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Vear Dr, Bierring:

L am transmitting herewith a report of your Division of Public

Health Enerineerire cnvenria the inveacts ~nt 4 s :
2L Uil Lhigllieering covering the 1nvestigation of pollution of
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Ihese investigations were instituted durine 'ebruary 1950, in
2T & ™ ‘t’:r s Tl = -: - - . il & Wani - ™} o 4 ’ ¥ gt .J, ;
dccordance with Sections 135.13 to
and Lake Pollution Law.
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Very truly yours,

S P, J. Houser, Director
Division of Public Health Engineering
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POLLUTION OF LITTLI
Spencer to Peterson

February 16, 1950
January 16, 1951

[ . INTRODUCTION:

The present investigation was initiated in February, 1950 upon
the request of the State Conservation Commission which had been notified
of fish loss in the Little Sioux River near Linn Grove, A check of the

stream at this point by the Conservation Commission revealed a low oxygen
ndition apparently due to the sewape and pollutional load upstream.

During the early thirties the S5tate Department of Health devoted
its fr;nninal effort to securing abatement of pollution of the streams in
Towa below the larger cities since the pollution of streams was most acute
at, these poiﬁt?. Unier a cooperative arrang~ ent with the State Planning
Hoard it was possible to evpand this work in 193l and investigations were
made of the pollution of some of the smaller towns in the state including
the Little Sioux River into which Spencer, Sioux Rapids, Linn Grove and
Peterson discharge their wastes. ihile no orders under the Stream Pollu-
tion law were issued following this investigation the City of Spencer and
lovn of Peterson completed the installation of seware treatment plants in
1900, Plans for a proposed sewage treatment plant at Sioux “adeq vere
approved by this Department in 19,2 but because of priorities on materials,
the plant was not constructed,

I'he construction of the treatment plants at Spencer and Peterson
eliminated the pollution of the Little 3ioux River below these mun1c1pal—
ities. However, greatly increased population and the construction of a meat
packing plant and other food processing industries has overtaxed the capa-
city of the Spencer sewage treatment plant and contributed to the renfhed
pollution of the river to some degree. Mechanical difficulties at the
jewage treatment plant have also reduced the efficiency of treatment and
contributed to the pollution of the river at this point. Serious pollution
of the Little Sioux River has continued by raw sewage and industrial wastes
Irom the towns of Sloux Rapids and Linn Grove and by the wastes from a
number of small industries. Construction of the sewage treatment plant at
reterson has eliminated the pollution from this source and with efficient

operation the plant should continue to provide a satisfactory effluent,

In addition to the fish loss which occurred during January of
1950, fish in distress due to lack of oxygen were also observed during
January of 1951 and fish loss will again occur. The pollution of the
Little Sioux River below Sioux Rapids has been noted by the United Counties
Chepter of the Izazk 'alton League at Storm . ake which has asked in a
letter dated January 27, 7951 to this Department, that the condition be
investigated and correcte

During 1950 meetings were held with the town councils of Sioux
Rapids and Linn Grove for the purpose of discussing the necessity of pro-
viding sewage treatment for these communities to eliminate the pollutional
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load contributed to the I ittle Sioux River. No further action has been
taken by these communities., leetings have also been held with the Spencer
city officials at which time their attenflon was directed to the need for
improvements to the existing treatment plant so as to reduce the pollu-
tional load. Although a planning program has been initiated to improve

Co qwfl ons, no specific date has been set for completion of the needed
_Ln'i'r\"r* 1.‘]".!1“ = 'f":""

"']

In accordance with provisions of the Iowa Stream and Lake
Pollution Law, Section 135,26, uode of Iowa 1950, a permit was issued on
September 12, 1950 to the City of Spencer for the installation of sanitary

sever =*:Q:J¢3na. The permit was isguej subject to the following stipu-
lations ”;ince vhese sewer extensions and the reopening of the meat
packing plant will add to the pollution ;waj reaching the receiving stream,
planning Tomarg the expansion of the present treatment plant will continue
and construction started at an early date."
L1, oCOPZ OF INVESTIGATION:G
the present investigation includes the collection of ver samples
f'1 >elected points on the Little Sioux River from a point above Spencer
ULC a Nt below Peterson. The investigation was hegun on February 16th,
1750 and continued te January 16th, 1951. An average ol seven samples were
ollected from these sampling stations during this period, In addition
: sulls of an investigation of oxygen conditions above Linn Grove
; | sanuary, 1750 by the Conservation Commission are also reported.
During Fevruary and l.arch, 1950, a study was made of the Spencer
seviage treaiment plant at the request of the City Engineer in order to
determine the adequacy o: the treatment facilities and make recommendations
toward improvement of the degree of treatment. In connection with thia

¥y b

plant study a limited number of stream samples were collected helow the
plant to determine the effect of the treatnent plant, The rﬂaults f the
plant studies and recommendations for enlarging the plant were forwarded
to the city officials and will not be repeated in this report.

A

minations made immediatelv following collection of

temperature readings, pH dPtO““:WHinﬂSJ and dissolved
oXygen determinations. Notes relative to the physical tﬂniLt Lon of the
stream at the time of sampling were made, aqv*WP~ ror biochemical oxygen
demand determinations were iced in the field and taken to the laboratory
1n Des Moines where these determinations were completed. Samples for bac-
teriological analysis were iced and shipped to the State Hygienic Labora-
tory of Towa City where tltsm ﬂ“terﬂlﬂdt¢OP“ were made, Samples for
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chemical aﬂﬂL>u”J viere preserved, iced and forwarded to the laboratory in
Towa City for analysis, The che 110*] determinations consisted of organic

nitrogen, ammonia nitrogen, nitrite nitrogen and nitrate nitrogen.

All tests in the field and in the laboratories were carried out
1n accordance with the procedures set forth in the ninth edition of "Standard

l-u. r.
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lMethods for the Examination of Water and Sewage" of the American Public
Health Association, All field work including sampling and field labo-
ratory determinations was done by members of the staff of the Division
of Public Health Engineering.
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[lemperature: The temperature values are of the stream water at
the point of sampling and are

reported in degrees Fahrenheit., Temperature
governs the solubility of oxygen in the stream and influences the rate of
purification.,
; pid: Hydrogen-ion concentration or pH indicates the relative
acidiby or alkalinity of a water. A valne of 7 is considered neutral,
those values above 7 are alkaline and those below are acid.

Dissolved Oxygen: Oxygen in dissolved form is ﬂ“”HnT 1al to the

atural purification of streams and the maintenance of aquatic life, This
15 drawn upon to support biochemical oxidation of organic waste and
15 replaced by absorption from the atmosphere and the Ihonosyvtletic action
oI some water plants including algae, A deficie ncy in dissolved oxygen,
celow the saturation level indicates the presence of polluting organic
substances which are abs orbing oxyegen from the stream water. The degree

of this deficiency is a measure of the dek} 'genating effect of the pollu-
Uing matter and hence an index of the degrco of pollution in a particular

stream zone, If there is a sufficient quantity of \r”gen present in the

i
|
:

-y

I

water the organic materi.l will be oxidized WluhOﬂt reatlng any objection-
able odor nuisance or destruction of aquatic life. However, if there is
)L a sufficient amount of oxygen present, anaerobic decomnosition takes
| lace and the organic material present 1n the water ;TTJ”FO“S nutrefaction
/1Uh the accompanying foul odor and the black, inky appesrance of water
®

which is familiar in a polluted stream.

Flve-day Piochemical Oxygen Demand at 20°C, (BOD): This

et P”!HJLLOW indicates the amount of dissolved oxXygen which may be
axpected to be absorbed in 5 days at 20°C, (68°F ) to support the biochem

| Lcal J_+ ation of the organic pollution carried by the stream at the point

| ol Samnpling.

|
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| s boliform Bacteria (MPli): Ixpressed as the most probable number

i per 1UU ml, of sample. Th;z test 1s the most delicate and specific test
Lor pollution by sewage as it shows the approximate density of a grou




e —— = N s e ST b P L e R el —
B e e e |
I . s g . 1 § . = - =

of bacteria which are always present in large numbers in sewage and are

latively few in number in other stream pollutants. Coliform bacteria
are normal inhabitants of the intestines of warm=blooded aninals and are
l1scharged in large numbers in human feces, which constitute the principal
source of these bacteria in sewage .

-

V1. OIGNIFICANCE OF STREA!. POLLUTION:

Ihe pollution of a stream with raw or i propeu 1y treated sewage
industrial aas::a 1S objectionable for the 0‘]0”ﬂ reasons:

L. cewage and industrial wastes contain millions oif yacteria,
_ Q" j. .8 =9 e | s 4 - - = .k
L VlChl may be 18, .4111*_';) nic or disease """T"O“T‘ Gl £ e

2+ All sewage and most;ijvh;;;rial wastes contain unstable
1 L

'fal material which in being converted to harmless stable material
robs the stream water of oxypeen.

Je Sewage and industrial wastes contain solids which are
objectionable when they are floating dovnstream and which settle to the
i [ -

he stream bed causing objectionable sludee deposits when under-
- L -

L. Some industrial wastes contain materials which are toxic to
]
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another public health hazard., Cattle wading in polluted water may pick
up disease-producing bacteria on thelr udders and bodies which may be
transferred mech anically to the milk.

Little is known of the exact effect of heavily polluted water on
L1vVestocks, There are 3 ngfffiSfﬂﬂ}ES which are common to both lﬂlv"us and

Livestock and there is a possibili that such disease may be transmitted
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to livestock through sewage, There is the further possibil 1ty that wastes,
S :
ch as packing plant wastes which may contain nwfﬂr al ?rum diseased
inimals that are killed, might easily contaminate the water to a depgree
that livestock 1r:nk¢rr the water would become infected.
In order to support aquatic life and prevent nuisances, there
must always be present in the water a sufficiency of dissolved oxvge:r:.
It 18 generally agrced th 1’ ©ish life is to be normally maintained,
t must always be fror thr@u to five parts per million (ppm) of
oxygen 1n the water at a'l times. Some fish require less than 3 pPpm
dissolved oxygen and many can survive for limited periods at much lower
centrations, especially at low temperatures, but it appears that a
ninimum of about 4 ppm dissolved oxygren may be required for prolonged
survival of some fish at summer temperatures and a minimum of 5 ppm is
desirable, In addition to the direct effect on fist of pollution, there
] ridence that fish will leave areas of deficient oxygen 1if they can
[ 11 18 &l of escape
;
>ubmerged vegetation promotes the propagation of fish life by
rurn) ng shelter and nourishment to many forms of life which are neces-
ry in the diet of the common game fish, These organisms and plants are
] ependent upor oxygen and sunlight for existence and cannot PIOW under
\ter le turbid and depleted of oxypen by sewage or wastes. Thus a low
OXYEe] ntent not only kills or excludes f fish 1life at the time the
S
ney occurs but also kills a major portion o he food organisms.
In ¢ ' 1T 1s the worst conditions of pollution which o cur occasionally
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ully propagated in certain streams.
In an area of th stream apove a I"Lf."PL*_ I,,u‘ \rvtificial dam vhere
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STRLAM POLLUTION SURVLY
LITTLE SIOUX RIVLR
Spencer to Peterson

LOCATION OF SAIPLING STATIONS
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0! above Highway 71 bridege in Spencer.

Below city and rendering plant outlets a2t the southeast
edee of Spencer.

County road bridge 1 mile east of Spencer on 18 and 1/4
mile north.

~

Fichway 18 bridee 2.3 miles east of Spencer.
Bridee on Highvay 374, 1 mile east of Cornell.
tortheast edge of Sioux Rapids above all outlets.

below Fighway 10 bridee in Sioux Ranids.

< miles west and 1 mile north of station 36.1. MTris
station is at a r2int where the river bends near the road.

rr

Above dam in Lirn Grove,

Below dam at Linn Grove.

vne mile west of Linn Grove vhere river bend neare road.
bridee in Vanata State Fark at Feterson.

brid=ze on highway 10, 1/4 mile west of Feterson.

Bridge on hishway 10 approximately 4 miles west of Feterson.




Je OSioux Rapids Outlets:

All sewage and industrial waste from this community of approx-
imately 1100 persons is directe the river untreated., Sewage
soli'ﬁ, g“av color and strong odors may be noticed in the stream

11 53 bcme waste from a locker plant
1S rep orted fo be present 1n & storm water line 1000 feet upstream
from t“e main city outlet. This line also carries some o0il waste
possibly from the city water pumping station.
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one-nall mile below the dam in Linn Glxv?. ocewage and sewage solids
o . N = % Sad 'll ¥
are present 1n the stream below this outlet,
b« Linn Crove Rendering Plant:
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lne planv 1S located a nroximate.l v Two miles below Linn Grove.
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The sewage from this community receives primary settl
trﬁa'ﬂfwb on a trickling rock filter. No final settling 1
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This plant with competent opera
present, provide adequate treatment.,

X, PHYSICAL COMDITION OF STREAL:

At the time of sampling the physical condition of the stream at
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contaired many fine solids and had a strong odor. Surmer sammling
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revealed sludge deposits, some odor and heavy alpae growth.

Station 3! is located at the High. zy 18 bridege east of Spencer,
ral this station r=vealed the same conditions as those found at
33' with solids, odor and volor being found in the winter and odor
a .

Station 36 is above all pollution from Sioux Rapids and the
stream at this point, from a visual standpoint, did not cmrt 11n excessive
sewage solids, color or odor.

Station 36.1 is located approximately 200 feet below the lower
Sioux Rapids outlet, Sewage solids and strong odor were very apparent a
this station. On occasions oil was issuing from the upper outlet and an
oil film was present near the left bank of the stream.

At Station 33 which is above the dam at Linn Crove some odor was
noticeable with sphaerotilus natans growth in evidence at the upstream dam
face. Sphaerotilus natans is a fungus growt ated with sewage
pollution. Some color due to algae growtl '
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conditions and =ix survevs were made under winter conditions.
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In general the samples collected during the winter revealed the
most critical stream conditions. However, negative oxygen balances were
found below both Spencer and Sioux Ré&pids on each summer survey. Whan a
negative oxygen balance exists the BOD velue at that particular point
exceeds the dissolved oxygen value. In the summer surveys and 1in all other
surveys the critical point in the stream from the point of dissolved ﬁxyﬁen
was found to be upstream from the dam in Linn Gﬂﬁﬂﬂ. The sample collected
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poin This latter value indicates a condition unsatisfactory to fish life,
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the organic material added to the stream at Sioux Rapids and Snencer. Also
P fo

tie ﬂtllllnf eliect of the dam allana any remalining organic material to
accumulate bﬁhjud the dam and exert an additional oxygen demand while at the
Same time lessening the opportunity for reaeration. After the stream was
reaerated by passing over the dam the dissolved oxyren value increased in
all surveys, fD“irv“tl" the opportunity for reaeration afforded by the open
water of the warmer months and the action of the chlorophyll L:'J”“w':ﬂxwL
in producing oxygen through photosynthesis allows the stream under sumrier
conditions, to L~¢PL4‘H, except below Spencer and Sioux Rapids, a satis-

‘I-""J"\ 'MAYMr " a
J,‘L-.bl.'usild ‘3-’,‘_","-5'\4!-1 bt-"»--’- 4 '3!

II'l 8.11 SLII"'VL'.‘::}'S l.j..
encer and Sioux Rapids.
low Linn Crove.,

Under winter sampling the stream was found to be in very poor
condition. In the surveys of iﬁUFUuFJ 16, 1950 and Januarj 12, 1951, &
negative oxygen balance existed from lFF@dl&tBlV below upencer down to
the dam at Linn Grove a distance of approximately 35 miles. In the surveys
of January L, 1951 and January 16, 1951, conditions were fuund t.o be essen-
tially the same., In all of these surveys and also the one made bv Mr. Earl
T's Rose, fisheries biologist of the State Conservation Commission on
January 25, 1950, extremely critical oxygen conditions were found at the
sampling station above the dam at Linn Crove. In four of the winter surveys
the dissolved oxygen was found to be less than 1 ppm at this sampling
station. This oxygcn deficiency has led to te destruction of fish duringe
both winters of the surver,

“D

(D *-‘

Vost probable numbers (MPN) of coliform bacteria per 100 ml., of
sample are tabulated in Table (I and plotted on the charts snowling the
dissolved oxygen and BOD data for the various surveys. The LIN, on each
survey, shows a very great ilncrease below Spencer, Sioux Rapids and Linn
Grove. The extremely hipgh numbers of coliform bacteria greatly exceed any
suggested standards of water purity. One tentative interpretation of
colifbrm densities has been sugrested as follows: "Vaters showing a coliform
index between 100 and 500 per ml. are considered to be normal for inland

o - 1 BN, i (S SHL
streams free from detrimental pollution.'
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collected February 16, 1950, are shown in Table III, The hirh total

ﬂ 'l - L o, - - "'-I-‘- .y = -
Linn Grove are apparent.,

nitrogen values below Spencer, Sioux Rapid !
rtional to the total organic

J
The total nitrogen value may be taxen as prop
material present.

XIT. RIVEX DISCHARGE:

Flow data at Correctionville, Linn Grove and Spencer for each
date on which samples were collected during the survey are shown in Table
IV. The discharge at Linn Grove and Spencer was computed using a141€“}mrge—
drainage area relationship from preliminary flow data for the Litt lg Sioux
River ét Correctionville, The Spencer gaging station was in operation

gl

from 1936 to 1942,
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The Little Sioux River does not have a good sustained flow for
part of the year. 1In evaluating the effect of sewage or industrial waste
on a stream, 1t 1s the extended periods of low flow rather than individual
days that govern. A study of flow records for Spencer and Correctionville
in Table V indicate that long periods of consecutive minimum discharge
have occurred, Disckarges of less than five cubic feet per second (cfs
occurred at Spencer for 16 consecutive days during February 1937, Dis-
charges of 10 cfs and less occurrwd for €0 consecutive days during the

same period, ?T*J am flows at Co 1“tLDﬂV11le were corresyondingly low
auring the same period of record with di vchqﬂgeJ of 13 cfs or less for a
period of 21 days and less than 50 cfs for a period of €0 days during
early 1937.
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XITI. INFLUZSNCE OF RIVZR DISCHARGE ON POLLUTION EFFECT:

A study of Table II and Charts I, II, III and IV indicates that
ﬂPiLiC“] J?y gen levels and a zone of near oxypen depletion are reached
=
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