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I am transmitting herewith a report of your Division of Public 
Health Engineering covering the investigation of pollution of 
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These investigations were instituted during February 1950, in 
accordance with Sections 135 .18 to 135.29 of the Iowa Stream 
and Lake Pollution Law. 
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POLLUTION OF LITTLE SIOUX RIV.8R 

Spencer to Peterson 

February 16, 1950 
JanuariJ 16, 1951 

I. INTRGDUCTION: 

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 Com·.,ission revealed a low oxygen 
condition apparently due to the sewage and µollutional load upstream. 

During the early thirties the State Department of Health devoted 
its principal effort to securing abatement of pollution of the streams in 
Iowa below the larger cities since the pollution of streams was most acute 
at these points. Under a cooperative arrangement with the Sta.te Planning 

.., Board it was possible to expand this work in 19Jl~ 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 a.nd 
Peterson discha.rge their wastes. )'Thile no orders under the Stream Pollu
tion Law were issued followin[ this investigation the City of Spencer and 
l'ovm of Peterson co;r.pleted the installation of sewar:e treatment plants in 
1940. Plans for a proposed sewage treatment plant at Sioux Rapid::, were 
approved by this Department, in 1942 but because of priori ties on materials, 
the plant wa.s not constructed. 

' The construction of the treatment plants at Bpencer and Peterson 
eJ.j_minated the pollution of the Little 3ioux River below these municipal
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 renewed 
pollution of the river to some degree. Mechanical difficulties at the 
sewage treatment plant have also reduced the efficiency of treatnent and 
contributed to the pollution of the river at this point. Serious pollution 
of the Little Sioux .iti ver has continued by raw sewage and industrial wastes 
from the towns of Sioux Ra,ids and Linn Grove and by the wastes from a 
number of small industries. Construction of the sewage treatment plant at 
Peterson has eliminated the pollution from this source and with efficient 
operation the plant should continue to provide a satisfactory effluent. 

In addition to +: ,e 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 
Chapter of the Izaak v:alton League at Storm Lake which has asked in a 
letter dated January 27, 19.51 to this Department, that the condition be 
investigated and corrected. 

During 1950 meetines 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 



load contributed to the Little Sioux River. No further action has been 
taken by these communities. Tui:eetings have also been held with the Spencer 
city officials at which time their attention 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 
conditions, no specific date has been set for completion of the needed 
improvements. 
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In accordance with provisions of the Iowa Stream and Lake 
Pollution Law, Section 135 ,26, Code of Iowa 1950, a permit was issued on 
September 12, 1950 to the City of Spencer for the installation of sanitary 
sewer extensions. The permit was issued subject to the following stipu
lati.on: "Since these sewer extensions and the reopening of the meat 
packinr; plant will add to the pollution load reachinr; the receiving stream, 
planning toward the expansion of the present treatment plant -will continue 
and construction started at an early date. 11 

I I. 3COPE or INVESTIGATION: 

The present investigation includes the collaction of river samples 
from selected points on t he Little Sioux River from a point above Spencer 
to a point below Pe i:,erson. The investigaV .n was begun on February 16th, 
1950 and continued to Ja mJ.J.I"J 16th, 1951. An average of seven sauples were 
collected fror:1 these sar ·.l.ing stations during this period. In addition 
the results of an investigation of oxygen conditions above Linn Grove 
conducted in January, 19.SO by the Conservation Corm,1ission are also reported. 

During February and :tarch, 1950, a study was made of the Spencer 
sewage treatment plant at the request of the City Engineer in order to 
determine the adequacy of the treatment facilities and make recommendations 
to-riard imp:i:·ovement of the degree of treatment. In connection with t his 
plant study a limited number of stream samples were collected below the 
plant to determine the effect of the treatment plant. The r3sul ts of the 
plant studies and recommendations for enlarging the plant were forwarded 
to the city officials and will not be repeated in this report. 

III. SCOPE OF TESTS: 

Field determinations made immediately following collection of 
the samples included temperat.ure readings, pH determinations, and dissolved 
oxygen determinations. Notes relative to the physical condition ol' the 
stream at the time of sampling were made. Samples for bfochemical oxyr;en 
derr,and determinations were iced in the field and taken to the laboratory 
in Des Moines where these determinations were completed. Sampl es for bac
teriological analysis were iced and shipped to the State Hygienic Labora
tory of Iov:a City where these determinations were made. Sam:;::iles for 
chemical analyses were preserved, iced and forwarded to the laboratory in 
Iowa City for analysis. The chemical determinations consisted of organic 
nitrogen, ammonia nitrogen, nitrite nitro ;:,en an~ nitrate nitrocen. 

All tests in the field and in tho laboratories were carried out 
in accordance with the p·"oGedures set forth in the ninth edition of 11Standard 



Methods for the Examination of Water and Sev;age" of the American Public 
Health Association. All ':ield work including sampling and field labo
ratory determinations was done by men~ers of the staff of the Division 
of Public Health Engineering. 

IV. ACKNOWLEDGEMENTS : 

Grateful acknowledgement is made to E. B. Speaker, Superintendent 
of Biology, State Conservation Commission, for information pertaining to 
fish life; to Earl T. Rose, Fisheries Biologist, State Conservation 
Commission, for information with special reference to ·fish potentialities 
of the Little Sioux Iliver; and to V. R. Bennion, District Engineer, 
Geological Survey, for preliminary data on stream flows, 

V. SIGNJFIC;J~C::; AND Di:i:FIIUTIONS OF THE VARIOUS PHYSICi.L, CH"3i,iICAL AND 
BACTERIOLOGICAL TESTS USED IN THE SURVEY: 

Temperature: The temperature values are of the stream water at 
the point of samI)ling and are reported in degrees Fahrenheit. Terr.perature 
governs the solubility of oxygen in the stream and influences the rate of 
purifica.tion. 

pH: Hydrogen-ion concentration or ?H indicates the relative 
acidity or alkalinity of a water. A value of 7 is considered neutral, 
those values above 7 are alkaline and those below are acid. 

Dissolved Oxygen: Oxygen in dissolved form is essential to the 
natural purification of streams and the maintenance of aquatic life. This 
mrygen is drawn upon to support biochemical oxidation of organic waste and 
is replaced by absorption from the atmosphere and the photosynthetic action 
of some water plants inc,_uding algae. A deficiency in dissolved oxygen, 
below the saturation level indicates the presence of polluting orvanic 
substances which are absorbing oxygen from the stream water. The degree 
of this deficiency is a measure of the deoxygenating effect of the pollu
ting matter and hence an index of the deg-ree of pollution in a particular 
stream zone. If there is a sufficient quantity of oxygen present in the 
water the organic material ·will be oxidized without creating any objection
able odor nuisance or destruction of aquatic life. However, if there is 
not a sufficient amount of oxygen present, anaerobic decor;:posi tion takes 
place and the organic material present in the water undergoes putrefB.ction 
with the accompanying foul odor and the black, inky appearance of water 
which is familiar in a polluted stream. 

Five-day Biochemical Oxygen Demand at 20°c. (BOD): 'rhis 
determination i:1dicates the amount of dissolved oxyc;en which may be 
expected to be absorbed in 5 days at 20°c. ( 68°F) to su:::iport the biochem-:
ical oxidation of the organic pollution carried by the stream ::i.t the point 
of sar;ipJ.ing. 

Col:Lfor,n Bacteria (Ii.PH ): Z::-..-pressed as the most probable number 
per 100 m1 . of sample. This test is the most delicate and specific test 
for pollution by sewage as it shows the approximate density of a group 
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of bacteria which are always present in large numbers in sewage and are 
relatively few in number in other stream pollutants. Coliform bacteria 
are normal inhabitants of the intestines of warm-blooded aninals and are 
discharged in large numbers in human feces, which constitute the principal 
source of these bacteria in sewage. 

VI. SIGI-JIFICANCE OF STREiJ,: POLLUTION: 

The r:iollution of a stream with raw or improperly treated sewage 
or industrial Y:astes is objectionaole for the follov1ine; reasons: 

1. Sewage and industrial wastes contain millions of bacteria, 
many of which may be pathogenic or disease producing. 

2. All sewage and most industrial wastes contain unstable 
ore;anic material which in being converted to harmless stable material 
robs the stream water of oxyren. 

3. Sev~a.ge and industrial wastes contain solids which are 
objectionable when they are floating downstream and which settle to the 
bottom of the stream bed causing objectionable sludge deposits when under
going decomposition. 

4, Some industrial wastes contain materials which are toxic to 
fish, livestock and human being.S. 

Pollution of c1 :3 tream is a serious public health problerr. be cause 
of the ver~r higl1 numb(::?rs o.f bacteria found in domestic sev1age and sorr:3 
industrial wastes . Ifany o.f these bacteria are harmless but disease pr o
ducing bacteria may be present in the bod!i-~r wastes of people having 
disease or carriers of disease . The ,;rater~borne intestinal diseases , 
t y1_Jhoid , dysentery or diarrhea are likely to be spread through the uedium 
of polluted water . The possi'.:lili ty of the transmission of ;ioliom:relitis 
by polluted v1at:.er also exists since the virus of polio:nyelitis has been 
isolated from sewage. Other infections re:;,orted spread by bathinc in 
polluted water are a variety of i'nflammatory skin diseases as v,ell as eye, 
ear, nose and throat infections • Any type of recreation which requ:i.res 
contact i-iith heavily polluted water is danr;erous and may result :i.n infec
tions of this type • 

Sludge banks in the region of greatest pollution may contain 
material which is infected with disease producing bacteria. Contact with 
this material will be daugerous and .flies 1,1ay carry ctisease organisms 
from such deposits . 

Dairy allimals having access to polluted strean, water present 
anothe r public health hazard. Cattle wading in polluted ·water may pick 
up disease-prodacing bacteria on their udders and bodies which may be 
transferred mechanically to the milk. 

Little is known of the exact effec t of heavily polluted water on 
li vestocl<. There are a few diseases which are common to both humans and 
livestock and there is a possibility that s1 · ~h disease may be transmitted 
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t o l i vestock through sewage . There is the further possibility that wastes , 
such as packing plant waste s whi ch may contain material from di seased 
animals that are killed, might easily conta, Lnate t he water to a degree 
that lives tock drinking the ·wate r vmuld be come i nfected . 

In or de r to SU?Jort aquatic l ife and prevent nui sances , there 
:~ust always be pres ent i n the water a suff i ciency of dissolved oxyg(n: . 
It i s generally agr eed that if fis h lif e i s to be normally maintained , 
there must always be f r om three to five parts per mil lion (ppm ) of 
oxygen in the water at all times . Some fish require less than 3. ppm 
dissolved oxygen and many can survive f or limited per iods at r.mch lower 
concentrat ions , especially at low temperatures , but i t appears that a 
mini mum of about ii ppm dissolved oxygen may be required for prolonged 
survival of some f i s h at summer temperat ure s and a minimum of 5 ppm is 
des i rable ~ In addition t o the direct effect on fis h of pollutfon, there 
is evidence that fish will leave areas of deficie nt oxygen if they can 
find means of escape . 

Submerged vegetation promotes the pr opagation of fish life by 
furnishing shel ter and nouris}11nent to many forms of life which are neces 
sary in t he di et of the corrn~on game fish . These or ganisms and plants are 
all dependent upon oxygen and sunli ght for existence and cannot grow unde r 
water made turbid and depleted of oxygen by sewage or wastes • Thus a 1.ow 
oxygen content not only kills or excludes the fish life at the time the 
deficiency occurs but also kills a major portion o.f the food orgar:d.3ms . 
In general it i ,3 the v:orst conditions of pollution which occur occasionally, 
rather than the average condit:i.ons , which deterr:iine 'Jhether fish can be 
successfully p!'opar;ateJ. in certain streams . 

In an area of the· stream above a riffle or artificial dam ,:,here 
the v·ater velocity has been reduced, there is a tendency on the part of the 
hf;avier solids to settle, formine; banks of s) called sludge . These ci.reas 
are often low or complet ~J.y deI)leted of dissolved oxy6en and bacterial 
putrefaction wj_th acco~:::)anyine; foul odors and l arge masses of sludr_:'3 rise 
to the 3u::face renderin6 the ·Nater black in color and odorous . These 
sludge de;:_)osits inLerfRre seriously v:ith propa6ation of fish l ife . '.2he 
uc cumulation of slndGe is most serious during the extended periods of lov, 
stream flow and if thel'e is a considerable accumulation of sludge in t!-1e 
stream, a sudden rise ln the stream will stir up these deposits carrying 
then in suspension v1ith the result that the ox:rcen of the stream y;ate1.~s 
is depleted and aq11atic life in the strea.11 .is dest1•oyed . 

VII . HIV.c:,R Di3CH.IPTION ; 

The Lj_ttle Sioux River rises in Jackson County in southwestern 
Iv.innesota . From its headwate rs the rive..c flows in a r-eneral southv;esterly 
direction through northwestern Iowa, ·to its confluence with the lv.issouri 
3.iver near the 'l'own of River Sioux, Iowa . The river basin has an are a of 
4,550 square miles with 1030 square miles drainage area above Spencer and 
approximately 1590 square miles above Linn '}rove . f."oove Cherokee County 
the Little Sioux River basin is characteristic of the original glacial drift 
plain; however, a definite drainage pattern has developed . Irregular ::nounds 
and ridges with small lakes and marshes distinr;uish the glacial plains . 
Gullies, steep hillsides, and ridg;es along the larger streams, due to 
erosion of the loessal soils, define the middle portion of the basin . The 
streams flow through valleys with narrow flat bottom lands . 



. The runoff from the Little Sioux River Basin is small during 
the winter season when streams are frozen. There are also long periods 
of low flows during the summer and fall _. The Little Sioux River is a 
heavy silt carrier because of the pronouncerl erosion over much of the 
basin. However, erosion in the upper part of the basin is much less 
pronounced than in the lo :er reaches of the stream. 

Inforr.1ation from various sources indicates that the reach o.f' 
the Little 3ioux River from Linn Grove to a point below Cherokee is one 
of the best fishing strea"TIS in the state. The State Conservation Commis
sion re:;;>orts a heav~r population of channel catfish and occasionally a good 
po;:mlation of walleyes. Conservation officers also report that fishing in 
the Little Sioux :liver from the Dickinson County line north of Spencer to 
just above Spencer is generally very i;ood for catfish and often good .:'or 
walleyes. 

Fish catches in the reach from above Linn Grove to Spencer are 
re;)orted to be less than in the reach south of Linn GroYe. In this reach 
above Linn Grove, there is a record of fish mortality due to pollution 
dc:.ring the past two winters and the amount of sewage and industrial waste 
dischaq;ed in the stream, undoubtedly has an adverse ef.foc t on fish life 
during all period~ of low flow. 

VIII. SAI-.:PLING STATIONS: 

The smnplin5: stations on the charts and in the tables of this 
report are usually referred to by number. A map indicating; the geograph
ical locations of the various sarnpling stations is shown on the following 
page of this report. Table I following this map, is a description of the 
various samnling stations. 

IX. SOURCE::3 CF POLLUTION! 
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The followini; ::wurces of pollution are listed in order downstream 
fror.1 Spencer to Peters or :,,nd are also ind icated on the map. 

1. Spencer Sewage Treatment Plant: 

l'his plant has become overloaded in recent years due to the 
great increase in population and industrial activity and no loncer 
provides the degree of treatment necessary for the protection of the 
stream. This ;ilant ov'3rload is both organic a.nd hydraulic. Opera
tional difficulties at the plant have at time i::1creas3d the orr;anic 
load to tl'~e 0trearn . The meat packing r1l ant at Spencer Tms closed 
during the early part of the surve;;1 due to a change in managen:ent 
and did not reopen until the late fall of 19.50. 

2. Spence r rtendering :2J.ant: 

The outlets from this tvm cooker plant enter the river approx
imatelv .500 feet belov; the cityt,re-a -ment plant outlet. This plant 
contributes process wastes .from the rendering; operations and also raw 
sewage from the sanitary facilitie s . Floating grease and sewag:e 
solic1s a.re found at most times below these outlets. 
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STRLAl"L POLL UT ION SURVJJY 
LITTLE SIOUX RIVl~R 
Spencer to Peterson 

LOCA'.'.'ION OF SAL~LUTG &':'ATIONS 

Tf.BLl, I 

32 - 500 1 above Highway 71 briage in Spencer. 

33 - Below city and rendering plant outlets at the southeast 
eage of Spencer. 

33 1 - County road bridge 1 mile east of Spencer on 18 and 1/4 
mile nort.h. 

34 - Eigh11ray 18 bridge 2 .3 miles east of Spencer. 

35 - Briage or. Hie;hvra;-, 374, 1 mile east of Cornell. 

36 - f orthPaft en~e of Sioux Rapids above all outlets. 

1 ~6-1 - BPlow Fiehway 10 bride;A in Sioux Rapids~ 

~ 3 7 - 2 miles west and 1 mile north of station 36.1. T~is 
sta.t ion ii:> at a point where the ri vflr benas near the road • . 

38 - Above dam in Linn Grove. 

'-----_3_8.2 - Below dam at Linn Grove. 

39 One mile WflS t of Lin.n G-rove where river bend nea rs road. 

40 :Bridge in Wanata State fark at Peterson. 

41 - Briot; f' on highway 10, 1/4 mile west of rfl t.erson. 

42 - Brid.ge on hi,;hway 10 approxir.iately 4 miles west of Pet.Prson. 
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3. Sioux Rapids Outlets: 

-All sewage and industrial waste from this community of approx- JOfl 
imately 1100 persons is directed to the river untreated. Sewage 
solids, gray color and strong odors may be noticed in the stream 
below the main outlet at all times. Some waste from a lock~ plant 
is reported to be present in a storm water line 1000 feet upstream 
from the main city outlet. This line also carries some oil -.-:aste 
possibly from the city water pumping station. 

4. Linn Grove Outlet: 

' The sewa.re from this community of approximately BO people is 
directed to tbe river untreated. This outlet is located approxi.':l<J.tely 
one-half mile belor che dam in Linn Grove. Sewage and sewage solids 
are present in the stream below this outlet. 

S. Linn Grove Rendering Plant: 

The plant is located approximately tv10 miles below Linn Grove. 
Condensate from the cookers and wastes from the floor washini::; and 
truck washing operations are directed throu[h septic tanks and then 
to the river. 

6 . Municipal Sew ace Treatr:ient Plant at Peterson: 

'l'he sewage from this community receives primary settling and 
treatr.ient on a tricklinc; rock filter. No final settling is provided. 
Thj_s plant with competent operation and supervision should, for the 
present, provide adequate treatment. 

X. PHYSICAL CO:mIDITION OF STREAM: 

At the time of samplinr:; the physical condition of the stream at 
the individual sampling points was noted. The sampling period covered in 
this report was initiat,ed in the winte r of early 1950, extended. throug;h the 
summer months of 1950 and into the early winter of 1951. 

Station 32 is located approximately 500 feet above the Highway 
71 bridge in S;_;encer and is ordinarily above all sources of pollution from 

,,.-- S ,encer . The exceD+,ion to being above alJ. nollution occurs when the high 
'-" flow by-pass at tlle'hf=t; s~n a11proxima: ly 1000 feet above the bridge 

bv-OtrSS is being used. This occ11 rs only when a heavy wet weathei.~ flow is received 
../ J rna» hb e at the lift station, C:mditiom at this station were ve"I";;•· good at all 

times of smapling. The water was clear and the bottom clean. 

Station 33 is below th0 city and rendering plai!t outlets at the 
southeast edg;e of Spencer. Conditions at this point were ve r:,r poor 'Ji th 
strong ..9dors , floatinc solids and _g_rease beinr.; ap:rJarent. On occasions gas 
format.ion indicatini;; digestion of sludge in the stream was observed . 

Station 33 1 is located approximately 11/2 miles belon the city 
outlet. At the time of winter saT.pling the stream at this point was highly 
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~lored, contained many fine solids and had a strong-, odor. Sur:mer sar.iplini; 
revealed sludg_e deposits, some odor and heilV-J ale;ae gro;1t!'1. 

Station 3h is l ocated at the Highv,a:T 18 bridge east of .3pencer. 
In r,eneral this station revealed the same conditions as those found &t 
statfon 33 1 v:ith solids, odor and color being found in the winter and odor 
and profuse algae and bottom g;rowths in the summer . 

Station 36 is above al l pollution from Siowc Rapids and the 
stream at this poi.nt , f r om a visual standpoint , did not contain excessive 
se •mg,e solids, color or odor • 

. Station 36 .1 is located approximately 200 feet below the lowe r 
Sioux Rapids outlet . Sewage solids and strong odor were very apparent at 
this station . On occasions oi was issuing f r om the upper outlet and an 
oil film ·was present near t'.1e left bank of the stream . 

At Station 33 which is above t he darn at Linn G-rove some ocl.or was 
notic~rnble with sphaerotilus patao-S, grov:th in evidence at the upstream dmn 
face . Sphae rotilus natans is a f11ngus ~rO'wth associated with sewage 
pollution . Some color due to algae r;ro·:iths was also noted . 

Se-,1age solids i'iere obse:-:-v'3d i n the strec1.ra irr.mec.iately lx:lovr t he 
Linn Grove outlet 1.ith some odo:c apparent . '? rom t his point to below 
Peterson the stream appe2"3d to make a rapi ,., r ecove ry from the effects of 
the pollution and appear t o te in normal condition, e:xce;-it be low the 
rendering :;:·lant outlst. ...·he s ·~1·eam immediately below the 01 tlet of the 
rendering :-ilGnt showed s~_ud,::: ;=; deposition and fungus v,rowths on the bottom 
,ii th odors and floati:1c solir.i3 obc,erved some distar,ce do-.mstre3Jn . 

},I. IiJTZ.~P~GT.A'i'lCli·; Oi cmi.ICii.L AND BACTZRIOLJGIC1,L D.c.TA : 

The Little Sioux Rive r was sampled under both ·i1inter and su:~.rne r 
conditions in o::'der to d•3termine the effect of low flows , i ce cover, water 
temperatm~e and other factors which influence the re covery rate of t he 
stream . Cbarts I, II, III, and IV and Table II acco!l!panying this r e;Jort 
are r:raphical and tabular presentations of oxygen and bact0riolog;ical data 
of t he in ' ividual surveys . Two sarr.pling surveys y;e r e made under summer 
conditions and s ix surveys were made u~der winter conditions . 

In g:eneral the samples collected during the ,!lintfil:_revealed t::-ie 
most critic al stream con.di tions . Hov1ever, negative oxygen balances r1erc 
found below both Spencer and Sioux Rapids on each summe r survey . Vfoen a 
negative oxygen balance exists the BOD value at that particular I)Oint 
exceeds the dissolved oxygen value . In the stmuner surveys and in all other 
surveys the crit:Lcal ;,:ioint in the stream from the polnt of dissolved oxygen 
was found to be upstream from the dam in Linn Grove . The sar:iple collected 
upstream from the dam on '.3eptembe r 7 r evee.led a dissolved oxygen of 5 .5 ppm 
and on September 12 a dissolved oxygen value of 2 . li ppm was found at this 
point . T11is l atte r value indicates a condition unsatisfactory to f ish life , 
particularly under high summer tempe ratures . Appa:i:-ently this condi.t.ion is 
caused by the progressive utilization of ti1e oxygen in the stream vmter by 
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Stream Pollution Survey 
LITTLE SIOUX RIVER 
Spencer t o Pe t er son 

February 16, 1950 t o January 16, 1951 
CHEMI CAL AND BACTEaIOLOGICAL DATA 

TABLE II 

Dissolved Iv:PN ·River 
Sta . Temp . pH Oxygen Saturation BOD Ox-ygen per Flow 

OF ppm per cent ppm Balance 100 ml cfs (1) 

Febr uary 16, 1950 

--32 32 7.6 8 .7 60 3. 6 5.1 55 
33 34 7.5 4.h 30 18.7 - J.4 .3 

{:r }lr►J w1 33 I 32 7.5 5 .1 35 16.0 -10 ,9 0Pnn ;J 
34 32 7.3 1.9 13 12.2 - 10 .3 
35 32 7.1 0 .9 6 5 .5 -4.6 

SM) - 3~6 32 7~3 2 .4 16 14. 2 - 12 .8 
36.1 32 7,3 o.s 5 

. 3.0 - 2,2 
37 32 7,1 1.1 7 2.5 -1 . /r 
38 32 7.3 0 ,3 2 J . 7 -3 . l.i. 

'L,,1"' 6,_JB .2 32 7.J 7. 6 52 5 .J 2.J 
Ri41,lf 39 32 7 • .3 7 , Ir 51 /.i .8 2. 6 

t10 32 7. J Lt .5 Jl 2.3 2.2 
/.il 32 7.3 3 .5 21_, L S 2.0 
!.i.2 32 7.3 /.i .5 31 3 ,3 2 .2 

September 7, 1950 ~-,,., 

32 60 7.9 9 .1 92 5 .9 3 .2 66 
33 62 7.9 7.J 75 8. 6 -1.3 , 
33 ' 62 7. 7 s.s 56 8 .1 - 2. 6 A ..., CJ A;,: /4 n 
3L, 6!+ 7. 7 8. 6 90 7. 2 -1.4 
JS 62 8.1 11 .2 115 10 .8 o.l.+ 

.JPO 36 64 8 .0 9 . ).i. 99 10 .2 - 0.8 
36 .1 65 8.0 9,1 97 15 .9 - 6.G 
37 68 8 .0 10 .2 111 12 .0 -1. 8 
38 66 7, 7 5 .5 59 7.0 -1.5 

L.,,,,,,t_ 38 .2 69 7,9 7. 6 84 6.2 1.11 
R df- LS 70 7.9 8.h 93 5 . 7 2.7 

72 8.1 10 . 3 117 6,8 3 r:' • 7 
41 68 8.1 10 ,9 119 5 .6 5 .3 

(1) Es timated flow at Li nn Grove , 



TABLE II ( CONTilJllED) 

Temp. pH Dis!oolved Sa tura +.ion BOD Ox~e:Pn MPN RivE'!r 
Op Oxy~~n per cPnt ppl!l Balance per Flow 

Sta. ppm 100 ml.. cf's"' 

SeptembPr 12, 1950 

32 54 7.7 8,7 80 3.9 4.8 35,000 53 
33 56 7.8 7.7 74 9.4 -1.7 920. 000 

}), ""n.,.,, Cl II~ jp,,, 
33 1 55 7.7 6.1 58 4.8 1.3 14('. 000 
34 56 7.7 5.7 54 6.4 -0.7 79,000 
35 56 8 .1 9.3 89 5.~ 4.1 70,000 

_3fi,~ 
u 'f 57 8 .0 8.5 82 6.5 2.0 9,300 

36.1 58 7.9 8.5 83 9.0 -0.5 3,500,000 
37 58 7.9 8.1 79 7.5 0.6 240,00() 
38 62 7.9 4 ?5 4.5 -2.1 79,000 

38.2 , ,. 63 7.7 6.9 72 4.2 r' . 7 23 ,ooo 
39 " 62 7.7 7.8 80 4~5 .., 3.3 4.500 
40 /JO 7.9 9.2 92 4.9 4.3 11.000 
41 60 7.9 9. ?, 92 4.4 4.8 79,000 

December 19-20, 1950 

32 32 7.6 11.4 78 3 8.4 ... 34 '"'l 

33 36 7.8 9.8 7l 26 -16.2 1,600.000 r:,/?r,Y, _ li)P-/;jf"B 
33 1 32 7.7 10.1 69 10 0.1 540.000 

34 3?. 7.7 "' ... 180,000 
35 ,. 32 7.8 * * 13,000 

3f;. 1 32 7.9 7.7 ~3 7 0.7 2,400.000 

37 32 7 .7, 7.4 51 4 3.4 130,000 

38 32 7.7 7.3 50 3 4.3 ?4 . 000 

38-~ / 32 7.7 11.8 81 3 8.8 24.000 

39 ·32 7.8 * "' 11.000 

January 4-5 • 1951 

32 3? 7.4 7-1 49 1.5 5.fi 7go 31 

33 32 7.3 l').0 41 38 -32 3 .500 , 000 I l'tf; I 
33 1 32 7.5 5.9 40 6.8 -0.9 230,000 /Y}' r>I .,I 

34 32 ? ~ 3.5 24 10.5 -7.0 54('~000 , . a 
35 32 7.4 2.2 15 1.0 1. 2 1. 700 

36~ 32 7 .3 2 .2 15 1.1 1-1 780 

3 6. l, 32 7 .4 1.5 10 5.5 -4.0 1,100 , 000 

37 32 7 .3 3,2 22 1.9 , 1-3 49.000 

38 32 7.3 IS. 5 .,, 44 2.1 4.4 31.000 

38.2 32 7.5 10.7 73 ?, • 2 8 . 5 70 ,000 

39 32 7.5 10.5 72 11,000 
., 

/ p 2,600 40 32 7.5 9.2 63 1- 5 7.5 

41 32 7.5 8.2 56 1.3 6.9 11. 000 

..,Fottles broken due to freezing. 



TABLE II (CONTINUED) 

Dissolved N.PN River 
Sta. Temp. pH Oxygen 

. . 
Saturation BOD Oxygen Flow pe!' 

OF ppm per cent ppm Balance 100 rr.l cfs 

January 12, 1951 ,;½ lsc~"l 
32 32 7.3 7.6 52 2.s 5.1 24 
33 37 7.3 5.7 42 29.6 -22 
33' 
34 32 7.4 1.i.o 27 6.7 -2.7 
35 32 7.1 2.5 17 

R 36 
36.1 32 7.3 2.0 14 17.9 -15.9 
37 32 7.3 1.8 12 
38 32 7 '< 

•✓ 0.4 3 3.5 -3.1 
L,n.,f'1-~ 38.2 

39 32 7.3 9.5 65 2.5 7.0 

January 16, 1951 

32 32 7.3 8.3 57 2 6.3 490 24 
33 39 7.6 6.7 1+6 114 -107 3,500,000 

/-~,,,., r:/4 tr 33 I 32 7.3 6.0 41 8 -2.0 110,000 
34 32 7.3 3.1 21 16 -12.9 170 ,ooo /Vi '1r) 

35.5 32 7.3 3.2 22 18 -14.8 450 
36.1 32 7.3 3 .2 22 3 0.2 54,000 
37 32 7.J 2.3 16 1 1.3 7,800 
38 32 7.3 0.3 2 1 -0,7 JJ ,ooo 

L h "'" 
38.2 32 7.3 8 .2 56 2 6.2 J.i,900 
39 32 7.3 9.7 66 4 5.7 13,000 

January 23, 1950 
(Earl T. Rose Data) 

J' I 35 7.4 4.h 
37 7.2 o . 6 
38 7.2 o .6 

t , 38 .2 7 , l.i 8.4 
74-1 7. 6 8.8 
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the organic material added to the strea~ at Sioux Rapids and Spencer. Also 
the :--tilling effect of the dam allows <'my remaininz orr,anic material to 
accumulate behind the dam and exert an additional oxygen demand nhile at the 
same time lesseninr: the opportunity for reaeration. After the stream was 
reaerated by passing over the dam the dissolved oxygen value increased in 
all surveys. Apparently the opportunity for reaeration afforded by t;he open 
water of the ,jarmcr months and the · action of the chlorophyll benring alf::-..e 
in producing _ oxygen through photosynthesis allows the strean: under srn;:1 :er 
conditions, to lil.aintain, except below Spencer and Sioux Rapids, a satis
factory oxygen balance. 

In all surve;ys hig__h BOD values were found in the streai:1 beloi'r 
Spencer and Sioux Rapids. In two of the surveys a BOD rise was noticed 
below Linn Grove. 

Under winter sampline; the stream was found to be in very poor 
condition. In the surveys of February 16, 1950 and January 12, 1951, a 
~gati ve oxygen bah.nee existed from irnmedi .aly below Spencer down to 
the dam at Linn Grove a distance of a ;_:>roxirr.ately 35 miles. In the surveys 
of January h, 1951 and J .... iuary 16, 1951, conditions were found to be essen
tially t:!-.e same. In all of these surveys and also the one made by Mr . Earl 
T. Rose, fisheries biologist of the State Conservation Commission on 
January 25, 1950, extremely critical oxygen con0itions were found at the 
sampling station above the dam at Linn C-rove . In four of the winter surveys 
the dissolved oxygen was found to be :\:_ess than 1 ppm at this sampling 
station. This oxyg_en deficiency has led to the destruction of fish during 
both winters of the survey . 

Fost probable numbers (:tPN) of coliform bacteria per 100 ml. of 
sample are tabulated in Table II and plotted on the charts showing the 
dissolved oxyg;en and BOD data for the various surveys . The l.l N, on each 
survey, shows a very great increase below .3;-_1enc0r , Sioux Rapids and Linn 
Grove. The extremel;y high numbers of coli.form bacteria greatly exceed any 
sug-r ested standards of water purity. One tentative interpretation of 
coliforr.1 densities has been sugrested as follows: 11-viaters shov:ing a coliform 
index between 100 and 500 pe:::- ml. are cons:Ldered to be norm.al for inland 
streams free from detrimental poll11tion." 

The nitrocen data fro~ the determinations made on samples 
collected ?'ebruar:' lG, 1950, a!'e shown in Table III. The hich total 
nitrogen values below .'3_;:>encer, Sioux :tapi ds, and Linn Grove are ap:;arent . 
The total nitrogen value ma7 be ta.ken as proportional to the total organic 
material present . 

XII. RIV;J:;:"l DISCHARGE : 

Flow data at Correctionville, Linn C' rove and Spencer for each 
date on which samples wer~ collected during the survey are shown in Table 
IV. The discharge at Lin . Grove and Spencer was computed using a discharge
drainage area relationship from preliminary flow data for the Little Sioux 
River at Correctionville. The Spencer gaEing station was in operation 
from 1936 to 1942. 
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Stream Pollution Survey 
LITTLL SIOUX RIVJ ;R 
Spencer to Peterson 

NITROGEN DATA 

TABLE III 

February 16, 

Stat ion 

Organic i'i i trogen 
Amnonia ii itrogen 
Hitrite Nitrogen 
Nitrat e :N itrogen 
Tota l Kitrogen 

Sta tion: 

34 

5.9 
2.47 

0. 059 
0.8 

9. 229 

~r-. 

2.2 
2.21 

o. 049 
0.3 

4,759 

34 Below Spencer 
35 Ear t of Cornell 

36.1 

4.0 
2-~4 

0,025 
0 .3 

6.665 

36.1 
3 8 
39 

Belo,-, Si oux Rapids 
Above oam in Linr. Grove 
Belo,.,, Linn Grove 

40 1/!anata State Park at Peterson 
41 r•rest of Peterson 

1950 

38 

1.6 
2 .39 

() .008 
0.3 

4. 298 

- q 

39 40 41 

1.8 1- 0 2 .1 
2 .47 2 .39 2.53 

0 .010 0.005 0. 006 
0 .3 0.3 0.5 

4.580 3. 695 5.136 
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Date 
Feb 16, 1950 
Sep 7, 1950 
Sep 12, 1950 
De c 19, 1950 
Jan 5, 1951 

Stream Pollution Survey 
LITTLE J IOUX RIV::R 

Spencer to Peterson . 
February lG, 1950 to January 16, 1951 

S'I'REAfv. FLOW DA1'A 

TABLE IV 

Flow in Cubic Feet per Second 

at 

Correctionville Linn Grove~ 
85 55 

101 66 
82 53 
52 34 
Li? 31 

Spencer-:~ 
36 
42 
35 
22 
20 

Jan 12, 1951 37· 2h 16 
Jan 16, 1951 37 24 16 

.; 'I( ~p "'11 ~ - v Jp nee'-' 

-::-The above flan data for Correctionville i s provisional data from 
the United States Geological Survey . Data .for Linn Grove and 
f3pcnc e r were c0rnputed from the Correctionville data U3 i nr; a 
drainage area r elationsbi:; . 

- 1030 square miks Drainaee are a at Spencer 
Drainage area a:t Linn Grove 
Drainar,e area at Correctionville 

- 1590 square miles (Ap;_J rox . ) 

Date 
Feb 1-16, 1937 
Jan 1 - Mar 1, 1937 
,Jan lh - Feb 2 , 1937 
Dec 31, Feb 2, 1937 

- 2450 square 1,1ilc s 
K~nt?ebe--t:... - .2 7 -:,0 :S'J->"'" f. ""' ,e. 

PERIODS OF SUSTAINED LO:i FLOW 

TJ,.BLE V 

Std ,ion Flow Time 
Spencer 5 cfs or less 
Spencer 10 cfs or less 
Corre ctio:wille 13 cfs or less 
Correctionville JO cfs or less 

in Days 
16 
(:JJ 

21 
50 
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The Little Sioux River does not have a good sustained flow for 
part of the year. In evaluating the effect of sewage or industrial waste 
on a stream, it is the extended periods of low flow rather than individual 
days that govern. A stu y of flow records for Spencer and Correctionville 
in Table V indicate that ~nu eriods of consecutive mfoimum discharge 
have occurred. Discharges of less than fiv cubic feet er second (cfs) 
occurred at Spencer for 16 consecutive days during February 1937. Dis
charges of 10 cfs and less occurred for 60 consecutive days during the 
same period. Stream flows at Correctionville were corres :..~,ondingly low 
during the sarne period of record with discharges of 13 cfs Qr less for a 
period of 21 days and les s than SO cfs for a period -of 60 da:rs during 
early 193 '( . 

XIII. INFLUZNC"2: OF' HIVIB DISCHARGE ON POLLUTION EFFECT: 

A study of Table II and Charts I, II, III and IV indicates that 
critical oxygen le•tels and a. zone of near m:yr~en depletion are reached 
uncter winter conditions with flows as high a:_; 8$ cf1l_at Correctionville 
as indicated by results a 1· the time of t he February 16, 1950 survey. 
Flows of 13 cfs . or les ~ :,ave occurred at Correctionville for a ;::ieri od of 
21 consecutive days. Critical oxygen conditions a l so occurred tmder 
summer conditions with flov1s as h igh a.s 82 cfs as indicated by results of 
the ,3eptember 12, 1950 survey. These results and the past record of stream 
flow V!Oul d indicate that critical oxyp;en conditions may occur quite 
frequently-. Low flows oc cur v;ith the greatest frequency duri ng early fall 
or during extr emely- cold winte r weathe r . 

A study of Charts I, II , III , and IV showing the oxygen sag 
curve indicates that the pool formed by the dam at Linn Grove is the point 
of g_reatest oxygen deficiency with criti cal oxygen conditons occurring 
und.e r both v0inte r and summer conditions • Undoubtedly , much . of the solid 
material from the t r eated or raw sewap.-e and industrial wastes from the 
municipalities of Spencer and Sioux Rapids settles out before reachinr the 
dam. Hov,•ever , it a;,pears that the fine solids are settling to f orm sl1idg-e 
banks in the pool formed by the darn and this oxygen demand combined with 
the lessened opi:iortunity for reaeration in the qui escent pool creates the 
most se rious oxygen deficiency under all conditions . 

Y.lV . CONCLUSIONS : 

1. The Little Sioux River f rom Spencer to Linn Grove was found 
to be grossly pol.luted clue to the discharge of partially treated vmstos 
from the Cit y of Spencer and the discharge of ravi sew,'.3.ge frorr_ the to-:ms of 
Sioux Rapids and Linn Grove . Lesser source§ of pollution are the inrl.us 
tria.l v1astes con0riLuted by the renderinr, plc1nts at S~Jence r and Linn Gr,)ve . 

2 . The investir_;r..tion revealed th&i:, critical ox.y .en conditions 
existed in the .ceach of t: , river above the dam at Linn Grove durinr s ix 
of the eil! 1t surveys cond:.;.c ted . 

J . Destruction of f i sh life occurred during the two ninters of 
tbe survey . 'i'his fish destruction was caused by the depletion of issolved 
oxygen by the organic was te s being added to the stream • 
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the wastes of the Tendering plants , the solids and dissolved r;ases :Ln 
these wastes may impart a bad tas-t:,e to the fish and render them undesir
able for eating . 

5. A hazi:l.rd exists , from a public health standpofot , to persons 
bathing or wading in the river or otherwise comi ng in intimate contact-, vtith 
the river water in the section of the river cove r ed by this survey . The 
q_acterial load carried by the stream is reneral ly many t i mes r:reater than 
any suggested standar ds of purity f or recreational usage . Any tyr,e of 
recreation which r equires contact wi th heavi ly pollut ed wate r is haz,ardous 
and may lead to infection . 

6. ti.ilk from dairy animals having access to the polluted stream 
also presents a public health hazard . Dai ry cows wadj_ng in polluted i_•:aters 
may easily pick up disease- producing bacteria on the i r udders or bodies 
ari~ such bacteria may be transferred mechanically to the milk by the milking 
process . Heavy pollution also interferes with the fre se of the river 
water for livestock waterine: purposes . 

XV. REC Oki-. E;lTDil'rIONS ; 

1 . It is recommended that the treatment faciJ.i ties a.t Spencer 
be enlarged 30 as to provide adequate treatment of all sern1.ge and indus
trial wastes be.fore being discharged to tho Little .3ioux RiveT . 

2 . It, is recomr:1encied that treatment facilities be installed at 
SiotLX l1a?ids and Linn Grove in order to r)rovide adequate treatm'3nt of the 
sewage and indus trial vrastes orr,inating from their cornmur1i ties. 

3 . It is :'."e coi11rn3nded that the tv,o rendering plants provide 
adequate trc:atment o.f tr1eir was ~e3 either by discba.rge to Lhe municipal 
se,mrage system in the case of th8 S;_)encer plant or by construction of 
treatment facili t1e:J of their own . 
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