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ABSTRACT

As a part of a program at PSE&G designed to examine the feasibility of
dzonation as an alternative to chlorination for control of biofouling

in once-through cooling systems, the biological effects of ozonated and
chlorinated thermal dischargés were evaluated with estuarine and
freshwater organisms. Results of tests evaluating lethal effects at
salinities between-0.5-2.5 ppt with mummichog and white perch indicated
that the biological effects of 620ne were less severe than those of
chlorine. Conversely, results of toxicity tests with alewife, spottail
shiner, rainbow trout and white perch in freshwater indicated that the
biological effects of chlorine were less severe than those of ozone. In
general, the relative effects of ozone and chlorine in behavioral and
physiographic studies were consistent with those observed in toxicity
studies. Initial "cough" response and avoidance concentrations of
mummichog and white perch in estuarine waters were,lower when exposed to
chlorine than when exposed to ozone. In freshwater, blueback herring,
alewife, rainbow trout, spottail shiner, banded killifish, and white
'perch avoided lower concentrations of ozone than chlorine. Although
rainbow trout and banded killifish exhibited lower initial "cough"
.response concentrations when exposed to ozone than when exposed to
chlorine in freshwater, spottail shiner exhibited about the same
»sensitivity to chlorine and ozone. However, white perch in freshwater
exhibited a lower initial "cough" response concentration when exposed to
chlorine than when exposed to ozone. Differénces‘in the oxidative
by-products formed by ozone and chlorine in estuarine and fresh waters

could account for the site-specific biological effects.

.
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Section 1

INTRODUCTION

Steam-electric power plants require vast quantities of cobling
water to condense the steam used to drive their turbines. The
electric utility industry is responsible for approximately one-
quarter of all water Qithdrawals in tﬁe U.S. These cooling

waters contain a variety of biofouling organisms that are cap-
able of attaching to the walls of intake sfructures and conden-
ser tubes. Accumulation of deposits can promote corrosion
resulting in leakage of cooling water and contamination of boiler
feedwater. The attached biofouling material also acts as-an insu-
lator on the heat exchanger surfaces, directly affecting condenser
efficiency and back pressure. This reduction in heat transfer
_efficiency decreases géherating capacity of the system and
necessitates an increase in fuel consumption to maintain pro—
duction levels. In extreme cases,{biofouling can continue to a
point where cooling watér flow becomes restricted and costly

unit shutdowns are required for cleaning.

A majority of the industry has traditionally used chlorine to
control biofouling. During 1975, the most recent year for which
figures are available, 559 of the 791 generating stations surveyed
in the U.S. added a total of 27,339 tons of chlorine to their

cooling waters (1).

The effectiveness of chlorine in destroying biofouling organisms

is also responsible for its adverse effects in the natural eco-

system, -Chlorinated discharges have been found to be responsible

for fish kills (2), destruction of phytoplankton (3) and other

deleterious sublethal effects. Chlorine is also capable of

producing halogenated organic by-products, whose effects as yet,
. are unknown (4,5). '
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As a possible alternative to chlorination for controlling
biofouling in utility plant condenser systems, Public Service
Electric and Gas Company has’béen evaluating the effectiveness,
and technical and economic feasibility of ozonation (6). A
pilot-scale condenser system was used at PSE&G's Bergen
Generating Station to simulate plant condenser operations. The
facility provides a reliable means for monitoring biofouling
growth by measurement of the heat.transfer coefficient across

the condenser tubes and/or the waterside pressure drop. Three
model condensers operated in parallel facilitate the simultaneous

evaluation of chlorine and ozone compared to an untreated control,

In conjunction with this study the biological effects of the
ozonated and chlorinated thermal discharges have been evaluated.
This evaluation, sponsored jointly by the U.S. Department of Energy
and PSE&G, compares the effects of ozonated and chlorinated thermal
discharges on—eétuarine and freshwater organisms. This report
covers the biological evaluations conducted at PSE&G's Bergen !
Generating Station (February-June 1979) utilizing the pilot-scale
condenser system; and at PSE&G's Mercer Geﬁerating<Station
(November 1979-July 1980) where the pilot-scale condenser system

was replaced by a chlorinator, ozonator and heat exchanger.

OBJECTIVES

The objectives of the bioiogical study were to experimentally
evaluate the lethal and sublethal effects of ozonated and
chlorinated thermal effluents on estuarine and freshwater organisms.
Lethal effects are those that result in direct mortality. Sublethal
effects are numerous but generally can be demonstrated by behavioral
avoidance or physiological and pathological consequences.

The experimental approach taken in this study was based on the
hypothesis that motile organisms, such as fishes, will avoid lethal

conditions. Avoidance concentrations would therefore be lower |
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than those which resulted in mortality. However, if organisms
remained in the area of the discharge they could experience some
detrimental physiological or pathological effects. It is expected

that such.concentrations would be detected by the organism but

would be lower than those concentrations which elicited avoidance.

" The biological evaluation program incorporated three types of

experimental tests: acute (96-hr) toxicity studies; behavioral
(avoidance) response studies; and physiographic ("cough" response)
studies. In'addition,“specimens used in testing were examined for

physical damage resulting from exposure to chlorine or ozone.

The objective of the acute (96-hr) toxicity'study was to determine
the respective lethal lévels (LCSO) for intermittent exposure of
chlorinated and ozonated waters. The objeétive of the behavioral
(aVoidance) response study was to determine what (if any)
concentrations of ozone and of chlorine would be avoided. The
objective of the physiographic ("cough" response) study was to
determine what concentrations of ozone and chloriﬁe were:

physiologically detected.
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Section 2

EXPERIMENTAL METHODS

LABORATORY DESCRIPTION

A 12 ft x 46 ft mobile trailer was used as a laboratory for the
piological evaluation (see Figure 1l). The laboratory was divided

into three .rooms; an office was located in the front room, a holding
facility and physiographic system were located in the back room, and

the toxicity and avoidance systems were located in the middle room.
Treated and untreated water were supplied to the experimental systems
through separate pipes for each water condition (untreated, chlorinated,.

and ozonated).

While at the Bergen Generating Station (see Figures 2 and 3), the
Biological Evaluation'Laborafory was located adjacent to Overpeck
Creek, a tributary of the Hackensack River, and to PSE&G's Water
Quality Laboratory which was equipped with the pilot-scale condenser
system. Discharge water from each of the three test condensers
(untreated, chlorinated, and ozonated) was piped separately to the
delivery system in the Biological Evaluation Laboratory. However, most

" of the biological tests were conducted independently of the dosing sched-
ule for the condenser system because the levels of chlorine and ozone

employed in that study were too low for biological testing purposes.

For testing at the Mercer Generating Station (see Figures‘2 and 4) the
Biological Evaluation Laboratory was located adjacent to the Delaware
River from which ambient untreated water was withdrawn. A water intake
system and biocide dosing system independent of PSE&G's Water Quality
Laboratory were incorporated into the delivery system at Mercer. Ozone
was produced from oxygen by a water-cooled Welsbach Model T-816
laboratory ozonator. Chlorinatioh was accomplished by injection of
chlorine gas with a Capital Controls Co. advanced gas chlorinator Model
201. A heat exchanger designed to produce a 2-3 C temperature rise was
‘ used to simulate the effects of the thermal effluent from the generating

station.
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The holding facility was a flowing-water,vclosed-cycle system
consisting of three 50-gallon (190 liter) oval holding tanks and

an 88-gallon (333 liter) delivery tank. The delivery tank

supplied water to the holding -tanks and was equipped with heaters
and a refrigeration unit for temperature control. Water in the
delivery tank was sterilized with an ultraviolet sterilizer,
aerated, and filtered. Water was changed or replenished whenever
.necessary. The'holding facility Qas maintained at ambient light
levels under natural photoperiod. Additional holding facilities
cdnsisting of two 50—galloh {190 liter) ténks and one 250-gallon (946
liter) tank were used ét Mercer. At Bergen, because of low
dissolved oxygen and the poor quality of Overpeck Creek water,

test organisms were maintained in dechlorinated city water and
adjusted with "Forty Fathoms marine mix" td salinities between

0.1 and 10 ppt.' At Mercer test organisms were maintained in
filtered Delaware River water. To prevent fungus and disease, .
when acclimation temperatures were above 18 C at Mercer, the river
water was ozonated and allowed to deozonate for several hours and
adjusted to salinities between 1 and 3 ppt before it was introduced

to the holding facility.

TESTING PROCEDURES

Toxicity Studies

The toxicity system consisted of two 4 ft x 8 ft tanks, each

containing twelve l0-gallon (39 liter) testing chambers surrounded

by a water bath. One set of tanks was used to test chlorine and the

other to test ozone. Each tank was constructed of 3/4 inch exterior

plywood and coated with inert epoxy resin. Nylon mesh baskets were

suspended in each testing chamber to test invertebrates and small fish.

Test concentrations were delivered to the test chambers below the

surface of the water by mixing untreated water with treated water in the

appropriate proportions from the delivery system. Chlorine and ozone
. tests were conducted concurrently. Five test concentrations and one

control were usually used for each biocide.

10
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Initial toxicity testing at Bergen and all tests at Mercer were
conducted using flow-through exposure to chlorinated or ozonated. -
water for two hours per day with a continuous flow of untreated

water between exposure periods. Organisms were exbosed for a durétion
of two hours once every 24 hours for 2 to 4 consecutive days at several
concentrations of chlorinated or ozonated water. Aeration was not
provided. Controls were maintained in untreated water. However,
because of poor water gquality and low levels of dissolved oxygen at
Bergen, the results using this procedure were unsatisfactory.
Modifications in fhe testing procedure were then implemented to

improve survival.

The test condition between exposure periods at Bergen was modified

from the continuocus flow-through to a static aerated condition. Test
chambers were filled with untreated water and aerated to acceptable
levels of dissolved oxygen. When this had been accomplished organisms
were introduced and test concentrations were set. During the 2 hour
exposure period the test was conducted in a continuous flow-through
mode and aeration was supplied to the untreatedvcontrol and chlorine
chambers (supplemental aeration of the ozonated water was not
necessary). At the conclusion of the exposure period all test chambers

were returned to the aerated static condition.

At Bergen, during February and part of March a flow rate of 0.5 gallons
per‘minute (1.9 liters per minute) was used in each test chamber.

However, clogging problems necessitated changing this to 1 gallon per
minute (3.8 liters per minute) in the remaining tests. No toxicity tests:
were conducted after March at Bergen due to the low concentrations of

.ozone and chlorine employed in the pilot-scale condenser study.

At Meréer, a flow rate of 0.5 gallons per minute (1.9 liters per minute)
and a tank capacity of 10 gallons (39 liters) were used except for ozone
tests conducted in June and July. Due to an inability to maintain
sufficient levels of ozone in solution under these conditions during

. June and July, ozone tests were condﬁcted with a flow rate of 1 gallon
per minute (3.8 liters per minute) and a tank capacity of 5 gallons
(18.9 liters).
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Daily average test concentrations for each of the ozone levels
were determined by averaging five measurements taken during each

2 hr exposure pefiod. The daily average chlorine concentrations
were determined by averaging four to eight measurements. The final

test concentrations were determined by averaging the daily averages.

Observations were made periodically -during each test. Time of loss
of equilibrium and death (defined as cessation of opercular activity
and lack of response to prodding with a probe) were recorded for
periods up to 96 hours. Dead organisms were removed when observed,
measured, and in some caseé; weighed and preservedAby freezing. At
the end of a test the femaining (live) organisms were measured, and
in some cases, weighed, examined and preserved. Gill tissues of
selected specimens which survived and of most specimens. which died

were examined for damage with a dissection microscope.

Water temperature, dissolved oxygen, pH, and salinity were measured

before and during each exposure period.

Avoidance Studies

Behavioral responses of organisms to chlorinated and ozonated waters
were evaluated in an avoidance system consisting of two modified
Shelford-Allee avoidance apparatuses (7). Each rapparatus was 2 ft
x 6 ft, subdivided ihto 1 £t x 6 £t sub-troughs, and made of 3/4
inch exterior plywood coated with inert epoxy resin. The system was
enclosed in black plastic to permit movement around it without
disturbing the test organisms and for light control. A Duro-Test
"Vita-Lite", which has a similar spectral disﬁribution to sunlight,
was used for'lighting. Light level, measured with a Weston Model 614
light meter having a precision to two foot-candles, was maintained at
430 lux. Each apparatus had a dose box which was divided into two
compartments. One side received untreated water from the delivery
sysﬁem. The other side received untreated and treated water from the
delivery system‘to produce a desired concentration. Water from each
side of the dose box flowed to diagonally opposite ends of the

‘ sub~-troughs and then drained in the center. Due to a sharp gradient
at the center drains each apparatus was thus "divided" into

12
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quadrants. Concentrations in the dose box were produced by adjusting
flowmeters and the flow into each sub-trough was further regulated by
flowmeters. Organisms were exposed'tolsucqessively increased concen-
trations of ozone or chlorine in a'“step—gradient" fashion and their

responses .observed.

At the beginning of a test equal numbers of test organisms were

placed into each sub-trough of the respective apparatus. After

a five minute orientation period the amount of time spent in each
quadrant (formed by the center drainé) was determined for a duration
of five minutes and a frequency distribution of organisms~-times was
formed. A test continued until an avoidance response with a Z:l ratio
of time in control to time in treated water, or death was exhibited.
Concentrations of the biocides were determined throughout each test.
Water temperature, dissolved oxygen, pH, and salinity were measured
before and at the end of each test. At the end of each test, organisms
were measured and - in some cases, weighed'and examined. Because of the
size limitations of the testing facility fishes exceeding 200 mm total
length were not utilized.

At Mercer, observations were made via closed=circuit television and,
when fish were very active, recorded on video-tape for subsequent

analysis.

Physiographic ("Cough" Response) Studies

The physiographic system consisted of four testing chambers and a
four channel Narco Desk Model DMP-4B physiograph. The test chambers
were based on a design given by Spoor,.gE al (8) with some modifi-
cations. Each chamber was made of 1/4 inch %lexiglas and divided
into three compartments: (1) intake, (2) middle compartment which
housed the fish, and (3) drain. Plexiglas dividers were placed in
the middle compartment which forced the fish to assume a position
perpendicular to the ends of the chamber. Stainless steel wire
electrodes were placed at each end of the middle compartment. The

‘ electrodes were then connected to the physiograph which' recorded
respiratory responses of the test organisms.

13
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Two chambers received a continuous flow of untreated water, one
chamber received chlorinated water and the other chamber

received ozonated water. Usually, at least two chambers were used
during a test; one with untreated water and one with a biocide. All
water was taken from the avoidance system dose boxes. Each chamber
was placed in a three~sided compartment with the fourth side covered
with black plastic. Initially, observatiohs were made via smali

slits in the black plastic. Later, one-way mirrors were added to the
system to facilitate observations. Lighting was provided by a Duro-
Test "Vita-Lite" connected to an electric timer to simulate natural
photoperiod. Light level during daylight was maintained at 430 lux.
Because of the size‘limitations of the chambers and the sensitivity of
the physiograph, test organisms were chosen which ranged in size from 57
to 105 mm total length.

"Cough" response tests were usually conducted concurrently with
avoidance tests. One fish was placed in each chamber and subjected to a
continuous flow of untreated water for approximately 48 hrs. If
turbidity was high this period was shortened to 24 hrs. buring this
time the fish were allowed to acclimate to the test chamber and to
establish a normal respiratory pattern. Physiographic traces of this
pattern were made just prior to the exposure period for comparison with
traces taken during exposure periods. Traces were then taken at
concentrations which were gradually increased Eo levels beyond the
avoidance concentration. Traces for fish in untreated water were taken
simultaneously with each biocide concentration to compare differences in
cough rate, breathing and behavior of the fish. Exposure to a
concentration was from 5 to 45 minutes before a trace was taken and
depended on the species and behavior of the fish. The fish were given
ample time to adjust to the increase in concentration. This permitted
better observations and enabled the physiograph to record distinct
"coughs" in the respiratory pattern without interference from excessive.
activity. A five minute trace was taken at each concentration.
Observed and physiographic (traced) "coughs" were used to calculate
"coughs" per minute (CPM) at'each concentration. However, sometimes
only one of these procedures was used if poor visibility made
. observations difficult, or if "coughs" could not be recorded by the

physiograph.

14
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Biocide concentrations were determined throughout each test.

Water temperature and dissolved oxygen were measured after each test.
Salinity and pH were determined at the beginning and the end of each
test. Test organisms were measured, and in some cases weighed and

examined.

Test Organisms

Most of the test organisms used in the study were collected from

the watersheds of the Delaware River .and upper Chesapeake Bay
drainages.by seine and trahsported to the laboratory in insulated
holding vessels. Only‘a few test organisms used at Bergen were taken
from Overpeck Creek due to the paucity of specimens. Rainbow trout were

obtainéd from the aquaculture facility at the Mercer Cenerating Station,

Tests were conducted at Bergen with silvery minnow, Hybognathus

nuchalis; spottail shiner, Notropis hudsonius; mummichog, Fundulus

heteroclitus, tidewater silverside, Menidia beryllina; white perch,

‘Morone americana; and grass shrimp, Palaemonetes pugio. Tests at Mercer

were conducted with blueback herring, Alosa aestivalis; alewife, Alosa

pseudoharengus; rainbow trout, Salmo gairdneri; satinfin shiner,

" Notropis analostanus; spottail shiner, Notropis hudsonius; banded

killifish, Fundulus diaphanus; and white perch, Morone americana. Test

organisms were fed a variety of foods but not during or 24 hours prior

to testing.

Water Chemistry

Water temperaturé was -measured with hand-held immersion thermémeters
scaled in 1.0 C intervals. The level of dissolved oxygen was measured
with a YSI Model 57 temperature compensated oxygen meter having a pre-
cision of 0.05 mg/l (on the 0-5 scale), 0.10 mg/1l (on the 0-10 scale),
and 0.20 mg/l (on the 0-20 scale). Dissolved oxygen readings were
calibrated against 100% air saturation values corrected for temperature
and salinity. A Corning Model 610 A pH meter having a precision of
0.1 pH units was used to measure pH. The meter was calibrated by means
. of buffer solutions. Salinity was measured with a YSI Model 33-§=-C-T

meter having a precision of 0.2 ppt.

15
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" Biocide Measurements. Chlorine residuals were determined using a

Wallace and Tiernan amperometric titrator according to Method 409 C
in Standard Methods for the Examination of Water and Wastewater (9).

It is impoftant to note that, as a result of the different water

quality conditions at- Bergen and Mercer, chlorine produces a different
set of oxidant Species at each site. Considering salinity, pH and amino-
nitrogen, the following oxidant species are most probably produced by
chlorine (6,10): |

Bergen - chloramines, :organic chloramines and traces of bromamines;

Mercer - free chlorine and chloramines.

" Free chlorine, as operationally defined by Method 409 C was rarely
detected at Bergen and accounted for only a fraction of the total

chlorine at Mercer.

Ozone was to be measured using the same procedure as for tptal cﬁlorine
(amperometriC-titration at pH 4). However, when dosed with ozone, the

river water at Bergen did not reveal any residual when méasured at pH

‘4, It was found that a measurable residual did exist when analyzed at

PH 2. Routine analysis of this ozone produced oxidant was therefore

carried out using amperometric titration at pH 2.

Further testing for ozone at Bergén corroborated the finding that the
residual being measured at pH 2 was an unidentified oxidative by-product

of ozone and not ozone itself (6).

In contrast to Bergen, ozonation of the river water at Mercer did produce
an ozone residual which could be measured by amperometric titration at

pPH 4 or at pH 2. Analysis at pH 2 included a natural background which
had to be subtracted from each determination. No background was measured
at pH 4; the background at pH 2 accounted for any differences in the
results at pH 2 and pH 4 at Mercer.

In addition, it is important to note that the ozone residuals reported
here are measured as mg/l chlorine. Conversion of these results to

‘ mg/l ozone requires multiplication by a factor of 0.68.

16
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Section 3

RESULTS AND DISCUSSION

WATER CHEMISTRY

Studies at'Bergen were conducted -with test temperatures from 14.5-
31.5 C, salinities.from 0.2-2.5 ppt, levels of dissolved oxygen

from 2.7-greater than 20 mng/l and pH from 6.7-7.6. Studies at
Mercer were conducted in freshwater with test temperatures from

2-28 C, levels of dissolved oxygen from 5.8-greater than 20 mg/1l, and
pH from 7.0-8.4. |

TOXICITY STUDIES

Acute (96-hr) toxicity tests at Bergen were conducted with silvery

minnow, Hybognathus nuchalis; spottail shiner, Notropis hudsonious;

mummichog, Fundulus heteroclitus; tidewater silverside, Menidia

beryllina; white perch, Morone americana; and grass shrimp,

Palaemonetes pugio. Silvery minnow and spottail shiner were sub-

jected only to ozone. Acute (96 hr) toxicity tests at Mercer were con-

ducted with blueback herring, Alosa aestivalis; alewife, Alosa

pseudoharengus; rainbow trout, Salmo gairdneri; spottail shiner,

Notropis hudsonius; satinfin shiner, Notropis analostanus; and white

perch, Morone americana. Satinfin shiner was subjected only to

chlorine.

During February, 1979, toxicity tests of chlorine and ozone at Bergen
were conducted with mummichog using continuous flow-through conditions.
In the chlorine tests the control group experienced 70% mortality,
identical to that in the highest chlorine concentraticon (0.04 mg/l)
Mortality in the control group for the ozone test was 40%. Although
the level of dissolved oxygen was low (3.8 mg/l average) the mortali-
ties were likely due to an unexplained characteristic of water quality.

17
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Mummichog in both control and experimental groups had hemorrhaging
and aneurisms in the gills. When placed in the untreated (no biocide)
test water, fish immediately went to the bottom of the test tank.

" After two hours ﬁhéy came to surface "gulping air" and shortly there-
after lost equilibrium, Based on these tests, the procedure was
modified from the continuous flow-through to a static aerated condition

as previously described.

Subsequent toxicity testing at Bergen was directed at determining which
'species could be tested (using the static aerated procedure) under the
conditions of adverse water quality in Overpeck Creek. Species tested
for suitability included: blueback herring, mummichog, silvery minnow,
white perch, and grass shrimp. All with the exception of blueback
herring, were deemed suitable for testing. Therefore, during March,
1979, toxicity tests at Bergen wefe conducted using the static aerated
procedure. At Mercer, no problems were encountered with mortalities
resulting from water quality.

Chlorine toxicity

Bergen. Results of toxicity tests with chlorine at Bergen are given
in Table 1. Cumulative mortalities over the 4-, 24-, 48-, 72-, and"
96-hr periods are given in Table 2. Percent mbrtality at 96 hours at
each respective test concentration of total chlorine is plotted for
mummichog, tidewater silverside, white perch, and grass shrimp in

Figures 5-8.

Chlorine toxicity tests with mummichog and tidewater silverside were
conducted at a test temperature of 19 C and salinity of 0.5 ppt. White
perch and grass shrimp were tested at 14.5 C and 1 ppt. Concentrations
of total chlorine beiow 0.40 mg/1l did not result in mortality with )
mummichog but 100% mortality occurred in 0.08 mg/l with tidewater silver-
side, at 0.70 mg/l with mummichog, and at 0.37 mg/l with white perch.
However, a concentration of 0.37 mg/l caused only 10% mortality with
‘ grass shrimp and 0.63 mg/l resulted in 40% mortality. Unexpectedly,

0.87 mg/l did not cause any mortality with grass shrimp.
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Table 1

Results of toxicity tests with chlorine for mummlchog, Fundulus
heteroclltus, tidewater silverside, Menidia berylllna, white perch,
Morone americana; and grass. shrimp, Palaemonetes pugio; conducted
at Bergen. (*=level of chlorine undetectable)

NEAN SALINITY  TEBY DIBS. TINE (HRB.) CONTROL EXPERTHENTAL
LENGTH : TENP. 02 CL2 CONC. FRON START NO. »0. NO. WITH »o. »O. 0. WITH
DatTE (7L mm) (PPT) ) (RO/L)  PH (Mo/L) OF TEST ALIVE  DEAD  L.O.E. ALIVE DEAD L.0.E.
FUNDULUS NETEROCLITUS
12 FED 79 43.8 1 16 . 3.8 7.4 13 [ 10 - - K} - -
. 10 [} 0 * [} 0
24 s s [] C e 3 .
409 4 é 4 ] 4 s
72 ] 8 a a s .
0 3 b4 3 ] E L}
12 FEB 79 4.2 1 14 3.9 7.4 ] [ 10 - - 10 - -
' ) 10 ° 0. 10 [] o
24 s s s y 3 s
48 4 ) 4 3 4 4
72 ) . . e ] N
2 3 ? 3 3 7 3.
12 FED 79 30.7 1 14 3.9 2.4 ] ‘o 10 - - 10 - -
. ] to [ o 10 o [}
24 s s ] . . 4
49 L] & L) 3 b4 3
72 ) . . 2 [] ?
(23 3 b 3 2 . 2
12 FED 79 41.4 ' 18 3.0 7.4 0.01 o 10 - - [ - -
. 10 [} ° L o [}
24 s ] s s 4 s
a8 . s . s . ER
72 . 8 . . ] .
*0 3 ? 3 . s ]
12 FED 79 30.3 1 18 3.8 7.4 0.04 o 1o - - . - -
. . LR 10 o o A 4 -] o
.24 s E] s 6 3 [
48 4 & 4 3 é 3
72 . 4 . 2 ? 2
o 90 3 ? 3 2 ? H
20 mar 79 s4.4 0.3 19 .8 7.4 0.01 [} 10 - - 10 - -
[ 10 [ o 10 o °
20 nar 79 9.4 0.3 19 .. 7.4 0.04 [} 10 . - - 10 . .
. 1) 10 0 ° 10 [ 0
20 NAR 7¢ 87.8 0.3 ty Iy 7.4 0.09 0 to - - wv - -
96 10 ° -0 10 o °
20 mar 79 48.9 0.5 . 19 . 7.4 0.4 o to - - 10 - .
94 10 ° ° 10 0 °
20 WAR 79 82.3 0.3 1y 3.8 7.4 0.7 [} 10 - - 1o .- .
1.23 10 -0 [] (] 2
1.3 10 o ° s a :
2 to [ ° 1 P 1
3.3 10 0 ° 0 10 °
20 NAR ?
AR 79 68.2 0.3 1y 3.4 7.4 1 ° 10 - . ‘0 . _
1 10 0 0 to ° 1
1.3 10 o ° L] s 2
t.3 10 [ 0 . . 1
2 10 ° o 2 [ 0
2.3 10 0 o ) 10 0
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Table 1 (continued).
NEAN SALINITY  TESTY DIes. TINE(MRS.) - COMTROL CXPERTINENTAL
LENOTH . TENP. 02 : CL2 CONC. FROW START NO. no. MO. MITH nO. 0. nO. WITH
BATE L M) PPT) 13} tmasLy P (no/L) oF TEST ‘ALIVE  DEAD  L.0.E. aLIVE DEAD L.0.E.
MENIDIA SERYLLINA
20 AAR 79 s 0.3 19 s.9 7.4 0.08 0 s - - s - -
2.3 s ° [} 4 1 [}
20.3 s ° ° 3 2 °
. s 0 ° 2 3 [}
S0 s 0 o 1 ] [}
73 3 [} [ [} 3 .
. 20 mar 79 0.4 0.3 19 6.1 7.4 0.44 0 S - - s - -
. 0.6 s [ ° a 1 3
0.9 5 0 0 0 s °
20 mar 79 $0.2 0.3 11 s.? 7.4 0.3 [} E - - E - -
0.6 s [} [} 0 s °
NORONE ANERICANA
27 nag 79 133.4. 1 1e.58 8.2 7.3 0.02 ° s - - s - -
.o . 96 s 0 ° s ° °
27 naR' 79 134.4 1 14.3 8.7 7.3 0.12 [ ] - - s - -
24 s ° [} . ] °
a3 ER [ 0 3 2 ]
49" ] [ ° 2 3 0
96 s 0 ° 2 3 °
27 mar 79 156.2 1 14.3 67 7.3 0.37 s - - 3 - -
’ 1.8 s [] [} 1 . 1
24 s 0 ° 0 s ]
27 RAR 79 139 1 14.9 8.6 2.8 0.63 ° ] - - S - -
1.3 s 0 ° o s °
27 nam 79 1S4 1 14.3 ? 7.3 0.87 0 s - - 3 - -
1.3 ] [} ° ° ] 0
PALAENONETES PUGIO
.7 1e.3 6.2 7.3 0.02 [} to - - 10 - -
27 WaR 79 26 1 . o b4 ° ° M ' °
9 10 [} o 14 1 °
14.9 6.7 7.8 0.12 10 - - 10 - -
27 nan 79 27 1 .3 9 ° e M 1 °
v 10 0 (] ’ 1. °
79 B 1 14.3 4.7 7.3 0.37 (] 10 - - 10 - -
27 RAR 23.4 a3 10 ° ° ’ 1 [ 3
v 10 ) .0 . 1 °
e 4.2 1 14.8 8.4 7.8 0.43 ° 10 - - 10 - -
27 nar 2 ‘0 io ° ° . ’ °
87 10 ° [] [ 2 °
49 10 o ° k4 3 °
96 to ° 0 . 4 ]
" 79 .7 1 14.93 7 7.3 0.07 0 10 - - 10 - -
27 Ra 23 ot ‘o ° ° °

20
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Table 2

Chronological summary of toxicity tests with chlorine for. mummichog,
Fundulus heteroclitus; tidewater silverside, Menidia beryllina;
white perch, Morone americana; and grass shrimp, Palaemonetes pugio;
conducted at Bergen. (*=level of chlorine undetectable)

TOTAL LENGTH (NN} éAlINIFV 0.0, TEMP. TOT. CL2 NO.EXP. 4 MOUR 24 MOUR 48 HOUR 72 HOUR %6 MOUR
DATE “RIN, LT HEAN (PPT) PH (HG/7L) (3] {ng/L) ORO. T MORT. I MORT, X MORT, T MORT., T MORT.

FUNDULUB WETEROCLITUS

12 FE8 79 37 38 4.8 1 7.4 3.8 1e : ¢ ° 33 4 e -
12 FED 79 32 Tt a2 1 7.4 1o s ’ T10 ° 30 0 w0 -
12 FEB 7Y 31 st 9.7 ' 7.4 3.8 18 : 10 ° 0 % o -
12 F€8 79 33 s a1, 1 7.4 1.8 16 0.01 9 ° a aa s -
12 FED 79 32 o w3 4 7.4 3.8 18 0.08 9 ° n o 78 -
20 nam 79 37 Te . sa.e 0.8 2.4 s 19 0.01 10 ° ° o ° o
20 War 79 S% v a.s 0.3 7.4 3 19 0.06 10 ° ° ° ° °
20 nar 7 s6 104 s7.8 0.3 7.4 s 19, 0.09 10 o ° ° o o
20 nan 79 87 [ 0.0 0.3 7.0 & 19 0.4 10 o 0 ° ° °
20 MaR- 79 Sa 73 s2.3 0.3 7.4 1.8 a9 0.7 10 100 100 100 . 100 100

20 Ramr 79 37 . v 40.2 6.5 7.4 3.4 19 1 10 100 ° 100 100 100 too

NENIDIA BERYLLINA

20 NaR 79 30 L 13 43 0.3 7.4 s.9 19 0.08 L] 20 @0 0 20 100
20 NAR 79 e &0 8.8 9.3 7.4 4.1 19 Q.48 L] 100 100 100- 100’ 100
20 nan 29 4 42 30.2 0.3 7.4 3.7 19 0.93 S 100 100 to00 100 too

MORONE ANERICANA

27 NAR 7% 133 172 133.4 1 7.5 é.?} 14.5 0.02: . S o ° [} o [}
27 MAR 7% 137 170 154.4 1 - 7.3 6.7 4.3 0-.12 L] ° 20 L1 60 &0
27 RaR 7% 132 174 136.2 1 7.5 8.7 14.3 0.3?7 3 80 100 100 100 100"
27 naR 79 139 170 139 1 7.5 6.4, 14,3 0.83 L] 100 100 100 100 100
27 mar 79 130 166 136 1. . 7.3 ? 14.93 0.87 L] 100 100 100 100 100
PALAERONETES PUBIOD

27 mar 79 23 32 24.7 1 7.8 4.2 14.3 0.02 10 L] . o 10 10 10
27 mam 79 21 L 7 1 7.3 4.7 4.5 0.12 . 10 10 10 10 10 10
27 man 7Y 2 30 25.6 ] 7.5 4.7 14.3. 0.37 10 ° ° 10 10 10
27 mar 79 20 13 26.2 1 7.3 LY 3 14.53 0.43 10 ° 10 -10 30 40
27 Aan 7¢ 22 32 23.7 1 7.9 . ? 14.3 0.97 10 o ° o o [}
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?6~HR PERCENT MORTALITY

TdTAL CHLORINE CONCENTRATION (MG/L)

Figure 5. 96~hour percent mortality of the mummichog,
Fundulus heteroclitus, for two-hour daily exposure to
total chlorine at Bergen.

Notes:

1. The number of data points is indicated numerically. .

2. The 2-hour intermittent LCgy at 96 hours is about
0.54 mg/l total chlorine.

3. Test temperature was 19 C.
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Figure 6. 96-hour percent mortality of the tidewater
silverside, Menidia beryllina, for two-hour daily
exposures to total chlorine.at. Bergen.

Notes:

1.

2.

The number of data points is indicated numerically.

Test temperature was 19 C.
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Figure 7. 96-hour percent mortality of the white perch,

Morone americana,

chlorine at Bergen.

Notes:
1.
2.
0.1 mg/l total chlorine.
3. Test temperature. was 14.5 C.
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The 2-hour intermittent LCsq at 96 hours is about

for two-hour daily exposures to total

The number of data points is indicated numerically.



96-HR FERCENT MORTALITY

TOTAL CHLORINE CONCENTRATION (MG/L)

Figure 8. 96-hour percent mortallty of the grass shrimp,
Palaemonetes pugio, for two-hour daily exposures to ’
total chlorine at Bergen.

Notes:
1. The number of data points is.indicated numerically.

2. Test temperature was 14.5 C.
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The 96-hour LC5g for a 2-hour intermittent exposure (ICLsg(96,2))
for mummichog tested at 19 C was about 0.54 mg/l total chlorine. That
for white perch tested at 14.5 C was about 0.10 mg/l total chlorine. "
The ILC50(96'2) values for tidewater silverside and grass

shrimp could not be determined because no available concentrations
resulted in at least 50% mortality with grass shrimp and less than
100% mortality with tidewater silverside.

Mercer:. Results of toxicity tests with chlorine at Mercer are given
in Table 3. Cumulative mortalities over the 4-, 24-, 48-, 72-, and
96-~hr periodé are given in Table 4. “The test with blueback herring'
(Figure 9) and one test with white perch, conducted at an average
temperature of about 2 C, were not evaluated due to unacceptable
(greater than 20%) control mortality.

Alewife were tested at an average temperature of about 22 C and at
concentrations of total chlorine between 0.14-0.89 mg/l. Percent
mortality at 96 hours at each respective test concentration of total
chlorine islplbtted for alewife in Figure 10. The ILC50(96,2)

for alewife was about 0.27 mg/l total chlorine.

Rainbow trout were tested at an average. temperature of about 5 C and
at concentrations of total chlorine between 0.12-0.81 mg/l. Percent
mortality at 96 hours at each4respective test concentration of total
chlorine is plotted for rainbow trout in Figure 11l. The

ILC50(96’25 for rainbow trout was about 0.67 mg/l total chlorine.

Spottail shiner were tested at average temperatures of about 6 and
26 C and at concentrations of. total chlorine between 0.07-1.26 mg/1l.
Percent mortality at 96 hours at each respective test concentration
is plotted for spottail shiner in Figure 12. At 6 C, no mortality
occurred at 0.07 mg/l total chlorine and only 33% mortality occurred
at 0.28 mg/l total chlorine (the highest concentration tested). At
26 C, the ILCgg(9g,2) for spottail shiner was about 0.35 mg/l

total chlorine.

‘ Satinfin shiner tested at about 6 C experienced 100% mortality at
0.52 mg/l total chlorine (the only concentration tested).
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Table 3

Results of toxicity tests. with chlorine for blueback herring,
Alosa aestivalis; alewife, Alosa pseudoharengus; rainbow trout,

Salmo gairdneri; spottail shiner, Notropis hudsonius;

shiner, Notropis analostanus;

conducted at Mercer.

satinfin

and white perch, Morone americana;

REAN
LENOTH

DAtTE CTL An)

SALINITY

(PPT)

TEST
TENP,
w

DIS8.
02
(ng/L)

PH

€L2 conc.
(ng/L)>

FROM START
OF TEST

ALOSA aESTIVALIS

11 BEC 79 88.7

11 pEC 79 73.3

i1 DEC 7Y 48.7

11 DEC 79 66.3

11 DEC 79 ° 2.9

ALOSBA PSEUBOHARENGUS

v Juw 80 29.4

. 9 Jun 80 31.4

® Jum 80 20.0

SALMO OAIRDNER]
24 NAR 80 139.2

24 RAR 8O0 130.4

21.2

22

24

10.9-

10.9

10.9

27

0.14

0.89

0.12

4
23.23

3.3
72
96

23.23
29.73
48
30
948

23.23
43.3
49

94

21
23.23
24,73
40
28

18.23
49.73
90.3
s

1,73
2.33
2.78
3.23
18.23

0.73
0.83
0.92

| TINE (MRS .

-

CONTROL . EXPERINENTAL
wo. NO.. MO, WITH wo. . wO. MITH
ALIVE  DEAD  L.0.E. ALIVE DEAD L.0.E.
[ - - 10 - -
° 1 [] 10 ° °
9 i o . ’ 1 °
8 2 ° [] 2 °
? 3 ° ] 2 1
? 3 0 4 3 °

to - - 10 - -
9 1 ° 10 ° °
9 1 ° ’ 1 °
e 1 ° [] 2 °
? 3 ° . . [
? 3 0 B ] E] 0
10 - - 10 - -
’ 1 [ 10 [ °
[ 1 ° . 1 °
9 1 ° ] 2 1
9 1 1 ? 3 °
? 3 ° s s °
10° - - 10 - -
10 ° 1 . . °
9 1 [] . . (B
’ 1 ° s s °
? 3 ° . . °
? 3 ° 1 ’ °
10 - - to - -
10 0 s i 3 2
9 1 Kl s . 1
9 1 [ 3 3 1
? 1 ° 2 [ °
? 3 [ ° 10 °
10 - - 10 - -
10 ° 0 ’ 1 °
9 1 ° ’ 1 0
] 2 ° ] 2 °
8 2 ° [ 2 °
10 - - to - -
10 0 ° ’ 1 °
10 ° ° ’ 3 °
10 ° ° . . °
10 ° ° s ] 1
10 ° ° ° to °
10 - - 10 - -
10 ° ° 2 [ .0
10 [ ] 1 ’ 1
10 ° ° ° 10 0
s - - s - -
s 0 [ s ° °
s - - s - -
] 0 ° s ° °




Table 3 (continued)

nEC onTRO EXPERINENTAL .
REAN TE8T 0188, TINECHRE . ) CONTROL
L:lotu TERP. 02 CL2 CONC. FROM START NO. nO. N0, WITH no. no. %0, WITH
DATE CTL My ) (WO/L) P (Ma/L) OF TEBT ALIVE  DEAD  L.O.E. ALIVE DEAD -_':ffl----
BALMO BAIRDNERI
. .. 1.3 7.9 0.42 o s - - s - -
264 MAR B0 143.4 s 9 o 2 ; . : . .
. 11, 7.9 0.6 0 s - - s - -
24 MAR 80  139.4 5.3 t.3 ,” 3 ; : : . :
91.23 s ° ° . 1 °
98- s ° ° . 1 °
' . .7 ’.0 0.01 ° s - - s - -
24 #AR 90 138 5.3 11 % 3 ; : 3 : .
6.23 s o 0 3 2 °
s6.3 ] ° ° 2 3 1
67.23 s 0 0. 1 . [
b2 B s ° o ° s °
NOTROP18 WUDSONIUS
. 3.0 . 7.8 0.07 ° - - 2 - -
11 DEC 79 0.3 L] 10.0 o 2 : . H ° °
. ) ) . ) )
° ' 6.3 10.9 7.8 0.20 o . 2
11 bEC 7 3 o 2a 2 . . 3 o 1
89 ? ° ° 2 1 °
LT 2 [} ° 2 t °
? JuL 80 38.5 23.9 ? 7.4 0.1 [ 10 - - [] - -
17 o ° ° ’ 1 °
" 10 ° ° N 2 °
96 10 [ ° . 2 0
7 st 8o 36.1 ‘24 7.3 7.4 0.22 [} 10 - - 10 - -
0.33 10 ° ° 10 o 1
1.17 10 ° 0 . 1 0
1.42 10 ° 0 ] 2 0
2,23 10 ° ° ? 3 °
94 10 0 0. ’ 3 °
? L 80  33.4 3.3 ’.2 7.8 0.84 o 10 - - 10 - -
0.42 I 0 °- to 0 1
0.8 10 ° 0 ? 3 3
0.47 10 ° ° 3 b4 2
0.73 10 0 ° 1 ’ 1
1.17 1o ° ° 0 10 [
? L o 34.9 23.3 v.8 ’.8 0.91 0 10 - - .10 - -
0.17 10, 0 o 10 ° .
0.33 to ° ° . . 2
0.42 10 o ° 3 ? 2
0.3 10 ° ° 2 [} 2
- 0.47 10 ° o ] 10 o
7. UL so 34 23.3 10.2 7.4 1.2¢ ° 10 - - ’ - -
0.1? 10 0 0 ) ° s
0.33 10 [} ] . s 2
0.42 10 o ° 4 3 3
0.5 10 ° ° 1 [] 1
0.42 10 [ 0 ° 9 o
MOTROPIS ANALOSTANUG .
11 DEC 79 40 6.3 11 7.4 0.52 ° 1 - - ' - -
1 ° ° [ 1 °
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: Table 3 (continued)

NEAN SALINITY TEST ’ 8188, TIRE(HRS ) CONTROL EXPERIMENTAL
. LENOTH TERP, 02 CL2 CONC. FROMN STARY NO. NO. HO. MITH u0. no. n0. WITH
DATE (TL mny (PPT) tC) tnosL) PN {(na@sL) . OF TESBT aLIVE DEAD L.0.E. ALIVE DEAD L.0.€.

MORONE ARERICANA

17 DEC 79 7.8 ° 1.8 12.3 2 0.1 ° 10 N ° M o '
. . 19.3 10 o 0 M o ! .
27.3 10 ° ° . ! M
4.3 4 1 ° 7 2 !
70 7 3 3 3 N !
28 3 ? 1 3 ¢ !
17 DEC 79 44.3 ° 1.8 12.3 ] 0.19 ° 10 5 o e o N
26.3 10 ° ° 10 ° !
4.3 ’ 1 ° 4 3 °
7.5 ] 2 . é s !
rs - e 2 E 3 3
9 3 7 1 1 ’ 1
17 DEC 7Y . 61.3 ° 2.1 12,3 [} 0.3 o 10 - - 10 N .
. 19,3 10 o 0 M ! 2
20 10 o ° e 2 3
4.3 1 1 o 3 4 !
'} 9 1 t 2 s !
67.3 9 2 C ° 10 °
17 DEC 79 . 42.4 °. 2.4 12.3 8 0.3 ° 10 - - 19 : 3
19.3 10 3 0 7 3 3
22.3 1o ° ° s 3 t
25.7s 10 0 ° . s !
44,3 9 ! o 1 ? )
30 L] 1 1 L 10 °
17 0EC 79 2.8 o 2.3 13 8 0.73 ‘o 10 - - 1 ; 2
19.5 10 0 ° 3 14 2
2s 10 °. ° 2 e !
2s.5 10 ° o 2 4 H
27.8 10 ° [ 1 ¢ !
a3 9 ! o ° 10 °
? JaW B0 148.2 ° 2 11,4 .1 0.1 [} s :
. - - s - -
9 s ° ° s ° °
7 5080 161 ° 2 1.6 .1 0.2 ° s - - s
v s ° ° s ° °
? Jaw B0 137 ° 2 1.7 8.1 0.4 ° s - - s
' " 3 ° ° s ° °
? Jan 80 1a9.8 ° 2.1 1.9 0. 0.4 ° s - - s
v s ° ° 2 ° °
7 JAN-80  138.4 ° 2.2 1.9 [ 0.78 [ s - ]
: % 3 ° 0 s ° °
7 aPm- 80 132.8- ° 11.3 - 1o 7.3 0.1 ° s - s
v 3 o- ° 3 ° °
7 4P 80 140.2 ° 1.4 10 7.3 0.36 o 3 - s
”% s ° ° s ° °
7 arm 80 140 0 11.4 10 7.3 0.77 ° s - s
_ 74 3 ° ° s o '
9t.s s ° ° N 1 °
9 s ° ° . t °
7 aPR 80  167.8 . o TS 10 7.3 1.12 o s s
2 s o ° s o 3
o
g.s s o ° . 1 H
.23 s o o 2
24.253 s 0 ° ) : o
s ° ° 0 s ° ‘

‘II' . .3
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Table 3 (continued)
NEAN SALINITY  TEST DISE. TINE (MRS, ) comMTROL . CIPERINEMTAL
LENGTH ’ TENP. 02 CL2 CONC. FROM BTART NO. N0, NO. WITH nO. 0. N0, WITH
DATE (TL mmy PP 13 (MG/L)  PH (nosL) oF TESY ALIVE  DEAD L.O.E. ALIvE DEAD L.0.E.
NORONE AMERICANA
7 arm 80 173.4 [} 11.1 ’.9 7.3 .49 ° ] - - s - -
1.23 3 ° 0 ] ° )
1.5 s ° 0 s [} L]
1.73 s ° ° H 3 2
2.8 s ° ° 1 a t
7.3 s ° ° 0 s °
1% NaY 80 143.4 0 19.1 7.6 7.2 0.14 0 s - - L] - -
aa . 1 ° s 0 0
[ 4 [ ° 3 ° °
19 MAY 80  149.4 ] 12.1 7.5 7.2 0.28 0 H - - s - -
. N 1 [ s ° °
9 3 1 ° s 0 °
19 MAY 80  142.s ° 19,1 7.6 7.2 0.63 [} ] - - s - -
2.3 s 0 0 s o 2
3.23 s o o’ L] 1 1
8.3 s 0 [ 3 2 °
. . 1 [ 3 2 [}
94 a 1 ° 3 2 °
19 may g0 141 ° 19 2.3 7.1 0.9? o s - - [] - -
: . 1 ) [ ° s ° 1
1.23 s ° [ 4 1 1
1.33 s [ o 3 2. 1
1.73 s 0 ° 1 . 1
2.2 s 0 o 0 s o
19 mAY @0 42,8 ° t9 7.3 ’ 1.29 [} - - - s - -
- 0.5 s ° ° H 0 1
0.78 s 0 ° . 1 H
1.08 s 0 ° H 3 1
1.17 s ° ° 1 . °
2 s 0 0 ° H 0
® Junw BO @7 o 21.2 8 7.3 0.14 0 10 - - 10 - -
: 90.3 10 ° 2 v 1 °
98 8 2 o K) 1 °
? Juw 90 2.7 ° 21.3 8.1 7,2 0.24 0 10 ~- - 10 - -
) 90.3 10 3 2 10 0 o
98 8 2 ° 10 ° o
* Jum 8o 80 ° 21.4 8.1 7.2 0.32 [ 10 - - ’ - -
: ’ 26,33 10 o 0 ’ 0 1
42.3 10 ° 0 [] 1 o
90.3 10 [ 2 [] 1 °
98 [ 2 o ] 1 °
* un s0 [ ° 22 7.9 2.2 0.72 ° 10 - - 10 - , -
. 1.33 10 ° ° ] 2 1
1.3 10 ° ° . ) °
2 10 [ [ 4 . [
2.7% 10 ° 0. 2 » °
18.3 10 ° [ ° 10 °
* Jun 80 0.7 ° 2e 8.7 7.2 0.93 [ 10 - - 4 - -
0.4? 10 0 ° ] 1 °
1 10 ° ° . 3 2
1.17 10 ° ° S 4 2
1.33 10 0 ° 2 ? 1 3
1.73 10 ° 0 ° ’ °
7 JuL 80 143 ° 28.9 b4 7.4 0.1 0 s - - s - -
89.23 s o ° 3 2 °
. 9e 4 1 [ 3 2 (4
% a 1 ° 3 2 o
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Table 3 (continued)

REAN SALINITY TEST . b1ss, TINE(HRS .} CONTROL EXPERTIRENTAL
LENGTH TENP . 02 CL2 CONC. FROM START M0, »0. NO. WITM n0. O . NO. WITM
c DATE (L mm) (PPT) ) {ng/L) PH (na/7L) OF TE€S7Y ALIVE ™ DEAD L.0.E. AL Tve DEAD L.0.E.

MORGNE ARERICANA

7 JuL 60 137.2 o - 26 7.3 7.4 0.22 [} s - - s - -
94 . [} s [} °

9a . 3 ° s [] °

7 JuL 80 13s.4 ° 26.1 . 7.6 7.4 0.62 [ s - - s - -
: 92.73 L] ° [} s ° 1

93 s [] [ 4 ] °

94 . 1 [ . 1 ]

94 ] 1 0 ] 1 °

? L 80 152 0 28.1 7.7 7.4 0.83 0 s - - 3 - -
41.23 ] [ o 4 [} 0

43.2% ] [ ° 3 2 °

68.3 s 0 o 2 3 [

0a . 1 o ] . °

. . 1 o 1 ) )

? WL a0 147 R ] 25.8 . 7.9 7.2 1.09 [3 3 - - 9 - -
1.42 s ° ° . 1 2

1.7% - s o ° 3 2 2

2 s o L0 2 3 . 1

2.17 s [ [X 1 . [}

70.78 H ° ° o E] °




Table 4

Chronological summary of toxicity tests with chlorine for blgeback
herring, Alosa aestivalis; alewife, Alosa pseudoharenguSE ralnbow .
trout, Salmo gairdneri; spottail shiner, NotroPiS’hudSOn1u§; satinfin
shiner, Notropis analostanus; and white perch, Morone americana;
conducted at Mercer. '

. TOTAL LENGTH (8N) SALINITY b.0. TENP., TOT. CL2 NO.EXP. 4 HOUR 24 HOUR 48 HOUR 72 NOUR 4 WOUR .
DATE niwn, nax . REAN (PPY) [d.] tma/sL) " tho/L) ORG. X MORT. X MORT, X NORT. T WORT. X MORT,

ALOSA AEBTIVALIS

10 20 30

11 DEC 79 S3 7s s8.7 ° 7.8 10.8 5.y 0.07 10 ° °
11 DEC 79 63 7S 73.3 ° 7.8 10.9 5.9 0.13 10 ° 10 20 40 s0
11 DEC 79 39 84 48.7 4 7.8 10.9 6.3 0.28 10 ° ° 20 30 30
11 DEC 79 4@ 82 4.3 ° 7.7 0.9 6.3 0.4 10 ° 40 s0 0 v
11 DEC 7Y 41 90 72.9 ° 7.6 11 8.3 0.52 10 ° 10 00 %0 100
ALOSA PEEUDOMARENOUS
? Juw 80 24 32 29.4 ° 7.3 s ' n.2 0.14 10 ° 10 10 10 20
9 Juw g0 20 34 31.6 ° 7.2 7.9 22 o.48 10 so 100 100 100 100
¥ Jum 80 26 33 28.9 ‘0 7.2 8.7 24 0.89 10.  too 100 100 100 100
SALNO BAIRDNERT
24 mam 90 133 147 1359.2 ° 7.9 11 3.3 - 012 s ° ° ° o °
{ 24 mar 80 139 167 130.4 ° 7.9 11.4 3.3 0.23 s ) ° ° ° °
24 Mar 80 130 180 183.4 ° 7.9 1.3 3.4 0.42 3 ° ° ° ° °
24 maR 80 129 173 - 139.4 ° 7.9 11.3 3.3 0.4 3 0 ° ° ° 20
24 NaR 80 149 170 139 ° 7.8 1.7 3.3 0.81 s 20 a0 a0 80 100
NOTROPIB MUDSONIUS
11 DEC 79  pa 83 84.3 ° 7.8 10.8 3.9 0.07 2 ° ° ° 0 °
11 DEC 79 40 .8 64.3 ° 7.9 10,9 8.3 0.20 3 ° o ° 33 3
7 it 60 30 4 3.3 ° 7.4 ’ 23.9 0.1 ] 0 13 23 23 23
7L 80 W 40 36.1 ° 7.4 7.3 28 0.22 10 30 30 30 30 30
7 JuL 90 30 39 33.4 ° 7.0 v.2 253 0.644 10 100 - 100 100 100 100
7 JuL 80 30 a0 343 ° 7.8 9.8 23.3 .91 10 100 100 t00 100 100
? JuL 80 28 38 34 ° 7.6 10.2  23.3 1.2y 100 100 too too 100
NOTROPIS AWALOSTANUS
11 bEC 79 - - ar ° 7.4 11 4.3 0.32 1 ° ° ° ° 100
MORONE ANERICANA
17 DEC 79 s8 00 47.0 ° 9 12.3 1.8 0.1 ’ 0 - ° 22 4 Y
17 DEC 79 38 73 44,3 ° 9 12.3 1.8 0.19 10 o ° 30 a0 v
17 DEC 79 30 [ s1.8 ° ) 12.3 2.1 0.36 10 [ 10 %0 100 100
17 DEC 79 30 »” 2.4 ° ] 12.3 2.4 0.33 10 o s0 *0 100 100
17 DEC 7% S0 3 62.0 0 ) 13 2.3 0.73 10 0 70 100 100 100
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Table 4 (continued)

TOTAL LENGTH (NN} SALINTTY b.0. TENP. TOT. CL2 WNO.EXP. 4 HOUR 24 MOUR 48 MOUR 72 HOUR 94 MOUR
DATE MIN. HAX . HEAN (PPT) PN tMo/L) (14 thast) ORG. X MORT. X WORT. X MORT. X MORT. I MORT,

MORGNE ARMERICANA

7 Jaw 80 130 174 148.2 ° ‘.1 11.6 2 .' 0.1 s 0 ° ° 0 °
7 Jam 80 133 198 164 ] 8.1 11,6 T2 0.2 ] ) [ ° ° °
? Jaw 80 130 193 157 ‘o 8.1 11.? 2 . 0.4 ] ° ° ° ° °
7 Jam B0 127 181 149.8 ° 8.1 11.8 2.1 0.6 s 0 [ o ° °
7 Jam 80 135 17e 158.4 o 8.1 11.9 2.2 0.78 s 0 ° ° ] °
7 PR 80 127 189 132.0 o 7.3 10 1.3 0.19 s [ ° o [ °
7 aPR 80 143 101 160.2 0 7.8 10 11.4 0.3é s ° 0 o ] °
7 APR 80 132 18e, 140 ° 7.5 10 11.4 0.77 s 0 0 ] ° 20
7 aPn 80 132 103 - 187.8 0 ’.3 to 11.4 1.12 s 40 0 [ 1] s0 100
7 APR 80 143 193 173.4 ° 7.3 9.9 1.1, 1.49 s 80 100 100 100 100
19 NAY 80 137 159 143.6 ° 7.2 7.4 19.1 0.14 s ° ° 0 ° o
19 nay 80 134 143 149.4 ° 7.2 7.5 19.1 0.28 s ° ° ° o [
19 WAy G0 133 160 C142.4 S 7.2 7.6 1r.1 0.43 s 20 . a0 - 40 0 40
19 may 80 133 13 141 0 7.3 7.3 19 0.97 s 100 100 100 100 100
19 mav 80 ' 127 147 142,86 ° ? 7.3 19 1.29 s 100 100 100 100 100
9 Juw 80 74 ” 87 ° 7.3 ] 21.2 0.14 to 0 ° o 0 10
* Jun B0 48 13 - 82.7 ° 7.2 8.1 21.3 0.26 1to. 0 .0 3 [ °
¥ Juw B0 70 94 .80 o 7.2 8.1 21.4 0.52 ? [ 0 11 1 1
9 Juw 80 70 % s ° 7.2 7.9 22 0.72 10 @o 100 100 100 100
* Juw 80 &7 92 83.7 0 7.2 8.7 24 0.93 9 100 100 100 100 100
7 80 110 182 143 0. 7.4 ? 2.9 .
7 JuL 86 117 137 137.2 ° 7.4 7.3 z: : :2 : o [} ° ° 40
? AL 80 117 150 135.6 ) 7.4 7.6 26.1 o.az s : : : ° °
7 JUL 80 140 160 132 ° 7.4 7.7 281 0.“ . ° ¢ ° ° 2
? JuL 80 127 169 ‘14 ° ’.2 e . ] ] 20 a0 80
. . . 2s.8 1.09 s 80 [ 1 80 100 100
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?6~HR PERCENT MORTALITY

TOTAL CHLORINE CONCENTRATION (MG/L)

Figure 9. 96-hour percent mortality of the blueback
herring, Alosa aestivalis, for two-hour daily exposures
to total chlorine at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. Test temperature was 6 C.
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Figure 10. 96-hour percent mortality of the alewife,
Alosa pseudoharengus, for two-hour daily exposures to
total chlorine at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCgg at 96 hours is about
0.27 mg/l total chlorine.

3. Test temperature was 22 C.
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Figure 11. 96-hour percent mortality of the rainbow
trout, Salmo gairdneri, for two-hour daily exposures to
‘total chlorine at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCs50 at 96 hours is about
- 0.67 mg/l total chlorine.

3. Test temperature was 5 C.
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Figure 12. 96-hour percent mortality of the spottail

shiner, Notropis hudsonius, for two-hour daily exposures
to total chlorine at Mercer.

Notes:
l. The number of data points is indicated numerically.

2. The 2-hour intermittent LCsqp at 96 hours is about
0.35 mg/1l total chlorine at 26 C.

3. Test temperatures were 6 C and 264C.
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-110-17
White perch were tested at average temperatures between 2-26 C and at
éoncentrations of total chlorine between 0.1-1.49 mg/l. Percent
mortality at 96 hours at each respective test concentration of total
chlorine is plotted for white perch at the respective test temperature
in Figures 13-17. The ILC50(96,2) for white perch tested at
11, 19, 22, and 26 C was about 0.87, 0.69, 0.61, and 0.74 mg/l total
chlorine,-respectively. The mean ILC50(96,2) Was 0.73 mg/1
and the standard deviation was 0.11 mg/l. Although these results and
phose obtained at 2 C.(no mortality at 0.78 mg/l total chlorine)
indicate an inverse relationship between temperature and chlorine
toxicity to white perch; no significant (P £ 0.05) correlation
(r= -0.67, d.f. 2) was found.

Ozone Toxicity

Bergen. Results of toxicity tests with ozone (measured as chlorine)
~at Bergen .are given in Table 5. Cumulative mortalities over the 4-,
24-, 48-, 72-, and 96-hr periods are given in Table 6.

Ozone toxicity tests at Bergen with silvery minnow, spottail shiner,
and white‘perch‘were conducted at a test temperature of 15.5 C and a
salinity of 1.0 ppt. Mummichog and tidewater silverside were tested
at 19«C and 0.5 ppt. Grass shrimp wefé tested under both these con-
ditions. In a 48-hour test at 0.93 mg/l ozone (measured‘as chlorine)
silvery minnow and spottail shiner experienéed 50% and 100% mortality,
respectively. However, 0.71 mg/l ozone (measured as chlorine) did nbt
result in any mortality with silvery minnow and spottail shiner ex-
perienced only 20% mortality. 1In-a 72-hour test at the highest test
concentration , 1 mg/l ozone (measured as chlorine), tidewater silver-
side and grass shrimp experienced only 20% and 10% mortality, re-
spectively. In a 96-hour test, white perch and grass shrimp ex-
perienced 0% and 20% mortality at 0.97 mg/l ozone kmeasured as chlo-
rine; the highest concentration tested). Mummichog experienced no
mortality at 1.0 mg/l ozone (measured as chlorine; the highest con-
centration testea) after 96 hours. Consequently, no
ILCs50(96,2) concentrations could be calculated because no test
. concentration of ozone resulted in more than 40% mortality in-any *
96-hour test. Percent mortality at 96 hours at each respective test
concentration of ozone (measured as chlorine) "is plotted for grass
shrimp and mummichog in Figures 18 and 19, respectively.
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Figure 13. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to total
chlorine at Mercer.

Notes:

1. The number of data points is indicated numerically.

2, Test temperature was 2 C.
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Figure 14. 96-hour percent mortality‘of the white-perch,
Morone americana, for two-hour daily exposures to total

chlorine at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCgg at 96 hours is about
0.87 mg/l total chlorine.

3. Test temperature was 11 C.
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Figure 15. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to total
chlorine at Mercer.

Notes:
1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCgg at 96 hours is about
0.69 mg/l total chlorine.

3. Test temperature was 19 C.

41



96=-HR' PERCENT MORTALITY
O pmmmmmm T pmmmmmmm PR B LT +

o
o
.
o
+ -

TOTAL CHLORINE CONCENTRATION (MG/L)

Figure 16. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to total
chlorine at Mercer. .

‘Notes:
1. The number of data points is indicated numerically.

2. The 2-hour intermittent LC at 96 hours is about
0.61 mg/l total chlorine.

3. Test temperature was 22 C.
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TOTAL CHLORINE CONCENTRATION (MG/L)

Figure 17. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to total
chlorine at Mercer.

Notes:
1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCsp at 96 hours is about:
0.74 mg/l total chlorine. :

3. Test temperature was 26 C.
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Table 5

Results of toxicity tests with ozone (measured as chlorine) for
silvery minnow, Hybognathus nuchalis; spottail shiner, Notropis
hudsonius; mummichog, Fundulus heteroclitus; tidewater silverside,
Menidia beryllina; white perch, Morone americana; and grass shrimp,
‘Palaemonetes pugio; conducted at Bergen. - (*=level of dissolved
"oxygen beyond 20 mg/l) :

TINE(HRS.) CONTROL EXPERIMENTAL

nEan - BALINITY TEST 0188.
LENGTH : TENP. 02 03 CONC. FROM START NO. 'S NO. WITH nO. ¥0. NO. WITM
DATE (TL nm (PPT) « (Mg/Ly  PH (nG/L)  OF TEST ALIVE  DEAD  L.O.E. ALIVE DEAD L.0.E.
WYBOBNATHUS NUCMALIS
: ‘8e. t 1.8 s 7.3 0.13 ° [ - - 160 - - -
30 naR-79 843 a8 8 ° ° 10 ° °
. 15,8 s 7.3 0.39 ° ] - - 4 - -
30 MAR 79 8.7 . 1 o 8 ; . M . .
AR 79 . [} 15.5 . 7.3 0.71 ° 8 - ] - -
30 89.2 . a8 1 ° [} H ° °
. /
. 5.3 . 7.8 0.93 o ) - - [} - -
30 MAR 79 8.4 1 1 9 o : : H N ;
2.3 ] ° ° ? 1 2
2.7% ] ° ° . 2 3
3 8 0 0. . a .
48 8 o ] . 4 4
|
NOTROPIS WUDSANIUS
. . 7.8 0.3 0 2 - - 1 - -
30 naR 79 106 1 13.3 ‘ O 2 : : ! . p
. 13.9 s 7.8 0.71 [ 2 - - s - -
30 nar 79 v%.8 1 ] R 2 ; e : : ;
' a8 2 o o 4 1 0
. N 7.5 0.93 0 2 - - 2 - -
30 AR 79 103 1 15.3 S H ; : 2 ; ;
24 2 0 ° ° 2 [
FUNDULUS WETEROCLITUS
12 FEB 79 40.4 1 18 3.8 7.4 0.03 ° 10 - - 10 - -
. 10 ° ° 10, ° °
24 10 [ 0 10 ° °
a8 s . 6 s s s
72 6 2 . s s s
90 8 . . s s H
12 FEB 79 38 1 14 3.0 7.4 0.03 [ 10 - - . - -
. 10 o ° [] [ 0
24 10 ° 0 . 0 0
- .8 s ? . 3 s 3
72 [y 4 . 3 ] 3
90 6 . . 2 . 2
12 FEB 79 47,7 1 S1e 3.8 7.4 0.04 ° 10 - - 10 - -
. 10 ° ° 10 ° .
24 10 ° ° . . .
48 . . . . . .
72 s . . s s s
[ s . . . . .
12 FED 70 40.2 1 14 3.8 7.4 0.07 [ 10 - - 10 - -
[} 10 ° [} 10 ° °
24 10 ° ° s 3 s
a8 6 . . s s 3
72 Ps . . 3 b4 3
%0 P . . 2 . 2
12 FED 79 a 1 16 . 3.9 7.4 0.09 ° to - - 10 - -
: . 10° 0 [ 10 ° °
24 10 ° ° . 2 .
LT ] 4 L} ¢ 7 3 14
72 . . . s s s
v0 & 4 L3 4 LY 4
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Table 5 (continued)
NEAN SALINITY  TEST BISS. T TIME(WRS.) coNTROL EXPERTNENTAL
LENGTH TERP. 02 03 CONC. FROM START NO. NO. N0, WITH no. »0. N0, WITH
DATE R.LY (PPT) 113 Me/L)  PH (WO/L)  OF TEST ALIVE DEAD  L.0.E. ALIVE DEAD L.0.E.
FUNDULUB HETEROCLITUS
20 MAR 79 61.2 0.5 19 8.9 . 7.4 0.01 0 10 . - - 10 - -
19.3 9 1 ° 10 ) °
% ’ 1 ° 10 ° °
20 WAR 79 s0.7 0.3 1v 8.1 7.4 0.08 ° 10 - A .10 - -
. 19.3 ’ 1 [ TN ° o
98 ’ 1 ° 10 ° °
20 AR 79 3.3 0.8 19 . 7.4 0.13 ° 10 - - 10 - -
: 19.5 9 1 ° 10 ) °
9 - L3 1 0 10 ° K]
20 NAR 79 %8.1 9.3 19 ] 7.4 0.39 0 10 - - .10 - -
: 19.5 ° 9 1 ° 10 [ [
(7 . 1 ° 10 ° °
20 MAR 79 $7.1 0.8 19 ] 7.4 1 . [ 10 - - 10 - -
- ' 19.5 (2 1 ° 10 ° °
LY ] t ° 10 ° °
MENIDIA BERYLLINA
20-MAR 79 4.8 0.3 19 s 7.4 0.09 [ H - - s - -
.72 H] ° ° s ° 0
20 AR 79 A 0.3 1 s 7.4 0.18 0 s - - E] - -
a - L] ° . ) o
72 ) 0 ° . 1 °
20 nam 7v 47.4 [ ] 19 s 7.4 0.49 0 s - - s -. -
72 H ° ° s ° °
20 MAR 79 a1.0 0.3 19 s 7.4 t ° s - - s. - -
19.5 s’ [ [ 4 1 °
72 H 0 ° 4 1 °
NORONE ANERICANA
20 mAR 79  182.8 1 15.5 . 7.8 0.97 o s - - s - -
. 96 s ° ] s . ° °
PALAENONETES PUBLO
20 mAR 7® 25.4 0.3 1y . 7.4 0.02 ° 10 - - 10 - -
22 10 0 ° ’ 1 °
m ° 1 ° ’ 1 °
72 ? 1 0 ’ 1 °
20 WAR 79 24.1 0.3 19 9.8 7.4 9.00 ° 10 - - 10 - -
: 4 9 1 ° 1) [ [
72 ° 1 ° 10 ° °
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Table 5 (continued)

HEAN SALINITY TESY pies., ’ TINRE(HRS.) . CONTROL . EXPERINEMTAL

LENGTH TENP., a2 03 CONC. FROM START MO, NO. NO. MITHM NO. NO. NO. WITH
DATE [R{8 1} (PPT) (13 (RO/7L) PM {nosL) Of TEST AL TVE DEAD . L.O.E. ALIVE DEAD L.0.E.

PALAENONETES PUGLOD

20 MAR 79 2?3 . 0.3 19 ] 7.4 0.18 [ 10 - - . 10 - -
a 9 1 ° [] 2 [}

72 9 1 [ (] 2 0

20 WAR 79 27 0.3 19 .. 7.4 0.49 o 10 - - 10 - -
4 9 1 0 10 0 o

. 72 9 1 [} 10 0 °

20 WAR 79 24.1 0.3 19 ] 7.4 | [} 10 - - 10 - -
’ 19.3 1o [} ° * 1 °

.. 9 1 0 [ 1 [}

22 9 t 0 v 1 0

28 nam 79 20.3 1 15.3 s 7.3 0.1 ] 10 - - ’ - -
63 10 [ B ? 2 °

9 1o o [ ’ 2 °

20 mAR 79 27.1 1 18.5 [ 7.3 0.39 [ 10 - - 10 - -
96 10 0 0 10 o 0

28 nAR 79 26.2 1 © 18,8 ] . N 0.71 [} 10 - - 11 - -
: 96 10 0 ° 11 o °

28 maR 79 21.4 1 15.8 . 7.5 0.97 o 10 - - 10 - -
. ’ ' 43 10 ° [ ° 1 °

a8 10 [} 0 [} 2 |

9 10 [ 0 [ 2 1
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Table 6

Chronological summary of toxicity tests with ozone (measured

as chlorine) for silvery minnow, Hybognathus nuchalis; spottail
shiner, Notropis hudsonius; mummichog, Fundulus heteroclitus;
tidewater silverside, Menidia beryllina; white perch, Morone
americana; and grass . shrimp, Palaemonetes pugio; conducted at
Bergen. (*=level of dissolved oxygen beyond 20 mg/l)

TOTAL LENGTM (NN} SALINITY . B.0. TEMP. O3 CONC. NO.EXP. 4 HOUR 264 HOUR 48 NOUR 72 WOUR 96 WOUR
BATE NIN. RAX . MEAN (PPT) N (ne/L) ) (Rg/L) ORO. X WMORT. 2 NORT., X NORT. X MORT. X MORT.

HYBOBNATKUS NUCMALIS

30 nar 79 42 100 84.3 1 7.3 [ 13.5 0.15 10 ° ° ° - -
30 nar 7% 73 104 80.7 1 7.3 s 15.5 0.39 9. ° ‘0 ° - -
30 mag 79 82 2] es.2 1 7.3 s 13.3 0.7 s e 0 ° - -
30 HAR 79 79 112 89.4 1 7.5 s 15.3 0.93 o s0 %0 30 - -

NOTROPIS MUDSONIUS
30 NAR 79 - . - 104 1 7.3 [} 15.3 0.3 1 ° ° ° - -
30 AR 79 Bt 114 ve.8 1 7.3 * 15.3 0.71 s 20 20 20 - -
30 mar 79 90 108 103 ' 7.8 s 13.3 0.93 2 S0 100 100 100 100
FUNDULUB METEROCLITUS
12 FEBD 79 34 . 40.4 1 7.4 3.8 16 0.03 10 ° ° so so -
12 FED 79 32 .3 3 1 7.4 3.8 16 0,03 [ ° ° a .3 -
12 FEB 79 34 (L) 47.7 1 7.4 3.8 14 0.04 10 o 40 40 S0 -
12 FED 79 33 ss ' «0.2 1 7.4 3.8 16 0.07 10 ° s0 s0 70 -
12 FEBR 79 32 . ot 1 7.4 3.8 18 0.09 10 ° 20 30 s0. -
20 HAR 79 43 74 4.2 0.3 7.4 ' 1y 0.01 10 ° ° [} ° °
20 nag 79 39 3 s0.7 0.5 7.4 et 19 0.0 10 ° ° ° ° °
20 KAR 79 a¢ 62 ss.3 . 0.5 7.4 . 19 0.13 10 ° ° ° ° °
20 nam 79 ap- " %8.1 0.3 7.4 s 19 0.3 10 ° ° ° 0 °
20 HaR 79 48 48 37.1 0.8~ 7.e s 19 1 10 o ° ° ° °
NENIDIA BERTLLINA
. ° ° -
20 nam 7% 40 32 4.0 0.3 7.4 . 19 0.09 S [ °
20 -
20 naR 79 43 s Y 0.3 7.4 s 10 o.18 3 ° ° 20
° -
20 WaR 79 43 s1 . 0.3 7.4 . 19 0,49 s ° ° °
20 -
20 maR 79 37 % .9 0.3 7.4 s 19 1 s ° 20 20
NORONE ARERICANA
. [ °
20 AR 79 173 197 102.8 1 7.5 . 1.3 0.97 S ° ° [
PALAENONETES PUSTO
. 10 -
20 naR 79 23 12 23.4 0.3 7.4 . 19 0.02 10 ° 1o 10
. ° -
20 naR 79 19 3 24,1 0.3 7.4 .8 19 0.09 10 ° ° °
20 -
20 naR 79 22 3 23 0.3 7.4 s 19 0.18 10 ° . 20
° -
20 Wam 79 17 .2 27 0.3 7.4 . 10 0.49 10 ° ° °
10 -
20 nam 79 20 313 2441 0.3 7.4 . 19 1 10 [ 10 10
' 22 22
20 nam 79 24 1] 28.3 1 7.8 . 15.3 o.1s 0 o ° °
° °
28 nam 79 1e 33 27.1 1 7.3 s 13.5 0.39 10 ° ° .0
0 °
20 maR 79 2t 33 26.2 1 7.8 * 15.3 0.71 11 0 ° [
20 20
20 man 79 20 29 21.6 1 7.8 ' 15.5 0.97 10 ° ° 20
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Figure 18. 96-hour percent mortality of the grass shrimp,
Palaemonetes pugio, for two-hour daily exposures to ozone
(measured as chlorlne) at Bergen.

Notes:
1. The number of data points is indicated numerically.

2, 'Test temperature was 19 C.

48




96~HR PERCENT MORTALITY

oo pommmmm e mmmm e ittt fmmm—————— fommmmm— Fomm

¢

!

]

!

]

b

!

!

!

'
100.0+

'

!

]

1
80.0+

1

1

!

!
60.0+

]

1

]

!
40.0+

!

!

]

!
20.0+

]

!

'

!

0.0+41 1 1 1 1

]

!

!

! - -

pmmmm——— - - R R b fommm - $ooe

0.0 0.2 0.4 0.6 0.8 1.0 1.2

0ZONE CONCENTRATION (MG/L)

Figure 19. 96-hour percent mortality of the mummichog,
Fundulus heteroclitus, for two-hour daily exposures to
ozone (measured as chlorine) at Bergen.

Notes:

1. The number of data points is indicated numericélly.

2. Test temperature was 19 C.

49

-+




110-18

Mércer. Results of toxicity tests with ozone (measured as chlorine)
at Mercer are given in Table 7. Cumulative mortalities over the 4-,
24-, 48-, 72-, and 96-hr periods are given in Table 8. The test with
blueback herring (Figure 20) and a test with white perch, conducted at
an average temperature of about 2 C, were not evaluated because of

unacceptable (greater than 20%) control mortality.

Alewifé were tested at an average temperature of 22 C at ozone
residuals (measured as chlorine) bétween‘0.15-0.86 mg/l. Percent
mortality at 96 hours at each respective test concentration of ozone
(measured as chlorine) is plotted'for élewife in Figure 21. Alewife

experienced 100% mortality at all concentrations within 2 hours.

Rainbow trout were tested at an average temperature of about 5 C and
at ozone residuals (measured as chlorine) between 0.11-0.94 mg/l.
Percent mortality at 96 hours at each respective test concentration of
ozone (measured as chlorine) is plotted for rainbow trout in Figure
22, The ILC50(96,2) for galnbow trout was 0.48 mg/l ozone

(measured as chlorine).

Spottaii shiner were tested at average temperatures of about 6 and

27 C and at ozone residuals (measured as chlorine) between 0.06-1.09
mg/l. Percent mortality at 96 hours at each respective test concentra-
tion is plotted for spottail shiner for 6 and 27 C in Figureé 23 and
24, respectively. The ILC50(96,2) at 6 C (0.36 mg/1l ozbne) -
was slightly higher than the ILC50(96'2) at 27 C (0.26 mg/1

ozone).

White perch were tested at average temperaturesAof about 2-27 C and
at ozone residuals (measured as chlorine) between 0.06~1.44 mg/1l.
Percent mortality at 96 hours at each respective test concentration
of ozone (measured as chlorine) is plotted for white perch at the
respective test temperatures in Figures 25-29. The ILC50(96,2)
for white perch tested at 11, 19, 21, and 27 C was about 0.55, 0.39,
0.32, and 0.43Amg/l ozone (measured as chlorine), respectively.

‘ The mean ILC50(96,2) was 0.42 mg/l ozone (measured as chlorine)
and the standard deviation was 0.10. No significant (P S 0.05)
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Table 7

Results of toxicity tests with ozone (measured as chlorine) for
blueback herring, Alosa aestivalis; alewife, Alosa pseudoharengus;

hudsonius; and white perch, Morone americana; conducted at Mercer.
(*=level of dissolved oxygen beyond 20 mg/1l )

nEAN SALINITY TEST b1ss. TINE(HRS.) COoMTROL CXPERINENTAL
LEMGTH TEnP, 02 03 CONC. FROM START NO.. NO. NO. WITM L1} #0. NO. WITN
DATE (TL N - (PPT) (15 (MG/L) PN tha/L) OF TESY ALIVE DEAD L.0.E. AL IVE DEAD L.0.E.

ALOSA AESTIVALIS

11 DEC 79 40.9 ¢ 6.3 11.5 7.7 o.08 [ 10 - - 10 - -
19.3 9 1 1 io ° 1
23 L] 2 ° L4 1 2
23.73 L] 2 0 ? 3 [
49 7 3 o L) 4 [}
L] 2 [ ] [ ] 3 3 0
11 DEC 7Y 73.9 ] - 4.3 12.6 7.7 0.20 o 10 - - 10 T - -
. 1.3 10 o ° 10 o t
2 10 ) ° b4 1 ]
3.3 10 Q (] 14 1 1
4 10 o 9 8 2 1
1v.3 L4 1 1 o 10 [}
11 DEC 7¢ 6.7 ° 6.8 13.3 7.8 0.47 ] 10 - - 10 - -
! 1 10 ] ° 10 o 4
3.3 to ° ° ? i L}
1.83 10 ° ] [} 4 4
2 10 o (] 3 ? 1
4.3 10 o [} o 10 [}
11 DEC 79 72,4 [} 6.0 13.8 ’ 7.0 0.73 ° 10 - - 10 - - -
0.23 10 [ [} 10 o 1
1.17 10 o ° ’ 1 L]
1.3 10 o o . & 4
1.73 10 [} o 3 ? 3
1.9 10 o [ L] 10 °
11 DEC 7¢ 73.9 ° 6.8 14.3 ?.8 1.19° ] to - - 10 - -
0.3 10 0 [ 10 ° ]
1- 1o [} o 9 1 ]
1.17 10 ] [} 3 4 2
1.3 10 o ] 2 8 2
1.467 10 o [ ° 10 °
ALOSA PSEUDOMARENOUS
* Jum goO 208.3 [} 22 14 7.4 0.13 [ 10 - - 10 - -
1.23 to o 4 [} 2 1
1.3 10 [} ° ¢ 4 [}
$.73 10 o ] 2 [ 2
1.91 10 L [} 1 * t
2 10 ° Q (4 10 o
. RN 00 27.2 ] 22 16.2 7.4 0.27 ° 10 - - 10 - -
. 0.47 10 [} o 10 [ 3
1 10 ] o ? 3 s
1.23 10 ° [} 4 ] .
1.33 10 o [ 1 * ]
1.73 10 o o o 10 o
? Jun B0 20 L] 22 18.2 7.4 0.49 o 10 - - 10 - -
: 0.5 10 [ [} 10 ° ]
0.67 10 o ° & 4 L)
0.73 10 0. [ 2 ° 2
1.08 10 ° 0 ° 10 ]
7 Jun so 28.? ) 22 2.4 0.84 L] 10 - - 10 - -
. 0.3 10 [} ] 3 3 s
0.350 10 o o 2 [} 2
0.47 10 o ] [} 10 o
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- Table 7 (continued)

NEAN SALINITY  TEST prss. . TINE (MRS, ) comTROL EXPERTNENTAL
LENOTH TENP. 02 03 CONC. FROW BTART WO. 0. nO. WITH  wo. %0. nO. wITH
pate T (PpT) ) mesLy PN (MesL>  OF TEBT ALIVE DEAD L.D.E. ALIVE  DEAD  L.0.f.
SALRO BAIRDNERY
24 AR 90 140.4 ° 5.2 12.4 7.9 0.11 ° T - - 3 - -
% N ° o s ° °
24 nam 00 157.9 ° 5.2 13.2 7.9 0.21 0 4 - - s - -
N % N ° o s ° °
24 MAR 80 142.4 ° 5.2 13.7 7.9 0.33 ° . - s - -
- %% . ° ° s ° °
24 mAR B0 j49.8 ° 5.2 14.2 7.9 0.62 ° . - - s - -
30 . ° ° . 1 1
a3 . ° ° 3 2 °
&8 . ° ° 2 3 o
’2.3 M ° ° 1 N °
9.3 . ° ° ° s °
24 mAR 80 170.9 ° 5.2 15.4 7.9 0.94 ° . - - s - -
2 N ° ° s ° 2
4.3 N ° ° 3 2 °
27 “ ° ° 3 2 1
. N ° o 1 N °
1.8 N ° ° ° s °
¥OTROP1IS MUDSONIUS
11 pEC 79 73.3 ° 6.3 1.5 2.7 0.08 ° 2 - - 2 - -
[ 2 0 ° 2 ° °
11 DEC 7Y 77.3 ° 6.3 12.1 7.8 0,43 0 2 - - 3 - -
. 47.3 2 ° ° 1 2
9 2 0 ° 3 2 °
11 pec 79 73,3 ° "e.a ga.s. 7.8. 1.09 ° 2 - - 3 - -
19.3 2 0 ° 2 1 °
23.73 2 ° '3 2 1 1
3.3 2 ° ° 1 2 °
47.3 2 ° ° ) 3 °
8 JUL 90 3e.3 ° 26,0 10.4 7.4 0.06 - o 10 - C - 10 - -
20 10 ° 0 ’ 1 °
9 10 0 ° ’ 1 °
s JuL 80 38,9 . 26.9 1.4 7.4 0.15 ° 10 - - 10 - -
9 10 ° ° 1o o °
oL 80 3.9 0 26.8 12.3 7.4 0.3 ° 10 - - 10 - -
0.47 10 ° ° ’ 1 °
1.67 10 ° o . . 2
2 10 ° ° N ‘. )
. 20 10 ° ° ) ’ °
96 10 ° ° 1 ’ °
® JL 0 338 ° 20 19 7.3 0.58 ° 10 - - 10 - -
0.23 10 ° ° N 2 3
0.41 10 0 ° s s 1
0.30 10 ° ° 3 ? °
9.91 10 0 ° ? [ °
2 10 o ° o 10 °
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Table

7 (continued)

DATE

nEAN
LENOTH

(L An)

TEST

TENP,

(¥4

[ 33:3:- 7%
02
{NG/L)

PN

03 ConC.
(rRQ/L)

TINE(HRY.)
FROR BTaRT
OF TESTY

NO.
AL IVE

cantRoL
%0,
DEAS

NO. WITH
L.0.€,

EXPERINENTAL

no.
ALIVE

NO. MITHM
L.0.E.

RORONE ANERICANA

17 DEC 79

17 9eC 7v

17 PEC 79

17 DEC 7y

17 DEC 79

7 Jas 8o

7.9

bb. 4

47.4

43.8

61.7

139.4

RORONE ANERICANA

8 APR 80

8 APR GO

19 mav so

17 mavy 8o

19 mavy go

19 mavy g0

184.8

177.4

148.4

131.4

144,2

11.4

19
19

19

12.9

13.2

13

13.1

13.4

14,7

10.3

7.3

0.74

Q.20

53

28.35 .

20.3
43

23.3

26.73
1.3

2.28
3.23

27
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Table 7 (continued)

BATE

REAN
LENGTH
(L W)

SALINITY

(PPT)

TEST
TENP.
{2

piss.
02
thosL)

PH

03 Conc.
{nhG/L)

TIRE(MRS .}
FROM START
OF TEST

no.
ALIVE

CONTROL
NO.
DEAD

HO. MITH
L.0.€.

EXPERIMENTAL
no.
DEAD

no.
ALIVE

NO. WITH
L.0.€.

NORONE ARERICANA

17 NAY 80

? Jun 80

? Jun .80

? Jun 90

? Jum 80

8 Jut eo

8 L 00

e JuL 80

9 JuL 80

1408.8

- 84,1

82.3

122.4

127

127.4

125.4

20.4

20.4

20.4 .

k3]

26.9

24.8

24.8

26.3

13.1

10.7

11.?7

13.2

11.4

54

0.13

0.a9

47.5%°

49.5
$0.23

1L

9e
96

20
23,3
44
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Table 8

Chronological summary of toxicity tests with oz

chlorine)_ for blueback herring, z{losa aestivaii:?ea](.zveviigred 2®
Alosa pseudoharengus; rainbow trout, Salmo gairdneri; 'spot':tail
shiner, Notropis hudsonius; and white perch, Morone americana;
conducted 4at Mercer. (*=level of dissolved oxygen beyond 20 mg';/l )

TOTAL LENGTH (nM) SALINITY 0.0, TEMP. O3 CONC. WO.EXP. 4 WOUR 24 HOUR 48 HOUR 72 WOUR 94 MOUR
DATE RIN, RAX . HEAM (PPT) PH (Ng/L)> o) thgsL) ORG. T WORT., X MORT. T WORT. X MORT. T WORT.

ALOSA AESTIVALIS

11 DEC ¢ S4 7?7 48.9 [} T 7.7 11.3 4.3 o.08 10 [ 30 30 . 40 S0
11 DEC 79 48 [ L] 3.9 o 2.7 12.4 6.3 0.28 10 20 100 100 100 100
11 DEC 79 33 -1} 4.7 0‘. 7.9 13.3 - 4.8 0.47 10 70 100 100 100 100
11 DEC 7¢ [ 3] ” 72.4 0' 7.0 13.8 6.8 0.73 10 100 100 100 100 100
13 DEC 7Y ‘S- 78 73.8 [} 7.8 14.3 6.0 1.1 10 100 100 100 100 100

ALOSA PSEUDOMARENGUS

9 Jun 80 24 32 26.3° 0 7.6 14 22 - 0413 10 100 100 100 !0.0 100

? Jun 80 24 30 27.2 [] 7.4 14.2 22 0.27 10 100 100 100 100 100
? JUN B0 23 32 29 o 7.4 18.2 22 Q.48 1o 100 100 100 100 100
? Jun 8O a3 33 20.7 ° 7.6 L B 22 0.06 10 100 - 100 100 100 100

SALNO GAIRDNER]

24 RAR 8O 147 180 140.6. ° 7.9 12.4 3.2 0.11 s L L] o, ° °
24 WAR 80 136 180 137.8 o 7.9 13.2 3.2 0.21 3 L] o L] o °
24 PAR @0 193 173 162. 6 0 7.9 lJ-‘7 3.2 0.35 3 o ° o ° °
24 RAR 80 ta0 138 149.0 o 7.9 14.2 s.2° 0.82 3 ° o 40 40 1.oo
24 RAR 80 132 186 170.8 o 7.9 13.4 $.2 0.94 s 0 40 00 100 100
NOTROPIS WUDSONIUS
11 DEC 79 . 43 [ L) 73.3 o 2.7 11.3 6.3 0.00 2 [ o [} [} o
11 DEC 79 [34 82 77.3 o 7.4 - 121 6.3 0.43 3 [ [} L] 7 &7
11 DEC 7¢ 33 100 . 73.3 o 7.4 12.3 6.4 1.09 3 ° 33 47 t00 . 100
l'Jll\. [ 1) 32 . a3 36.5 L] 7.4 10.4 24.0 0.06 10 [} 10 10 10 10
e JuL 60 20 as .7 [} 7.4 1.4 24.9 0.15 10 o [} ° [} °
L 80 2 37 31.9 L] 7.4 .12.3 .30-8 6.3 19 40 0 0 0 0
® ML 80 20 40 3s5.0 0 7.3 18 28 . 0.34 10 100 t100 100 100 100
NORONE ARERICANA
17 DEC 79 se’ kAl 47.9 ° 7.0 12.9 1.8 0.11 10 [} o 10 S0 100
17 DEC 7? ss 74 b6. 4 L] 7.9 13.2 1.8 0.23 10. [} 10 30 0 100
1?7 DEC 79 &0 kad 47.4 L] 7.9 13 2.3 0.47 10 ) 0 100 - 100 100
17 DEC 7? s3 7”3 43.89 ° 7.0 13.1 2.9 0.76 10 o 100 100 ' 100 100
17 DEC 7Y e 73 81.7 o 7.0 13.4 2.9 1.18 10 10 100 100 100 100
7 Jan 00 *” 103 119.4 o 8.1 . l?.:‘l 2 0.1 3 o [} L [} L]
7 JAN 80 103 206 154.2 e 8.1 12-0‘ 2 0.26 3 o .0 20 20 20
7 Jan 80 113 190 142.2 L] e.1 13 2 0.34 S [} o ° 20 20
7 Jam 80 103 193 143.6 ° 0.1 13.4 2 0.76 3 ) [} o 4 L]
7 JAn B0 120 1"7 130 o 8.1 13.¢ 2 1.14 S ] ° [} [ 40
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Table 8 (contiriued)

TOTAL LENGTH (NM>  SALINITY D.0.  TEMP. 03 CONC. WO.EXP. 4 HOUR 24 NOUR 48 HOUR 72 HOUR 94 WOUR
DaTE: L1 T N nEaw  (PPT) P (RO/LY  (E) (MG/L)  ORG. I WORT. X MORT. X WORT. I WORT. T WORT.
NORONE AMERICANA
8 APR 80 137 201 176.2 ° 7.3 119 11.a 0.26 s ° ° ° ° °
8 arR B0 174 1%0 181.4 ° 7.3 12,6 11.4 0.8 s ° ° 20 ] 40
8 APR 80 173 189 181 ) 7.3 1337 1. 0.0 3 ° 20 “ e (1}
s arm 00 171 207 104.9 ° 7S 148 1 1.22 3 ° ° 100 100 100
o APR 90 153 192 ‘177.4 ° 7.3 147 1.4 1.4 3 s .0 (L 100 100
19 Mav 80 133 162 148.6 ° 7.2 v 1y 0.13 3 ° ° ° ° °
19 WAY 80 133 17e 151,60 7.2 7 10 0.2 3 ° ° ° ° °
19 nav 80 127 153 144.2 ° 7.2 10,3 19 0.46 3 ° 20 .20 .0 (]
19 naY 80 142 103 156 o 7.2 11.4 18,8 0.7 s 40 40 () 80 100
17 naY @0 132 143 148.8 0 7.2 134 o s 20 .0 100 100 100
? Jun 80 39 ve 7.7 ° 7.3 107 20.4 013 7 ° ° ° 14 14
? Jun 0 71 110 "2 ° 7.3 117 20.8 0.272 > ° ° ° 14 L}
? Jun 80 43 1 (L] ° 7.3 . 12.4 2008 0.49 7 14 a3 s? s? 141
? w80 73 3 02.3 K) 7.3 137 o.es 7 s? 100 100 100 100
o-JuL 80 111 134 122.4 o 7.4 10,4 26.8 0.06 3 ° ° ° ° K
s JuL 80 113 133 127 ° 7.4 114 2.0 0.13 3 ° ° ° 20 s
9 JuL 80 120 133 127.8 ° 7.4 123 26009 0.3 s 0 KE ° o °
8 JuL 60 109 143’ 123.4 ° 7.4 131 28,3 0.3 3 20 6 100 100 100
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96-HR FERCENT MORTALITY
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OZONE CONCENTRATION (MG/L)

96-hour percent mortality of the blueback

herring, Alosa aestivalis, for two-hour daily exposures

to0 ozone (measured as chlorine) at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. Test temperature was 7 C.
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?6-HR PERCENT MORTALITY

OZONE CONCENTRATION (MG/L)

Figure 21. 96-hour percent mortality of the alewife,
Alosa pseudoharengus, for two-hour daily exposures to ozone
(measured as chlorine) at Mercer.

' Notes:

1. The number of data points is indicated numericalLy.

2. Test temperature was 22 C.
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96-HR PERCENT MORTALITY

OZONE CONCENTRATION. (MG/L)

Figure 22. 96~hour percent mortallty of the rainbow trout,
Salmo gairdneri, for two-hour daily exposures to ozone
(measured as chlorine) at Mercer.

Notes:
1. The number of data points is indicated'numerically.

2. The 2-hour intermittent LCgg at 96 hours is about
0.48 mg/l ozone (measured as chlorine).

3. Test temperature'was 5 C.
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96-HR PERCENT MORTALITY

OZONE CONCENTRATION (MG/L)

Figure 23. 96-hour percent mortality of the spottail
shiner, Notropis hudsonius, for two-hour daily exposures
to ozone (measured as chlorine) at Mercer.

Notes:
1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCgqy at 96 hours is about
0.36 mg/l ozone (measured as chlorine).

3. Test temperature was 6 C.
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96-HR PERFENT MORTALITY

OZONE CONCENTRATION (MG/L)

Figure 24. 96- hour percent mortality of the spottall
shlner, Notropis hudsonius, for two-hour dally exposures to
ozone (measured as chlorine) at Mercer.

Notes:
l. The number of data points is indicated numerically.

2. The 2-hour intermittent LCgg at 96 hours is about
0.26 mg/l ozone (measured as chlorine).

.. 3. Test temperature was 27 C.
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?6~HR PERCENT MORTALITY

OZONE CONCENTRATION (MG/L)

Figure 25. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to ozone
{measured as chlorine) at Mercer.

Notes:
1. The number of data points is indicated numerically.

2. Test temperature was 2 C.
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OZONE CONCENTRATION (MG/L)

Figure 26. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to ozone
(measured as chlorine) at Mercer.

Notes:

1. The number of data points is indicated nurherically.

2. The 2-hour intermittent LCgp at 96 hours is about
' 0.55 mg/l ozone (measured as chlorine).

3. Test temperature was 11l C.
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O0ZONE CONCENTRATION (MG/L)

Figure 27. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to ozone-
(measured as chlorine) at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCs509 at 96 hours was about
0.39 mg/l ozone (measured as chlorine).

3. Test temperature was 19 C.
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OZONE CONCENTRATION (MG/L)?
Figure 28. 96-hour percent mortality of the white perch,
Morone americana, for two-hour daily exposures to ozone
(measured as chlorine) at Mercer.
Notes:
1. The number of data points is indicated numerically.
2. The 2-hour intermittent LCs5p at 96 hours was about
0.32 mg/l ozone (measured as chlorine).
3. Test temperature was 21 C.
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OZONE CONCENTRATION (MG/L)

Figure 29. 96-hour percent mortality of white perch,
Morone americana, for two-hour daily exposures to ozone
(measured as chlorine) at Mercer.

Notes:

1. The number of data points is indicated numerically.

2. The 2-hour intermittent LCsg at 96 hours was about
0.43 mg/l ozone (measured as chlorine).

‘ - 3. Test temperature was 27 C.
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110-19

correlation (r = -0.60, d.f. 2) was found between test temperature and
the ILC 50?96,2) of ozone (measured as chlorine) for white ’
perch. However, when the results obtained at 2 C (40% mortality at
1.14 mg/l) are considered, a relationship between temperature ‘and ozone
toxicity is strongly suggested; -higher ILC50(96’2)'s are

associated with lower temperatures.

AVOIDANCE RESPONSE STUDIES

Responses to chlorine and to ozone at Bergen were determined with
mummichog and white perch. Responses to chlorine and ozone at

Mercer were determined with blueback herring, alewife, rainbow trout,

spottail shiner, banded killifish, and white perch.

Chlorine Avoidance

Bergen. Responses of mummichog and white perch to chlorine at Bergen
are summarized in Table 9. Tests with mummichog were conducted over
a range of average conditions which extended from 22-28.8 C; 3.5-6.3
mg/1l dissolved oxygen; 0.2-1.4 ppt salinity; and 7.2~7.4 pH{ Avoid-
ance concentrations for all tests with mummichog extended from 0.01-
0.15 mg/l total chlorine with a mean of 0.09 mg/l and a standard
deviation of 0.05. 1In tests in which a 1-2 C AT accompanied the bio-
cide, avoidance concentrations wefe between 0.05-0.15 mg/1l with a mean
of 0.11 mg/l and a standard deviation of 0.04. In tests coﬁducted at
ambient temperature, in which no AT accompanied the biocide, avoidance
concentrations extended from 0.01-0.12 mg/l with a mean of 0.06 mg/l
and a standard deviation of 0.06. In general, mummichog avoided higher
concentrations of total chlorihe in tests in which a 1-2 C AT accompanied

the biocide than in ambient temperature tests. However, there was no

significant (P £ 0.05) difference between the means of AT tests and
ambient temperature tests (F1,5=l.85). Moreover, the highest test
concentration failed to elicit avoidance in three ambient temperature
tests even though the average avoidance concentration was exceeded in
one such test. The avoidance concentrations are plotted against their

respective testvtemperatures in Figure 30.

‘ Chlorine avoidance tests with white 'perch were conducted over a range

of average experimental temperatures which extended from 22.5-28 C;
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Table 9

Summary of chlorine avoidance tests conducted. at Bergen with
mummichog, Fundulus heteroclitus; and white perch, Morone

americana.;(f*=highest available test concentration (shown)
did not elicit avoidance )

NO. OF NEAN LIeNT TEST TEMP. DIBSOLVED OXYOEM CHLORINE AVOIDANCE

F18H PER LENOTH LEVEL SALINITY «C? ma/L) CONC. (AG/L)

DATE . REPLICATE REPLICATE (AW) tLuxy R (PPT) CONT, EXP, CONT. €xp.  FREE T TOTAL

FUNDULUS NETEROCLITUS

3 may 79 1 . 40.93 430 7.4 1 26 26 8.2 s.2 - 0.01 se
2 . 59.0 a30 7.4 1 26 .26 s s - 0.01
25 nAY 79 1 4 ea.8 430 7.4 0.3 20 22 ') 6.3 - 0.12 st
H . 80.3 430 7.4 0.3 20 22 4.3 6.2 - 0.12
29 nav 79 1 0 9 a30 7.2 0. 23 23 5.8 s.4 - 0.08
2 4 6.3 430 7.2 0.2 2s. 23 5.3 s.? - 0.03 &8
20 Juw 79 1 . 78 430 7.3 1. 27.% 20.0 a1 3.5 - 0.08
2 . 74.8 430 7.3 e 27.5 20.8 3.3 3.9 - 0.12
21 Juw 79 1 . 73.3 a30 7.2 1.3 26.3 27.5 a1 . - 0.12
2 . 73.3 430 7.2 1.3 26.3 27.3 4.2 Al - 0.13
WORONE ANERICANA
23 AP 79 ¢ 1 . 119.3 a0 7.4 1 23.8 23.3 S.4 . s.4 - 0.0a
2 . 118.3 430 7.4 1 23.3 23.3 s.4 s.s - 0.08
Y 79 1 . 162.8 430 7.8 1.3 28 26 s.4 3.4 - 0.02
2 . 152.3 430 - 7.3 1.3 26 26 s.s s.3 - 0.01
17 maY 79 - 1 ) 143.8 430 7.3 2 22.3 22.3 e 4.3 - 0.03
2 . 183.3 a30 7.3 2 22.3 22.3 4.3 a? - 0.02
18 nAY 79 1 3 142.7 430 7.3 2.3 23 23 3 3.3 - 0.20
2 3 137.7 430 7.3 2.3 23 23 3.4 3.3 - 0.01
29 nav 79 1 . 140 a30 7.2 0.2 25 23 s 5.7 - 0.02
2 . 131 430 7.2 0.2 23 23 a9 S.4 - 6.02
20 Juw 79 1 3 1ss 430 7.3 1.4 27.8 28 A 3.7 - 0.01
2 3 160.3 430 7.3 1.4 27.3 28 3.8 3.3 - 0.01
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CHLORINE AVOIDANCE CONCENTRATION (MG/L)

TEST TEMFERATURE (C)

Figure 30. Total chlorine avoidance concentrations of
mummichog, Fundulus heteroclitus, vs. test temperatures
at Bergen. » ' :

Note: The number of data points in indicated numerically.
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110-20

levels of dissolved oxygen from 3.3-5.7 mg/l; salinity from 0.2-2.5

ppt; and pH from 7.2-7.5. Avoidance concentrations extended from 0.10-
0.20 mg/1 total'chlorine with a mean avoidance concentration of 0.04
mg/l. However, the standard deviation (0.05) was greater than the mean.
If the 18 May 80 avoidance concentration of 0.20 mg/l is considered
erroneous and removed from the calculation the mean becomes 0.02 mg/l
with a standard aeviatiod of 0.01. Of the twelve chlorine tests with .
white perch, two were conducted with a 0.5 C AT accompanying the
biocide. The avoidance concentrations (both 0.01 mg/l total chlorine)
in these AT tests were within the range of those found at ambient
temperature., The avoidance concentrations of white perch are plotted

against their, respective test temperatures in Figure 31.

Mercer. Responses of blueback herring, alewife, rainbow trout, spot-
tail shiner, banded killifish, and white perch to chlorine at Mercer

are summarized in Table 10.

Blueback herring were tested over a range of average conditions which
extended from 6.3-26 C; 5.8-11.2 mg/l dissolved oxygen; and pH from
7.2-7.9. Avoidance concentrations extended.from 0.02-0.12 mg/1l total
chlorine, with a mean of 0.06 mg/l and a standard deviation of 0.04.
The highest available test concentration failed to elicit avoidance in
three tests. The avoidance concehtrétions are plotted against their
respective test temperatures in Figure 32, 1In a test in which a 3.3 C
AT accompanied the biocide, blueback herring avoided a total chlorine
concentration of 0.03 mg/l, which is within the range of total chlorine
concentrations avoided in ambient temperature tests. However, in a
replicate test blueback herring preferred up to 0.39 mg/l total
chlorine (the highest concentration tested).

Alewife were tested at an average experimental temperature of 27 C;
levels of dissolved oxygen from 6.4-6.6 mg/l; and pH of 7.4. Alewife
avoided 0.29 and 0.30 mg/l total chlorine. The avoidance concentrations

are plotted against their test temperatures in Figure 33.

Tests with rainbow trout were conducted over a range of average ex-
‘ perimental temperatures from 11.8-14.5 C; levels of dissolved oxygen

from 9-9.6 mg/l; and pH from 7.6-7.8. Avoidance concentrations ex-
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TEST TEMFERATURE )

Figure 31l. Total chlorine avoidance concentrations of white
perch, Morone americana, vs. test temperatures at Bergen.

Note: The number of data points is indicated numerically.

71




Table ld

Summary of chlorine avoidance tests conducted at Mercer with
blueback herring, Alosa aestivalis; alewife, Alosa pseudoharengus;
rainbow trout, Salmo gairdneri; spottail shiner, Notropis hudsonius;
banded killifish, Fundulus diaphanus; and white perch, Morone
americana. (**=highest available test concentration (shown) did

not elicit avoidance )

NO. OF - WEAN  LIGHT TEST TEWP.  DIBGOLVED OKYGEN  CHLORINE AVOIDANCE
. FISM PER  LENGTH LEVEL saLINITY «© masL) cONC. (MO/L)
DATE  REPLICATE REPLICATE (MN)  (LUX) ™ *eT) conr.  €xe. conr. T Fuec T0TAL
ALOSA AESTIVALIS
1 Jam g0 1 a “s2.8 430 7.0 o .3 .3 11.2 1.2 - 0.44 88
2 3 72.3 430 7.9 ° 4.3 6.3 11.2 11.2 - 0.44 28
28 aPr 80 1 N 78,8 430 7.8 o. 13 13 v.3 ’s ° 0.0a
2 4 05.3 430 7.0 ° 13 13 . v.s ° 0.02
28 arm g0 1 . 843 430 7.8 ° 13 13 "3 v.3 ° 0.11
2 4 . 430 7.8 ° 13 13 0.2 0.2 ° 0.12
20 aPr 80 1 N 77.5 30 7.8 ° 12.8 13.8 v "3, .01 0.39 s
2 M 77.5 430 7.8 ° 12.3 13.9 v "3 ° 0.03
1 A e 1 ‘. 101 430 7.2 ° 26 2 3.9 3.0 o 0.06
2 N 0.3 430 7.2 ° 26 2 3.0 .8 ° 0.0e
ALOBA PSCUDOHARENSUS
30 e 80 1 3 32,7 &30 7.4 ° 27 27.3 I o 0.02 0.30
2 3 33,7, a30 7.4 ° 27 27.3 63 P 0.01 0.2¢
SALNO UAIRDNER]
. 13 aPR 80 1 A 70.8 430 7.6 ° 12.8 12.0 v.s *.s ° 1
2 N 71,3 a30 7.6 0 12.8 12.8 9.8 v ° 7
15 aPR 80 1 N se.3 a3 7.7 o 11.9 11.8 9.8 v ° 0.06
2 4 44,93 430 2.7 o 11.8 11.8 .8 v.4 ) 0.09
23 aPR 80 1 . 70.3 * 430 7.9 ° 14.3 145 v .t 0 0.18
2 . 76.0 430 7.8 ° 103 14038 v M ° o.18
NOTROPIS MUDSONIUS
14 WAY 80 1 N 76.8 430 7.1 o 18.3 18.3 7.3 7.3 ° .10
2 N 82.8 430 7.1 ° 18.3 18.3 7.3 7.3 ° 0.11
2 JuL 90 1 a 32 430 7.3 o 26.8 26.3 8.1 2 o .14
2 N 33.3 430 7.3 ° 26.5 26.53 6.2 .2 ° 0.14
FUNDULUS DIAPWANUS
24 Jan g0 1 . . a30 8.1 o 1.3 3.3 1.8 1.9 0.77 2.00
2 . 85.3 430 .1 ° 3.3 3.3 it.e 12 1.08 2.0
26 FED W0 1 N ’ 430 ’ ° a.3 . 1.1 11.1 - 2.12 s
. 2 N 3.0 430 . ° 63 . 1.1 1.1 - 1,73
28 FeED 00 1 ‘ ” a30 7.8 o a3 .3 1.2 1.3 0.13 2.03
2 4 e a3 7.0 ° a3 .3 11.2 1.3 0.13 1.93
13 Wan g0 ' . 61.3  e30 7.9 ° . s 1.2 11.2 0.07 217
2 N 67.3  a30 7.0 ° . s 1.2 11.3 0.13 1.40
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Table 10 (continued)

NEAN LIONKTY TEST TENWP. DISBOLVED OXYGEM CHLORINE AVOIDAMCE /

FISH PER LENGTN LEVEL SALINITY (£ 3] {(RB/L) CONC. (mB/L)

DATE REPLICATE REPLICATE (mm) tLuxy PH (PPT) CONT. EXP. CONT. EXP. FREE TOTAL
AORONE AMERICANA

27 DEC 79 1 3 43.3 430 7.8 [ 7.8 7.8 11 11.2 - 0.10

2 3 43 430 7.8 [ 7.0 7.8 11 t1.2 - 0.10

20 RAR 80 1 4 71.3 430 7.9 0 7.3 7.8 10.4 10.4 ° 0.23

2 4 69.3 430 7.9 ] 7.3 7.8 10.4 10.4 ° 0.31

3 arn 80 1 4’ ‘74,3 430 7.4 ] 10.3 14.3 10.93 10.3 ] Q.17

2 4 73.8 430 7.4 o to 11 10.4 10.4 o 0.10

27 RaY 80 1 3 126.7 430 7.2 o - 21 23 ..3 ..3 ° 0. 21

2 3 127.7 430 7.2 o 21 21 8.3 ..3 ° «13

18 JuN 80 3 3 101.3 430 8.4 o 23.8 23.8 8.4 ° 0.23

2 3 102.7 430 8.4 [ 23.3 23.3 e.2 [ Q.14

4 JUL 80 1 4 32.3 430 7.1 o 26.8 24.8 6.4 be 8 [} 0.23

- 2 4 31.8 430 7.1 o 26.9 26,8 4.3 62 0.01 0.38
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CHLORINE AVOIDANCE CONCENTRATION (MG/L)

TEST TEMFERATURE C)

Figure 32. Total chlorine avoidance concentrations of
blueback herring, Alosa aestivalis, vs. test temperatures
at Mercer. . :

Note: The number of data points is indicated numerically.
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CHLORINE AVOIDANCE CONCENTRATION (MG/L)

TEST TEMPERATURE (C)

Figure 33. Total chlorine avoidance concentrations of
alewife, Alosa pseudoharengus, vs. test temperatures
at Mercer.

Note: . The number of data points is indicated numerically.
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tended from 0.06-0.18 mg/l total chlorine with a mean avoidance con-
centration of 0.13 mg/l and a standard deviation of 0.05. ' The avoidance
.concentrations are pldtted against their respective test temperatures

in Figure 34.

Spottail shiner were tested at average experimental temperatures of
18.3 and 26.5 C; respective levels of dissolved oxygen of 7.5 and 6.2
mg/l; and respective pH of 7.1 and 7.3. At 18.3 C, spbttail shiner
avoided 0.10 and 0.11 mg/l total chlorine. A slightly higher '
concentration (0.16 mg/l total chlorine) was avoided at 26.5 C. The
mean avoidance concentration was 0.13 mg/1l total chlorine and the
standard deviation was 0.03. The avoidance concentrations are plotted
against their respective test temperatures in Figure 35. Cdrrelation
analysis showed a highly significant (P £ 0.01) direct relationship
between avoidance concentration and test temperature (r = 0.992 with
2 d.f.).

Banded killifish were tested over a range of average conditions which
extended from 3.3-6 C; 11.1-12 mg/l dissolved oxygen; and pH from 7.9-
8.1. Chlorine avoidance concéentrations of banded killifish were con-
siderably nigher than those of other fishes tested. Avoidance con-
centrations ranged from 1.60-~2.17 mg/l total chlorine with a mean of
1.93 mg/l and a standard deviation of 0.19. The highest test con-
centration failed to elicit avoidance in one of the tests even though
the average avoidance concentration was exceeded. The avoidance con-
centrations are plotted against their respective test temperatures in

Figure 36.

White perch were tested over a range of average conditions which
extended from 7.8-26.8 C; 6.2-11.2 mg/l dissolved oxygen; and pH from
7.1-8.4. Avoidance concentrations extended between 0.10-0.36 mg/l
total chlorine with.a mean of 0.20 mg/l and a standard deviation of
0.08. The avoidance concentrations are plotted against their

respective temperatures in Figure 37.

76



CHLORINE AVOIDANCE CONCENTRATION (MG/L)
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TEST TEMFPERATURE (C)

Figure 34. Total chlorine avoidance concentrations of
rainbow trout, Salmo gairdneri, vs. test temperatures
at Mercer..

Note: The number of data points is indicated numerically.

77



CHLORINE AVOIDANCE CONCENTRATION (MG/L)

ST LT . $mmmmeeeen R oo +

0.40+

at Mercer.

TEST TEMPERATURE

«c)

78

8]

Figure 35. Total chlorine avoidance concentrations of
spottail shiner, Notropis hudsonius, vs. test temperatures

Note: The number of data points is indicated numerically.



CHLORINE AVOIDANCE CONCENTRATION (MG/L)
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Figure 36. Total chlorine avoidance concentrations of
banded killifish, Fundulus diaphanus, vs. test temperatures

at Mercer.

Note:

TEST TEMFERATURE

C)
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The number of data points is indicated numerically.




CHLORINE AVOIDANCE CONCENTRATION (MG/7L)

TEST TEMFERATURE (C)

Figure 37. Total chlorine avoidance concentrations of
white perch, Morone americana, vs. test temperatures at

Mercer.

Note: The number of data points is indicated numerically.
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Ozone Avoidance

Bergen. Responses of mummichog and white perch to ozone (measured

as chlorine) at Bergen are summarized in Table 11l. All tests with
mummichog were conducted with a 1.5-2.8 C AT accompanying the exper-
imental concentration. Average experimental temperatures extended
from 26-28.5 C; levels of dissolved oxygen from 6.5 to greater than
20 mg/l; salinities from 1.4-2.5 ppt; and pH from 7.2-7.3. In all
but one test (in which the avoidance concentratidn was 0.22 mg/1l),
the highest concentrations available failed to elicit an avoidance
response. In fact, at higher concentrations, mummichog were observed
feeding on entrained copepods in the ozonated portion of the test

apparatus.

Ozone tests with white perch were conducted at average experimental
temperatures extending from 20-27 C; levels of dissolved oxygen from
6.7-11.8 mg/1; salinities from 1-2.5 ppt; and pH from 7.3-7.6. The
. avoidance concentrations extended from 0.04-0.30 mg/l ozone .
(measured as chlorine) with a mean of 0.10 mg/1l ozone (measured as
chlorine) and a standard deviation of 0.09. The highest available
test concentration failed to elicit avoidance in two tests. The
number of data points was insufficient for statistical analysis.
Several ozone avoidance tests in which a AT accompanied the
experimental concentration were attempted in June, 1979, but due to

a malfunction of the ozonator and poor water quality (white perch
died in the untreated water) none were completed. The ozone avoidance
‘concentrations are plotted against their respective test temperatures

in Figure 38.

Mercer. Responses of blueback herring, alewife, rainbow trout, spot-
tail shiner, banded killifish, and white perch to ozone (measured as

chlorine) at Mercer are summarized in Table 12.
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Table 11

Summary of ozone (measured as chlorine) avoidance tests
conducted at Bergen with mummichog, Fundulus heteroclitus;
and white perch, Morone americana. (*=Ievel of dissolved
oxygen exceeded 20 mg/l; **=highest available test
concentration (shown) did not elicit avoidance.)

NO. OF NEAN LIONHT TEST TENP. DISSOLVED OXYGEN OIONE AVOIDANMCE
FISH PER LENOTH LEVEL BALINITY (43 tnasL) CONCENTRATION
DATE REPLICATE REPLICATE (mW) U . (PPT) CONT. Exf. CONTY. Exe. (ne/L)

FUMDULUB HETEROCLITUS

21 Jum 79 1 -8 73.3 430 7.2 1.8 27 20.3 3.8 6.7 0.22 o8
2 4 4v.8 430 7.2 - 1.3 27 28.3 3.0 6.9 0.22 s
22 JUN 70 1 0 720 .30 7.2 “1.4 26 20.3 s.1 11.4 0.42 88
2 4 8 " 430 7.2 1.4 26 28.5 5.7 s 0.42 89
25 JuN 79 1 . 46,3 430 7.3 t.8 24.3 26.3 S.8 ’.0 0.34 88
2 e 64.8 30 ’.3 1.8 2e.3 26 . 11.% 0.34 83
23 JuN 79 1 q 74.3 430 7.3 1.8 24.3 26.3 s.y . 0.37 88
2 . .3 a30 7.3 1.0 24.3 26.3 S.e s .37 s
26 Jum 79 1 .. 73.3 430 7.3 2.3 23.3 20 3.4 .y 0.29 a8
2 . 6.3 430 7.3 2.3 3.3 29 3.4 ’.e 0.22
27 Juw 29 1 . 9.8 430 7.3 2.3 23.3 29.3 3.1 s 0.36 83
2 4 73.3 430 7.3 2.3 25.3 28.3 3 .8 0.34 83
MOROME AMERICANA o3
: X 20 20 7.4 .3 0.
79 1 . 122.53 430 7.4 N N .4 0.08
25 APR 2 b 132.3 a30 7.4 1 20 20 7.4 10
23 23 ] 10 0.04
) 1 ) 144.3 430 7.4 1 .. 0.04
30 4 2 . 148.8 430 7.4 1 23 L] 3 1
: 27 27 7.2 7.9 6.06 88
1 . 186.9 430 7.4 1.3 . . 0.06
7 mav 79 2 . 169 430 . 7.6 1.8 27 27 7.1 4
0.10 s8
24 24 S.? [3%4
7 1 L} 135.13 430 7.3 2 . . ’ 0.06
17 nAY 7¢ : . 150.3 430 - 7.3 2 24 24 6.4
: 0.30
.8 23 23 2.7 10,
av 79 1 3 138 430 7.3 2 . 0.21
16w 2 3 131.7 430 7.3 2.5 23 23 3.7 "
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O0ZONE AVOIDANCE CONCENTRATION (MG/L)
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' TEST TEMPERATURE (C)

Figure 38. Ozone avoidance concentrations of white perch,
Morone americana, vs. test temperatures at Bergen.

Notes:
1. The number of data points is indicated numerically.

2. Ozone is measured as chlorine.
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Table 12

Summary. of ozone (measured as chlorine) avoidance tests
conducted at Mercer with blueback herring, Alosa aestivalis;
.alewife, Alosa pseudoharengus; rainbow trout, Salmo gairdneri;
spottail shiner, Notropis hudsonius; banded killifish, Fundulus
diaphanus; and white perch, Morone americana.. (**=highest
available test concentration (shown) did not elicit avoidance)

NO. OF REAN LignT TERT TEMP, DISSOLVED OXYGEN OZONE AVOIDANCE

F18M PER LENGTH LEVEL . SALINITY ) (ng/L) COMCENTRATION
DATE REPLICATE REPLICATE (nAn) (Luxy L] (PPT) CONT. EXP. ConT. ExP. (masL)
ALOSA AEBTIVALIS
29 DEC ?7° 1 ] - 430 ?.7 ] - - - - -
2 L) 70 430 7.7 ] 4.8 4.8 t10.8 11.9 0.04
4 Jam 8O 1 4 7”2 430 1 ] [} 3.3 3.3 11.2 12.7 0.352 a9
2 (4 - 430 ] o - - - - -
28 APR BO ] 4 84.3 430 7.8 [} 13.3 13.3 *.2 10.4 0.00
2 4 70.8 430 7.8 [} 13.3 13.3 .2 .3 0.04
29 aPR 80 1 . 7.5 430 7.9 ) 13 15.3 to 11.6 o.16
2 L} 8s.3 430 ?.8 ° 13 13.3 10 11.46 0.12
? NaY 80 1 . 4.3 430 2.1 o 17.3 17.3 8.3 s.3 0.01
2 4 00.3 430 7.1 o 17.3 17.3 0.2 0.8 0.03
1 JuL 90 1 4 79.8 430 7.2 o 24.3 24.3 é.1 .2 0.01
2 L] 89.3 430 7.2 ] 26.3 26.3 6.2 L 0.01
ALOSA PSEUDOMARENGUS
1 JuL eo 1 4 39.0 430 7.2 ] 27.3 22.3 ? 11.4 0.04
. 2 L) 3.8 430 7.2 o 27.3 27.3 7 11.2 0.04
SALMNO GATRDMERI .
15 APR BO 1 L) 72.3 430 7.4 o 13 13 9.8 10.4 0.03
2 4 74 430 7.8 ] 13 13 9.8 10.3 0.04
.24 aPR @0 1 4 76.3 430 7.9 o 13.5 13.3 8.7 9.8 0.14
2 4 ?? 430 7.8 [} 13 13 8.8 9.4 0.03
NOTROPIS NUDSONIUS
. 9.4 0.17
1S Ray 80 1 L} 79.3 30 ? L] 18.3 168.3 7.4
2 4 73.3 430 ? L] 18.3 19.3 7.3 .3 0.16
. L 0.03
3 JuL 80 1 4. 32.8 430 7.2 ° 26 26 4.2
2 LR 33 430 7.2 ° 28 28 4.2 10.1 0.04
FUNDULUS DIAPHANUS
i .21
17 JAm @0 1 4 9.9 430 8.1 [ 6.3 6.3 11.2 11
2 4 .3 430 8.1 o 6.3 6.3 1.2 11.9 0.19
8 Jan 80 1 4 3 430 8.1 [} k4 b4 10.3 11.2 0.1
! 2 4 7.3 430 8.1 o ? ? 10.5 11.3 0.18
- 0.20 88
26 FED 8O 1 L} 3.3 430 [] [ ¢ 4.3 1.1
2 4 81.8 430 8 ] 4.5 4 11.1 - 0.20
. 0.10
27 FED 8O 1 L] 7¢.3 430 8.2 9o ? ? 11.4 12.3
’ 2 . 89.3 430 8.2 o ? ? 11.4 12.¢ 0.14
4 NAR B0 1 4 34 430 7.9 o .3 3 10.9 12.93 0.34
! * 2 4 48.1 430 7.9 o .0 3.3 10,9 12.1 0.16
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Table 12 (continued)

n0. OF NEAN LIGNT TEST TEMP. D1G6BOLVED OXYGEN OZONE AVOTDANCE
F1SH PER LENGTH LEVEL SALINITY [L1I:74 %) CONCENTRATION
DATE REPLICATE REPLICATE (MM} (LU PH (PPT) CONT . Exp. na/v)
NORONE AMERICAMA
29 DEC ’¢ 1 ’ . 9.3 430 7.7 o 4.8 4.8 10.0 11.7 0.14
2 0 - 430 7.7 ] - - - - -
21 mAR 80 1 4 a0 430 7.9 L) e 8 10.4 12.2 0.20
. 2 -4 72.3 430 7.9 ] 8 [} 10.4 12.3 0.20
2 APR 80 1 4 é, 430 7.4 ° e.3 8.3 10.7 12.2 0.20
2 L - 80 430 - 7.4 0 0.3 8.3 10.7 12.3 0.24
ie Jum 8O 1 4 3.8 430 7.3 o 22.3 22.3 7.2 v 0.12
2 L} e9.3 430 7.3 o 22.3 22.3 7.3 .7 0.13
4 JuL 8o 1 . 34.0 430 7.1 [} 235.8 23.0 4.4 ’.? 0.04
2 . 34.8 430 7.1 o 23.8 25.8 4.2 ’.0 0.0¢
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Blueback herring were tested over a rahge of average conditions which
extended from 5.5-26.5 C; 8.5-12.7 mg/1l dissolved oxygen; and pH from
. 7.1-8. Avoidance concentrations in tests in which no AT accompanied the
biocide extended from 0.01-0.08 mg/l ozone (measured as chlorine) with
a mean of 0.03 mg/l and a standard deviation of 0.03. 1In tests (2)

in which "‘a 2-3 C.AT accompanied the experimental ozone concentration,
blueback herring avoided céncentrations of ozone (measured as.chlorine)
of 0.12 and 0.16 mg/l respectively, with a mean of 0.14 mg/l and a
Standa;d deviation of 0.03. Analysis of vérianceﬂshowed that the mean
.ozone avoidance concentration with a-AT was significantly (p < 0.05)
‘greater than the mean avoidance concentration at ambient temperature
(F1,7=27.39). The highest available test concentration failed to
elicit avoidance in one ambient temperature test even though the
avoidance concentration exceeded the average avoidance concentration
for all tests combined. The avoidance concentrations are plotted

against the test temperatures in Figure 39.

-Tests with alewife were conducted at-an'average temperaturé,of 27.3 C;
11.2 and 11.4 mg/1l dissolved oxygen; and pH 7.2. Alewife avoided

0.04 and 0.06 mg/l ozone (measured as chlorine). The avoidance con-
centfations are.plottéd against their test temperatures in Figure 40.

Tests with rainbow trout were conducted over a range,éf average exper-
imental temperatures from 13-15.5 C; 9.6-10.5 mg/l dissolved oxygen;
and pH from 7.6-7.8. Avoidance concentrations extended from 0.05-
0.14 mg/1l ozone (measured as chlorine) with a mean avoidance concen-
tration of 0.08 mg/l and a standard deviation of 0.04. The avoidance
concentrations. are plotted against their respective test temperatures

in Figure 41.

Spottail shiner were tested at average experimental temperatures of
'18.3 and 26 C; levels of dissolved oxygen from 9.5-10.1 mg/1l; and pH

7 and 7.2. At 18.3 C, spottail shiner avoided 0.16 and 0.17 mg/1
ozone (measured as'chlorihe); Considerably lower concentrations

(0.05 and 0.06 mg/l ozone, measured as chlorine) were avoided at 26 C.
The mean avoidance concentration was 0.11 mg/l ozone (measured'as
chlorine) and the standard deviation was 0.06. The avoidance concen-

trations are plotted against their respective test temperatures in
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Figure 39. Ozone avoidance concentrations of blueback
herring, Alosa aestivalis, vs. test temperatures at
Mercer.

H

Notes:

1. The number of data points in indicated numberically.

2. Ozoné is measured as chlorine.
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Figure 40. Ozone avoidance concentrations of alewife,

Alosa pseudoharengus, vs. test temperatures at Mercer.

Notes:

1. The number of data points is indicated numeriéally.

2. Ozone is measured as chlorine.
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Figure 41. Ozone avoidance concentrations of rainbow
trout, Salmo gairdneri, vs. test temperatures at Mercer.

Notes:
1. The number of data points is indicated numerically

2. Ozone is measured as chlorine.
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Figure 42, Correlation analysis showed a highly significant (p < 0.01)
inverse relationship between ozone avoidance concentration and test

temperature.

Banded killifish were tested over a range of average conditions which
extended from 5-7 C; 11.2-12.9 nmg/l dissolved oxygen; and pH from
7.9-8.2., Avoidance concentrations extended from 0.10-0.36 mg/l ozone:
(measured as chlorine) with a mean of 0.19 mg/l and a standard deviation
of 0.07. The highest test concentration failed to elicit avoidance in
one test even though it exceeded the-average avoidance concentration.
The avoidance concentrations are plotted against their respective test

temperatures in Figure 43.

White perch were tésted‘over a range of average expefimenial tempera-

. tures from 6.8-25.8 C; levels of dissolved oxygén from 9.7-12.3 mg/1;

and pH from 7.1-7.9. Avoidance concentrations extended from 0.06~

0.24 mg/l ozone (measured as chlorine) with a mean of 6.16 mg/1l and a
standard deviation of 0.06. The avoidance concentrations are plotted
against their respective test temperatures in Figure 44. Correlation
analysis showed a significant (P §'0.01) inverse relationship between

the ozone avoidance concentration and test temperature.

PHYSIOGRAPHIC ("COUGH" RESPONSE) STUDIES

Physiographic traces of "cough" responses were made at Bergen with
mummichog and white perch exposed to chlorinated, ozonated, -and
ambient water. A summary of test conditions and "cough" rates

observed and noted on the traces at Bergen is given in Table 13.

At Mercer, traces were made with rainbow trout, spottail shiner, banded
killifish, and white perch exposed to chlorinated, ozonated, and ambient
water. A summary of test conditions and "cough" rates observed and

noted on traces at Mercer are given in Table 14.

"Coughs" (gill purges), "yawns" (perhaps another purging behavior),
respiratory, and behavicral changes were evident with increases in
biocide concentrations with all fishes tested. However, "coughs" re-

mained the most quantitative measure in the study (ll). Sprague (12)
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Figure 42. Ozone avoidance concentrations of spottail
shiner, Notropis hudsonius, vs. test temperatures at
Mercer. :

Notes:

1. The number of data points is indicated numerically.

2. Ozone is measured as chlorine.
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TEST TEMPERATURE (C)

Figure 43. Ozone avoidance concentrations of banded
killifish, Fundulus diaphanus, vs. test temperatures
at Mercer. '

Notes:

1. The number od data points is indicated numerically.

2. Ozone.is measured as chlorine.
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Figure.44. Ozone avoidance concentrations of white perch,
Morone  americana, vs. test temperatures at Mercer..

Notes:

1. The number of data points is indicated numerically.

2. Ozone is measured as chlorine.
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Table 13

A chronological summary of test conditions and "cough" rates
observed and noted on physiographic traces of mummichog, Fundulus
heterqclitus; and white perch, Morone americana; exposed to
chlorinated (1) or ozonated (2) thermal discharges at Bergen.

. SALINITY CONC. TEMF. n.0. COUGH RATE
DATE BIOCIDE PH (PFT) (MG/L)Y . (C) (MG/L)Y  (N/MIN)
FUNDULUS HETEROCLITUS
23 FER 79 2. 6.7 1 0 15 3.8 0
' 0.03 15 1.8 0.25
23 MAR 79 1 6.9 0.5 0 21 2.7 0
: ’ 0.05 21 2.7 0.38
0.15 21 2.7 0.4
0.15 21 2.7 0.08
23 MAR 79 2 6,9 0.5 0 21 2.7 0
0.4 21 - 1
1 21 - 1.5
0.7 21 - 1.7
- 19 AFR 79 1 7.1 1 0 .23 5 0
: 0.1 ©23 S 0.4
19 AFR 79 2 7.1 1 23 S 0
0.17 23 15.2 0"
20 AFR 79 1 7.3 1 0 21 : 4.3 0
: 0.05 21 4.3 0
0.12 21 . 4.3 0
" +
20 AFR 79 2 7.3 1 0 21 5.9 0
0.17 22 11.2 0
0.23 22 11.2 0
i .
21 JUN 79 . 1 7.2 1.5 0. 26 3 1
. 0.01 27.5 3.8 1
0.08 27.5 3.6 1.29
0.1 29.5 3.6 1.5
0.11 28 3.6 1.4
0.13 30 - 3.6 1.85
0.14 30 3.8 2
0.15 30 3.6 9.4
0.17 30.5 3.6 2.6
0.18 30 3.6 4.8
0.19 30 3.6 3.4
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Table 13 (continued)

. ‘SALINITY  CONC. TEMF . D.0. COUGH RATE
DATE RICCIDE PH (FPPT) (MG/L) (c» (HG/L)  (N/MIN)
FUNDULUS HETEROCLITUS
22 JUN 79 2 7.3 1.5 0 26 4.1 0.21
0 25.5 3 0.8
0.01 27 - - 0.83
0.06 . 28 - 0.4
0.11 28 - 0.6
0.14 29 - 1
0022 30 - 054
0.4 31.5 20 0.2
26 JUN 79 2 7.2 2, . 0 25.5 4.8 3
0.08 27 - 0.8
0.11 27.5 - 0.21
. 0.18 28.5.. - . 1
0.29 30.5 18.4 0.8
27 JUN 79 2 7.2 . 2.5 -0 25.5 4.7 1
0.25 31 20 0.2
0.25 31 20 0.4
0.3 31 20 0
i 0.3 I 20 0.4
MORONE AMERICANA
23 FER 79 2 6.7 1 0 15 3.8 - 0.25
0.03 15 3.8 . 2.5
.17 MAY 79 1 7.2 2 0 24 4.5 1.8
: 0.01 . 24 4.5 1.4
0.02 24 4.5 7.2
0.03 24 4.5 5.2
0.04 24 4.5 4.2
0.05 24 4.5 4.4
17 MAY 79 2 7.3 2 0 23,5 5.4 2.4
0.04 23.5 - 2.2
0.06 23.5 - 0.2
0.11 23.5 11.4 1.4
22 JUN 79 2 7.2 1.5 0 25.5 3 12.6
0.01 27 3 s.8
0.06 28 - 3.4
, _ 0.14 28 - 2.8
» 0.15 29 - 2.6
: : 0.22 30 - 1.2
‘ ' : 0.38 31.5 20 1.6
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Table 14

A chronological summary of test conditions and "cough" '
observed_and nqted on physiographic traces of rainbgg tigﬁis
Sglmq galrdnerl; spottail shiner, Notropis hudsonius; bandeé
killifish, Fundulus diaphanus; and white perch, Morone americana;
exposed to chlorinated (1) or ozonated (2) waters at Mercer. ’

SALINITY CONC. TEMF. [.0. -COUGH RATE
PATE RIOCIDE FH (PFT) (MG/L) cH (MG/L) (N/MIN)
SALMO GAIRDNERI
23 AFR 80 1 7.8 0 0 14 9.4 2.4
. - 0.04 14 9.2 3
0.12 14.5 9 10.4
0.12 14.5 9 23
0.18 5 8.7 10.4
0.18 15 8.7 25.8
0.25 15.5 8.6 21.4
0.2 15.5 8.6 25.4
0.35 17 8.3 39
0.43 17 8.3 40
0.48 17 8.2 42.8
0.63 17.5 7.7 39
24 APR 80 2 - 7.8 0 0 15 9.1 0.4
’ 0.04 15 10 1
0.05 15.5 10.4 0.8
0.1 16 10.8 8.8
0.1 16 10.8 14,2
0.12 16 10.4 35.8
0.3 16.5 10.9 44.72
0.54 16.5 12.5 42.4
0.76 16.5 13.2. 39.4
NOTROFIS HUDSONIUS
3 JAN 80 1 7.9 0 0 6.5 11.2 0.4
i T 0.06 - - 0.6
0.09 - - 0.6
0.11 - - 0
0.14 - - 0.4
0.2 - - 1.8
0.24 - - 2
0.32 - - 3.2
0.38 - - 3.8
0.43 6 11 1.7
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SALINITY CONC. TEMF . B.0. COUGH RATE
DATE RIOCIDE FH (PFT) (MG/L) - (C) (MG/L) (N/KIN)
NOTROFIS HUDSONIUS
4 JAN 80 1: 8.1 . 0 0 4.5 11.2 0.6
0.04 - - 0.6
0.07 - - 0.6
0.05 - - 1.4
0.11 - - 0.8
0.13 - - 1.2
0.15 - - 1.8
0.23 - - 2.6
0.27 6 11 3
4 JAN 80 2 7.9 0 0 5.5 11 0
. 0.02 - - )
0.06 - - 0
0.41 5.5 14.2 1.6
29 JAN 80 2 8.1 0 0 4.5 11 0.4
0.05 4.5 11.8 0.4
0.1 4.5 12.6 0.2
0.15 4.5 13 9.2
0.15 4.5 13 7.6
0.07 5 12.8 2.2
0.2 5 12.8 2.2
0.31 5 13 3
31 JaN 80 2 8.1 0 0 3 11.6 0.2
0.01 3 12 0.4
0.1 3 12. 0
0.16 ] 13.3 9
0.17 5 13.4 4.6
0.37 4.5 13.8 "2
15 MAY 80 T2 7 0 0 18 6.8 0.8
0.04 18.5 8.2 1.4
0.11 19 9.5 0.8
0.22 19 11.8 9.4
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Table 14 (continued)

. SALINITY CONC. TEMF. D.0. COUGH RATE
DATE KICCIDE FH (PPT) (MG/L) (c) (MG/L)Y (N/MIN)
NOTROFIS HUDSONIUS
16 MAY 80 1. 7 0 0 18 7.3 0.4
0.14 18 7.2 10.2
0.24 18.5 7.1 12
0.35 19 6.7 3
16 MAY 80 1 7 0 0 19 7.1 0.2
: 0.03 19 7.8 1
0.07 19 7.9 4.4
0.1 19 7.9 12.4
0.16 18.5 8.2 13.4
3 JuL 80. 2 7.2 0 ) 26 6.1 0
- » 0.02 26 11.7 0
0.07 26 13 8.8
0.22 26 . 14.2 0
FUNDULUS DIAFHANUS
17 JAN 80. 2 8 0 0 7.5 10.8 0
’ : 0.06 8 11.4 0
0.1 8 12 0
0.21 7.5 12.4 3
0.28 7 12, 0
18 JAN 80 2 7.9 0 0 6.5 10.4 0
0.04 6.5 11.2 0
0.08 7 11.6 0
0.16 7 12 o .
0.27 7.5 12.2 0
0.36 8 12.2 I\
0.58 8 12.6 0.4
0.79% 7.5 12.8 0
0.9 9. 13.2 0.4
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Table 14 (continued)

SALINITY CONC. TEMP. R.0.. COUGH RATE
. DATE RIOCIDE PH . (PFT) (MG/L) (c (MG/L)  (N/MIN)
FUNDULUS DIAFHANUS
23 JAN 80 2. 8 -0 0 6 10.8 0
' 0.08 5.5 12.1 0.2
0.14 6 12.2 0
0.22 6.5 12.4 0
0.3 6.5 12.5 0
0.35 6.5 12.6 3
0.4 S 13.1 0.8
0.65 6 13.4 2.2
0.65 7.5 13.8 1.6
24 JAN BO 1 8.1 0 0 3.5 11.4 0
o 0.13 3.5 11.6 0
0.14 3 12.2 0
0.16 3 12.4 0
0.29 3. 12.7 0
0.29 3 13 0.8
- 0.53 .3 13 0.6 .
0.43 3 13.1 0.8
0.66 3 13.6 0.2
0.84 3 13.7 0.6
* 13 MAR 80 1, 7.9 0 0 b 11 0
: . 0.23 b 11 0
0.37 6 11.2 0.4
0.67 6.5 11.2 0.2
0.73 6.5 11.2 1.2
0.86 6.5 11 1.6
0.97 6.5 11 0.8
1.02 6 11 0.6
1.2 ' 11 0
1.59 6 11.1 0.2
’ 1.93 3 11.1 0.2
2.21 © 6.5 11 1
14 MAR 80 2 7.9 0 0 ] 10.8 0.2
' 0.01 5 11.4 0
0.04 5 12.2 0.2
0.1 5.5 13 0.2
0.17 5.5 13.3 12.8
0.34 5.5 13.8 1
0.44 5 14.2 0.2
0.74 S 14.5 0
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’ . SALINITY CONC. TEMF . : n.o. COUGH RATE
DATE BIOCIDE " PH (FFT) (MG/L) (c) (MG/L) (N/MIN)
MORONE AMERICANA
26 DEC 79 2 - 747 . 0 0 8.5 10.2 0.6
: : 0.04 - ‘ - . 0.4
0.08 - - 0.8
0.1 - - 0.6
0.13 - - 0.8
0.14 8 11.9 0.6
27 DEC 79 1 7.8 0 0 6.5 11.1 0.4
0.08 - - [o]
0.15 - - 1
0.18 - - 1
0.25 - - 1.6
0.28 - - 1
0.35 - - 1.2
0.39 - - 1.4
0.42 - - 1.4
0.57 - - 1.4
0.62 - - 1.7
0.98 8.5 10.3 1.6
28 DEC 79 2 7.8 (o] (o] -3 10.3 0.8
0.04 - - 1.4
0.07 - - 1.6
0.1 7 12.1 1.6
27 FER 80 2 8.2 0 (o] 7 11.4 0.6
0.05 7.5 12.4 0.8
0.11 7.5 13.3 1.4
0.25 8 14.1 6.4
0.36 8 14.5 3.2
0.55 8 14.7 3.6
1.05 5.5 14.8 3.6
0.97 4.5 14 2.8
28 FER 80 1 ’ 7.7 0 0 4.5 11.3 0
0.07 4.5 11.4 0.4
0.12 S 11.5 0.8
N 0.19 S 11.6 3
0.25 S5 11.6 1
0.31 5.5 11.6 0.6
0.4 5.5 11.6 1
0.65 5.5 11.6 0.8
0.9 S 11.6 0.8
1.27 5 11.6 0.8

100




Table 14 (continued)

SALINITY CONC.  TEMF. D.0. COUGH RATE
DATE RIOCIDE FH (FFT) (MG/L) (cy (MG/L) - (N/MIN)
MORONE .  AMERICANA
20 MAR 80 1 ' 7.9 0 0 7 10.2 0.6
. 0.07 7.5 10.2 0.4
0.14 8 10.2 0.8
0,22 8.5 10.2 2.2
0.28 9 10.1 1.6
0.33 8.5 10.3 2.2
0.38 8.5 10,4 1
0.43 8.5 10.6 2.6
0.53 8.5 10.6 1.4
0.62 8 10.6 0.8
0.49 8 10.6 2.8
0.88 8 10.46 1.2
21 MAR 80 2 7.9 .0 0 7.5 10.2 0.4
. 0.03 9 11.5 0.6
0.05 9 11.8 0.2
0.07 9 12.4 0.4
0,11 9 13 0.4
0.14 9 13.4 0
0.19 9 13.2 0
, 0.29 ‘9 13.4 0.2
0.32 9 13.7 0.4
0.46 9 14,2 0.2
0.64 9 14.2 1.2
2 AFR 80 2 7.6 0 . 0 8 10.4 0.8
: 0.06 9 11.2 0.4
0.13 9.5 11.6 0.6
0.23 9.5 12 0.4
0.23 9.5 12.6 3.4
0.28 9.5 13.2 0.6
0.45 9.5 14 1.4
0.58 10 13.6 2.8
0.7 10 13.8 1.7
0.8 9.5 14.2° 2
1.02 9.5 14.6 2.8
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Table 14 (continued)

SALINITY CONC. TEMF. D.0. COUGH RATE
DATE RIOCIRE FH (FPT) (MG/L) c) (MG/L) (N/MIN)
MORONE AMERICANA
3 APR 80 1. 7.6 - 0 0 10 10.4 1.2
. : : 0.09 10. . 10.4 2.6
0.12 10.5 10.3 6.8
0.15 11 10.2 2.4
0.18B 11 . 10.2 1.6
0.24 11 10.2 3.4
0.33 11 < 10.4 3
0.46 10.5 10.5 1.2
0.55 10.5 10.6 3.2
0.6 10.5 10.6 3.2
0.75 10.5 10.6 1.4
0.92 10.5 10.6 ¢ 3
27 MAY 80 1 7.2 0 0 20.5 8.3 0.4
. ' 0.03 21 8.5 ‘3.6
. 0.04 21.5 8.5 1.4
0.05 21.5 8.5 3.4
0.1 22 8.5 4.4
0.15 22 8.4. 8.4
0.23 22 8.4 7.4
0.34 22 ‘8.4 14.2
0.48 21.5 8.5 13.6
16 JUN 80 2 7.3 - 0 0 23 7.2 0.4
0.03 22 9.7 0.8
0.08 22 10.6 1.2
0.14 22 11.4 15.4
.22 23.5 14.4 23.4
0.2 24 15.2 17.6
0.44 24.5 16 15.8
0.57 24 17.5 13.4
17 JUN B8O 1 7.5 0 0 22 7.1 0.4
0.05 22.5 7.1 1.8
0.1 22.5 7.3 1.6
0.15 23 7.1 2.8
0.19 24 7.1 4.2
0.28 23 7.6 8.6
18 JUN 80 . 1 8.4 . 0 0 23.5 8.8 0.6
0.05 23.5 7.8 2.2
0.1 23.5 7.6 3.6
0.18 24 7.8 3.8
0.25 24.5 8.5 5.4
0.31 24.5 7.9 19.4
0.41 24.5 8.4 20.8
“I' 0.5 24.5 8 14.4-
0.67 24 7.8 13.6
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reported that respiratory impairment in fish was a good indicator of
toxicant stress, but that the rate of "coughing" showed more promise than

opercular rate as a meaningful response to sublethal concentrations.

There were differences in the inﬁensity of "coughs" as well as the
pattern of responses between fishes tested. White perch had large,
distinct "coughs" with increasing biocide concentrations. Conversely,
‘'spottail shiner had very small "coughs" which resembled a "stutter",
possibly resulting from rapid opercular movement. Only rainbow trout
exhibited a éontindally increasihg "cough" rate with increasing biocide
concentrations. . All other :fishes had a peak in "cough" rate followed .

by a gradual or rapid decline in "coughs".

The concentration which produced an initial "cough" respbnse was chosen
as the physioiogically detected concentration. The initial "cough" .re-
sponse was defined as an increase of -at least one "cough" per minute
(during an exposure period) over the "cough" rate. prior to exposure, An
increase of less than one "cough" per minute was considered within the

range of a normal "cough" response..

Although determination of the initial "cough" response was the major
objective of this study, physiographic traces were conducted at
concentrations beyond this initial level to those which elicited

avoidance and occasionally to toxic levels.

Chlorine Physiogréphic Studies

Bergen. A summary of the total chlorine concentrations which elicited
an initial "cough" response with mummichog and white perch at Bergen
is given in Table 15. Avoidance concentrations which occurred in con-

current avoidance tests are also presented.

Tests with mummichog were conducted over a range of experimental con-
~ditions extending from 21.0-30.5 C; 2.7-5.0 mg/l dissolved oxygen;
0.5-1.5 ppt salinity; and pH from 6.9-7.3. The highest concentration
tested at 21 C (0.15 mg/l) and at 23 C (0.10 mg/l) failed to elicit an
initial "cough" response. At an average test temperature of 29 C
.mummichog exhibited an initial "cough" response at 0.14 mg/l total
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Table 15

A summary of total chlorine concentrations which elicited an initial
"cough" response in physiographic tests and an avoidance response in
‘concurrent avoidance tests with mummichog, Fundulus heteroclitus; and
white perch, Morone americana; at Bergen. (*=highest test concentration
did not elicit an initial "cough'! response) ' ‘

Test . Initial Cough Response Concurrent Avoid.

Temp Conc. Total Clj ‘ Conc. Total Clj

Date () i Amg/1) (mg/1)

Fundulus heteroclitus

23 Mar 79 21 . 0.15% o -

19 Apr 79 23 0.10% - -

20 Apr 79 21 .12+ - -

21 Jun 79 29 0.14% 0.12

- 0.15

Morone americana

17 May 79 24 0.02 | 0.02
. 0.03
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chlorine. This was within the range of avoidance concentrations

(0.12-0.15 mg/l) observed in concurrent avoidance tests.

White perch tested at 24 C; 4.5 mg/l dissolved oxygen; 2 ppt salinity;
and a pH of 7.2 exhibited an initial "cough" response at 0.02 mg/1
total chlorine. This was similar to the avoidance concentrations (0.02

an 0.03 mg/l) observed in concurrent avoidance tests.

Mercer. A summary of the total chlorine concentrations which elicited
an 1initial "cough" response with rainbow trout, spottail shiner, banded
killifish, and white perch is given in Table 16. Also presentéd are
avoidance concentrations which were obtained in concurrent avoidance

tests.

Rainbow trout tested at an average experiméntal temperature of 15.5 C
exhibited an initial "cough" response at 0.12 mg/l total chlorine.  In
concurrent tests, a concentration of 0.18 mg/l total chlorine was

avoided by rainbow trout.

Spottail shiner was tested over a fange of ‘average test conditions
which extended from 5.5-19 C; 7.1-11.1 mg/l dissolved oxygen; and pH
from 7.0-8.1. Initial."cough“ response concentrations extended from
0.07-0.20 mg/1l total chlofine with a mean of 0.14 mg/l and a standard
deviation of 0.05. The initial "cough" response concentrations and
their respective average test temperatures are plotted for spottail
shiner in Figure 45. Although not significant (P £ 0.05), there ap-
pears to be an inverse correlation (r=0.75, 2 d.f.) between temper-
ature and the concentration which elicited an initial "cough" response.
The initial "cough" response concentration (0.07 mg/l) for spottail
shiner tested at 19 C was lower than the avoidance concentrations

(0.10.and 0.11 mg/l) exhibited in concurrent tests.

Banded killifish were tested at average experimental temperatures of

3 and 6 C; respective levels of dissolved oxygen of 12.7 and 1ll.1 mg/1l;
and a respective pH of 8.1 and 7.9. An initial “"cough" response
occurred at 0.73 mg/1l total chlorine for banded killifish tested at

6 C. However, at 3 C no initial "cough" response was exhibited at

. concentrations up to 0.84 mg/l total chlorine (the highest concen- ’
tration tested). Banded killifish exhibited an ability to acclimate
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Table 16. .

A summary of total chlorine concentrations which elicited an
initial cough" response in physiographic tests and an avoidance
response in concurrent avoidance tests with rainbow trout, Salmo

gairdneri; spottail shiner, Notropis hudsonius; banded killTfish,

Fundulus diaphanus; and whlte perch, Morone americana; at
Mercer. (*=the highest test concentration did not e11c1t an

initial "cough" response)
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Test . Initial Cough Response Concurrent Avoid.
' Temp Conc. Total C12 Conc. Total C1l
Date (C) (mg/1) (mg/1) 2
Salmo gairdneri
23 Apr 80 - 15.5 “0.12 0.18
: 0.18
Notropis hudsonius
3 Jan 80 6.5 0.20 -
4 Jan 80 5.5 0.15 -
16 May 80 18.5 0.14 -
16 May 80 19 0.07 0.10
0.11
Fundulus diaphanus
24 Jan 80 3 0.84%* 2.00
2.05
13 Mar 80 6 0.73 2.17
1.60
Morone americana
27 Dec 79 7.5 0.25 0.10
| 0.10
28 Feb 80 .5 0.19 -
20 Mar 80 8 0.22 0.25 .
0.31
3 Apr 80 10.5 0.09 0.17
, 0.10




Table 16 (continued)
Test Initial Cough Response Concurrent Avoid.
Temp Conc. Total Cl2 Conc. Total Cl2
Date (C) (mg/1) (mg/1)
27 May 80 21.5 0.03 0.21
: 0.15
17 Jun 80 23 0.05 -
18 Jun 80 - 24 0.05 0.23
' : 0.36
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TOTAL CHLORINE CDNCENTRATION (MG/L)
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Figure 45. Total chlorine concentrations
an initial "cough" response with spottail
Notropis hudsonius, vs. test temperatures
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to an increase in chlorine; "coughing" for 5-10 minutes and then
reverting back to a normal "cough" rate. Concurrent avoidance
.concentrations (1.60-2.17 mg/l) for banded killifish were much greater-

than the initial "cough" response concentrations.

A series of physiographic traces were taken with white perch over a
rangé~of average conditions which extended from 5-24 C; 7.2-11.6 mg/1
dissolved oxygen; and pH of 7.2-8.4. Initial "cough" response con-
centrations extended from 0.03-0.25 mg/l total chlorine with a mean of
0.13 mg/l and a standard deviation of 0.09. The initial "cough" re-
sponse concentrations and their respective-éverage test temperatures:
are plotted for white perch in Figure 46, Test temperature was
significantly (P < 0.01) inversely correlated (r=-0.88 5 d.f.) with
initial "cough" response concentration. Except for the concurrent
avoidance test at 7.5 C, avoidance concentrations were greater than
initial "cough" response concentrations. The difference between
avoidance and initial "cough" concentrations became'greater as the

test temperature increased.

Ozone Physiographic Studies

Bergen. A summary of the ozone (measured as chlorine) concentrations

which elicited an.initial "cough" response with mummichog and white

perch at Bergen is given in Table 17. Also presented are avoidance
concentrations which resulted from avoidancé tests conducted in con-

junction with the physiographic tests.

Mummichog were tested over a range of average conditions which extended
from 15-30 C; '2.7-17 mg/l dissolved oxygen; 0.5-2.5 ppt salinity; and
pH from 6.7-7.3. At 21 C, there was an initial "cough" response at
0.40 mg/l ozone (measured as chlorine). However, no initial "cough"
‘response was observed in any of the other tests conducted at 15-23 C.
Tests conducted at or above 28 C resulted in a decreased cough rate
with increasing ozone. Similarly, no avoidance concentrations were
found with mummichog subjected to ozone residuals (measured as chlo-

rine) up to 0.42 mg/l in concurrent avoidance tests.
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TOTAL CHLORINE CONCENTRATION (MG/L)

TEST TEMPERATURE (C)
Figure 46. Total chlorine concentrations which elicited
an initial "cough" response with white perch, Morone
americana, vs. test temperatures at Mercer.

Note: The number of data points is indicated numerically.
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Table 17

A summary of ozone (measured as chlorine) concentrations which
elicited an initial "cough" response in physiographic tests and
an avoidance response in concurrent avoidance tests with
mummichog, Fundulus heteroclitus; and white perch, Morone

" americana; at Bergen. (*=highest test concentration did not
elicit an initial "cough" response; **=highest test concentration
did not elicit an avoidance response)

‘ Test Initial Cough Response Concurrent Avoid.
' Temp Conc. 03 Conc. 0
Date (C) ' ~ (mg/1) (mg/l)3

Fundulus heteroclitus

23 Feb 79 15 ' 0.03% | -
23 Mar 79 21 0.40 ' -
19 Apr 79 - 23 : 0.17% -
20 Apr 79 22 : 0.23* -
22 Jun 79 28 , 0.40% | 0.42%*
| | . 0.42%%
26 Jun 79 28 S 0.29% 0.20%*
- 0.22
27 Jun 79 30 0.30% A 0.36%*
0.36%*
Morone americana
.23 Feb 79 15 0.03 -
17 May 79 23.5 ‘ 0.11* 0.10%*
. 0.06

22 Jun 79 28.5 0.38%* -
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White perch were tested over a range of average conditions which
extended from 15-28.5 C; 3.8-8.5 mg/l dissolved oxygen; 1-2 ppt sa-
linity; and pH from 6.7-7.3. Although white perch exhibited an
initial "cough" response when exposed to 0.03 mg/l ozone (measured

as chlorine) at lS C, "cough" rate decreased with increasing ozone
residuals at 23.5-28.5 C and no initial response could be determined.
In concurrent avoidance tests conducted at 23.5 C, white perch avoided
0.06 mg/l'ozone (measured as chlorine) but in the replicate did not
avoid'O.lO mg/1l (the highést concentration tested).

Mercer. A summary of ozone (measured as chlorine) concentrations
which elicited an initial "cough" response with rainbow trout,
spottail shiner, banded killifish, and white perch is given in
Table 18. .Also presented are avoidance concentrations which re-

" sulted from avoidance tests conducted in conjunctibn'with the physio-

graphic tests.

Rainbow trout exhibited an initial "cough" response at 0.10 mg/l ozone
(measured as chlorine) under conditions which averaged 16 C; 10.9 mg/l
dissolved oxygen; and pH 7.8. Concurrent avoidance concentrations for

rainbow trout were 0.05 and 0.14 mg/l ozone (meastired as chlorine).

Traces were conducted with spottail shiner over a range of average
conditions which extended from 4-26 C; 9.1-12.8 mg/l dissolved
oxygen; and pH from 7-8.1. 1Initial "cough" response concentrations
extended from 0.07-0.22 mg/l ozone (measured as chlorine) with a mean
of 0.15 mg/l and a standard deviation of 0.06. Initial "cough" re-
sponse concentrations and their respective test temperatures are
plotted for spottail shiner in Figure 47. No significant (P < 0.05)
relationship was found between temperature and initial response con-
centrations, Avoidance concentrations were slightly lower than

initial "cough" response concentrations in concurrent tests.
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Table 18

A summary of ozone (measured as chlorine) concentrations which
elicited an initial "cough" response in physiographic tests and
an avoidance response in concurrent avoidance tests with rainbow
trout, Salmo gairdneri; spottail shiner, Notropis hudsonius;
banded killifish, Fundulus diaphanus; and white perch, Morone
americana; at Mercer. (*=the highest test concentration did not
elicit an initial "cough" response)

Test Initial Cough Response Concurrent Avoid.
: Temp . Conc. 03 - Conc. 03
Date ‘ (C) ' (mg/1) (mg/1)

Salmo gairdneri

24 Apr 80 16 _ 0.10 0.14

Notropis hudsonius

29 Jan 80 4.5 ' 0.15 : -
31 Jan 80 4 0.16 = _ -
15 May 80 18.5 ' - 0.22 ©0.17
' | . 0.16
3 July 80 26 .0.07 0.05
- 0.06
Fundulus diaphanus
17 Jan 80 . 7.5 0.21 0.21
: 0.19
18 Jan 80 7.5 0.90% 0.21
: 0.18
23 Jan 80 6.5 ‘ A 0.35 -
14 Mar 80 5 0.17 0.36
0.16
Morone americana
26 Dec 79 8.5 0.14%* -
28 Dec 79 6.5 . 0.10% 0.14
27 Feb 80 7 0.25 ' -
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Table 18 (continued)

Test Initial Cough Response Concurrent Avoid.

Temp Conc. 03 Conc. O3

Date (C) _ (mg/1) (mg/1)
21 Mar 80 9 0.64%* 0.20
: : 0.20
2 Apr 80 " 9.5 ’ 0.23 0.20
‘ 0.24
16 Jun 80 © 23 0.14 0.12
0.15
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OZONE CONCENTRATION (MG/L)

TEST TEMPERATURE (C)»

Figure 47. Ozone‘concént:ations which elicited an
initial "cough" response with spottail shiner, Notropis
hudsonius, vs. test temperatures at Mercer.

Notes:
1. The number of data points.is indicated numerically.

2. Ozone is measured as chlorine.
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Banded killifish were tested at average experimental tempefatures
from 5-7.5 C; levels of dissolved oxygen from 11.9-12.9 mg/l; and
pH from 7.9-8.0. 1Initial "cough" response concentrations extended
from 0.17-0.35 mg/l ozone (measured as chlorine) with a mean of 0.24
mg/l and a étandard deviation of 0.09. One test resulted in no re-
sponse when exposed to concentrations up to 0.90 mg/l ozone (measured
as chlorine,‘thefhighest concentration tested). As in the chlorine
tests, banded killifish. appeared to acclimate to an increase in ozone
after 5-10 minutes. Avoidance concentrations (0.16-0.36 mg/1 ozoné,
'measured as chlorine) occurring in concurrent tests were in about the
same range as the initial "cough" response concentrations, ~although
the méan avoidance concentration (0.22 mg/l) and standard deviation

(0.07) were slightly, but not significantly (P S}0.0S), lower.

White pefch were tested at a series of average codditions which
extended from 6.5-23 C; ll.l-l3.7.mg/l diséolved oxygen; and pH

from 7.3-8.2. - Initial "cough" response concentrations were from .
0.14-0.25 mg/l ozone (measured as chlorine) with a mean of 0.21 mg/1
and a standard deviation of 0.06. Three tests resulted in no initial
"cough" response even though the mean concentration was exceeded in
one such test. Initial "cough" response concentrations and their
respective average test temperatures are plotted- for white perch in
Figure 48. There was a significant (P S 0.01) inverse correlation
(r=-1.00, 1 d4.f.) between temperature and the concentration of ozone
which elicited an initial "cough" response in white perch. However,
the number of data points (3) is extremely limited and more data should
be obtained to confirm the correlation. In tests in which an initial
"cough" response was observed and a concurrent avoidance test was
conducted, the initial "cough" response concentration was within the

range of avoidance concentrations.
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0ZONE CONCENTRATION (MG/L)
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Figure 48. Ozone concentrations which elicited an initial
"cough" response with white perch, Morone americana, vs.
test temperatures at Mercer.

Notes:

1.

2.

‘The number of data points is indicated numerically.

Ozone is measured as chlorine.
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Secfion 4

CONCLUSIONS

The reéults of tests evaluating the lethal effects of chlorine and
ozone on mummichog and white perch at Bergen indicate the biological
effects of ozone were less severe than those of chlorine. Conversely,
the results of toxicity tests at Mércer on alewife, spottail shiner,
rainbow trout, and white perch indicate the biological effects of

chlorine were less severe than those of ozone.

At Bergen, the ILC50(96 2) 's for chlorlne with mummichog and

white perch were about 0.54 mg/l and 0.10 mg/l, respectively. Con-
trastingly, levels of 1 mg/l ozone (measured as chlorine) failed to
cause any'mortality with mummichog or white perch. At Mercer, the
.ILC50(96,2)'S for spottail shiner, rainbow trout, and white

perch exposed to chlorine were higher than those for ozone. The
ILC50(96’2) for alewife exposed to chlorine was 0.27 mg/l but
exposure to ozone resulted in 100% mortality -at all concentrations

tested (0.15~0.86 mg/1l ozone; measured as chlorine) in 2 hours.

The relative effects of ozone and chlorine in the behavioral studies
were consistent with those observed in the toxicity studies. At

Bergen, the aﬁoidance'concentrations of mummichog averagéd 0.09 mg/1
total chlorine but those for ozone (measured as chlorine) exceeded
0.42,mg/l. White perch avoided an average 0.10 mg/l ozone (measured

as chlorine) but accepted no more than an average 0.04 mg/l total
chlorine. At Mercer, the éverage chlorine avoidance concentrations
were higher than the average ozone avoidance concentrations for blue-
back herring, alewife, rainbow trout, spottail shiner, banded killifiéh,
and white peréh. As expected, all avoidance concentrations observed

at Mercer and Bergén were less than lethal levels.
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Initial "cough" response concentrations at Bergen for mummichog

and white perch were lower when exposed to chlorine tﬁan when exposed
to ozone. At Mercer, rainbow trout and banded kiliifiéh exhibited
lower initial "cough" response concentrations when exposed to ozbne
than when exposed to chlorine. Spottail shiner exhibited about the
same cough response sensitivity té chlorine and to ozone. However,
white perch exhibited a lower initial "cough" rate when exposed to

chlorine than when exposed to ozone.

In general, the initial "cough" response concentrations elicited at
Bergen and Mercer were either about the same or only slightly less
than avoidance concentrations in concurrent physiograph-avoidance
tests. Spottail shiner eprSed to chlorine exhibited a slightly lower
avoidance concentration when compared with the concentration which

elicited an initial "cough" response.

The differences in the biological effects of chlorination and ozonation
at Bergen and Mercer are best evaluated using the results obtained with
white perch, the only organism tested at both stations. Unfortunately,
comparisons are limited because more tests were conducted over a wider
température range at Mercer than at Bergen. White perch were less
tolerant of, and more sensitive, to chlorine at Bergen than at Mercer.
Conversely, they were less tolerant of, and more sensitive to, ozone
at Mercer than at Bergen. This difference may largely be due to
differences . in the chemistry of chlorine and ozone in estuarine and
'fresh waters. Oxidative by-products resulting from chlorination and
ozonation depend upon the oxidizable components in the aquatic system.
As these components vary significantly between estuarine and fresh
waters it is to be expected that the by-products, and hence, the bio-
logical effects of ozone and chlorine will be site specific. 1In fact,
white perch were not subjected to ozone at Bergen but to én unknown
‘by-product of ozonation. The effects of chlorination and ozonation

were undoubtedly further affected by the despoiled water at Bergen.

Although not statistically significant (P < 0.05), there appears to
be an inverse relationship between temperature and the lethal effect
for white perch exposed to chlorine and to ozone; and for spottail

shiner exposed to ozone. More tests are needed over a wide range of
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temperatures for each fish to confirm the relationship.

The concentration which produces a physiological effect also
appears to be inversely reléted to temperature for white perch ex-
posed to ozone and to chlorine; and for spottail shiner exposed to
chlorine. A similar inverse relationship between temperature and
ozone avoidance concentrations also exists for blueback herring,
spottail shiner, and white perch. Conversely, spottail shiner
avoided higher concentrations of total chlorine as temperature

increased.

The effect of a 2—3.CAAT accompanying the biocide concentration was
evaluated in several avoidance tests. Mummichog and white perch
tested at Bergen avoided similar chlorine concentrations in both
ambient temperature and AT (0.5-2.0 C) tests. No comparative

AT tests were conducted at Bergen using ozone.

Bluebaék herring was the only fish tested with a AT accompanying the
“test concentration at Mercer. Although limited, the results show -
blueback herfing avoided higher ozone concentrations when a 2-3 C AT
accompanied the test concentration. When exposed to a 0.5 C AT

accompanying chlorine, blueback herring avoided similar concentrations

in both AT and ambient temperature tests. However, in one replicate
AT test, blueback herring preferred chlorine concentrations beyond

the mean avoidance concentration. .

Evidence of gill damage on fish tested at Mercer'was rare. Some
aneurisms and hemorrhaging were noted in both experimental and control
- fish. Considerably more aneruisms and hemorrhaging were noted on the
gills of fish tested at Bergen. However, gill damage was observed in
both experimental and control groups at Bergen and was likely
attributable to the poor quality of the dilution water.

The results of these studies can be compared with those obtained at
other laboratories. The biological effects of any oxidizing biocide
on a given species, however, are highly dependent on the time of

exposure and usually are site specific. Some difference in results

120




110-33

at different locations is due to laboratory and test population
differences but most can be attributed to differences in quality
of dilution water. This is especially true for tests conducted in
water of different salinity.

In chlorine toxicity tests with white perch the ILCsq(9¢,2)

was 0.10 mg/l total chlorine at Bergen and an average 0.73 mg/l total
chlorine at Mercer. The mean 96~hour LCgy for white perch con-
.tinuously exposed to chlorine proportionally diluted with water from
the Delaware River estuary was 0.22 mg/l total chlorine; standard de-
viation was 0.08 (13). It is probable that an intermittent chlorine
exposure to white perch using the higher salinity water (up to 7 ppt)
of the Delaware River estuary would result in an ILCgq(g96,2)
exceeding the 0.22 mg/l LCg5p(96). However, whether it would

approach the ILC50(9¢g,2) at Mercer is unknown. The chlorine
.avoidance concentrations of white perch tested at Bergen and Mercer
averaged 0.04 and 0.20 mg/l respectively; whereas the average total
chlorine avoidance concentration of white perch in Delaware estuarine
waters was 0.06 mg/1l (li).

The ILC50(96,2) for rainbow trout at 5 C (at Meréer) was 0.48
mg/l ozone (measured as chlorine). Contrastingly, Wedemeyer, et al
(15) reported a continuous exposure 96-hour LC$0 averaging 0.01 mg/i
ozone (measured as chlorine) for rainbow trout at 10 C. " Rosenlund
(15), studying the use of ozone for a hatchery system, obser&ed gill
epithelial damagé and death of rainbow trout exposed to 0.01-0.06 mg/1l
ozone at a'temperature of 10-14 C. However, Rosenlund determined 90%
of the ozone concentrations using a semiquantitative orthotolidine
method. Ward and DeGraeve (17) observed no mortality at 15 C with

' rainbow trout when exposed continuously to a nondisinfected effluent
from a wastewater treatmént plant ozonated to 0.0l mg/l for 48 hours.
Although the residuals were determined amperometrically, they did
not report whether the ozone residual wés measured as chlorine or as
ozone. Considering the confusion in the literature regarding the
determination of ozone and the fact that none of these other studies
used intermittent exposures, comparisons are extremely difficult.

‘ It is clear, however, that the toxicity of ozone is less in intermittent

exposures than in continuous exposures.
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The ILC50(96,2)'value for rainbow trout exposed to chlorine

in this study (0.67 mg/l total chlorine) was between continuous
exposure values and those obtained in other stﬁdies in which rain-
bow trout were exposed to chlorine intermittently for less than 2 hr.
Merkens (18) reported a 7-day LCgg value of 0.08 mg/l for rainbow
trout. Basch, et al (19) reported 4-day LCgg values of 0.14-0.29
mg/l for rainbow trout. 'Brooks and Seegert (20) reported that the
30-minute LCsg and three-5-minute exposure (with 3 hours between
each 5 minute exposure) LCgg for rainbow trout acclimated at 10 C
were 0.99 and 2.87 mg/l; respectively. '

Because of the time dependent néture,of the toxicity of these biocides
it,woﬁld seem appropriate to base water quality criteria on site-
specific sub-lethal effects rather than on toxicity data. As initially.
hypothesized, lethal concentrations of biocides were detected and
avoided. Although the physiologically detected levels were slightly
lower than avoidance'concentrations, it is iikely that irritating leVels
would eventually be avoided in longer exposure tests. Consequently,

if their use is intermittent, the most likely environmental impact
resulting from the use of these biocides in electric generating

stations would be temporary loss of habitat. When used in despoiled

waters, ozone would probably even be beneficial.

This study represents our initial attempts to define the ecological
effects of ozonation when used for condenser biofouling control at
electric generating stations. Obviously much more work needs to be
done, but the results reported here are endouragihg enough to warrant

further investigation.
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