SUPERSATURATION OF NITROGEN IN THE COLUMBIA RIVER AND ITS
EFFECT ON SALMON AND STEELHEAD TROUT

BY WESLEY J. EBEL, FISHERY BIOLOGIST
BUREAU OF COMMERCIAL FISHERIES BIOLOGICAL LABORATORY
SEATTLE, WASHINGTON 98102

ABSTRACT

The nitrogen gas regime in the Columbia River was
studied in 1966 (from Grand Coulee Dam, Wash., to the
estuary at Astoria, Oreg.) and in 1967 (from Priest
Rapids Dam, Wash., to the estuary). Dissolved nitrogen
was subject to considerable seasonal fluctuation and
varied with flow of water over spillways of dams; it was
n;ormal (near 100-percent saturation) in the fall and
winter when no water was spilled, and high (above 135-
percent saturation) in the spring and summer when
large volumes of water were spilled. Some saturation

Observations in the spring of 1965 by the Wash-
ington State Department of Fisheries and the
Bureau of Commercial Fisheries showed that
saturation of dissolved nitrogen at some sites in
the Columbia River was as high as 125 percent.
Because levels of this magnitude had produced gas
bubble disease in adult and juvenile salmon
(Rucker and Hodgeboom, 1953; Harvey and
Pooper, 1962; and Westgard, 1964), additional
surveys were made in 1966-G7 to attempt to deter-
_inine whether high levels of dissolved nitrogen
xlnight be responsible for losses of adult salmon
5!111(1 poor production of young fish at spawning
channels.

The first phase in the study of nitrogen and
pxygen  concentrations (February-November

966) was primarily to determine the cause of
Erlllpersaturat.ion of dissolved nitrogen and to deter-

ine seasonal variations. Water samples were
taken from 26 sites between Grand Coulee Dam,
Wash., near the Canadian border, and Astoria,
Oreg., at the mouth of the river. The second phase
(March—October 1967) was to determine the effect
of nitrogen supersaturation on adult and juvenile
salmon. We suspected that gas bubble disease was
one of the factors in losses of adult and juvenile
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levels over large areas were high enough and lasted long
enough to be potentially dangerous to salmon
(Oncorhynchus spp.) and steelhead trout (Salmo
gairdneri).

Supersaturation of nitrogen at Priest Rapids Dam
lowered the tolerance of juvenile fish to temperature
increases, and some showed symptoms of gas bubble
disease. Field studies to determine the effects of high
levels of dissolved nitrogen on adult salmon and steel-
head trout did not provide conclusive results.

chinook salmon (0. tshawytscha) migrating be-
tween dams. The studies in 1967 concentrated on
obtaining field evidence of such losses.

This report discusses the amounts of dissolved
nitrogen in 1966—67, the effect of dams and reser-
voirs on saturation, the seasonal variation and
duration of supersaturation, and the effect of
supersaturation of nitrogen on juvenile and adult
salmon and steelhead trout (Salmo gairdneri) in
the Columbia River.

METHODS

Descriptions of the sampling stations, analyti-
cal techniques, and other experimental procedures
are given in this section.

SAMPLING STATIONS AND TECHNIQUE

Twenty-six principal sampling stations were
established along the Columbia River hetween the
forebay of Grand Coulee Dam and the estuary at
Astoria (fig. 1). All stations except 13, 25, and 26
were either in midreservoir, about 500 m. upstream
from the dam, or on the spillway side of the river,
about 500 m. below. Samples of water were taken
at the surface and at 10-m. depths at the forebay
stations. The spillways discharge from the surface
down to a maximum depth of about 1014 m., and
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FIGURE 1.—Principal sampling stations on the Columbia and Snake Rivers.

the turbines withdraw water from about 8 m. down
to 20 m. at all the dams downstream from Chief
Joseph Dam. Maximum forebay depths at full pool
do not exceed 45 m. Because of these facts and the
fact that temperatures in the forebay of the reser-
voirs seldom varied more than 1° C. from the sur-
face to the bottom, a sample at the surface and
10-m. depth was suflicient to represent the aver-
age forebay concentration and in turn represent
the water passing through the turbines and spill-
ways. Duplicate samples ‘were collected at the sur-
face at stations below the dams where high current
velocities made it impossible to sample at depth.
Because the amount of soluble nitrogen depends on
water temperature,' the temperature of each sam-
ple was recorded before it was placed in an iced
cooler for transport to the laboratory. The use of

VAn atmospherie pressure of 760 mm. mercury was used in
cvomputing normal saturation (100 percent) for each sample,
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two aircraft made it possible to obtain all sample:
in 1 day; analysis was completed on the followin,
day.

Water samples were obtained from additiona
stations when more information was needed for g
specific dam or reservoir. For example, a.ddit.iona*
stations were established along the reservoirs be;
hind McNary and Chief Joseph Dams to study
changes in nitrogen content of water passing
through these reservoirs. Additional stations were
also sampled when the effect of a specific dam on
saturation levels was examined. Table 1 gives aj
detailed description of the principal sampling
stations and the dates when samples were obtained.}

ANALYSIS

The amount of dissolved nitrogen in the sample‘tf
was determined by a modification of the technique
used by Swinnerton, Linnenbom, and Cheek
(1962). A Fisher blood gas analyzer Model
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TABLE 1.—Locatlions and dales of sampling in the Columbia and Snake Rivers; sampling siles are shown by number in figure 1

Dates sampled

. 1966 1967
‘Station location and number
Feh, Mar. Apr. May June July Aug. Sept. Oct. Nov. Apr. May June July Aug. Sept. Oct.
9 7 — 9 f 11 6 2 7 3 5 3
6 18 115 627 5 19 2 23
Num-
ber Station
1 Forebay—Grand Coulee X X X X X X X X X X . PR
am.
2 'l‘sglraca-—(}rand Coulee X X X X X X X X X X X e
am.
3 Forebay—Chief Yoseph X X X X X X X X X X X e e
Dam.
4 ’I‘:glrace—(‘-hief.loseph X X X X X X X X X X X e e
am.:
5 Wells damsite_________.__ X X X X X X X X X X . P
6 F(gehay—Rocky Reach X X X X X X X X X X X e e m
an.
7 T%l.rawe—Rocky Reach X X X X X X X X X X X e e iiaeen
am.
8 Forebay—Rock Island X X X X X X X X X X . P
: Damn.
9 T%lram—Rock Island X X X X X X X X X X X e e e
am.
10 F(gel:-ay——Wanapum X X X X X X X X X X X e
ol
1 F‘Eebay—Priest Rapids X X X X X X X X X X X i X X X X_...X ...
am.
12 Tr;)ilrace—Priost Rapids X X X X X X X X X X D X X X X o
am.
13 Columbia River at X X X X X X X X X X X X X XX XXX XXX X
Richland, Wash.
14 F%ehay—lmHa,rhor X X X X X X X X X X X X X X XX X._....X...X X
aim.
15 Tn].%lrme—Ice Harbor X X X X X X X X X X X X X X X X X .l
am.
16 Forebay—McNary Dam X X X X X X X X X X X X X XXX XX XXX X
(north side).
17 Forebay—McNary Dam X X X X X X X X X X X X X X XXX X XXX X
(south side),
18 Tailrace—McNary Dam X X X X X X X X X X X X X XX XXX XXX X
(south side). .
19 Tailrace—McNary Dam X X X X X X X X X X X X X X XXXXXXX X
(north side).
20 John Day damsite_____.. X X X X X X X X X X X X X XXXXXXXX X
21 F%ebay——The Dalles X X X X X X X X X X X X X X XXXXXXX X
an.
2 ’I‘%lmce—’l‘he Dalles X X X X X X X X X X X X X X XXXXXXX X
an.
23 F%ebay——Bonneville X X X X X X X X X X X X X X XXX X XXX _.....
am.
24 ’l‘a[i)lmce—Bonneville X X X X X X X X X X X X X X XXXXXXNX ...
am.
25 Columbia River at X X X X X X X X X X X X X X XXX X XXX X
Longview, Wash.
26 Columbia River estuary X X X X X X X X X X X .
Astoria, Oreg.
L

—390V2 2 was substituted for their Model 25, and
he length of the extraction chamber was increased
o 150 mm. Model 6-390V2 is more sensitive than
Model 25, and the longer extraction chamber
allowed analysis of larger samples.
I Saturation values quoted in this report are cor-
rect. to within =9 percent. Limitations in the
ccuracy of the method and the uncertainty of the
theoretical solubilities of nitrogen precluded more
'fprecise interpretation.
—_
: ?Trade names referved to in thisx publication do not imply

endorsement of commercial produects by the Bureau of Com-
mercial Fisherfes.

EFFECT OF DAMS AND RESERVOIRS ON
SATURATION OF DISSOLVED NITROGEN

Major causes of supersaturation of water with
gases are heavy concentrations of algae (Wood-
bury, 1942), warming of water without adequate
circulation and exposure to the atmosphere for
equilibration, and falling of water into an en-
closed plunge basin (Harvey and Cooper, 1962).
Algae concentrations like those described by
Woodbury are not found in the Columbia River
and the river is not warmed sufficiently at any
location to account for the high concentrations
previously recorded. Spillways at dams create
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conditions similar to those described by Harvey
and Cooper and were suspected to be the major
cause of supersaturation; during periods of high
flow, large volumes of water plunge from spill-
ways at all the dams on the Columbia River inte
various types of basins.

OBSERVATIONS AT DAMS

Samples analyzed at individual dams to deter-
mine the effect of turbines and spillways on dis-
solved nitrogen indicated that supersaturation in
the Columbia River is caused primarily by spill-
ways. This was clearly demonstrated during tests
at Bonneville Dam in March 1966 when the Corps
of Engineers spilled large volumes of water at a
time when spilling normally does not occur. Vari-
ables, such as spilling at upstream dams and rapid
temperature increases, were eliminated; the only
factor which remained that could ereate super-
saturation was the spilling of the water. The con-
centration of dissolved nitrogen at Bonneville Dam
before and during these spillway tests is shown in
figure 2. Two replicates of samples were taken he-
fore ‘spill and three replicates after spill at each
location. Maximum variance in analysis at each
location before spill was 4 percent: after spill, 6
percent. Concentrations in the forebay and below
the turbines and spillway hefore the spill tests were
near normal saturation (98-102 percent). During
the spill tests, concentrations helow the spill in-
creased to 125-percent saturation, whereas concen-
trations in the forebay and helow the turbines
remained near 100 percent.

Nitrogen levels at other dams (table 2) indicated
that each dam has different, characteristic effects
on nitrogen saturation. The spillways at Bonne-
ville, Grand Coulee, and Ice Harbor Dams in-
creased the concentration of nitrogen, but the
amount of the increase differed. By contrast, the
spillway at Priest Rapids decreased the concentra-
tion when the water was supersaturated above the
dam. Differences in the structural arrangement of
the dams, shape of the spillways, and depth of
tailwater are factors which could explain the
differences.

EQUILIBRATION IN RESERVOIRS

Sampling throughout the length of reservoirs
above Chief Joseph and MeNary Dams showed
that water supersaturated with dissolved nitrogen

4

TABLE 2.—Average nitrogen conceniralions (percentage
saturation) in the Columbia River of samples taken at
specific dams to determine effect of dams on water passing
through turbines and over spillways (spring 1966)

»  Forebay Tail- Forebay Tail-
Location and date above water above water Samples Spill
spill  helow turbines helow volume

spill turbines

Bonneville: Percent Percent Percent Percenl Number 100 c.m.s.

Mar. 10 and 11.___. 12 125 04 o8 8 28.3-42.5
The Dalles:

Feb. 27-Mar. 2____. 103 104 102 97 12 1-33.7
Tce Harhor:

May 16 and 18_____ 108 118 107 105 R .5-0.8
Priest Rapids:

May 25 and 31__._. 131 114 j 5.) R, 8 1.9-2.4
Grand Coulee:

Apr.27_ ... 106 129 105 105 4 .7

does not equilibrate during transit. In McNary
Reservoir on June 8, the saturation of nitrogen
that entered the reservoir from the Columbia River
averaged 127 percent ; samples collected in the fore-
bay of McNary Dam on the same day averaged 127
percent. Evidently, lack of circulation and wa.rm“-
ing of the surface water in the forebay tended to
maintain the saturation level. |

l

SEASONAL AND DAILY VARIATIONS IN
SATURATION OF DISSOLVED NITROGEi

As expected, variations of dissolved nitrog
concentrations from Grand Coulee Dam to thé
estuary depended largely on the volume of water
released over the spillways. Nitrogen saturation in
February, March, and April of 1966 was below 11(;)
percent except below dams where intermittent
spilling occurred. On February 9, when no dams
were spilling (table 3), all samples had saturation
below 105 percent (fig. 3). The concentrations in
March were nearly the same except below the Bon.
neville spillway where spilling was minimal. Satu
ration of dissolved mitrogen remained below 11(
percent through April except in areas of spilling
Streams began to rise in April, and spill releases
became regular at all dams by early May. Sur-]
face concentrations of nitrogen were over 110 pery
cent at all stations except in the forebay of Grand
Coulee and The Dalles Dams. The highest concen
tration in May (132 percent) was downstream
from the spillway at Bonneville Dam. Tempera
ture on May 9 ranged from a low of 8.5° C. (47.3%
F.) in the forebay of Chief Joseph Dam to a hight
of 15.3° C. (59.5° F.) in the forebay of Grand
Coulee Dam. i
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FIcURE 2.—Percentage saturation of dissolved nitrogen in 32 samples taken near Bonneville Dam before and
during spill tests, March 3-11, 1966.
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TABLE 3.—Mean deily spill (8.) and total flow (T.), in 100 c.m.s. (hundreds of cubic meters per second), at different
Columbia River dams, February—-November 1966

D Feb. 9 Mar. 7 Apr. 6 May 9 June 6 July 1 Aug. 1 Sept. 6 Oct. 3 Nov. 7
am

8. T. 8 T. 8 T, T 8 T. & T. 8 T & T 8 T. 8 T.

100 c.m.g,

Grand Coulee_ ..o i oiooeiei e 0.0 21.8 0.0 219 0.0 66.3 224 429 0.0 185 0.0 21.0 0.0 184
Chiefl Joseph..._ .0 3.2 0 241 .0 71.1 20,7 414 D 26 .0 206 0 18.5
Rocky Reach 0 237 0 224 0 63.5 _ - 438 0 1] 0 2001 .0 17.5
Rock Istand 0 M3 0 232 0 733 _ 45 .4 0 223 0 205 0 17.5
Wanapum . 0 A7 00271 0 69.2 4.8 .0 B2 0 2.5 0221
Priest Rap 0 254 0 %9 .0 703 36.2 35.7 .0 23.2 0 23.6 0 218
I‘rlE Harbor__ 071 0 193 .0 7.2 0 6. 0 6.2 0 4.5 N 6.1
MeNary. oo ool R .0 3.7 .0 264 0 79.1 111 5.1 2 4.6 .0 253 0 257
TheDalles_____...._.____...._. - 0 03BO 0 2 0 80.3 115 576 .0 24.7 0 %3 b 2.2
Bonneville___ ... ... ... .0 33.7 K ) 0 80.1 23.8 5.5 .0 278 7 2.1 0 2.8

The highest nitrogen saturation during 1966
oceurred in June. Concentrations ranged from 112
to 140 percent; most of the samples were above
1}20 percent (fig. 3), These values remained high
through August between Grand Coulee and Priest
Rapids Dams. On July 11 and August 1, however,
the river equilibrated rapidly between Priest
Rapids and McNary Dams. Cencentrations in the
forebays dropped from an average of 132 percent
zi;t Priest Rapids Dam to an average of 109 per-
cent. at MeNary Dam. Spilling at Bonneville Dam
t!.hen increased the saturation to above 120 percent
downstream from Bonneville. The rapid equilibra-
tion of gas content hetween Priest Rapids and
McNury Dams during July and August was prob-
dbly caused by the inereased circulation of water
i the unimpounded river area below Priest
v;hu.pids and the Jower total flow and spill volumes
at Priest Rapids and Ice Harbor Dams (table 3).
| In September, Columbia River flows had de-
¢reased further and spilling had almost ceased at
all dams; this change precipitated a marked reduc-
tion in the saturation of nitrogen at all stations—
only five samples were above 110 percent. Satura-
tion continued to decrease in October and was well
I'])elow 110 percent—ranging from §8.4 percent at
Rocky Reach Dam to 100.6 percent at Grand
Coulee Dam. Water temperatures in October
ranged from 16.1° to 18.6° C. (60.8-65.5° F.), and
the average temperature was about 1° C. lower
5t]mn in September. The lack of spilling and lower
‘water temperatures accounted for the decrease in
saturation from August to September.

! In the last survey during 1966, on November 7,
ithe saturation was not significantly different from
'that in October 1966 (or November 1965).

DIURNAL VARIATIONS

During a 24-hour period (June 30 and July 1,
1966) of moderately high saturation in the forebay
of The Dalles Dam, nitrogen concentrations
raried only 0.6 p.pan. from a maximum of 18.6
p.p-m. (114 percent saturation). Spill volumes at
The Dalles Dam were nearly constant for the 24-
hour period.

SEASONAL VARIATIONS IN THE SNAKE RIVER

Samples from the tailrace below the spillway of
Ice Harbor Dam in the Snake River (station 15)
indicated a seasonal variation in amount of nitro-
gen similar to that in the Columbia River; ie,
normal saturation before spill releases increased
saturation as spill releases increased and de-
creased saturation as spill releases subsided. The
timing of the cycle differed from that in the
Columbia River, as spilling at Ice Harbor Dam
usually began in late April, peaked about mid-
May, and ended by mid-June. Thus, the net effect
of the Snake River discharge on saturation in the
Columbia River was to increase the amount of
nitrogen in late April and May and decrease it in
June, July, and August.

COMPARISION OF 1966 AND 1967

Saturation of dissolved nitrogen in 1967 fol-
lowed the same general seasonal changes as in
1966. Values were normal in winter and early
spring before the dams began spilling, but rose as
spilling increased. Levels again were highest in
June and July when the largest volume of water
passed through the spillways. When spilling
ceased and cooling of the river began in Septem-
ber and October, saturation decreased sharply
(fig. 4).
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Freure 4.—Saturation values of dissolved nitrogen in samples of Columbia River water taken from Long-
view, Wash., to Priest Rapids Dam, May 1. June 8, August 2, and October 3, 1967. (Values shown are
the averages of the surface and 10-m. sample at each location.)

Saturation in May 1967 (102-115 percent) was
considerably lower than in May 1966 (110-133
percent) because spillway releases in 1967 were not
significant on the main Columbia until late May.
By mid-June 1967, however, extremely high spill-
way releases brought even higher saturations than
were recorded in 1966.

In 1966-67 the saturation of dissolved nitrogen
over a large area of the river was sufficiently high
and of sufficient duration (middle to late May
through mid-August) to be a potential danger to
migrating juvenile and adult salmon and trout.
Experiments by Westgard (1964) showed that
adult chinook salmon held in water with concen-
trations of dissolved nitrogen at 116 percent sat-
uration developed definite symptoms of gas hubhle
disease. Harvey and Smith (1962) indicated that
saturation as low as 108 percent produced gas bub-
ble disease in fingerlings at Cultus Lake Trout
Hatchery. These values were much lower than
those recorded in the Columbia River. The fish
were held in shallow ponds or raceways, however,

8

3
whereas fish in the Columbia River are usually able
to move to greater (compensating) depths, except;
when they are ascending fishways. The ability of
fish to seek compensating depths must be taken inta
account in the assessment of the effect of high sat+
uration of nitrogen in the Columbia. River. ]

|

EFFECT OF SUPERSATURATION OF |
DISSOLVED NITROGEN ON SALMON |
IN THE COLUMBIA RIVER i

Studies of supersaturation of nitrogen in 1967%
were made in conjunction with tagging studies
designed to determine the cause of loss of a,dult:|
fish during their migration from Bonneville to Ice]
Harbor and Priest Rapids Dams? The primary
purpose in 1967 was to determine the effect of dis-
solved nitrogen on juvenile and adult salmon and
steelhead known to be in the river when concen-
trations of dissolved nitrogen were high, l

3 Tagging study in progress by Bureau of Commercial Fisheries,
Seattle, Wash.—James H. Johnson, Program Leader.

U.S. FISH AND WILDLIFE SERVICE;



JUVENILE SALMON

"Eyummtlon of juvenile chinook salmon that
suffered excessive mortality in holding tanks (used
for marking fish) at Priest Rapids Dam in 1966
revealed that most. fish had symptoms of gas bub-
ble disease. Although the fish otherwise appeared
to be sound, they were definitely distressed and, if
held, eventually died from gasembolism. Dissolved
nitrogen concentrations at Priest Rapids Dam
1'anged from 114 to 133.9 percent saturation. Tem-
perature in the gatewells of the dam from which
fish were colleded ranged from 13.9° C. (57° F.)
on July 7 to 17.8° C. (64.0° F.) on August 31
when operations ceased. The water temperature
in the holding tanks usually rose about 1° to 2° C.
before 111‘11‘1\1110' began. This slight increase was
sufficient to hbel ate enough gas from the blood of
t:he fish to cause embolism and death. The symp-
toms of gas bubble disease and distress were
éliminated if these fish were held in water slightly
cooler than that in the river where they were col-
Iécted Usually a decrease of 1° or 2° C. was suffi-
clent to reduce the mortality.

" Apparently, juvenile chinook salmon, equili-
brated to supersaturation of nitrogen in this tem-
pemture range, have considerably less tolerance
to increases in temperature than fish that are
9(111111])1 ated to normal saturation. Brett (1952) in
his studies of the tolerance range of juvenile salm-
t‘)n to temperature changes showed that spring
c'hinook salmon acclimated to 10° C. (50° F.)
c-ould tolerate temperatures up to 2¢.5° C (76.1°
F) before mortalities began. The fish at Priest
Rapids Dam, which were acclimated to higher
1|':-emperatures (13.9-17.8° C.), could not tolerate
increases of 1° to 2° C.

f It was apparent from observations at Priest
Rapids Dam that juvenile migrants were in a pre-
earious situation in July and August. If they did
not remain at sufficient depth to compensate for
the supersaturation of dissolved nitrogen, they
dled of gas bubble disease. Their tolerance to tem-
perature increases was also lowered ; conceivably
sudden temperature increases of only a few de-
'«rrees centigrade would have caused mortality.
i We conducted an experiment in the forebay of
;Priest Rapids Dam to determine the depth at
which juvenile fish must remain to avoid gas bub-
ble disease when subjected to supersaturation of
nitrogen. Juvenile coho (0. kisuteh) and chinook

salmon were held in pens submerged at different
depths in the forebay and then observed by
SCUBA divers at various intervals for symptoms
of gas bubble disease. Three tests from 200-280
hours’ duration were conducted from May 28 to
August 14, 1967, a period when saturation of dis-
solved nitrogen changed from a high of 143 per-
cent in late May and June to 118 percent in Au-
gust. Hatchery-reared coho salmon were used in
tests 1 and 2 and wild chinook in test 3. One
hundred fish were placed in each test cage and in
a control cage held in river water of normal sat-
uration at the dam. The first observation was made
about 12 hours after placing the cages at the
selected depths in the forebay. Other observations
were made at 24-hour intervals for the first 4 days;
the time between observations was increased
thereafter, depending on rate of mortality. Dead
fish were brought to the surface by divers and
examined for symptoms of gas bubble disease.
Neither test nor control fish were fed during the
tests. In one test 100 percent of the coho salmon
in a surface pen and 70 percent in a pen lowered
to a depth of 2 to 3 m. died from gas bubble dis-
ease (fig. 5). Three percent was the maximum mor-
tality for control fish held during the test. The
experiment showed that at 130 to 140 percent sat-
uration fish must remain below 2.5 m. if they are
to be free of symptoms of gas bubble disease. From

TEST 3
CHINOOK

TEST 2
COHO

TEST |
COHO

100
20
80

T T

70
60
50

— 1 I

40
30}

MORTALITY (PERCENT)

201
1o}

0.5- '2.0° 25" O-
.5 3.0 35 6.0
DEPTH OF CAGES (M.)
Ficure 5.—Percentage mortality caused by gas bubble
disease during holding experiment in forebay of Priest
Rapids Dam May 28 to August 14, 1967, Saturation of
dissolved nitrogen ranged from 143 percent in test 1
to 118 percent in test 3: fish were held about 200 hours
in tests 1 and 2,280 hours in test 3.

'SUPERSATURATION OF NITROGEN IN COLUMBIA RIVER 9



6 to 16 percent of the coho and chinook salmon died
in a pen which allowed the fish to seek any depth
from the surface to 6 m., which suggested that
some mortality may also have occurred to naturally
migrating fingerlings even though they could move
to any depth.

These field observations of juvenile migrants,
though limited, indicate that naturally migrating
juvenile fish in the Priest Rapids Dam area are
under stress from supersaturation of dissolved
nitrogen; it is highly probable that a significant
percentage of the fish is lost. The Hanford area of
the river downstream from Priest Rapids is of
particular concern. Juvenile and adult salmon al-
ready under stress must pass areas where thermal
reactors emit large volumes of water with tem-
peratures 10° to 15° C. higher than the river
temperatures. Obviously, fish under stress from
supersaturation of gases have less tolerance to
rapid temperature inecreases, and losses of fish
which inadvertently enter the thermal plumes are
inevitably high. Further investigation seems im-
perative on the effect of supersaturation of dis-
solved nitrogen on the tolerance of salmon to
temperature increases.

ADULT SALMON AND STEELHEAD TROUT

About 2,300 adult chinook salmon, 1,600 steel-
head trout (Salmo gairdneriy, and 1,000 sockeye
salmon (Oneorhynchus nerka) were examined at
Bonneville and McNary Dams from mid-April
through mid-October 1967 for external symptoms
of gas bubble disease. The external symptoms that.
were used to indicate gas bubble disease were (1)
gas bubbles under skin, in roof of mouth, and in
fin membranes and (2) hemorrhaging inside the
eye and the associated “pop eye” condition of the
eyeball. Nitrogen saturation was measured at hoth
dams so that the incidence of disease symptoms
could he correlated with the saturation of nitrogen.

Examination of the adult salmon and steelhead
trout. began on April 11 when saturation was about
106 percent and continued until May 25 when sat-
uration was near 120 percent. Because nitrogen
saturation did not exceed 110 percent until May
10, little incidence of gas bubble disease was ex-
pected ; 1 of 125 steelhead trout examined showed
symptoms of the disease (on May 25).

Observations of adult fish at MeNary Dam be-
gan on June 23 and ended October 11. Nitrogen

10

saturation ranged from 131 percent in June to 104
percent in October. Saturation was high (above
120 percent) from June 23 to July 19 but bega,n
to drop sharply after July 19; by August 22, val-
ues were helow 110 percent. In July, symptoms of
gas bubble disease were noted in 10 of 1,000 sock-
eve salmon, but none were observed in 1,762
chinook salmon and 1,461 steelhead trout. Ap-
parently, chinook salmon and steelhead trout in
this area either compensated for the high satura-
tion by remaining at a sufficient depth or the
symptoms of the disease had not progressed suffi-
ciently to be evident.

Surveys for carcasses of adult fish were made
from April to October during each flight made to
obtain water samples. Four additional aerial sur-
veys for carcasses were made during June and
July when saturation was highest. Carcasses of
eight. dead salmon (and a few unidentified fish)
were observed ; however, it could not be positively
verified that any of these fish had died from gas
bubble disease. Generally, the fish were too decom:-
posed for determination of cause of death. i

Steelhead trout and chinook salmon were ob-
served (June 15 to September 19) congregating in
the Columbia River at its confluence with the
Snake River. Saturation of dissolved nitrogen in
the Columbia ranged from 110 to 130 percent, a-nc?.
temperatures in the Snake River were as much ag

5.7° C. (10.3° F.) higher than in the Columb11
( table 4). Fish equlhbl ated to supersaturation o
dissolved nitrogen in the Columbia could have died
from gas embohsm if they had entered the bnal\ql
River at this time. A concentrated search on t-he';
surface by boat and on the hottom with SCUBA!
did not yield carcasses of any salmon whose dea.t:hI

i

TABLE 4.—Temperature (° C.) and percentage saturation oj‘|
dissolved nitrogen in the Columbia and Snake Rivers at
the mouth of the Snake River—June 6 to Sept. 5, 1967 ]

Columbia River at mouth  Snake River at mouth

of Snake River

Date

Tempera- Saturation Tempera-  Saturation {
ture of dissolved ture of dissolved !
nitrogen nitrogen |
i
°cC. Percent °C. Percent
13.2 130 12.2 126
14.2 129 16.3 123
16.6 129 9.4 113
17.0 128 2.2 .
18.4 120 23.0 109
19.1 119 23.7 111
19.3 118 25.0 108
21.0 118 24.7 106
20.3 118 23.5 103
21.2 110 23.3 105
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could be attributed to gas bubble disease or gas
embolism. A study of the movement of these fish
indicated that many did not reach Ice Harbor
Dam.* The destination or fate of these fish was
not determined.

We have no positive evidence to indicate that the
high nitrogen saturation in the Columbia River in
1967 caused serious mortality of adult salmon, but
the possibility cannot be discounted. From the sur-
veys and searches made in 1967 it was obvious that
it would be difticult to detect a continuous low rate
of mortality in a river the size of the Columbia
even with continuous surveillance. Various reports
q'f mortality were received from local residents,
Lut again it could not be established that fish had
(}lled from gas bubble disease.

SUMMARY AND CONCLUSIONS

A seasonal cycle of supersaturation of dissolved
nitrogen occurs each year in the Columbia River.
Degree of supersaturation varies with flow of wa-
ter over spillways of dams. Levels are normal
near 100-percent saturation) in the fall and win-
{ler when little or no spilling takes place and high
(above 120 percent) in the spring and summer
J‘hen large volumes of water are being spllled
Water plunging over qplllwwya is the primary
c"a,use of supersaturation in the Columbia River.

| Water supersaturated with nitrogen does not
oqulhbl ate rapidly in reservoirs. L'lck of circula-
’rlon and increases in surface water temperature
tend to slow the rate of equilibration. Saturation
of dissolved nitrogen in the Columbia River is
411ﬂ101ent1y high and occurs over a large area over
& sufficiently long time to be potentm]lv dangerous
to salmon and steelhead trout. Observations of
Juvenile salmon at Priest Rapids Dam indicate
that supersaturation of nitrogen offers a definite
problem; further study is needed to determine its
extent.

Field observations to determine the effect of
high levels of dissolved nitrogen on adult salmon
and steelhead trout were not conclusive. Some

« 4 Percentage of tag returns from fixh subjected to these condi-
tlons was about 50 percent lower than returns frow other groups
passing over Ice Harbor Dam, (Verbal communication, Gerald
Monan, BCF Blological Laboratory, Seattle, Wash.)

i

sockeye salmon and steelhead trout were observed
with symptoms of gas bubble disease, but no
chinook salmon had symptoms. A potential prob-
lem exists for adult salmon and trout migrating
from the Columbia River into the Snake River in
July and August. Fish equilibrated to supersatura-
tion of nitrogen from the Columbia River encoun-
ter an increase of 5° to 6° C. in temperature on
entering the Snake River. The tolerance of the
salmon to this temperature change under those
conditions is unknown.
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