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In .recent years considerable attention has been focused on the 
pollution of Michigan streams by oil-well brines. In August of 
1942 1 staff members of the Institute for Fisheries Research conducted 
a preliminary field investigation of brine pollution. This led to 
Institute Fisheries Report No. 805, 11 The Preliminary Inspection of 
Mansfield Creek, Arenac Cou..~ty, with Reference to the Salt Water 
Pollution. n 

In this report the pollution of Mansfield Creek was attributed 
to the large quantities of concentra.ted brines which escape into 
the stream. Mansfield Creek, a tri but?..ry to the Rifle River courses 
through P.n oil-producing 21.rea in the north-central p~rt of Arenac 
County. L!'!.rge volumes of brine H:re brought to the surface during 
oil pumping operP.tions in this field, but most of this brine is 
collected in an intercepting line 1.'nd then returned to its origin~l 
subs trat-3. by pressure pwnp. Some of this brine escapes and possibly 
reaches the stream. However, the most definite and serious source 
of brine pollution is En uncapped flowing brine well. The estime.ted 
dische.rge of this well is 100 ge.llons per minute. The entire flow 
~rope~rs to re~ch Mansfield Creek through surfoee drPinE>,ge P.nd 
seepage. No fish could be found in the seriously polluted Prea. 

At the reauest of P. J. Hoffmaster, Direetor of the Department 
of Conserv~tion nnd Supervisor of Wells for the st9.te of Michignn, 
the Institute for Fisheries Resee.rch ha.s undertaken a series of 
tests to determine the maximum concentration of these oil-well 
brines which cE!.n be tolereted by species of fish that inhe.bit the 
region where this pollution occurs. 
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Two brine s~mples were secured for tllis study on August 1, 1942. 
One 5-gDllon sample was tP,ken from a return line at the Swr,nson
Rornoor-Shephard leP-Sl'c 8.nd is referred to as the Swanson-Romoor-Shephard 
brine. This is a composite brine, derived from sever?l oil wells. The 
other 5-gallon sample was tRken from the flowing well ( the ArenAc SF..l t 
Company well). An additional 5-gallon sample wns secured by conserva
tion officer Milton Misner from this same well on JanuRry 18, 1943, to 
complete the experimental work, 

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

CHEMICAL ANALYSIS OF MICHIGAN SALT BRINES 

R~sult~ are indicPted in milligrams per liter of brine. 

l,, Swanson-Romoor-Shephard 'Lease. Sec. 4, Clayton Township, Arenr-tc Co. 

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

Report: 

Total solids (110° c.) 
Specific grRvity 
pH 
Chloride Rnd Bromide (as Cl) 
Bromide 
Chloride 
Sulfate 
Bica.rbonate 
Calcium 
Magnesium 
Pota.ssium 
Sodium 
Silica. 
Fe and .Al 

308,270 
1.139 
6.20 

175.390 
612 

175,200 
352 
,46 

14.030 
, 3,316 

975 
91,,385 

·less thari 20 
0 

To obtain conventionnl combinD.tions, the v~lue of sodium, 
being le".st certdn, wss ch':'.nged to 91,030 in order to obtain a 
balance of positive'~nd neg~tive r~dicals. The small amount of 
bicRrbonRte w~s neglected. 

Oonvention~l Combinations: 

Pot~ssium bromide 
PotPssium chloride 
Sodium chloride 
Magnesium chloride 
Calcium chloride 
Calcium sulfa.te 

Totals 

911 
1,239 

231,350 
12,985 
38,450 

49~ 
285,48 

as hexPllydra te: 
a.s dihydrate: 
as dihydr~te: 

27,730 
50,920 

631 
312,831 



?. Arenac Salt. Co. Section 3, Clayton Township, .ArenA.c County. 

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

Report: 

Total solids (110° c.) 
Specific gravity 
pH 
Chloride and Bromide (as Cl) 
Bromide 

315,090 
1.198 
5.79 

180,600 
754 

180,300 Chloride 
Sulfate 
Bica.rbonate 
Calcium 
Magnesium 
Pota.ssium 
Sodium 
Silica 
Fe and Al 

155 
37 

17,612 
4,150 
1,240 

89,570 
less the.n 20 

0 

To obtain conventional combine.tions, the value of sodium, 
being the least certain, had to be changed to 88,440 in order to 
obt:>.in a be.lance of positive and negnti ve radicals. The small 
amount of bicRrbonate wa.s neglected. 

Conventional Combinations: 

Pott.'.ssium bromide 
Potassium chloride 
Sodiu.m chloride 
Magnesium chloride 
C~lcium chlofide 
Ce.lcuim sulfato 

Totals 

1,123 
1,663 

224,770 
16,250 
48,590 

219 
292,615 

RS hexe..hydr?.to: 
ns dihydrnto: 
e.s dihydrl'.to: 

34,700 
64,370 
_____m 
3~ 

Analysis completod MP.rch 6, 1943 
Ann Arbor, Michigan 

(signed) 
Arno Hf'l.rry Albert Heyn, Teaching 
Fellow in Analytimil Chemistry, 
University of Michig~n. 

FISH USED A.WD METHODS EMPLOYED 

Seven species of fish assumed to bo represcnktive of the fE'unr, of 
M~.nsfield Creek prior to its pollution, wore used in these tests. Four, 
regarded o,s WFt:rm-wE'.ter species, ~ro bl~.ck bullheoo. (Ameiurus melt-s). smP.11-
mouth bnss (Micropterus dolomieu), pumpkinsoed {Lopomis gibbosus) and 
brook sticklcbn.ck (EucRli11. inconstt:.ns). The three cold .. wr>,ter types tested 
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wore brook trout ( SCT.lvolinus fontinnlis), brown trout ( Salmo truttf'. fEi.rio) 
Pnd rainbow trout ( Se.lmo go.irdnerii iridous). Since tho fingerling t'ro'ut" 
proved to be unexpectedly resistrnt to the brine, 1i.Ild yet seemed to hnve 
been exterminated in the creok, it was thought thr.t the eggs ~.nd fry might 
prove to be more susceptible thf'.ll the oldor fish; consequently, tests were 
o1so run on these young stf'.gos. 

Tho blnck bullhe!',ds provided particularly good exporimen tnl mn torir>.1; 
they were a very uniform stock because they wero nll tP.Jcon l',s 2- to 3--inch 
fish, from a single school, rnd were therefore of the SP.me nge P.nd pnrenta,ge. 
Tho stock which had been collected in Susterkn Pond, nef'~ Rc:i.wsonville, in 
August of 1942 was kopt for severP..l months without loss, throughout the 
period of the trials. These bullhor.ds remr,,ined in good condition tmd grew 
rP.thor rapidly in the stock tank. 

The smnll-mouth bass wore e.lso of uniform stock. They were secured 
o.s 2- to 3-inch fish of this year's hntch, from the Federr,l Fish Hatchery 
nt ~orthville, Michig~n. These hatchery-raised fish held well in stock 
tanks. 

The pumpkinseeds wero all soined from tho Huron River, e.bout 4 miles 
west of .Ann Arbor. They were 2- to 3-inchos long and ~-t leEi.st one yef'.r 
old. 

Tho brook sticklebD.cks, l½ to 2½ inches long, were seined from 
Mnnsficld Creek above the polluted section. 

The fingerling brook, brown r:nd rainbow trout were obtained from the 
Federal Fish Hntchery P.t Northville. Trout used in the experiments were 
preserved at denth, Following are the size r,mges in inches ( totfl.l length) 
for each species; brook (22 fish) }!-5½; brown (38 fish) 2 3/8-3 7/8; 
rainbow_ (32 fish) 2 3/8-3 7/8. ';rhe srune hc.-,.tchery supplied tho eggs P.nd 
fry ns follows: brook trout eggs which h~d been kept 65 to 75 dnys, 
fourteen de,y old eyed eggs of ra.inbow trout rnd fourteen dD.y old S"C fry 
of the brown trout. These oggs and fry had ~-11 been rcr.rcd at 39° to 
4o° F. 

The Wf',rn wf.',tcr species wore 4eld. i.n stock tanks rtt the Experioontal 
.Aquarium at the University lviuseiJ.nlS buildin~. The cold-w~.ter forns were 
kept in live boxes in a spring-fed stream. All of the fish were fed at 
rcgulr.r interv?..ls,. The nortali ty wns not ooro than 5 per cent for e.ny 
species. 

All of tho tolere.nco tests wore conducted in the Experir.ient~.l 
AquariUD. Dilution water used in prepe.ring the vr,rious test concentrn
tions wa.s the fil tcrcd circulf'.ting AquP.riun wntor, which in ue--11y- tests 
h!'..s proven to be st.tisfr.ctory for tho nP.intemmce of fish life. Duo 
to changes caused by the regenor~ tion of tho filter, the pH VF.tried 
fron 7.2 to 7.9 and dissolved oxygen r~ngcd fron 6.9 to 8.5 p.p.o. 
'I'hc wntcr wns rcl~.tively soft (r.icthyl or!lngo r.lkE1.lini ty ;:,,bout 42 p.p.r:i.). 
Tho noI'Dal toupore.turo for tho aqun.riUD-r0or.i wr.ter (80° F.) wt'.S i:ie.intained 
for all of the wnrt1-we.ter fish tests. For the cold-water species, the 
tcopcrnture W!'.S held 1:t a 50° F. lovol by a. cold.,-we,tor jnckot surrounding 
the test jars. 
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The expcrioental equipoent consisted of wide-i:1outh two-q_uart and 
one~g~llon glass jas, each vocerod l"..Ild each equipped with an air 
line. All of the wari:i-wo.ter species were tested in the two-quart 
containers in t>. one-11 ter nediUll. As the trout were ln.rger, thoy were 
tested in tho gallon jnrs, each contl'.ining 2.5 11 ters of solution, 

All of the test solutions were pre-aerated for 20 oinutos, to· 
insure an £'.deqUf'.te supply of dissolved oxygen froti the stnrt, and the 
!'.oration W?.s continued throughout tho run. Two fish were used in ~r.ch 
~est je.r, The tioo of death was noted for those that died within the 
liDits of the 96-hour tost period. This is tho tine lir.iit which in our 
experience has .seeued oost desirable for routine toxicity-threshold 
tests. When unexpected or inconsistent results wore obtl"tined t:-.t P.ny 
given conccntrC'.tion, duplicate tests were rmde, And all of the dntn 
were tnbulated. The trout eggs nnd fry were tested in lots of 50 for 
a 10-d:,y period, in order to obtn.in relin.ble results. 

The consistent tolorc:i...1.ce lil.:li ts were !tpproxior.ted by ini tinl tests 
with widely different concontr~tions, nna were more precisely fixed by 
trinls with concentr~tions interpolr-,ted between those which killed nnd 
those which 1id not kill the fish within 96 hours. The consistent 
tolernnce lioit is the highest concentrn.tion nt which all of the fish 
c~ be expected to survive (disregrrding records of dee.th tht".t do not 
seem e.ttributable to the toxic action of the test r:ie.tcrinl). The 
values npproxinato the nscortr.ined lethP.l thresholds e.t which sonc of 
the fish nre killed. It ohould be borne in nind. thr.t the consistent 
tolerance lioits refer to the r,ctuP.l results obtf'.inod under oxperinentRl 
conditions. It can not be F'-ssur.ied thr>.t the concentr('.tions tolerRtec'l. by 
the particular fish tested would prove innocuous in~ stree.n. Sone 
oe..rgin of snfety is co.lled for. 

RESULTS 
We conducted the first series of tests with the Sw?nson-Roooor~ 

Shephnrdbrine, using three wnro-wator species. The second series, 
using the sat10 species, wEtS run on the Aronnc Brine. The rosul ts £'.re 
expressed in Tables l ?.nd 2, r.nc. r..ro then conpFtred. 

DISCUSSION .AND INTERPRETATION OF TESTS SUi•iiviARIZED IN TABLE 1 .... 
ConcentrRtions of stock brine above 100,000 p.p.o. (co~tRining 85,222 
p.p.o, of chloride snlts) are highly toxic, bringing r,,bout der.th to 
the 3 species in less tht:-.n one hour. When the fish wore tested in 
the 300,000 p.p.o. brine se.uple, denth wf'.s sudden, The effect w0.s 
ouch like tht,t of e. shock: the fish lost brlenco and their respir11 ... 
tory r.iovenents ceased alnost ioued.intely. These syoptor1s were not so 
pronounced at lower concentrations (balow 100,000 p.p,n.) ruid wore not 
evident when the fish were plncod in concentr,tions nppror,ching the 
lethal threshold. All of the fish which succunbcd before the terninntion 
of the tost period revealed on exanination, ~ highly inflnned condition 
of the gill filnnents end hooorrhnges in the thin fin ocnbrnnes. These 
syopto2:1s le.:-•d one to suspect th~t der-,,th is er.used by a."l f'.brupt ch:>ngo in 
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TABLE l. EXPERUalNTAL RUN WITH :BLACK BASS, PUMPKINSEED AND STICKLE:BACK 
IN .DIFFERENT CONCENTru.TIONS OF . THE SW.ANSON*ROi,lOOR*SHEPHARD 

OIL*WELL :BRINE 

Experinent stnrted August 8, 1942 

Concontra.tion of test sa.oples Nw:ibor Fish used in tosts nnd survivnl tines, 
P.p.n. of P.p.o. of P.p.ra. of of {Hrs.: Min.: Sec.) 

stock total chloride fish 
brine snlts salts l3a.ss Punpkinseeds Stickleb~.cks 

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 0;02:10 
l 0:02;21 

l 0,02:45 0:02:51 0:03:00 
200,000 61~654 56,814 l 0:02:51 0:03:50 b:03:12 

1 0:03:0l 
1 0:03:12 

100,000 30,827 28,407 l 0:29;00 0:~:00 o,as:oo 
1 0:31:00 O: :OO o: 6:oo 

75,000 23,120 21,305 l 05:18:00 04:15:00 05:40:00 
1 05;21:00 05:00:00 06:21:00 

65.000 20,037 18,464 l 05:15:00 06:20:00 
l 06:15:00 07:00;00 

55,000 16,054 15,624 l 18:45;00 ~7:00:00 19:30:00 
1 31:30:00. 2:30:00 36;00:00 

50,000 15,413 14,203 l 71:00:00 41:00:00 
1 78:00:00 67;00:00 

45,000 13,872 12,783 1 24:30:00 27:00:00 69:00:00 
1 96+ •• •• 30:15:00 96.,. ..... 

40,000 12,330 11,362 l 96.+-•• •• 83:00:00 42:00:00 
1 96-r.. • • . 96.,. •• •• 48:00:00 

35,000 10,789 9,942 l 66:30:00 90:00:00 96+ •• •• 
1 87:00:00 96+ •• .. 96;. •• • • 
2 96+ .. •• 

30,000 9,248 8,522 1 21:10:00 96+ •• .. 96+ •• • • 
1 92:00:00 96+ •• .. 96t .. • • 

25,000 1.106 7,101 2 96- •• •• 96;- •• • • 96"1" •• • • 

20,000 6,165 5,618 2 96+ •• •• 96.;, •• • • 96r. • . . 
15,000 4,624 4,261 2 96+ •• . . 96+ •• . . 96+ •• .. 
10,000 3,082 2,840 2 96-;. •• • • 96.+, •• . . 96+ •• .. 
Control 2 96.\-•• •• 96-, •• • • 96+ •• • • 
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the osmotic pressure. Each 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 ·rish for a 96-hour test are·as follows: 

Smallmouth bass: 25,000 p.p,m. of stock brine, conta~ning 7,706 
p.p.m. of total solids of which 7,101 p.p.m. are chlorides. 

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

Stickleback: 35,000 p.p.m. of stock brine, containing 9,942 p.p.m. 
_of chlorides. 

Of the 3 species tested with the SwPnson-Romoor-Shephard brine the 
sticklebacks were the most resistant, the pumpkinseeds next and the 
bass the most susceptible, The percentage of difference of toleration 
between the 3 species is r.i,s follows: the sticklebacks tolerE:ted 14 per 
cent more chloride thnn the pumpkinseeds did, El.lld 29 per cent more th~.n 
the be,ss. The pumpkinseeds tolere.ted 12 per cent more chloride than did 
the bass. 

DISCUSSION AND INTEBPBETATION OF TESTS SUMMARIZED IN TABLE 2.
Concentrations of stock brine nbovo 100.000 p.p.m, are highly toxic, 
producing death in less than 45 minutes. Fish in these h:igh concen
trations exhibited the srune nctions rnd symptoms as previously 
described in the interpretr.tion of de.tr. in Ti:tble 1, Ag1c.in, these 
fish vr.riod considerRbl;r in tolerance te concentrr>.tions th?.t aJ:proached 
tho lethal threshold, The thresholds P.re not clear-cut and a·consider
able rE"ngc in individual tolerance can be expected. Consequently, the 
consistent tolernn.ce limits ns osti,.blished t=tre np:iroximJ:tte. The 
stioklebncks were again the more resistMt of the 3 species surviving in 
a. sto.ck concentre.tion of 30,000 p,p.m. (conte.ining 9,248 p.p.m. of totP.l 
solids Qf which 8,738 p.p.m. were chlorides). The pumpkinseeds were 
next, tolerating 25,000 p.p.m. of stock brine, htwing n composition of 
7,706 p.p.m. totl'..l solids of which 7,281 p.p.m. were chlorides. The 
bass wore the most susceptible, being nblo to tolorr-.te only n 20,000 
:p.p.m. concentrl'l,tion of stock brine contf),ining 6,165 p.p.m. of total 
solids of which 5,825 p.p.m. were chlorides. 

COMPARISON OF THE TOXICITY OF THE TWO BRINES 

Tho three species of fis~ that were tested tolere.ted R sooewhP.t 
higher concentration of the Swanson-.Romoor-Shephard brine thrui of the 
Arennc brine. It was expected th..~.t the rcs?cctiva tolerf'cnce lifi ts, 
as expressed in teros of the chloride contel'.lt, would be approxirJD.tely 
the snne for the three species, since tho chenicel analyses of the two 



TABLE 2. EXPERTI>iJENTAL RUN WITH SMALLMOUTH :BASS, PUMPKINSEEDS AJ.1D STICKLEBACKS 
IN DIFFERENT CONCEMTRATIONS OF THE ARENAC SALT COMP.ANY :BRINE 

Experiment started Augusts. 1942 
Concentration of test samDles Number Fish used in tests and survival times, 

;p.p.m. of P.p.m. of ~.p,m. of of (Hrs.; Min.: Sec.) . 
stock total chloride fish 

l3ass · Pumpkinseeds Stickle backs 
brine salts salts 

300,000 94,527 87,381 l · 0;00;51 0:00;53 . 0:01:12 
l 0;00:55 0:00;56 0:01;22 
l O;Ol:09 
l O-;Ol:15 

200,000 63,018 58,254 1 0:0l:~ 0:01;4? 0:01:59 
1 O:Ol: 0:02:05 0:02:01 
1 0:02:30 0:03:10 
l 0:02:51 

100,000 31,509 29,127 l 0:17:00 -0:18:00 o:as:oo 
l 0:22:00 0:23:00 O: 1:00 

80,000 25,207 23,301 l 1:20:00 
l 2;05:00 

75,000 23,631 21,845 1 2:10.:00 2:20:00 2:00:00 
l 2:51:00 }tl0:00 2:10:00 

70,000 22,056 20,389 1 2:20:00 
1 2;40:00 

65,000 20,480 18,932 i 4:47:00 5:10:00 
l 6:10:00 7:40:00 

60,000 18,905 17 ,_476 l 3:50:00 
l 4:15:00 

55,000 17,329 16,020 1 36:30:00 35:00:00 
1 37:15:00 38:30:00 

50,000 15,754 14,563 1 10:05:00 41~:35:00 .27:50:00 
1 58;10:00 62:00:00 28:10:00 

45,000 14,179 13,107 l 48,l0z0O 72:00;00 
1 96t •• •• 96+.' '" 

40,000 12,603 11,650 49;45:00 66:00:00 
I 

1 46;35:00 
l 96+ •. •• 96+ •••• 51:20:00 

35,000 11,028 10,194 1 961-•• •• 78:00:00 60:00:00 
1 96+. •••• 96+ •• •• 71:00:00 

30,000 9,452 8,738 1 51:lOt0O 67:00:00 96+ •• •• 
l 96+ .• .• 96+.' •• 96+ •• • • 

25,000 7,877 7,281 1 28:00:00 96', •• •• 96.,. •• • • 
l 96-1-•• . . 96+ •• •• 96+ •• . . 

20,000 6,301 5,825 2 96+-, .. . .. 96;- •• . .. 96,+, •• •• 
10,000 3,150 2,912 2 96;- •• ' . 96.r •• ., 96.r •• •• 
Control 2 96+ •• '. 9bf., •• 9o-; •• • • 
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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 range of concentrations over which some 
fish died and others lived, the consistent-tolerance limits cannot be 
regarded as certainly established. Even if we assume thnt these 
limits a.re correctly determined, uniformly indicating, as shown in 
Tables l ond 2, consistent tolerance limits of 5,000 p.p.m. greater 
for tlie Swansou"Romoor-Shephard than for the Arenac brine. still no 
difforenc~ in resistance to the salt content would be demonstrated. 
The tests were madeat concentration differences of 5,000 p.p.m., 
and tho limits may lie e.nywhore between those limits. On this basis 
the consistent tolerance limits to p.p.m. of chloride salts for the 
bass is more properly eXpressed as 7,101 to S,522 p.p.m. for the 
Swruison-RomoQr-Shephard brine rnd 5,825 to 7,281 p.p.m. for the 
Arenac brine. Since those values overlap for each species, the true 
consistent tolerance limits for the two brines may be identicn1-say 
et 7,200 p.p.m. for the bass. 

The differences in toxicity (expressed in tolernnce) for the 
two brine·. s~ples d')es not warrant additional tests with the 
Sw~..nso~...aomoor-Shephnrd brine, as it is a question as to the possible 
e::::tent--]hat this brine contributes to the pollution of the stream 
under study, whereby it is a known fact that the .Arenac brine does 
direotly_contribute to the polution of this stream, 

. '•·: 

FURTHER FISH TOLERATION ~STS WITH THE .ABEN.AC :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, brook, brown and rainbow trout. In addition, as previously 
mentioned (page 4), various younger stages of the three species of 
trout were tested. Tables 3 to 7 present the results of those supple
mentary experiments. 

DISCUSSION AND INTERPRETATION OF TESTS SUMlfilIZED 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 tho sudden change in osmotic pressure. The gill 
filaments ruid the fin membrf..ncs become highly inflamed. The fish lost 
balance almost immediately on contact with the sP.lt water r,nd respira
tory movements coE>.sod E', fow seconds lntor. Concentrritions between 
43,000 and 100,000 p.p.m. of stock brine aro only moder~tcly toxic, 
requiring from e. few to several hours to bring about death. Severnl 
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 becrune quite dormant in a few hours, nnd this condition 
continued until nenrly P,ll of the e.ctivity censed and the fish appenred 
to be dead. However• on nn l'tctURl physical con t~.ct, such as pricking, 
the fish made a feeble response. Severe.l times those stupified fish 
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.T.A:BLE 3. EXPERIMENTAL RUN WI TH THE BLACK BULLHEAD IN DIFFERENT 
CONCENTRATIONS OF THE ARENAC BRINE 

Experiment started December 7, 1942 
do:-.:iee:atration of test samples Number Survival times 

p C -;~i:~ ~0.• •~: r.p.m. 01 .t'.p.m. or of fish 
;-:i l {) c·.te total chloride tested 
·:1:'S;__10 salts salts Hrs. Min. Sec. 

300_$_000 91.1-,527 · 87,38'1 l • • • ••• 58 
1 ••• l 3 
l . ", l 12 
l .. , l 15 

200,000 63,018 5~.254 l ••• 1 ~ l ••• 1 
l .. ~ 2 10 
l • • • 3 ••• 

100,000 31,509 29,127 l • • • 49 •· .. 
1 • • • 53 ••• 
l .,. 57 • •• 
1 l 2 ••• 

80,000 25,207 23,301 l 1 40 ••• 
1 2 10 ••• 

75,000 23,631 21,845 1 l 55 ••• 
1 2 20 ••• 

70,000 22,056 20,389 l 2 30 ••• 
1 2 50 .,. 

65,000 20,480 18,932 1 3 15 ••• 
1- 3 30 ••• 

60,000 18,905 17,476 1 4 40 ••• 
1 7 25 ••• 

55,000 17,329 16,020 2 11 to 19 hrs. 

50,000 15,754 14,563 1 18 55 ••• 
l 23 25 ••• 

45,000 14,179 13,107 l 28 45 ••• 
1 31 40 . '. 

43,000 13,548 12,524 l 28 45 ••• 
l 

-~ 

••• • •• 
l • • • ••• 
1 47 ••• • •• 

4o,ooo 12,603 11,650 2 96+ ••• .... 
35,000 11110~8 10,194 2 96+ ••• ••• 

25,000 7,877 7,281 2 96+ • • • ••• 

20,000 6,301 5,825 2 96t • • • ••• 
Control 2 96.t- • • • ••• 
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were seen to become active very suddenly, dartin~ about the tank 
violently for several seconds, after which they became stiff and 
settled to the bottom. They were all tested immediately and found 
to be dead, for no stimulus would bring about a response. The 
bullheads were the only fish tested which exhibited these peculiar 
death reactions. The consistent tolerance threshold established 
by the bullheads was 40,000 p.p.m. of stock brine (containing 
12,603 p.p.m. of total solids, including 11,650 p.p,m, of chloride 
salts). 

SUDDEN SHOOK , SIMULATING DEATH , PRODUCED IN ::BULLHEADS :SY HIGH 
CONCENTEATIONS OF BRINE 

Some of the bullheads which he~ apparently been killed by a 
short exposure to strong concentrations of the Arenac brine recovered 
when replaced in fresh water. T'ney 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, end the 
shock is thought to have resulted from the sudden intense change in 
osmotic pressure. At lower concentrations tho shock was less but 
absorption of salts relatively greater, bec~use of the longer time of 
exposure. Tho possibility of reviving tho fish with fresh water seems 
to stand in direct proportion to the concentration of brine (Table 4). 
The time required for revival, however, seems to be positively cerre
lated with the time required to produce the shock thnt simulates 
death. These tests I:lay bear some relation to tho flash disposal of 
brine wastes. 

TABLE 4. PERCENTAGE OF REVIVAL OF APPARENTLY DE.AD :BULLHEADS, 
WHEN CHANGED FROM SALT SOLUTIONS TO FBESH WATER 

Concentration of brine NUJ:1ber Average tir.ie Average tirae Percent of 
P.p.m. of P.p.m. of of fish required to required to fish 
stock brine chlorides tested nroduce shock revive :revived 

Hrs. Min. Sec. Min. Percent 
300,000 87,381 14- ••• 1 7 2b 75 
200,000 58,254 4 ••• 2 13 ~ 50 
100,000 29,127 4 ••• 53 • •• 25 

80,000 23,301 4 l 15 ••• - 0 
75,000 21,845 4 l 28 ••• - 0 

TOLERATION TESTS CONDUCTED WITH THREE SPECIES OF TROUT 

:Brook, brown and rainbow trout, in fingerling, egg and s~c fry 
stA.ges, were tested to determine their toleration to the Arenac brine. 
All of these expericents woro conducted ln one-gl'\.llon jars at 50° F. 
The duration of tho test for the fingerlings was 96 hours {the sane ~s 
for the warm-water species). For the eggs f".nd SA.C fry, the toleration 
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~est period was extended to 10 days. The 3 species were tested simultane
ously under identical conditions. Ooncent~ations for tho latter pa,rt of 
these tests were prepared with the new brine sample collected from the 
Arenac well in January. A total-solid e..nd chloride analysis of this 
sample reveeJ.ed very little difference in chemical composition. The 
analysis of tho original Aren!'.Q brine sample indicated tht1.t it contf'.ined 
315,090 p.p.m~ of tote.l solids, including 180,600 p.p.m. of Cl 4 Br. The 
e.nalysis of the second sample revealed a conc;e~~rt:i,tion of 314,811 p.p,m. 
total solids including 180,510 p.p.m. of Cl+ !r, Since the differences 
in the e.nalyses is hardly significant, the comput~.tions for concentrP.tions 
were based on tho original analysis. 

The results of these tests: are deeJ.t with in throe tr>.bles: TF.1,ble 5 
treE'.ts the fingerlings; T1.',ble 6 dee.ls with the eggs Plld SP.c fry; Tn.ble 7 
compe.res the results for the three developmen ta.l s ta.gee, 

DISCUSSION ~"D INTERPRETATION OF TESTS SUMM.ARIZJ!:D IN TABLE 5-
Concentrntions above 150,000 p.p.m, of stock brine r..re only modern.toly 
toxic, requiring ovor 1 hour to prod.uce der-,th. Concentrations from 
80,000 to 100,.000 p,p.m. hei.ve only n slight toxic effect upon the 
three species of tr~ut. The brook trout, the most tolernnt of the 
three species, were Pble to su,rvive a 96 h&ur test period inn stock 
concentrP,tion tif SO, 000 p.p.m. ( cont?.ining 25 1 207 p.p.m. of totru. 
solids including 23,301 p.p.m. of chloride SP-.1 ts). The brown c1.nd 
rP.i:ilbow trout Agreed in their consistent tltlerE1.nce limit-70,000 p,p.m, 
of stock brine (containing 22,096 p.p.m, of tott>.l solids, including 
20,389 p.p.m. of chl8dde s~lts). The brook trout were a.ble to tolerr-.te 
about 12 per cent more chloride than either the brown or rninbow. The 
three species of trout when subjected to brine concentrntions npproaching 
the consistent tolerl'.nce limits, exhibited sluggish behEi.vior. They lost 
equilibrium P.fter n 20 to 30 hour exposure, r:1.nd the res:piratory movement 
grndua,lly became very slow (as low ns 7 i,r 8 per minute), yet tho fish 
continued to live in this stupor for n'.lany hours, This condition was most 
pronounced a.mo1'g the rainbow trout. Some of these motionless fish survived 
the 96 hour test period. A problem ~rises ~s to how these stupefied fish 
tlu>.t survived the 96 hour test should 'bo listed. For practicr.l purposes 
they are de~d. Attempts to recover them failed, They 41•d within a few 
hours whether they were retr.ined in the brine or were t:rllllsferred to fresh 
water. T:tl,ey were listed a.s live, however, if they showed eny sign of life. 

TOXIC EFFECTS OF ARENAC BRilf.E ON EARLY DEVELOPlifENTAL STAGES OF TROUT 

During the experiments on the fingerling trout, the smaller of the 
two fish in oach test jar wc>,s the first to die. These observe.tions 
seemed to show that the smnller fish El.re the more suscentible to the 
brtne, In order to determine whether rounger fish or d~veloping egg~ 
may be still more susceptible, preliminary tolera.nce tests were conducted 
on eggs ?.nd on sac fry. Further experiments on the early ste.ges nre 
contemplated. 
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TABLE 5. EXPERIME}TTAL RUN WITH THE BROOK, BRO't!N AND RAINBOW TROUT rn DIFP....RE::1T 
CONCElfllRATIONS OF TEE ARENAC BRU1E 

Experiment started Dec. 18, 1942 
Concentration of test samnle Number . Fish-used in.test -and survival times 

P.p.m. of P.p.m. of P.,p.m. of of Brook trout :Brown trout Rainbow trout 
stock total chloride fish 
brine · solids salts tested Hrs. Min. Hrs. Min. Hrs. Min. 

200,000 63,018 58,251.1, 1 l 15 l g 1 8 
l l 22 l 27 1 23 

150,000 47,269 43,690 l a 55 .2 10 2 40 
1 50 2 50 3 10 

110,000 34,659 32,040 1 11 35 7 15 8 a~ 1 .17 ••• 15 • •• 13 

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 32r454 30,001 l 20 45 
1 23 15 

100,000 31,509 29,127 1 26 30 11 30 19 4o 
1 32 15 17 50 21 10 

94,000 29,618 27,669 l 22 45 
1 23 15 

92,000 28,988 26,797 1 15 20 
l 16 ••• 

90,000 28,358 26,214 · 1 ·~ 10 21 ••• 
l ••• 25 20 

87,000 27,412 25,;340 1 40 30 21 40 
l 42 ••• 27 25 

86,ooo 27,097 25,049 1 46 ••• 
. l 54 30 

80,000 25,207 23,301 1 96+ ••• 52 • •• 78 • •• 
1 96+ • • • 96-t- ••• 9~ ••• 

70,000 22,056 20,389 2 96+ ••• 96.t- .. ' 96.i- ••• 

60,000 18,905 17,476 2 96+ ••• 96+ • •• 96+ ••• 

50,000 15,754 14,563 2 96+ ••• 96+ ' .. 96-t- • •• 

4o,ooo 12,603 11,650 2 96.t . . . 96-t, .. ,. 96;- ••• . 
30,000 9,452 8,738 2 96+ ••• 96-t- - • •• 96+ . .. 
20,000 6,301 5,825 2 96t • • • 96-t, ;. .. 96. • •• 

Control ••• ••• 2 9b-t- • •• 96+ , .. 9&+ ••• 
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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 half-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 prep~red, ranging from a point 
slightly above the consistent tolerance limits established for the 
yearling trout to a concontration•of only a few thousand p.p.m. of 
chloride. Fifty fry or eggs wore placed in each test concentr!l.tion 
e.nd the tests were continued for a period of 10 days. From time to 
timo any dead eggs or fr:, present in the test jars were removed, to 
prevent tho spread of disease r-md the contrunination of the water. At 
the end of the test period, ~ll srupples were counted P~d the d~ta 
recorded in terms of percenta,ge of survivP.l. Teble 6 covers the dP.ta 
obtained during this test. 

TA:BLE 6. PERCENTAGE OF SURVIVAL OF TROUT EGGS AND SAO FRY IN DIFFERENT 
CONOENTBAT IONS OF THE ARENAC :BRINE 

E.xperiment started Feb.2.1943 
Concentration of test srunples Species e~d percent~ge of surviv!'..l for a 

10-d?.y period 
P.p.m. P.p.,m. P.p.m. Brook trout Brown trout k.inbow trout 

of of of eggs, snc fry, eggs, 
stock tote.l chloride developed S days old developed 
brine solids salts 65 ... 75 days 14-20 de.ys 

100,000 31,509 29,127 0 0 0 
85,000 26,782 24,758 0 0 0 
70,000 22,056 20,389 0 0 30 
50,000 15,754 14,563 18 66 82 
30,000 9,452 S, 738 96 100 82 

Control 98 100 88 

DISCUSSION A.ND INTEBPBETATION OF TESTS SUMJ.iiARIZED IN TABLE 6.~fhe 
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 concentre.tion of 50,000 p.p.m. 
It appears tru--.t the consistent tolerance limits for the 65 to 75 day old 
eggs lies somewhere between 30,000 and 50,000 p.p.m, The brown trout sac 
fey reacted similarly, having n 100 per cent mortality in 70,000, 85,000 
and 100,000 p.p.m. of stock brine. Likewise, the consistont toleronco 
limit fell between 30,000 and 50,000 p,p.m. Slightly different results 
were obtained for the re,inbow trout eggs, which showed ft. mortality of 100 
per cent in concentr~tions of 85,000 ~nd 100,000 p.p.m., and of 30 per 
cent in 70,000 p.p~m. Tho 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 
II II II II II 85,000 p.p.m. 11 II " 11 48 " 
II " II II II 70,000 p.p.m. It II " "96 II 

Brown trout fry in a 100,000 p.p.m. concen tra. t ion all dead in 24 hours 
II II II II II 85,000 p.p.m. II II II II 48 ff 

II II II II II 70,000 p.p.m. II II II 11120 II 

The actual survival time for the early-sta&e 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. 

COMP ARI SON OF THE TOLERANCE OF YEARLING TROUT , SAC FRY 
AND DEVELOPING EGGS 

Results from the brine tolerance tests conducted w 1th 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 tho brine concentra
tion that tho brook trout eggs could survive (Table 7). Very similar 
results were found to hold true for the brown trout fingorlings and sac 
fry. Somewha.t le·ss difference was indicated for the rainbow trout · 
yearlings and eyed eggs. 

TABLE 7. TOLERANCE TO :BRUJE OF FINGERLUTG FTOUT, S.AC FRY AlID EGGS 

Approximate consistent tolerance limits 
Species Developmental P.p.m. of P.p.m. of P.p,m. of 

stages stock brine totPl solids chloride salts 

Brook fingerlings 80,000 25,207 23,301 

II 65-70 day old 
eggs 30,000 9,452 8,738 

:Brown fingerlings 70,000 22,056 20,389 

II SEtC fry 30,000 9,452 8,738 

;ae,inbow f'ingerlings 70,000 22,056 20,389 

u eggs 50,000 15,754 14,563 
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I,HFFEREUCES BETWEEN THE WABM-WATER AND COLD-WATER FISHES 
IN TOLERANCE FOR BRINE 

The three species of trout tested were found to be ca.pable of 
1;olerating 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 taught 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 euryhalino fishes, for those 
which live nee.r the coast migrRte back and forth between sa.1 t and 
fresh waters, a.nd possess some mechnnism which enables them to become 
adjusted to differences in salinity. Even the brook trout migrates to 
the sea where it has the opportunity to do so. The warm-wRter species 
studied are strictly fresh-water fishes, and for this reavon presum
ably lack the ability of the sa.lmonoids to tolerate s~lt water. 

An alternative explanation for the greater toleration of the trouts 
to brine would be th~t they were tested at about 50° F., whereas tho 
warm-water species were run at about 80°. It is a physiological 
principle that fishes become more susceptible to pollute.nts at higher 
tempere.tures, for the metabolic rate rises with the temporl'l.ture (Powers, 
1920). It was thought thc.,.t the wD.rI11-water fish might be as resistant 
as 11ihe trout to brine if they were tested e.t 50° • Thi$ alternative 
explanation, however, was disposed of by the following experiment. 

RELATION BETWEEN TBMPERATUBE AND THE SUSCEPTIBILITY OF BLACK 
BULLHEADS TO THE ARENAC BRINE 

To check the pos~iblity the.t the relfl,tively greE'.t :resista.noe of 
trout to brine wa.s due to the fact the..t they were t~s'i;ed. in cold water, 
experiments were run on the resist~nce of black bullheads to brine, 
when kept e.t 80° and e.t 50° F. Those to be tested at 50° were kept at 
that tempernture for three weeks prior to the experiments. The experi
mental procedure was the same r.s he.d been used for the trouts• 

The results of this test, given in Table. 8 show thr-t the black 
bullheads survived longer in the colder 'Wfl.ter }f\ut th~t the consistent 
tolerM.ce limit remained Rt lenst approximately the same. The survivnl 
time at 50° was 2.7 times as long as nt 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 P.s long in 45,000 p.p.m. The factor probgbly approP.ches 1.0 nt the 
toxicity threshold. 

i/ McCay (1929) determined that bullheads when exposed to a certain 
concentr~.tion of ammonium cnrbonato survived 3 times as long ~.t 10° to 
13° C. as they did at 26° c. Powers (1920) found that the toxicities of 
certain chlorides (lithium, rumnonium) to fishes increased with rise in 
temperature. 
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RELATIVE TOLERANCE OF SEVEN SPECIES 
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TABLE 8. SURVIVAL TIMES OF BLACK llULLHE.ADS IN DIFFEBEUT CONCENTRATIONS 
OF ABENAC l3RINE, RUN AT 500 F. AlID 800 F. 

ConcentrRtion of brine sAmple Number Test temper~tures r>.nd ?.ver?.ge 
of .fish surv i VE'l times 

:P .p.m. of P.p.m. of :P.p.m. of tested 
F. ~/ stock total chloride ~oo 59° F. 

brine solids salts Hrs. Min. '.ijrs. Min. 

~ofooo . 1s,9oa 17,476 2 3 42 9 25 
~ 

ao,ooo 17,75 i4,563 2 21 iO 37 30 
~.ooo 14,179 13,107 2 30 12 50 ••• 

4o,ooo 12,603 11,650 2 96+ • • • 96t ••• 

* Average 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 ?.s a physicnl result of an increrse in 
the osmotic pressure or a chemicRl result of some specific toxic fPctor, 
inherent either in one of the constituents or in the mixture of SBlts. 
As R result of experiments with the sand shiner (Notropis deliciosus) 
Garrey (1916) concluded thRt frosh-water fish are killed by salt con
centrations that produce an 0.srnotic pressure greater than that of the 
fish 1s blood, but that they live in cencentrationsat 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 cencentra
tion of 0.7 per cent (7,000 p.p.m.). 

The results of our tests indicate that the osmotic relations a.re 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 ba.ss, 
which could tolerate about 6,700 p.p.m, of total salt-s, conte.inbg 4,500 
p.p.ml29f NaCl. Bullheads, however, \olerated 12,600 p,p,m. of total 
salts,v containing 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 bo the limit that fresh~wntcr fish cen with
stand. The consistent tolerance limits for the trouts ranged from 22,000 
to 25,200 p.p.m. of total salts, with a NaCl content of 15,700 to 18,000 
p.p.m. The trout in particalar must hf'.yo some mechanism the.t pemits 
them to overcome the effects of high osmotic pressures in the surrounding 
modi-um. The.t such a mechanism operates when salmonoid fisheo pRss back 
end forth between frosh ~d salt water is evident from the physiologic~l 
researches of Greene (1905), He found that the blood of king salmon hc.'"1-d 
an osmotic jressure equivalent to 13,600 p.p.m. of NaCl when the fish 
were living in ocean water {tl:cost 33,000 p.p 11 0, of srJ.t), but thP.t this 
ve.lue dropped to 10,380 p,p,m, when the BP.lmon was in fresh water. 

o/Approxima.te values ~re given in this discussion; fof more precise 
vnlues refer to Plate l. 
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We concluded ther.ofore thnt chenical toxicity 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. mixture was not 
detort1ined. If, a.s might be expected, it is the mixture t hr•.t is 
operntive, the effect of the mixed sP-lts t1ight be nn increP-se in 
toxicity (enhanced by synergetic action) or a decre~.se in toxicity 
(reduced by the antagonistic action of the ce.tions). Sodiun ruid Cl'l.lcium 
srits when mixed are known to be Pntegonistic, but the oixinun ~nte.goniso 
is reached when the Ca content is 10 per cont that of the Na; at higher 
proportions of Ca the antl'.goniso rapidly decrea.ses nnd the synergetic 
action cooes into effect (Powers. 1920). Since the Ca content of the 
oil-well brines tested is 3g per cent thnt of the Na (by weight), the 
toxicity cP.n be expected to be r.t loMt -r.s gre~.t ns thP..t of sodi,m l'l.lone. 

Unfortunately oost of the -toxicity deteroinations on snl ts hrwe 
been ori.do with single salts or on coobinations of two sdts, not on such 
oixtures as the oil"'<!Well brines. The samples tested h~d the following 
percentage cooposition: 

71 per cent 
15 fl ' 
5 II II 

XCl, 
ICBr, 
Other Mits, 

0.5 per cent 
0.3 II II 

8.2 • " 

According to representr-i.tive published accounts, salts differ 
markedly in toxicity (Table 9). A c011parison of the data in Table 9 
with that in Plate lwill 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-. 

TilLE 9. REPBESEUTATIVE DETERMINATION OF TOXICITY THEESHOLDS OF SALTS 

Salt Species of fish I Concentration I Time to kill . Author (da.te) 
. (p.p.m.) 

NaCl Goldfish 10,000 4 to 7 days Garrey (:t916) 
do. 11,765 17 h0'1l'S Powers (1917) 

Golden shiner 10,000 97 hours Wiebe, Burr and 
Faubion (1934) 

CaCl2 do. 5,000 143.5 hours do. 
do. 10,000 · 27.6 hours do. 

Sunfish 10,000 48 hours do. 

MgCl2 Sand shiner 476 4 to 6 days Garrey (1916) 
Golden shiner 5,000 96hours Wiebe, ~ !:.!.• (1934) 

XCl Sand shiner 3it6 
12 to 2i hrs. Garrey (1916) 

Goldfish 4 hrs. O min Powers (1917) 
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FURTHER RESEARCHES ON :SRilrnl POLLUTION 

In as much a.s this series of tolerE1.tion tests did not completely 
-answer why the brine pollv.ted stream in qv.estion has been eliminated 
as a. trout str~am, further research on this probl~m is needed. The 

· special lines of ip.quiries_ are as follows: 

1. PlRns are prqgr.essing for e. further detEtilcd ip.vestig.!'.t~on to 
determine the effects of bri.nes on Ofl.rly developmental stages of the 
trout. Special emphasis will be ple.ced upon the eggs El.nd young fry: 
stP..ges. Somo stnges IIlllY be particularly susceptible. 

" " 

2 •. 'Pests- are needed, to _determine the e:ffects of brine on troµt 
:foo.d oJ;'ganisms. -:Brine poll:u.t.ion .may -Etffect tho avail-ability of fish 
food. 

3. Though some work has b~en done on the reMtion c,.f fishes to 
certain salts., it is advisable to investigate .this .p;rob:Lem f'Ul"ther •. 
It is possible the.t fishes mey migrnto out of areas polluted by non
lethal concentrations of brine. Suell reactions could cxplRin the 
ab_sence o-f t.rout in Mansfield Creek. '?wo methods of studying this 
problem will be considerad, one utilizing a gradient chamber in the 
lnbore.tory Ei.nd one performed in }1~,nsfield Creak. using marked trout. 

4. ·Another pro't!lem- w,hi-ch needs to be invesHgatod is tq .determine 
to what extent fish Rre ·able, to acclima.tize thomsolve~ to brino pollu
tion. 

5. Since only one typ-e of Michigan brine hn.s been studied, it lll/"l,Y 
be desirable to carry on investign.tions with _other types which may 
present disposal problems, for example, the highly concentrated lll8.g
nesium brine WE'.stes at Ludington, Michigan, which will be incrensingly 
encountered in the expnndi:gg mngnesium industry due to w~r deill!'.nds. 

6. · Some work has been completed P.nd more is contemplfl.ted as a 
contribution to the struidardi~ation of _methods in the measurement of 

. pollution. !w.rt, Doudoroff £1.nd GreenbMk have prepared for early . 
publicf'.tion a detailed set of proposals for stP.ndnrdizcd tests. Pre
liminary results on Michigrui oil-well brines, in tests conducted 
according to these proposed standard methods, are essentinlly in 
agreement with those heroin reported. · 

SU1-0-,1ARY AND CONCLUSIONS 

l. Concentrations of brines containing IllOre thr.ll 12,600 p.p.m, 
of -total snl ts are definitely toxic to the· four warm-w~.ter species 
(smallmouth bass, pum.pkinseod, stickleback: And ble.olt bullhet:>.d)"ln a 
96 hour test period, 

2, The bullhonds were tho most toler~nt of the four species, 
surviving a 96 hour test period in about 12,600 p.p,m. of tot~l s~lts. 
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The smallmouth bass were the most susceptible, tolerating only 6,300 
p.p.m. of total salt. 

3. The cold-water species, brook, brown and· rainbow trout were 
found to tolerate from "two to four times a gre:ater brine concentration 
than were the four warm-water 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·trou.t were found to 
tolerate a concentration equal to 88 per cent of that tolera.ted by the 
brook trout. . 

4. The deleterious effect of brine on trout appears to vary with 
age arid deveJ.,opment. Preliminary results ilid.ica.ted that trout eggs 
and sac fry were about twice a.s susceptible a.s were fingerling trout. 

5. Tho only appreciable effect of temperature on the tolere..nce of 
fish to brin_e was expressed by a longer survivfl,l time in lethal concen
tra.tidn·s. The consistent tolerance limits were found to remain the 
same. 

6. Fish exposed to high concentrations of brines ( and appearing to 
be dead) were found to be shocked,. Revival could be accomplished by the 
removal of the fish to frelh water. 

7• The death of fish in brine is not wholly due to the incroa.sed 
osmotic pressure in the test medium. Specific toxicity is also involved. 

8. The t1inimum dilutions of brine necessary to render it non-lethal 
for .a 96 hour test period varied from 1:11 .• 5 to 1:49 for the seven species 
of fish tested (Table 10). 

· TABLE 10. :SRilra DILUTIONS CONSISTENTLY TOLERATED .BY FISH 

Species 

Brook trout 
Brown tro:ut 
Rainbow·trout 
:Black bullhead 
Brook stickleback 
Pumpkinseed 
St1allr.iouth bass 

Parts of dilution· water · 
( to l of brine) 

11.5 
13 
13 
19 
32 

~§ 

Percentage of brine 
(by ·voluoe) 

g 

7 
7 
4 
3 
2.5 
2 

The dilutions indicated can11ot be taken as a safe limit for streams, 
unless so!lle safety fa,ctor is ~pplied. Soce other species of fish or some 
stage in developraent nay be more susceptible than those tested,_ F,qod 
organisms may be destroyed by concentrations below those lethal to fish. 
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Fish oey- react negatively to sublethal doses. Ava.Hable ovidence is not 
sufficient to fix the safety factor, without being arbitrary. 

Tests perforr:ied by George N. Washburn and Carl L. Hubbs. 

Supervision: Professor Carl L. Hubbs, University Museums; Dr. A. s~ 
Hazzard, Director, Institute for Fliheries Research. 
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