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Obsarvations ou the experiments were made as frequently as time would parmit,
The experiments, in the zreater concentrations where the flsh were axpected to die
within a few hours, woere watched contimuously., The experiments in the wesker ooncene
trations oould not be observed comtimaouslys therefore the lenzth of tims whieh the

fish lived in zome of the experiments is inown only within sertain limits,

1. Zxperiments gonducted at a water temporature of approximstely 72°

Fahrenheit (range of 88° - 76°).

Details concerning the methods used in these experiments and the resulta which wore
obtained are :iven in Table I, The reosults ziven in this table indicate that at this
temperature, dilutions of one part of brine to thirty parts of water have a lethal
reaction in less than fifteec hoursy mors concentratide.dilutions of ths brine are
lethal in less than sight hoursy and dilutioms of 1110 or stronger are lethal ian 15
minutes or lees. There was considerable imndividual variaticn in the reactions of the
minnows to dilutiens of 1140 and to weaker conSentrationsj in goneral it appears that
thess concentrations had little effeot on the minnows. iiine of the sleven sgpecimens in
these woeeksr dilutions.lived for three days or longer, and six of the eleven lived
throughout the leagth of the experiment (over 11 days)e It is quite probable tnat
starvation wms as potent a factor as the pollution in affectin, the deeth of the gpesi-
aens in these weaksr sonscentrations—the minnows were not fed during the experiments
and those which lived through the 11 day period, beceme markedly emmcisted. The
ooutrols, whioh lived throughout the sxperiment, also showed the eoffects of W:
It appears, therefors, that a dilution of one part of brine to 40 or possibly better to
B0 or 60, parts of water iz sufficient to protect these miunows from immediate lethal
sffectss or, in terms of chemioal content, these fish uppear to tolerate a chloride
coneentration of 4000 amilligrams per liter and less.

In addition to the experimants conducted to t ast the leothal effsot of certain
dilutions, other experiments were carried em to determine the effect of short exposures
to strong ooncentrations of the brine,



Table [, HMethods end results of the pollution oxpsriments eondusted at a

tamporature of 72° imhrenheit (ranse §3°-=75%),

“Reaotions of fish

Adop= NHoe of Chloridess Standard tize l‘% befores
ated o0, of  Jllue ige. pur length of Firs &= on demarks

added ¥o tion  liter fish in tress _ _oonditien
500 oco. nie frs.1Min, fras,idin, 8o N
water
Yoo 280 192 65,000 36 immediately Ol (1] Stopped breath
ing in 1 1/2"
No " n 88,500 38 . 011 04 "
Yen » " ¢sasen 29 b Ol 012 eve
Ko “ . srenes 3% » 01l 012 sve
Yeos 100 1356 30,000 48 018 0:4 0:8 tee
Yo " 135 81,000 34 0138 0:d 013 cse
Yes 80 1:10 16.500 87 018 ase 0114 vee
Ko " " 16,700 42 016 son 0:14 sse
Yes " " seves s 37 ©:10 see 0115 (XX
Yo " " esscee 38 O¢2 voo 0115 eee
Yes $3.4 1418 11,700 89 0129 see 138 voa
o o " 11.”0 35 0:29 Xy 1:8 eos
Yeou " . rovses 40 0529 se0 1:6 see
Neo " " xXIrrx 89 034 see 1:19 se0
Yeor 26 1:20 7,500 46 41 716 816 see
Ho ® u 7.700 38 41 een 718 ose
Yeou e " essse 38 1:18 2188 333 o
Ho ne . XXXy ‘3 1133 eee 2121 Xy
Yes 20 1:26 1.2m 44 2120 3155 T120 see
Ko " " 7,000 39 1115 3155 4185 eee
Yon " " eoswns 34 1137 4:12 $127 so0
He " " eveore 32 013 1:37 212 sean
Yea 1647 1:30 6,350 40 2:37 eos $19 eon
Yo . ° 8,200 36 3:12 5117 Botween 5138 ...
and 1612
Yes n " eso0n 40 o0 4145 4:48 ese
Ko " " XX 40 448 eoe 8:21 Xyl
Yeos " " seose 52 eee ese deotweon 1130 4.0
and 3:30
Yeos 12,6 1140 4,1W 38 eeoe eee fotween 243112
and 267112 ..,
o " " 4.325" 2 eee eoe 232 Fish prohbly
ahnormal,
?\’01 " " sess 35 coe essn 33316+ T
Tes 10 150 3,700 41 8142 18:27 1937 cse
Nol . " 3.700 39 eve ese 331:87¢ .
Yes 8.3 1:80 2,950 46 (XX} v00 Aetween 72147
and 743133 ese
Fol " " 8,080 .88 328117+
Yesl  §.7 1175 2,400 36 vee 329116+ vor
Ro " " 2,“0 39 eoe ees Jotwesn 145148
and 160:16 see
Y’ll 8 11100 8.010 88 see XX 3RB118+ ove
Nol " " 1.“ 33 sve veo 328318+ eos
Yell 4] Control 12,0 32 veoe a0 331127+ sne
1 (water)
Ho " » 12,0 30 ves ows 331:27+ see

1 These Tigh were found to be in a norem] hoslthy condition at frequent obgervations
throughout the duration of the experimentis and at th» time the experimesnts weare
torminated,
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Two minnows (35 and 44 millimeters in length) put in 1:5 dllutions of ths brine

(asrated and non~asrated samples), were distressed aftsr 1 minute; twe minutes after tneir
introduction into the brins they were transferred to fresh water in which they lived only
8 minutes. 7Two more minnows (32 and 36 mm. in length) were subjected to 1:5 dilutions of
the brine for 1 minute, during whioch they showed no i1l effect from the pollution, and
were then transferred to jars of fresh waterg waftor 320 hours snd 32 minutes in the water
(rerated and non-asrated), theze fiszh wore still iu a normal, healthy oondition snd the
oxperiment was terminsted, Thus & 2-minute exposure to 318 2ilutions of the brine result-
od in fatality for the first two minnows, while a 1 minute exposure did not rosult In
death for the latter two.

Two fish (29 and 32 mme in length) were exposed to 1110 dilutions for 3 minutes end
then wers transferred to wter, The 29 mm, speeimen in the aerated water died after
being i{n the water for 8 hours snd 25 nirutezi the other minmow waes normal aftor 32
hours snd 48 minutes at which time the experiment was terminated,

4An experiment was condusted to determine if these minnows, subjeoted to & weak cone
cantration of the brine for a considerable paricd of time, eould Huild up an apprecisble
degree of immunity to stronger comoentrations., The proeoedure and resuls of this experie-

ment ure indieated by the following tabel:

A{H¥1on of brine
Mah T eo. at 2130 L 00. at 8130 "3 00, At 5140 4 ~c, ut 11387 Time Life afte
intro= Pei., 11127 Polly, 11027 Q'E” 11528 Pohe, 11128 of last
duced After  rRosuite After  Resulte ¥ Resulb= After  Resuit= desth  addition

into lapse ing Inpse 31 1v- lapse ing lapas 1ag
14200 of dilu= of t4ons of 4ilu=- of dilu=
dilue tione tions tions
tions
3348 1 20 hrase 117 21 hrs, 1liBd 38 hrs. 1142 45 hrs. 1181 Bew sJetween 10
Peile 45 min, 43 zin, 58 nain, 88 min, twoon hrs., 24
11:26 12101 =in, end 1
and 8 hr".' 23 =t
{au,)
1718}
75261 19 hre. 1171 20 hrs. 1186 57 hrse 1142 42 hres 151  Be- Hntweon 28
Pelly 5 min. B nin. 18 min,. 12 min. twen hrgs, 23
11428 8 and wine. end
7145 30 hrs,., 8
(i"oif‘j-) min.
Iriel
1 Chlerids content of 8000 mgse por liter. igh 43 mme in stendard length, Saxmple acrated,
2

Chloride eontent of 1885 mis. per liter., ¥Fish 46 ma. in steandard length, Semple not semted,
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After & conocentrntion of 1:3]1 was obtainad, one fish lived hotween 10 and 18 hours,
and the other batween 26 and 30 hours. 7he speoimens subjected to 1130 dil/{utians
{Tedble 1) lived, on the avera e, oconsiderahly less thmn 10 hourse. Althouzh not too
srent an oemphrsis should be put on this simple expsriment, it sugzests thot goms degree
of ixs:munity can be obtained by the fish 1f first subjected to weak, non=lothal, Jiljutions.

i
17s hzperiments condueted et a water temperaturs of approximmtely 84°

Yahrenheit (ranze 79° to 86°)

The methods and results of theee oxperiments are :iveu in the follewin: table:
?ﬁcﬂm of ?hh

Hoe of Standard timo lapse before:
Aer= 60, of Dilue  longth  Tirst dise Critieal Teath iemarks
ated brine tion of flah treas condition

added to in mm. Hrse1dine Hrs.idin. Hra,siin,

800 oo,

whtor
Yos 50 1‘10 33 017 see 0:13 s s
No " " 32 037 eve 0113 ese
Yos " " 38 019 (Y X) 0s12 XX
Ro " " 38 G.10 eow 0111 YY)
Yos 20 188 32 soe 0128 1459 'y
Jo " " 32 0019 (X X 0:38 se 0
Yos " " 41 XX Y] letweon 1142

and 3143 esse
Ho " ® 38 Ju142 ese 5417 'Y}
Yo 10 11560 38 18:12 s 20:37 ‘ene
BOI " » 36 see X 147322+ ess
Yeoe " " 38 e sev 2318 ane
Yoo 0 Control 43 see ene 42120 see
(water)

uﬂx " " 37 e eve 147130+ see
Yﬂ.x » " a7 . eee ose 1003 39+ ooe
1

These ninnows were in & healthy, normel condition at frequent oheervations mede during
the experiments and at the terminstion of the experiments,.
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111, Experiments condushed at s constant wator temperature of 48° Fahreuheit

The methods sad results of these szperiments are ;lyen in ithe followlng; table:

Hoe of Ftandard Reactions of ¢1ish

oce of ilu=- lemgth tine lg;n hefore:
Aer= Ybrine tion of fish TFirst dis= Critleal Death Aomalis
ated added to in mm, teess condition

500 oo, Hreetiin. Hrg.1¥in, Hra.i1¥in,

waer
Yos 50 1:10 35 018 0115 0322 ese
No " " 49 013 0115 0338 ore
Yos " " 37 010 0122 0138 Immedinte distress,

then reocovered.
Ho " n 40 M0 0122 0142 ®
Yos 20 1:28 39 1140 3:20 Between 3180 cea
and 6:20
No " » 38 1140 YY) D24 see
Yeos " 37 1:2 ese 3:23 wee
Ho " " 40 3128 7128 Botween T:28 P
and 10328
Yes 10 1150 35 oo 17483 20158 ane
Yo " . 36 20118 4163 56143 'TY)
Yes " . e 38 87117 eee 43:2 ews
Yos 0 Control 33 Ty soe 3410 Ty
(water)
%0 " " 37 201286 see 2155 Y
Yﬁll " " 38 eoe ose 1061349 wse
Ho " " 34 0139 T cos ¥igh npp&rmtly abw
normel, or method
faulty

Ko " " 37 aoe 71215 T2e30 se e

1 This fish was found normal a2t fre-wsnt ohservetions during the expsriment and st the
termination of the test.

There was & correlation betwesn the length of time required for a given dilution
%o kill fish, and the temperature of ths sclution. The experiments with those dilutions
(1110, 1128 and 1150) which wore used at the three temperatures showed that it required
the zreatest mmount of time to kill fish at a temgersture of 48°, and the lesst amount
of time to kill them at & tempsrature of 54°, This effect of tempsrature on the kille
ing; capaoity of the brine indicates that the liberation of the brine into natural wters
would be lesz harmful in wiater than in susmor,

The ainnows subjected to dilutione (especiasly 11860, and 1:125) st a tewperature of

48°, oculd have desn expeoted justly to live longer than they actually did in theed tests.
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Ths high mortality smong the controls st %hia temperature sugzests that the chanze
{within s few hours) in tho wmter temperature from T2° to 48° was harmful to the mine
nows., Th: effsot of this changs in temperature nHrobably supplemented snd enhanced
the lethel saffect of the brine,

In gensral a longor period of time was roqéirod for the weaker conscentrations of
the brine to kill the minnows in the nonemsreted ssmples than in the serated ones.
There seenj to bs two possible sxp lanations for this diffsrence:

(1) Due to the high speocific gravity of the bhrine, it does not mix readilly with
wabter. To obtaim a hamsojeneous mixture the semplos were shaken; however, this shaking
may not have heen sufficient to sohiewve itas purpoge. I5 the samples were not mixed
well, the minnows 4in nonweerated jars aizht have heen able %o avoid the regions of
heavy omoentration of the brine; in the serated gamples the conatant bubbling of the
sir ajet have affected, in & very short periocd of tims, a homogensous mixture, I(f
this was the condition, than the results obteined from the experiments with esrated
azmples are more siznifieant,

(2) The constant azitation of the water by tﬁo air bubbiiing through it, or the
greater oxy;em supply in the aorated samples, mi;ht have affected in thees minnows a
greator sotivity and metadbolism. 2 greater activity of the nminnomw in the serated
samples would heve resulted in a more repid absorption of the taxie salts and honoe in
more rapid death,.

If thege wore the prevailing eonditions, by which this differonee in the length of
time regquired for asrated and non-aorated ssamples t k111 the f1i Ll explainable, then
anatid) W1uuf

the results obtained from the experiments with ctrbanc. nad rotul?o obtained with
the non-eaerated samples would be appliemble to vory slugzish streams. The apinion is
here siven that the more rapid suoocumding of the minhiows in aersted samplea whs due

in part to sach of the above causest the exposure of the minnows in the asrated semples
to homojeneocus nixtures of the drine, saud the zreater activity of ths fish in the
anerated ssmples resulting from the oonstant ajitation of tho medium or the greater oxy-

Zon supnlye
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Both of the ahove factors must operate in natural waters. 3rine omptied into a
slugzish stream would flow or settls along the bhottom, leaving the upper strata much
more suitable to fish life than the lower; and in contraest, if emptied into a turbulent
stroam, the brine would mix rathor thoroujhly with water mekin; all parts of the strean
of mual poteney in effect on fish 1life, Also the irester activity and metabelisnm of
fish in turbulent wmtar would result in a meore rapid sucoumbing of the fish %o the brine.

In the spplication of the rosults of these expsriments to the dspoasal of the
brine waste in matural maters, the difference between the affest of brine on fish in
quist wmmters and 4n turbulent waters should be subordinated to the differencs in effect
of the warious dilutions, The disposal of the brine during the "hishéwater”, winter
season, when & wesk dilution oan be obtdined in sold waters, 1s desirable even though
ths streams st this tims are wore turbulent and the fish more active,
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