X gag;:r?{c ﬁ:%mgém ORGANTG pﬁggﬁgﬁ o e .
¥emn Mileage mgfl g/t wgfl /1 mg/1 g/ at 25° @, -T.74 1 mefl —
STSSOURI RIVER: ' '
g:ﬁg:m 811.0 . - - - - - 700 ko 2

M-sea 7328 0.0 0.k 0.4 2.2 1.8 5 Bog S o
M-kBA  718.3 o 0,06 G.B7 0.6 0.6 N 3 790 “ho 23
MabiT 699.5 0.05 0.37 0.4 0.6 1.3 N 780 bo 23
Mub2 ¢ g2z - 0.06 0.3 0.5 0.8 1l 6 860 " 25
H-38 601.3 0.10 0.0 0.6 0.6 L6 [3 790 %] -
Me35  580.9 o 0.13 o8 gl 0.6 1.6 é 800 4 g
M-34 559,7 G.19 70.63 0.6 0.6 1.8 ' 150 ko 20
Ma32  525,1 0.18 0.5 0.6 0.7 2.0 . 6 750 LG 2
w30t aey om0 0.75 0.5 0.8 21 3 690 3 T
: M-28  h52.3 0,30 0.8 0.6 0.8 . 2.2 6 780 41 20
H-27 1403 ©0.20 0.78 0.k 0.8 2.0 6 716 b 20
¥-26A  Leas ' 0.28 0.82 0.9 08 2.4 - 700 T 2
H-23 3703 : 0.2 0.75 0.7 "o 2.4 T 700 ko 19
WA 3583 0.30 0.87 .6 12 2.7 8 mne . B 19
M-18 5.4 ©.28 o.B2 0.9 1.0 2.8 g 710 40 - 19
17 33k.5 . . o.a 0.8 0.8 1.2 2.7 8 T00 W g
M-25 293.4 ©o0.52 0.5 0.8 L6 3.3 12 100 4o 19
Ml Zo.o odo  o.2 0.7 11 . 2.6 s o0 ko 19
‘Me12 4.8 i 0.36 0.78 ' o.é 1.2 2.8 1 650 3t ig
M- GA 219.2 Gl 0.7h 9.3 1.6 3.3 12 450 30 16
M- A 1Th.8 0%k 0.60 0.8 1.8 3.1 ©o13 ' 490 25 Ak
M- 5A 132.0 0.56 0.6k 0.7 1.8 3.2 16 520 % 15
M- 2 %8.0 , 0.3 0.3 ¢.8 1.k 2.8 T %0 2 1
RIBUTARIES: 2/ .

FA-3TA  595.5 6.5 7.0 5.0 3.8 3.8 oz 990 43 2
P37 5¢%.8 ’ 0.32 o.k1 0.8 0.6 1.9 5 £00 % he%
ASTE sourcEs:/ ' . '
8C-kg 729.0 .xh.e 59.2 < 0.0 14 . 73.2 65 2, 880 52 36
ca-bond gk . 16.5 55,0 2.03 T 7.0 & 1,320 18 12
TRy 611.5 6.90 2.2 0.7 5.9 26.8 36 1,580 [ 2z
K-1§B-3/ 367.19 5.55 18.% 0.3 4.6 ok 28 2,360 L2 1o
;c-lgl'/ 336.9 8.70 25.5 . G.OT 5.8 30.4 3 31, 850 us h

/ Result of one 5-Day Composite for 1/20 - 1/2l/ég,
¥/ Regult of one S.Dey Composite for 1/7 - 1/31/65.
/ River Milesge vefers to polat where tributary or
waate gource enters Missourd River.
Semples were collected on tributary or weate source upstream from confluence,
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TARLE NO. B-16

Bottom Associated Animalie

HISSOURT RIVER
October 1068

Big ) .
Sioux Floyd Solfler Boyer
orpenisn Station (River Mile) : River River Biven
736 T TIT Ggy 616 655, 626 618 Thel TG Toghel  ER3
Sepngitive Organisms
Stoneflics .
Perlodidme - - - - Q , - - - - - - -
Agroneuria - - - Q - Q - - - - - -
Meyflies

Ame letus - - - - - Q Q - - - - % p

Crenis - - - - - - - Q - - - -

Heptagenia - - Q Q - Q. |4 Q - - - -

Hexagenia - - - Q - - - - - - - -

Isonyohia Q Q Q Q Q Q - - - - - -

Stenoners 3 - Q Q Q 4 - Q - - - -

Tricorythodes - - - “ - - - [ - - - -

Caddio{lins .

Cheunstopeyehe - - - - - Q - - - - - -

Hydropeyehe Q Q" 9 Q Q Q Q & - - - -

Reureslitain Q Q Q Q - Q Q ] - - - -

Podaryin - - - - a - - w - - - -

Famhany.a - - - - Q. - - - - - - -
subletelisg. 4. - - - - - - - - - o o n
Ayt rtnl fdnds Ty 3 5 T [ 8 & 6 1 0 e 1

Intermediate Orgenisms
Midgen
Crisotopue - Q - G - - Q q - - - -
ciyptatenlipes Q - Q - - - - - Q - Q .
Orthocladivue - - - - - [ - - - - -
Polypedilum - - - - - Q Q Q - 8 ]
Prociadiuvg - - - - - - Q - - - - -
Pasctrocladius - ] - - - “ - Q - - Q -
Peeudochironomur - - - - - - - - - - Q -
Tanviarsue - - - - - - - q - - - -
Creneflies

Eriovtere - - - - - - - - - - ) - Q
Blackflles

Simulivm . - - - - - - - - - - 'y .
Damgnlfiies . :

Amphiagrion “ - - - - - - - - - q w“

Argia - - - - - @ - - - . Q -

~Beuds

GHrenBYUs - Q - - - - - - - - w [~}

Eyalella q - - - Q Q - q [ - - ) Q

L egf?_ad.ae - - - - - - - - - - 3 a
Clams : *

Spheerildae - - - - - T - - - - k -
Sew Buge .

Agellus - [} Q Q Q Q - - - - - -
Subtotal/eg. 1. - - - - - - - - - 0 12 - S
gubtotal/kinda 2 b 2 2 2 5 3 5 2 o 9 ‘5

Tolerant Organisme
Snails
Fhyss - Q q Q Q - - Q Q . - -
Teeches
Hiruiidas -] - Q Q Q Q Q - Q oo - 2
Bioodworma
Chironomus o] @ Q I’} Q - Q - Q - L] Q
Sludgeworms S
Tubificidas Q i - ¢ - - - Q 280 [+ 8 B0k
Subtotal/sq. £t. - - . - - - . 80 £ 2 b
Suptotal/kinds 3 3 3 i 3 1 2 2 h 1 2 ]
Grand Totalfsq. ft. - - - - - - - - 280 6 24 T o308
Jumber of Kinde g 10 10 1 1 h 9 13 T 1 1 9

Q = Organisms collected qualitetively.
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TABLE NO. B-16
{conta}
1
Bottom Asaociated Animals

MISSOURI RIVER
October 1968

Station (River Mile) ‘ Platte
. . River
Organisus Sl g1 91 8L S0 AT =5 T 8 Mg ks MO b2z 397 385 5oeoS
' Sensitive Organisms
Mayriles )
Ameletus - Q - - Q - - - - - Q Q 23 - - - ‘-
Bastis - - - - - - - - - - - - - Q - -
Keptagenia - - - Q - - - Q - ) Q 4] ] - - Q
Isonychia < - - Y - - - - - - - - - - - -
Shenopens,. I - - N B
Ceddiafiten
Chewmatopeyche 3 Q - - - Q 2 Q - ) o) 4
Hydropayche - - - Q - - - 9 - q - Q - g - Q

» Neureclipsis " - - - - ] - - Q 3 Q - - -
Subtotal/sq. #%. - - “ - - - - - v - 1# - - N - _
Suktotal Kinds 35 1 o 5 1 Q 3 3 2 6 I 5 3 n 2 b

. Intermediate Orgsnisma
Beetles
Cyubiodyte - - 8 - - - - - - - - - - -
MWidges .
Cardioeladiue - Q - . - - - - - - Q Q - - - - -
Chironomus - - - - - - - - 2 - - Q - - 2 -
Clinotanypus - Q - - - - - - - - - - - - - -
Cricotopus Q Q - - - - - - - Q Q Q - - 4] -
Glyptotendipes - - - - - - - Q - - - - - - - -
Ortheelodius - - - - - - - - - - - Q - - - -
Peantansura - - - - Q - - - - Q Q Q - - - -
Polypedilum ? b Q T q Q "] Q Q Q Q 4 - Q 8 q
Procindiue - ) - Q - - - - - - - - - - - 2
Pacctraeladive - 4 - & - - « - - - - - - - [} -
Spaniotoms ) Q - - g - 4 - q Q Q i 2 - ] -
Tenytersus Q & - - - - q - - Q - ] - - a q -
Tauypus S - - - - - - & - - - - “ - ] “
Psectrbanypus - - - Q - - - - - - - - . . - “
Craneflies
Erdioptera - - - - - - - - =} - - - L.
Limonia - - - - - - Q - - - - - - - - - N
Blackfllies )
Simulivm - - “ - - - - - - - - - - - - 4]
Damgelflies
Amphisgrion - - - 9 - - - - - - - - - - Q -
Argle: ) - - - Q - - - Q - - [ - - - . -
dauds
Crangonys - - - - g - Q - Q a - - - - -
- Canmarus - - - Q - - - - - - - - - - - \
Byalelia - - - & Q - Q - Q Q - - - - -
Sow Bugs . .
Apellus - 4] B - - - - Q - Q - - - - - -

Tinmpet

Anoyisdag - - - - - - - - - - - @ Q - Q -
Subtotaifeg. fr. & 12 3 T 5 2 6§ 9 5 v 8 . - . .
Subtotal Kinds L 9 3 g 5 2 8 4 S g 8 & 2 kS g b

Tolerant Organisms
Snalls o
Physa - Q Q Q Q - - - - - Q - Q Q - -

Leeches : ’ .

Hrudidse Q Q - { - - Q - - 4 - - Q - - Q

Bloodworma .

Chironcmus - - - ] - - - Q - 8 - - - ) - -

Sivdgesorms : ‘

Tubificidee ) Q@ . 1% 100 Q 20 180 320 120 =53] . 580 Q Q 10 - 50 [*)
Subtotal/sg. ft. - 180 100 - W6 180 320 0 ‘90 588 - 1 10 - 30 -
Bubtotel/kinda 2 .3 2 13 2 1 2 2 N 3 2 1 3 2 kS 2
Grend Totalfsq. 6. -  agh 106 - 00 180 30 1 oh .88 - T - 52 .
Humber of Kinds 9 13 5 %8 3 11 1L 7 18w 1k 8 712 w0

4 = Organisme collected gualitatively. _I 95



TATLE N0, R-74 .
{@antd)

Battam Aarrninted Aotmals

MIGSOURT RIVER
fintemer 1958

Kanzns = Blue  Grand Onnge  GRAROD A~
Station (River Mile) N River River River River River

Organign o e 6 @h A% M3 293 2R 8 2 e 197 A9 M2 33 MR 99 6Tn5 -l EOnd 3R Mhef
. Senpitive Orpmnlans

Hayllies

Apaiotua Q - - - - - - - “ - - - - - - - - " - - - -

Camkis Q - " - - . - - - - - - - - - ~ - ~ - - - -

Asptagenin Q - - - - - - Q - - - - - - - " - - - - - . -

Aexrgrnin 1 - - - - - - - - - - - . B 1 - o [ - - - 28 2h

Isonychin - - - ~ - - - - - n - - Q ~ - - - - - - - -

Paraclosoies - 5] “ - - - . - - - - - - - - - - - - - - -

Stenionemn Q 4 - . - - - Q - @ ] Q - b & - Q - - ] - -

Tricorythodes w - - - - - - - - - - - s - - - - - - ? " -
Caddisflies

Chnumntopsyehs < - - - - - - - ] - - - - Q - - - -

Hydropayche Q - - - - - w Il - - - - = " - Q - - - - -

Potamyis - - - - - - c- - - - - - - - - - Q - - - - -

. Subtntalfeg. ft. By .. 8 . . . - T R S - . . . 28 24
Subrotal /Kinds T H o 0 9 o o 3 i 1 2 1 2 2 1 1 5 . 0 0 g 1 1
Intermetinte Orgunisme
'

Beetlen

DAnsutun - - " - - - " - - - W - - - " - - - - - - [

. HaTpus - - - - - - - - - - - - - - “ - - “ - - - 4

Other - - - - - - - B - - - - - - - - - - - - z -
Midzen

Alb)abestyln - - - ~ - - Q 4 - - . - - - - - - - - 8 - -

Chironomis 2 - - - - - - - - - - - - - - - - - - - - -

Uricotapus M - 4 - - - - - Q . Q - e - - M - - - . -

Myptotendiont - - - - - - - - “ - - - " - - - - - q -

Parrlauvterborniella - - u - - - " - - [+ - - - . -~ - - - - - - -

Polvomillue 2 ] - PR - - ] Q Q Q Q @ - - - - &3 - Q - it

Frocledive - - - - - - - - . - - - k 13 - - B - - - - -

Pgeatrociadive - - - 2 - - - - - “ - - - - - - - - - - - -

Prrudachivonome - - - - (3 “ - - - - - - - - - - w - - - - -

Spanictomt 2 - . - - - " - - - - - - - - - - - - - - -

TanytatrNs Q ~ - - w - - - - w - - - - - . - - - - - -

Tanypuy - - " - - - < - - - - - - . - - - - - - -
FPhanton Midoes

Chaohorus L} - - - - - - Q Q ] - - w " - - 28 - - 2 -
Morguitoes X !

Anopheles <Q - - - - B - - - - - - - - - e - - - - - -
Cranefiies - - - - - - - - - - - Q -~ - - - - - - - - -
Mothfites

Pericomh - - w - - - - - w - - - - - - & - - - -
Temaelflies

Amotdaerion - - - - - . '] - - . - - - - - - - - - - - - -

Argis - - - - 3 2 n - - - - - - - - - - - - - - -

Eralloams - ~ - - - - % - - - - - - - - - - - - - - -

Esennura - 9 - - - - - - - - - - - Q - - ) - - Q - -
Sends

Crengonys Q " - - - - - - - - - - - - - - - - -
mm?:y;llnlln - - - - - - - - - - - - - - - - - - - Q - -

ehn

Eg.idnn & - - U - K] Q < & - 9 - - @ - - - - v - - -

e . - - " . - - - . - - & - - 4 - - . - -
Tarbmilacis | - -

Biting Midres ’

Berzin - - - - . - - - - - - w - i - - - - - - - LT
Clane

N Sphneng 1A - - . - - - . " - - - - - - - - - - - - 5 "

Bphaeriom - - - - - - - - - (4] - - - w - - - - - - - »

: Subtotal/sg. £, ! - [ ; - . b - - - - % 8 . - 5 w02 . - [ R &0
; Subtntal /Kinde # 2. 1 3 3 3 3 5 b b 3 2 3. b o o 3 3 2. 5 3 4
‘ Tolerant Orpanioms

Grmile

FPhyrs - '] Q ] 4 < - w - - - - 3 - - Q - - - '8 -
“ireatone T T T T B S - - -
B s - 4 9 - & & - - - & - & & - - - - & - 4 § -
Hludgenrrmy -

b i £icidne 5% ¢ 62 ss2 100 356 180 60 96 56 168 k8 ag@ 36 232 @52 W0 980 _ [ 3 s
Subtotalfeq. £t 550 booss us w120 50 9% s 168w g 60 oz TR o BB Q bk 13 Wy
Suhtotal/Kinds L 3 'Y 3 b L i 2 1 2 1 2 & z 1 L 3 2 ¢ 2 k} 1

Oward total/eq. f4, (06 5 70 x4 A 190 Bk - g 56 A8 W8 M FETRR TR T A -4 - 5. g )

Graml total) - .

Hiwhar of kinds 16 8 3 8 T 7 b 10 & T -1 5 El & ? -4 i 5 o] -] T 4

@ = Organimga collected gualitatively. PP o B '
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TABLE NO. B-17

OCTOBER-NOVEMBER, 1968

Suspended Algae
MISSOURI RIVER

Cell Vol.

STATION River Nuziber /

Mile ml (ppm)
M-52 7360 872 0.8k
M-50 736;0 ?28 1.3k
M-L8 7174 339 1.01
M-47 699.5 Th9 1.24
| M6 676.5 687 0.93
M-kl 654.6 893 . 1.54
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 5.0
M-36 59L. 2 oler 1.92
M-35 580.9 1,65 2.17
M-3h 559.7 5,955 5.82
M-33 546.7 3,791 3.53
M-32 505.1 . 2,584 2.51
M-31 507.5 3,046 2.93
M-30 488.3 1,769 2.63
‘M-29 469.0 1,995 3.51
M-28 ksg.3 1{366 1.85

140.3 2, 144

M<27

197
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TABLE NO. B-17

{contd. )
1

Suspended Algee
MISSOURI RIVER
OCTOBER -NOVEMBER, 1968

STATION River Nuriber/ Gell Vol.
| Mile ml (ppm)

Ma 26 422.6 2,178 3.21
M-25 397.4 1, 584 2.85
M- 2k 38Lk.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 4,u8
M-18 3454 1,600 1.67

MelT 33,5 1,727 2.8
- M-16 313.2 2,013 1.37
M-15 2934 1,617 2.32
Me 1l -é'(O.o | 782 0. 59
M-12 21,2 765 0.73
M=10 - 235.1 €03 0.58
M- 9 221.0 w1 0.6k
M~ 8 197.2 605 0.9
M- T 179.0 815 0.86
M- 6 162.:0 ) 1,016 1.30
M- 139.0 895 0.87
M- 3 118.0 1,593 1.5k
M- 3 98.0 826 0.85
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TABLE NO. B-17
(contd.)

«

Suspended Algae
MISSOURI RIVER
OCTOBER-~NOVEMBER, 1968

- STATION ‘River Number/ Cell Vol,
' Mile ml {ppm)

TRIBUTARY STREAMS

BIG SIOUX RIVER -
Bs-51 ; T340 11,653 11.75

SOLDIER RIVER

5-45 5640 | 6l 0.61
 BOYER RIVER |

B-43 6351 961 . 0.88
PLATTE RIVER ‘

P-37 _ 59u;8 . 9,236 '13.04
KANSAS RIVER o

Kr-22 - 367.4 1,815 0.86
GRAND RIVER

GR-13 . 250.0 10,649 6.04
' CHARITON RIVER
C-11 ‘ 238.8 | 2,986 4,76
| OSAGE RIVER | |
O u‘ 130.0 9&3 1.16
GASCONADE RIVER

G-2 1044 | 851 1.%6
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APPENDIX B~3

DETERMINATION OF BOD EXERTION RATES
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Tl

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 exeri a significant influence on
water quality by depleting the dissolved oxygen concentration to
levels that can damage beneficial water uses. Alithough no known
damages to beneficial water uses because of the BOD depleting the
D.0. were known to occur in the Missouri River during these surveys,
low dissolved oxygen concentrations did occur dgring the peulk run-
off period of Oztober 17 and 18, 1968. The minimum observed D.O.
was b.% mg/l at Station M~28, near the St. Joseph, Missourl veter
intake. The ccorresponding BODs was 8 mz/1. During the January,
1969 survey, the effects of an ice cover significantly reduced
regeration, and D.0.'s were reduced by BOD exertion.

There is only a remote possibility that D.0. could be sup-
pressed to levels that would damage aguatic life in the Missouri
River. ' Such an occurrence would likely occur during heavy run-
off from large areas of the watershed, incliuding scouring of organ-
ie bottom deposite 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 appropriste.

The followling limited objectives required & more detailed
analysis of the BOD data:

1. ‘To calculate BOD's at exactly 2.0 and 5.0
days from nominal values of observed BOD,
which were incubated at various times near
2.0 and 5.0 days. All average BOD conceu-
trations at Missouri River stations were
found to be within ¢+ 0.1 mg/l of the calcu-
lated "exact" results.
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C-?

2. To determine BOD exertion rete constants(ki).

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 S-day time of incubation. These assumptions were
generally confirmed by the 20-day BOD results determined at selected
stations, ‘

For each daily sample, the ki's were computed using the nom-
inal BODo and BODs 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 ki, and
occasionally exceeded kq. The mean of & set of individual ki'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 BODy's and BOD5's and incubation times at each station were
averaged for each of the survey periods-and using first order kineties,
- a value of k; was determined. This procedure yielded more significant

results. ' - :

The reaction rates (kl) 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 ¢-3). Trend lines
drawn through the graphed points indicete that the rate of BOD satis-
faction decreases downstream from the major waste discharges. This
effect occurs because tle less readily biodegradable compounds remain
as the microbiological assimilation and oxidaticon progresses and thus,
dissolved oxygen is consumed at a reduced rate,

At stations where flows were available or could be'hccurately
calculated, the BOD: loads (as pounds per day) were computed for the
fall navigational périod (Figure C-4). Flows are plotted and connected
S0 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 kl
for individual samples and the ky 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 Xy, BODt, and BODS 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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APPENDIX B-4

TIME~OF-WATER TRAVEL IN THE MISSOURI RIVER
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D-1

APPERDIX B-4-

TIME-OF-WATER TRAVEL IN THE MISSOURI RIVER

The purpose of this analysis was to determine the time-of-
wa'ter travel that occurred during the sutumn 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 verious flow rates in the reach from Yankton, South Dakota,
to 8t. Louis, Missouri. The variations in the main stem flow
. that occur over this reach require that time-of-water travel he
computed separately for seversl 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, Iowa; Omahe 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. o : ‘

_ The computed U. S, Geologiesl Survey times-ofutravel* werse
cumulatively summed for each statlon 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 Missourl 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-1) at the
reference gage was calculated by linear interpolation and plotted
between computed 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 Tor the
period of study from October 28, to November &, 1968 was 48,500
efs. Computed times-of water travel downsiream from Sioux City,
Towa, in the sub-reach at bracketing flows were:

* Bowie, J. E., and Petrl, L. R., 1969, Travel of Solutes in the
Lower Missouri River, U. 8. 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:

18k4.8 Hours th,OOO afs)

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

.194%.9 Hours (kG,OOO efs)

180.3 Hours (50,000 cfs)

. Interpolating for a flow equal to 48,500 efs 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
cumilative 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. In 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 cumulativeé time-of-water travel downstream from
Sloux City for variations in discharge.

To use the constructed flow llnes 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
a2 nominal time~of.water travel with respect to the Siocux’ 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 mek-
ing this correction, use the two values of nominal time-of-water ‘
travel at the point of discontinuity - the reference page. For ex-.
ample, the upstream sub-reach from Waverly to Boonville flow line
bad & nominaltime of-water travel of 169.8 hours at Boonville., The
adjacent downstream subw-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 WG, Dl

Pwe-of Huter Trovel

MISSQURI RIVER
Fall, 1968 Hevigation Season Burveys

Hominal worrection Cumu- Lorrected Corrected
Frev, Time aceount of lative Trav, Time Teas, Tine
STATION below Ref, Correc- below below .
River Sicux City GageChange tion Bhoux Clty St. Josepn
Hame Mileage Reference 3 . Hours Hours Hours Hours Hours
MISSOURY RIVAR: ’
Hws2 736.0 B4 1.6
731.8 sioux City, Iowa 0.9 0.0
M-S0 730.0 0.5 [ 0 . a.s'
M58 TIT 5.2 o o 5.2
WWT 699.5 ' 1.3 3 s 1.3
HeBE  676.5 ’ 18.8 o 0 18,8
M-k E54.6 . 25.2 o o 5.2
. M-b2 626.2 . kT [} ] 3.7
b1 6283 7.3 o 0 3.3
. 615.8 Qmehe, Nebranka
M-39 610.5 : 39.0 +0.3 +0.3 39.3
¥-38 6oL.3 . ki3 +0.3 3 . 41,6
36 5619 k3.8 +0.3 +0.3 ih, g
H-35 580.9 . u7.0 0.3 +0.3 47,3
’ 561.8 Nebpasks City, Nebraska
e 34 559.7 52,0 +1.5 +1.8 53,8
MR35 S6.T ) 55,9 +1.5 #1.8 7.7
Me32 525,1 62.9 *1.5 1.8 k.7
M-3t 507.5 68.8 +1.% +1.8 a6
M 30 488.3 : T5.3 +1.% +1.8 1.1
¥.29 489.0 . 82,1 +1.5 +1.8 83.9
Me28 458,3 . 88,0 +1.5 +1.8 69.8
bh7.9  B6. Joseph, Missour 8.5 L3 +1.8 9.3 0.0
814 .3 8.0 +2.8 +h.6 93.6 2.3
W26 Lon.6 ) b 2.8 +h,6 95.0 7.7
M-25.5  h1B.0 96,0 +2.8 +.6 100.6 9.3
KuB5 9. 103.0 +2.8 +l.6 101.6 16.3
X M- 2h 384.9 _ 07.1 +2.8 +. & 1.7 0.4
H-23 370.% . 111.9 2.8 .6 116.5 25,8
365.7 Kansas City, Missouri
M-l 365.6 : 106.9 6.4 11,0 o 117.9 6.6
w®  359.3 109.1 6.4 #11.0 1801 8.8
W28 PS5k © 1138 +6.4 #11.0 12,8 33,5
u-17 3345 117.6 6.4 #11.0 198.6 37.3
¥-15 313.2 125.0 +6.4 +11.0 136.0 w7
M1 293, 131.9 46,4 +11.0 W29 51.6
2. HWoverly, Hissouri
Ml 270.0 " i 0.9 0.1 151.5 go.p
.12 . O] ) 15%8.3 -0.9 +10.1 1684 7.1
RN £35.1 15h.7 «0.9 +10.1 1648 3.5
M- & 22L.0 159.9 0.9 +10.1° 170.0 8.7
H-B  197.2 169.3 0.0 £30.1 179.U 8.1
194.6 Boonville, Missouri
He 7 179.0 : 169.4 +6.2 6.3 85,7 ok L
e 6 168.0 ’ 75,4 6.2 +16.3 191.7 100.b
3.9 Jefferson Jity, Missourd ’
M 5 139.0 181.3 +2,2 +18.5 199.8 108.%
He 3 18.0 189.2 +2.2 @13.'5 207.7 1164
WY 98.0 e 2.2 +18.5 25,7 1k

y Hegative sign denotes upotrepm Crom reference gage.
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NORMAL FALL - Oct, 7-16, and Got, 28

TARLE NO. D-2

{eontd}

Time-of-Water Travel
MLSSTURL RIVER

«Nov. 8, 1968

3./ Negs.tive sign denotes upstream from reference gege,

2/ October 7-18 study period pertains to reac
3/ October 28-November 8, 1968 study perilod p

h frop Sioux City to St. Jose
artaing to reach from St.

214-

ph - River Mile Liy.g,
Joseph to Hermann, Missourd - River Mile 58.0.

TRIBUTARTES, MINTCLPAZITIES AND WASTE SOUACES
Nominal Correction Crunmi- Corrected Correctsd
Trav, Time acecount of’ lative Trav, Time Pray, Time
STATION below Ref, Correc- below  below 3
. River . . Sioux Olty GegeChange tion Bioux Ciy St. Joﬂeph——-/
Namo Mileage Referance Gage Hours Hours Hours Hours Hours
Big Sloux River 7340 -0.8 o 0 -0.8Y
731.8 Bloux City, Taws 0.0 s} 0 0.0
Sfoux City 729.0 0,7 o} o +0.7
Soldier River 664, 0 2.5 0 o] 22.5
Boyer River 38,1 11.6 [+] [ 3L.6
Opaba-Councdl Bluffs - Metra, Aves ' K
Upper Beundary - 624.0 35.4 4] o] 35.4
615,8 Omaha, Nebraska
Council Bluffs 614.0 38.1 +0.3 +0.3 Bk
50, Omapa - Monroe | '
St. Sewers 611.5 38.8 .3 +0.3 39.1
Omaha-Counall Bluffs
Metro. Area - Lower R
Boundary 601.0 k1.3 +0.3 +0.3 1.6
Pepillion Creek 596.6 h2,7 +.3 +0,3 k3.0
Flatte River s9h.8 43,0 0, 3 +0.3 3.3
Nebraska City 562.0 3,0 +0.3 +0.1 53.3
Nebrasks City,
561.8 Nebraska
Bt. Joseph Water :
Co. Intake 52,3 88.0 +1.5 +1.8 89.8
[ S5t. Joseph, Mo, S9L.3 0.0
St. Joseph Wr.o 87.0 +2.8 +h, 6 Cg91.6 0.3
Atehison Lp2.5 oh.k +2.8 H6 99.0 7.7
Leavervorth 396.0 203.3 +2.8 .6 107.9 16.6
Kanses City, Kensag =
Mo, Metro, Area -
Upper Boundary 36%.0 112.3 +2.8 .6 116.9 25.6
Kanses River 3674 112.9 +2.8 .6 117.5 26,8
Kansas City, Kans. 367.& 113.0 +2.8 .6 7.6 2.3
365.7 Kensas City, Ma.
Blue River - Kanses
City Metro. Aren - .
Lower Boundary. 356.9 109.9 1—6.& +11.0 120.9 29.6
Lexington 316 1240 +6.4 +11.0 135.0 b3.7
203.% Wavarly, Mo,
Grand River 250.0 hs.0 -39 +30.1 154.1 67.8
Chariton River 238.8 153.1 ~0.9 +10,1 163.2 T1.9
Glasgow 226.0 158.0 -0.9 0.1 168.1 76.8
Boonvilile 196.6 169.8 ~0.9 +10.1 179.9 - BB.6
196.6 Boonville, Mo,
Jefferson City 155.0 181.9 w6, P +16.3 198.2 106.9
. Osage River 130.0 184.9 +8. 2 +18.5 203.h L2
Gasconade River 1044 1943 +2.2 +18.5 212.8 121.5




D3

point on the Missouri River, the above procedure must begin at that
point and proceed downstream. The corrections for discontinulty in
flow are cumuliative from sub-reach to sub-reach in downstream order.

The corrected time-of-water travel downstream from Sioux City
to St. Joseph is & 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. In addition to the discontinuities mentioned, one
further break in the data is caused by the change in study periods at
8t. Joseph, Flow at the St, Joseph gage in the October T7-16, 1968
survey period averaged 36,600 cfs, in the October 28 - November 8 sur-
vey period the flow avermged 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-wvater travel downstream from Sioux City, Towa, and 3t. Jos-
eph, Missouri, for the respective pericds 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 conserva-
tive solublie contaminant. Cohtaminants that do not fall
intoc 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. 1t 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."

4
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APPENDIX C

DATA FROM PERIPHYTON STUDY



TABLE 1 oo
STATION DESCRIPTIONS BY MISSOURI RIVER MILE

River Mile - ' e . Description:

737.5 - Missouri River - 3.5 miles upstream from Big Sloux
River confluence. : .

734-0.5 Big Sioux River 0.5 m11es upstream from conf¥uence

732.1 | Missouri River 1.9 wiles downstream from Big S1oux '
River confluence, Iowa side of river.

731-0.1 Floyd River near I-29 bridge.

729 - Downstream 0.1 mile from Sioux City Sewage Tréatment

plant effluent, Iowa side of river.

727.9 _ Missouri River, Sioux City Pipe Line crossing
: Northern Naturai 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 m11es upstream from Iowa Power.
and Light cable crossing, Nebraska side of river.

699.0 Missouri River 0.5 miles downstream from L1ghthouse'
Marina, Nebraska side of river.

664.6 Missouri River 0.6 miles upstream from Soldier River
- confluence, ITowa side of river.

664—0.5 : | Soldier River approx1mate1y 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 ' Description
289.8 . Missouri River, 3.6 miles downstream from Waverly, *

Missouri, right bank.

257.6 - Missouri River 5 miles downstream from U. S. Htghway
41 bridge, right bank.

239-0.1 ) Chariton River 0.1 miles upstream from conf?uence
w1th the M1ssaur1

178.3 Missouri River -35.3 miles upstream from Jefferson
City, Missouri, 1eft 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 conf]uenqe 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
357-0.1
356.2
356.1
1347.4

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. o

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 0.7 miles upstream from the conf1uence
with the Missouri.

Big Blue River (0ld Channel).0.1 miles upstraam 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 P1ant,.réght‘bank.'

Missouri River 3 miles downstream from Napoleon,
Missouri, right bank.

*Convention for raght or left 1is Took1ng downstream with
the direction of water fiow.
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| TBLE 3 |
AMOUNTS OF CHLOROPHYLL a AND ORGANIC CARBON 1IN TH.E ORGANISMS
ATTACHED TO VERTICALLY SUSPENDED ARTIFICAL SUBSTRATES 1IN THE |
MISSOURIh RIVER, SIOUX CITY, IOWA, TO HERMANN, MISSOURI

Ch‘1ordphy1_l a Organic Carbon
River Mile wg/sa. in. ma/sg. in. |
MAIN STEM | :
737.5 3.1 7.7
7321 .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 .8
580.0 21.1 0.3
560.0 39.5 3.2
523.7 22.8 4.6
485.6 7.8 2.8
451.6 .9 1.7
M7.4 <9 2.9
362.9 4.6 3.2
356.2 2.7 | 0.9
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TABLE 3 (Cont.) | B - ST

Chlorophyll a  Organic Carbon
River Milex © wg/sq.in.__ _mg/sq. in.
356.1 o342
7.4 “ 6.8 3.2 f
7.0 134 5.0
326.8 | 5.7 12.6
289.8 | 7.8 9.8
257.6 | 157 7.2
228.4 | 9.1 7.1
178.3 2.8 3.3
TRIBUTARIES

734 Big Sioux River 2.4 o 3.4
731 Floyd River - 2.1 1.0
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 - . .

07d Channel 7 1.9 6.4
239 Chariton River 10 2.0
130 Osage River 19 3.7
104 Gasconadé River 15.9 2.7

*River mile of Missouri 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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APPENDIX D

REPORT ON FISH FLESH TAINTING INVESTIGATION



THE EFFECTS OF WASTE WATER DISCHARGES
ON THE FLAVOR OF FISHES IN THE MISSOURI
RIVER , OCTOBER 1969 .

" United States Department of the Interior
Federal Water Quality Admin.is?mﬂon
National Fleld Investigations Cenfer

1970
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EFFECTS OF WASTE WATER DISCHARGES OH THE
FLAVOR OF FISEES IN THE MISSOURI RIVER
(SIOUX CITY, IOWA, TO WAVERLY, MISSOURT)

OCTCBER 1969

Helsén'A.'Thomas
and
Delbert B. Hicks

A Study Report for Distributien by the
Director, Missouri Basin Region, FWQA

'Prepa:ed by

Vater Sciences Section
Kational Field Investigations Center
Federal Water Quality Administration
United States Department of the Interior
Cincinnati, Ohio

1970
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l.

SUMMARY

An investlgatlon of effects of pollutants on fish flavor
was conducted on the } issouri Rlver from Sloux City,
Iova, downstream to Waverly, Missouri. Test channel
catfish were placed upstream and dovmstream Ffrom all
known significant wasle dischargeé in this reach. After,
four days exposure, they were removed, dressed, quiék
frozen, and submitted to a food-flavor tesit panel.

Fish held in the Missouri River in a one mile reach
dowﬁstream Crom sleughterhouses and industrial waste
discharges at Sioux City, Iowa, had an unacceptable
flavor. Pieces of meat scraps and fet littered the
water surféce and collected on the baskets containing
the fish.

Downstresm from the Council Bluffs and Twin Cities se@age
discharges, caged fish acquired an unacceptable Tlavor.
Downstream from the Omaha sewage treatment plant dis-

charge, fish ecquired the most unacceptable lClavor of

‘any tested in the study. Wastes from the Onahe sewage

treatment plant caused an unacceptable Tlavor in fish

" for 2.5 miles of river along the Ilebreska store.
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2

The discharge of inadequately tréated wastgs from the
Cmaha sewage treatment plant pfoduced slimes iﬁ the
rivér that coi;ecﬁed on the cagés, another indication

of the severity of pollution in this area. |

Test fish-placed in the Missouri River downstream from
the confluence of the Plaéte River #5 Kansas City, -
Kanses, had an acceptable flgvor.

Wastes in runoff fnuﬁ thg Fﬁirfax dﬁmp at Kansas City,
Kansas, caused fish to have an unaéceptable flévor.

Fish placed in the Kansas River acquired an unaceceptable
flavor. : ‘.

Wastes in the Kﬁnsaé Rivér end from the Kansas City,
Kansas, and Kansas City, Missoﬁri, 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,

Slinme growths stimulated by ﬁastes from Corn Products
Company plant.covered baskets placed 1000 feetcdownstream
from the outfall and suffocated the test fish. |
Fish placed along the north shore of the river downstrean
‘from the North Kansas City, Missouri, sewage treatment

plant (Rock Creek) acquired an unacceptable flavor.
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13.

1k,

3

Fish placed in thé Big Blue River and immedistely down-

stream from its'confluence with the Fissouri River died

within 24 hoﬁr; indicating that these waters‘weré toxic.
Fish placed farther downstream in the Missouri River (onew
half mile) possessed an unacceptable flavor.

The Old Blue River and Sugar Creek‘waterslwere toxic to

fish., Caustic wastes in Sugar Creek dissclved the mest

leaving only skin and bones in the basket. Fish in the

Missouri River downstream from Sugar Creek ascquired even
more of an unacceptable flavor than fish at the next up-
stream station.

Vastes discharged to the Missouri River and its tribu-

~taries from the Kansas City area not only caused an un-

accéptable‘flavo; in test fish for 2Z miles, but were
toxie to fish.

Of the LkO mile reach of the Missouri River studied,
unacceptable flavors were found in fish élaced at
locations bracketing a total of 26 miles of river, all

of which vere confined to metropolitan areas.
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1.

STADARDS VIOLATIONS

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.

The State of Nebraska standard "Concentrations of sub-

stances shall be less than that amount which is or may

become injurious to the designated uses" was violated by

the wastewater discharge from the Omzha sevage treatment

plant.

.~ The State of Xansas standard "Taste and odor producing.

substances from men-mede sources shall be linited to cone
centrations in rivers that will not interfere with ...

or impart unpalatable flavors to rish-... " was violated
by vastes in the runoff from the Fairfax dump at Xansas

City, #Zansas, and wastewater'dischanges to the Kansas River,
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The State of Missouri standard "Taste and odor producing

substances from man-made sources shall be Limited to

concentrations in rivers that will'not-interfere with ...

or impart unpslatable flavors to fish ... " was violated
by the discharge of wastewater to the Kansas River and

from the Kansas‘City, Kensasg, and Kansas City, Missouri;

.sevege treatment plant discharges. The standard also was

violated 5y‘the wastewater from the llorth Kansas City,
Missquri, sewage trestment plant (Rock Creek), the South
Kensas City, Missouri, sewage treatment plant (Big Blue
River), and industrial wastewater carried by Sugar Creek

to the Missouri River.
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| EFFECTS OF WASTE WATER DISCHARGES ON THE.
FLAVOR OF FISHES IN THE MISSOURT RIVER -
(SIOUX CITY; IOWA, TO WAVERLY, MISSOURI) .

OCTORER 1969

At~the.re§uest'of the Régional Director 6f the.Hiﬁsouri
Basin Reglon, FWPCA, to investigate waste discharges tﬁat:may
effect an unacceptable flavor in fisﬁ iﬁ the Missdﬁri Rlver
fram Sioux City, Iowa, to downstrewn frqm Kansas City, Khnsas,
the National Field Investlgaﬁlons Center conducted fish flesh
tainting studies from September 29 to October 18, 1969. The
stgdy reach-extended from Sioux City,.IGWa fRi&er gile (R.M.)_
735] to Waverly, Missouri (R.M. 295j'(5igure 1).

Fishermen have captured fish ﬁhich possessed ﬁnaccept-
~ able flayors from thejﬁissouri River. Because of this, sports
fisherﬁen have soughﬁ new uncontaminated ishing waters where '
their cateh will be edible. Commercial [ishermen have lost
dressed {ish markets because of consumer rejectioﬁiof fish
with unacceptable flavors and ﬁust sell their catches at
reduced prices 2s live fishes for stocking ponds vhere with
time the flavor w1ll improve.

The study was directed to the identificat;oﬁ of wéste

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 counnerc:{a,}. fishery on the Missouri River is a valuable _
resource. In 1966, 4.5 million pounds of fish valued at $315,000
vere harvested from the Missouwri River. In the states of Iows,
Kansas, Missourl and Nebraska;, ‘there were 292 Missouri Rivez;'
cammereial fishermen. However, tﬁe vast ‘m.ajoi‘ity of peop].e. vho
fish ‘on the Missouri River are sports fishermen. It should be
‘ recognized that the Misscuri River has ‘both an important sport
and commercial fishery and these should be protécted and improved.

Stateé bordering the Missouri River have endeavored to
protect the Missouri River i‘ish'eryr resources by Water Quality
Sta.n_dards} The State of Nebraska Standards for taste and odor
produéing substances, state, "Concentrations of substances shall
be less than that amount which ié or may beeane injuricus to the
designated uses." | |

Water Quality Standards for the S'tate: of Missouri state,
"Taste and odor producmg substances di.scharged shall be limited
 to econcentrations in the stream that will not interfere with...
or impart unpé.lata’ble flavor to food fish,. ..." VWater Quality
Standards for the ‘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 concentré.tions in rivers that w;ll _
not interfere with...or impart unpalatable flavor to fish_,.... "
The State of Iowa Standards dnclude the general criteria which
provide that surface 'wa,ters be "Free from materials attributable
to municipé.l, industrial or other discharges producing color,
odor or cfbher conditions in su(;h degree as to be detrimerrtai to

legitimate uses of water.”
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METHOD

The method employed on t£e Missouri River tolidentify
waste sources producing an unacceptaﬁle flavof in catfish was
to plﬁce untainted catfish in cages located upstream and down-
~stream from'sﬁspected waste sources, This procedure has been

found to successfully relate the unacceptable Tlavor produced
in native fish té 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 fish were cleaned and.frogen on dry
.ice as fefefence rish, Affer the [ish were transferred to .the
test sites, four fisg each wvere plaéed in fish cagés and
suspended approximaetely two feet beneath the water's surface,
Fish ve;e‘exposed to waters fof 96 hours.
Thé Missouri River‘was‘divideé into four test reaches:
{1} The Sioux City reach (mile T35 t0 £91) encompassed
16 test sites.

(2) The Omshae reach (river mile 28 to 562) included
21 test sites.

{3} The St; Joseph reach (river mile 452.4 to 391)

haed 11 sites.
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(4) The Kensas City reach (river mile 378 to 295)

ha.d 25 test sites.

Aﬁ;er exposu:i*e » the f;.sh were dressed and frozen on dr)r
ice. The contxol and. exposed samples were shipped to the
'Dgpartnnent of Food Science and Technology, Oregon S‘ta.ter
University, Corvallis, Oregon, ;rhere samples *;rere stoi‘ed 'e.t 'Oo F
~until testing For testing, frozen ca:t;fish were washed wrapped
“in a.lmnimun foll, pleced on slotted broiler-type pans, and
cookc_ed in a gas oven at 400 F for 23 to 45 minutes giependingr
on the size of the fish. Ea.chr semple was boned and the flesh
flaked and mixed. to insure a unifom sample. Sample# were
served in coded cups to Judges sea.ted in individual test booths.
Known and coded references or control samples were included in
ee.ch test, . The Judges scored the flavor a,nﬁ deszrability of
each semple on a seven point scale ranging from ’{_, no mza,tg;x_-al
Plavor or very desirable, to 1, very extreme unaccepteble flavor
or very undesireble. Fish flesh having scores of 5.0 or higher

‘were considered to have an acceptable flavor.
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RESULLS

Fish placed upstream fram Siocux City had an acceptable
flavor, Test fish fran the Big Sloux River a.-l;s'o exceeded the
acceptsble value (5.0). Numerous fishermen observed in these
areas sttest to the popularity of these areas as fishing sites.
Nunerbu_s slaughterhwses in Sioux City discharged their waste
water int!o' the Missouri River between river mile 732 and T31.
Fish held in cages at river mile T3L.5, T31.0 and T30.5 acquired an
unacceptable flavor (Figure 2). Pieces of meat zmd. fat collected
on the baskets and could be seen floating in the w,é.ter for several
‘more miles downstream. Fish held at river mile T30.5 downstrean
from the slaﬁgh‘berhoufgses and other imiustries in Siéux City re-
ceived the lowest flavor score of fish tested in this area (Table 1).
Wasﬁes dischearged into the river at Siaux City caused an'unaccept-
able flavor in caged fish 1n at least one mile of the Missouri River
bordering Iowa. ’

No unacceptable flavor occurred in test :E'ish placed é.long
either side —0: the river frcm Dakota City, Nebraska, downstream
to river mile 628.0 near Omeha, 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 en
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unacceptable flavor. At river mile 617 , the test fish had s
flavor score of 4.9 indicating a near a.ccepté,ble fla.vor‘_.

Along the Iowa side of the Missouri River, caged fish
had accep.tablé flavors dowastream to river mile 614.0 vhere
the Council Bluffs and Twin Cities sewers cﬁscixarged- to the
river aﬁd caused an una.ccepta’éie 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). At~river mile _6].1 _(860 £t. down-
stream fram the Omaha sewage trea,méntl c_iiscﬁargé.) s caged fish
acquired the most unacceptable flavor (x';a‘bing of 2.6) of é.ny
of the fish teste@ in ko mi:l!.es' of ';hé Bﬁssouri River studied.
The discharge of inadgq_ue;tely treated wastes from the Omaha
sevage treatment plant also sufficiently enriched tﬁe Missouri
River to support slime growths that éovered the cages. . Slime
growths indicate orga.nic poliution which degraded the envirbnment.
Flavor of caged fish #as st1ll severely degrade 900. feet down;- |
streah fm the slaughterhouse discharges which entered the river
appr'ox:lma.tely one=-half zgile downstream from the Omaha sewage
treatment plan_t 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'frdn'thé"ﬁméha'sewége treatment plant degraded the.
flavor of Tish in 2.5 miles of river along the Nebraska shore,
Westes from the CSuncil Bluffs end Twin Cities sewage discharges
degraded the flavor in caged fish to meke them unaccept&blerih
2.5 miles of fivé}‘along the;Iowa“shorle‘ |

The flavor of caged-caﬁfish ﬁag acceptable from river
mile 608 to upstream from Xanses City, Kansés, at river mile
378 (Fiéure 4). " 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'5.6);"A£-
river mile 367.8, approximately 3 mile wpstreen from the’
Kansas'Riﬁer eonfluence, fish flavor wes acceptable indicating
dilutlon of the compoundé from the Fairfax dump.

Test fish frd&n the Kansas River.(river'mile‘36T.5-0.5)r
had an unabéeptablé flavor rating of 2.9. Downstieam fr&n fiver
mile 367;5, along the south shore of the Missouri River, the
combined effects of the Kansas River and waste water dischargedL
from‘a Kansas City, Kansas, and a Kansas City, Missouri, sewage‘
treatment plant caused an unacceptable flavor in fish held at
river mile 366,6 and 364.2 (Figure 4). Fish placed across the
river (north shore) at river mile 3%65.6, 36:.0, and 363.0 did not
‘acquire an unacceptable flavor. Howéver, fish placed in baskets

239



ik

rs

- 1000 feet downstream from the Corn Products Company waste discharge
(river ﬁile 365, Missouri's north shore) died because of suffocatioﬁ
éaused by dense slﬁge growths covering the baskets. These growths
did not occur upstream fram Corn Products indicating the Corm
Products Company was discharging inadequately £;eatedtwastes.. The
growths also‘ccvered the rocks of the jéttys thus reducing habitat
for fish food organisms in at least one mile of the river.‘ |

‘ Test fish along the north bank of the river appfoximately
LOO feet downstresn frbm Rock Creek confluence at river mile 362.6 .
had an unacceptable flavor rating of 3.8. Rock Creek feceives
wastes from-tﬁe Nofth Khnsas‘City, Missouri, sewage treatment
plant. ' | |

Degradation of fish flavor was found along the south bénk

at river mile 358.2 wpere fish acquired an unacceptable flavor
rating of k.2. Immediately upstreem from this station, either a
Power or an Industrial complex discharged_their‘wéste waters to -
the river. | |

| Test fish in the Big Blue River died within four hours
of planting and those fish placed.in the Missouri River 200 feet
- downstream from the Big Blue River confluence died within Qh.hours;_
One-half mile déwnstream at river'mile 55T7.5, the caged Iish
‘acquired an unacceptable flavor rating of 3.0. The Old Blue

Rivéf.was also toxic; however, the unacceptable Fflavor of fish
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in this reach of the Missouri River masked any further degra-
dation caused by the Old Blue River. Wastes in Sugar Creek,
river wile 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 end bones remained in the cages set
15‘Sﬁg$r éréék;' Aﬁﬁroxnmdtely Ebd-feet aovnStream frqm'tﬁe
Sugar Creek co‘ni‘lﬁence » the test fish were given even g léwer
fl&v&r scors (jLé)_than had been given to the test fish downe
streem from the 01d Blue River at river mile 356:‘.9"'(T'_ablé 1).
Fish placed in basketa three miles d&wnstream still had én une
accepteble flavor as e result of wastes from the Big Blue end
014 Blue rivers and Suger Creek. Figh with accépﬁable flavors
were recovered fram the ataﬁion at river milé.jhs.. The fish
dovnstrean rrdm thé 1ittle Blue River had only a slight‘un»
scceplable flavor (h.9).' Fifty miles downstresm at Waverly,
Missourd, tﬁe fish scored 5.5 indicating acceﬁtable flavor.
Vastes diacharged to the Missouri Riverafroﬁ tre Kansas
City, Kanses, Horth Kensas City and Kansas City, Missouri, ard
the Xanses Rivef areas caused unaccgptabie flevors in fish for |
22 miles. waétes carfied in Sugar Creek, the ﬁ;nglue anleId

Blue rivers were toxie to test fish.
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Table 1
r-Flavor and Desirability S: ores af

Caged Cat“ish, Missouri River, ].969

Missocuri

River 1 L - Flavor'  Desirability
Mile = Bank Tocation - Score . S_co;'e .
Control | o 59 5.3
4.6 R+1L Upatream from Sloux City 5.1 ke
0‘5 . R Big Sioux River_,_ o .. 5.5 CRaT
732.0 R . Upstream from Old Floyd River © 5.1 - L4
'R SLAUGHTZRHOUSE WASTE DISCHARGES
731.5 R Upstream from New Floyd River B G
R  SLAUGHTERHOUSE WASTE DISCHARGES
T31.0 R Dowustresm from New Floyd River L8 3.9
R SLAUGHTERHOUSE WASTE DISCHARGES
730.5 R Downstreem from New Floyd River 43 3.3 -
7129.5 R Upstrean from Sioux City Sewage - -
' Dis charge 5.0 3.8
R SIOUX CITY STWAGE DISCHARGE
729.0 R Dmmstr&‘am from S:}.oux City Sewage '
' : Dlscharge - _ 5.0 k.0
7e8.1 R Dovmstream from Sioux City Sewage o T
: Discharge _ 5.0 4.1 P

. ]'Lboking upstream.

2Miles upstream in tributory.
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Missourdi

River 1 Flavor Desirability
Mile Bank Yocation - Beore Score
728.0 L Upstream from slanghterhouse waste
Dlscharge 5.2 4.0
| L SLAUGHTERHCUSE WASTE DISCHARGES
726.2 L Dovmstream from Slaughterhouse
Waste Dlrcharﬁea, Dakota City,
Nebraska - 5.1 k.5
L DAKCTA CITY, NEBRASKA, SEWAGE
DISCHARGE
725.2 L Dovmstream fram Dekota City Sewege
4 Discharge ‘ 5.6 .7
723.5 L- Downstream fran Dakota City Sewage
Discharge 5.% ¢, T
TLT.5 R Dovnstream from Metropoliten
Utilities District and Towa :
Power end Light Co. Discherge 5.3 L.5
691.0 - 1 Decatur, Nebraska 5.0 4.3
628.0 R + 1L Upstread from Omsha, Nebraska 5.1 4.6
625.0 L Dowvnstream fror Metropolitan
Utilities District Power Discharge L.9 4.6
624.6 L Upstream from Portland Cement 4.8 Wk
622.0 R Dovnstrean from Omzha Stom Sewér h.3 L.0
€17.0 R Upstream from Hationsl Co-op
Refinery A9 5.5
616.4 L Omehu Municipal Dock end
Cargill, Inc. Lot L.
616.2 L Downstream from Ditch from Rail-
road Yards 5. L.8
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Missouri

River 1. , Flavor Desiraﬁility
Mile ‘Bank ' Location : Secore _ Score
615.0 R ' Upstream from Council Bluffs Sewage | , _
A Discharge _ _ 5.1 .2
614.8 . -Downstream from Ouaker Oats Waste o
Dlscharge : X L.g | L.y

COUKCIL BLUFFS SE‘.-.’AGE DISCHARGE

614 .0 R Downstream from Counc;l Bluffs ‘ | . -
Sewage Discharge 5.0 kLl
R TWIN CITIES SEWAGE DISCHARGE
612.1 R Downstream from Council Bluffs and
Twin Cities Sewage Discharge h.2 3.4
612.1 L Upstream from Omaha Sewage
. "Discharge 5.2 5.6
L OMAHA SEVAGE DISCHARGE
611.0 L . ‘Downstream from Omaha Sewage
Discharge . 2.6 1.6
L SLAUGHTERHOUSE WASTE DISCHARCE .
610.0 L Dovnstream from Omaha’Sewagé dis-
‘ charge and Slaughterhouse .
Waste Discharges 3.8 2.8
608.0 L Downstream from Omaha Sevage
: : Discharges 54 .. h.6
£08.0 R Dowvnstream from Council Bluffs
Sewage Discharges 6.0 5.4
£02.0 L - Upstream from Bellevue, lebraska 5.4 L.t
599.0 L Downstresm from Bellevue Sewage '
’ Discharges 5.1 h.1
351.0 . Plattsmouth, Nebraska 5.5 4.8
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Missouri

~ River 1 ' | Flavor  Desirability
Mile - Benk : Location s Score Score
562.0 L Nebraska City, l'ebraska . 5.3 L.6
L52.4 R Upstream from St. Joseph, blssouri
. . ' -~ Water Intake 5.6 5.1
kho,00 R . Downstream from a St. Joseph, y
- ‘ Missouri, Storm Drain C 5.7 5.2
7.0 R Upstream from St. Joseph Sewage .
Discharge . 5.67 k.9
R ST. JOSEPH MUNICIPAL STP
Lk6.0 R Dowvnstream from St. Joseph aewage : ‘
Discharge o 5.8 . 5.h

SOUTH ST. JOSEPE INDUSTRIAL SEWER
DISTRICT STP OUTFALL

u&h;o R Downstream from 5t., Joseph, Missourl .
Industrial Waste Discharge ' 5.4 L.8
150.0 R Downstream from St. Foseph, Missourl 5.6 5.3
24,0 L Upstream from Atchison, Kansas : 5.9 5.4
. | .
k21,0 L Downstream from itchison, Kansas = Fish cage lost
398.0 L Upstream from Leavenworth, Kansas ?.8 5.%
395.0 L Downstream Trom _eavenworth, Kansas _S,h. - 5,0
391.0 R " Downsiream from Platie River Con- :
. fluence : . ‘ 5.9 ) 5.0
378.0 ‘,L Upstream from Kansas City, Kansas - 5.1 k.s
L DRAINAGE FRCM FATRFAX DUMP
370.4 "R Kensas City; Kissburi; Water Intake 5.5 b,
370.0 L Downstrean frém Tairfax ﬁump i | | 3.6 2.3
368.1 L Kew Valley Drainnge District
367.8 L Upstream from Kansas River = 5.5 E.T
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AlLurned ) : - C
River Flovaor rsienbiliny

1 : s . "
Milo onk Incation TV Spomo

-7

Fv-l -

367.5= L " Kansas River 2.9
0.5 ] . :

L HANGAS CITY. KAMSAS, AND HANSAS CITY,
-MISBOURL , SEWAGE DESC’:D&RGEB

"

366.6 L Dovnstrom Srom Honoas 'i.war confivence and
Dovmstreanm fran Kanses City, lio.,
and Kansas City, Kansas, Sewvage
Discharges . .9 2.7

365.6 R Upstream Crom Corn Products

Waste Discharge ‘ pI Lol
R CORI-S PROBUCTS WASTE DISCHARGES
58:.2 L Dfox;nutream From ;nn"":, River and
Kansas City, Mo., and Kensas Civy,
. Kensac, Sewf" Dischargos . 4.6 ¥4
504 .0 R . Dowastream fion Corn Productc
Wastc Dischoarge ‘ £.5 S
363.0 R. Upstrean from Rook Cr. - . £.3 L6
. - .
R SORTH HAISAS CITY, TUSSCURI, SEWAGR
DISCHARGES '
562.0 R Dovnstresm From Rock Cr. : 4.3 2.0
353.2 L Upstrean Tron Dig Blu‘. River 5.2 )
5553.0m L Biz Blue River Toxic, Fich Dizd
0.5 ' .
L KALSAS CITY, MLISHOURL, SEWAGH
. DISCEARCE
597.9 L Dovnotrein frow Big Blue River Taxic, Fich Diaed

.5 L Dovnstrean from Big Blue River 3.0 1.9
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(R RoTiTolhu oi §

Riv-(_\r 1 . '5‘"_8‘1'0;’.‘ Desirapil ...ty

Mile Bank™ Location Suore Seare
5»87.e L Downstream Trom BJ.[; Blue River 3.5 =2
357.0 L Upstream from Old Blue River 3.0 1.7
A35T.0= b . 0ld Blue River 3.5 2.1
< 0.1  Toxic to 3 of k

test fish

356.9 L Dovmstremn from 013 Bluc River 5.6 2.7

55945 L

295. 0 L

: Sugar Cr.

:

Downstrean from Suger Cr.

Downstresm from Cenent City,
Missourd :

Dowvnotremn fron Missouri Ciby
Blzetric Power Discharge

Dowvnstream from Little Blue River

Waverly, Mis sowri

L4
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Dissolved Ment

3.2 2.3
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APPENDIX E

REPORT ON FECAL STEROL INVESTIGATION



MISSOURI RIVER BASIN STEROL ASSAY PROJECT REPORT

COPROSTANOL, A POSITIVE MARKER OF DOMESTIC AND RUN-OFF POLLUTEGN‘

SteroT Assay of Wastewater Plant Effluents and Surface Wets:
the Lower Main Stem Missouri

Henry H. Tabak and Robert L. Bunch

U. S. DEPARTMENT -OF THE INTERIOR
Federal Water Quality Administration
Advanced Waste Treatment Research Laboratory
Cincinnati, Ohio
May 25, 1970
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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 Maln Stem Missouri

Henry‘H. Tabak and Robert L. Bunch

The specific proof of pollution of natural waters from various
sources requires isolation and identificatioﬁ of the speqific brganic
pollutants in these watérs. Although contamination of waters by domestic
sewage 1s commonly concluded on thé basis of standard Eoliform organism
counts, the use of a gpecific fecal drganic compound that can be cor-
related quantitatively with this major source of pollution is more
desirable, Ste;oids offer such a class of compounds, since certain
steroids are characteristic of wastes from human beings and higher
animals,

-Coprostanol (coprostan~31ﬁ~ol, 5 ﬁ—choléstan-B B-ol) is one of
‘the principal sterols in feces of human beings and higher animals, and
feces ére said to be the only source of this compound. <The finding of
‘coprostanol in water would therefore indicate excreta from either domestic
waétes or run-off from pastures or barnyards. The meiits of using this
major.human fecal sterol as a positive marker of domestic pollution has
been recently emphasized (Murtaugh and Bunch, 1967;,énd Smith and Gouronm,
1969). It was sbown by the first authors that these compounds are removed

by adequate secondary sewage treatment.
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‘This study was undertaken to estimate the extent of human and'
warm-blooded animal fecal pollution and to pinpoiﬁt 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 area. The
sampling stations and their river mileage (RM) are described in appendix.T.
Each location was sampled four differen; times at approximately two-week
intervals. The samples were iced and flown to this laboratory. They
were about one day old when analyzed.

The analytical method used for the estimation of the coprostenol
in the river waters and in the wastewaters was based on theé methodology
which was previousiy developed in this laboratory (Murtaugh and Bunch,
1967), and proven effective for the recovéry of sterols from wastewater
as well ags from a stream in the Cincinnati area. There was one major
change in that a new packing was used for the gas-liquid chromatography
celumn which permitted the free sterols to be run. This eliminated the
need for making the trimethylsilyl ether derivatives. The procédure con-
sisted of hexane ext:actioﬁ, mild zlkali~-alcohol hyérolysis of esteré and
conjugates to free sterols, cleanup by thin-layer chromatography (TLC) and
qﬁantiiative measurement by gas-liquid chroma;ography {(GLC). The procedure
used is fully described in appendix II,

Simultaneously with the assay for the fecal sterol 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 coprostanocl. The chromatqgrﬁphic
analyses of all samples from the sampling points.show sigﬁ%ﬁiégnt vari-
ations in tﬁg amount of 'the specific indicator of domestic pollution,
coprostanol, as the degree §f sewage pollutionlof the watercourse varied, -

The sewage treatment plant (STP) effluents_along the Mis;ouri River
within the above four sampliﬁg areas were shown to have significantly
higher concentration of the fecal ste¥01 than the surfaperwater samples
taken at points just beforg the plant sewage effluent di§charge area oy
furthér down the viver away from the treatment plaﬁts. The dec;ease in
‘concegtration of coprostanol was demonstrated adequately by_anal&sis of
water samples taken furﬁher away along the riverfrom the lpcation;qf
treatment plant outfalls.r

Table 1 summarizes the analytiéal data on the cdnceﬁtration of
coprosténol_in effluent and surface water sampies from the 28 sampling
points., The treated sewage effluent samples from the Sioux Citz‘treatment
plant (5C-49) contained a concentration of coprostanol in the range of
636 to 794 pg per liter. The STP effluents of the Omaha area at sampling
points CB-40 B and OM-40 A gave values in the range of 743-;0 864 and
250 to 362 g per litex respéctively, The range vélues of coprostanol
concentration in samples of sewage efflugnt from sampling points Sj-lS,
8J~18, A~2§.5 and L-24.5 of the St. Joseph area were, respe#tively, 391
ﬁo 484, 465 to 573, 365 to 498 and-424 to 535 pg per iiter. Kansas Citzl
area samples of STP effluent from M-103, M~104, and M-19 sampling points
contained concentxations of fecal éterol.in the range from 496 to 387,

259 to 319, and 328 to 419 pg per liter, respectively. The surface river
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waterlsamples contained substantially lower concentrations of coprostanol,
particularly at points further away {rom the treatment plaﬁt outfalls.

These conclusions are further substantiéted'by the micrebiological
data compiled for the same éamples which werc subjected to sterol analysis.
A resume on thé enumeration of fecal coliforms in the treated sewage

effluents and surface river samples from the Missouri River is given in

Table 2. The treated scwage cffluents demonstrate the number of fecal
coliforms in the millions per 100 ml of sample, while surface river samples
further away from the.planﬁ sewage éutfall show & progressively lower \
density of fécal coliforms. Since the same trend waé determined for the
concentration of coprostanol in the efflﬁent and surface river samples,
there secems to be a definite and significant correlation between the
concentraticn of the fecol sterol aﬁd the degree of fecal pollution. This
is graphically sﬁown in Fipgure 1 which is a profilg of the average density
of fecal coliformé and average concentration of coprostanol for the 28
gampling stations;

On an average a hog; a cow or a buman'being would be expected to
excrete 800 to 1,000 mg of coprostancl 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 amount, The river samples
are very high considering the dilution the wastewater would recteive upon
entering the river. The Missouri.River samples were meore than 10-fold
greater in coprostancl than below an outfall of a.poofiy run secondary

treatment plant in the Cincinnati area (Murtaugh and Bunch, 1967,
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Summary

Sewage treatment plant effluents and surface river water samples
from 28 sampllng stations on the 1Qwer main stem Mlssourl were analyzed
for the presence of the fecai sterol, coprostanol.
| Data cbmpiled on the amounts of coprostanol in the treatment piant
effluénn3and surface waters indiéate cénclusively that the Missouri River
is poliuted‘with fecal matter.

Sigﬁificant variations in the amount of coprostanél in the effluents
and sufface waters at sampling poiﬁts further away from sewage éfflﬁent
.outfalls were clearly demonstrated and these show a correlation to the
density of fecal coliforms at the same locations. |

The analytical data.definitely.demonstrate the pdteﬁéial for using
the analysis for sterol content to measure fecal pollution an# the merit
£6r using coprostanol aé a positive'ﬁarker of fecai pollution.‘ Thé specific
nature of coprostancl and its occurrence in surface waters poliuted by
domestic and run-off sewage leave liﬁtle_doubt that the presence of this
fecal sterol connoteé fecal pollutidn and that it ought to be used as an

index of pollution in addition to the standard method for enumeration of

fecal coliforms.
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. TABLE 1. Quantitative Analysis of Coprevstanol in Waste
Treatment Plant Effluent and Swurface Watey .
Samples Taken from Sampling Pednts of the Lower
Main Stem Missouri

 Concentration'of Coﬁtostanol in pg/liter

el seiies nger
1-20-70 3-4-70  3-17-70  3-24-70
Sioux City  M-52 736.0 4 6 10 3 6
Area 8C-49 729.0 636 - 723 %84 793 709
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 Areca  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 7 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
¥-28 452.3 31 34 31 - 37 33
24470 4=7-70  4-21-70 5-5-70
St, Joseph  M-28 4523 37 31 95 - . 28 33
Area 83-15 446 .4 391 418 484 452 436
5J-18 445.6 573 465 503 493 508
M-27 440.3 56 49 48 43 49
A-25.5 421.,0 365 451 498 389 524
L 24.5 395.6 424 519 486 535 491
M-23 370.5 63 46 564 60 56
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TABLE 1. (Continued)

Concentration of Coprostanol in'pg/liter

swptiny smpitng L e S e
- : ' 2-11-70  4-14-70 4-28-70  5-13-70

Kansas M-23  370.5 80 68 98" - - 82
City Area ¢ 99 367.4 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 Waste Treatment Plant
Effluent and Surface Water Samples Taken from Sampllng
Points at the Lower Main Stem Missouri.
) ‘ Number of Fecal Coliforms per 100 ml of Sample
e of SempiTg
\ 1-20-70 3-4-70  3=17-70  3-24-70
Sioux City  M-52 736.0 ——- 360 8 44 140
Area SC-49° 729.0 —-- 26 x 10° 20 x 10° 12 x 10° 19 x 10°
M-48 717.4 . 1.4 x 10 0.8 x 10% 1.6 x 10* 1.3 x 10°
B-43 635.1 - 1.0 x 10° 380 705 3,500
M-42 626. 2 . - 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 % 10° 1.7 x 10° 4.0x 10° 2.9 x 10°
OM-40 A 611.5 ——— 1.0 x 10° 0.8 x 10° 4.0 x 10° 1.9 x 10°
M- 38 601,7 —-- 3,000 3,000 6,700 4,200
'M-205 596.6 ——- 3.1 x 105 4.1 % 107 4.1 % 10° 3.8 x 10°
P-37 594.8 - 340 540 730 540
M-34 559.7 S 1,800 3,700 5,800 3,800
M-28 452,73 ——- 2,400 1,800 1,900 2,100
2-4-70 4-770  £-21-70 5-5-70
St. Joseph , M-28 4523 1,600 1,400 2,600 560 1,800
Area 8J-15 464 1.6 % 10° 6.8 x 10° 0.7 x 10° 7.8 % 10° 4.2 x 10°
- 83-18 45.6 1.6 x 10° 4.2 x 10° 22.%x 10° 17 x 10°  i1x 10°
M-27 40,3 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°
1-24.5  375.6 4.4 x 10° 5.8 % 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



TABLE 2. (Continued)

Number of Fecal Coliforms per 100 ml of Sample
Sampling Sampling  River : - Mean
Area Point Mileage Date o1 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 &rea ¢ 9y 367.4 6,200 1,300 7,400 1,800 4,200
M-103 367.20 20 x 10° 13 % 10° s.9x 10° 13 x 10° 13 x 10°
M-104 367,19 1.3x 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 % 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 CONCENTRATION OF COPROSTA%.3-8.0L
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APPERDIX I

SAMPLING LOCATIONS - LOWER MAYN STEM MISSOURI

Sioux City Area

1. M-52 Missouri River at Ti-T36 above the mouth of the Big
- Biloux River : ‘

2. 8c-49 . Sioux City STP Effluent

3. M-kB Sioux City mixing zone station - Missouri River at R 717
b, M-h2 Missouri River at RM 626.2, Cmaha Waterworks Intake
5. B-k43 Boyer River at I-£9 Higlway Bridge above Quaba

Onaha, Area
1. M-b2 Misnponri River at RM-626.2, Omaha Waterworks Intake
2. O4-kOA  Omaha-Missouri River STP Efflvent
3. CB-kCE  Council Bluffs STP Effluent
Y, M-205 Pépillion Creek at CRB 1 mile below US-T3

5. M-38 Missouri River at Bellevue EM-601.6, Omaha area mixing
station

6. M-3h Missourl River at Nebraska City R4~559.7
T. M-28 Missouri River at St. Joseph Waterworks Intake RM-h52.3

8. P~37 Platte River at US-T3 Bridge Junction at FM-59k.0L

St. Joseph Area

1. M-28 Missouri River at St. Joseph Waterworks Intake RM-452.3
2., 8J-15 5t. Joseph Municipal STP effliuvent
3, 8J-18  South S%t. Joseph Industrial STP effluent

h. M-27  Missouri River at St. Joseph area mixing station RM-430.3
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APPERDIX I (continued)

Atchison STP effluent

» A-25.5

6. L-2k.5 Ieavenworth STP effluent

Te M-23 Missouri River at Kansas City Waterworks Intake RM-370.5
Kansas Clty Area

1. M-23 Missouri River at Kaﬁs_aé City Watervorks Intake RM-370.5

2, K.z2 Kansas River at Central Avenue Bridge in Ransas City, Kansas

3, H-103 Kansag City, Kansas STP Bffluent Westside

L, M-J:O# Kansas Ci{;y, Missowri STP Effluent

5. M.19 Eansas City, Missouri-Blue River STP Effluent

6. M-10TB  Big Blue River at Mouth R4-358.0 |

T. M-18 Missouri Ri{rer at Misgouri City Power Plant Mixing Zone

8. M~15  Missouri River at Waverly RM-293.0
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APPENDIX II

METHCOROLOGY

Analysls of Cholesterol and Coprostanol
in Rivers and Wastewaters

I. Hexane extrection of sterols and sterol conjusates.

o 1 liter samples add 20 »l of conc. HCL and 20 nl of 20% Fall
agueous solution. Mix thoroughly.

Exbract three times with 1/5 voluses of prevurified hexans. EX-
traction is perforzced in 2 liter capoacity scparatory funnels on &
reciprocal shoker.

The pooled hezane fractions are then passed through a column of
sodium sulfate to elininate the water content.

The hexane is evaporaied in a flash evaporator under vacuum to near
dryness. '

IT. Mild allmli-ethenol bydroivsisc of hexans extracted gterols.

RS VARV o

-

5.

The near dry residue is transferred to small digestlon lagks,

ASd 3 ml of 254 KOI scguzous soluticn and mix the contonts thoroughly.
Add T ml or 95% etuyl alcobol wnd mix the conteuls thoroughly.

Add a fow boiling chips to each of the digestion flasks and place
them on & hot plate; comnect them to the condensers and hydrolyze
the contents for 2 hours.

AfGer hydrolysls, cool the flasks inmmediately in an ice bath.

TIT, Bexane extroction of hydrolysates.

1.

[

. - +

-3 Ovan & W R

7o the chilled contents in digestion flasks add 10 al of digtilled
vater. .

Transfer the contents to 125 ml capacity separatory funnels.

Ringe the digestion flasks thoroughly with 4O wl of prepurified hexans
and pour the solvent into the separatory funnels.

Extract on reciprocal shaker.

Repeat extraction with second 40 nl volume of hexane.

The pooled two hexane fractions are rinsed with 10 ml of o% aquecus
NaCl solution, shaken thoroughly, aund allowed to stand for 10 minutes.
The NaCl layer is drained off and the hexane Jlayer is transferred to
evaporation flaske and evaporated in a flash evaporator to almost

dryness.
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APFERDIX I (continued) |

IV. Transfer of hydrolyzed extract to small storage tubes.

1. The near dry residue in evaporation flasks is rinsed 3 times with
2 ml volumes of absolute ethauol, each rinsing facilitated by 10-
minpute shaking on a reeiprocal or rotary shaker.

2. The rinsings are placed into swall tubes and the contents are eva-
porated to drynecs under forced prepurified ailr on a specially
deginned steam bath. ' :

3. Follow the rinsing of the evaporation flssks with two additionzl
acetone rinsings using 2 ml of acetone for each rinze.

L. Acetone rinsings are evaporated in the tubss, using above method..

. ' ' ' ' .
V. Prelimivory thin layer chromatography of the sterol extracts.

l. 20 by 20 om glass plates are coated with 0.25 mm layer of Silica
Gel G. (E. Merck, Darms“adt) and activate for ons hour at 110 C.

2. The preparved plates are stored in a vacuum desiceator until used.

3. Standard solutions of the sterols in acetone are prepared as Ogl%
solutions, and the reference standards are spotted by means af
Hamilton eyringes on the Silica Gel G plates, using 5 ug/5 ul twice
par each spot. : : ‘

4o To the Lyduolysed prngples of ewtracted stevols In sl tubes oro
added 0.5 ml velumes of warm mcetore., The contents are dissolved

" in acetone and 10 ul volumes of each of the exbtract camples are

spotied on the same plate next to the referemce standards.

2. The drying of the spots is facilitated by the use of infrared lamp.

6. The chromatoplates are developed 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 5 minutes.

T. The chromatoplates are sprayed with a 10% solution of phogphonolybdic
acid in 95% ethanol, :

8. After heating at 100 C for 15 minutes, the sterols appear as dark
spots {violet-blue-indigo) on a yellow backzround.

9. The Rf values of the standard references are compared with those of

’ the sterol extracts. ' '

VI. Preparative thin layer chromatography for GC chromatograrhy analysis.

1. Reference standards of sterols are spotted on the plate using the
same concentrations per spot as above.

2. 0.1 nl 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. ‘

3. After drying, the chromatoplates are develeped with a mixture of
CHClz-ether in the ratio of 9:1, air dried and heat dried.
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APPENDIX II (continued)

The sterols are located by covering that portion of the plate con-
taining the unknown samples with alumimm foill and spraying the
reference standards with 10% solution of phosphomolybdlic acid in
95% ethanol. : '

The standard reference spots are visualized after heating at 100 €
for 15 minutes, ‘ -

Areas Ffor unknown samples corresponding to locations of reference
standards are removed with & micro spatuls, placed in prewashed
medicine &roppers plugged with prewashed glass wool snd eluted into
micro thistle tubes with 5 ml of acetone. ‘

The eluted sterols are concentrated in the thistle tubes to the top
level of the thistle on & steam bath with the ald of a gentle stream

. of clean, dry air.

Gag~-liouid chromatography of the silica Cel & eluted stercls.

ll

10.

Quantitative determinations are made with an Aerograph ges chroma-
tograph and using a flame ionization detector.

‘A stainless steel colwnn 1/8 in x 6 £t is packed with 60-80 mesh

chromasorb Q coated with fluoroalkyl silicone polymer QF-L (3% by
weight) and column temperature is maintained at 235 C.

Helitm iz used oo corrier ges, helium pressure adjusted to 25 psi,
and the carrier gas flow rate maintained at 4 ml per minute.
Hydropen flow rate to the flame ionization detector is kept at

25 mljmin. 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/S ul concentrations of reference standsrds are Iinjected and
standard reference peaks determined for the concentrations of each
of the standard sterols injected. . ‘

The retention time of each of the respective sterol standards is

detemined for the above set of column and detector conditlons used.

Quantitative determinations of the unkndwn cterol extracts are based
on pesl height compared to a standard curve prepared from known re-
ference standards. Qualitative 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 (TIL) unknown sterol fractions to definitely categorlze the
unknown sawple, . :
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APPENDIX F

REPORT ON VIRUS ISOLATION INVESTIGATION



THE VIRUS HAZARD ON THZ MISSOURL RIVER .

Gerald Berg, Deniel R. Dahling, Donald Berman, and Carl Walter

A single infeciious virus excreted by a human is capable of
infecting other humans who conswume that virus (Table 1)(1). The
presence of a single such virus in water that people consume ; there-
fore, constitutés a clearcut ha;ard to health and w?il-beihg.

Fecal coliforms always occur in the gesitrointestinal tracts of
warn blooded animals. Cgrtaiﬂ viruses and pathogenic bhacteria méy or
may not be present at the sane time. Fecal coliforms serve as indicators
that viruses.or pathogenic bacteria may be present. Thus, evidence of

fecel coliforms in water is only en indication that hazardous agents
an g

rnay be present. Evidence'co: tituted by many other blcological and
chemical indicators of pollutioh is often equivocal too, Dbescause in
themselves, these indicators usually cannot be shown %o be injurious
%0 health, When no one line of evidence is conclusive, multiple lines
of such eviﬁence nust bhe relied upon to supﬁort eﬁforcerent actions on
the premisé that the sum of the nmany such lirnes of evidence will stand
stronger then any one line could'stand alone., -« | |

Viruses are a different metter. Dach virus is cawnable of

vroducing infection. &omach virus is thereby a dangercus rollubtant,

j&7]

.
3 the

|

. . ot
sinsle virus perticls

Thus, the dzfeciion

A
1o

etaction of

!

a dangerous rolluvant.

The detection of a virus in a sewage elflusni ejected into a
vatervay constitutes a clear and present danger to health in the area

of the outfall, immedictely downstream of the outfall, and in communities
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well downstream when th;t virus will survive in the strean long enéugh
to reach'the dovnstrean communities. Even when downstream trensmission
is not in evidence, the presence of viruses in an effluent ond in a
recelving water a short distance downstrean of the outfall from which
the effluent is dischorged is a hazard, constitutes an adulteration

of stream q wality in that area, and thereby 15 itself demands remedlal

action.

MATERIALS ATD METHODS

Colieéﬁion of szmples. All samples were collected by Region
personnel.\ ‘Raw influent and effluent samples vere pollected in
cubitainers from primary treatmeﬁt vlants along the llissouri Rivér
and courlnrﬁa 40 Cincinnati by air or truﬁSDO“ 2d by truck when river

vater safples were also taken. Sam ple es were kept cold during transuoru.

Yost sewage and effluvent samples were processed ﬂﬂdlately
upon reaching the labeoratory, but some were sitored a2t -70 C before
processing.

Large samples of water were collected in 35-gallon Dplasiic-
lined drums £rom selzetzd locations on the lissouri Riﬁer and trucksd
overnight to éincinnati. In some‘instances, field filtﬁ;uions were
achieved with the equizment described bslow and thelfilﬁer-Sand§ichas

were retwmed to ulPC_nﬂﬁul, along with the silt collected on ths pre-

filters, for processing,

[4H]
7
i
-
{0
{8
ja
i
ot
+
[¢1]
12
o
3
B
i
b
e
et
i
5
[
D
~h
Hy
[y
B
]
ct
43 ]

Recovery of viruses from

Ezch two-liter sample of sewaze or tresiment plant effluent was filtored

through a Millipore AP 20 fibergless prefilier end an M@ O L5 4 pembrane
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filter. FPrefilters and filters were pretreatel with O. la Tween-80 to
prevent virus adsorpiicn to the filters and then zinsed with distilled
water prior to contact with the samples. Ten =l of an Al(OH)3 gel,
prepared in MéIlvaine’s buffer by procedures described elsevhere (2},
wvas odded to each filtered sample and each suspension was stirred with
a magmetic stirrer for an hour. The Al(OH)3 precivpitates, to vhich

virus had adsorbesd, were collected by filtration oh 17 0.45 u membranes

and removed with a2 swatula, The membranes were washed 'i*h 10 ml of a

[

call graﬁn.mvdlum, dnd the srashings ware addc&‘ﬁo the corresponding

(Or{)3 precipitates. The suspensions-of medin and £1(CH)3 were
‘diluted 1:5 and inoculated onto cell culiures, 1 ml per culture, for
assay by the plague technic.

Five grans of fraoction 5 Bovine albumin end 1C0 ML of 1% aq ‘ =0us
protanine. sulfate were added to each sample freom which the Al(OH)3 had
been filtered and the suspensions wers st tirred for 30 ninutes with a
magnetié stirrer. The precivitates that formed wers then collscted on
Tween-00=-treated Millipore AP 20 fibergless prefilters, and 1 ml of
1 M_NaCl waé_filtered through each pad to dissolve the precipivates
and elute the viruses. Zach pad vas sutseguently washed with 6 ml of
distilled water which vere added to ths corresponiing dissolved pre=-

cipitate, and the total volumes were incculoted cnto cell cultures,

1 nl per culture, for assay by the vlague technic (3).

In soxs tests, e n&(Oh)s and protanine swlfats procedures
wvere applied to separate somples of efflusnt, taczuse at the tinme the
*' ar - . t - A Y —

Mellvaina's bulfer concicsted of 0.65 M “aga: y, end sulfficient citric
azcid to bring the pH to 6.
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studies were done, it was believed that the Al(OH)3 procedure would
recover only small viruses and the protanine sulfateAprocedure would
.recover only large viruses. Subseouen ly, it was showm that the Al(OH)3
'procedure does recover soma large virﬁses, and the protamins sulfate
ﬁrocedure does recover some snall viruses. Thus, the resulis frqm the
Al(OH)3 procedure and those from the prot temine sulfate procedure overlap
sonewhat and are not additive when sepgrat f uent sarvles were used
for each. Unless oﬁh@;ﬁlsa indicated in the table fooﬁnote, however,
the two propedures were applied in tandenm on the sanme sample, and the
total number of viruses recovered reflect the ninimum present in the
senple. in any event, neither proéedﬁre iz quantitative. The total
amount of viruses in an effluent pust exceed by soms considerable

amount the quantity of viruses det ecteﬂ.

Rééovery of viruses frem river woter. Fifty or 100 gallens of
river wateriwere filtered through a 293 mm Tween-80-treated Millipore
AP 20 prefilter and hen through two 143 m Tes n-80~treated'AP 20
prefilters betwgen vaich were S&Hwﬁlchﬂd 1. 8 gra of ﬁgshed Monsanto
PE 60 polyelectrolyte (k). Thn Filter pa;s were supvorted in }Millivore
filter holders of eppropriate size connected in tanden. The 293 e
filter clogged freguently with silt and was replaced as nscessary.

The silt wa§ collected vith a s;atalé end the virus eluted from it
with 3% beef extract by a method designed in this laboratory (6).
Viruses were eluted from the polyélectrolyte oy circuiating 60 nl of

0+5% pancreatin through the sandwich three vizes, and then clrculating
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60 1 of pd 9 borate buffer contair sermzm throuzh the

sandwich three times. The borate vuffer consisited of 0.05 M H~333,
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0.05 M KCl, and sufficlent TzDH +to bring the pH to é. Tach eluate was
collected separately, filtered through an MF 0.45 p membrane Tilter to
remove bacteria and fungi, and inoculated conto cell cultures, 1 ml per
culture for assay of viruses.

Cell cultures. All viruses were isolated by the plaque technic

in primary. cell cultures prevared from rhesus monkey lkidney cells.

[N

Tdentification of viruses. Viruses are being identified under

contract with Dr. S. S. Kalter, Southwest Foundation for Research and

Education, San Antonio, Texas.

RESULMS AWD DISCUSSION
Our first important effort to deronsitrabte virus poliution of a

major stream was undertaken in the late swmer of 1959 along the
ldssouri Rlver. Repsated efforits to domconstiats, with stendard pollu-
tion indicators [such as depressed dissolved oxygen levels (DO) and
5-day 20 C biochemical oxygen demands {30D)] deleterious alteration
of the stream by communities that discharged prinary @ffluents into

it had been essentially unsuccessful. The likelihood of recovering
viruses from a streaw when other indicators of pollution could not be
deﬁonstrated seemed renote: Viruses usu2lly do not reach levels much
beyond several thousand plague-forming unisus (PFU)* per gallon of
sewage, they do not nmultiply in the éffluent or in the strsan, and
they slowly die off o5 time progresses. lMowszover, cnce diluved in the

vecause good quantitative con-

Q
¢l
fud
[#]
jat
Q
(L
O
s
ot

strezm they become HALT1

centration methods have not yet been developed. There dld exist, how-

ever, the adventars that dermcnstroticn of even cnz viras particle of

¥ .
Plague~forming units are infectious units.
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hwzen origin is benafide evidence of dangerous vollution, whereas

srmall chances in vollution indicator voluss halew cutfalls are

difficult to intervret.
Thus, our initial elforts were directed at detecting vituses

(=3

in effluents discharged into the river. Six times during the months

of Sertenm er end October 1969, semples were talien from sewage treatment
plants along stretches of the {aterway; Most'sémpies were primary
Jeffluent,_but-some raw sevags and river water sampies were also takep.
Viruses,-oftéﬁ several hundred per gallon, were consistently recovéré&
from municipal treatment vlani primary efflusnis, and from raw sewage
(Tables 2-7). tocklyarﬁ effluents also yielded hundreds of viruses
vhen tested in celf lddney cells;indicgtive that animal viruses in

large numbers are continuously dischayﬁed into the waterﬁay. In it=-
self,’all of this was bonaiide evidence that the Hissouri River was
being polluted with infectious agents.,

| To &gtermine heow far dowmstream these infectious agénts consti-

tuted a hazard vresented a rmore complex problen, bécause dilution.of
‘the viruses in the strean necessitates a concentration of sJall nribers.
of viruses from very lerge volumes of water. o establigked nethods
vere available for such studies. As an elternavive, viruses of the
types present in sewage efflusnts (entéroviruses and reoviruses) were
seeded into Missouri River water and into the eff;uents as well, and
2h-hour viral survivels (long énou;h to reach major dovmstrean water'

supplies) were determined. Toble 8 shous thas large nunbers of viruses

survived in the lissouri River water, in the sewarge » end in the effluents
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.

after 24 hours. The reovirus, revcrtedly capcble of producing cancers
in certzin aninmals when inoculated in wvery small amounts (5), appearsd
to increase in mmmbers iﬁ the river water, perharﬂ the result of clumps
brezling vp. It was clear, in aﬁy event, that viruses ejected into
vaterways with domessic sewage could reach water int&kéé nany miles
downstrean.

The detesction of virases et wabter intules nstresz of &
Do*lu**on source can demonstrate that the hazord verpetrated in the
area of an outfall by the discharge of viruses into that area has
extended itself to the downstresn community; Goqd guantitative

technics for detseting small ancunts of viruses in large volunes of

wvater were not aveiluble, but a technic under dsvelorment, capable of

joT]

etecting a porbion of the viruses preaent, sove some promise of
sufficient sensitivity. This was the nol”° 2ot olrte method. In
this method (see Materials and lMethods), larsa volumas of water are

3 Ewn] ”

filiered throuzsh a Mensanto conpound designsted TE 00 v

3

nich adsorbs
some viruses. Adsorbad viruses subsequantly can be elulted and guane
tified. Thus, an efZort wos nmade 4o recover viruses from large volumes
arwt vas node also to reeover viruses from the

of river water, Lfn o

silt that collecizsd on fiberzlagss prefilters used to remcve suspended

] I . - s . ES . . -
number of aitterpis wers mide to deifect viruses upsiroon and domstrean

. - A = . e LR sl N - . x
from cutfalls and ot sone yoher Intoloes. Thzse studies are suTharizod

ct

& S0=-pgollon walcr gample tohen

oY
o,

viruses, and a somple of similor size twlien ot Dolievue ylelded
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viruses. Six more- virusss were recoverad from the silt in the ﬁatér
samplé. At SiouX-City, four viruses were recovered from a 50-<galion
water sample end its silt five miles below the sewagé‘outfalls, but
none were recovered from samples taken above the'outfalls; Forty-
eight viruses per liter of sample were recoversd from Sioux City
primary effluent sampled cn the same day. |

A mid-winter study at St.. Juserh yieldzd in%erestihg results.
One virus was recovered from 50 gelleons of wat.* taksen at“?alerﬁo
landing, abo&t 10 niles below St; Joseph's sexage trectment outfalls,

but 19 viruses were recovered from a sample of similar size taken at

the weter intake above the outfalls. This is sanzl £o 360,000 viruses™

per nmillien gmallens of water. Rscovery of viruses fron wabter intakes
during the winter, esmeci ally, when transmission of enteric viruses is

at a relatively low point, wnderscores the ha urd pﬂrv trated upon down—

stream cormunities oy ues**eam commaunities thet dicchorge vmrusas in

thelr effluents. B3t. Jo*cgh primary efflusnis also yielded considerable
guantities of viruses (Table 9). This study was repsoted in the spring
"at which tL“ viruseﬁ were apalin recoverad frem t
at Palermo lanaing also.

ALl viruses identified thus far arve pﬁl*ov*rﬂfﬂs and echoviruses,

-

are of human origin, and zre capeble of

infecting humans who consume them,

2 o+ 14 '14.4 ; o= ~ s .
Since trucling rulitiple 30-zalleon samples 4o Cincinnatvi, especiall
ﬂ

uring the winler months, vas 4ifficult, a comparciive study was set up

. \ - et e
at the tire of the soring somzlin
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filtrations through thc_polyeleétrolyte coulﬁ be done in the field
and virus elution and isolation subsequént to return of the filters
to the Cincinnati lovoratory. Ghe rasults of this studg show ﬁh&t
bhe some amount of viruses were recovered when filtrations were done
in the field as when they were done in the labora ery on trucked-in
samples (Teble 10). Subssguent studies in ouﬁ lahoratory showed that
storage of the fiﬂtefs at U4 ¢ for several days before and after waker
was filtered th*o“"h therm did nobt reduce virus recoveries (Teble 11},
and thus zdded support to the feasibility of a field Filtretion technic.
The resulis in Teble 11 olso demonstrate the Inefficiency of the technic
as & guantitotive method for virus rescovery.

thouﬂh tebhﬁical‘problen; occurred in the field that nade it
impossible to filter much more thén half of the 50 galleons that wére
filtered in the laboratory, these problems vere minor and should be

easy to resolve.

SULCAARY
A single viable virus e ccresed bty & human is capable of infecting
other humans who consume it, and, thus constituses o hazard Lo health and

well-being, Thus, each virus is z dangercus mollutant. Viruses havw

been detected alo ng the lissouri River in efflucnts, nidsirezn, and ai
water inia keg, demonstrating a clsargut hazard perpetrated uron dowm-

strean cormunities by these upstreon. The rethods used to demonstrate

the virus zollution srere ceszabvle of detecting only a portion of ¢

[ FRpRG. [CHINE . R — .4 o 4 i~ —
methodplomry for detecting conll mumbers of virusses in large voliumas of
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Table G, lucovory of Viruses from Missouri Rlver Water and 5ilt

Site of sompling Type Size . ’ Virus
hte of of of 1ab recovery regovered Virus types
sampling Place River miles sumplie suample procedurs (PrU/somple ) rocovered”
10/8/69 Missouri City 3544 Water 50 gal Polyelootrolyte 5 £8, =8, B, B1,
Pouer Plont Dock - * BY
Silt fron 8.33 pgal Deel extract o
10/30/69 Tcar Omaha Water 50 gal Polyclectrolyte 4 P2, ET, F2,
ielievue Power £01.3 ‘ . o
Flant . 811t  from 50 gol Ioef extract 6 £, PL, E7, F3
12/11/69  Thocker Maring in ) Hater 50 pal Folyeleotrolyte o
Siouwx City {uabove T32.Th -
all sovepe oubfalis) 3ilt fron 50 gol Deef oxtruct: o]
Slowx City Primary 2 liters : Al(OEI)3 - ot you Lyp:d
. effluent Protumine culfute 1k ot yet typed
Sloux City (5 . " Woter 50 gal Polyelectrolyte ol Hot yot typed
miles bolow all TLT.0 o
sewisee oubfalls) ) Sitt from 50 gal Beoef oxtroet 3 P35, B3
1f22/70 St. Jogeph Water Water 50 ol - Polyclectrolyte 19 P3, P2, P2, T2,
Yorks intake line  152.3 ‘ ET, B33, I33
(above scwnpe
outfalls )
5i1t from 50 gal¥* Deof extract ]
: 8t. Joseph Munieclpal Primory 2 liters .ru(ozz)3 _ 83 Mot yeb fimed
) effivent Protanine sulfote g ot yet typed
8%, Joseph Municipal Primary 2 liters .’\.}.{011)3 134 Hot yot typed
{meat pockdng plunt) : effinont - Protimine culfate o
Palermo Londing .3 Wotor 50 pal Folyclectrolyte 1 33
Silt . from SO mal Beel oxtroct 0
h/23/70 St. Josoph Mator _ ¢
dorks dntoke ’ hsp .3 Wator 50 gal Polyclectrolyte 3 ot yot tywmod
{ahove scwupe ’ o
outfulls ) 51t from 30 gol Beef axirvoct o
St. Joscph Municipal Primary 2 liters A;L(Oﬁ)3 222 Tot yet tipad
coware breatment efTluent :
prant : Protomine suwlfate &6 Hot yet tyrad
54, Joseph Industrial Primaxy 2 liters -Al(O}I)3 10 ot yob typed
sewage troatment effluent g -
piant (meat packing Protonine sullate ]
plant)
Falermo Landing 4io.3 Water 50 pal Polyelectrolyte 3 Hot wet typed
Lrem B0 gul** Beoef exfruct Q

* .
Hot all viruscs recovered have been typed as jetb.

811% tolen from prefilters used in filtration of 50-~gullon sawmples. Sometimes oilt from volumes less than
the 50 pullons filtered were wsed.
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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 P}ating
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
3%

37
42

50

Group
Name

Food Prpducts

Printing/Publishing

. Chemicals & Allied

Primary Metals

Fabricated Metals

Electrical/Equipment

Suppiies

TfanSportatfon
Equipment

Motor Freight
Transportation

Wholesale Trade

COUNCIL BLUFFS, IOWA

.

C d e
With Discharge General
Number Significant to Character
. of In-Plant Municipal ~of
Companies Treatment Sewers - Wastes
5 1 5 Food Scrap
2 2 2 Photo Engrav-
ing-Acids
4 0 4 Process
Chemicals
2 0 2 Plating
1 0 o1 Plating
3 0 3 Dilute. Acids
2 0 2 Steamed Wash
- Waters
5 0 3 Wash Water
1 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 7

Man&facturing

Electrical/Equipment

Supplies

Transportation
Equipment

Motor Freight
Transportation

Wholesale Trade

Miscellaneous Business

Auto Repair

OMAHA, NEBRASKA

c d e . f
With 'Discharge General
Number Significant to - Character
of In-Plant Municipal - of
Companies Treatment Sewers Wastes
2 0 T 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 T 2 Dilute Acids
2 0 2 Steamed Wash
Waters
9 1 9 Wash Water
32 2 29 Wash Water
4 0 4 Wash Water
. b 0 1 Plating
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NORTH KANSAS CITY, MISSOURI

a b | c 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 Engray-
- ' ing-Acids
28 Chemicals & Allied- 11 3 8 Process
‘ ‘ - ‘ - Chemicals
29 Petroleum Refining 4 1 .4 Petroleum
33 Primary Metals 2 1 2 Plating
34 Fabricated Metals 2 0 2 Plating
36 Electrical/Equipment 2 T 2 DiTute Acids
Supplies
37 Transportation ' 1 0 0 Steamed Wash

Equipment ' C | Waters
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SIC
Groug

20
26
27

28
29
3
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, MISSQOURI

c d e f

With | Discharge General .
Number Significant . to Character
of In-Plant - Municipal of
Companies Treatment Sewers Wastes
12 N , N 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 ] 6 Plating
15 3 13 Plating
4 2 4 DiTute 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 piaced in the
EPA STORET System for storagé and easy retrievai, Arvangements to
obtain copies of.these data can be‘made by contacting the Environmeﬁ{a§
Protection Agency, Office of Water Quality, 911 Walnut, Kansas City,

Missouri 64706,
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