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Explanatory· Note 

This mimeographed Special Scientific Report has been published in 
limited quantity for the official use of Federal offices and cooperat
ing agencies. It presents the results of an investigation of specific 
problems ahd is intended as a guide for administrative aad legislative 
action. The data?I14Ybe incorporated in a complete publication to be 
printed and released at a future date. 
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Introduction 

At the request of Captain B. :!. !Iarloe, U. S. Jistrict Eneineer at 
St. Louis, a conference nas arranged bet;;een l:ir. J. J. z;ebas, from the 
St. Louis office of the U. S. Engineers and the uri ter in !.rinneapolis 
on August 14, 1934, to discuss the proposed changes in garbage disposal 
by the City of St. Louis, Missouri ,, and the effect of these changes on 
river conditions in the vicinity of St. Louis and belovr. At this ~ime 
it was decided to supplement the previous observations of the U, s. Bu
reau of Fisheries on this section of the Uississippi River by additional 
field and laboratory- work as soon after September 10 as feasible. On 
September 12 a second conference nas held in the office· of Captain Harlee 
at St. Louis. This meeting was attended by llr. F. J. llcDevitt, Director 
of Streets and Sewers and Mr. ·:1. Scott Johnson, Sanitary Engineer, City 
of St. Louis, both representing the City of St. Louis, Captain Harlee 
and Ur. Zebas representing the Engineer Corps and the ~Titer, the Bureau 
of Fisheries. A tentative plan of action was agreed upon and the cooper
ation of the City of St. Louis secured in connection with the taking of 
the desired samples. 

Follo\'ting this conference a field party was organized at the Colum
bia Field Unit, U. S. Bureau of Fisheries and dis9atchea under the di
.rection of Dr. ".alter a. Chipman to Cairo, Illinois, vl'ith suitable equip
ment for field examinations, and arrangements made to return proper speci
mens to the Columbia Laboratories for additional examination. 1;hile this 
field party was at uork a second party consistina of Ur. Bertis A. West
fall, J,fr. tr. G. Davis, and the 11riter proceeded to St. Louis. A labora
tory was set up in one of the Engineer Corps buildings at the foot of 
Arsenal Street and arrangements made for the use of boats and apparatus 
on the river. Active field work at St. Louis ;:as begun September 19. 
On September 21 : !'r. I.icDevitt conducted a demonstration run of the nen 
garbage grinding plant, near Vandeventer I.venue and Forest Park, opening 
the sewers and providing for-the collection of various samples desired. 
These samples were taken at once to the laboratory at Arsenal Street 
where they were properly prepared for the subsequent exar.iination at the 
Columbia, I:lissouri, Laboratories. Field work at St. Louis was continued 
through September, a detailed survey of the ••ater front and of the river 
conditions befa'1een the Chain of Rocks Bridge antl the mouth of the Heramec 
River being made through the use of Engineer Corps speed boats and per
sonnel, assisting the three representatives of the Bureau of Fisheries. 
Such determinations as required inuaediate completion ..-rere finished at 
the Arsenal Street Laboratory. All material which could be prepared for 
subsequent study was removed by auto truck to the C9lumbia, Missouri, 
Laboratories • 

The writer \,"'.i.shes to thank Captain Harloe and _L1r. Zebas of the Engi
neer Corps for the complete cooperation of the Engineer Corps ~n this 
survey, and Hr. UcDevitt and Lir. Johnson for opportunity to see the gar
bage grinding machine in action and for cooperation and personnel required 
in the collection of samples from the seuers of the City of St. Louis. 



The Problem 

Under existinf; arrunge!':'lents the garba--;e of the Cit~- of St. Louis 
is collected in trucks and wagons, taken -to the river front, loaded on 
barges and c.J.rried acr9ss the river and dormstrea'a to a hog farm. These 
arrangements were to be ter::iinated early in 1935 owinB to several compli
cations, leBal and other.:j.se. In addition to. this disposal of city gar
bage, wholes ale mere hants , markets and other ins ti tu tions handling large 
quantities of perishable foodstuffs have been dQ~ping their wastes di
rectly into the li:ississippi Hiver from a municipal dock near the foot 
of Chouteau \venue. Bes ides these perishable substan:ts which were 
placed in the river in various stages of decomposition it had also been 
the practice to dump packing material, sweepines from hay lofts, crates, 
paper and other discarded materials which collected in the course of a 
city's business, into the river. These pieces varied from small par
ticles to objects the size of egg cases or larger. AS part of the present 
plan of readjustment, Captain Harloe as District l!.ngineer, issued .an order 
effective September 24, 1934, prohibiting the dumpin8 of any sort of ma
terial into the Uississippi River fron the public docl: just mentioned. 

In vieVI of these various needs and the changeD to be made in the ex
isting arransements, the City of St. Louis proposed to pass all bonafide 
city garbage throuf!h c;arbage cutters of the 11Hanu1ermill11 type v;hich v1ill 
reduce the various elements of· ~arbage to particles 1-inch cube, or less. 
This ground garbage vras to bo flushed into the city sewers with a con
sider.1ble volu.~e of water and ·:-as to be carried into the !jississippi River 
through the seuers, that is, the ground i:;ar1xi.r;e Yrould be flushed directly 
into the sanitary SeYTers of the city and carried into the ilississippi 
River after traversing from l to 5 milesof se1rer. It was proposed to 
establish several grinding plants and to introduce the garbage of the 
various districts of the city into the sewers serving each district so 
that no one sewer would carry the enti re garbaGe load of the city. The 
regular domestic garbage of the City of St. Louis amounts to approximately 
600 tons daily, according to i nformation given by the city officials. 
It vras proposed to exclude all wastes from wholesale houses, markets and 
large foodstuff concerns from these grinder mills so that the wastes must 
be disposed of by some other means since they are now prohibited from the 
river under the order of September 24, 1934. 

The desirability of this proposed plan of garbage disposal -- the in
troduction of ground garbage directly into the Mississippi River via the 
sani tary sev1ers -- is open to discussion from several angles, but the as
pects of the question which have immediate bearina on fisheries and aquatic
life problems are: 

1. The additional pollution of the i!ississippi River, 

2. The pollution of lateral areas and shore zones, 

J. The projection of these wastes downstream to the detriment 
of waters below St. Louis. 
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Field and Experimental Data 

In order to attack these problems fron the s i;.andpoint of Fisheries 
interests a survey of river conditions no-ri existinr, bet~;ee.n' Cairo, . 
Illinois and St. Louis, :lis souri, uas made, including the 'complications 
of sewage, industrial ·vrastes, oi l pollution and other kno\'m disturbing 
factors. Second, the waste material leavin~ the ~arbage .. grinder ~·1as as
sayed directly with r ef erence to production of oxygen demand, libera
tion of gases and toxic substances detrimental to aquatic life. Third, 
consideration has been given to the various industrial effluents nov1 
reachL~g the river in the vicinity of St. Louis and the action of these 
substances correlated with the action of the additional load of organic 
matter which the ground garbage would place in the river. · As a back
ground for all of these studies data from the previous surveys of the 
Mississippi hiver between Cairo, Illinois, and Keokuk , Iowa, made from 
U. s. ~uarterboat 348 have been utilized. 

1. Present biochemical condition of the Mississippi River bet•·;een 
St. Louis and Cairo. 

a. Dissolved oxyeen. -- As the Cit~' of St. Louis draws its inum.ci
pal water supply from the Uississippi .i\iver near the Chain of Uocks that 
locality was taken as a starting point in the physical and chemical stud
ies of the river water for this survey. The pollution of the ·Uississippi 
River by wastes from Alton, Illjnois, and other cities above St. Louis · 
and the addition of silt load and some vmstes by the :.ussouri Hiver above 
St. Louis have been considered for purposes of this discussion as part 
of the reeuJ,ar river complex since the City of St. Louis is not a con
tributor to these variables. Consequently water from·tpe river at the 
Chain of Rocks, St. Louis, has been taken as the standard for downstream 
comparisons. 

From table 1 (which indicates cher.iical conditions of the J;rississippi 
River during the week beginning September 17, 1934, i n the stretch of 
River between Chain of Hocks, St. Louis and Cairo, Illinois) it may be 
seen that the !.lississippi River as it came to the City of St. Louis car
ried a little more than 7 parts of OA7gen per million (7.14 p.p.m.). 
The limits of and the variation in dissolved OX'/gen in the vicinity of 
St. Louis will be discussed more in detail later, but the conditions in. 
September will be followed first. Starting with a dissolved oxygen con
tent of 7 p.p.m. this water received frorn the City of St. Louis in its 
15 miles or more of water frpnt a collection of effluents including the 
sewage of a city of a million inhabitants and the various wastes fror.i 
numberous industrial concerns. In the ir.unediate.; vicinity of St. Louis, 
that is, from a short distance below Chain of Rocks Bridge· to J~fferson 
Barracks or sliehtly beyond the River receives the bulk of its waste 
load from the City of St. Louis and in this zone the dissolved oxygen 
content of the ·water dropped rather abruptly to a r.linimum of 4. 8 p. p.m. 
As may be seen from the graph there is a distinct depression of the dis
solved oxygen curve in the vicinity of the Cit:'I' of St. Louis. Owing to 
the volumes of effluents from the various sewers and the time regui~ed 
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Table 1. ------- -- . ---- --· -· 
'Locaii€yr 

~vera~~E... _d_ata f ~_r_?_.iis_s_~ ssJ_fil:Ji River wate...£.:_ s_epte~b!!_r_l 7_-22 1 }-9~-----· 

'Dissolved' Tot~ 
oxygen 'annnonia No. 

760 
" 

761 
tt 

762 

" 
770 

II 

307 

763 

" 
308 

759 

764 
" 

767 
ti 

765 

" 
758 

757 
756 
315 

753 

754 

'Miles from , 
Name of place Cai ro ,Depth 'pH 

' 'x ·~~~~~~m-i_l_e_s~--',~me-ters;~, 

rCbain of Rocks •190.9 above, 1 '7.53' 
It ti It I If t 5 I 7 o 53 I 

1Gingrass Creek 1186.1 , 1 '?.87' 
" " ' " ' 4 '7.79' 

'Between Eads &. IA:ciCinley Bt':ldges• l80·. 9 , 1 '7. 62' 
II fl ;r tt I fl t 5 t 7 . 56 f 

'100 yards below Eads Bridge '179. 9 , 1 '7. 58' 
I II tt ~ ti 11 f tt I 4 17.79' 
'Arsenal Street, St. Louis 1 177.0 , 1 '6.90' 
f I I I 

,Below M. P. car i'erry! St.Louie,171.0 ' 1 , 7.45, 
" ti " " " " ti " ' 8 7.62 I I I I 

Jefferson Barracks, Missouri 169.7 ' 1 ,6.90, 
' ' t 
1Crystal City, Missouri 1166.2 • 1 17.351 

'Twin Hollows, Missouri 
' " " " 
'concrete Hurdle, Missouri 
I 

" 
,, 

" 
' :late rs Point Light 
' " " " 
' Ste. Genevieve, Missouri 
t • 

'Claryville, Missouri 
' 1~ittenburg, Missouri 
t 
Cape Girardeau, Missouri 

I 

1Birds Point, Missouri 

' \.i icklii'fe, Kentucky 
' 

t 165. 9 
I 

" 1161.1 

" 1
158.5 

II 

'125. 3 
I 

rl09.0 
' 81.4 

52.0 

1.9 

1 
'1 
1 
7 
1 
8 
1 

1 
1 

1 

1 

4.3 below' 1 

' . ' 7.70 
t ' 7.29 
I t 
7.79 

' . ' 7.27 
' t 7.32 
I I 

7.12 
' ' 7.50 
I t 

1 7.50 1 

'7.60 1 

I f 

,7.50, 

•7.50• 

' ' '7.45, 

SDecific ' Fixed 
conzuctance 'carbonates 
10- at 25°c.' 

342.7 
370.0 
345.0 
340.6 
325.6 
319.6 
344.7 
348.3 
320.8 

359.7 
363.0 
378.3 

272.7 

365.5 
369.8 
371.8 
367.6 
360.4 
365.1 
378.6 

372.5 
372.5 
389.3 
368.7 

222.6 

•cc.per liter ' 
16.99 
18.90 
15.61 
15.08 
16.47 
16.13 
18.26 
19.10 
15.10 

t . 

14.8? 
15.08 
20.90 

20.10 

15.22 
14.91 
16.03 
15.81 

. 15.92 
17.30 
26.40 

26.60 
26.80 
27.20 

15.10 

-----------p.p.m. 
7.14 
?.14 
?.47 
6.59 
7.25 
7.03 
7.3? 
7.58 
4.80 
6.04 
6.70 
5.30 

4.80 

5.94 
6.15 
7.25 
7.2? 
7.14 
7.14 
6.00 

5.40 
5.20 
4.80 

5.50 

6.60 

' p. p.m. 
' 0.24 
' 0.36 
' 2.25 
I 0.58 
' 0.39 
' 2.12 
' 1.80 
' 0.58 
' 1.28 

1.67 
0.71 
1.67 

' 1.93 

0.96 
1.54 
1.80 
1.54 
2.06 
1.70 
2.83 

I 3.86 
I 2 0 60 

2.60 

' 2.23 

1.28 

.._,. 
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for ~he mechanical mix~g of these. effluents wi.th·ttte River water the 
oxygen c·ontent of the River often varied vrithiti a. f ew hundred yards, al
though a rather constant lo~r level of dissolved· oxygen Yras maintained 
to Crystal City or beyond. The reoxygeriation of the river and the com
plete mixing of the~e v~rio\ls.effluents-resulted, however; in a rise in 
the dissolv~d oxygen. in the v~cinity of K:iJnrnswick, Hissouri, at which 
point the a~rgen content of the river vr.:i.ter m1s ess entially the sar.te as 
at the Chain of Rocks. The reoxygenation of the river at this point to 
almost or quite it~ ~o~mer level could readily·be misinterpreted were 
the observations ·not extended beyond KL~tick,:for the r eturn of the 
river to i,ts f~rmer ·~.tate of oxjgenatiori 1.fould suggest that the biochem
ical demand of the s.ubst~c.es poured into the river by the st. Louis 
Distrie!'t haa been met very largely by the time the polluted Y1ater ar
rived at Kimnsvdck. Ov;in_g to the swif:tr1!=3S!3· of the current the river 
turna over: rapidljr in th13 vicihit:/ of St. Louis which condition results 
in this rather rapid1 reoxygenation in the cou;rse of. some 12 or 15 miles 1 
that is, during the first 3 or 4 hours aftE;ir receiving the waste load 
contributed by the City of St. Louis. Additional observations below 
Kimmswick, however, bring out the fact that the decomposition and dis
integration of the se\'rage and wastes contributed· by the City of St. Louis 
is not· completed in this .first 12 niles or ·during this first J or 4 
hours of sojourn 'in the river. From Kimmswick s outh to Cape Girardeau 
a point approximately 110 miles below Kimmswick the dissolved oxygen of 
the river fell gradually t·o 4. 8 p.p.n. in spite of the facts that several 
small, ·relatively unpolluted streams as the 1,:eramec and Kaskaskia, join 
the Mississippi, and that no considerable additions of either sewage or 
industrial wastes are made to the ll'aste load of t he Uississippi between 
Kimmsvrick and Cape Girardeau. Beyond Cape Girardeau thE;?re was a slight 
rise in• the dissolved OX'Jgen although the City of Qape Girardeau con
tributes some waste material to the river, but even at airds Point, 
Hissouri, the :!ississippi River had not recovered~ its former oxygen 
load as measured at Chain of Rocks Bridge, for at Birds Point the dis
solved oxygen was only 5,5 p.p.m. The addition o.f water. by the Ohio to 
the Ilississippi at Cairo caused an abrupt rise in the dissolved oxygen 
just belov: the confluence of these tuo rivers. This rise in oxy[;en, hoi·r
ever, v1as temporary for the organic material and substances producing 
oxygen demand in the ~lississippi took· up the .extra ox-~gen supplied by the 
Ohio River in the course of the first few. miles be:10-V:r' the confluence of 
these tw~ rivers, the dissolved oxygen fallir,(g to ?·3 p.p.m. at Henry !~ye 
Light, 6 miles below the confluence, and the ~ovr greater .filississippi River 
coming to equilibrium vri th a dis sol ve'4 oxygen cont~nt much the same as 
that of the LlississippiR~ver just above the ,qonfluence of the Ohio and 
1Iississippi. The higher dissolved oxygen valµes of the Ohio River and 
this speedy readjustment of ·the dissolved ~xygen level of the nississippi 
River below the confluence vdth the Ohio may be seen in table 2 •. 

From this study of the dissolved oxygen content of the river between 
Chain of Rocks, and Cairo, Illinois, ~t may be seen· that the decomposi
tion and P,isintegration of : the wastes ·c:ontributed tb the river by the 
St. Louis district continued to cause ·a heavy drain.on the oxygen of the 
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Table 2. Demonat·ration of the oxygen demand made by the Mississippi 
River on the Ohio River at the con!'luence of these streams. 
September 5, 1931. All samples collected within 2 1/2 hours. 

Locality' 
No~ Name of place River 

' Miles from' 
Cairo ' Depth ' pH 

Specii'ic ~ 
T conductance ' 
'x lo-6 at 25°0.' 

513 

" 
" 

514 
II 

" 
II 

515 

" 
" 

512 

" 
II 

u 

' O~iro Point ·Light ,. II II It 

. ' "· ff II 

mile.a ' meters ' 
1 ·' 
'Mississippi' 0.8. above ' l.O. 

ft f 11 a I • 3 • 0 . 
If I n 11 t 5. 0 

. , ' 
' ' ? .40·' 

' 7.35'. 
7.3?' 

i 

' Mississippi o.5 miles below Ohio' : II ' 2,3 belm'f ' 1.0 ' 7.23' 
. ' 7. 29 ,. " 

" II 

" 
" 
II 

1 Henry Nye Light 
II· " " 
II It 11 

" 
" 
II 

' Ohio River belCJl.1 Cairo 
II " II II 

II II fl It 

ti " II II 

" II 

11 II 

" II 

' II 
_, 

" . " ' 
' ti ' 

,,. 
II ' 

I II I II IT I 

' Mississippi ' 8.0 below ' 

·' 

' Ohio ,, 
II 

II 

ti 

II 

II 

II 

II 

II 

' 1.6 below ' 
II II 

" " 
II II 

5 .• 0 
·6.0. 

.·. 9.Q 

1.0 
3.0 
6.5 

1.0 
3.0 
6.0 
8.25 

' ?.2~' 
' ?.25' 

' 7.20' 
'7.32' 
' 7.34' 

' 7.27' 
' 7.22' 
' 7.20' 
' 7.18' 

355.5 ' 
390 .B ' 
374.2 ' 

' 
293.3 ' 
_286.2 I 

-296.4 ' 
289.5 . ' 

379.B ' 
36?.7 ' 
397.4 ' 

I 

,264.1 ' 
267.9 I 

260.3 ' 
259.4 ' 

Dissolved 
OxygE?n 

p. p .m • 

5.08 
4.81 
4.90 

7.09 
7.00 
~.65 
6 •. 91 

5.35 
5.~ 
5.25 

?.26 
. 7.26 

?.18 
7.26 



river to a point over 100 miles- dolmstreau from the point -0;f introduc~ 
tion of these wastes, so. that. the reoxygenation of the river by current. 
wind, and other agencies did not off~et the ·growing oxygen demand of the 
organic material during· this 100 miles or so. Con~idering the average 
speed of the river as 4 miles per hour the garbage, ser;aee, and other 
effluents contributed by the. St. Louis district could have reached Cape 
Girardeau or beyond ·during the first 24 hours and Cairo, Illinois, dur
ing the first 46 hours assuming, of course, that all of these effluents 
were moved in'the main qhannel and were not allowed to settle out in the 
quiet naters back of httrdl~s .and other lateral ob~tructions in the stream • 
. The continued oxygen demand of these various wastes and effluents in the 
river from t ile St. Louis district to a point belovr Cairo, Illinois, was 
therefore to be 6X:"J8Cted in View of the rate of river flow and in Vievr 
of the laboratory o:.:xper:..'T!ents on biochemical oxygen demand of these 
wastes. It is well known (Arner. Pub. Health Assoc., p. 77, 19'25) that 
c;verage American municipal sewaaes have a bioche ... ical oxygen demand which 
is satisfied to the extent of some 37 percent during the first 2 days, 
to s~me 68 percent in 5 days, and 90 percent during the first 10 days of 
incubation at 20°c. There are various other factors lThich mi~ht hasten 
the disintegration of se1-:age and other vvaste . materifll in a rapidly mov
ing river as compared v:ith the disintegration of these same substances 
under the laboratory conditions denanded as standard procedure in the 
determination of biochemical oxygen demand. Nevertheless it seems quite 
reasonable to expect that even under the existing conditions of stream 
flow in the I!i.ssissippi River, waste materials would continue ' to have a 
biochemical oxygen demand for at least 3 days, and consequently efflu
ents added to the river at St. Louis could reach a point belou Cairo, 
Illinois, before the stabilization and saturation by oxyr,en from the 
river was ·accomplished. ·Table 1, wh:i,ch notes conditions during the week 
beginning September 17, 1934, in this stretch of river shows exactly the 
expected picture. 

b. pH values. -- Returning to the Chain of Rocks again, it may be 
observed that throughout this run of 195 miles betHeen Chain of hocks 
and Cairo, Illinois, the waters of the J!ississippi showed little change 
in the pH value, that is, the relative acidity of the river water varied 
slightly. In vie'i of the determinations of total carbonates and conduc
tivity (table 1) no laree change in pH lYould be expected since the anal
yses at various points in this zone proved the !.fississippi River water 
to be rather well buffered. Moreover the river channel in this region 
passes through a limestone area \':hich would contribute additional calcium 
salts for buffers to the main rive.r and the lateral tributaries as well. 

c. Total armnonia. -- The third variable is the total ammonia con
tained in the river l'later fron Chain of Rocks to Cairo, Illinois. The 
total ammonia values were fairly lovr at Chain of Rocks as compared with 
readings elsevrhere in the :.ussissippi River but v:ere higher than expected 
in unpolluted lakes and rivers (table ~). In the vicinity of St. Louis 
the ammonia values varied considerably from station to station which is 
to be expected in view of the varying volur.ies of wastes mixing with the 
river water along the river front. The am."1onia values continued to fluc
tuate as far downstream as Crystal City, but the trend of the ar...~onia 
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curve is definitely upward even in this mixing zone. From.Crystal City 
to Claryville there was a progressive 'ris-e in the alllllo.nia content of 
the river water to a maximm.1 of 3. 86 ' p.p.m • . This total ammonia of ap
proximately 4 p.p.n. represents a COI)Siderable nitr.ogeno~s load and 
shows definitely that the nitrogenous wastes from the St. Louis area . 
are projected dovmstrerun 65 or 70 miles before th,e maximum am.~1onia pro
duction is reached. Compared vrith othe~ stre{llllS .4 p.p.m •. total ammonia 
is well above average for polluted· streams although not as high as re~ 
ported for some rivers. The Iilississippi River at Fairport, Iowa, car
ried a maximum of 0.224 p.p.m. in 1931 (Wiebe, 1931) and the writer has 
found values ranging from 0.36 to 1.16 p.p.m. in the Mississippi at 
Davenport, Ic1a, during very low water in the month of July, 1934. The 
~:isconsin Ri·.-er curries ••p to o. 77 p.p.n. a11u East River in ··:isconsin 
3.64 p.p.m. (".1isc0Psin S-:ate Board of Health, 1927), while values as 
high as . 8 p.p.m. are reported frou the hi~hly polluted Charles River 
near Boston (Mass •. Pul:l. Health Dept .. , 1912). 

From Claryville the total arilffionia fell gradually to 2.23 p.p.m. at 
Birds Point, Missouri, and abruptly after the introduction of the Ohio 
River water to 1.28 p.p.m. at ~ :ickliffe, Kentuck'J. 

Considering the dissolved oxygen and ai;monia values together table 
1 points out the sudden loading of the >Iiss is s ippi River in the vicinity 
of St. Louis with substances capable of producing a biochemical oxygen 
demand greater than the reoxygenation of the river for over 100 miles 
dO\vnstream, and with material liberating at the end of the first 24 hours 
downstream enough ammonia to raise the total ammonia content of the river 
well above that of the Mississippi River in relatively unpolluted areas 
elsewhere. These SepteMber, 1934, values are typical of the condition 
found in this sector of the Mississippi River betueen St. Louis and Cairo 
as shown by comparison -r:i th the analyses obtained during the months of 
July and September, 1931, on this same stretch of river by the field party 
of the U. S. Bureau of Fisheries aboard U. S. Quarterboat 348. The-close 
agreement of the 1931 and 1934 values may be seeu in table)in which the 
dissolved oxygen and pH values for the Mississippi River between Chain 
of Rocks, St. Louis, and Cairo, Illinois, for the middle of September, 
1931 and ~he middle of September, 1934, are compared. 

2. Biochemical oxygen demand and a.nr.ionia production of the ground 
fresh garbage. 

Samples of the earbaee as released from the electric grinder at the 
Vandeventer Street Station of the' Department of Streets and Sewers of 
St. Louis, were collected during a trial run of this plant on the morn
ing of September 21, 1934. Typical garbage collected from the residen
tial district .of St. Louis was brou~ht onto the platform, freed from 
cans and other objects that could not be ground, and passed into the 
el~ctric mill. Several wagon loads of average city garbage were intro
duced into the mill before the samples were taken from the mill conduit 
at a point some 75 feet below the mill. These "garbage-hash" samples 
were unmixed with any other waste or s~\..-age, but were diluted with the 
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Locality ' 
No. 

Table 3. Comparison of dissolved o:l17'gen content and pH range o:f. A!issiasippi 
River f or middle of September, 1931, Vlith middle of September, 1934. 

Averaged data . 
•: Miles from ' Dissolved oxygen 

Name of place ' · Catro 
pH 

' · ·sept.1931' Sept. 1934" ' Sept. 1931' Sept.1934 

760 
761 
?62 
7?0 
307 
763 
308 
759 
764 
767 
?65 
758 
757 
756 
516 
315 
753 
513 
514 
754 
515 

' Chain of Rocks · ,. 
'Gingrass Cre~k 
'Between Eada &. McKinley Bridges . 
'100 yal,'d~ belciw .F.a.ds Bridee 
'Arsenal Street St. Lo~s 
'Below ~f.P. car ferry, St. Louis 
'Jefferson Barra cks, Missouri 
'Crystal City, Mi ssouri 
'Twin Hol lows, Missouri 
'Concrete Hurdle, Hi.s :30uri 
' .,aters Point Light 
'Ste. Genevieve, Missouri 
'Claryville, Missom-i 
'Wittenburg, ~·!issouri 

'Grand Tower, Illinois 
'Cape Girardeau, Missouri 
'Birds Point, Missouri 
'Cairo Point Light . 
'i.'iississippi 0.5 miles below Ohio 
'Wickliffe, Kentucky 
'Henry Nye Light 

miles 

190.9 above ' 
186.1 II 

180.9 " 
179.9 II 

177.0 " 
171.0 II 

169.7 II 

166.2 " 
165.9 If 

161.l " 
158.5 II 

125.3 II 

109.0 " 
81.4 " 
79. 5 ,, 
52.0 " 
1.9 " 
0.8 It 

2.3 below· ' 
4.3 ti 

8.0 II 

p: p .in. ' 

6. 02 

4.05 

4.11 

5. 33 
4.51 

5. 35 
6.91 

5.34 
I 

------·· -- -----·----··-- ----------·------------

p.p.m. 

7.14 
7 .4? . 
7.25 
7.32 
4.80 
6 •. 04 
5.30 
4.80 
5.94 
7.25 
7.14 
6.00 
5 . 40 
5.20 

4.80 
5. 50 

6.60 

t 

, 

, 
' ., 

,, 
., 
-., 
., 
., 

,, 
., 

.. 
' 

p. p.m. 

7.54 

7.65 

7.50 

·7-~ 

?l...!56 

'"'7 •• 38 
~,;58 

7.25 

.' 

" 
" 

p. p.m. 

7.53 
7.87 
7.62 
7.58 
6.90 
7.45 
6.90 
'l.35 
7.70 
7.79 
? . 32 
7.150 
? .50 
?.60 

'7•50 
? .50 

7.45 

-----------------------



city ''rater p~s.s.ing'. throur,h the :;iill durinrr its: operation. Accordine; t o 
informatipn given by t~e city off1cials ·in· attertdl!nce at the trial run, 
the grind~r 1dll was using 10 t ons of garbaae per hour and 125 gallons 
of water per .minute . As a flm.1 of 125 gallons of water per minute 
throu~h the mill vTould nix appaoximately'25,000 pounds · of water per hour 
with the 10 tons of garbage, the ratio of dilution of the original gar
bage was 20,000 pounds of garbaBe (v1et v1e:i:ght) to 25,000 pounds of water, 
or a 4 i5 ·dilution: This ~a~io wa~ tis~d.in co!!lPtlting th~ oxygen demand 
and a:mnonia production on the basis of Yiei 1·ieighi;. of fresh garbage. 

The biochemical oxygen demand of ~he.garb.age mixture as obtained 
from the elertric grinder was determined from nine series of four dilu
tions each, run in duplicate, each test unit carrying four liters of 
fluid, (dilut.ion method o.f Amer. Pub. Health Assoc., Water Analysis). 
The total ammonia, pH, and conductiv1ty valµes 'of these samples and 
their controls nere also taker.. The averaGed values from these tests 
have been used as the bas~s of the calculations of biochemical oxygen 
demand and tot'al ammonia as ·eiven in taoles'4 ' ahd 5. 

:From table 4 it .may ·be, 5iee:n 'that the b·iocnemical oxygen demand de
veloped much r.iore ra.9idl/ in these garba~e'sarnples·from · the electric 
grinder, than the bioche:1ic<tl oxy~en demand of average American munici
pal sewaee . · Several factors entef' into this rapid .rise in oxygen demand, 
two of whicp are the di.ffercnces in bacterial flora of fresh garbage and 
se1.age ~ and the fine suspension t.o which a considerable portion of the 
garba 1f .. :;as reduced by the •rinder, the fine suspension puttine a large 
fract·i.~1n o·f -the garbage in a p~zysical condition optim~ for bacterial 
action. The biochemical oxygen delna.nd of tne ·samoles s!;udied was, there
fore, quite completely met (99 percent) by the end of the fifth day of 
incubation. On the other hand, after 21 days of incubation many, large 
pieces of p.;arba(Ie still remained; ·These were, however., for the .most part 
of high cellulose content as pieces of green corn cobs, and such rela
tively resistant objects as feathers, that is, the material remaining 
after the fifth day of incubation had a low oxygen demand potential. 

The total am.~onia content of the garbage mixture also rose rapidly 
for the first three ·days of incubation, 86.p~r.cent of the ammonia found 
being recovered at the end of the third day and 90 percent at the end 
of the tenth day of incubation. · 

The ground garbage as ·collected V/Ould,. therefore, present two pos
sible hazards to ·fisheries and aquatic life, namely, through a high 
oxygen demapd and rapid amnonia production during the first 5 days due 
to the decompositiqn of tne finely divided material in suspension and 
solution, and~ a second potential oxy~en demand of the larger pieces of 
garbage which are not destroye~ during this. first 5-day period, were 
these large pieces to become grounded and: mired in the silt deposits 
along the stream -margin. These trro hazaras are in addition to any di
rect toxic action of the deco~position products themselves. 
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Table 4. Stability values from standard incubation tests for biochemical 
oxyeen demand and amnonia production. 

Item :1st day :2nd day prd dayj~th day.10th day 

Biochenical oxygen demandJ in percentage of total 

Normal American serrage.;~ 37.0 68.0 90. 0 ' 

Ground fres !1 Pc>.rbare, s:,. t..ouis 78.0 88.0 'j 99.0 99.5 

Ami ir~1ia p-:-oJuction in percentage of total 

Ground fresh garbage, St. Louis 11.4 I 86.6 90. 0 98.0 

* American Public Health Assn., .. iater Analysis, .p •. 77, 1925. 

Table 5. Biochemical oxygen demand and amraonia production of ground 
fresh garbage in parts per million, standard incubation 
tests. 

1st day 3rd day 5th day 10th day 

Biochemical oxygen demand p.p.m. wet weight of garbage 

130,946 147,734 166,201 167,880 

Ammonia production p.p.m. wet weight of garbage 

477 3,521 3,764 4,182 
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a. The 5-day biochemical oxygen demand. -- The U. S. Engineer 
Office at~.-Louis (J. J. Zebas) reports a min~num flow of 40,000 
cubic feet per secohd during low water in the Uississippi River in 
front of St. Louis (Arsenal Street). The city officials state that 
the bonafide domestic garbage' to be handled by this grinder-mill method, 
if approved, will average 600 tons daily from the entire city ~f St~ 
Louis (U. Scott Johnson's report, p. 3), The u~ S. Public Health Serv-

· ice (see table 6) fro~ a series of bbservations on the dissolved oxygen 
of the Lti.ssissippi River approximately 40 miles above the confluence of 
the Mississippi and the Illinois Rivers, found the lovrest average monthly 
value for dissolved oxygen in the Uississippi at that point in the month 
of July, and that the average September value was practically the same 
as the ··July value. The writer has made similar observations on the dis
solved oxygen in the Uississippi River at Keokuk, Iowa, and several 
other points .on the l.!ississippi River above St. Louis, and can confirm 
these findings of the U. S. Public Health Service. The low dissolved 
oxygen during the month ct September in the Mississippi River may be 
taken as representing the critical low oxygen value in these relatively 
unpolluted sections of the Mississippi River, since the minimum flow
age, th,a,t is, the extreme low water, usually occurs in September before 
the fall rains set in. It seems fair, therefore, to compute the maxi
mum hazard to fisheries and aquatic life which the daily introduction 
into the Mississippi River at St. Louis of 600 tons of ground garbage 
might produce, on the basis of the September dissolved oxygen values 
and t .he minimum flowage. 

Starting with an average dissolved oxygen of 7.14 p.p.m. at the 
Chain of Rocks, St. Louis (the September, 1934 value) and considering 
the river to be at a minimum stage of 40,000 cubic feet per second 
(a condition approximated at least early in September) the Mississippi 

Table.6. Seasonal variation in the dissolved oxygen content 
of Mississippi River water at a point 40 miles above 
the junction of the Illinois River. Data fide U. S~ 
Public Heal~h Service 

Month 

August ....•..................... 
September •............ . ......... 
October ....•.............•..... ~ 
November •••••••••••....•.•..•••• 
Ilecem'ber •••..•....•.•..........• 
January •.......................• 
Febru.ary •••••••••••••.•.•.•.•••• 
1ia.rc h •.. 41 • • • • • • •• ~ • • • • • • • • • • • • • • 

April ...•.. • ..•.•.. ~ ..........•• 
!&cly ••••••••••••••••••••••••••••• 
June 
July 

............................ ............................. 
12 

Dissolved Oxygen 
p._p.m. 

7.25 
. 6.59 

9.18 
11.58 
12.74 
1).)1 
1).66 
11.06 
10.86 
1.58 
6.68 
6.54 



.. 
River as it passes the Chain of Rocks Station woul d carry an average of 
1,540,000 pounds.of dissolved oxygen per day • . mr. Graf of the St. Louis 
·.1a ter 1-'lorks reports an average dis solved O:le'Jgen in thE: IAis s iss ippi River 
at Chain of Rocks of 8. 07 p ,p.m. during the month.of 1:ay, 1934, (\f . Scott 
Johnsonrs report, p. 5). Reducing this May dissolved oxygen value to a 
Seotember value in terms of ·the U. S. Public Health determinations (table 
6) ·I.fr. Graf 1., 8. 07 p. p. m. for Uay would become 6. 97 p. p. m. for September, 
a value slig~t.ly lower than the a,·erage found by the writer for September, 
1934, ( 7 .14 p. p.~m. ) .a11d .s1:_i;:htly hi er.er than the average found by the 
writer for the same station in September, 1931, (6.02 p.p .m., table 3). 
Fron these t hroe sets of average:;; i t vrould seem t hat t he actual load of 
dissolv~d 0:>:.,/i;en carrieq by the :ussissippi at ·Chain of Rocks -rrould be 
slie"'ltly le~s th-?.n 1,540 ,000 :pounds daily, (Mr. Johns'on es timates the mini
mum f or July as 1, 460, 000 pcunC.~ , in his report, p . 6 ) ~ 'Hm•ever, the total 
oxyge:a "1 load .:;.s comp'4-ted f r om 1'!1e •:ri ter 1 s Septomber values, namely, 
1,540,0GO po"lllds of . dissolved oxyeen per day ha~ been used in the following 
discussion. · · . ' . ' 

•.,. •I 

From the assays of the ground garb~ge as collected on September 21, 
1934, at the 'trial run of the electric m:i.11 th~ biochemical oxygen demand 
of 600 tons of such ground garbage vrould be approximately 157, 000 pounds 
(table 5) on the basis of t he first day o:xygen dema~d, or 200,000 pounds 
on the basis of the 5-day qxygen demand. Taking ari avera ge of these two 
values since'tne erit~re dai ly Load of 600 tons pf garbage would not be 
dumped into the river at any time, 'and since tho main current of the river 
and the various cbunter:-currents would infl uence the age and amount of the 
ground garbage pass ine any one point on the river, apprdximately 178,500 
pounds of dis·so1 ved a·xygen ;·rould be requ~ed to mee.t the daily biochemical 
oxygen demand of 600 tons of ground garbage Qf t~e type analyzed. Were this 
ground garbag~ intraducep into the Mississippi River under existing condi
tions, that is, were the· pre.sent vofunies-of sewage and other pollutants to 
remain unchanged, this.600 tons of ground garbage would make an additional 
detqand on the now existine oxy~en supply of the river to the extent of some 
178,500 pounds daily. The changes in the dissolved oxygen of the Missis
sippi River, were such an additional load pla.ced on the river, during con
ditions as found in September; 1931 and 1934,' are shown in table 7. 

From table 7 'it maY. be seen that the adqition of tbis load of ground 
garbage would have forced the dissolved ox:rgen down to .a r.iinimum of ). 87 
p.p.m. at Arsenal Street, at Crystal Cit:,· and at Cape Gi rardeau, under con
ditions a? fo~d in September, 1934, while under conditions obtaining in 
September·, 1931, ·the" dissolved oxygen would h,ave ~eached a ninimum of 3.12 
p.p.m. ·at ArDenal .Street ; and ••ould have been below 4 p.p.m. at Jefferson 
Barracks and-at Cape ·o~rarde~u. It is ~ell to point out here that the Cape 
Girardeal.). s(;J':lpl.as ·were ·taken just above the city and r~present water ar
riving at Cape Girardeau and not nater that had received the contributions 
of that city. Disso],v~d o~·gen values of 4 p.p.m. or less have particular 
significance in stream pollution .for when the dissolved oxygen drops to 
4 p.p.m. stream condition:;; for fish and most aquatic organisms have become 
definitely adverse, and if the dissolved oxygen fAlls ·below this value, con
ditions rapidly. become critical •. Thompson (1925, p. 431) in his studies on 
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Table 7. Reductio~ in dissolved •xygen level in the Mississippi River produced by 
the daily introduction of 600 tons of ground garbage having a minimum, 
average and maximum B;o".n. of 157 ,ooo, 178,500, and 200,000 pounds, respec
tively, under existing conditions as of. September, 1931 and September, 1934. 
Oxygen stated in parts per Jllillien. 

September 2 1931 ' Se!Jt;ember , 1934 
Locality' Name ot place 'Miles from ' Oxygen' 'Oxygen' 

No. ' I Cairo ' as ' Oxygen reduced to ' as ' Oxygen reduced t~ 
' found 'mtnfJm:m 1!!v~ ''fliainnn _' tound !nln:fmum 'avamge blax:iimm 

n:.ilos 'p.p.m.' p·.p.ap! p.p.~ .... p .. p.m.!p.p.m."prprm; !p.i-.. m•'P•P.m• 
' I ' ' ' . 

"60 'Chain of' Rocks, St. Louis '191J. 1 abeve' -6.02 I !'. l Q I 5.19' 5.30 I ~.11 t 6 0 20 f 6.35 t 6 0 40 
761 'Gingrass Creek 1186.l " t ---- ' ----' ----' ---- I 7 47 t 6.54 I 6. o~ t 6.74 
762 'Between Eads & ~ .. Kinley Bridges '18J.9 " ' ---- I ----' . 

____ , 
-~-- ' 7.25 ' 6.32 ' l .41 ' 6. 52 

770 '100 yards below Eads Bridge '179.9 " ' ---- ' 
____ , ____ , 

----. ~ . 32 '6.40' 6.42 ' 6.58 
307 'Arsenal Street, St. Louis '177.0 " ' 4.05 : .3.12 ,. 3. 22 1 3 .32 • • ,8Q t 3 0 87 I 3.96 t 4.07 
763 'Below M.P. car feny, st. Louis '171.0 " ' ---- t • _._ __ I 

____ , 
---- ' 6.04 t 5.11 ' 5. 21 ' 5 .13 

308 ·~~fferson Barracks, Mis~: Ti '169.7 " ' 4.11 t 3.18' 3.28' 3.33 ' 5.30 ' 4.37 ' 4.45 1 4.57 
759 1 Crystal City, !.iisf>1Juri '166.2 " ' ---- ' ----' 

____ , 
---- ' 4.80 ' 3.87 · , 3.96 ' 4. 07 

7f?4 ''l\t,in Hollows, Missouri. '165.9 " 
I , --- ' 

___ , ___ , 
---- ' 5.94 ' 5.01-' 5.11 ' 5.31 

767 'Concrete Hurdle, Missou4i I 161.l " ' ---- ' ----' ----' ---- t 7.25 1 6 0 32 I 6 0 42 f 6 0 52 
765 ' '·•aters Point Light '158.5 ti ' ---- ' ----' 

____ , 
---- f 7.14 t 6 0 20. 1 6.35 I 60 40 

758 'Ste. Genevieve, Missouri '125.3 " I ---- ' 
____ , ____ , 

---- t 6.00 t 5.07 I 5.17 t 5.27 
757 'Claryvd.lle, Missou;ri 11()9.0 " ' ---- ' 

____ , ____ , 
---- t 5.40 I 4 0 47 t 4.56 t 4.67 

756 'Uittenburg, Missouri I 81.4 " 
, ---- ' ----· ----· ---- • 5.20 I 4.27 t 4.37 f 4.47 

516 'Grand Tower, Illinois I 79.5 n t 5.33 I 4.40• 4.5'7' 4.60 I 

315 'Cape Girardeau, Missouri t 52.0 II . ' 4.51 I 3.58 1 3.68' 3.82 I 4.80 f 3 0 87 I 3.96 I 4 . 07 
753 'Birds Point, Missouri ' 1.9 " 

., 
--- t 

____ , 
----' ---- I 5.50 t 4.57 I 4.67 t 4.77 

5l3 'Cairo Point Light ' 0;.8 " I 5.35 I 4.40• 4.57' 4.60 ' 



the oxygen requirements of the fishes of th~ Illinois River (most of the 
species in his study are represented in the unpolluterl ~ortions of the 
Mississippi River) states that, "it seer.is quite certain that dissolved 
oxygen concentrations bet'.1een zero and two parts per million will kill all 
kinds of fishes", and also that 11a variety of fishes were found only when 
there vrere four parts per million or more (of dissolved oxygen)". Suter 
and Moore (1922) discussing polluted streams in New York State, separate 
the "septic zone" of a polluted stream, that is, the portion of the stream 
which is heavily and unfavorably polluted considerine the requirements of 
fish and other aquatic animals, from the "recovery zone", that portion of 
the stream in which the pollution is clearine up, at the point where the 
dissolved oxygen is 3.5 p.p.m. Various researches on this subject show 
that very feu fish are found in water carrying less than 4.5 p.p.m. and 
almost no fish in water carrying 3.5 p.p.m. or less. The species most 
likely to be found in water having a dissolved oxyeen content between 3.5 
and 3 p.p.m. are carp and buffalo in the fresh-water streams of the Missis
sippi. drainage. 

Considering all of these findings collecGively, it. may be concluded 
that while the daily introduction of 600 tons of ground garbage into the 
Mississippi River at St. Louis during the September period .of low water 
and low dissolved oxygen would not have forced the dissolved oxygen down 
to the lethal point for fishes, 2 p.p.m., in two zones of this sector of 
river between St. L9uis and Cairo, namely, the Arsenal Street to Crystal 
City and again between riittenburg, Missouri .and Cape Girardeau the dis
solved oxygen would have been forced down to 4 p.p.m. or lower, that is, 
there would have been' two zones in this sector in which the dissolved oxy
gen would have fallen low enough to create definitely adverse conditions 
for fish and other aquatic life. The first of these zones would include 
the first 12 or 15 miles below Arsenal Street, St. Louis and the second 
zone vrould begin some 100 miles below St. Louis and continue on down stream 
for 30 miles or more. 

b. The ammonia production by the ground garbage.--The ammonia produc
tion of the ground garbage durin{f"the incubation tests rose to 3.764 p.p.m. 
wet weight of fresh garbage at the end of the 5th day, (table 5). At this 
rate 600 tons of the ground earbaee would produce 4,516 pounds of ammonia 
and arnrnoniur.i compounds (computed as NH1 ). The am."lonia production during 
the first day was only 477 p.p.m., or 572 pounds from 600 tons. It is evi
dent, therefore, that the additional ammonia contributed by the ground gar
bage to the River would change the ammonia content of the river downstream 
more than in the im.~ediate vicinity of St. Louis. During September, 1934, 
the highest ammonia content was found near Claryville some 65 -miles down 
stream from Arsenal Street, St. Louis, where the total ammonia was 3.86 
p.p.m. If the ground garbage were carried dOimstream at once by the main 
current of the river the garbage would probably pass Claryville before the 
ammonia production began to rise rapidly. Ho\1ever, from the analytical 
data on the river water as taken in the field it seems that the settling 
out of wastes above Claryville delays the movement of enough of the sewage 
an4 other nitrogenous wastes now carried by the river to cause a rise in 
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the amnonia content of the river water by the decomposinG slimes trapped in 
the silt deposits in the quieter portions of the stream betvreen Arsenal 
street and Clar~rville. Consequently for the present discussion the )rd day 
allllilonia production has been superimposed onto the Claryville value as found 
in September,. 1934, as representing probably the maximum ammonia rise which 
would be produced by garbage of the type of the sanples analyzed. The third 
day arru:lon'ia production by 600 tons of ground garbage would a1nount to 4,225 
pounds, which would add less than 0.02 p.p.m. of ammonia to the river water 
at Claryville already carrying J.86 P•?•m• The arMJonia production by the 
ground garbage seer.is almost nei;ligible, therefore, when compared with the 
a!i!r.lonia production from seuage, packing-plant effluents and other nitro~en
ous Vlastes n01Y beint; poured into the river at S't. Louis. Were the i:;round 
garbap,e the only source of aI!lf.lonia for t11e river,· 600 tons of the type 

. tested uould not produce ammonia. enou~h to be detrimental to fisheries and 
aquatic life when turned into water as well buffered as the Liississippi 
River. 

. . 
J. Settling out of garbage and other wastes along the stream margin. 

The :.Iississippi Hiver from ·St. Louis south\,ard has a strong central 
current , ,hich scours the bottom of th'e, riwr channel so -completely that 
dredge samples broucht up from the bottom.· ·of the channel consist_ed of 
coarse sand, gravel and small rocks. This is, of course, the intent of 
the engineering construction along shore, the hurdles and other lateral 
obstructions forcing the water back'into the main channel. as the dry or 
marshy land advances . from behind and below the nurdles. Consequently the 
ma.in.volume of waste from the St. Louis area is carried by the mid-channel 
stream. However, there is a definite settling out of waste material in 
various stages of decomposition back of hurdles and along Joth banks of 
the river below St. Louis wherever the current speed is even slip,htly re
duced. These vmstes are mU;ed with erosion silt which complicates the 
problen by slowine up the decomposition and prolonging the oxygen demand 
of the organic matter so grounded. It is ver:r difficult to compute the 
total amount of orr,anic matter thus held and slowly contributing sulphur 
derivatives and methane to the river water as v1ell as drawing on the to.tal 
oxy8en supply of the river, but ."'ith each rise quantities of the polluted 
mud are s\·:ept back into the stream and their products mixed with the ..-;ater 
of the oxygen channel. Field work between St. Louis and the mouth of the 
!rE!raniec River near Kimr..svrich., Uissouri, shm·;ed that the 15 i'liles of shore 
was heavily polluted with wastes from the St. Louis area. i:Ud samples 
taken from the bottom of the river in the shallou YTater along shore in this 
zone yielded alrlost no animal life except Tubificid vrorms, vr!1ich were often 
present in enorr.1ous quantities. 'i'hese worms are regularly used as indica
tors of bottom and water conditions and v1hen found mark the complex as onu 
at the extreme lower limit for fish life as regards pollution. In general, 
therefore, the conditions now existing below .3t. Louis for 15 miles or more 
along shore are such that only the ."1ost tolerant forms of aquatic life can 
survive, except at the mouths of unpolluted streams where clean water is 
added. Sensitive forms like b~ss , draGonflies and daphnia are wanting. Be
low the lleramec blood-\·rorms beein to appear indicating some recovery and 
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some conversion of uastes into fish food. · ihat change in these lateral 
conditions the daily addition of 600 tons of garbage would r:iake can 'not be 
readily estimated, but with conditions definitely adverse to critical for 
aquatic life in t.he first 15 miles below the cit~r any additional organic 
r.iatter settline ou}. uith the silt in these lateral areas 1·;ould onl~r make 
natters worse. 

4. Industriar effluents. 

As the biological assays df ·the industrial ef~lu~nts added to the river 
in the vicinity of St. Louis are being discussed in a separate report these 
pollutants neeq not be considered here exce~t in one parti cular. Several 
of these effluents are not only very toxic to aquatic life but have power
ful bactericidal action, as shmm by tests in the bacteriological labora
tory of the Columbia Field Unit of the U. S. Bureau of Fisheries. The 
bactericidal act.ion of these industrial wastes ma.terially a.lte.rs the rate 
of decomposition of sei;ages and other wastes which are being acted upon by 
bacteria, in the zone where the industrial effluent is sufficiently con
centrated. One of the industr.ial wastes of this type collected near St. Louis 
in September, completely in'1ibited the bacterial decoriposition' .of ground 
:;arbage when one part in 100,000 of this ilaste as it came fror.i· the factory, 
was added dw-ing incubation to the ground garbage. Industrial wastes of 
this type should b~ ~x9luded from the river as they material~y 'slovr do•m 
and complicate the natural stream recevery from the load of organic wastes 
usually disintegrated by bacteria. Similarly oil pollution'which is some
times present in the !11ississippi P..iver near CJt. Louis as the result of cer
tain industrial activities alters the rate of .river reOX'IJgenation and con
sequently plays· an important role in delayinc the ultimate disintegration 
of various organic wastes, in addition to the specific damage to aquatic 
life by the oil itse.f. 

Summary 

1. Field studies of the 1.1ississippi River between Chain of Rocks, 
St. Louis and Cairo, Illinois, made durin~ Se~tember, l?Jl, and Septenber, 
1934, sho1i that durinG the period of low water and lov• dissolved oxyt;en the 
Hississippi River loses a considerable portion of i ts oxygen load in the 
immediate vicinity of St. Louis, makes ·a teraporar~r recovery, and then loses 
a large amount of its dissolved oxygen between Crystal City and Cape Girar
deau. 

2. The zones of low oxygen ':i.ri the Mississippi River between Chain of 
Rocks · and Cape Girardeau are definitely correlated with tne·addition and 
composition of the combined wastes fro:rr the St. Louis area. 

J. The oxygen demand of the Z..1ississippi River below St. Louis is not 
satisfied even ·after the waters of the Ohio have been completel;f mixed v1ith 
the Mississippi. 
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4. Samples of ground garbage cf the type r:hich the City of St. Louis 
proposes to pour into the Iilississippi l.iver through the sanitary sewers 
were found to have a high biochemical oxygen demand which developed very. 
rapidly. 

5. The oxygen demand of this garbage was such that the addition to 
the Hississippi River at St. Louis under existing conditions of 600 tons 
of such garbage daily would reduce the dissolved oxygen in the river at 
several points to 4 p.p.m. or belovr during the low. oxygen period July to 
September inclusive. Hater carrying 4 p.p.m·. of dissolved oxygen or less 
pres~nts conditions which vary from adverse to critic<q for fishes and most 
forms of aquatic life. ~{ere the stated quantity of garl,age, 600 tons 
daily, augmented by the gro\·rth of the City of St. Louis, or, by the addi
tion of the wastes from the wholesale districts and other establishments 
vrhich have until recently been dumping their nastes directly into the River 
but which concerns are now prohibited this use of the River, very little 
additional load of such ground garbage above the 600 tons daily, as now 
proposed, would be required to lower the dissolved oxygen to the critical 
level (3 p.p.m. or less) for fishes and aquatic life in at least two zones 
within this 190 mile sector of the Mississippi River, and would extend the 
reduction of the dissolved pxygen to the adverse level many miles below 
St. Louis. To be specific the daily addition of 705 tons of such garbage 
would have reduced the dissolved oxygen at Arsenal Street in September, 
1934, to 4 p.p.m. and in September; 1931 to 2.9 p.p.m, 

Supplementary Statements 

These supplementary st atements answer several questions which have 
been raised concerning the information submitted in our report on the 
river pollution conditions in the St. Louis area. 

The first question concerns the actual amount of garbage to be dis
posed of by the City of St. Louis. It has been claimed by the St. Louis 
officials that 600 tons daily is too high and that figure has been ques
tioned. That value (600 tons average daily summer output) is the figure 
given on page 6 of the report signed by hlr. U. Scott Johnson, Sanitary En
gineer of the City of St. Louis, signed and approved by Dr. J. F. Bredeck, 
M.D., Health Co~.missioner of the City of St. Louis and submitted to the 
Army Engineers on June 11, 1934. Additional discussion of this value will 
follow shortly. A second question has been raised concerning the use of 
40,000 c.f.s. for the daily low water river flow of the IJississippi River 
at st. Louis. This value was obtained from the U. S. Anny Engineers Of
fice at St. Louis and is vouched for by Mr. J. J. :3ebas of the District En
gineers Office, St. Louis, : '.is souri. 

In a supplementary report subr:iitted by Mr. McDevitt of the City of 
St. Louis, on December 8, 1934, comparison of our findings (U.S.F.B.) using 
these values, with values obtained from the mean average amounts of water 
and sewage are made, and the use by Bureau of Fisheries of 40,000 c.f .s. 
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river fl.ovr which is an ·acknovlledged low water value and 600 tons of garbage 
per day, which is an acknowledged maximwn summer value as submitted by the 
City of St. Louis authorities·, is questioned. There is also a statement 
in this supplementary-- report on page 3, paragraph 1 that 11The U. S. Public 
Health has found monthly mean flows satisfactory for use in stream pollution 
studies". 

Considering all of these factors and criticisms collectively it must 
be stated first of all that mean average values are not satisfactory for 
the determination of hazards to Fisheries and to aquatic life. It is not 
our province to question the use of these mean values by the Public Health 
Service for the particular types of determinations in which they are in
terested. Hov1ever, from the standpoint of Fisheries ~terests the mar..imum 
oxygen demand and the mininum river flow must be considered together, as 
they vrere in the report submitted by fisheries in October, since in this 
way the maximum hazard to fish and other aquatic life is presented. It is 
well established for many forms of industrial pollution and even for sew
age pollution that the mean average values raay.be well below the danger 
limit for aquatic life, and that some sudden rise in the quantity of any of 
these wastes may wipe out the entire fauna for miles dovmstream. From a 
biological standpoint it would be just as sensible, therefore, to consider 
the mean average value of oxygen in a room into which poison gas might be 
introduced by accident or on occasion, for the oxygen value 'during the hun
dreds of days during Hhich no poison gas entered the room would offset in 
an average, the one day in uhich poison gas might enter the room, that is, 
the average gas content of the room throUEhout the year would be well be
low toxic limit and yet all of the individuals in such a room would be 
killed within a few minutes by the toxic gas at the time of its admission. 
Precisely the same condition obtains i~ determinin~ the hazards to aquatic 
life from stream pollutants. Another specific case may be mentioned. The 
pollution material added by certain beet su~ar factories to some of our 
western streams during the 6 or 7 weeks of active sugar refining from the 
beet crop of the year have in a specific instance killed all of the fish, 
aquatic insects, crustacea and other forms of aquatic life for 35 miles 
downstream. Yet taking the total fl.ow of this stream tnroughout the year 
and the total amoWlt of effluent added by these factories the mean average 
below the toxic limits obtained experi~entally and by actual tests in the 
field. In a recent article in the Journal of Ecology Dr. Van Cleave points 
out this same hazard from sewage pollution in the Illinois ·River. 11.'orking 
with a particular species of river snail he finds that these snails live to 
a ripe old age in unpolluted streams and that . they live satisfactorily in 
the Illinois River between rises in serTage pollution, but he adds that 
whole colonies are entirely wiped out by temporary rises in the sewage pol
lution in different parts. of this river. Many examples could be given, 
suffice it to say that it is well established from the biological stand
point that the maximum hazard which represents the maximum. acute conditions 
to which the aquatic fauna are exposed must be reckoned as the determining 
liability rather than any mean average value. This is of course axiomatic 
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in our physioloeical and biochemical •rork dealin~ with poisons. Conse
quently the maximum figure as stated by-the St. Louis· authorities, 600 
tons of garbage during the summer an.d the · minimw.1 river flow which also 
occurs at the same time·, were used justifiably in computing the maximum 
oxy~n de.11\and hazard to fish and aquatic life in st·. Louis area and below. 
-i';e have of course no reason to doubt the statemehts of the St. Louis au
thorities and consequently accepted their maximum of 600 tons as stated 
in t.hei~ own signed reports as a norking basis. It is still necessary, 
therefore, to insist that the oxygen demahd created during the period of 
lovr water by the maximum summer daily load of garbage must be considered 
as. the'. critical determination from the standpoint of Fisheries, for were 
the ozjrgen reduced to the critical· point for only a few hours the entire 
fish fauna and other aquatic animals as '\'tell would be wiped out in the area 
in which the oxyr,en was so reduced. 

No attention is .given in the supplementary report submitted by the 
CitJ' of St. Louis to the detrimental effects of the 1;astes as now projected 
downstream for over 100 r:tiles. It is pointed out in the report that there 
is a spurious recovery of dissolved oX-.rgen near JP. ffersqn Barracks, but that 
actual analyses shovr that organic naterial is still '.)resent in the river 
water beloVI Jefferson .Barracks in large quanti tie..> , and that the ox-.rgen de
mand produced by the nastes from the St. Louis area continues to be large 
even below the confluence of the Ohio and ~\ississippi Rivers. ,bile this 
fact may be of little consequence td ' the City of St. Louis, all parts of 
the river involved must be considered by the Bureau of Fisheries from the 
standpoint of Fisheries interests. · It is 1iell to point 0ut here that from 
the standpoint of fisheries ~iology biochemical oxygen demand and dissolved 
oxygen content of the river water, which values have been used for the basis 
of certain types of pollution studies, do not constitute either a complete 
or satisfactory determination of the total pollution picture for fisheries 
problems. As has been · p~inted out by the lii"iter in a recent report to a 
National Committee o~ Pollution of our streams, there are industrial wastes 
entering the river in the St. Louis area which have very small or negli
gible oxygen demands, yet these same industrial wastes are seriously inter
fering with the disposal of some of the garbage and other waste material 
novr entering the river, in that the bacterial flora is materially altered 
by the presence of these industrial effluents and the normal oxidation and 
disposal of these organic substances by the river seriously interfered with. 
The introduction of additional organic 'mstes by the City of St. Louis will 
complicate the existing trade waste situation still farther and the computa
tion of the oxygen demand of the garbage of the City of St. Louis in itself 
is only one factor, serious enough, but nevertheless not the only factor to 
be considered in the pollution of the river as regards aquatic life, by the 
proposed disposal of garbage by the City of St. Louis. 

Inference has been made that the Jureau of Fisheries findings are based 
on very linited data. This· inference is incorrect. The Bureau of Fisher
ies has been deter;'iin'ing dissolved Bases, anu10nia, carbonates, pH, and other 
physical factors as conductivity on the waters of the St. Louis area and 
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from thence south to Cairo for the past four years and our observations in
clude samplings at some 25 stations in this area and cover all sorts of 
conditions at various nonths throughout the year. In the report the fig
ures for the month of Septe•r.ber were taken specifically because the low 
level of the river and the peak load of garbage for the summer months come 
at that time as has already been discussed. Ow· findings are not based 
alone on the analyses Ylhich were made at the request of the Corps of En
gineers during the month of September, 1934, but have for a background ex
tensive data for the past 4 years. It was also stated in a report of the 
City of St. Louis that 11 Hovlever, the meager data available on oxygen de
mand would indicate that this figure (the average oxygen demand of St. 
Louis garbage as used in the Fisheries report) is too high". The Bureau 
of Fisheries agents took the samples of garbage on which their determina
tions are based at the time and places chosen by the City of St. Louis, 
with the staff of St. Louis officials looking on. Ample samples were taken 
and in all some 40 determinations were made on these particular samples 
covering their oxygen demand. From these values the average value for oxy
gen demand of the ground garbage from the St. Louis grinding mill, used in 
the report of October, 1934, was obtained. The Bureau of Fisheries had no 
control over the garbage samples offered by the City of St. Louis and took 
these in good faith as representing a typical grinding fro1:i the particular 
mill. l•hether or not these were typical s oi.::iples must be decided by the 
St. Louis officials as they supplied the samples. However, our entire 
staff is willing to vouch for the accuracy of the determinations on the 
samples as collected. Jlgain it must be po:!.nted out that no ::iatter what 
the average oxygen demand of garbage sar.iples may be, the oxygen demand of 
the samples collected represented an oxyaen demand of material which we 
were assured was typical of what the City of St. Louis vms about to put 
into the river. It is of no consequence to the Bureau of Fisheries what 
the average oxygen demand of garbage may be elsewhere for the specific case 
must be handled in view of- the specific effluent added and we were given 
this effluent at a trial run arranged by the City of St. Louis and which 
rw. was represented to us as being typical of their proposed method of dis
posal. 

In conclusion, average values . are of no particular significance iri 
this problem as far as fisheries are concerned. In view of the knovm 1:1ini
mwn flowage of the river which will occur annually at a time v1hen the gar
bage to be disposed of by the Cit;; is at its peak, we must repeat that our 
stand has to be based on the maxirnwn oxygen demand which would clearly be 
fatal within a few minutes in some parts of the river and once the aquatic 
life was killed out, months or years would be required for the return of 
the normal river fauna, were oxygen de~and the only factor to be considered. 
As pointed out in several places in this report oxygen demand is only one 
factor of river pollution from fisheries standpoint, and pollution as re
gards aquatic life can not be measured by certain standards which are set 
for the determination of pollution with reference to other types of inter
ests. 

' 
21 



Literature Cited 

American Public Health Association • 
1925. Standard methods for the exar;.ina tion of Yra ter and s e-;rage. 

Sixth edition. Ne'" York. 

Johnson, · .-. Scott 
1934. Report on the sanitary aspects of ga~gage di sposal by 

discharge into the city s~~ers. c~~~cript.) 

lliassachusetts Public Heal th Department 
1912. Report, 

Suter, Russell and Emmeline Moore 
1922. Stream pollution studies. New York ,jtate Department of 

Conservation. Bulletin. 

Thompson, David H. 
1925. Some observations on t he oxygen requj -·ements of fishes in 

the Illinois River. Illinois Na.tural !Ustory Survey, Bulletins 
V and VI, pp. 423-427. 

U. S. Public Health Service 
1926. Report. 

l .-iebe, A. H. 
1931. Dissolved phosp!1orus and inorgani c !1itro~en in the ;·rater of 

the Hississippi River. ~)cience, Vol. 73, No. 1902, p. 652. 

Wisconsin State Board of Health 
1927. Report. 

- 0 -

22 

-- - .......... 


