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Memorandum to: rec
Michigan Department of Conservation

The attached copy of Institute for Fisheries Besesrch Report

_No. 863, entitled "Experimental Work on the Toxicity of Michigan

0il-Well Brinos to Fishes" by Carl L, Hubbs and George N, Washburm,
reviews the progress that has been made during the past year in
undortaking to determine the maximum concentration of oil-well
brines that can be tolerated by species of fish that inhabit the
area where this pollution occurs,

The report also suggosts further research, some of which is
now in progress, on other problems associated with the disposition
of these brines,

Respectfully submitted,
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REPOKT NO. 863

EXPERIMENTAL WORK ON THE TOXICITY OF
MICHIGAN OIL-WELL BRINES TO FISHES

by

Carl L. Hubbs, Curator of Fishes, Museum of
Zoology, University of Michigan
: and .
George N. Washburn, Fisheries Researeh Technician
of the Institute for Fisheries EKesearch,
Michigan Department of Conservation

In recent years considerable attention has been focused on the
pollution of Michigan streams by oil-well brines, In August of
1942, staff members of the Institute for Fisheries Kesearch conducted
a preliminary field investigation of brine pollution., This led to
Institute Fisheries Keport No. 805, "The Preliminary Inspection of
Mansfield Creek, Arenac County, with Reference to the Salt Water
Pollution."

In this report the pollution of Mansfield Creek was attributed
to the large ocuantities of concentrated brines which escape into
the stream. Mansfileld Creek, a tributary to the Rifle River courses
through an oil-producing area in the north-central part of Arenac
County. ILarge volumes of brine are brought to the surface during
0il pumping operations in this field, but most of this brine is
collected in an intercepting line 2nd then returned to its original
substrata by pressure pump. Some of this brine escapes and possibly
reaches the stream. However, the most definite and serious source
of brine pollution is zn uncepped flowing brine well, The estimated
discharge of this well is 100 gzllons per minute. The entire flow
sopears to reach Mansfield Creek through surface drainsge end
seepage., No fish could be found in the seriously polluted eree.

At the reaquest of P. J. Hoffmaster, Direstor of the Department
of Conservation and Supervisor of Wells for the state of Michigan,
the Institute for Fisheries Eesearch has undertaken a series of
tests to determine the maximum concentration of these oil-well
brines which can be tolerated by species of fish that inhabit the
region where this pollution occurs,
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Two brine samples were secured for tiis study on August 1, 1942,
One 5-gellon sample was taken from a return line at the Swznson-
Fomoor-Shephard lemse 2nd is referred to as the Swanson-Romoor-Shephard
brine, This is a composite brine, derived from severel o0il wells. The
octher 5-gallon sample was taken from the flowing well (the Arensc Salt
Company well). An additional H-gallon sample was secured by conserva-
tion officer Milton Misner from this same well on January 18, 1943, to
complete the experimental work,

Samples of these brines were analyzed by Arno Heyn, Teaching
Fellow in Anslytical Chemistry at the University of Michigan. His
report follows:

CHEMICAL ANALYSIS OF MICHIGAN SALT BRINES
Results are indicated in miiligrams per liter of brine.

1, Swanson—Romoor—Shephard'Lease. Sec. 4, Clayton Township, Arenac Co,

Semple collected 7-21-42, 2:36 P.M,, by Streem Control.Commission.

Report:

Total solids (110° ¢.) 308,270
Specific gravity " 1.189
pH , _ 6.20
Chloride and Bromide (as Cl) : 175,390
Bromide ‘ 612
Chloride 175,200
Sulfate 352
Bicarbonate ‘ - 46
Calcium 14,030
Magnesium : . 3,316
Potassium - 975
Sodium - : 91,385
Silica ‘ ‘less than 20

Fe and Al 0

To obtain conventionnl combinations, the value of sodium,
being lenst certain, was changed to 91,030 in order to obtzin &
balance of positive 'and negrtive radicals, The small amount of
bicarbonate wes neglected.

Convention=1l Combingtions:

Potassium bromide 911
Potessium chloride 1,289
Sodium chloride 231,350
Magnesium chloride 12,985 8s hexahydrate: 27,730
Calcium chloride 38,&50 as dihydrate: 0,920

Calcium sulfste as dihydrate: 631
Totals 285.588 312,831
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2. Arenac Salt Co. Section 3, Clayton Township, Arenac County.

Semple collected 7-21-42, 2:50 P.M., by Streem Control Commission,

Report:

Total solids (110° ¢,) 315,090
Specific gravity 1,198
pH 5.79
Chloride and Bromide (as c1) 180,600
Bromide 754
Chloride 180,300
Sulfate 155
Biearbonate 37
Calcium 17,612
Magnesium M,lEO
Potassium . . s
Sodium 89,570
Silica less then 20

Fe and Al 0

To obtain conventional combinations, the value of sodiunm,
being the least certain, had to be changed to 88, LU0 in order to
obtain a balance of positive and negrtive radicals. The . small
amount of bicarbonate was ncglected,

Convontional Combinations:

Potzssium bromide 1,123

Potassium chloride 1,663

Sodium chloride 224,770

Megnesium chlordde 16,250 as hexahydreto: 34,700

Crlcium chloyide ‘ 48,590 as dihydrate: 64,370

Celcuim sulfate 219 2s dihydrote: 277
Totals 292,015 326,903

Analysis completed Merch 6, 19h3
Ann Arbor, Michigan

(signcd)
Arno Hrrry Albert Heyn, Tcaching
Fellow in Analyticsl Chomistry,
University of Michigan,

FISH USED AND METHODS EMPLOYED

Seven specics of fish assumed to bo represcntative of the feunz of
Mansfield Creck prior to its pollution, wore uscd in these tests., Four,
regerded os warm-water species, are bleck bullhead (Ameiurus meles), smell-
mouth bass (Micropterus dolomieu), pumpkinsced (Lepomis gibbosus) and
brook stickleback (Eucelia Inconstens), The three cold-woter types tested
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were brook trout (Snlvelinus fontinalis), brown trout (Salmo trutta fario)
and rainbow trout (Salmo geirdnerii irideus). Since the fingerling trout
proved to be unexpectedly resistont to the brine, and yet seemed to have
been exterminated in the creek, it was thought thet the eggs ~nd fry might
prove to be more susceptible than the older fish; consequently, tests were
olso run on these young stages,

The blnck bullheads provided particularly good experimentnal materiel;
they werc a very uniform stock becruse they were e£ll taken a8 2~ to 3-inch
fish, from a single school, rnd werc therefore of the same ~ge and prrentage.
The stock which had been collected in Susterks Pond, near Rawsonville, in
August of 1942 was kept for several months without loss, throughout the
period of the trials, These bdllheeds remmined in good condition and grew
rather rapidly in the stock tank,

The smnll-mouth bass were also of uniferm stock., Thoy wero secured
as 2~ to 3-inch fish of this year's heotch, from the Federnl Fish Hatchery
ot Northville, Michigen., These hatchery-reised fish held well in stock
tanks. 7

The pumpkinseeds were all secined from tho Huron River, =bout 4 miles
west of Ann Arbor, They were 2- to 3-inches long and at least one ysar
old,

The brook sticklebacks, 1} to 24 inches long, were seined from
Mrnsfield Creek above the polluted section,

The fingerling brook, brown snd rainbow trout were obtained from the
Federal Fish Hatchery et Northville., Trout used in the experiments were
preserved at death, Following are the size ranges in inches (total length)
for each spocies; brook (22 fish) 33-5%; brown (38 fish) 2 3/8-3 7/8;
rainbow (32 fish) 2 3/8-3 7/8, The some hatchery supplied the eggs and
fry as follows: bDrook trout eggs which hnd been kept 65 to 75 deays,
fourtecen day old eyed eggs af rainbow trout end fourtecen doy old src fry
ﬁfothe brown trout. These e£gzs and fry had all been rczred at 390 to

0~ F.

The warn water species wore held in stock tenks at the Experimental
Aquarium at the University luseums building, The cold-water forms were
kept in live boxes in a spring-fed stream, All of the fish werec fed at
regular intervals, The nortality wrs not niore then 5 per cent for eny
gpecies,

411 of the tolerence tests wore conducted in the Experimentel
Aquarium, Dilution water used in prepering the verious test concentra-
tions wes the filtered circulating Aqueriun water, which in neny tests
has proven to be setisfectory for the meintensnce of fish life., Due
to chonges cazused by the regeneration of the filter, the pE varied
fron 7.2 to 7.9 and dissolved oxygen ranged fron 6.9 to 8.5 p.p.o.

The water was relatively soft (methyl orsnge alkalinity ~bout 42 p.p.m.).
The normal tenmperature for the agquarium-rnon water (80° F.) wee meintained
for all of the worm-weter fish tests., For the cold-water species, the
temperature wes held at a 50° ¥, levol by a cold-water jacket surrounding
the test Jjars.
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The experimentsl equipnent consisted of wide-nouth two-guart and
one~gnllon glass jers, each vocered and each equipped with an sir
line. All of the warm—woter species were tested in the two—-quart
containers in o one-liter nmedium, As the trout were larger, thoy were
tested in the zallon jars, each conteining 2.5 litérs of solution,

All of the test solutions were pre-aerated for 20 ninutes, to-
insure an adequate supply of dissolved oxygzen from the start, and the
eceration wes continued throughout the run, Two fish were used in ench
test jer, The time of death wes noted for those that died within the
Iinits of the 96—hour tost period., This is the time linit which in our
experience has seened nmost desirable for routine toxicity-threshold
tests, When unexpected or inconsistent results werc obtained at any
given concentretion, duplicate tests were nnde, and all of the dnte
were tabtulated., The trout eggs ~nd fry were tested in lots of 50 for
o 10-dny period, in order to obtrnin relinble results,

The consistent tolerance linits were approxinnted by initisl tests
with widely different concentrrtions, and were more precisely fixed by
trinls with concentrations interpolnted between those which killed and
thosc which Aid not kill the fish within 96 hours, The consistent
tolerance linit is the highest concentration at which all of the fish
can be expected to survive (disregrrding records of death that do not
seenn attributable to the toxic action of the test materinl), The
values approxinate the ascertained lethal thrcsholds st which some of
the fish are killed. It ghould bec borne in mind thet the consistent
tolerance linits refer to the nctunl results obtained under czperimental
conditions, It can not be sssumed that the concentrotions tolersted by
the particular fish tested would prove innocuous in 2 stream, Some
nergin of safety is cealled for,

RESULTS
We conducted the first series of tests with the Swenson-Romoor-
Shephard brine, using threc warm-water species., The second series,
using the same speclos, was run on the Arenac Brine, The rosults are
exprcssed in Tables 1 and 2, and are then compeared,

DISCUSSION AND INTERPRETATIOH OF TESTS SUMMARIZED IN TABLE 1,-
Concentrations of stock brine above 100,000 p.p.o. (contrining 85,222
p.p.o. of chloride szlts) are highly toxic, bringinz ~bout death to
the 3 specics in less than one hour, When the fish were tosted in
-~ the 300,000 p.p.o. brinc szmple, death was sudden, The effect was
. much like thet of & shock: the fish lost brlence and their respirae-
tory novenents cecased alnost immedintely., These syuptons were not so
pronounced at lower concentrations (below 100,000 p.p,m.) and were not
evident when the fish were pleced in concentrrtions approaching the
lethal threshold, All of the fish which succumbed before the ternination
of the test perind revealed on exenination, a highly inflamed condition
of the gill filenments end hemorrhages in the thin fin nenbranes. These
syaptons lerd one to suspect that denth is caused by an ~brupt chenge in
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TABLE 1, ZEXPERIMENTAL RUN WITH BLACK BASS, PUMPKINSEED AND STICKLEBACK
IN DIFFERENT CONCENTRATIONS OF THE SWANSON*ROXOOR*SHEPHARD
OIL*WELL BRINE

Experinent started August 8, 1942

Concentration of test samples | Number | Fish used in tosts and survival tines,

P.pelle 0f P,pens 0f P.peRte 0f] of (Hrs.: Min.: Sec.)
stock total chloride fish :
brine salts salts ‘ Bass Punpkinseeds  Sticklebacks
' 1 | 0:02:00 0:02;03 0:02:10
300,000 92,481 85,222 1 0:02:03 0:02:07 0:02:31
1 0302:10
1 0:02;:21
1 0302345 0:02:51 0:03:00
200,000 61,654 56,814 1 0:02:51 0:03:50 0:03:12
, 1 0:03:01
| | 1 0:03:12
100,000 30,827 28,407 | 1 0:29:00 o:glsoo o:as:oo
1 © 0131:00 0:44:00 0:L6:00
75,000 23,120 21,305 1 05:18:00 = 0M4:15:00 05:40:00
1 05321:00 05300200 06321:00
65,000 20,037 18,464 1 05:15:00 06:20300
1 06:15:00 07:00300
55,000 16,054 15,624 1 18:45:00 7300:00 19:30:00
1 31:30:00° 2230100 36300300
50,000 15,413 14,203 1 71:00:00 41:00:00
1 78:00:00 67300:00
45,000 13,872 12,783 1 24330:00 27:100:00 69:00:00
1 96+ee oo 30:15:00 96540 o
40,000 12,330 11,362 1 96+ee . 83:00:00 42:00:00
1 96¢es 4 964, o 48300300
35,000 10,789 9,942 1 66:30:00 90100300 Bker oo
1 87:00:00 96k W 96tee oo
2 G6%ss v
30,000 9,248 8,522 1 21:10:00 96+.. .. 9640 oo
1 92:00:00 964es o Btee oo
25,000 7,706 7,101 2 96-.. ,. Otes oo 96tes oo
20,000 6,165 5,618 2 96+.. .. 96¢es . 96q.s .
15,000 4, 624 4,261 2 964.. .. 96+.. .. 965.. ..
10,000 3,082 2,840 2 96+.. .. 96+.. .. 96+t ..

Control 2 96“'oo ' 96+¢. e 96"'00 .




ol b

the osmotic pressure, ZXach species varied markedly in susceptibility
to concentrations approaching the lethal threshold, This variation
was probably due to individual physiological differences,

The consistent tolerance limits, approximately established, for
these species of Tish for a 96-hour test are as follows:

Smallmouth bass: 25,000 p.p,m. of stock brine, containing 7, 706
P.pom. of total solids of which 7,101 p,p.m, are chlorides.

Pumpkinseed: 30,000 p.p.m., of stock brine, contalning 8,522 DePuI.
of chlorides,

Stickleback: 35,000 p.p.m. of stock brine, containing 9,342 p.p.m.
of chlorides,

Of the 3 species tested with the Swanson-Romoor-Shephard dbrine the
sticklebacks were the most resistant, the pumpkinseeds next and the
bass the most susceptible., The perceantage of diffcrence of toleration
between the 3 species is as follows: the sticklebacks tolerated 14 per
cent more chloride than the pumpkinseeds did, and 29 per cent more theon
the bass, The pumpkinseeds tolersted 12 per cent more chloride than did
the bass,

DISCUSSION AND INTERPHETATION OF TESTS SUMMARIZED IN TABLE 2,-
Concentrations of stock brine above 100,000 p,p.m. are highly toxic,
producing death in less than 45 minutes, Fish in these Wigh concen-
trations exhibited the same actions and symptoms as previously
described in the interpretstion of deta in Table 1, Again, these
fish veried considerably in tolerance te concentrations thﬂt approached
the lethal threshold, The thresholds are not clear-cut and a consider-
able range in individual tolerance can be expected, Consequently, the
consistent tolernnce limits ss estoblished are approximemte, The
stioklebacks were again the more resistant of the 3 species surviving in
a stock concentretion of 30,000 p.p.m., (containing 9,248 p.p.m. of tetal
solids of which 8,738 p.p.m. were chlorides). The pumpkinseeds were
next, tolerating 25,000 p.p.m. of stock brine, having o composition of
T, 706 PePeme total solids of which 7,281 p.p.m. were chlorides., The
bass were the most susceptible, being able to tolorate only a 20,000
P.pem. concentration of stock brine containing 6,165 p.p.m. of total
solids of which 5,825 p.p.m. werc chlorides,

COMPARISON OF THE TOXICITY OF THE TWO BRINES

The three specics of fish that were tested tolersted a somewhat
higher concentration of the Swanson-Romoor-Shephard brine than of the
Arenac brine, It was expected thot the respective tolernnce ligits,
as cxpressed in terms of the chloride content, would be approximantely
the same for the three species, since the chemicel analyses of the two
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TABLE 2, EXPERIMENTAL RUN WITH SMALLMOUTH BASS, PUMPEINSEEDS AND STICKLEEBACKS
IN DIFFERENT CONCENTRATIONS OF THE ARENAC SALT COMPANY BRINE

Experiment started August 8, 19u2

Concentration of test samples | Number | Fish used in tests and survival times,
"Po.pem. of P,pem, of P.pym, 0of of . (Hrs.: Min.: Sec,) -
stock total chloride fish . _ :
brine calts salts Bass Pumpkinseeds  Sticklebacks
300,000 ql,527 87,381 1 030051 0:00:53 " 0301:12
. 1 - 0100255 0:00356 0:01;22
1 0;01:09
1 0:01:15
200,000 63,018 58,254 1 0:01:31 '0;01;u5 d=01e59
. 1 0:01:45 0:02:05 0:02:01
1 0:02:30 0:03310
_ 1 0:02:51 _
106,000 31,508 29,127 1 0:17:00 .0:18:00 0:38:00
1 0322300 03123:00 0:41:00
80,000 25,207 23,301 | 1 - 1:20:00
. 1 , 2305300
75,000 23,631 21,845 1 2:10:00 242000 2:00:00
. ' 1 2:151:00 3410:00 2:10:00
70,000 22,056 20,389 1 | 23120100
‘ 1 2340200
65,000 20,480 18,932 1 4:47:00 5310200
1 6:110:00 7:40:00
60,000 18,305 17,476 1 3:50:00
1 4:15:00
55,000 17,329 16,020 1 36230300 35:00:00
: | 1 37:15:00 ‘38:30:00
50,000 15,754 14,563 1 10:05:00 44:35:00 -27:50:00
: ' 1 583;10:00 62:002 00 28:10:00
45,000 14,179 13,107 1 4g,10:00 72:003 00
l 96"'nu ve 96""| X
40,000 12,603 11,650 1 | 49:45:00  66:00:00 46335300
1 964.. . 964+.e o 51:20:00
35,000 11,028 10,194 1 96tes o» 78:00:00 60200300
1 Btee oo 9640 o 71:00300
30,000 9,452 8,738 1 51310200 67:00:00 96+es o
_ 1 Btie oo 6., .. 964., ..
25,000 7,877 7,281 1 28:00:00 9tee o 9684 oo
1 96+oo . 96+'>o L] 96"'" L)
20,000 6,301 5,825 2 BbFee o» 964, . 4a 96+, oo
10,000 3,150 2,912 2 9640y e 96+4s oy Btee o
Control 2 O0tys o, 904, e T
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brines are very similar. The only difference that appears to be
significant is the somewhat greater concentration of the Arenac
brine, Owing to the wider ramge of concentrations over which some
fish died and others lived, the consistent tolerance limits cannot be
regarded as certainly establigshed, ZEven if we assume that these
limits ere correctly dotermined, uniformly indicating, as shown in
Tables 1 and 2, consistent tolerance limits of 5,000 p.p.m. greater
for the Swanson~Romoor-Shephard than for the Arenac brine, still no
diffcrence in rosistance to the salt content would be demonstrated,
The tcosts were made at concentration differences of 5,000 p.p.m.,
and the limits may lie enywhore betwecn thosc limits, On this basis
the consistent tonlerance limits to p.p.m. of chloride salts for the
bass is more properly expressed as 7,101 to 8,522 p.p.m. for the
Swanson-Romoor-Shephard brine rnd 5,825 to 7,281 p.p.m. for the
Arenac brine, Since these values overlep for each species, the true
consistent tolcrance limits for the two brines may be identicnl~say
at 7,200 p.p,m. for the bass,

The difforencos in toxicity (expressed in tolersnce) for the
two brine. saniples does not warrant additionsl tests with the
Swanson~Romoor—-Shephard brine, as it is a question as to the possible
extent -that this brine contributes to the pollution of the stream
undey study, whereby it is a known fact that the Arenac brine does
directly contribute to the polution of this stream,

FURTHER FISH TOLERATION TESTS WITH THE ARENAC BRINE

Four additional species were tested with the Aronac brine, One
of these was a woarm-water fish, the black bullhead, and three were cold-
water forms, broek, brown and rainbow trout., In addition, as previously
mentioned (page h), various younger stages of the three specles of
trout were tested., Tables 3 to 7 present the results of these supple-
mentary experiments,

DISCUSSION AND INTERPRETATION OF TESTS SUMMARIZED IN TABLE 3,
Concentrations of stock brine above 200,000 p.p.m, are quickly lethal,
producing death to the bullhead in less than 2 minutes, The apparent
cause of death is the sudden change in osmotic pressure, The gill
filaments and the fin membrancs become highly inflamed., The fish lost
balance almost immediately on contact with the salt water £nd respira-—
tory movements ceescd a fow scconds later, Concentrations between
43,000 and 100,000 p,pe.m. of stock brine arc only moderatcly toxic,
requiring from 2 few to several hours to bring about death., Several
observations were recorded at the time of the death of the individual
fish, In a moderate concentration (50,000 p.p.m. of stock brine),
the bullheads became quite dormant in & few hours, and this condition
continued until nearly ell of the activity cemsed and the fish appeared
to be dead. However, on an actual physical centrct, such as pricking,
the fish made a fecble response, Several times these stupified fish
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TABLE 3, EXPERIMENTAL RUN WITH THE BLACK BULLHEAD IN DIFFERENT
CONCENTRATIONS OF THE ARENAC BRINE

Experiment started December 7, 1942

~ Couceatration of test samples Number Survival times
Pooome ol P.p.l, OF P.p.m, 0f | of fish
Ttook total chloride tested .
_ briue salts salts . Hrs, Min, Sec,
30C,C00 94,527 87,381 | 1 ces see B8
, 1 N 1 3
1 eese 1 12
1 ces 1 15
200, 000 63,018 58,254 1 vee 1 U5
: 1 vee 1. 56
1 vee 2 10
1 cos 3 e
100, 000 31,509 29,127 1 R - S
1 - e 53 "o
1 oepe 57 see
1 1 2 B0
80,000 25,207 23,301 1 1 4o ...
o 1 2 10 ...
75,000 23,651 21,845 1 1 5 ...
1 2 20 ...
70,000 22,056 20,389 1 | 2 30 .se
1 2 B0 aes
65,000 20, 480 18,932 1 315 ...
| : 1 3 30 ...
60,000 18,905 17,476 1 Y U ...
1 7 25 fe e
55,000 17,329 16,020 2 11 to 19 hrs,
50,000 15,754 14,563 1 18 55 ...
' 1 23 25 wse
45,000 - 14,179 13,107 1 28 W ...
| | | 1 31 W .,
43,000 13,548 12,524 1 28 L5 ...
N 1 a; LN N ] ves o
1 LN N LN N
1 L
40,000 12,603 11,650 2 96%  eer  eee
35,000 11,028 £ 10,194 e 6% vee e
25,000 7,877 7,281 2 96+ eee oo
20,000 6,301 5,825 2 964 eve ees

Control 2 961' XX} a9
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were seen to become active very suddenly, darting about the tank
violently for several scconds, after which they became stiff and
settled to the bottom, They were all tested immedlately and found
to be dead, for no stimulus would bring about a rosponse, The
bullhoads were the only fish tested which exhibited thesec peculiar
death reactions, The consistent tolerance throshold established
by the bullheads was 40,000 p.p.m, of stock brine (containing
12,60; p.p.m. of total solids, including 11,650 p.p.m, of chloride
salts).

SUDDEN SHOCK, SIMULATING DEATH, PRODUCED IN BULLHEADS BY HIGH
CONCENTRATIONS OF BRINE

Some of the bullheads which had apparently been killed by a
short exposurc to strong concentrations of the Arenac brine recovered
when replaced in fresh water, They had apparently suffered from
shock, and would undoubtedly have soon died if left in the brine,
Time had hardly sufficed for the absorption of much salt, and the
shock is thought to have resulted from the sudden intense change in
osmotic pressure, At lowor concentrations the shoeck was less but
ebsorption of salts relatively groater, because of the longer time of
exposure, The possibility of reviving tho fish with fresh water seoms
to stand in direct proportion to the concentration of brine (Table 4),
The time required for revival, however, scems to be positively cerre-
lated with the time required to produce the shock that simulates
death, These tests may bear some relation to the flash disposal of
brine wastes.

TABLE 4, PERCENTAGE OF REVIVAL OF APPARENTLY DEAD BULLHEADS,
WHEN CHANGED FROM SALT SOLUTIONS TO FRESH WATER

Concontration of brine| Number Average time |Average time | Percent of

P.pem, of P.p.n, 0f] of fish| required to required to fish
stock brine chlorides| tested | produce shock revive revived
Hrs, Min, Sec. Min, Percent
300,000 87,381 L ves 1 7 26 ' ' 75
200,000 58,254 N cor 2 13 Eg 50
100,000 29,127 4 ese 53 .4 25
80,000 23,301 Y 1 15 ... - 0
75,000 21,845 4 1 28 ... - 0

TOLERATION TESTS CONDUCTED WITH THREE SPECIES OF TROUT

Brook, brown and rainbow trout, in fingerling, egg and szac fry
stages, were tested to determine thelr toleration to the Arenac brine,
411 of these experiments werc conducted in one-gallon jars at 50° F,
The duration of the test for the fingerlings was 96 hours (the ssme as
for the warm-water species). For the eggs rnd sac fry, the toleration
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test period was extended to 10 days, The 3 species were tested simultane-
ously under identical conditions, Concentrations for the latter part of
these tests were prepared with the new brine sample collected from the
Arenac well in January, A total-solid end chloride analysis of this
sample revealed very tittle difference in chemical composition., The
analysis of the original Arens¢ brine sample indicated that it contained
315,090 p.p.m, of totzl solids, including 180,600 p.,p.m, of C1 4 Br, The
analysis of the second sample revealed a conientration of 314,811 p,p,m,
toetel solids including 180,510 p.p.m. of C1 ¥ By, Since the differences
in the snalyses is hardly significant, the computations for concentrations
were based on the original analysis,

The resulfs of these testx are dealt with in threce trbles: Table 5
treats the fingerlings; Table 6 deals with the eggs and sec fry; Table 7
compares the results for the three developmental stages,

DISCUSSION AND INTERPRETATION OF TESTS SUMMARIZED IN TABLE H-
Concentrations above 150,000 p.p.m. 0of steck brine are only moderately
toxic, requiring over 1 hour to produce deeth, Concentrations from
80,000 to 100,000 p.p.m, have only o slight texic effect upén the
three species of treut, The brook trout, the most tolerant of the
three species, were sble to survive a 96 heur test period in o stock
concentration 8f 80,000 p,p.m, (contzining 25,207 p.p.m. of total
solids including 23,301 p.p.m. of chloride salts), The brown and
rainbow trout agreed in their consistent tslerance limit-70,000 p,p.m,
of stock brine (containing 22,0?6 pepel, of total solids, including
20,389 p.p.m. of chlsride salts), The brook trout were able to tolerate
about 12 per cent more chloride than either the brown or rainbow., The
three species of trout when subjected to brine concentrations spproaching
the consistent tolerance limits, exhibited sluggish behavier, They lost
equilibrium efter n 20 to 30 hour expesure, and the respiratory movement
graduslly became very slow (as low a8 7 or 8 per minute), yet tho fish
continued to live in this stupor for many hours, This condition was most
pronounced amomg the rainbow trout, Some of these motisnless fish survived
the 96 hour test peried, A problem atises as to how these stupefied fish
thet survived the 96 hour test should be listed, For practical purposes
they are dead. Attempts to recover them failed, They died within 2 few
hours whether they were retsined in the bdrine or were transferred to fresh
water, They were listed as live, however, if they showed eny sign of life,

TOXIC EFFECTS OF ARENAC BRINE ON EARLY DEVELOPHENTAL STAGES OF TROUT

During the experiments on the fingerling trout, the smeller of the
two fish in each test jar wes the first to die, These observetions
seemed to show that the smaller fish sre the more susceptible to the
brine, In order te determine whether younger fish or developing eggs
may be still more susceptible, preliminary tolerance tests were conducted
on eggs and on sec fry, Further expsriments on the eerly stages are
contenplated,
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TABLE 5, EXPERIMENTAL RUN WITH THE BROOK, BROYWXN AND RAINBOW TROUT IN DIFFERENT
CONCENTRATIONS OF TiE ARENAC ERINE

Experiment started Dec. 18, 1942

Concentration of test sample Number |- Fish used in test and survival times
P.pem, of P,p,m, of P.p.m, of of Brook trout Brown trout Rainbow trout
stock total chloride fish )
brine - solids salts tested | Ers, Min, Hrs, Min. Hrs, Min.
200,000 63,018 58,254 1 1 15 1 8 1 8
1 1 22 1 27 1 23
150,000 47,269 43,690 1|3 » 2w 2 ko
, 1 50 2 50 3 10
110,000 34,659 32,040 1 11 35 7 15 g ao
l 17 L AN ] 15 LICH ] 13 5
108,000 34,029 31,457 1 |20 ...
1 22 4o
105,000 33,084 30,583 | 1 _ 18 30
1 26 10
103,000 32,454 30,001 1 20 U5
1 23 15
100,000 31,509 29,127 1 26 '30 11 30 19 kW
1 32 15 17 50 21 10
94,000 29,618 27,669 | 1 22 L5
1 : 23 15
92,000 28,988 26,797 1 , 15 20
. l . 18 *00®
90,000 28,358 26,21k 1 Taﬁ 10 21 ...
- 1 (XN ] 25 20
87,000 27,412 25,340 1 Lo 30 21 4o
’ 1 Yo eoe 27 25
86,000 27,097 25,049 1 W ...
L 1 54 30
80,000 25,207 23,301 1 96+ ... 52 coe 7% ...
1 96+ eve 96"' [N X} 96'?' se e
70,000 22,056 20,389 2 96+ ... 96+  vas 96+ oue
60,000 18,905 17,476 2 95+  ees | 96+  +es 96+ 4o
50,000 15,754 14,563 2 |96 vee 96t ye. 96+ e
40,000 12,603 11,650 2 9%+ ... 96+ . on 96+ «es
30,000 9,452 8,738 2 196+ ... 96+ e 96+ ...
20,000 6,301 5,825 2 196+ ... 964  nan 96+ .44
Control vee vee 2 96+ see 96+ ".) 96+ see
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Since Mansfield Creek has apparently been ruined as a trout stream,
even where the brine concentration is the experimentally determined
toxicity threshold for helf-grown trout, it was early thought that the
critical effect of the brine might be on some susceptible early stage
in the development of the trout,

Various test concentrations were prepared, ranging from a point
slightly above the consistent tolerance limits established for the
yearling trout to a concentration’of only a few thousand p,p.m. of
chloride, Fifty fry or eggs were placed in each test concentration
and the tests wore continued for a period of 10 days. ZFrom time to
timo any dead eggs or fry present in the test jars were removed, to
prevent the spread of disease ~nd the contemination of the water, At
the end of the test period, all sagples were counted and the data
recorded in terms of percentage of survivel., Teble 6 covers the data
obtained during this test.

TABLE 6, PERCENTAGE OF SURVIVAL OF TROUT EGGS AND SAC FRY IN DIFFERENT
CONCENTRATIONS OF THE ARENAC BRINE

Experiment started Feb, 2, 1943

Concentration of test sampleg| Species and percentage of survivel for a
10-day period '

P.p.m, P,p.m, P.p.m, Brook trout Brown trout Reinbow trout
of of of eggs, sac fry, eggs,
stock totel chloride developed 8 days old developed
brine solids salts 65~75 days 14-20 deys

100,000 31,509 29,127 0 0 0
85,000 26,782 2L, 758 0 0 0
70,000 22,056 20,389 0 0 30
50,000 15,754 14,563 18 66 g2
30,000 9,452 8,738 96 100 g2
Control 98 100 88

DISCUSSION AND INTERPRETATION OF TESTS SUMMARIZED IN TABLE 6,-s The
percentoge of mortality for the brook trout eggs was 100 per cent in
stock brine concentrations of 70,000, 85,000 and 100,000 p,p.m. Only
18 per cent, however, were able to survive a concentration of 50,000 p.p.m,
It appears thet the consistent tolerance limits for the 65 to 75 doy old
eggs lles somewhere between 30,000 and 50,000 p.p.m. The dbrown trout sac
fry reacted similarly, having a 100 per cent mortality in 70,000, 85,000
end 100,000 p.pe.m, of stock dbrine, Likewise, the consistent tolersnce
limit fell betwoen 30,000 and 50,000 p.p.m. Slightly differcnt results .
were obtained for the reinbow trout eggs, which showed e mortality of 100
per cent in concentrations of 85,000 snd 100,000 p.p,m,, 2nd of 30 per
cent in 70,000 p.p.m. The consistent tolerance limits fell between 50,000
and 70,000 p.p.m. of stock brine, '
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The survival times recorded for the above tests were as follows:

Brook trout eggs in a 100,000 p.p.m. concentration all dead in 24 hours

" " " " 85,000 p.p.o. " " " " 4ug "
nooom " " " 70,000 p.p.m. n " " mghp M
Brown trout fry in a 100,000 p.p.m. concentration 21l dead in 24 hours
" n " " 85 000 pepemds " n n mhg 0
" " " L 70,000 p.pe.m. i n L n120 "

The actual survival time for the early-stage rainbow trout eggs could
not be accurately computed for a short period of exposure, because a color
change of the egg was the only ready means of determining whether or not
the enclosed embryo was alive or dead, and this color change, from trans—
lucent to white, is a rather slow process,

COMPARISON OF THE TOLERANCE OF YEARLING TROUT, SAC FRY
) AND DEVELOPING EGGS

Results from the brine tolerance tests conducted with fingerling,
fry and developing eggs of the three species of trout,indicate that
there are significant differences in tolerance., It was found that brook
trout fingerlings were able to tolerate about twice the brine concentra-
tion that the brook trout eggs could survive (Table 7). Very similar
results were found to hold true for the brown trout fingerlings snd sac
fry., Somewhat less difference wes indicated for the rainbow trout -
yearlings and eyed eggs.

TABLE 7, TOLERANCE TO BRINE OF FINGERLING FTOUT, SAC FRY AND EGGS

Approximate consistent tolerance limits
Species | Developmental P.pem, of P.p,m, of P.p,m, of
stages stock brine  totsl solids chloride salts
Brook fingerlings 80,000 25,207 23,301
" 65-70 day old

oggs 30,000 9,u52 8,738
Brown fingerlings 70,000 22,056 20,389
" sec fry 30,000 9,452 8,738
Reinbow | fingerlings 70,000 22,056 20,389
u eggs 50,000 15,754 14,563
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DIFFERENCES BETWEEN THE WARM~WATER AND COLD-WATER FISEES
IN TOLERANCE FOR ERINE

The three species of trout tested were found to be capable of
tolermting two to four times as strong a concentration of brine as
the four warm-water fished could withstand (Plate 1), They were
about twice as resistant as the black bullhead, and four time as
tolerant as the smallmouth bass., At first tought this was a most
unexpected result, for trout are always regarded as among the most
susceptible of all fishes to pollution, There is, however, a
biological reason for the high tolerance of the trout to chlorides,
All or almost all of the salmonidae are euryhaline fishes, for those
which live near the coast migrete back and forth between salt and
fresh waters, and possess some mechonism which enables them to become
adjusted to differences in salinity, ZEven the brook trout migrates to
the sea where it has the opportunity to do so., The warm-water species
studied are strictly fresh~water fishes, and for this reawon presum—
ably lack the sbility of the salmonoids to tolerate salt water,

An alternative explanation for the greater toleration of the trouts
to drine would be that they were tested at about 50° F,, whereas the
wvarm-water species were run at about 80°, It is a physiological
principle that fishes become more susceptible to pollutants at higher
temperstures, for the metabolic rate rises with the tempernture (Powers,
1920). It was thought thnt the warm-water fish might be as resistant
as the trout to brine if they were tested ot 50° , This alternntive

explanation, however, was disposed of by the following experiment,

RELATION BETWEEN TERMPERATURE AND THE SUSCEPTIBILITY OF EBLACK
BULLHEADS TO THE ARENAC ERINE

To check the possiblity that the relatively great resistance of
trout to brine was due to the fact that they were tésted in cold water,
experiments were run on the resistance of black dbullheads to brine,

(o]
when kept 2t 80" ond at 50° F, Those to be tested at 50° were kept at

that temperature for three weeks prior to the experiments, The experi-
mental procedure was the same ~s had been used for the trouts,

The results of this test, given in Table 8&,show thet the black
bullheads survived longer in the colder wnter N/ but that the consistent
tolerance limit remained 2t least approximately the same, The survival
time at 50° was 2,7 times as long as at 80° , when the fish were in
60,000 p.p.m. of brine; 1.7 times as long in 50,000 p.p.m., and 1,6
times os long in 45,000 p.p.m. The factor probsbly approaches 1,0 at the
toxicity threshold,

‘Q/ MeCay (1929) detormined that bullheads when exposed to a certain
concentration of ammonium carbonate survived 3 times as long 2t 10° to
13° ¢, as they did at 26° ¢, Powers (1920) found that the toxicities of

certain chlorides (lithium, ammonium) to fishes increased with rise in
temperature, '



FLATE 1

RELATIVE TOLERANCE OF SEVEN SPECIES
OF FISH TO THE ARENAC BRINE
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TABLE 8, SURVIVAL TIMES OF BLACK BULLHEADS IN DIFFERENT CONCENTRATIONS
OF ARENAC BRINE, RUN AT 50° F. AND 800 F,

Concentration of brine sample { Number |Test temperatures ~nd sversge
. . of fish | survivel times
P.p.m, of P.,p.m, of P.p.m, of] tested
stock total  chloride go° 7, 500 T,
~ brine solids salts Hrs, Min, Hrs. Min,
60,000 - 18,90 17,476 2 3 L2 9 25
0,000 17,75 14,563 2 21 10 37 - 30
5,000 14,179 13,107 2 30 12 50 ces
40,000 12,603 11 650 2 96+ res 964 ves

\/Awerage from former tests (see Table 3),

CAUSES OF DEATH IN BRINE

It was not determined whether the fish that wore killed by the
Michigan oil-well brines died 2s a physical result of an increrse in
the osmotic pressure or a chemical result of some specific toxic factor,
‘inherent either in one of the constituents or in the mixture of salts,
As & result of experiments with the sand shiner (Notropis deliciosus)
Garrey (1916) concluded that fresh-water fish are killed by salt con—
centrations that produce an Osmotic pressure greater than that of the
fish's blood, but that they live in cencentrations at that pressure or
at a lower pressure, He determined that the limiting osmotic pressure
was equivalent to six atmospheres, which is produced by a NaCl cancentra-
tion of 0.7 per cent (7,000 PePells Y.

The results of our tests indicate that the osmotic relations are not
the sole factor in the killing of the fish by the oil-well brines, We
might attribute to osmotic pressure the death of the smallmouth bass,
which could tolerate about 6,700 p.p.m, of total salts, conteining 4,500

P.p.m,.0of NaCl, Bullheads, however, tolerated 12,600 p.p.m. of total
Baltseytontaining 9,000 p.p.m, of NaCl, The trouts tolerated much
higher concentrations, far above the osmotic pressure of 7,000 p,p.m. (in
terms of NaCl), supposed to be the limit that fresh-water fish csn with-
stand, The consistent tolerance limits for the trouts ranged from 22,000
to 25,200 p.p.m, of total salts, with a Nall content of 15,700 to 18,000
pe.p.m. The trout in particalar must have some mechanism thet permits
then to overcome the cffects of high osmotic pressures in the surrounding
medium, That such a mechanism operates when salmonoid fishes pess back
end forth between fresh and salt water is evident from the physiological
researches of Greene (1905), He found that the blood of king salmon had
an osmotic Pressure equivalent to 13,600 p,pem, of NaCl when the fish
were living in ocean water (2lmost 33,000 p.psm, of salt), but that this
value dropped to 10,380 p,p,m, when the salmon was in fresh water,

\é/lpproximate values 2re given in this dlscussion; foyr more precise
velues refer to Plate 1,
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We concluded therefore that chemical toxiclty as well as osmotic
pressure must be a factor in the killing of fish by oil-well brines,
Whether the toxic effect is that of one selt or of a nixture was not
deternined, If, as might be expected, it is the mixture thrt is
operative, the effect of the mixed s2lts might be an incresse in
toxicity (enhanced by synergetic action) or a decresse in toxicity
(reduced by the antagonistic action of the cetions). Sodiun and calcium
salts when nixed are known to be antagonistic, dut the miximun entagonisn
is reached when the Ca content is 10 per cont that of the Na; at higher
proportions of Ca the antagonisn rapidly decreases and the synergetic
action comes into effect (Powers, 1920). Since the Cr content of the
oil-well brines tested is 38 per cent that of the Na (by weight), the
boxicity cen be expected to be ot loast ns great as thet of sodium alone,

Unfortunately nost of the toxicity determinations on salts hrve
been nado with single salts or on combinations of two salts, not on such
nixtures as the oil-well brines, The samples tested had the following
. percentage composition:

NaCl, . 71 per cent EKC1, 0.5 per cent
CaClo, 15 * # KBr, 0,3 n
MgClp, 5 " Other snlts, 8,2 "

According to representative published accounts, salts differ
markedly in toxicity (Table 9), A comparison of the data in Table 9
with that in Plate 1 will show that death of the fish tested by us
could be attributed to the separate action of each of two or more of
the constituent salts, : '

TABLE 9, REPRESENTATIVE DETERMINATION OF TOXICITY THRESHOLDS OF SALTS

Salt Species of fish | Concentration Time to kill { Author (date)
, _ (p.p.m,)
NaCl Goldfish 10,000 4 to 7 days |Garrey (1916)
do, 11,765 17 hours Powers (1917)
Golden shiner 10,000 97 hours Wiebe, Burr and
Faubion (1934)
CaClp do. 5,000 ‘1u3.2 hours do.
do. 10,000 27.0 hours do,
Sunfish 10,000 48  hours do.
MgClo Sand shiner 476 4 to 6 days |Garrey (1916)
Golden shiner 5,000 96 hours Wiebe, et al, (1934)
EC1 Sand shiner 373 12 to 29 hrs,|Garrey (1916)
Goldfish 74,6 4 hrs, 40 min|Powers (1917)
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FURTHER RESEARCHES ON BRINE POLLUTION

In as much as this series of toleration tests did not completely
-answer why the brine polluted stream in question has been eliminated
as a trout stream, further research on this problem is needed, The
special lines of inquiries are as follows:

1, Plens are progressing for a further detailed investigation to
detormine the effects of brines on early developmental stages of the
trout. Special emphasis will be pleced upon the eggs snd young fry
steges, Somc stages may be particularly susceptible,

2. Tests are needed to determime the effects of brine on trout
food organisms, -Brinc pollution mey affect the availabllity of fish
food,

- 3+ Though some work has been donme on the reaction of fishes to
certain salts, it is advisable to investigate this problem further,
It is possible that fishes may migrate qut of areas polluted by non-
lethal concentrations of brine. Such renctions could explain the
absence of trout in Mansfield Creek, Two methods of studying this
problem will be considered, :ene utilizing a gradient chamber in the
laboratory and one performed in Mensfield Creek, using marked trout.

4, -Another problem which needs to be investigated is to determine
to what extent fish are able.to acclimatize themselves to brine pollu-
tion,

- 5. Since only one type of Michigan brine hns bsen studied, it mny
bo desirable to carry on investigntions with other types which may
present disposal problems, for example, the highly concentrated mag-
nesium dbrine westes at Ludington, Michigan, which will be increasingly
encountered in the expanding magnesium industry due to war demends,

6. Some work has been completed snd more is contemplated as &
contribution to the standardization of methods in the measurcment of
. pollution, Hart, Doudoroff end Greenbank have prepared for early .
publication a detailed set of proposals for standardized tests, Pre-
liminary results on Michigan oil-well brines, in tests conducted
according to these proposed standard methods, are essentinlly in
agreement with those herein reported, '

SUMMARY AND CONCLUSIONS

1, Concentrations of brines containing more then 12,600 p.p,.m,
of totel salts are definitely toxié to the four warm-witer species

(smallmouth bass, pumpkinsecd, stickleback and blesk bullhesd) dn a
96 hour test period. ' ' -

2, The bullheads were the most tolerant of the four species,
surviving a 96 hour test period in sbout 12,600 p,p,m. of totsl salts.



The smallmouth bass were the most eusceptible, tolerating only 6,300
PePelle of total salt,

3. The cold~-water species, brook, brown and rainbow trout were
found to tolerate fromtwo to four times a greater brine concentration
than were the four warmwater species, Of the three species of trout,
the brook was the most tolerant, surviving in a concentration about
25,200 p.p.m, of salts, The brown and the rainbow trout were found to
tolerate a concentration equal to 88 per cent of that tolerated by the
brook trout,

4, The deloterious effect of brine on trout appears to vary with
age and development, Preliminary results Indicated that trout eggs
and sac fry were about twice as susceptibdle as weére fingerling trout.

5« The only appreciable effect of temperature on the tolerance of
fish to brine was expressed by a longer survivel time in lethal concen-
trations. The consistent tolerance limits were found to remain the
same, : : :

6., ¥ish exposed to high concentrations of brines ( and appearing to
be dead) were found to be shocked. Revival could be accomplishod by the
removal of the fish to fresh water, ' o '

7. The death -of fish in brine is not wholly dus to the .increased
osmotic pressure in the test medium, -Specific toxicity is also involved.

8, The ninimum dilutions of brine necessary to render it non-lethal

for :a 96 hour test period varied from 1:11,5 to 1 k9 for the -seven species
of fish tested (Table 10).

’TABLE 10‘ BRINE DILUTIONS CONSISTENTLY TOLERATED BY FISH

, o Parts of dilution water " Percentage of brine
Species S (to 1 of brine) ‘ (by volune)
Brook trout ' 11.5 -8
Brown trout ' o 13 7
Rainbow trout 13 T
Black bullhead 19 b
Brook stickleback 32 3
Pumpkinseed 9 2,5
Smallmouth bass - 9 2

. The dilutions indicated cannot be taken as a safe limit for streams,
unless some safety factor is applied., Some other species of fish or some
stage in development may be more susceptible than those tested. TFood
organisms may be destroyed by concentrations below those lethal to fish,
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Fish nay react negatively to sublethal doses., Available evidence is not
suffieient to fix the safety factor, without being arbditrary.
Tests performed by George N, Washburn and Carl L. Bubbs,
Supervision: Professor Carl L, Hubbs, University Museums; Dr, A, S,
Hazzard, Director, Institute for Fisheries Research,
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