























at station 4, east of Area C, when Northwest winds on an ebbing tide had a
tendency to concentrate sulfite waste liquor along the beach at this station.
.The same conditions were true at station 3 when the opposite wind and tide
conditions prevailed. However, station 3 could only be seined effectively
during a high tide and no distressed fish were ever collected.
The physical characteristics of the shoreline, and log rafting near Area A

and Area B made beach seining impossible. Visual observations were attempted
but were unsuccessful because of turbid waters. On one occasion, however, a

school of approximately 35 juvenile pink salmon was observed in the Port Angeles
boat basin.

The study of juvenile pink and chum salmon distribution evidenced that
these fish entered Port Angeles Harbor. They were collected adjacent to Area C
which was found to have, on occasion, conditions toxic to fish. It is also
suspected that the juvenile salmon follbw the shoreline and enter waters near

the other pulp and paper mills.

Table 1. Fish distribution and occurrence studies, Port Angeles Harbor.
Species of fish observed or collected.

Total Number Approximate Number
Station Species Collected by Seine Visual Observations
1 Pink and Chum 419 : 50
Chinook 2
Silver 1
2 Pink and Chum 2
3 Pink and Chum 78
Smelt 50
Starry Flounder 1
4 Pink and Chum 205
Cutthroat 4
Starry Flounder 4
Smelt *
5 Pink and Chum 349 1,100
Port Angeles Pink and Chum 35

boat basin.

* Smelt were consistently captured at this station but were not counted.
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DISCUSSION

The data collected showed that toxicity problems and marginal water quality
conditions existed in the vicinity of all three pulp and paper mills. Many

of the field tests, however, indicated that the water quality was periodically
acceptable for juvenile salmon under certain circumstances in these same areas.
It is recognized that the water in an area toxic to juvenile salmon on one day
may not exhibit the same toxic properties on subéequent days and vice versa.
Even when taking this variability of water quality into consideration, the data
still pointed out the general areas where toxicity could be expected.

Field observations indicated that toxicity developed rapidly and that all
of the test fish in the live boxes were killed within a short period of time.
Furthermore, the toxic conditions subsided almost as quickly as they developed.
This observation of rapid toxicity development was significant because it
suggests that juvenile salmon could enter an area when the water quality was

favorable and may be unable to escape a developing toxic condition.

Since the mortalities occurred rapidly, and the test fish sank to the

bottom after death, a kill of migrating juvenile salmon could occur because of
toxic water conditions, and not be detected. The victims would sink to the

bottom and be hidden from sight.

Sulfides. Fish mortalities in the field tests were correlated with sulfide
levels of 0.3 mg/l or more (Table 2). The sulfides originated in the organic
sludge deposits which were undergoing active anaerobic decomposition at the
bottom of the harbor in the test areas. By the time sulfides were detected,
the test fish were at the surface and displayed siegns of distress. The lower
analytical limit of the sulfide test was 0.1 mg/l + 10 per cent. Therefore,
a positive distress reaction was observed at less than 0.1 mg/l.

Juvenile pink salmon were slightly more tolerant to sulfides than chum
salmon, but a precise minimum lethal concentration was not established. Pink

salmon were observed to tolerate 0.2 mg/l of sulfide for one hour without any

mortalities.



Tﬂe possibility of a delayed mortality after an apparent sub-lethal
exposure was suggested. Fish were transported to the control area after they
Qere exposed to 0.2 mg/l of sulfide and held for a period of 24 hours. A 10%
mortality was observed and it was concluded that sulfide levels in excess of
0.2 mg/1 for one hour would be required to cause significant pink salmon
mortalitites. Both pink and chum salmon tolerated a momentary sulfide exposure
of 0.3 mg/l, but an exposure to 0.5 mg/l caused immediate distress, loss of

equilibrium and immobility.

Dissolved Oxygen. The dissolved oxygen values determined during some of the

field tests have been demonstrated by many investigators to adversely affect
or cause mortalities in salmonid fishes (3) (4). It has also been shown that
certain reducing substances, such as sulfides and SWL, interfere with the
Winkler test (5). |

An "iodine correction,"

as used by Williams, et al. (5) was applied
to some of the dissolved oxygen values during field test 8 to determine the
relative magnitude of interference by the reducing agents in the water. It
was found that the Winkler values were as much as 1.5 mg/l lower than the

actual dissolved oxygen after the "iodine correction" was applied. This

should be kept in mind when reviewing the dissolved oxygen data in Table 2.

Temperature, Hydrogen Ion Concentration and Salinity. Water temperatures

ranged from 8.0 to 14.0 degrees celsius during the tests. Temperature fluctu-
ations were gradual and ranges were well within tolerable limits for pink and
chum salmon (6).

Hydrogen ion concentration, pH, values were generally acceptable to
salmonid fishes (7) with the exception of test 11 when the pH was found to
have dropped to 4.0. Fish mortalities were observed during this test, however,
sulfide concentrations ranged from 0.3 to 0.5 mg/l. Such low pH values are

known to increase toxicity when sulfides are the toxicant (8).
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rs and summary of pertinent water quality data, 1964 bioassay study in Port Angeles

irent

:d Oxygen Mortalities in

1 PBI mg/l pH Perimeter live boxes

1. Mean N. Max. Min. Mean N. Max. Min. Mean N. (%)

Y 6.4 1 - - - — 6.8 6. 6.8 1 100 20 0 0 0 -
7 5.8 20 18 19 7.8 7. 7.6 9 e
7 6.8 13 813 16 318 4 8.0 7.3 7.7 13 0 0 0 0 0

3 4.8 13 94 30 67 4 7.3 6.9 7.2 9 100 100 20 10 0 -
! 5.9 11 627 23 306 4 7.6 7.1 7.4 11 100 10 —
} 5.8 8 96 57 73 3 7.7 7.6 7.7 8 100 10 —
¢ 6.1 10 593 143 196 3 7.8 7.3 7.6 10 10 0 0 0
) 4.0 1,320 102 711 2 7.3 6,4 6.7 5 100 100 100 100 100 ==
» 4,5 3 1,010 1,010 1,010 1 6.9 6.9 6.9 3 == ==  —m  —m  am o
) 2.4 8,870 941 3,830 3 6.8 5.9 6.3 80 70 30 30 30 0
) 0.0 1 2,270 2,270 2,270 1 4.0 4.0 4.0 1 - - - - - -
y 4.6 11 644 57 222 4 7.5 7.1 7.3 11 100 100 0 0 0 0
bo3.7 2 67 67 67 1 7.2 7.2 7.2 2 _— == == e e -
: tests. Salinities varied from 29.4 to 31.5 ©/oo. Dissolved oxygen values have not

wrference,



Salinity values ranged from 26.5 to 31.5 parts per thousand and were not

considered to be a significant factor in this study.

Sulfite Waste Liquor. Sulfite waste liquor concentrations were found to be

highest in area C during test 10 (Table 2). Fish mortalities occurred when

SWL values were 8,870 mg/l and trace amounts of sulfides were detected. A

minimum pH value of 5.9 was also recorded. The data indicates that the waters

were devoid of dissolved oxygen, however, because of the known interferences

with the Winkler test by SWL, the actual dissolved oxygen content is not known.
While the direct relationship between fish mortalities and SWL was not

specifically established, the possibiiity of such influence must not be over-

looked. The short term tests conducted were designed to determine acute

toxicity, and toxic effects from SWL have been shown to be more of a chronic

nature (5). It appears that the high concentrations of SWL were most significant

as an interference in the measurement of dissolved oxygen by the Winkler method.

Tide and Surface Currents. Water quality conditions deteriorated most rapidly

and fish mortalities occurred more frequently when the tide elevation ranged
between zero and 2.5 feet below mean lower low water. Most mortalities were
observed during the period from one-half hour before slack ebb through one
hour of the flood tide.

When tidal elevations dropped to minus levels, blankets of sludge from
the bottom of the area being tested often came to the surface. When this
happened, mortalities invariably occurred in either the FFL or the perimeter
live boxes.

Surface water currents caused by tidal activity had a direct influence
upon the movement of toxic substances. The degree of significance was not
as pronounced as tide elevation, but was considered a factor when defining

toxic zones in the three test areas.
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Figure 3. Zones of acute toxicity, Port Angeles Harbor,
Washington. April and May, 1964.



Defined Zones of Acute Toxicity. Sufficient data was gathered during the

study to define the zones where acute toxicity problems could be expected.
The field tests suggested that the area of acute toxicity could change
rapidly and vary in size and shape. Figure 3 shows the indicated toxic zones
in the three test areas where experimental fish mortalities occurred in the
perimeter live boxes and in the FFL, and where toxic substances were found
in concentrations demonstrated to be lethal to pink and chum salmon in the
FFL tests. The field tests suggested that the area of acute toxicity could

change rapidly and be several acres in size.

-13-



ACKNOWLEDGMENT

The authors wish to express their appreciation to Robert Orheim and Merley
McCall, Chemists, for their assistance in the field and in the laboratory;
to Jeanne Rensel and Donald Provost, Chemists, for their assistance with
salinity and sulfite waste liquor analysis; to the United States Coast Guard
for supplying storage facilities and emergency mechanical help during the

field studies; and to Doris Turner, for typing the manuscript.

14~



1Q

2.

REFERENCES

Ziebell, C. D., "A Floating Field Laboratory for Estuarine Fish Toxicity
Studies.'" The Progressive Fish-culturist, 28, 3, 180 (1966).

Barnes, C. A., Collias, E. E., Felicetta, V. F., Goldschmid, O.,
Hrutfiord, B. F., Livingston, A., McCarthy, J. L., Toombs, G. L.,
Waldichuk, M., and Westley, R., "A Standardized Pearl-Benson, or

Nitroso, Method Recommended for Estimation of Spent Sulfite Liquor

or Sulfite Waste Liquor Concentration in Waters." Tappi, 46, 6,
374 (1963).
Chapman, W. M., "Effects of A Decreased Oxygen Supply on Sockeye and

Chinook Salmon." Transactions of the American Fisheries Society,
69, 197 (1939).

Davison, R. C., Breese, W. P., Warren, C. E., and Doudoroff, P.,
"Experiments on the Dissolved Oxygen Requirements of Coldwater
Fishes.'" Sewage and Industrial Wastes, 31, 8, 950 (1959).

Williams, R. W., Mains, E. M., Eldridge, W. E., and Lasater, J. E.,
"Toxic Effects of Sulfite Waste Liquor on Young Salmon." State
of Washington Department of Fisheries, Research Bulletin No. 1,
(1953).

Brett, J. R.,'"Temperature Tolerance in Young Pacific Salmon, Genus

Oncorhynchus."

Journal Fisheries Research Board of Canada, 9, 6,
265 (1952).
McKee, J. E. and Wolf, H. W., "Water Quality Criteria." State of

California Water Quality Control Board, Second edition, publication

No. 3-A, (1963).
Doudoroff, P., and Katz, M., "Critical Review of Literature on the
Toxicity of Industrial Wastes and Their Components to Fish."

Sewage and Industrial Wastes, 22, 11, 1432 (1950).

~15-



