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I. 

aany Jtandpotnts. 

an32 in the Dre,ervation of our J e J nd f o o a :: L3 h8 u , 

in ]isb Hat~_ery oper~tio~s ~na in the ~eari~F of 

i'L~ 11c::i 21:nd aquatic life in nriY .te fi_:Jh ,:mas; j_t ,lso 

renerul in~erest 

beer do:c;c 

0111 t ::.c S hich attcmcl . ., ..,_ 
ao1.11.c11. c 1111re. It 

ical 

___j 



to both e~~s 2~a fish. 

hiuher aoath ra~e at one 

len °:;·hich the author endeavored to solve. The follO'.'ing 

aspects of this problem are set forth in detail in the 

subseauent pages. 

Four points of attach CTere 3Ufgested, na~ely: 

1. '~o c1 ete'3t the preset:r'.8 of O:_'g;anj_~ \:-ids ,~I' ''J 

d 'c ; in'y 'lr TI'iCC'l'f:ltin .er :: ~'?a r1j_c , ,ntter. 

3. ':'.:,) r;eter.1ine the Dresen':e o" in "urious 

,,i Lnerals or sa 1ts or the nl se:nce of 

ne-!Af3:,n,r:y i:;fa 1t:-:1 and '.'1in0rals. 

4. 'I\) clete,-1t rase~~ ,::;1JJ)h ;;, " TH':-,rof!en sna Carbon 

on t his s no ,j e ct •nd · t L-: a known pact that 

~"itrogen CO2, and !\z:yr-en in too hiv'1l;1 r~oncen-



It is the no·pe of the :.i.uthor t}nt s ,rr;e li R"ht m-~y hJ,ve 

been thro'.:n on the -,-,ro-ile·:·1 of t··1e "ntPrrelati ·n of 

aqur1tic o:::--g:rnism~3 c.rnd their n:rr.Tironr~:ent. 



PLATE I 



of 

POLLU?I 

Th0 f 0110,Jing pl;_tes ( II t.o VI) ar~ the 

contatdm,,tJ_on; m1ch as 1)0L3on:3 12,mer tea ty the fish 

the,~1selve3, by co•1d fish in t',Ie troughs, by PTOWi_r.ig 

at the h~ G of the ~ter ~up~l~. 

" 



PLATE II 

FALL CHINOOK SALMON EGGS and YOUNG fflY 

Taken Oct. 2, 1919, in Sandy River 
25,000 eggs 

Table data taken by 

PROF. G. F. SYKES & J. «.. FOLEY 

TROUGH POLLUTION CHART 

!ear 
1919-20 Temperature of H;O l@C (Noted by Ul and Air by 1') 

Temperature of' All' 1' @ C 

Date A.M. P.M. A.M. P. M. Dead A (eggs) Dead B (fry) 
In Tro!:!f;b A and B. DailX average both tank1 

Nov. 1' 1' 1' 1' 1 2 3 4 1 2 3 4 

22 J.() 13 10 12 8 17 l 6 0 1 3 2 

23 11 12.50 11 13 10 30 0 0 0 1 2 15 

24 12 14 11 14 12 35 4 0 6 10 20 2 

25 13 15 12 15.5 5 0 0 0 35 4 7 l 
26 10 12 9.5 10.5 3 2 0 0 9 3 2 0 

27 9.50 11 9 10 2 0 0 0 6 4 1 3 

28 8.8 10 8 10 4 3 1 2 12 16 4 0 

29 11 13 10 12.5 11 l 1 !l 0 0 1 0 

30 10 12 9.7 11 12 4 3 0 0 0 0 9 

Rm.ARKS: 

Sedimentary deposits quite thick necessitating cleaning of troughs. 
Saprolegnia fungi growing freely on dead forms :in a very short tiine. 
Probability or waste ae Organic Acids from sediment fungi and decaying 
matter. 



Date A.M. P.M. A.M. P.M. Dead A (eggs) Dead B (fry) 
In trough A 8: B Daily average both tanks 

Dec. l' l' l' 1' 1 2 3 4 l 2 3 4 

l 10 11 Same as Nov. 6 0 0 9 0 4 6 9 

2 11 12.5 " " 18 11 10 4 9 10 12 10 

3 11.5 13 " " 10 0 6 3 6 14 10 2 

4 10 12 " " 4 10 4 0 0 0 1 0 

5 9.5 10.5 " " 5 0 2 0 3 2 1 0 

6 8.7 9.5 " " 6 1 4 5 4 1 0 l 

7 18 12 " " '7 8 4 2 6 7 3 1 

8 11 13 " ff 4 1 1 2 2 2 4 3 

9 12 13.5 " " 10 6 5 4 11 7 6 5 

l,O 12 15 " " 20 3 2 1 21 4 12 15 

11 18 18 ff " 21 20 20 1 14 12 20 10 

12 13.5 13 " ff 25 15 16 10 26 16 15 18 

13 14.5 14 •• " 30 10 9 8 32 40 10 11 

14 10 10 " " 50 43 20 30 40 30 18 22 

15 11.5 10 " " 20 50 20 60 24 25 16 18 

16 13.5 13 " ff 15 40 30 20 21 36 28 18 

REM.ARKS: 

During period of the cold there was an extremely high rate of 
mortality at least 50o.;600 try dying. There was also large numbers 
killed when freeze was over and sediment commenced to come through 
the pipes. 



PLATE III 

Continuation or Chart Experiment on 

TROUGH POLLU!ION on CHINOOK 5.ALJJON 

Experimental data discontinued at end or two months & troughs cleaned up. 

Data or Table by G. F. Sykes & J. O. Feley 

1919-20 Temperature or H2o noted by. 
Temperature or Air noted by 

Date Time 

Dac. 1' 1' 1' 1' ·1 2 3 1 2 3 

17 1.45 5 5 8 400 35 10 21 30 40 

18 3.5 6 7 9 250 10 s 3. 10 15 

19 3 5 4 7 55 66 12 4 6 10 

20 5 7 6 9 10 25 15 20 21 20 

21 7 10 8 13 4 20 21 18 16 14 

22 10 13 11 12.5 30 21 20 5 7 6 

23 11 12.5 11 14 24 30 20 10 21 20 

24 10.5 12 12 15 40 60 80 40 60 0 

25 12 14.5 13.5 16 0 0 0 5 7 4 

26 13 13 14 12.5 0 0 0 0 0 0 

27 12.5 15 11 14 0 0 0 3 2 l 

26 13 16 12.5 13.5 5 10 15 0 14 16 

29 14 15 10 15 2600 2100 2100 490 3050 2440 

30 14.S 16 13.5 15 100 60 50 700 41 14 

31 11 12 12 13.5 4 60 20 600 100 350 

RD4ARKS: 
As eoon as all sediment was cleaned from trough at end or December, 
noted lessening or death rate was noted. Much foam, sediment, fungi 
and algae from murky water. 
December 17-19 100 fish transferred from A' to B'. Sediment killed 
thousands or eggs and fish. Many in A' died in hatching. Many in A' 
froze during the cold spell. 



PLATE IV 

EXPE:RIHENT ON TROUGH "?OLLUTION FOR YEARS 1920-21 

1921 
Date 
i'an. 
1-31 

Feb. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

l3 

14 

15 

16 

l'l 

18 

19 

20 

21 

Temperature Temperature 
of Air of H20 
4 to 13 2 to 12 

5 

6 

8 

10 

8 

9.5 

11 

11.5 

12 

10.5 

9.5 

8 

.,, 

S.5 

9.5 

10 

11 

12 

11.5 

13.5 

14 

3 

4 

6 

9.5 
,, 
8 

9 

10 

11 

7.8 

6.9 

5 

5 

6 

7 

8 

9 

10 

9.5 

11.5 

12 

Dead in 
Trough A 

Remarks 

400 Eggs 
did not 
hatch or 
died. 

20 

25 

21 

31 

30 

25 

29 

60 

70 

80* 

100* 

200* 

40 

20 

10 

12 

13 

14 

20 

21 

21 

Received shipment of 
5000 Chinook eggs 
from Little Salmon 
River and commenced 
hatching on Jan. 1, 
1921. From then to 
31- No data taken 
during hatching period 
except for mmber of 
eggs not hatching, 
which was lcwer due 
to milder weather 
conditions. Temper
atures and counts 
taken at 6:00 PM. 
"'High death rate 
due to shutting off 
of water and suffo
cation of fish in 
such large numbers 
in trough. Sedi-
ment was let collect 
in trough now, and 
was about 1/2 to 1 
inch thick all dur
ing the month of 
March, and· a higher 
death rate was no
ticeable in this 
case of this year:s 
experiment as in 
that of last year· s 
in regard to in
crease of sediment 
fungi and algae, and 
hence pollution of 
trough. Green Al
gae and Spprolegma 
Fungi very plentiful 
and growing on dead 
fish if left in the 
yrough over 24 hours. 



PLATE IV -cont'd 

1921 Temperature Temperature Dead in 
Date of Air of R20 Trough A Remarks 

22 12.5 11 20 

23 11 9 20 

24 12.5 11 18 

25 13 11 19 

26 10.5 8.8 20 

27 12.5 10.3 21 

28 14.5 12.5 21 



1921 ":\;: J_];c::.l'.'_.. t·;1re 
of .Ur 

:Dute C 
Mar. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

12.5 

13.0 

9.0 

8.7 

12.0 

15.0 

12. 0 

13.2 

16.5 

13.3 

14.0 

12. 2 

12. 2 

12.5 

11.0 

16.0 

16.2 

14.3 

14.0 

14.0 

14.0 

12. 5 

13.0 

13.5 

12.6 

Temneru. ture Dead 
of H2o in A 

C 

10.0 

11.0 

8.0 

7.8 

10.8 

12.0 

11.0 

11.8 

13.8 

11.6 

12.1 

10.0 

10.0 

9.2 

13.6 

13.2 

12.1 

12.0 

12. 0 

12.0 

12. 0 

10.0 

10.8 

10.9 

10.0 

20 

21 

18 

16 

15 

14 

5 

4 

3 

2 

1 

20 

21 

22 

21 

4 

14 

16 

18 

21 

20 

24 

34 

50 

60 

Remarks 

Sediment and Pungi 
thick 

Trough cle~ned up. 

Trough Becoming 
dirty 

?fu0h sediment,algae 
fungi and d.ecomposed 
7:natter 



PLATE v-cont r a 

1921 Tempera tu re Ternperature Dead Remarks 
Har. of Ur of H2o in A 

C C 

26 14.0 10.9 21 

27 14.5 10.8 20 

28 14.0 10.6 10 

29 12.3 10.5 12 

30 13.6 11.0 14 

31 12. 7 11.0 16 

April 

1 13.0 11.2 12 

2 12. 8 10.6 10 

3 12.0 10.2 9 

4 12.0 10.5 8 Trough cleaned up 
and death rate con-

5 12.6- 10.4 6 stant und slow. 

6 12.3 9.8 5 

7 12. 6 9.6 2 

8 12.0 9.0 1 

9 16.2 14.0 0 

10 16.0 14.2 4 

11 15.1 13.8 9 

12 14.3 11.0 6 

13 12. 6 10.6 5 



PLATE VI 

1921 Temperature Temperature Dead Remarks 
~l.pr • of Air of H2o in A 

('\ 
lJ C 

14 13.6 10.0 21 

15 14.2 10.2 18 Trough very clean 

16 13.8 7.8 29 

17 15.6 10.0 21 One fish alive with 
fungi growing on it 

18 14.2 11.0 21 

19 13.6 9.0 20 

20 12.5 11.0 20 Fair amount of sed-
iment and fungi 

21 13.5 10.2 16 

22 11.0 7.8 24 

23 12.0 10.0 18 Congestion of belly 
region of fish 

24 13.8 11.0 19 

25 13.0 9.0 21 

26 15.0 11.0 20 l\lfany fish popeyed 

27 16.0 14.5 20 

28 16.8 10.5 16 tfany fish with head 
and. tail cumd back-

29 15.4 11.0 24 ward 

30 14.2 10.2 18 
!fay 

1 15.5 13.1 20 

2 16.6 12. 2 21 Mortality is greater 
with greater change 

3 13.2 10.5 24 of climatic conditions 

4 15.6 12.0 50 

5 14.7 12.5 24 

6 15.8 13.1 36 
Eggs that are dead. in 

7 15.9 13.6 24 trough seem to have a 
similar toxic affect 

8 16.2 14.6 60 upon live fish. 



PLATE VI-cont'd 

1921 r:ilemp era ture Temp era tu re D8nd Remarks 
ltay of 1Ur of H20 in ., 

11. 

0 0 

9 15.8 13.2 20 

10 14.9 12.6 35 

EXP Ii:RIUE NT :DI SOOHTINUED 



II. 

This nrti~le will be ~on1erned ~1th the re-

:J.nd in,Jrg1nir:i, ':ind thei.r a:,,pli;:1tion to the nr:iblern at 

hand, it will lJ::, ne e,,:;sary to go sor,1e\\'h:1t into detail 

as to rrv,;. "'.jerLl,ls and ·1e t hod ,:i used in ~arrying on t:.i e::ie 

experi ient s. The 'i'IJ::;h es UBe a for stud;_r v:ere the -;;iry of 

tho Cb:inoo, Sa]__rnon ( Onr:orhyncus Tsr::hav:yts0,ha) and of the 

:3tee lheud I1rout, ( Salmo R i vu loris) in its -:;er:1 i .m:,.ture 

stu.r'.e::i. The .\cia s selected were, IIydro '.hlor ic, Sulphur-

\ series 

of :prelirpinary ex:p erirnents vrnre performed to deter ine 

t~e survival periods of the ~ish and then nor~ali~ies of 

a rep:resentati ve 1North were sele ctoa.. ";D.ch s ol11t ion 

de":ned a·3-J1J.r.2te en:;ui:rh to ~uit the n.ase ',.S all showed a 

be used of~ necessity. 'I111e -:;iry ,··ere 'first weirrhed in :-, 

} arner:::':,d in .~ 11 11:rminf, soluti:~ 1n o =· }::rov::n ::itrenP-th of 

r1:-;id ":;o clster!Ji.nc the snrviva.1 tt,·1e o:f the fish. 'l1he 

app1,,rc_1tu '. used (PLi.te VTI.) ·:; ,s a ,roai "i'W,t1.r:n o-f> TJr. iT. 

iC"cl ·ssociation, V'ol. V!II. no. 7, ;ru1y 19lf'. 



The an aratus is as follows; 1. A three Liter bottle, 

(a) with the Sto ;}:: Solution an,:'1 ecml-pped w1 th '..1 tube 

and hosing (B) and air j_nlet ( '._;) the flow bein{! regulat

ed by means of a stop ::.ock; the solution pa,:rnes dovm into 

a troufh 6 inches wia .. e by 12 inches long, thru a T shaped 

inlet (D) and passed out thru a :perforated tube as rin 

outlet (E) this was then caught by a 3 liter bottle (F) 

the outflow being re~1lated by a stop cock at G. 

I~:z:p eriE1ents VJere run at a ifferent ter1pera tures to note 

any YD .. _r1at1on. The survival ti e o:" thP ?i::;h 1c,as noted 

in '.::linutes and the weight in gram-::,. Both survi '7'.11 time 

curves anf velo,Ji ty of 7 atali ty curYes were plotted. 

Chec}c s0lutions of tap 1·:nter were '.: .. lso run along wi.th 

these in order to elimJnate all error possible. The 
u 

Acias were standardized ag,inst 20 Sodium Hydroxide. 

The Hydrogen Ion ,:;oncentration work 1.0:as done by the 

:;olormetric ·nethod, ( ?r of 8acteriology, Vol. II Eo. l; 

Jr of Jashington \~adenw of Science Vol. VI. P. 483-

1916; and from Purk and Williams Text on Patho{!enic 

Organisms) b;v the permission and aia of materials fur

nished by the Department of Bacteriology. 



PLATE VII 



III. 

The .i.uthor wishes to a-Jkno ledge his inaebted

ness to Professors G. ?. Sykes, Wight, and Dr. Pasten of 

the Dena:rt::-nent of Zoolcg --, Profeosor Hodge of the Depart

ment o C ,Jhemistry fer ve.luable !)h sical chemical sur.-,rres

tions, to Professors H:-1'verson, 7hito.ker ana Si'n'nons of' 

thn Depart~ent of 3acteriology for their kind assistanne 

in running the Hydrogen Ion oeterminations rmr1 to Dr. 

Harvy of the Depart·,1ent of '-Io rti rrn1 t;us,l Rese11.r0h for 

valuable suggestions. 



of 
PL\'~,;:s v·Pt to ~(T,r' 

'' 



PLATE VIII 

CITRIC .W JJ) 

SPE '.J IES-0UC0RHYNCUS TS JHA'NYTS CH.A. 

·:;eight Hay 7-14, 1 21 
Normal of fish Survival time 

in Grams in minutes 

.0980 .300 9 min • 
. 250 9 ff 

.0476 .200 9 Tl 30 Sec • 
. 250 9 If 40 IT 

.0224 .420 15 11 

.400 15 Tl 10 rr 

.0108 • 230 18 11 30 IT 

. 250 18 Tl 45 !1 

.0048 .400 37 11 

.350 36 fl 30 fl 

.0018 .200 1 hour 
.250 1 hour 

.0004 .250 3 days 
.400 .':.live at end 

of 72 hours 

- Terrrperoture 25-C 

Remarks 

' 



PLATE IX 

CITRIC ACID 

SPECIE 0N00R.TITN0US TS CH.AWYTS CHA. 
Temperature 15.5-0 

'.Veight J.pr.4-9, Weight . .\pr.11-16, 

F · 1 o:£: fish '21. of fish '21. 
,orma in Grams Survival Hormalin Gr11.rns 3urvival 

time in ti':ne in 
:1inutes ~rinutes 

.0980 .330 12 min. .0980 .300 11 T>J.in.30 sec • 

.0476 . 350 17 IT 15 s .. 0476 • 300 16 Tl 

.0224 .400 22 " .0224 .350 21 " 30 " 
• 0108 .500 30 " 15 n .0108 .400 28 IT 45 " 
.0048 .365 39 11 .0048 .400 36 " 30 I! 

.0018 .250 22 hrs. .0018 .200 20 hrs. 

.0004 .200 45 IT .0004 • 321 43 " 



PLATE X 

CITRIC \CID 

SPE0IE-OJTJ0~HYJ'JCUS TS ;H -l''TYTSOHA 
I 0teelhecid 'Tl out\ ·~ - ~. -r . 

Tempera.tu re 16. 5-C & 21. 0. 

·.·leigh t of 
;,,ish in 

normal Grams 

!fay 1-7 l 21 
3urvi val 
time in 
Tiinutes • 

'.'!eight of ~:ay 7-14' 21 
~ish in Survival 

• 0980 .160 

.0476 .145 

.0224 .150 

• 0108 .142 

.0048 .137 

.0018 .129 

.0004 .130 

If ormal Grams Time in 
ianutes 

5 min. 

7 IT 

• 0980 

.0476 

11 IT 20 sec •• 0224 

13 IT 30 IT .0108 

15 Tl 30 Tl .0048 

17 II 30 Tl 00018 

33 Tl 40 Tl .0004 

.150 

.150 

.160 

.173 

.149 

.150 

3 min • 

6 Tl 

9 " 10 

11 
,, 

50 

14 11 

15 Tl 58 

32 Tl 

sec . 

IT 

IT 



Eorrnal 

.0980 

• 0476 

• 0224 

.0108 

.0048 

.0018 

.0004 

PLATE XI 

JITRIC j_CID 

SP~OIE-3.\.LM:O RIVULORIS 

Temperature 18.5-C 

·.veight of 
:"i1 ish in 

Grums 

.130 

J.20 

.156 

.136 

.125 

.150 

.130 

May 7-14'21 
3urvival 
Time in 
:'Iinutes Normal 

4 min.Z>O sec . .0980 

6 lT .0476 

12 !! .0224 

14 " .0108 

15 IT 40 IT .0048 

20 l! .0018 

35 " .0004 

'.7eight of Vay 16-20, 
~ish in '21-Sur

GrQms vival time 
in JTinu tes 

.150 5 min. 

.160 8 

.166 13 

.173 15 

.129 16 

.156 22 

.140 40 

IT 

Tl 

rr 

!T 

ff 

Tf 

10 

30 

40 

sec . 

II 

ff 



Weights in 
NaturcJ.l 0 
Habitat or 
Conditions 

.445 grs.ms 

.376 11 

.358 ll 

.421 fl 

.323 IT 

.345 II 

.340 II 

PL.1..TE XII 

CITRIC ACID 

JO~:J:PARATIVE WEIGHTS 

Apr.1-19, 1921. 

\'!eight 
after 

Noriml Treatment 

.0980 .460 gru.ms 

.0476 .400 11 

.0224 .423 !I 

.0108 .512 !! 

.0048 .423 If 

.0018 .552 II 

.0004 .410 !T 

Remarks 

.015 grams increase 

.024 IT If 

• 065 ,, Tl 

.081 ll II 

.083 H If 

• 207 ~,-

.080 Tl fl 



PL_\.TE XIII 

JITJIC .:~CID 

0NC0HYN0US TS0H\'NYTSCHA 
(1,:c~rly Spring Chinook ) 

Series II 

Temperature 17 .5-C 

'.Veight of 
Horrn,i,l Fi sh in 

Grams 

.. \.pr.19, 
'21-Sur- ~eight 
vi val normal of fish 
time of in grams 
fish in 
minutes 

Apr. 22 
1 21-Sur
vival 
time of 
fish in 
minutes 

.0980 .445 10 --nin. .0980 .400 10 min.15s. 

.0476 .376 15 TT 30s: .0476 .395 16 ll 15 TT 

.0224 • 358 20 H 50" .0224 .426 25 TT 

.0108 .421 27 Tl 20 Tl .0108 .500 29 H 30 !! 

• 0048 .323 37 IT 20'f .0048 .350 38 " 15 Tl 

.0018 .345 19 hr.- • 0018 .342 2 hrs • 
55 min.-
30 sec. 

.0004 .340 42 hrs. .0004 .500 Still liv-
ing at 45 

Lived hrs.-Dead 
from 2:00 between 
PI.T-4-19- 45 to 50 
21. Alive hrs. 
5:30-4-20-
21. 
Dead 10:00 
\M 4-21-21 

Remarks 

Die 1..vith 
convul-
sive ,ie rks 
and ~JOVe-
ments. In 
very di-
lute so-
J.utions 
shows a 
whiten-
ing a-
round 
fins of 
fish just 
before 
d,ea, th. 
'Yhole 
hody as-
sumes 
this ap-
pez:rance. 



l 
' ; -

t----·--
1 

i 

f-➔--~-

__:_~k k-
1//me 

_-_-11;._· ---+14..,.o..,_. -~ ·--· -~ --. 
i 

-+-

i - -fa,1 L 

~~ffrfmc 
-j-·--~-



FL\TE XIV 

8ITRIC JOID 

SPECIE-OUOOHYNOUS TSCH_\7ITT'3CHA 

. Temper;.iture 20.5-G 

Apr.28-30 ·.7eigh t May 1-2 
',Veigh t '21-Sur- of :Tish I 21 

of Fish viva.l in Survival 
in time of Grams time of 

Normal Grams fish in Normal fish in Remarks 
minutes minutes 

,0980 .310 10 min. • 0980 .300 10 rflin • 'i1or re:rm. rl:s 
see table of 

,0476 • 210 10 !I .0476 • 250 11 IT 15 s Apr.28-30 
1921. 

.0224 .450 16 •J .0224 .400 15 fl 10 n 

.0108 .250 20 IT .0108 .300 23 II 15 II 

,0048 .450 38 n .0048 .300 36 lJ 25 IT 

.0018 .262 1 hr. .0018 • 321 1 hr 20 m 

,0004 • 296 .Ui ve at .0004 • 350 Alive at 
end of end of 4½ 
3.1. 2 days days 

X-is then 
d.i scontinued. 



Normal 

,0566 

• 0315 

• 0154 

.0076 

.0020 

.0001 

.00022 

PL\TE XV 

OXALIC ACID 

SPECIE-0NC0RHYNCUS TSGH\'NYTSCHA. 

Temper~ture 15.8-C 

Weight of Apr .4-9-21 Weight of Apr.11-16 
Fi sh in Survival Fish in T 21-
Grams. Time of Grams Survival 

Fish in normal Time in 
IJinu tes '.rinutes 

.300 6 min. .0566 • 250 4 min. 12 s . 

.250 6 "45 s . .0315 .361 5 " 30 " 

.321 12 " .0154 .350 10 Tf 15 " 

.365 16 " .0076 .400 14 " 10 " 

.300 27 " 30 " .0020 .256 25 TT 

.450 2 hrs. .0006 .435 1 hr.30 min. 

• 330 Indefinite .00022 Indefinite 



Natural ,:1ei ght 
a.s per Experi-
ment. 

.310 

• 270 

.330 

.375 

• 270 

.465 

PLATE XVI 

COUPAR\TIVE 7JE IGHTS 
OX\LIC AC ID 

:\pr. 21-21 

·:Vei gh t 
after 

normal Treatment 

.0566 .350 

.0315 • 287 

.0154 .357 

.0076 .394 

.0020 .290 

.0006 .559 

Remarks 

.040 grams incre:1se 

.017 Tl n 

.027 TT TT 

.019 tT If 

.020 If n 

.094 Tf " 



PLATE XVII 

OXALIC ACID 

SPEJIE-ONCORHYNCUS TSCH,\.'i'JYTSCHA 

Temperature 15. 75-C 

,lpr. 20 ~ 21 
r'Teigh t Survi

of fish val time 
in grams of fish 

Normal ~- in !:Unutes 

Apr. 21 r 21 
1:treight '3urvi

of fish val time 
in grams in 

Monnal - minutes Remarl::s 

.0566 .310 5 min. .0566 ,450 5m 30s Some of the 
larger snec-

.0315 • 279 6 n 40 s .0315 .450 6 fT 15 " imens not as 
natural as 

.0154 .330 11 " 50 fl .0154 .450 9 JJ the smaller 
ones, hence 

.0076 • 375 15 " .0076 .300 18fT the probabil-
ity of the 

.0020 .290 25 " 40 " .0020 .356 25 n 30" reason they 
survive longer • 

.0006 .465 1 hr 44 m .0006 .210 1 hr • 559 g. after 
dea,th in the 

.00022 .329 Put in 2PM .00022 Experi- acid 
4-19-21 ments on 
Alive yet this 
at 5PM strength 
4-22-21 discontin-

ued. 
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'."!eight 
of "F.1ish 

Normal in 
Grams 

• 0566 .132 

.0315 .126 

.0154 .145 

.0076 .134 

.0020 .118 

.0096 .147 

.00022 .136 

PLATE XVIII 

OX.ALIC ACID 

S TEELHEAD TROUT 
(Salmo Ruvuloris) 

Series #5 
Temperature 16.5-C 

May 1-7-21 
Survival 
time in Normal 
minutes 

1 min 30 sec .0566 

2 n 15 If .0315 

3 " 15 " .0154 

5 If 45 n .0076 

7 n 30 If .0020 

35 " .0006 

Indefinite .00022 
over three 
hours 

''Teigh t Ifuy 7-14-21 
of fish Survival 

in time in 
Grams minutes 

Temp • 21-C 

.149 1 min 

.132 2 fT 

.125 3 n 

.150 4 IT 50 sec 

.160 5 n 15 Tl 

• J,.20 29 " 
.119 120 " 



normal 

,0566 

.0315 

.0154 

.0076 

.0020 

.0006 

.00022 

PLATE XIX 

OXALIC ACID 

SPEC IES-SALMO RIVULORIS 

·remp era tu re 18 • 5 -C 

Weight of May 7-14-21 
Fish in Survival 
Grams Time in 

Minutes Normal 

.140 1 min 40 sec .0566 

.130 2 min 30 sec .0315 

.125 3 min .0154 

.150 6 min .0076 

.126 8 min .0020 

.136 34 min 30 sec .0006 

.147 .00022 

'7eight af :May 16-20-21 
Fi sh in Survival 
Grams Time in 

l'Un.utes 

.125 1 min 

.165 3 min 

.156 4 min 

.143 6 min 

.127 8 min 30 sec 

.134 35 min 

.236 240 min 



Normal 

.0566 

.0315 

.0154 

.0076 

.0020 

.0006 

.00022• 

PLATE XX 

OXALIC ACID 

SPECIE-ONCORJIDNCUS TSCH.\CVYTSCHA 

TemperG.ture 25-C 

Weight of May-7-14 
Fish in Survival 
Grams Time in 

Hinutes Remarks 

.300 3 min 45 sec *Lived in acid of highe 1· 

.320 3 ll 30 !l temperature-is appreci-
ably munh shorter; weight 

.260 5 !l Tl taken into consideration. 

.220 4 ll 30 It was noticeable in the 
more dilute solutions. 

.430 6 l! 30 ll 

.400 6 n 

.350 10 n 

.310 9 ll 30 ll 

.300 18 Tl 

.350 18 ti 10 ll 

.400 30 ll 

.430 31 n 

• 350 Lived over 
three days 

.300* Lived over 
three days 



:PLATE XXI 

OXALIC ,\.CID 

SPECIES-ONCORHUNCUS rrsCHA'NYTSCHA 

Tem~erature 20.5-C 

·ireight Apr.2fl-30 ''!eight M:g,y 1-7 
of Wish '21-Survi- of 1ilish '21-Sur-

in val time in vival time 
normal Grams in l':Iinu tes Iformal Grams in :unut es Remarks 

.0566 .300 4 min 30 sec .0566 .300 4 min ,,...,or Re-
marks 

.0315 • 286 5 min 10 " -~315 .300 6 ff see 
table 

.0154 .400 7 IT 20 ff .0154 .286 6 " on 
Tartoric 

.0076 • 356 10 tT 15 IT .0076 .452 11 TT 30 sec in Apr. 
28-30-21 

.0020 • 250 18 II 30 ,, .0020 .500 22 TT 

.0006 .412 30 n 30 I! .0006 .300 25 ff 50 IT 

.00022 .300 .\live yet at .00022 .398 Lived over 
end of 3l da. 4 days, or 

alive yet 
Die continued after 96 

hours, or 
5760 min. 



'7ei ght 
~ish in 
Grnms 

IJorm':11 

.0926 .300 

.0436 .360 

• 0216 .485 

.0116 .300 

.0049 .421 

.0030 .286 

.0012 • 290 

PLs~TE XXII 

SULPHURIC .ACID 

SPECIE-0:1\TGORHYNCUS TSCITA'HYTSIJHA 

Temper:.1, ture 16-C 

of .:\.pr.4-9-21 .7eight of \pr .11-16-21 
Survival Fish in Survival 
Time in Grams Time in 
l\:inu tes normal 1Unutes 

4 min .0926 .250 3 min 

4 TT 10 sec .0436 .300 4 IT 

10 ff .0216 .198 11 " 
10 If 30 If .0116 .362 12 If 

25 fl .0049 .300 23 " 45 sec 

1 hr.30 min .0030 .400 1 hr.45 min 

3 11 20 Tl .0012 .500 4 TT 
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Normal-• Wt.of • 
ity • fish in• 

• grams • 
• • 
• . 

.0926 • 146 

• 0436 .150 

• 0216 • 150 

.0116 .160 

.0049 • 159 

.0030 .142 

.0012 .130 

TABLE XXII 

SULPHURIC ACID 
on 

SALMO RIVULORIS 

Date TemEerature 18.7-C 

May-l-7-21 • Normal-• Wt .of ~ay 7-14-21 • REMARKS: 
Survival • ity • fish in•Survival • 
time of fish• • grams •time of fish• . 
in minutes • • •in minutes . 

Temperature 21-C 
1 min.40 sec • .0926 .150 1 Min.lo Sec • 

2 min.40 sec • .0436 .150 2 Min. 

9 Min. .0216 .143 7 Min.30 Sec • 

10 Min. .0116 .125 9 Minutes 

13 min.50sec. .0049 .160 12 Min.30 Sec • 

15 Minutes .0030 .165 13 Min.SO sec. 

30 Minutes .0012 .170 35 Minutes 



TABLE XXIV 

SULPHURIC ACID 

Specie: Salmo Rivuloris 

IDIPIB J.TURK ia. a w 
Normal- Wt. of Ma:t 7-li-21 Normal- Wt. of ~ 16-i0-21 • RDUltKS 
ity fish in Survival time ity fish in urvival . 

grams in minutes grams time in • 
Minutes • 

.0926 .126 1 Minute .0926 .132 1 Min.SO Sec. 

.0436 .143 2 Minutes .0486 .146 2 J4inut6s 

.0216 .153 9 Minutes .0216 .152 9 Jlin.10 Sec. 

.0116 • 146 9 Min .40 Sec • .0016 .186 9 Min.SO Sec 

.0049 .128 12 Minutes •• 0049 .140 12 Minutes 

.0030 .137 14 Min. 30 Sec .0030 .159 15 Min lPSec 

.0012 .146 31 Minutes • 0012 .160 32 .Min. 15 sec • 



TABLE XXV 

SULPHURIC ACID 

lpecie: Oncorhyncus Tschawytscha 

I Tem:csu:1&1iYJ:I ~Q -~ ~ 
Normal- Wt. or April 21-30 Normal- Wt. or Apr. 1-7 RDlARKS: 
ity fish in ,211 ity :f'ish in ~221 

grams Survival time grams Survival 
of fl.sh in time or 
minutes tieh in 

•~utes 

• 
• 0926 .190 2 Min 50 Sec .0926 .300 3 Minutes . 

• 
• 0436 .220 3 Min 30 Sec .0436 .350 4 Min 20 Sec • 

• 
• 0216 .196 4 Minutes .0216 .472 S Minutes • 

• 
• 0116 .310 6 Minutes .0116 .soo 7 Min 30 Bee • 

• 
.0049 .300 11 Uinut91 .0049 .300 15 Minut6s • 

• 
.0030 .300 24 Min 30 Sec .ooao .300 27 Minutes • 

• 
• 0012 .300 26 Minutes .0012 .296 29 Min 30 Sec • 



N 
cc ro 
H2S04 

6.2 

7.l 

8.0 

15.5 

6.2 

7.1 

8 .0 

15;5 

22.6 

59.5 

TABLE XXVI 

SHOWING GENER.AL RESULTS OF ADDITION OF H2S04 to SE.A WATJlR 

AND THE EFFECT ON FISHES 

·Table compiled from - Shelford - Acidity Affecting Fishes. 

5Eecies & Results 
pt. per Normal- CC of P.h HERRING 
million ity C02per Died after O.K. after 

e 

30.3 .00062 7.0 7.25 Indefinite 

31.7 .00071 a.o 7.05 8 hours 

39.2 .00080 9.0 6.85 480 Minutes 

65.9 .000155 1'7.3 6.30 60 Minutes 

IIVIPOROUS PllRCH FLAT FISH 
Died O.K. 

30.3 .00062 7.0 7.25 Indefinite No effect 

7.6 Indefinite No effect 

7.45 Indefinite No effect 

31.7 .00071 8.o 7.05 Ind if inite ' No effect 

39 .2 .oooeo 9.0 6.85 Aoliiria.tized 

65.9 .000155 17.3 6.3 300 Min. No effect 
1 day 

110.7 .00226 25.4 5.5 40 Min. No effect 
1 day 

291.5 .00595 66.6 4.35 35 Min. Died after 
127 Min. 



TABLE 3 

V. E. Shelford 

Relative Resistance of Different Species of Fish 

Resistanc• Wt. in Resist- Wt. in Resist- Wt in 
Specie H2SOf grama ance gram ance grams 

runn ng H2SO~ HiS04_ 
stan ing s MdlYli.. 

Surf Smelt 8 4.0 ' . 
Herring 10 2.25 10 2.25 10 2.25 

Viviporous so 22.0 25 15.0-20.0 21 22.00 
Perch 

Flat Fish 150 s.0 .. 10.0 11.0 6.00 



TABLE XXVII 

tABLE OF COMPARATIVE WEIGHTS 

SUI:.PHURIC ACID 

Natural wt. Normality Weight after 
in Grams experiment is 

run. in grpp • 

• 356 .0926 .SlO Grams 

.350 .0436 .410 Grams 

.485 .0216 .610 Grams 

.400 .0116 .550 Grams 

.250 .0049 .300 Grams 

.234 .0030 .342 Gruu, 

.300 .0012 .380 Grams 

Remarks: 

.154 grams Increase 

.060 Grams Increase 

.125 Grams Increase 

.150 Grams Increase 

.oso Grams Increase 

.108 Grams Increase 

.080 Grams Increase 



Normal-
ity 

.0926 

.0436 

.0216 

.0116 

.0049 

plu■0030 

.0012 

TABLE JOCVIII 

SULPHURIC ACID 

Specie: Oncorhyncu1 Tschawytscha 

Wt o.r APE...•-20 I I 21 • Normal-
fish in Surttval ity 
grams time of 

fish in Min. 

.256 4 Hin 30 Sec • 0926 

.400 4 Min 40 sec .0436 

• 484 11 Minutes .0216 

.400 11 Minutes • 0116 

.35 0 22 Minutes .0049 

.234 l Hr 38 Min .0030 

Ta2erature 1§ 1§ C 
Wt of Apr.22, 
fish in 1921. 
grams S11rvival REMARKS: 

time in 
minutes 

.aoo 5 Min • Showing a 
slight in-

.421 5 Min20Sec crease in 
resistance 

.400 10 Min • with age 
and weight 

.soo 12 Min • 

.391 25 Min 30Sec 

.210 1 Hr.15 Min pl11s 
,342 @TaJIS 
after deatl 

.300 3 Hr 13 Min .0012 .300 1 Hr.45 Min plus .380 
' grams after 

death 



No:nnality 

• 0926 

.0926 

.0436 

.0436 

.0216 

• 0216 

.0116 

.0116 

.0049 

.0049 

.0030 

.0030 

• 0012 

.0012 

TABLE XXIX 

SULPHURIC ACID 

Speoia: Oncorbyncus Tschawytscha 

May 7-14 1921 

Weight of Survival 
fish in grams time of fish 

in minute! 

.200 2 Minutes 

• aoo 2 Minutes 

• 250 3 Minutes 

• aoo 3 llin. 30 lee . 

• 200 3 Minutes 

.400 3 Min 30 Sec 

.aoo 5 Min 10 Sec 

.sso 6 Min 10 Sec 

.aoo 10 Minutes 

.330 10 Yin 15 Sec 

.350 23 Minutes 

.300 23 Minutee 

.400 25 Minutes 

.aoo 24 Min 30 Sec 

T,m2erature 25 C 
Remarks: 

• 
• 
• 
• 
• 
• . 
• 
• . 
• 
• 
• 
• 
" 
" 
♦ 

1t. 

,. 

• 
• 
• 
.. . 
.. 



TABLE XX.XI 

TARTARIC ACID 

Specie.: 0ncorhyncue Tachya,rytacha 

May 7-14 1 21. 

Tp12rats:e 25 er· 
Normality Weight of Survival time RmARKS: 

fish in grams in Minute1 

• 
.0958 .350 5 Minutes • 

• 
.0958 .400 S Jlin 3t, Sec 

• 
.0040 .350 6 Minutea • 

• 
.0440 .450 6 Min 40 Sec . 

• 
..• 0240 .300 11 Jlinutea • 

• 
.0240 .500 12 Minutes • . 
.0128 .250 20 Min 10 Sec .. 

• 
.0128 .aoo 20 Min 40 Sec 

.0068 .400 16 llin 10 Sec 

.oc&e .450 17 Minutes . 
• 

.0016 .300 25 Minutes • 
• 

.0016 .350 26 Minutes • 
• 

.0012 .270 35 Minutes • 

.0012 .300 35 Jlin 45 Sec 
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Normal-
ity 

.. 0958 

• 0440 

• 0240 

• 0128 

.0068 

.0016 

• 0012 

TABLE XXX 

TARTARIC ACID 

Specie: 0ncorhyncua Tachyawytscha 

, , Tesmerat!![e 20.5 C 
Wt. or Apr.38-30 Normal- Wt of Jlay 1-7 
fish in ~211 ity fish in 1221 
grams Survival Gram, Survival RD!ARKS: 

time of tiJne of 
fish in fish in 
i!rJUte1 min!d•I!! 

• There is 
• 400 6 Minutes .0958 .500 8 Min 50 Sec • evinced a very 

15 Sec • noticeable in-
.300 7 Min 20 Sec .0440 .421 'T Minutes • crease, decrease 

• or stability 
.2so 12 llinutes .0240 .362 15 Minutes • with increase 

• in weight or 
.200 7 llinutes • 0128 .soo 21 Min 15 Sec • viaa versa--

• That is, age 
.330 15 Minutes .0058 •• 400 16 Min 10 Sec • does not seem 

• to enter into 
.296 26 Minutes .0016 .284 25 Minutes • consideration as 

• much as weight 
• 250 36 Min 30 .0012 .298 37 Minutes • and temperature • 

Sec. 



TABLE XXXII 

TARTARIC APIB 

Specie: Oncorhyncus Tschawytecha 

Tem~eratir1.1S.7S ~ 
Normality Wt. of fiah A;er. 1•20 1921 

in Grams Survival Time RDWUCS: 
of fieh in Min. 

• 
.0958 .252 10 Minutes • 

•#Fish probably injuted 
.0440 .320 12 Minutes • and in both specimens 

• the yolk sac was just 
.0240 .250 13 llin 20 Sec • closed, not quite 

• mature yet • 
.0128 .298 # 10 Minutes • 

.0068 .495 35 Min 40 Sec • 

# .0016 ,478 36 Minutes • II Uay haw been in j 'l.lred • 

- .596 Grams after death 
If .0012 .350 3 Hrs. 20 Min • .467 Grams after death 

• 
I 

6:eE• 1-2i. 1221 I. N2r91itz Weigilt RJCMARKS: 
• 

.0958 • 452 11 Min 40 Sec • 
• 

• 0440 .450 14 Min 30 Sec • 
• 

.0240 • 354 .25 Min 12 sec • 
.1'78 10 Min 50 Sec • 

,0128 • 44'1 40 Uin 30 Sec • 
• 

,0068 • 111 3t Min IS Sec 
• 

.0016 • 210 40 Kin 30 Seo • 
• 

.0012 .320 4 Hr. 30 Min • 



TABLE XXXIII 

TARTARIC ACID 

Specie: 0ncorhyncus Tschya,rytscha 

TEI!era.t !!£8 16 .o C • Normality l't. cf Fish AW:1,4•9-112~ 
in Grams SUFviva.l time RDURKS: 

in minutes 
• 

.0958 • 300 J.1 Minutes • 
• 

.0440 • 400 14 Minutes • 
• 

.0240 • 336 15 Kin 30 Sec • 
• 

,0128 • .289 17 Minutes • 
• 

.0068 • 250 25 Min 45 Sec • 
• 

.0016 .260 24 Minutes 
• 

,0012 • 300 3 Hours 

Normality weight April 11-16 1921 . RD4ARKS: 
, 

,0958 .250 10 Min 30 Sec • 
• 

,0440 .350 12 Min 15 Sec • 
I 

.0240 ,400 16 Minutes • 

• 0128 .326 18 Min 10 See 

.0068 .420 38 Min 30 See • 
• 

.0016 .400 40 Minutes • . 

.0012 .300 3 Hr. 25 Min -



TABLE XXXIV 

TARTARIC ACID 

Table ot Cogarative Weights. 

April 21. 1921. 

Hat ural weight Normality Weight after REMARKS: 
as per exEerimem &XJ!erimert . . 

~ 

.352 grams .0958 .soo .a48 grams ~ncrease 
• 

.326 grams .0440 .434 •• ll,4 grams increase 
• 

.250 grams .0240 .350 •. 100 grams increase 
• 

.398 grams .0128 .510 • .112 grams increase 
• 

• 395 grams .0068 .520 • .125 grams increase 

• 478 grams -0016 .596 • .118 grams increase 
• 

.350 grams • 0012 .46'7 • .117 grams increase 



TABLE XXXVII 

ACETIC ACID 

Specie: Oncorhyncue Techantscha 

11,aY 7-14.1921 

Tem:eerature 25-C 
Normality Weight of fish Survival time RDWlKS: 

in Grams in minutes 

• 
.0802 .300 4 Minutes • Difference in 

• 
.0802 .250 3 Min 30 Sec • death rate ie 

• 
.0425 .aoo 5 Minutes • not so noticeable 

• 
.0425 .220 5 Min. 10 Sec • where weight ie 

• 
.0218 .350 8 Minutes • increased very 

.0218 •• 330 'f Min 30 Sec • not icea bl.J • 

• 
.03.07 • 200 15 Min • 

" .0107 .250 15 Min 40 Sec 

.0045 .426 30 Min 40 Sec 
~ 

.0045 .450 31 Minutes I 

.0010 .253 1 hr 10 Min t 

.0010 .soo 2 hours • 

.0004 • 280 30 hours • 

.0004 • 260 30 hours • 



Normality 

.0802 

.0425 

• 0218 

.0107 

• 0045 

.0010 

• 0004 

Normality 

• 0802 

• 0425 

.0218 

.0107 

.0045 

• 0010 

.0004 

TABLE XXXVIII 

ACETIC ACID 

Spegie: OneorhYncus Tschan:tseha 

Tpmperature 16-C 
Weight ot fish AJ2r• i-9 1 1921 
in grams. Survival time RD.ARKS: 

in minutes 
• 

• 300 'T Min 10 Seo • 
• • aoo 9 Minutes • 
• 

.360 11 Min 30 Sec • 
• 

• 350 25 Minutes • .. 
.250 40 Minut6a 

.• 450 6 hours . 
.50·0 30 hours 

Weight April 11-16, 1921 RDURKS: 

.350 6 Uimtes • 
• 

.300 8 Min 15 Sec • 
• 

.400 10 Minutes • 
J 

• 436 22 Min 45 Sec • 

.440 36 Minutes 
• 

.360 5 hours 30 min• • 

.350 27 hours 



TABLE XXXV 

TARTARIC ACID 

Specie: Salmo Rivulorie 

lUP~fUMr@ 18.5 C 
Normality Weight ot llaJ: '1 ... 14 '21 RD:ARKS: 

f ieh in grams Survival time 
in iltnutes 

• 
• 0958 .132 'T Minutes • 

• 
• 0440 .128 8 Kin 15 Sec • 

• 
• 0240 .150 12 Minutes • 

• 
• 0128 .160 14 Min 30 Sec • 

• 
.0068 .150 14 Uin 50 Sec • 

• 
• 0016 .130~) 54 Minutes 

• 
.0012 • 127 60 Minutes • 

• 

Normality Weight llay 16-20. '21 REMARKS: , 

• 
.0958 .125 6 Min 30 Sec • 

• 
• 0440 .155 8 Min 50 Sec • 

• 
.0240 • 163 13 Minutes • 

• 
• 0128 .14'7 13 Min 30 Sec • 

.0068 • 136 14 Minutes • 
• 

• 0016 .145 55 Minutee 

.0012 .150 65 Minutes • 



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

Normality 

.0958 

.0440 

.0240 

• 0128 

.0068 

.0016 

.0012 

Normality 

.0958 

• c-t4o 

• 0240 

.0128 

.0068 

.0016 

• 0012 

TABLE XXXVI 

TARTARIC ACID 

Specie: Salmo Rivuloris 

Weight of 
fish in 
its, 
.136 

• 146 

• 150 

.1a, 

.1'72 

.150 

.110 

Weight 

.160 

.152 

.156 

• 165 

• 125 

• 150 

.150 

1AJD;porntur• ia ,1 c 
IN }.-'1. 19Zl 
Survival time RBIARICS: 
in Minutep 

'1 ¥in. SO Sec 

9 Jlin 30 Sec 

12 Jlin 50 Sec 

13 Min 40 Sec 

14 Minutes 

61 Minutes 

• 
• 
• 
• 
• 
• 
• 

Temperature 21.0 C 
May 7-15, 1921 RDURKS: 

5 Minutes 

8 Jlinutee 

11 Min 30 Sec 

12 Minutes 

13 Minutes 

50 Minutes 

58 Miw.tea 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
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Normality 

.0802 

.0425 

.0218 

• 0107 

.0045 

I .0010 

.0004 

Normality 

.0802 

.0425 

.0218 

• 0107 

.0045 

.0010 

.0004 

TABLE XXXIX 

ACETIC ACID 

Specie:;Oncorhyncu1 Tschawy;tscha. 

Tmerature 20 C 
Weight or fish 
in Grams 

.401 

.257 

.312 

.257 

.258 

.315 

.372 

Weight 

.362 

.485 

.soo 

.320 

• 250 

• 264 

• 296 

April 18. 1921 
Survival time REMARKS: 
of fish in 
Minutes 

• 
3 llin 6 Sec • Skin assumes a 

• very whitish appear-
5 Min 30 Sec • ance in Acetic Acid 

• and fish die with 
6 Min 50 Sec • labored breathing 

• and gill movements • 
21 Min 30 Sec • . 
36 Min 4 Sec . # Blood showed around 

• gills upon death • 
4 hours 30 min • Fins and gills first 

• become whitish and 
25 hours 45 Min • finallly the whole 

• body just before 
• death of fish • 

April 22, 1921 Rl!.UARKS: 

3 Minutes • Shows the shrivelled 

• appearance and same 
7 Min 20 Sec • Osmotic effects as 

• in HCl only it is 
10 Minutes • much more pronounced 

• than in the former • 
25 Min 30 Sec • 

• 35 Min 20 Sec • 

2 hours • 
23 hours 44 min • 



Normality 

.0802 

.0425 

.0218 

• 0107 

.0045 

.0010 

.0004 

Normality 

.0802 

• 0425 

• 0218 

.0107 

• 0045 

.0010 

.0004 

TABLE XL 

ACETIC ACID 

Specie: Oncorhyncue Tscha:wrtscha 

'l'e&erature 20 .5 C 
Weight of fish April 28-30, 
in grams 1921 RDARKS: 

Survival time 
in Minute! 

• 
.396 4 Uin 30 Sec • For remarks 

• refer to table 
.120 5 Min 30 Sec • on Tartaric 

• Acid. Ta lie 
.400 9 Minutes . of Apr. 28, 

• 30, 1921 • 
.118 15 Minutes • 

• 
• 437 31 Uin 60 Sec • 

• 
.250 l hour 30 min • 

• 
• 200 26 hours 30 min • 

Weight Jlay 1-7, 1921 REMARKS: 

• 
• 362 5 Minutes • 

• .410 7 Minutes . 
• 
• .500 10 Min 15 Sec • .. 

.298 18 Min 50 Sec 
,, 
• 

.200 32 Min 10 Sec 
~ 

• 
• 250 l hour 45 Min • 

• 
• 260 30 hours • 



TABLE XLI 

ACETIC ACID 

Specie: Salmo Rivuloria 

Dail l!mPets~tl laa'f-C 
Normality !11-1-7 1 J:9il Survival time REMARKS: 

Weight of fish in mimtes 
in gram1 

• 
• 0802 .150 3 IUnutea • Become very 

• white in each 
• 0425 .148 'f Minutes • case before 

• death and this 
• 0218 .147 15 minutes • is most evident 

• right at death 
• 0107 .150 22 Minutes • with a greater 

• degree of white 
.0045 .156 85 Minutes • sticky mucous 

• like substance 
• 0010 .132 Indefinite • on the out side 

over 4 hours .. than in the re-
.0004 .124 Indefinite . sults with any 

over 4 hrs. • of the other 
and as long as . acids altho all 
12 hrs. Exper- ~ cause this to 
iment discont in. • some degree. 

Dat• Tem2erature 21.0 C 
Normality Weight Survival time REMARKS: 

llay 7-14, 1921 in minutes 

.oao2 .149 2 Minutes • 
• 

.0425 .140 5 Min 30 Sec• 
• 

.0218 .130 14 Minutes • 
• 

• 0107 .129 20 Min 30 Sec· 

.0045 .150 80 Minutes 

.0010 .150 Indefinitely •· 
and as long as• 
4 hours . . 

.0004. .162 Over 4 hours and 
as long as 11 hrs. 
Expt. discontinued. 

-- - -



Normality 

.0802 

.0425 

.0218 

.0107 

.0045 

.0010 

.0004 

Normality 

.0802 

• 0425 

• 0218 

.0107 

.0045 

.0010 

.0004 

TABLE XLII 

ACETIC ACID 

s»eeie: Salmo Rivulorit 

Weight of fish MaJ: 7-1! 1 1921 
in Grama Survival Time 

in mimtee 

• 130 3 Minutee 

• 125 6 Min 30 Sec 

.150 14 Min 10 Sec 

• 186 20 Minutes 

• 140 80 Minttte1 

• 156 over 5 hrs • 

• 130 lived 6 hrs. 

Weight Mg 16•2Q a 1921 
in Q:ams S&vival Time 

.120 3 Min 10 Sec 

.160 7 Minutes 

.160 15 Minute, 

• 150 21 Minutes 

.136 80 Min 30 Sec 

.143 lived 5 hrs 
30 minutes 

• 150 lived 'T hrs • 

RIM.ARKS: 

• 
• 
• 
• 
• 
• 
• 

• 

• 

• 

RDWUCS: 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 



TABLE XLIII 

Ta bl.ee taken from Powers work on the Goldfish 
to ~how differences in time survival between 
the aci4s used by the writer and salts or 
one of the acids, namely Hydrochloric Acid. (HCl) 

SODIUM CHLORIDE 
Nov. 19, 20, 1916 Temperature 21.5 C 

Normality Wt. of tiah Survival Normal- Wt. of fish Sunival 
in grams time of fish ity. in grams time in 

in minutes minutes 

0.600 2.5 28 Minl.tt es 0.277 2.7 178 Min. 

o.soo 2.7 30 Minutes 9.260 2.6 260 Min. 

0.417 2.7 33 Minutes p.266 2.6 270 Min. 

0.417 2.85 61 Minutes 0.253 2.7 296 Min. 

0.417 2.9 55 Minutes o.253 2 • ., 451 ¥in • 

0.347 2.6 97 Minutes 0.241 2.65 304 llin. 

0.347 2.7 93 Minutes 0.241 2.7 478 Min. 

0.289 2.'75 114 Min. 0.201 2. 1290 Min. 

0 .289 2.8 155 Min. 0.201 3.0 2040 Min. 
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-Normality 

.0500 

• 0210 

,.0126 

• 0070 

• 0034 

• 0010 

• 0006 # 

Normality 

.osoo 

.0270 

.0126 

.0070 

.0034 

• 0010 

.• 0006 

'l'ABLE .UIV 

HYDROCHLORIC ACID 

Snecie: Oncohyncus Tscbaytscha 

Tem:2erat ure 21 (}""'. 
Wt. of Fish Am:i1 18, J;9il 
in grams Ssrvival ti• RIXARKS: 

of fi§h in min\ltes 
• 

• 395 5 Min 5 Sec • Seems to paralize 
• respiration almost 

.S:32 I Min 25 Sec • immediately, 
• espec ia.lly in the 

.286 5 Min 57 Sec • stronger solution. 
• Do not assume such 

.375 10 Min 45 Sec • a whitish appearance • 
• 

.312 11 Min 50 Sec • 
• 

.389 35 Minutes • 
• 

.556 8 hrs. 15 min. . # Gills show up . unusually ired as if 
• inflamed • 

Weight April 21, 1921 Rl!M.ARKS: 

• 
.400 6 min ZO Sec • S'hows very shrivilled 

• up or constricted 
.~S76 8 Minutes • condition if not left 

• t w long and then 
.:-Joo 6 Minutes • opposite effect takes 

• place, namely swel-
• :3'76 11 Minutes • ting up and bursting 

• of fish • This is 
• 39'7 20 Minutes • especially notieeable 

• in the strong 
• :300 30 Minutes • solutions first • 

• aoo 1 hr. 30 Min • 



Normality 

.osoo 

• osoo 

• 0270 

• 0270 

• 0126 

• 0186 

• 0070 

• 0070 

• 0034 

• 0034 

.0010 

• 0010 

.9006 

.0006 

PLATE XLV 

HYDROCHLORIC ACID 

Specie: 0ncorhyncua Tschawytscha 

Weight of f'ish Mu 7-14 1 1921 
in grams Survival Time 

in minutes 

.300 2 Minutes 

.330 2 Min. 10 Sec 

.200 2 Min 40 See 

.2so 3 Minutes 

.465 4 Minutes 

.100 4 Minutes 

.soo 'T Min 10 Sec 

.soo 7 Minutes 

.400 14 Min. 30 Sec 

.330 14 Minut6a 

.350 23 Minutes 

.265 22 Minutes 

.300 40 Minutes 

.250 38 Min 30 Sec 

REMARKS: 

• Showa a shorten-
• 
• ing of' the killing 

• 
• time with the rise 
• 
• in temperature • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
;, 

• 
;, 

• 
• 



Normality 

.osoo 

.02'70 

.0126 

.0070 

.0034 

.0010 

.0006 

Normality 

.osoo 

.0270 

.0126 

.00'10 

.0034 

.0010 

.0006 

PLATE XLVI 

HYDROCHLORIC ACID 

Specie: Opcorhyncua Tsch~:wxtscha 

Wt • o·f fish· 
Tem;eer-ature 20 .5 c. 

A;er. 28 1 ~. 1921 
in grams Survival of Time RD4ARKS: 

of fish in Minutes 
• 

.296 3 lfinutea • For remarks 

• 
.200 3 Min 40 Sec • refer to !able 

• 
• 320 4 Min 15 Sec • on Tartaric • 

• 
.350 8 Minutes • Table of April 

• .too 16 Minutes • 28, l:>, 1921. 
• 

.330 24 Min 35 Sec .. 
• 

.310 45 Minutes . 

Weight of MII 1. 7 I 1921 Rl!lURKS: 
fish Survival Time 

.soo 3 Uin 15 Sec 

.400 5 Minutes 

.soo 6 Min 50 Sec 

.456 10 Minutes 

.510 18 Min 10 Sec 

.396 25 Minutes 

.s21 l Bour 



N@:!0NIUM CHLORIDJC 

Nov. 24, 25, 1916. Temperature 21 C 

Normality Wt of fish Survival time Normal- Wt of fish Survival 
in grams or fish in ity in grams time in 

minutep minutes 

0.352 3.5 29 Minutes 0.160 2.8 166 Min. 

0.352 3.7 20 Minutes 0.160 3.7 261 Min. 

0.319 3.6 30 Minutes 0.141 2.3 111 Min,. 

0.319 3.8 31 Minutes o.141 ! 

0.268 3.45 38 Minutes 0.115 3.0 376 Min. 

0.268 4.0 37 Minutes 0.115 3.5 106 Min. 

0.249 2.8 48 Minutes Q.096 2.7 123 Min. 

O.249 3.2 64 Minutes 0.096 2.7 663 Min. 

0.224 2.5 99 Minutes o.os, 2.s 1080 Min. 

0.224 3.7 90 Minutes 0.064 2.e 1080 Min. 

0.166 2.9 283 Minutes 0.041 2.s 1080 Min. 

o.166 3.2 285 Minutes 0.041 ! 



POTASSIUM CHLORIDE 

Nov. 17, 1916 Temperature 20.5 C 

Normal- it. of fish Ssvival time Normal- Wt of fish Surtival 
ity in~grama of f'ieh in ity in grams Time in 

minutes Minutes 

o.434 2.9 14 'Minutee 0.192 2.es 151 'Min. 

0.434 3.2 17 Minutes 0.192 2.9 282 Min. 

o.378 2.9 11 Minutes 0.172 3.0 207 Min 

0.378 2.0 16 Minutes o.1'12 3;!1. 396 Min. 

o.a2s 2.8 22 Minutea 0.134 2.9 286 Min. 

o.a2e 3.0 26 ¥inutes 0.134 2.9 900 Min. 

o.286 a.a 25 Minutes 0.122 2.8 347 Min. 

o.286 3.3 44 Minutes O J.22 3.1 527 Min 

Q.243 2.9 55 Minutes 0.112 3.1 318 Min 

0.243 2.8 57 Minutes 0.112 3.2 292 Min. 

0.214 2 .9 69 Minutes 0.102 3.55 279 Min. 

0.214 2.8 150 Minutes 0.102 2.e 900 Min. 



PLATE XLVII 

HYDROCHLORIC ACID 

Normality Wt. or tiah 
in grams 

tpr. 4, 9. 1721. 
urvival Time REMARKS: 

of fish in Minutes 
• 

.0500 • 400 6 :Minutes • 
• 

• 0270 .300 7 Min11tes • 

.0126 • 286 11 Minutes • 
• 

.0070 • 350 . 18 Min11tee • 
• 

.)034 • 300 36 Min 30 Sec • 
• 

.0010 • 400 36 Minutes • 
• 

.0006 .soo 8 hrs. 30 min • 

Normality Weight Aprl. 111 161 1921 REMARKS: 
=ii in fE.llDlS Survival Time 

• 400 6 Minutes • .osoo • 
.0270 • soo 6 Min 40 • Sec 

• 

.0126 • 350 10 Min 30 Sec • 
• 

• 01)f0 .430 16 Minutes • 
• 

.0034 .460 I 34 Min 40 Sec • II Temperature 
• here was 19 C 

.0010 • 500 • 35 Minutes • 

.0006 • 500 '1 hrs. 10 Min • • 
• 



Normality 

.0500 

.0270 

.0126 

.0070 

• 0010 

.0006 

Normality 

.0500 

• 0270 

.0126 

.0070 

.0034 

• 0010 

.0006 

§e;ies: 

PLATE XLVIII 

HYDROCHLORIC AC ID 

Salmo RiJ.l.llOfip 

Temperature 18.7 C 
Weight or fish Jla.Y 1 1 7 ., 1921 
in grams Survival Time REl!.\RKS: 

in Minutep 
• 

• 145 l Min 40 Seo • 
• 

• 150 6 Minutes • 
• 

• 153 8 Min 50 Sec • 

.14& # 4 Min. 10 
• I Probably an 

S•c • ~ injured speci-

• man. Did not 
• 149 10 'Min. 50 See • seem very 

• lively • 
.159 25 Minutes • 

• 
.150 40 Minutes • 

Temperature 21 C 
Weight or f'iah !ax rr ,14 1 1921 
is, Grgs ~urvival in llin. RDURICS: 

.150 l Minute • 
• 
• .150 5 Minute• • 

Sec • .125 6 Min. 50 • 
g Minutes • .130 • 

.143 10 Minutes • 
• 
• .145 20 Minutes • 

33 Minutes • .150 • 



Normality 

.0500 

.0270 

.0120 

.0070 

.0034 

.ool,o 

.0000 

Normality 

.0500 

• 0270 

• 0136 

• 0070 

.0034 

.. 0010 

.. 0006 

PLATE XLIX 

HYDROCHLORIC ACID 

Spegie: S@J.mo Rivulori1 

Temperature 
Weight of fish III 1. 141 21 
in grams Survival time 

in mimtes • 

• 130 l Minute 

.120 S llinlltea 

• 150 8 Minute& 

.146 lo Minutes 

.135 10 lUnutes 

.180 27 Mimtes 

.170 45 Minutes 

Weight of fish !!l 16 1 201 1921 
in grams Survival Time 

.150 l Min • 20 Sec 

.130 5 Min • 40 Sec 

.14-0 7 Min • 40 Sec 

.150 10 Min\ltee 

.140 10 Minutes 

.143 25 Minutes 

.156 33 Min. 30 Sec 

18,5 C 

RJXARKS: 

Noticeable 
whitening of 
fish before 
death • 

REMARKS: 



PLATE L 

Experiment with Di1tilled H20 O 65.§ F 

E ?S!erimerrt with Tap Ha,O O 66.8 F -- used aJ check 

w, 
Apr.21. '19. 
ft .of fish 

Normal wt. 
1 • • 462 

2 •• 380 

3 •• 296 

4,. .172 

s ... 500 

Time of Survival 
in distilled water 

Put in at 10:so AM 
No change 11:oo" 
" " 11:10" 
1 Weakening at 
11:40 A.a. 
2 fish almost 
dead in diet.H20 
at 12:00 A.M. 
l dead 12: 10 fU 
3 dead 12: 30 ; " 
5 dead 1:00 " 
5 dead 1:30 " 

Temperature of 
distilled water 
on death of fish 
was 72.2 7. 
Two hre. 20 Min 
all fish dead in 
distilled H2f • 
Not ieeable swell
ing or fish 1,1pon 
death 

REMARKS: 
(1) Increase ft .038 grams 

(2) Increase of .019 grams 

(3) Increase of .022 grams 

(4) Increase of .027 grame 

(5) Increase of .132 grams 

Time of survival Wt.in 
in Tap water tap 

water 
on 
death 

Survival Time l . • 462 
was unlimited 
except for 2 •• 381 
death of one 
fish--probably 3 •• 298 
already devit-
alized. It 4 •• 473 

lived 4 hrs and 
50 Min. Died s •. 500 
at 3:00 P.M. 
Temperature of 
tap water on 
the death of 
single fish 
dying, was 
72.S F. 

Temperature of 
both solutions 
runs fairly 
constant as can 
be seen. 

Wt. in 
distilled 
water on 
death 

1 •• soo 

2 •• 400 

a •• 320 

4 •• soo 

s •• 532 

The weight of fish upon death 
in distilled water shows a 
distinct increase in weight 
while those in Tap water or 
natural solution, was juet 
about coastant. Shows 
distinst Osmotic effect of 
diminished absence of inorganic 
constituents. 



In the stud;/ of tho l{esistance of the 7 ry to 

the different acids used, ue will ~onsider first a 

study of each aeid Li.Dd then T.nal:e a co l,::,[:.rison of 

-~hem. :Before ta~:ing up each one however let us 

first :.;o:c,,:;ider the :phar'.naeological ac:tion of Organic 

1 a:.dds and Inorganic acids upon Prote-pl_os:i. Inorganic 

acids in ; oncen-trated soh~_t iono are verJ, severe 

C>rnstics ~0 ecipitating the Drotein ,:;f t11e r;el1, but 

in di.lute solution tend to liq 11LP:7 it. Thus we h-2Ye 

TT a 1 •~ u colluidul relation here of ,.Tydro,Q"els ,:md 11~1 ro~::o s. 

{ 

i and bodv into 8Oc;, ,. f.., 

H;nlrogen ion ·;oxrnentrntion du.e to th8 i'.0rmatir.n o:: 

E2co3 fro~ tbe CO2 formed increasing the output of 

c~ rbono,te:3 unc COc;, from the body. Oxalic! acid does 
r.., 

not breal: dm,n in t 1li ~ rrunner D.nd thFs L-:; a:;cui:mlnti ve 

and a~ts as~ very severe poison in very smsll ~mounts 

,,,s shown by T ,.ble 13 on these ac icl s. The Xzperimen ts 

\Vi th acetic i:i..cid will no,·.· be '.;onsidered. ( '.rables on 



In the 1~cetic a::ia e 'Zperi~1ents the resistance of 

the Jry to conoentr~tions of .OC to .001 (refer to 

tables for frrther partiG;1_li:1r:J) ·,:u.s tested. In the~;e 

a re Distance ·n1ryine-: fro 0J 3 ,ninutes up a 0
: hi r·h 3.S 18() 

::.'lim1.tes in the ··eaker con,Jentratio:r~s. Bv a close exam-,. 

ination of the t,at.s,. it is fouT:d t1Ltt 'n neither this 

nor a.ny of the .'.1Cids "c.HJed aoe:::: the survj_v,11 tir1e in-

c:res,se pr(JT;0rti-nally 1•,ri -t;h th,:" --:oncentration. \t high 

concentrn.ticns the dw(,'r=:ase in 3~:1rrival ( .08, .04 1 .02 II) 

t11c:: ooluti:;ns (:':11Jles \VIII to L.) The increase in 
'"---.,__ 

tb1e in the 1."i~aker s olution3 h'.)v;ever is '.,Dre -pro:port ion-

ate u~til it a~proaches a concentration of .JOl to .0004 N 

when t1F 0 re L; anotbe r rap i a jw·:1:p in Time sur;i val • Th is 

perhaps r:.rn "be sho1:vn clearly 1)y referrjnp- to the graphs 

chJ.r:wteristi c; of the different aeid s. ( Pl8. tes 51 to 56 

inclusive.) 

The GurYe for Acetic; acid when exnL:dned v:ill be 

explanatory for the curves on the other acids. The :rnrve 

L.r.;.~. re~resents the ti~e survival in ~cetic acia also 



there on the Curve drops in t:,, mo re or 1e -s abrupt 

manner. In th,0 velocity of fatalit~/~ curve r~lBG we 

observe that there i3 a gentle ~urve fro7 ~ to 1 in 

the vrnak solutions and then fro n \ to 3 it tonas to 

approach a straight line. \fter p rnsing the point B 

there is an imnied iate and decided drop in the higher 

concentrati~ns from B to G. B to ' . . ,i 1.S the theoretical 

straight line in which it shculd :nove. ?or corJparison 

of veloci t~;c of ~c1atali ty anc time survival curves, see 

Plates 52 to 56 1 nclusive. The Fish in th5.s solution 

sl10n 2 ve,·y whitened aprearance just be:'.'ore cesth. 

a '.".lar~:ed cl e gre e. 

In this experiment we note a shorter survival 

time :::_nd ~nore ahrunt breaks in both the t i:'ne survival 

~rnrve .'_ma the veloc~it:r of fatality curves (Plate 52) 

l.n ex.sntns,t ion of plates on thi:3 acid ,'till .-:lso shmv 

ho~ the fish die in i~entically the sa7e ti~e in two 

solutions of different strength; then there is~ Judaen 

drop d.IJ( 7 they ma~7 be identical for :.rnother soluti'Jn when 

there is a last ;1brupt dro, to the hi!Z'h C02'1~entra.tions 

and aeath in a very short time, l minute to 2 ~inutes. 

]:here i:::, of 1;011rse in all of these e:cperi:I:.ents a :;light 



dis :rnss ea Liter ')TI. The Be art; beat is ver;7 r,rpia in 

S:;b)h1Ei~; acid. -;;,ishes all sho,;,c an 1.ncren.se in weiQ:ht 

s,_C'teT de'.1th. In plottinr the ::rnrve for Plates 51 to 56 

ir1clusiYe, e. scale o:f 10 wa:., usefl for both ti:ne sur,riv

al Fl:nd vcloci ty of :::c1tali t;y on the v0rtical axes. Tn 

t}1e norr;1a.lities the h:f!'her ::onrJenration ,y.,:i,s £"iven 1.rn 

e·u~tlity of 100 ancl each succeedinr:- normality in pro

portion to 100 as it W:J.S in strength to th, hi:C?·he:::1t 

noTm;tlity. I divided by the tiwe give::1 as the recdpro-:;al 
1()0 

of the time survival and is represented by -t-. 

----------
Under Tartaric acid we observe ·1 1:i1ore marked 

killing rate, except nrobably with the exception of 

Oxa.li c acid in ::t 11 s oluti :ms even the 7e r.-r y. na}:: ones. 

(Plates on Ozo..lic Acid, ;,luo Gra"0h on Elate 53.) 

In this e::cperiment we ha,:re 11 ~rer-y hip·h -~oxici ty 

and ~1 1mif1rG rise o= survi vil tL. 0 e wit }1 decrease in 

,oncentrution up to~ certain dilution, when it begins 

ap .roachinf!' 3 strai~ht line has q very continuous drop 

occur in the s';rtdght solutions. (Plate 54) 



In thi:3 as in the other :t':ids we ha"e a :niform 

PLcte 'rnd Tibles on this a,:;id. B:ere we have a very 

abrupt brea.k in the fatality a:s:·ter it h ._s l)G.Ssea the 

theoret4_cdl trJ,i{"ht line. The nora::1litiw3 here 

correspond '.'ii th tho 30 o i.' ,Oxalic; na,;1oly tl1Jt the 

highest ~oncentrations in both of these stron~ acids 

is only .05 while in the others it is t\,'ice tbat 

strength, or .09 to .08. 

In this acid v;hi:;h is a very neul:: one, ( showing 

the w,akest reactiors of the series) v1e have a fairly 

uni fo rn in.Jre,rne in survival t lme ·,,ri th the cs "•.re'.1se in 

concentration of the solutions. 

here ne':lrl:y- ,J..-,:nroa:;h e:c:; the Time s11rvi val curve. 



on 

It will be see~ fr~~ the brinf aiscussio~ of 

1. ?hat t hPro w:1s an in ~to:ntaneou,3 reaJt i:Jn 

2. This ·o:i.nt ( .004 IT) denotc-s t"he tnres}Jola 

of ·2oxici t;7 point for D,11-o:· -'.:.}w aci c1s e ~cept T'3-rtaric 

and Hydrocbloric, which d iffere frmt t·11 s rule in the 

vicinity of such ~Jncentrations. 

3. ?hat above the threshold o~ Toxi0ity the 

rate of ti·1e sr,rvival increasea ~tery slow1~~ ·with t'1e in

crease of -;oncentrition. (Plr:,,tes 51 to 56) Th<:::re v:r-2s n 

~re~t deal of v2ri~tion bet~een ai-ferent acids. 

5. 3elow thi8 8 to • the con~entrations Bid 

G. ·ere see the G.c:i(lS ':lartaric, HydrochloriJ, 

for ahovn the forner. 

7. It is evirient that there is n t as ?reut ~ 

vuriati m in surviv~l ti~e with the . . l"cre~se in c~n0en-

tr1:.,;,tion a.r, with t>rn dLrnociati,)n of the Tf;/drcgen Ion in 



v. 

of 

·1 ', \' ,-,-i ~ 
--·!. 

def~:Jite ~oroofs frTst \:jhi'3h it i:-i ,;ossible to draw 

30ne c.::increte ;onclusions in re,·c:1..rd to the 1)ro1Jlem 

und(,r '.3 :msider<ltion. I v1i 11 1101c; t,l ::e ,_rp and c1 is cuss 

1. qyarogen Ton conc~ntrations. 

2. Osm~tic relati1ns ard colloidal nond~tions 

tog-ether. 

values of the different a~ids used: 

1. ~arturic \cid 

ro r 1.:1 li ty 

.095iJ ........•••.•....•...•........ .• 2.2 

.0440 ...........•..................... 2.4 

• o r~4 o . . . . . . . . . . . . . . . . . . . . . . . . . ....... 2 • e, 

. 0 l t'3 C ••••••••••••••••••••••••••••••••• 2. G p I·u s 

• 006iJ • ••••••••••••••••.••••••••••••••• 2. 6 ·-· 111s 

.C10lG ............................. ~ .. • 3.2 pl11s 

• 0 c: 12 . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . 3 • 4 p l 11 s 



This is a fairly stron~ scid not disso3iating very 

rapidly rrna should '.:.i:1_1 ver-;7 'miformly whi--:;h is in 

2. ~ydrochloric Anid 

Eormali ty 

• 0500 •• . . . . . . . . . . . . . ~ . . . . . . . . . . 
.0270 ••. . . . . . . . . . . . . . . . . . . . . . . . 

P, 1lalue n 

.. 1. 0 

•• 1. 6 

.0126 ••• . . . . . . . . . . . . . . . . . . . . . . . . .1.8 

• 0070. • . . . . . . . . . . . . . . . . . . . . . . . . . . .2.0 

.0034. . . . . . . . . . . . . . . . . . . . . . . . . . . .2.4 

• J0l0 •• . . . . . . . . . . . . . . . . . ...... . .2.6 plus 

• 0006 .......••.....•.•........... 3.2 

.i.s can be readily seen from thL5 table this aeid is 

very disr3ocL..1ble :md should be very toxic in all con

centrati ms wLth a fairly wide range of survival time. 

3. Sul-pturie ,tcid 

Formality. Pn Value 

.0926. . . , . . . . . . . . . . . . . . . . . . . . . . . 1. 0 

• 0436 •• . . . . . . . . . . . . . . . . . . . . . . . • • 1. 4 

.0216. . . . . . . . . . . . . . . . . . . . . . . . . . .1.6 

.0116. . . . . . . . . . . . . . . . . . . . . . . . . .2.0 

.C:049. . . . . . . . ~ . . . . . . . . . . . . . . . . • • 2. 2 

• 0030 •• . . . . . . . . . . . . . . . . . . . . . . . . .2.6 

• :·;.01 ,~ • • • • • • • • • • • • • • • • • • • • • • • • • • . 3 • 0 

ThiD a:id a:3 re;caros its ioniz<:J.tion shon:i.a ::allow 

H;yarochloYic in Toxicity, \';hL:h it really does. 



4. Aceti:: Acid 

ITonnu.li ty 

.oe:02 •• . . . . . . . . . . . . . . . . . . . . . . . . . .3.0 

.0425. . . . . . . . . . . . . . . . . . . . . . ~ . . . . .2> .. 0 plus 

.02113. . . . . . . . . . . . . . . . . . . . . . . . . . . .3.4 

.C'l07 •• . . . . . . . . . . . . . . . . . . . . . . . . . • 3.4 -plus 

• 0045 •• . . . . . . . . . . . . . . . . . . . . . . . . • • 3. 6 

• 0010 . . . . . . . . . . . . . . . . . . . . . . . . . . 
.0004. . . . . . . . . . . . . . . . . . . . . . . . . . . .3.8 

Thi J we to be a weak acid 

and to have a fairly ~onst~nt killin~ ti~e in various 

cone en tra tions. 

5. Oxalic ';.cid. 

Formality 

.056G •• . . . . . . . . . . . . . . . . . . . . . . . ~ . . .1.6 

.0315. a • ♦ ♦ ♦ ♦ • 0 a • ~ ~ d • ♦ ♦ ♦ • ♦ • ♦ ♦ ♦ ♦ ♦ ♦ ♦ .1.8 

.Olf:54 •• ••••••••••••••.•••••..•• .•• 2.2 

• 007 6 . ....•.•..•..•............•.• 2. 6 

.0029. . . . . . . . . . . . . . . . . . . . ~ . . . . . . •• 2. 8 

.0006 .•...•.••.•..•............... 3.6 

.00022 •... '• •••...••............... 3. 8 

This we can see is u very strong a~ia anproaching HCl 

and H2S04 in Toxicity as i.t is fairly hif!hl;r io:nized. 

apDroaches more nearly the neutral ooint than 3 0 1:1.e 

of tl1e :;c1ea.kest solutions in the rest of the a::ids, 

hence the long survival in t½e last solution which is 



greater thnn in so-cne of the less dissociatea acids. 

11he 1:orm'.1,lities are also halvea. 

G. Ci tri:~ Acid 

.0980 ............•.....•... .... • 2.4 

• 04 7 6 .....•••.•••..•.•.•.•....• 2. 6 

• 0 2 24 . ...•....••.•.•..•...•.... 3. 0 

.0108 .......... •.............. • 3.0 

• 0048 . ...•••..................• 3. 2 

. 0018 ..•...•................... 3. 6 

• 0 0 04 • • . • . . • • • . . • . ...... ~ . . . . . .. 4 . 0 

~s we C3D easily soe thi~ is the weakest one of the 

series and should ha-r,ye the longest survi v:1-1 t ir:i.e in its 

concentrated solutions 1.;vhic::h it in reality has. 

~herefore does it not see7 very eviaent that 

t 1 ' ..,_, t "'t' n• 1 • t• 1 .L. -1-.' 1) ne oeaun r<'.1 e OT -ne IlSl1 1s nropor iona :.,O vne ~h 

of the acid. In su-p,,ort of this the trnthor ~ s -na'cing 

a resmne of articles by other writers. 

Table ,1ho .s that vlith the r iisi!lg of the Ph 

or H;7drogen Ion conr::entration below· 6.85 (neutra1ity 

ove th,, t on ,ore infinite dilution or lowering 

o the Hydrogen Ion J □ncentration the r~~ults were in-

6.55) Tables also 

show a slJg t difference to rh in the different species. 



"/later c;ontaining Carb,1nL1tes Dmst be }:::eTJt rurn1inp- in nraer 

to l::revent nre;;i.nitation of Sulnh3..tes. 

these fish vrere ceoverned · 1argely 1);· differen':"'.eS :i.n the 

H:rarogen Ion ,orcentrdti n, slir:ht iric:rc1:_::,sed in the 

H;7droge:n I0n cmv:~rmtration being avoided by both Herring 

and '3::1'::ion. This keeps i:rrportant +'ish fro:n onr shores 

una destroys many benefici,e;,l 2.nit,mls already here. 

Hence, the reasons for finding~ method as w~s the 

,_,.,uthors purpose of comb i.t Lng this :pollution of shore 

a:nc1 stream tF.:ter by se 1·:age ·:-,ollntion, acid ma:nu-r'"v;ture 

and li:::e industrial evils neaessI tated b: our factories 

near streams and places where such ani~~ls are livlng. 

-~lso an inuroase danger of mosquito infect ion. There 

has been besifes the ~iles acid process of sewage, 

thdt oi neutralizing or eli~"nating of these acids, 

so ,e c1 iscnss ion of u :3inp- lime as a b ea precini ta ting 

+· · a 0. so · .,_ ~ne aCl,S as vU, 4 as lG CO"rn s over. .'. discussion of 

llile~ Acid rrocess is not discussed here as it is of 

no i:r, crta.nce in the Jon'3J_usion to be reaQhea hy the 

v,rri ter of th is ~hes is. ( It mw be fauna in v1,,rJ.: done by. ,, 

'!eston 1916, Oil, Paint ·.ma Drur ]euorter.) 

Osmotio relations evinced in the nroblem and 

Colloidal Chemistry of the rroblem. Do the aaids organic 

and inorganic aci<ls have ~n Csm otic effect upon fish life 



in a sis1ilar manner to salts. The general noncensus of 

opinion is to the contrary. ''Je \:nov1 that a,cids such as 

HCl are not in proportion to their molecular weip.-hts. 

UO\\i on the other hand a,ltho tbere ,nay be no os,c1otic 

precrnure e:zerted there i;::; ti. Jolloidal ir1terchange cc::msea 

by a:id nhich changes protein;-3 from Hydrogels to Hydro

sols (solid to liruid proteins) and hence there is a high 

nrohabi li t:r of u,n Os-r;:.oti::J Interchange after thi:3 ta'r:es 

:pla-:e. Tables on these acids show s o:-ne inclication of 

th 1s rrn they sh 1 l"t n very fiecided in'.";Tease in wei o-n t. 

IDffc -ct of Temperature and ''Tei 9-'bt 

The survival ti·yie of the fish i '3 lowered in 3. 

solution of a con::3ta,nt JO,"'entration 1-N'tb a rise in 

~er,1pern ture. :rhi s ap.:r:oe s with otber workers. An incre3.se 

in weie:ht, bowever, iocreuses the s11r7i val time. 

General Remarks on .\cidi ty and 1Iineral 

Cc:r;rnositi•Jr.1 of ·the Vacinity 

It ~as found that fi3h died very rapidly in 

d.istilled <rater, md as the conductivity of distilled 

Wi:.1.ter ,:::,nd its :r:r;rdrog·en ion >mcentration is juGt neutral, 

led 1u3 to mal:e an anal~y-sis of our city w:ater, 1rv~1i-:h sho-,rn 

a neutral or very nearl;s;r reacti:Jn. hvithin range of indica

tors av:1ilable.) It L3 even used. b;y, the (}hemistr:,~ denart-

ment of this institution in nhenistry as the ~ineral 

content is not hirrh enough to seriously interfere with 

their tests. Does it not seem that probsbly this is one 



Shelford on th0 ~ffeat of Gas ~stes on 7i~hes, in the 

u· + . ,-'-lS vO r;_f, Vol. XI. 'Tar. 191? • 

fo.~. "'ells ( '1.5 rmd 15a) founa out the follo:7-

o:r_., fishes and renders t:1e 1ortalit:,7 rPlativel;v- hivh 
lT 

Jfeutr:l ·.:iater sss 1-:1 t,J he ''.iore or less '11oxic to fishes 

This 

'fish thff2.i:1elves and also nre::ient to ,:.. r:nite corn3id·?rable 

fatal soon. ~ill live for so~e t~~o inl0-20 cc per liter 
lJ 

o'.: 80 1~ and ?~04(: cc n°r liter o:f ':arbon nto:::ide. 10,000 
lT 

in this for J_. 

v 1.r:ne. 

very defin'..tel;rr to e··Jeea.i11gl;7 srn1ll · or,Jentrations of 

prefer n°id to neutral or 

.:1L::ali but prc:':.''.n aLrnli to neu~ro.l medium. 

g-raa ient tanl:: · ·hen the: acic ~:on ·:entration :f.11lls he low 



N 
12,020 H0CC~. Thi2 ~robably vives us q key to thA -~ ' 

1;ollutea ana !"!1 ean 

altho fishes did not recor-:-nLze -nnb p-as vmste as 

-::-·I~,~~-) ," -y, ry .. Y) .LC 1·:,, 0 ➔· e Or ·•O 11u+ 2· 0"' 1 
- ~)_,_,. 'J_._ e _.!.l. -•'JU,:) V _. _ ,J ' .i.e. e This !'rob.cbly is 

viously exp,erien c:ed as h3.rm:=ul to th c n but the 

o:pgosi te effect is noted \V'.1en so :1etb :ng new· or strange 

is ti1rov:n into the water. 



VI. 

COECLUSIOI:S 

1. Such Acids as HCl, H2S04, TarLa~•ic, \.cetic, Citric 

and Oxalic are all very fat::,,l to -;;, 01mf fry in co ncentra

ti'.)ns around .1400 g-:n. to .0340 f!DS. of the acid :per liter. 

2. ~ater too lou in acidity is avoided by fishes and is 

fatal to them. They ·rrefer rmter v1i th a very slight tra:1e 

of acidity and plenty of mineral content present. ~rom 

the author's observations it has been noti'.~ed that al tho 

fish are plenty in most streams in the vacinity they avoid 

the \78.ter of the stream froc.2 which our hat::;hery v:ater 

coues, due to i t:::1 neutrali tJl and lack of' mineral matter. 

3. That acids such as HOl, r:.1arta--,ic, and lilce a".ids cause 

a c11angin? of the cor:1posi tion o:: the body, liquif;ving'. its 

protein cFmtent and c:::cusing a leeching out o--'' its contents. 

Distilled ~ater h~s 3 Si7ilar effect. 

4. That the death r1:,,te of the animal in a··id polluted 

water depends upon a number of factors; namel:~, age, vreii:rht 

and tr,mperature oft he solution. 

5. These generalizations and conc1·1sions of the author 

ma;y thro 1x some useful light on the dj_J'ficul ties of the 

problem at hand :Ln reg-:1rd to Hat ';hery trough c ontamina ti on. 



6. It is very vital that troughs be :ept scrupulously 

clean (Plates II to VI.) and free from n.11 organic matter. 

7. Now in re~ard to so~c definite conclusions on the 

acid ex_:! eriments we may say that: 

a. '2here "s a concentration of ea0h substance 

·,;hi,Jh will cimse death ana below v111ich will not 

c,:.use death. This -point has been designed. as 

the threshold of ~oxicity. 

b. The velocity of Fatality is increased very 

slowly above th i t:l threshold of Toxicity with 

increase of concentration. 

c. 1!lith a :further increase 'Ne get a ~,,-er:;T decided 

dTop in survival ti'.2e. 

d. It was also found that in ~on~entrations 

hip·her than thL·:, there tended to he a arop, 

th:J.t is at certain ··oncentrations especially 

those above r,-hich the author h.:1,s used in this 

experiment but \:h i!3h were used as n reli ';1in<:1ry 

te;::;ters ·of ringe of c:iurvival that in solutions 
:tr 

over lCJ there 'i,3.S no '::q;nireciable difference 

in :3urviva 1 ':'Lno, (~ nath be inpr a1~:1ost tnstantan-

eous. 

8. The :;urve denoted ~s the velocity of Fatality Curve 

a, l)YOt~0hes a strdi{rbt line v:hen the survival ti,ne has 

reac~bed its rnuximums, namely in the last tVio v.reaJ::e~:;t nor-

malities, ranging from .01 to .0006 in concentration. 



9. Rise in temperature c,1u::::es a lo··erin? of the 

< •. 
vl. rne. 

(Tables 8 to 50 .:md th·se o::· Oncor;,.:--ncus Ts~hawytsch 0::.. 



a ~est aninal :n the 

.L -~ · with 

particular reference 

to the Uiles lcid 

treatment. 

3. The 3eactions of 

Goldfish to certain 

habit for ing drugs. 

I;. rs,nott '. a:nfi su-:·-

Aut"h or 

E. ~'3. Po~vers 

V. E. Shelford 

Illinois Siol0gi-

Vol.IV. Cc • 191'7 

Puget S:mnc Siolor:-

ical Stution, Dec. 

26, 1918. 

Jr. of the "\·11e ·ican 

:Pbarmaceutir;al 

~sso6iation. Vol. 

Beal Bulletin Vol. 

22, '.ileli. 1912. 

Beal 3ulletin, Vol. 

22, nec.1911. No.I. 



of the effects of ~as 

w·1ste 1l"CJOTI :fL3hes with 

e~recial re:eren~e to 

stream pollut:on. 

7. \n e:q:,e ri ::1.en tal stud.;y.,. 

a~ the move~ont2 of 

~erring ana other 

S. 8olor~etri'.] Deter~in-

ation of Ph (Hycirogen 

Ion concentration.) 

9. Colormetric Determin-

ation of q~a~ogen !on 

:::on'.; entr2- ti t;n. 

10. Hydrogen Ion 

V •.. , • '{he 1 f o rd 
and 

~,~.,-1. l1 or1ers 

:\. ~.r. ''.J 1 /J~ 1"~,: 

and 
'f ._\.. Lubs 

Park 
& 

''Ti 11 i :.itns 

Bu1letin of the 

Illinois St·1te 

ITatur_l ~istory, 

Vo 1 • ::n • ;.far • 1 91 7 · 

B8al Bulletin 

VO 1 • x·nn I I 1'1 0 • 5 

:\by, 1915. 

ogy. Vol II. Fo.l 

Jr. of "7ashinvton 

Sc1-en0,e. Vol.VI. 

Text J3ook on 

01· gan i srns. 




