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Executive Summary

National water quality criteria for chlorine have been developed to 

protect aquatic organisms continuously exposed to chlorinated effluents.  

The purpose of this study was to provide data which could be used to 

develop new criteria for intermittently chlorinated effluents, typical 

of those discharged from steam-electric power plants. Studies were 

conducted in which aquatic organisms, known to be sensitive to chlorine, 

were exposed to both continuous and intermittent chlorination under 

similar experimental conditions.  

The specific results of this study show that monochloramine 

exposures of 2 hr. duration, administered four times in a 96 hr. period, 

were 5 to 7 times less toxic to fish (rainbow trout and common shiners) 

than were continuous exposures administered over the same time period.  

Chronic, 60-day tests with early life stages of the rainbow trout, 

showed that intermittent exposures were approximately 9 times less 

toxic. Results of tests with the water flea, Daphnia, indicated that 

intermittent exposures were 3 to 5 times less toxic than were continuous 

exposures. Tests performed with a snail, which could withdraw into its 

shell in the presence of chlorine, indicated that the animal can 

withstand intermittent exposures 100 times higher than those 

administered continuously.  

The overall conclusion of this study is that a strong case can be 

made for the development of specific water quality criteria for 

intermittently chlorinated effluents. The data indicate that these 

criteria should be significantly less stringent than those presently in

existence.
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Section 1. Introduction 

National water quality criteria for the discharge of cooling waters 

intermittently chlorinated for condenser biofouling control have been evolving 

over the past two decades. The criteria have been developed from data obtained 

from research studies conducted on a variety of aquatic species under a number 

of different experimental conditions. The database includes many reports of the 

toxicity of chlorine applied continuously to the test organisms with fer,,er 

points based on intermittent exposures. The tests producing these data have 

generally been conducted by different researchers under a variety of 

experimental conditions. The establishment of new criteria would be enhanced 

if a sound relationship between the results of continuous and intermittent tests 

could be developed. Wang and Hanson, (1985) noted that it would be more 

desirable to use continuous and intermittent exposure data collected by the same 

researcher to develop such a relationship.  

The objectives of this study were to conduct both continuous and 

intermittent chlorine toxicity tests under similar experimental conditions. The 

results would contribute additional information on the toxicity of chlorine to 

aquatic organisms, while providing a solid database from which a relationship 

could be developed to compare the two modes of exposure. The direct results of 

this study, coupled with the continuous/intermittent relationship, would provide 

a much more solid database from which the U. S. Environmental Protection Agency 

could develop water quality criteria for the intermittent discharge of 

chlorinated cooling waters.  

The animal species used in these experiments w¢ere selected based on 

previous studies which showed them to be highly sensitive to chlorine. Tw;o 

species of fish, the common shiner and rainbow trout, were used as were two 

invertebrate species, an operculate snail and Daphnia. The tests were designed 

to expose the organisms under environmental conditions which they would commonly
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encounter in the field. Monochloramine was selected as the chemical form of 

chlorine for the tests because it is the predominant species found in most 

cooling water effluents. Temperatures for the tests were chosen based on 

recommended standard procedures or temperatures at which comparable studies had 

been reported in the literature. Both the continuous and intermittent 

experiments for each species, with the exception of the 21-day Daphnia study, 

were run simultaneously under similar laboratory conditions. The results 

presented will, therefore, provide highly comparable, realistic data which will 

be most useful for the development of safe effluent limitations.  

This report is organized by test organism: Section 2 reports the results 

of the fish studies, both acute and chronic, Section 3 contains the results 

obtained with the acute snail test; and Section 4 reports the results of acute 

and chronic tests with Daphnia. Section 5 summarizes the results of the entire 

effort and includes conclusions based on our interpretation of the findings.  

The references cited can be found in Section 6 and Section 7 in an appendix 

containing a tabulation of all data collected on the project.
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Section 2. Fish Species

2.1 Introduction 

Chlorine toxicity tests were performed with two species of freshwater fish: 

the common shiner (Notropis cornutus) and rainbow trout (Salmo gairdneri). The 

common shiner was chosen as a test species because of its wide distribution, and 

because it is one of the only sensitive warm water fish species (U.S. EPA 1985A) 

for which there are existing 96-hr LC50 values (Ward and DeCrave 1978) for 

continuous exposure. There is also comparable information regarding 

intermittent exposures to common shiner (Brooks and Seegert 1978). Rainbow 

trout was selected because of the species' universal acceptance for use in acute 

toxicity tests (Parrish 1985) and for its utility as a subject for the standard 

salmonid early life stage (ELS) test (ASTM 1980A). This species is also 

important, since it represents the most chlorine-sensitive family of freshwater 

fish (U.S. EPA 1985A) and because it has been the subject of several key papers 

evaluating the effects of intermittent exposures including the role of exposure 

duration and chlorine speciation (Brooks and Bartos 1984; Thomas et al. 1982).  

2.2 Materials and Methods 

2.2. 1 Experimental Apparatus 

2.2.1.1 Dilution Water. The source of water used for the tests was the 

City of Milwaukee water supply which is drawn from Lake Michigan. The tap water 

was dechlorinated by an automated sodium sulfite injection system at our 

research facility. As a precaution against possible failure of the main 

dechlorination system, both the hot and cold dechlorinated water used for the 

tests passed through separate activated carbon beds (I cu ft Bruner Filters) 
before reaching the exposure apparatus. The hot and cold filtered water was 

blended to the appropriate temperature and passed through a 10-cm diaiierer x 1-rn! 

long column of flexirings (Koch Engineering Inc.) to bring dissolved gibes into 

equilibrium with the atmosphere. The blended water was maintained at a nominal
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flow of 10 + 1 L/min and allowed to flow into a constant-head tank. During the 

rainbow trout test, when ambient temperatures of the cold water supply exceeded 

the test temperature, an auxiliary cooling system was employed. Four iii-Iilersion 

chillers (Frigid Unit, Toledo, OH) placed in a 300-L tank and one in the head 

tank were engaged as needed. Dilution water was recirculated between the two 

tanks at a rate of 18 L/min by an in-line stainless steel impeller pump. An 

ammonium chloride solution was metered into the head tank to maintain a nominal 

amaonia concentration of 0.3 mg/L as N. The amnonia was added to the water to 

assure that the TRC would be predominantly (>90%) monochloramine at all exposure 

concentrations. The ammoniated dilution water was continuously aerated in the 

100-L head tank to ensure thorough mixing and to maintain saturation of 

dissolved gases. The diluent was supplied to both exposure systems by a header 

manifold pipe from which a pair of solenoid valves regulated the inflow of water 

to each diluter. A schematic diagram of the water-supply and exposure system is 

shown in Fig. 2.1 (in preparation).  

2.2.1.2 Exposure System. The continuous exposure system consisted of an 

intermittent-flow proportional diluter (Mount and Brungs 1967) which used a 

"dipping bird" apparatus (Lemke et al. 1978) to deliver a single volume addition 

of sodium hypochlorite (NaOCl) stock solution with each diluter cycle. The 

toxicant was proportionally mixed with diluent to form five concentrations of 

monochloramine spaced by a dilution factor of approximately 0.5. A control 

treatment received only dilution water. The cyclic action of the diluter 

resulted in 1.9 L of test solution being delivered to each replicate exposure 

unit every 6 mai.  

The exposure system supplying the intermittent regime duplicated the cycle 

time, volume delivered, and action of the proportional diluter, except that the 

toxicant metering apparatus was operated independently for each exposure concen-
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tration (DeFoe 1975). Five separate toxicant solutions, metering devices and 

mixing cells were used to individually mix each exposure concentration to a 

designated TRC level. For the acute exposures (common shiner, rainbow trout and 

operculate snails) the metering system consisted of five independently operated 

dipping birds, whereas the ELS exposures employed a five-head peristalic punp 

activated by an electronic relay. Both systems permitted the intermittent 

exposures to be set at appropriate concentrations and time intervals. The 

construction, calibration and operation of both diluters followed the procedures 

outlined by Lemke et al. (1978).  

2.2.2 Chemical Measurements.  

2.2.2.1 Sampling Procedure All chlorine analyses were run from fresh samples 

of test water collected at mid-depth in the center of each exposure tank. Grab 

samples were either taken in duplicate with a pair of cut-off 100-ml volumetric 

flasks mounted side-by-side when the larger exposure tanks were sampled, or as 

single 100-ml aliquots obtained with a large syringe when the smaller test 

chambers were sampled.  

During the morning and afternoon of each day of the 96-hr continuous 

exposure tests, duplicate 100-ml aliquots from each exposure tank were analyzed 

amperometrically. For each day of the ELS test, amperometric titrations were 

run on single 100-ml samples taken from each continuous exposure tank.  

Additionally, once a day, duplicate samples from one replicate of each treatment 

were analyzed colorimetrically by the DPD titrametric method (APHA 1985) to 

determine the concentrations of free and combined chlorine species. The daily 

sampling order alternated between the duplicate tanks. During the 60-day ELS 

test single DPD samples were collected weekly from each test concentration.  

Means of duplicate M and PM samples were combined to produce mean daily TRC 

values. The abundance of monochloramine in each exposure con~centration, as
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determined by the DPD analyses, was expressed as a percentage of the TRC 

concentration measured.  

For the intermittent exposure regime, the TRC levels were determined 

amperometrically in a single 100-ml sample collected innediately after the 

initial spike at the onset of the exposure, another near the mid-point, and a 

third approaching the end of the 120-min square wave. The three TRC values were 

averaged to give a mean daily square wave exposure concentration. Daily ampero

metric titrations were only run from the mid-point sample during the ELS test.  

The DPD sampling procedures followed the same scheme employed during the 

continuous exposures, with the sampling always done during the first hour of the 

square wave.  

The overall mean TRC concentration (average of up to 4 or 5 daily means) 

for each exposure level was used for the determination of LC50's. When 

100 percent mortality occurred at a given treatment level, only TRC values 

measured during the preceding periods in which one or more fish were alive were 

used in calculating the overall mean and LC50 estimates. Cumulative means of 

the daily TRC concentrations were used to compute the LC50's used to produce the 

time-toxicity curves. The values derived from the DPD analyses were averaged to 

determine the percentage of monochloramine present in the exposure tanks for 

each sampling interval and combined to obtain the overall mean for the 96-hr or 

60-day exposure period.  

Routine monitoring of the physical and chemical quality of the test water 

included in situ measurements of water temperatures twice daily and dissolved 

oxygen levels once daily in each exposure tank. Concurrent with the mid-point 

of the first and third square wave exposures (Days 0 and 2 of the acute tests), 

both pH and ammonia were measured from single grab samples collected from each 

of the 24 continuous and intermittent exposure tanks. On Day 4, during the last 

hour of the continuous exposure, (approximately 24 hrs after the final square
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wave administered on Day 3) final pH and ammonia samples were collected from all 

tanks. During the ELS test, these two variables were measured weekly for each 

replicate treatment. Mean daily temperature, dissolved oxygen, and pH values 

are reported for each test concentration. Ancillary water quality measurements 

performed during the mid-point of the acute tests included conductivity (each 

test tank) and alkalinity (control water only); these variables were measured 

twice during the ELS test. Hardness was determined for the control water near 

the end of the ELS test.  

2.2.2.2 Analytical Procedures. Chemical analyses were performed following 

procedures published in the 16th edition of "Standard Methods for the Analysis 

of Water and Wastewater" (APHA, 1985) with the exceptions noted below.  

The amperometric titration analysis for total residual chlorine (TRC) 

followed the basic "Standard Methods" procedure but utilized the instrumentation 

and graphical endpoint method of Brooks and Seegert, 1979. The PAO used in the 

titration was standardized using the method described by U. S. EPA (1979) Method 

330.1 Section 5.9. The chlorine used for the tests was sodium hypochlorite Lot 

A19717 obtained from J.T. Baker Chemical Co. Phillipsburg, New Jersey. At the 

beginning and end of each day's sampling, duplicate reagent blanks were run.  

The average amount of PAO titrated for the four blanks was subtracted from the 

PAO titrated for each test sample run that day. In some instances, the control 

TRC concentrations appear as negative values in the appendix tables because of 

this subtraction. There are no values less than -4ug/L reported and we assumed 

the true TRC of the control to be analytical zero.  

Total and unionized ammonia were measured by the procedures described by 

Bower and Holm-Hansen, (1980) and Emerson et al, (1975) respectively. A Perkin 

Elmer Lambda 3B UV/VI spectrophotometer was used for the colorometric
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measurements. Quadruplicate reagent blanks were used to zero the 

spectrophotometer.  

2.2.3 Acute Tests 

2.2.3.1 Experimental Design. Each test (continuous or intermittent) 

consisted of six treatments. The diluter apparatus for each test produced five 

TRC concentrations, and control water. All treatments were run in duplicate 

giving a total of 24 exposure units for the continuous and intermittent 

diluters. The 24 exposure units were divided between the two diluters and 

arranged by a non-randomized block design. The treatment levels were arranged 

by increasing or decreasing exposure concentration on opposite sides of the 

diluter (Figure 2.2).  

There was a total of 20 fish in each treatment divided between duplicate 

test chambers. Both diluters were operated simultaneously under identical 

environmental conditions.  

The diluter supplying the continuous exposure was set to achieve a 100 

percent concentration and four lower concentrations diluted by a factor of 

approximately 0.5. Due to the steep concentration-response observed during the 

range-finding tests, the five intermittent exposure levels used during the 

definitive tests were spaced at approximately lO0-ug/L intervals. The nominal 

exposure levels selected for the acute tests are summarized in Table 2.0. The 

test temperatures were set at 25 and 12C for common shiner and rainbow trout 

respectively. Laboratory photoperiod was held constant at 12-hr light:12-hr 

dark. Light intensity at the surface of the tanks was 10-20 uE/m2/sec.  

2.2.3.2 Test Fish.  

Common Shiner. Between September 24 and October 8, 1987, wild common 

shiner (Notropis cornutus) were seinect from the Mukwonago River in Mukwonago, 

Waukesha County, Wisconsin. During the early quarantine and acclimation period, 

all fish were treated prophylactically for external parasites and bacterial
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infections with formalin/malachite green and nitrofurazone (Furacin) 

respectively (APHA, 1985). Fish were held in flowing dechlorinated laboratory 

water at an initial temperature between 19 and 20C. Gradually the fish were 

raised to the 25C test temperature at a rate of 1C per day and held there for 

approximately 60 days preceding the start of the test. The night before the 

scheduled start of the test a malfunction of the continuous exposure diluter 

lowered the temperature from 25 to 18C for a period of approximately six hours.  

The fish showed no signs of stress and were subsequently reacclimated to the 

test temperature over a period of 72 hrs. The reacclimated fish were held at 

25C for 48 hrs prior to the rescheduled start of the test. During the test the 

temperature was held at 25C + 1C. Except for the day before and during the 

test, all fish were fed a daily ration including a commercial flake food 

(Tetra.Min Staple) and adult frozen brine shrimp.  

Rainbow Trout. The rainbow trout (Salmo gairdneri) used for the acute 

tests were purchased from a private fish farm (Evergreen Trout Hatchery, Pound, 

WI). Approximately 1000 fingerlings, (20 wks posthatch; 2 to 3 g each) were 

delivered to our laboratory on March 10, 1988. The source of the eggs from 

which this batch of fish hatched was Trout Lodge (McMillan, WA), a coimmercial 

egg supplier (eyed eggs were shipped to Evergreen Trout Hatchery on October 8, 

1987, Trout Lodge Invoice #12132).  

During an initial 2-wk acclimation period, fish were held in flowing 

dechlorlnated laboratory water at temperatures between 9 and 10C. Ten days 

prior to the start of the tests, the temperature was raised at a rate of lC per 

day to the 12C test temperature. During the test, the temperature was 

maintained at 12C (+lC). While in our laboratory, the fish were fed a 

colrmercial trout food ad libitum 2 or 3 times daily until 24 hrs befor°e the
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start of the test. The diet (Glencoe Mills #4 Starter) was the same food the 

fish were reared on at the private hatchery.  

2.2.3.3 Acute Test Procedures 

The day before the start of the test, 240 fish were impartially selected 

and transferred to the exposure tanks where they received dilution water through 

the normal cycling of the diluters. Ten fish each were allocated to the 24 

exposure tanks by stratified random assignment (2 fish at a time) until both 

exposure systems held 120 fish.  

To start both the continuous and the daily 120-min exposures, each tank 

received a measured spike of aqueous sodium hypochlorite (NaOCI) which was 

rapidly mixed into the 30-L tank volume. Samples were immediately taken to 

verify that the desired concentration was achieved. Thereafter, TRC 

concentrations were maintained by the cyclic flow from the diluter.  

During the continuous exposure test, TRC levels were held constant for a 

total exposure duration of 96 hrs. The exposures were concluded with a 15-min 

augmented flushing period (see intermittent procedure below) followed by 24 hrs 

of observation of the fish in dilution water. The intermittent regime consisted 

of a 120-min exposure administered daily for four consecutive days (i.e. at 0-2, 

24-26, 48-50, and 72-74 hrs). The augmented flushing phase following the 2-hr 

exposure consisted of a 1-min draining period (tank drawn down to 5.0 L) 

followed by a 10-min period of flushing with dechlorinated water at a flowq of 1 

to 2 L/min. Complete loss of measurable TRC in the highest exposure 

concentration occurred within 8 to 10 min. After the flushing, the tanks were 

allowed to refill with dilution water by the normal delivery of the diluter with 

the toxicant addition interrupted. The tanks w'ere filled to 30 L within 30 mmi 

and remained at that level until the next exposure period 22 hrs later.  

Fish mortality and behavioral observations were made at 3, 6, 8, 24, 48, 

72, 96, and 120 hrs during the test. However, if dead fish were observed
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earlier than the next scheduled observation, they were removed from the tank and 

the time recorded. Dead fish were measured and weighed upon removal, and 

survivors after termination of the test. Total length, (to the nearest mm) and 

wet weight (blotted, to the nearest 0.01 g) was recorded for each test fish.  

2.2.4 Chronic Test (Rainbow Trout ELS Test) 

2.2.4.1 Experimental Design 

The chronic exposures with rainbow trout were modeled after the salmonid 

early life stage (ELS) toxicity test outlined by McKim (1985), and closely 

followed the standard practice prescribed by ASTM (1980A). The exposures were 

started with eyed embryos near the onset of hatching, and continued through 60 

days posthatch (dph).  

Nominal TRC concentrations selected for the continuous exposures were 200, 

100, 50, 25, and 13 ug/L, whereas the intermittent exposures were performed at 

750, 600, 450, 300, and 150 ug/L. In addition to the amount already added to 

the dilution water, ammonium chloride was mixed with the intermittent toxicant 

solutions in a 1.5 to 1.0 molar ratio of NH4 -N to CL. This was necessary to 

produce test solutions of monochloramine without adding excess ammonia to the 

entire exposure system. Each exposure concentration and control for both 

exposure regimes included two replicates for a total of 24 ELS exposure units.  

The spatial arrangement of the replicate treatments was the same as that used 

for the acute tests (Figure 2.2).  

Each ELS exposure unit was comprised of several components including: A) 

an embryo-larval incubation trough which held four embryo incubation devices 

(egg cups) and an enclosure for the yolk-sac larvae (sac fry chamber); and B) 

duplicate larval growth tanks. A summary of the experimental events taking 

place during each phase of the exposure is given in Figure 2.3. The embryo

larval phase of the exposure began with 200 embryos per treatment divided
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between two replicates. The 100 embryos in each replicate were in turn 

separated into four incubation groups, and remained separated until the hatch 

was completed in all groups. The total hatch of the quadruplicate incubations 

were then pooled and held combined from the early yolk-sac through swim-up (20 

dph) larval periods. The final 40 days of the exposure comprised the larval 

growth and survival phase. This phase of the ELS test was started by 

transferring 50 swim-up fry from each replicate to duplicate tanks (25 per tank) 

for a total of 100 individuals per treatment.  

Except for slight modifications, the exposure devices used during this 

study were the same as those described in greater detail by Szmania (1984), and 

were also used in a previous ELS test with lake trout (Binkowski, 1987). A 

schematic diagram of one of our exposure units depicting the use of the 

individual test chambers is shown in Figure 2.4. The PVC egg cups were fitted 

with 0-mesh (500u) nitex screen and were immersed in the rear section (sac fry 

chamber) of the polyethylene incubation trough. The cups and entire sac fry 

chamber were shielded from direct overhead light by a black polyethylene cover.  

A self-starting siphon on the 6-mm I.D. outlet of the trough caused a 2.54-cm 

vertical change in the water level in the chamber, resulting in an upwelling of 

fresh exposure water into the egg cups with every cycle of the diluter. The 

13 x 20-cm sac fry chamber was partitioned off with coarse-mesh (9 meshes per 

2.54 cm; 2-mm openings) nitex and was filled to a maximum depth of 8 cm. A 3-cm 

high plexiglass dam (minimum water depth required to cover the embryos) at the 

base of the partition allowed 0.8 L of water to remain in the chamber when the 

trough was drained for augmented flushing. A siphon-activated flow-splitting 

device on the outlet of the incubation trough divided the outflow evenly between 

duplicate larval growth tanks. The test fish were confined to a 14.5 x 18.5 x 

13-cm deep growth comnpartment in the rear portion of a 9.5-L glass aquarium 

(filled to 3 L). By removing the standpipe, the tank could be rapidly drained
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for the augmented flushing procedure to a residual volume of 0.6 L (2.54-cm 

depth) in the fish-holding compartment. Each larval tank was provided with 

continuous gentle aeration by a single air stone placed in the forward 

compartment (standpipe side of the partition) of the test chamber.  

2.2.4.2 Test Fish 

The eyed embryos used to start the ELS test were obtained by collecting 

ripe wild rainbow trout (Salmo gairdneri) by electroshocking in the Root River, 

a tributary of Lake Michigan in Racine, Wisconsin. Gametes were stripped from 

three females and six males, and the eggs were fertilized and water hardened at 

9.3C in the field following the procedures recommended by ASTM (1980). Field 

crew members of the Wisconsin Department of Natural Resources identified the 

brood fish as "Chambers Creek" strain steelhead of the 1986 year class. The 3

year-old adults were apparently returning to spawn in the river after being 

stocked there as yearlings. Within three hours after fertilization, 4500 water 

hardened eggs were transported to our laboratory, acclimated to the dechlor

inated water, and incubated in darkness at 10C (±lC) for the next 30 days. The 

eggs were not treated with any prophylactic agent for fungal control. Less than 

20 percent of the original ntunber collected were removed as dead eggs during the 

incubation period.  

Prior to the start of the definitive tests, preliminary range-finding tests 

were performed-with Chambers Creek strain eyed embryos and newly-hatched yolk

sac larvae from a 1988 year class obtained from New York State (through the 

Wisconsin Department of Natural Resources Kettle Moraine hatchery). These 

embryos were collected from Lake Ontario fish, the original source of the 

Chambers Creek strain rainbow trout stocked in Lake Michigan. On May 25, near 

the onset of hatching, the Root River group of embryos was used to start the 

definitive ELS tests.
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Test Croups. Both the continuous and intermittent exposures were started 

with eyed embryos selected from a single pool of Root River eggs. However, a 

diluter failure during the first 24 hrs of the continuous exposure prompted us 

to restart the exposure in this regime only. The intermittent exposure was 

independent of any effects of the continuous system failure. Consequently, the 

intermittent test group was not replaced. The restarted test group of the 

continuous regime (Group II) was selected from the same pool of eggs used for 

the initial allocation, but was selected 24 hrs later. We continued to observe 

the original test group of the continuous regime (Group I) through swim-up while 

being exposed simultaneously with Group II. A comparison of the two continuous 

exposure test groups showed virtually no difference in survival to 23 dph.  

Group I was terminated at that time.  

Following the hatch of the Root River eggs in the exposure system, a back

up group of eyed embryos was obtained from a commercial supplier (Trout Lodge, 

McMillan, WA) and exposed concurrently with the primary test group for a total 

of 34 days. The Trout Lodge test group was selected from 10,000 eggs of an 

unidentified domestic strain of rainbow trout. The Trout Lodge group was 

maintained in our exposure system through the swim-up stage (23 dph), including 

a total of eleven days of exposure in the embryonic stage.  

2.2.4.3 Test Procedure 

A total of 1200 embryos were allocated to each exposure regime. The 

selection was made from a well-mixed pool of several thousand eggs which had 

been transferred from the incubation system to the diluter system for 

acclimation to the diluent overnight. Groups of 5 eggs were impar'tially 

selected for allocation to 48 egg cups (96 cups for both regimes) until each one 

contained 25 embryos. The cups were then randomly assigned to the 12 exposure 

units of each diluter. The continuous exposure was started immediately, at the 

time the first cup was transferred to the test water (0 hrs), whereas the
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intermittent exposure test group received only dilution water when placed in the 

test chambers. A short time later, the first intermittent exposure was 

administered, following the procedure used for all subsequent daily exposures.  

During the a.m. hours of each day, the intermittent test group was given a 

120-min square wave exposure to chlorine using the following procedure. After 

the last cycle of dilution water entered the test chambers, each incubation 

trough was drained to a volume of 0.8 L, and the toxicant metering pumps were 

engaged. The next three cycles of exposure water were delivered 0, 6, and 12 

min after draining the chambers. This allowed the complete exchange of the 

smaller volume of water remaining in the sac fry chamber with each cycle.  

Amperometric titrations verified that the TRC concentrations reached 90 and 100 

percent of the full exposure level after the second and third cycles 

respectively. The incubation troughs were then allowed to refill with test 

water. The exposure began as soon as the first addition of exposure water 

entered the sac fry chamber (0 min). After 120 min, the troughs were drained 

again, followed by the addition of three cycles of diluent. When the sac fry 

chambers were free of measurable traces of chlorine (12 to 18 min of flushing) 

the troughs were allowed to refill with dilution water.  

In order to produce the square wave exposure in the larger volume of the 

larval growth tanks, an alternative procedure was used. The exposure was begun 

by administering a spike of toxicant (aqueous sodium hypochlorite and amimionimi1 

chloride), and mixing it into the 3-L volume of each tank for all test concen

trations (except controls). At the end of the exposure period, all larval tanks 

(including controls) were drained to a residual volume of 0.8 L and flushed by 

the addition of 4 L of dechlorinated water. The tanks were free of TR.C within 

15 mmi of the end of the 120-mmi exposure period, and were refilled with diluent 

30 mmi after the exposur'e ended.
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2.2.4.4 Fish Handling and Sampling 

Egg cups were viewed daily to determine the number of embryos hatched. Any 

physically abnormal larvae were noted along with a brief description of the 

anatomical deformity. Dead embryos (opaque or ruptured) and larvae (immobile 

with absence of visible heartbeat) were removed daily. For the older larval 

stages, death was determined by lack of reaction to gentle prodding. This 

condition was usually quite apparent to the observer because of the extreme 

dorso-ventral curvature of the spine (due to rigor mortis) which rapidly set in, 

and was usually accompanied by blotched pigmentation. In addition to mortality 

counts, daily behavior observations were recorded for each sac fry chamber and 

duplicate larval tank. The incidence and duration (or estimates of percentage 

affected) of readily observable abnormal behavior, such as lethargy or 

uncoordinated swimming was noted during each daily observation.  

All groups were fed a daily ration of No. 2 BiodietTm. The initial ration 

of 8 percent (based on the mean wet weight of 25 control swim-up fry) was kept 

constant throughout the 40-day growth experiment, and was divided among three 

(two on weekends) daily feedings. Tank bottoms were siphoned three times per 

week, and scraped or brushed as needed.  

All excess swim-up fry not transferred to the larval tanks were 

individually weighed (blotted, to the nearest 0.01 g) and measured for total 

length (to the nearest mm). After being fasted for 24 hrs, all surviving fish 

at termination of the test were weighed (to the nearest mg) and measured (total 

length to the nearest 0.1 mim). Final lengths and weights were rounded off to 

the nearest 1.0 mm and 0.01 g respectively for computation of individual 

condition (K) factors (Carlander 1969).
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2.3 Results

2.3.1 Acute Tests 

The results of the 96-hr acute tests are summarized for each species in the 

following sections. A detailed account of all raw data can be found in the 

appendix section 7.1 (common shiner) and 7.2 (rainbow trout).  

2.3.1.1 Common Shiner 

Test Fish. Table 2.1 suimnarizes the size distribution of the cortmon 

shiners used for the acute exposures. The individual lengths and weights of all 

test fish are given in Table 7.1-1. The mean weights of both the continuous and 

intermittent test groups averaged just over 5 g per fish. Although two of the 

intermittent exposure concentrations started the test with only 19 fish, it is 

unlikely that the calculation of the percent mortality was affected by the 

smaller sample size since the replicates for both treatments exhibited 100 

percent survival.  

Test Water. Results of routine water quality measurements performed at 

various intervals during the 120-hr acute tests (Table 2.2) indicate that test 

water conditions were maintained at levels acceptable to standard test 

procedures (ASTM 1980B). In situ temperature and dissolved oxygen values 

recorded during each day of the test are given in Tables 7.1-2 and 7.1-3.  

During the overall test period, temperatures averaged 25.8 and 25.4C for the 

continuous and intermittent exposures respectively, with no concentration

related differences between exposure tanks. Dissolved oxygen levels measured at 

the reported water temperatures yielded percent saturation values which were 

greater than 90 percent. The highest dissolved oxygen concentrations were 

associated with tanks containing fewer fish due to mortalities.  

The mean total ammonia concentration for all test tanks during the exposure 

was 0.34 mg/L NH 3 -N. This level of ammonia was adequate to assure the TRC was 

predominantly monochioramine yet was not high enough to be considered harmful to
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the test fish. Tompkins and Tsai (1976) conducted chloramine exposures to 

blacknose dace by maintaining total ammonia concentrations of 20 mg/L, and found 

no adverse effects with the elevated ammonia levels.  

Free (un-ionized) ammonia concentrations averaged 23 and 25 ug/L NH3 for 

the continuous and intermittent exposures respectively. Only a few individual 

tank samples (Tables 7.1-4) exceeded the nominal concentration of 30 ug/L which 

we set as the maximum allowable level of un-ionized ammonia for these acute 

exposures. Current standards for protection of aquatic life cite 50 ug/L NH3 as 

a safe level (USEPA 1985). There was no appreciable difference in free ammonia 

levels between exposure tanks.  

Alkalinity, pH and conductivity values observed during the acute test are 

typical of those reported for Lake Michigan, as measured at the Milwaukee 

Filtration Plant (Table 2.3). There were no concentration-related differences 

in conductivity or pH and the fact that observed pH levels were consistently 

higher than 7.7 (Table 7.1-5) ensured the predominance of monochloramine. The 

range of pH maintained during both exposure regimes was near the optimum of pH 

8.4, at which monochioramine is most stable. Brooks and Bartos (1984) found no 

significant difference in LC50 value for monochloramine between pH 6.5 and 8.2.  

Test Concentrations. Overall mean TRC concentrations and percentages of 

monochloramine achieved during the continuous and intermittent exposures are 

summarized in Table 2.4. Individual. TRC concentrations and and percentages of 

monochloramine measured in each exposure chamber are listed in Tables 7.1-6 and 

7.1-7 respectively. The overall mean TRC concentrations were slightly lower 

than the nominal target concentrations, however, the test concentrations 

remained nearly constant during the 96-hr continuous exposure period. Mean 

daily square wave TLRC concentrations were reproducible between successive 

intermittent exposures.
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The predominance of monochloramine (>90 percent) was shown for all 

continuous and intermittent exposure concentrations greater than 100 ug/L, with 

a proportionally lower percentage for all the continuous exposure concentrations 

below that concentration (Table 7.1-8). The percentages reported as less than 

90 percent monochloramine appeared to be an artifact associated with the 

relatively high detection limit of the DPD colorometric test. This error was 

exaggerated as TRC concentrations approached the minimum detection limit of 18 

ug/L reported for the DPD method (APHA 1.985). The fact that free chlorine was 

not detected in any of the analyses, even at the highest TRC concentrations at 

which ammonia availability would be most limiting, supports the chemical 

equilibrium calculations which predict the predominance of monochloramine at all 

TRC concentrations tested.  

Mortality Data and Lethality Estimates. Our observations agree with 

Seegert et al. (1979) who reported that common shiner mortality was rapid at 

warmer temperatures, (>20C) with no fish recovering after loss of equilibrium.  

Table 2.5 shows the nunber of mortalities observed in each exposure tank for 

each observation period, as well as the cumulative percent mortality occurring 

through each interval of the continuous exposure. A total kill was observed in 

all replicates in the 244-ug/L concentration after 24 hrs, and after 72 hrs at 

116 ug/L. Only one replicate tank at 52 ug/L yielded a partial kill (i.e. 20 

percent mortality between 72 and 96 hrs), whereas the second replicate and all 

groups below that level of exposure had total survival. None of the morralities 

recorded during the test occurred after the 96-hr end point.  

The mortality data for each observation time, cumulative mean TRC 

concentrations through each interval, and the Trimmed Spearman-Karber LG5O 

values calculated for each intermediate time point are summarized for the 

continuous exposure in Table 7.1-8. The Spearmnan-Karber LO5O estimates produced 

for those intervals in which partial kills occurred in less than two
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concentrations can only be considered as gross approximations of the true LC50 

(C. E. Stephan, U.S. EPA Environmental Research Laboratory, Duluth, personal 

communication). However, the time-toxicity curve (plot of the LC50's generated 

at each intermediate observation point) shown in Figure 2.5 can be used to show 

the general progress of the exposure (Rand and Petrocelli 1985). The leveling 

off of the LC50 values may indicate that acute lethality has ceased by the end 

of the 96-hrs of exposure. The LC50 for the observation time where the curve 

appears to become asymptotic to the time axis (71 ug/L) is sometimes referred to 

as the "threshold LC50." In this test the threshold and 96-hr LC50's are one in 

the same. The second lowest continuous exposure level (52 ug/L) which had only 

10 percent mortality in 96 hrs, appeared to be below this lethal threshold 

concentration which is defined as the concentration at which 50 percent of the 

test population can live for an indefinite time (or kills 50 percent of the fish 

in a long-term exposure).  

The intermittent exposure showed no mortalities in any group for TRC 

concentrations as high as 182 ug/L (Tables 2.6 and 7.1-9). Although partial 

kills were observed at the next two higher concentrations tested, overall 

mortality was slightly higher for 365 mg/L (30 percent) than for 265 ug/L (25 

percent). At either concentration, most mortalities occurred within 6 hrs of 

the first 120 min exposure period. The rapid achievement of the partial kills 

and similar mortality levels between 265 and 352 ug/L suggested that both 

concentrations were near the lethal threshold level. The next highest test 

concentration (478 ug/L) produced a total kill within 48 hrs. The time-toxicity 

curve (Figure 2.6) showed an asymptote in the LC50's at approximately 360 ug/L, 

suggesting that this is the intermittent threshold concentration for lethality.  

The leveling off of the curve after 48 hrs may also indicate that acute 

lethality essentially ceased after the third intermittent exposure. A minor
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decline in the LC50 at 96 hrs resulted from two isolated mortalities which 

occurred at the 352 ug/L after the fourth intermittent exposure. The steep 

upper end of the curve also illustrates the pronounced increase in the rate of 

mortality which occurred at approximately 380 ug/L. Above that concentration, 

50 percent of the test population would be expected to die in less than 8 hrs.  

Conversely, just below that concentration, at an estimated TRC concentration of 

371 ug/L, 50 percent of the test population can be expected to survive a single 

120-min exposure for at least 24 hrs.  

Direct comparisons between the two exposure regimes shows that the highest 

continuous concentration tested (244 ug/L) had no survival beyond 24 hrs, 

whereas a slightly higher TRC concentration of 265 ug/L administered in four, 

120-min exposures in 74 hrs yielded only 30 percent mortality. The relative 

differences in toxicity between the two exposure regimes is apparent from the 

approximately five-fold higher 96-L LC50 estimates for the intermittent exposure 

(Table 2.7). Without having at least two concentrations with partial kills, the 

estimates derived from the trimmed Spearman-Karber method (Hamilton et al. 1977) 

can only be considered as approximations. The 71 ug/L LCS0 estimate derived 

from the continuous exposure was slightly higher than the 51 ug/L value reported 

by Ward and De~raeve (1978), which is the only other continuous 96-hr chlorine 

exposure to common shiner found in the literature. Although their study was 

also performed at 25C, their test fish were considerably smaller (mean weight 

0.7 g), and their estimates were based on TRC concentrations derived from a 

chlorinated sewage effluent. They did not specify the percentage of the 

chlorine species.  

The intermittent LC50 estimnate of 345 ug/L was lower than the only 

intermittent estimates for common shiner found in the literature. Seegert et 

al. (1979) produced LC5O values of 450 and 590 ug/L at 20 and 30C respectively 

for four 40-mmi exposures administered in a 24-hr period.
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In summary, the results of our acute tests indicate that common shiner can 

withstand up to four 120-min exposures to monochloramine (administered at 22-hr 

intervals) with no mortalities or any obvious sublethal effects at TRC 

concentrations which produced 50 percent mortality in 96 hrs of continuous 

exposure. The highest concentcation which produced no mortality during the 

intermittent exposures (182 ug/L) was ten times higher than for continuous 

exposure (19 ug/L). The NOEC's and LOEC's based on Dunnett's Procedure (Horning 

and Weber 1985) for 96 hr mortality (alpha = 0.05) were 52 and 116 ug/L for 

continuous exposure vs 182 and 265 ug/L for intermittent exposure.  

2.3.1.2 Rainbow Trout 

Test Fish. Table 2.8 summarizes the size distribution of rainbow trout 

used during the acute exposures. The overall mean length and weight of all test 

groups was 75 mm and 3.8 g respectively. Total lengths and wet weights of 

individual test fish are given in Tables 7.2-1 and 7.2-2 respectively.  

Water Quality. Results of routine water quality measurements performed at 

various intervals during the 120-hr acute tests (Table 2.9) indicate that test 

water conditions were maintained at levels acceptable to standard test 

procedures (ASTM 1980B). During the overall test period, water temperatures 

averaged 11.9C and 12.0C for the continuous and intermittent exposures 

respectively, with less than 0.5C difference observed between mean treatment 

temperatures (Tables 7.2-3). Dissolved oxygen concentrations measured at the 

reported water temperatures (Tables 7.2-3 and 7.2-4) resulted in levels of 

saturation of greater than 90 percent. The higher dissolved oxygen levels were 

associated with tanks containing fewer fish due to mortalities.  

The mean total ammonia concentration for all tanks during the exposures was 

0.31 mg NH 3 -N/L. This was the minimumn concentration of amnmonia needed to 

stabilize the highest TRC concentration tested as monochloramine, and was less
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than the 96-hr LC50 value of 0.32 mg/L reported for rainbow trout (Meade 1985).  

Our control fish showed no adverse effects with the elevated ammonia levels in 

the diluent.  

Un-ionized ammonia concentrations averaged 9 ug NH3/L. No individual tank 

samples exceeded 12 ug/L, which we selected as the desired maximum concentration 

of un-ionized ammonia for the rainbow trout acute exposures (Table 7.2-5). Mean 

un-ionized ammonia levels were well below the national criteria value of 25-35 

ug/L (U.S. EPA 1985B) which was cited as the maximum 4-day average 

concentrations allowed when salmonids are present (at temperatures 10-15C; 

pH 8.00). There was no appreciable difference in un-ionized ammonia 

concentrations in relation to TRC concentrations.  

Alkalinity, pH and conductivity values observed during the acute tests were 

typical of those reported for Lake Michigan (Table 2.3). As noted for the acute 

tests with common shiner, the pH values measured during the rainbow trout 

exposures (Table 7.2-6) were near the optimum of pH 8.4, at which monochloramine 

is most stable.  

Test Concentrations. Overall mean TRC concentrations and percentages of 

monochloramine achieved during the continuous and intermittent exposures are 

summarized in Table 2.10. The results of daily amperometric and DPD analyses in 

each exposure chamber are listed in Tables 7.2-7 and 7.2-8. The TRC 

concentrations remained nearly constant during the 96-hr continuous exposure 

period, and TRC concentrations maintained during each square wave period were 

reproducible between successive daily intermittent exposures. As noted during 

the common shiner test, overall mean TRG concentrations reported during the 

rainbow trout exposures were slightly less than the nominal test concentrations 

selected. The percentage of monochloramine measured at the selected test 

concentrations remained greater than 90 percent through the duration of the 

test.
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Mortality Data and Lethality Estimates. Table 2.11 summarizes the number 

of mortalities recorded from each exposure tank, as well as the cumulative 

percent mortality occurring through each observation period for the continuous 

exposure. Tables 7.2-9 gives a summary of the mortality time-course used in the 

computation of LC0's at intermediate exposure times. A total kill was observed 

in all replicates at a TRC concentration of 481 ug/L after 24 hrs of continuous 

exposure, and after 72 hrs at 224 ug/L. The next lowest exposure concentration 

(110 ug/L) appeared to be near the 96-hr LC50 with 45 percent mortality after 96 

hrs of continuous exposure. Since there were fewer than two test concentrations 

yielding partial kills at each observation time, the Spearman-Karber LC50 

estimates (Table 7.2-9) are only approximations of the true LCS0. The resulting 

time-toxicity curve for the continuous exposure (Figure 2.7) lacks a distinct 

asymptote at the end of the test and may indicate that the acute mortality was 

continuing. Consequently, the 96-hr exposure period may not have been long 

enough to determine if a threshold LC50 existed. The occurrence of a latent 

mortality at 110 ug/L, 24 hrs after the end of the 96-hr exposure also suggested 

that acute mortality had not ceased. Depending on whether or not the additional 

death observed at 120 hrs was included, approximations of the continuous 

exposure 96-hr LC50 were either 111 or 107 ug/L. Our LC50 estimates were higher 

than the most comparable acute values found in the literature. Ward and 

Degraeve (1978) reported a 96-hr LC50 of 69 ug/L for continuous exposure of 

rainbow trout to a chlorinated sewage effluent at 14C.  

The intermittent exposure mortality data and the Spearman-Karber LC50 

estimates at intermediate time points are summarized in Tables 2.12 and 7.2-10 

respectively. The intermittent time-toxicity curve (Fig. 2.8) shows an even 

more gradual decline in the LC5O with test time than did the continuous exposure 

and gives no indication of an asymptotic threshold concentration being reached
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during the 120-hr test period. The fact that additional mortalities were 

recorded at the termination of the test (approximately 46 hrs after the fourth 

and final intermittent exposure) further suggests that acute toxicity would 

continue beyond the test period if additional exposures were administered. A 

total kill at the highest intermittent exposure level, followed by partial kills 

after 96 hrs in the next two concentrations, yielded a valid 96-hr LC50 estimate 

(Spearman-Karber method) of 760 ug/L, as compared to 739 ug/L if the mortalities 

at the 120-hr observation period were included. The corresponding LC50 

estimates (with 95% confidence intervals) obtained from the probit method of 

Litchfield and Wilcoxon (1949), as modified by Tallarida and Murray (1981), were 

761 ug/L (709-816) and 738 ug/L (693-786) for the 96- and 120-hr observation 

points respectively (Tables 7.2-11 and 7.2-12). The resulting LCI's derived 

from the two regressions were estimated at 584 ug/L (slope 20.20) and 489 ug/L 

(slope 13.04). No directly comparable intermittent values for rainbow trout 

were found in the literature. Thomas et al. (1980) reported LC50's of 660 ug/L 

for a single 120-min exposure and 940 ug/L for four 30-min exposures to 

monochloramine at 20C. They administered the exposures for both intermittent 

regimes in a 24-hr period and observed the fish after 48 hrs.  

In summary, the results of the acute monochloramine exposures to rainbow 

trout yielded a valid intermittent 96-hr LC50 estimate which was nearly seven 

times higher than the approximated LC50 estimate derived for 96 hrs of 

continuous exposure. The intermittent LC50 estimate was more than ten times 

higher than the most comparable 96-hr LC50 value reported in the literature for 

continuous exposure. Although the full extent of acute mortality apparently was 

not realized within the 120-hr test period for either the continuous or the 

intermittent exposures, the highest "no kill" concentrations observed in each 

exposure regime (48 ug/L vs 439 ug/L) differed by nearly an order of magnitude.  

Tereas, a TRC concentration of 481 ug/L resulted in 100 percent mortality in
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only 24 hrs of continuous exposure, a concentration of 439 ug/L showed no 

observed mortality or sublethal effects when administered in four 120-min 

exposures spaced 22 hrs apart. The 96-hr LC1 for the intermittent exposures was 

estimated to be 489 ug/L. The NOEC and LOEC based on mortality at 96 hrs 

(alpha = 0.05) were 584 and 670 ug/L for intermittent exposure vs 48 and 110 

ug/L for continuous exposure.  

2.3.2 ELS Test 

2.3.2.1 Water Quality. Results of the routine water quality analyses 

performed on the test water are summarized in Table 2.13. A detailed account of 

the individual measurements can be found in the Appendix (Tables 7.3-1 through 

7.3-8). The levels and concentrations of all variables tested were similar to 

those discussed in detail in Sections 2.3.1 and indicate that test water 

conditions were acceptable to the standard practice recommended for ELS tests 

(ASTM, 1980A). With the exception of un-ionized ammonia measured during the 

intermittent exposure period, there was no appreciable difference in the quality 

of the test water in relation to the exposure concentration. The mean un

ionized ammonia concentrations for the intermittent exposure concentrations 

increased progressively from 7 ug/L in the controls to 12 ug/L at the highest 

TRC concentration. The increases in ammonia with test concentration are 

consistent with the additional amounts of ammonium chloride that was added to 

the toxicant solutions. The additional ammonia was probably bound as 

monochloramine and even the highest free ammonia concentrations reported for 

this test can be considered as safe levels (U.S. EPA 1985).  

Overall mean exposure concentrations for the continuous and intermittent 

exposures are summarized in Table 2.14. The results of all daily amperometric 

titrations are presented in Table 7.3-9. Although mean TRC concentrations were 

lower than the nominal exposure levels selected, daily TRC concentrations
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remained nearly constant during the 60-day exposure, and were consistently 

greater than 90 percent monochloramine. Reported variations in measured TRC 

concentrations were within acceptable standards for ELS tests (ASTM, 1980A).  

2.3.2.2 Mortality. A summary of the cumulative daily mortality and 

exposure concentrations through the time-course, as well as calculated LC50 

estimates for each interval, where applicable, can be found in Tables 7.3-10 

(embryo-larval phase) and Table 7.3-11 (larval growth phase). Raw data 

including embryo mortality (EM), larval mortality (IM), cumulative mortality 

(CM), and cumulative percentages hatch (C%H) and mortality (C%M) are presented 

in spread-sheet format for each experimental unit in Tables 7.3-12 (egg cups), 

7.3-13 (sac fry chambers) and 7.3-14 (larval growth tanks).  

Embryo-larval Period. The hatch started almost immediately in both 

exposure regimes and was considered "complete" (i.e. > 90 percent hatch in all 

incubation groups) on Days 2 and 4 for the continuous and intermittent exposures 

respectively (Table 7.13-12). Since no embryo mortalities were encountered 

during the short incubation period (6 to 7 days) in any of the 96 Root River 

incubation groups, hatchability was not found to be a sensitive end point for 

monochloramine toxicity. Marking et al. (1983) reported more than 10 times as 

much chlorine was required to kill eggs than the larvae of three species of fish 

for exposures as long as 24 hrs in duration, and for shorter exposures (I to 3 

hrs) as much as 500 times higher concentrations were needed.  

When the day of the completion of the hatch was established for the two 

exposure groups (continuous or intermittent), the time scale for all daily 

observations was transformed from "day of exposure" to the respective number of 

"days posthatch" (dph). Prior to the completion of the hatch, larval mortality 

was minimal in both exposure regimes, with only a few deaths encountered in the 

highest continuous and intermittent exposure levels. In the continuous 

exposure, the two highest TRO concentrations were the only exposure levels to
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show appreciable yolk-sac larval mortality in the three weeks preceding swim-up 

(Figure 2.9). Starting at 4 dph, larval mortality increased dramatically with a 

TRC concentration of 193 ug/L and reached a total kill by 9 dph. At 88 ug/L, 

mortality was negligible (<1%) during the first 12 dph but accelerated 

thereafter, reaching 75 percent by swim-up (20 dph). The short span of time 

between the onset and peak periods of mortality (approximately 7 days), and the 

widely spaced intervals between the periods of mortality of the two highest 

concentrations resulted in only gross approximations of the LC50 to be derived 

for each interval in the embryo-larval period (Table 7.3-10). Consequently, the 

time-toxicity curve (Figure 2.10) from 6 to 20 dph merely reflects the 

sequential die-off of yolk-sac larvae at 193 ug/L followed by 88 ug/L.  

All intermittent exposure concentrations showed less than 10 percent 

mortality from hatching through swim-up, and no appreciable increases in 

mortality occurred at 718 ug/L until 18 dph (Figure 2.11).  

Larval Growth Phase. At the start of the larval growth phase of the ELS 

test, all subsequent mortality counts were transformed to percentages based on 

the actual number of swim-up fry transferred to each experimental unit (n - 25 

in most cases). The cumulative percent mortalities recorded from 20-60 dph are 

summarized in Table 7.3-14. For the continuous exposure, a TRC concentration of 

88 ug/L rapidly achieved a total kill during the first 20 days after swim-up, 

whereas 41 ug/L was the only other concentration to accumulate an appreciable 

kill (26 percent) before termination of the exposure at 60 dph (Figure 2.12).  

Paired tests using Dunnett's procedure (Horning and Weber 1985) showed that 

16 ug/L was the highest continuous TRC concentration tested for which the 

cumnulative percent mortality at 60 dph was not significantly higher than the 

controls (Table 7.3-15). Although many of the Spearman-IKarber LC5O's estimated 

for each interval between 28 and 60 dph are based on less than two partial kills
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(Table 7.3-11A), a plot of the values (Figure 2.13) illustrates that the 

approximated LC50's were leveling off through more than 60 days of continuous 

exposure. This indicated that acute toxicity was not completely over. If 

continued beyond 60 dph, constant exposure to 41 ug/L would probably yield a 

total kill.  

The three highest intermittent exposure concentrations all showed steady 

increases in the cumulative percentages of mortality (Figure 2.14) during the 

40-day period following swim-up. Although a total kill was not reached in any 

of these concentrations, the final cumulative percentages of mortality were as 

high as 99 percent at 718 ug/L, followed by 81 and 26 percent at 563 and 418 

ug/L respectively. A TRC concentration of 263 ug/L was the highest intermittent 

exposure level tested which did not significantly increase (p > 0.05) the 

cumulative percent mortality of swim-up fry through 60 dph (Table 7.3-15). The 

LC50's calculated for each daily interval between 32 and 60 dph using the 

Spearman-Karber method (Table 7.3-lIb) were all based on more than two partial 

kill concentrations; therefore each LC50 can be considered as a valid estimate.  

The final LCSO estimate of 449 ug/L compared well with the 60-dph LC50 (and 95% 

C.I.) of 433 ug/L (343-546) which was derived from probit analysis (Horning and 

Weber 1985) using only mortality data from the four highest treatment levels 

(Table 7.3-16). A better correlation (p - 0.95 vs 0.81) was obtained with the 

119-ug/L exposure concentration edited from the analysis and resulted in a LCI 

of 239 ug/L. When plotted against time, the daily Spearmen-Karber LC50's 

(Figure 2.15) showed a steady decline which suggested that lethality would 

continue to accumulate at the same rate if chronic intermittent exposures were 

extended beyond 60 dph. At the minilmum, one could expect that 100 percent 

mortality would be eventually realized at a TRC concentration of 563 ug/L and 

perhaps at the next lowest concentration, 418 ug/L.
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In summary, the chronic lethality of continuous and intermittent 

monochloramine exposures to early life stages of rainbow trout seems to be more 

time-related than concentration-related. However, through the early life stage 

including 60 dph the concentration differential between continuous and 

intermittent exposures yielding the same level of mortality appears to be 

approximately ten-fold. Concentrations which produced near total kills and 25 

percent mortality through 60 dph were 88 and 41 ug/L for continuous exposure vs.  

718 and 418 ug/L for the intermittent exposures. The highest concentrations at 

which there was no significant increase in mortality (NOEC) were 16 and 263 ug/L 

for continuous and intermittent exposure respectively. The intermittent lethal 

threshold concentration (LCI) was estimated to be 239 ug/L.  

2.3.2.3 Growth Parameters. Total lengths (T.L.) and wet weights (W.W.) of 

each fish sampled at swim-up (approximately 21 dph), and all surviving fish at 

test termination (60 dph) are listed in Appendix Tables 7.3-17 and 7.3-18. Mean 

total lengths, wet weights, and condition factors (K) are summarized for each 

sampling period in Tables 2.15 and 2.16.  

There appeared to be a concentration-effect relationship between TRC 

concentration and the extent of development of yolk-sac larvae, as observed at 

swim-up. Mean length and weight decreased, and more yolk-sac material was 

retained by the larvae as TRC concentration increased. After swim-up, the 

decrease in size of the larvae with increased exposure level appeared to be much 

more pronounced despite the fact that feeding was held at rations in excess of 

the amount needed for the reduced biomass present in affected groups.  

The results of statistical tests used for the hypothesis testing for 

differences (alpha =0.05) in the three growth parameters in relation to the 

controls is presented in Table 2.17. The analyses of variance (ANOVA), as 

described by Box et al. (1978), were performed for the treatment means of 

length, weight and K, at two sampling points (swim-up and 60 dph) for both
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exposure regimes. The Chi-Square Goodness of Fit Test (Snedecor and Cochran 

1980) showed that all data sets were normally distributed, and the results of 

the AINOVA's indicated that there were significant difference (p _< 0.05) in all 

sets. Further comparisons among treatment levels using Dunnett's Procedure 

(Horning and Weber 1985) indicated that the mean lengths, weights, and condition 

factors of all continuous exposure levels (except K at 8 ug/L) were 

significantly less than the control group. Condition factor was also the least 

sensitive parameter for the intermittent exposures and was not significantly 

altered until a TRC concentration of 418 ug/L (20 dph) or 263 ug/L (60 dph). A 

mean TRC concentration of 259 ug/L was the lowest intermittent exposure level to 

significantly reduce the size (both length and weight) of swim-up fry; whereas 

growth of larvae at 60 dph was significantly reduced (weight only) at the lowest 

intermittent concentration test (119 ug/L). Since weight at 60 dph (the most 

sensitive end point of the ELS) was significantly reduced at all continuous and 

intermittent test concentrations, the "no observed effect concentration" (NOEC) 

could not be identified for either exposure regime (Horning and Weber 1985).  

The "lowest observed effect concentration" (LOEC) of our continuous and 

intermittent tests was the lowest TRC concentration tested under each exposure 

regime. Thus it can only be stated that continuous exposure to TRC "as low as" 

8 ug/L significantly reduced the size (length and weight) of swim-up fry and 

larvae at 60 dph; whereas intermittent exposure to as low as 119 ug/L 

significantly reduced the weight of rainbow trout at 60 dph.  

To help put the biological or ecological importance of these observed 

effects in perspective, the concentration-effect relationship regarding growth 

in length and weight can be clarified by the use of regression analysis (Stephan 

and Rogers 1985). As illustrated by Stephan (unpublished manuscript), the 

percent inhibition in length and weight can be calculated in relation to the
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size of the controls. Table 7.3-19 summarizes the results of such computations 

and gives the regression outputs based on the treatment means of each parameter.  

The high levels of correlation, and the fact that each data set had several 

concentrations which yielded observed effects between 0 and 100 percent, clearly 

demonstrated the concentration-effect relationship between the natural log of 

TRC and percent inhibition in weight (particularly at 60 dph). Although 

hypothesis testing showed that larvae at both the lowest continuous and 

intermittent exposure concentrations tested (LOEC's) had mean weights which were 

significantly lower than the controls at 60 dph, the corresponding reductions in 

weight were only 10.5 percent (8 ug/L) and 7.1 percent (119 ug/L) for continuous 

and intermittent exposure respectively. If 10 percent inhibition in weight at 

60 dph can be arbitrarily set as the maximum acceptable level effect on growth 

as suggested by C. E. Stephan (unpublished manuscript) then the intermittent 

exposure concentration corresponding to that level of adverse effect (ICIO) can 

be estimated as 130 ug/L; as compared to an ICIO of 9 ug/L for continuous 

exposure. Since the raw data were not used for these analyses, confidence 

limits were not calculated for the end point concentration estimates. However, 

in order to demonstrate the relative effect of reduced growth caused by the two 

exposure regimes, the estimated concentrations of 28 ug/L (continuous) and 323 

ug/L (intermittent) resulting in a 50 percent level of inhibition in weight 

(IC50) can be compared. The fact that both of these TRC concentrations were 

bracketed by at least one test concentration above and below the point increased 

the likelihood that they were good estimates of the concentration causing 50 

percent inhibition in weight. In addition to citing the computational 

advantages of calculating the 1C50, C. E. Stephan (unpublished manuscript) 

suggested that this level of inhibition would be the most useful end point for 

setting water quality criteria.
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To summarize the observed sublethal effects of monochloramine on growth, 

both exposure regimes showed an inverse relationship between TRC concentrations 

and size of rainbow trout at 60 dph. Estimated intermittent exposure 

concentrations yielding from I to 50 percent inhibition in weight gain appeared 

to be about an order of magnitude higher than estimated continuous exposure 

concentration corresponding to the same level of effect. Although the NOEC 

could not be calculated by hypothesis testing, an intermittent exposure 

concentration of 130 ug/L (as compared to 9 ug/L for continuous exposure) was 

estimated by regression analysis as the TRC concentration required to cause a 10 

percent reduction of weight; a level suggested as a measurable and "biologically 

significant" adverse effect on growth.
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Table 2.0 Nominal test concentrations selected for continuous and intermittent 
exposures of two fish species to monochloramine during 96-hr acute 
tests; the TRC concentrations are in ug/L, and the test temperature 
is given in parentheses.  

Exposure Level 

Test Species/Exposure Regime a  1 2 3 4 5 Control 

Common shiner (25C) 
Continuous 250 125 63 31 15 0 
Intermi ttent 500 400 300 200 100 0 

Rainbow trout (12C) 
Conti nuous 500 250 125 63 31 0 
Intermittent 900 800 700 600 500 0 

aThe continuous regime consisted of 96 hrs of constant exposure followed by 

24 hrs of recovery in the diluent; the Intermittent regime consisted of four 
120-mn square wave exposures administered at 0-2, 24-26, 48-50, and 72-74 hrs, 
followed by 46 hrs in the diluent.



Table 2.1 Summary of total lengths and wet weights of the test fish used 
during the acute tests with common shiner. Shown are means of 
each test group with range in parentheses; combined mean +S.D.

Number 
Test Group of 

Exposure (By exposure Fish Total Length Wet Weight 
Regime level )a Tested (Mm) (g)

Conti nuous 

Intermi ttent

1 
2 
3 
4 
5 

Control 
Combi ned 

2 
3 
4 
5 

Control 
Combined

20 
20 
20 
20 
20 
20 

120 

20 
20 
20 
1 9 
20 
19 b 

118

91(81-98) 
89(83-98) 
88(77-95) 
90(82-100) 
90(83-100) 
92(80-105) 
90.0+4.8 

92(85-98) 
91(84-101) 
92(86-101) 
90(82-101) 
92(83-105) 
90(80-99) 
91.0+5.0

5 .6(3.8-7.4) 
5 . 2(3.8-7.6) 
4.6(3.0-6.2) 
4.9(3.4-7.1) 
5.0(3.8-6.6) 
5.2(3.2-7.2) 
5.10+0.96 

5.5(3.9-6.8) 
5.1 (3.7-6.8) 
5.4(4.3-6.9) 
5.0(3.8-7.2) 
5.3(3.3-7.1) 
5.0(3.5-6.7) 
5.22+0.94

aArranged from highest to lowest TRC concentration.  
Only 19 common shiners were present during the exposure.



Table 2.2 Summary of routine water quality measurements performed during 
the 120-hr acute tests with comnon shiner.  

Exposure Regime 

Parameter Continuous Intermi ttent 

Temperature (C) 
Mean + S.D. 25.8 + 0.4 25.4 + 0.3 
(Range) (25.0- 26.7) (24.7 - 26.0) 
N 104 114 

Dissolved oxygen (mg/L) 
Mean + S.D. 7.8 + 0.6 7.6 + 0.4 
(Range) (6.0 8.0) (6.6 - 8.1) 
N 56 62 

pH 
(Range) (7.70 - 8.30) (7.80 - 8.23) 
N 30 32 

Free ammonia (ug/L NH3 ) 
Mean + S.D. 23 +9 25 + 7 
(Range) (1 - 40) (11 - 33) 
N 30 32 

Conductivity (umhos) 
Mean 344 337 
(Range) (339 - 349) (334 - 338) 
N 12 12 

Total alkalinity (mg/L CaCO3 ) 1 08 a 

aMean of duplicate samples collected from control tank.



Table 2.3 Chemical composition of Lake Michigan water 
at the Milwaukee Filtration Plant.  

Value 
Parameter (mg/L)b 

pH 8.2 

conductivity, umhos 255.0 

alkalinity, total, as CaCO3  106.0 

total hardness, as CaCO2  138.0 

Ca hardness 93.0 

Mg hardness 46.0 

Ca 37.2 

Na 4.7 

phosphates (PO4 ) 0.06 

sulfates (SO4 ) 21.50 

nitrate (NO3 ) 1.58 

albuminoid ammonia (as N) 0.074 

nitrate (as N) 0.356 

nitrite (as N) 0.005 

silica (Si0 2) 1.4 

chlorides (as CI) 8.3 

Cu 0.06 

Mn 0.00 

Fe 0.04 

Se trace 

aMilwaukee Water Works (1979) 

bWhere app ropri ate.



Table 2.4 Summary of total residual chlorine (TRC) concentrations (measured amperometrically) and percent 
monochloramine (DPD titrametric method) at each exposure level tested during continuous and inter
mittent exposures to common shiner.

Exposure Level 

Exposure Regime/Parameter 1 2 3 4 5 Control

TRC, ug/L 
Nominal value 
Overall mean (N) 
+S.D.  
(Range of daily means) 

Percent monochloramine (N)

TRC, ug/L 
Nominal value 
Overall mean (N) 
+S.D.  
(Range of daily means) 

Percent monochl orami ne(N)

250 
244(5) 
+47 

(231-298) 

93(2)

5oo 
478(6) 
+15 

100(2)

125 
116(14) 
+17 

(108-139) 

90(6)

400 
352(23) 
+14 

(344-368)

98(8)

63 
52(18) 

+10 
(42-58) 

83(10)

300 
265(24) 

+12 
(256-275)

97(8)

31 
19(18) 
+5 

(15-24)

15 
9(18) 
+2 

(7-11)

6 4 ( 0 )a

200 
182(24) 
+22 

(170-212)

98(8)

100 
83(23) 
+15 

(74-97)

97(8)

0 
1(15) 
+2 

(<0-3) 

0(10)

0 
1(9) 
+2 

(<0-1)

0(8)

4 Msf - -Mm M a, M m a ma G M m m m ft ON a aThe minimum detection limit for the DPD method is 18 ug/L (APHA 1985). The low percentages of 
monochloramine observed at these exposure levels is presumed to be an artifact of the analytical technique.  
Equilibrium calculations based on pH and available total ammonia indicate that >90% monochloramine should 

bbe present at all TRC concentrations tested.  Reported mean TRC value is for the first intermittent exposure (Day 0) only.

-Interml ttent



Table 2.5 Mortalities observed at four sampling periods during the initial 24 hrs, and after each 24-hr period thereafter, 
through 96 hrs of continuous exposure of monochloramine to common shiner. Shown are total number of mortalities 
removed during each interval with cumulative percentage mortality through that point in parentheses.

Mean 
Exposure 
Concen- No. of 
tration Fish Observation Time 
(ug/L as Repli- at 
TRC) cate Start 3 hrs 6 hrs 8 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 

--- A-lO-0-(0)-3-(30)----70)----I00---------------ity)-
244 A 10 0 (0) 3 (30) 4 (70) .3 (100 percent mortality)- ------- 0 B 10 0 (0) 2 (20) 3 (50) 5 (100 percent mortality)-0 

Combined 20 0 (0) 5 (25) 7 (60) 8 (100 percent mortality)-0

0 
0 
0 

0 
0 
0

(0) 0 
(0) 0 
(0) 0 

(0) 0 
(0) 0 
(0) 0

(0) 0 
(0) 0 
(0) 0 

(0) 0 
(0) 0 
(0) 0

(no mortalities occurred 
'I 

'I

(0) 2 
(0) 1 
(0) 3

(0) 
(0) 
(0)

0 
0 
0

(20) 
(10) 
(15)

6 
8 
14

(0) 0 
(0) 0 
(0) 0

(80) 
(90) 
(85) 

(0) 
(0) 
(0)

2 
1 
3 

1 
0 
1

(100% mortality) 
(100% mortality) 
(100% mortality)

(10) 
(0) 
(5)

in 120 hrs) - - - - - - - - - - - - - - - - - - -

116 

52

19 

9 

Control

10 
10 
20 

10 
10 
20 

10 
10 
20 

10 
10 
20

Overall 
Percent 
Mortal 
Ity 

(100) 
(100) 
(100)

A 
B 

Combined 

A 
B 

Combi ned 

A 
B 

Combined 

A 
B 

Combi ned 

A 
B 

Combi ned

(20) 
(0) 

(10)

(100) 
(100) 
(100) 

(20) 
(0) 

(10)

10 
10 
20

0 
0 
0 

0 
0 
0

(0) 
(0) 
(0) 

(0) 
(0) 
(0) 

(0) 
(0) 
(0)

0 
0

am am am mown 4 4 a-6 0-4m. on 40. amp ~.am 4 M aft 'm ... ~ ~ G am M Mm ~ am. amp 400 am am 40M



Mortalities observed at four sampling periods during the initial 24 hrs, and after each 24-hr period thereafter, during intermittent exposures of monochloramine to common shiner. Shown are total number of mortalities removed during each interval with cumulative percentage mortality through that point in parentheses,a

Exposure 
Concen- No. of
trati on Fish Observation Time 
(ug/L as Repli- at TRC) cate Start 3 hrs 6 hrs 8 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
478 A 10 7 (70) 3 (100 percent mortality) 

B 10 7 (70) 1 (80) 1 (90) 0 (90) 1 (100 percent mortality) Combined 20 14 (70) 4 (90) 1 (95) 0 (95) 1 (100 percent mortality)

352 

265 

182 

83

A 
B 

Combi ned 

A 
B 

Combi ned 

A 
B 

Combi ned 

A 
B 

Combl ned

10 
10 
20 

10 
10 
20 

9 
10 
19 

10 
10 
20

0 
0 
0 

2 
2 
4

(0) 1 
(0) 2 
(0) 3

(20) 
(20) 
(20)

2 
0 
2

(10) 
(20) 
(15) 

(40) 
(20) 
(30)

0 
0 
0 

0 
0 
0

(10) 
(20) 
(15) 

(40) 
(20) 
(30)

0 
0 
0 

0 
0 
0

(10) 
(20) 
(15) 

(40) 
(20) 
(30)

0 
0 
0 

0 
0 
0

(no mortalities occurred in 120 hrs) -. 0 
to

(10) 
(20) 
(15) 

(40) 
(20) 
(30)

0 
0 
0 

0 
0 
0

(10) 
(20) 
(15) 

(40) 
(20) (30)

2 
0 
2

(30) 
(20) 
(25) 

(40) 
(20) 
(30)

0 
0 
0 

0 
0 
0

0 
0 
0

Control A 9 if 
B 10 ,, 0 

Combined 19 . 0 
al20-min, exposures administered at 0-2, 24-26, 48-50, and 72-74 hrs.

Table 2.6

MrAn

Overal1 
Percent 
Mortal 
ity 

(100) 
(100) 
(100)

(30) 
(20) 
(25) 

(40) 
(20) 
(30)

(0) 
(0) 
(0) 
(0) 

(0) 
(0)
(0) 

(0) 
(0) 
(0)

IM do- w- 40. do- a- - -



Table 2.7 Comparison of estimates of the 96-h LC50 for 
continuous and intermittent exposures derived 
during acute test with common shiner. Values 
are in ug/L as TRC.  

Previous 
Value(s) Spearman

Exposure From Karber 
Regime Literature Estimatea 

Conti nuous 51b 71C 

Intermi ttent 5 9 0 (56 0 - 6 2 0)d 3 4 5c 
450 (4 10-49 0)d 

a "Trimmed Spearman-Karber method" described by Hamilton et 

al. (1977); alpha = 0% trim 
Ward and DeGraeve (1978) reported an LC50 but no confidence 

intervals for common shiners (average weight, 0.7g) with 
60% mortality occurring at 57 ug/L as TRC at 25C.  

CLC50 may not be valid since fewer than two concentrations 
dgave a partial kill; 95% C.I. not calculable.  
Reported LCSQ's (95% C.I.) after four 40-min exposures to 
>90% monochloramine (given in 5-hr intervals over 24 hrs) 
at 20C and 30C respectively (Seegert et al. 1979).



Sunumary of total lengths and wet weights of the test fish used 
during the acute tests with rainbow trout. Shown are the means of 
each test group with range in parentheses; combined mean +-S.D.  

Number 
Test Group of 

Exposure (By exposure Fish Total Length Wet Weight 
Regime level) Tested (Ra) (g)

Continuous 

Intermittent

1 
2 
3 
4 
5 

Control 
Combined 

1 
2 
3 
4 
5 

Control 
Combined

20 
20 
20 
20 
20 
20 

120 

20 
20 
20 
20 
20 
20 

120

75 
73 
75 
76 
74 

73 

75 
74 
75 
76 
76 
77

(71-79) 
(67-80) 
(69-82) 
(71-83) 
(68-85) 
(68-79) 
74+-3 

(67-84) 
(67-79) 
(70-80) 
(71-81) 
(71-82) 
(66-83) 
76+-3

4.29 (3.24-5.43) 
4.21 (3.69-5.07) 
3.92 (2.82-4.82) 
3.70 (2.27-5.09) 
3.56 (2.61-4.95) 
3.45 (2.52-4.58) 

3.86+-0.61 

4.08 (3.21-6.02) 
3.82 (2.70-4.45) 
3.77 (2.80--5.23) 
3.73 (2.97-4.33) 
3.69 (3.09-4.53) 
3.76 (2.71-5.13) 

3.81+-0.51



2,'?

Surrmary of routine water quality measurements performed during the 
rainbow trout acute tests.  

Exposure Regime 

Parameter Continuous Intermittent

Percent monochloramine 
Mean ,- S.D.  
Range 
N 

Temperature (Celcius) 
Mean ,- S.D.  
Range 
N 

Dissolved Oxygen (mg/L) 
Mean ,- S.D.  
Range 
14

pH
Range 
N

Un-ionized ammonia (ug/L) 
Mean ,- S.D.  
Range 
N 

Conductivity (umhos) 
Mean 4- S.D.  
Range 
N 

Total alkalinity (mg CaCO3/L) 
Mean +- S 
N

98+-3 
(91 - 100) 

10 

11.9+-0.4 
(10.9 - 13.1) 

102 

10.2+-0.3 
(9.8- 11.0) 

55 

(7.68 - 8.18) 
29 

7+-2 
(3 1-0) 

29 

228+-3 
(224 - 223) 

6

135.2 
1

98+-i 
(97- 00) 

8 

12.0+-0.4 
(11.3 - 13.3) 

124 

10.3+-0.2 
(9.8- 10.9) 

67 

(8.10- 8.25) 
36 

10+-i 
(8 - 12) 

35 

225+-2 
(224 - 228) 

6

121.7 
1

#-- /,; Ile 
/ cf #%W 

I



Suwryof total residual dclorlne.(TRC) concentratior (easured auq)erowtrlca1ly) and percent 
mnochlorine (&P& titrametric- ethod) at each exposure level tested during continuous and 
intermittent exposures to rainbow trout during the acute test.  

--------------------------------------------
Exposure Level 

---------------------- -------- --
E~xposure Reql~e/jaraweter 2 3 4 5 Coiitrol 

Continuous 

TRC, uq/L 
Nominal value 500 250 125 63 31 0 
Overall mean (M) 481 (6) 224 (15) 110 (28) 48 (28) 23 (28) <0 (27) 
4-S.D. 4-10 4-6 1-5 4-3 1-2 +-2 
(Range of daily means) -- (219-228) (103-115) (47-51) (20-24) ((0-0) 

Percent wnochlorautine ( ) 97 (3) 99 (2) 98 (5) 

Intermittent 

TRC, ug/L 
Noainal value 900 800 700 600 500 0 
Overall mean (M) 892 (20) 774 (24) 670 (23) 554 (24) 439(24) <0 (24) 
4-S.D. 4-16 1-13 4-7 4-11 4-22 4-1 
(Range of daily means) (882-913) (765-790) (665-677) (550-558) (435-443) (0-0)

Percent monochioratine (N) 98 (4) 99 (4)



1aie 'I, ihortajities observed at iur baipflug perioos during the iniial 24 hrs, and after each 4-fir pe(iuo 
Vherealter, during continuous exposures or aornoch1.i-aine to rainbow trout. .abOvn are total nuober 
o sortal ities rekoveo during e~cn interval with cu&ul ative percentage 2wortality through that point 
in parentheses,

Kean 

bpposure 
Uoffc en
tration

No. of 
hsh

Uverall 
iercent

(ug/Il as kepl- at --------------------------------------------------------------- hortia
IKU) cate Start 4 hrs b hrs 8 hrs 24 hrs 4d hrs / frs Vb hrs 12U irs ity 
---------------------------------------------------------------------------- w-----------

4d1 A 
b 

coabined 

224 A 

C~okb ned 

110 A 

CotbIned 

4d A 

d 

cokbined 

yj A 
IS 

Cosbined 

Control A 

Loabi ned.

IU 
'U 

20 

'U 
lh 

2U 

10 

20)

o (U) 
O (QJ 

U (U) 

u iU) 

U (U)

1 (U) 

u (U) 

0 i) 

v iv) 

U 1)) 

U (U) 

U (U)

U (U) 
1 (1U) 

1 ( ) 

U (U) 

U (U) 

U (U)
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therealter, du(In Interfltteilt exposures of iorchlora ine to raiobow trout. .bown are total IuWoie 
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?, 3

SuDary of routine water quality measurements performed during the 
rainbow trout - early life stage tests.  

-------------------------------------------- ----------------------- -----

Exposure Regime 
Para------------------ e-----------

Paramnete r Continuous Intermittent 
----------------------------- ------------------ ------------------

Percent monochloramine 
Hean +- S.D.  
Range 
N 

Temperature (Celcius) 
Pre-swim-up 

Mean +- S.D.  
Range 
N 

Post-swim-up 
Mean 1- S.D.  
Range 
N 

Percent Oxygen Saturation 
Pre-swim-up 

Mean ,- S.D.  
Range 
N 

Post-swim-up 
Mean - S.D.  
Range 
N

pH
Range 
N

Un-ionized ammonia (ug/L) 
Mean +- S.D.  
Range 
N 

Conductivity (umhos) 
Mean +- S.D.  
Range 
N 

Total alkalinity (mg CaCO3/L) 
Mean +- S.D.  
Range 
N

99+-3 
(87-100) 

70 

9.9+-0.5 
(8.5 - 11.8) 

451 

11.4+-0.7 
(9.5 - 14.0) 

700 

98.3+-1.7 
(92.0 - 100) 

239 

96.4+-4.1 
(76.4 - 100) 

690 

(8.01 - 8.38) 
112 

7+-3 

(2 - 15) 
112 

170+-43 
(108 - 200) 

18 

101.1+-3.9 
(97.7 - 108.2) 

6

97--5 
(59-100) 

77 

9.9+-0.6 
(8.7 - 11.8) 

533 

11.4,-0.6 
(9.7 - 13.7) 

934 

98.6+-1.5 
(91.4 - 100) 

300 

96.1+-4.0 
(86.7 - 100) 

932 

(8.11 - 8.40) 
132 

10+-3 
(3 - 17) 

129 

170+-43 
(108 - 210) 

18

Hardness (mEq CaCO3/L)

Tc. 2, ) &

122,5



Sil ry of total resldual chlorifie (TEC) concentrations (wasured autperoltrlcally) and jerceiit 
monochlorine (DPO titrametrlc method) at each exposure level tested during continuous and 
Interikitteht exposures to rainbow trout during the RLS test.  

------------- ---------------- ---------------------
Exposure Level 

Exposure Regii/Paraweter 1 2 3 4 5 Conltrol 

Continuous 

TRC, ug/L 
Nominal value 200 100, 50 25 13 0 
Overall mean (N) 193 (20) 89(93) 41 (125) 16 (125) 8 (125) 0 (124) 
4-S.D. +-6 +-10 +-6 4-4 4-3 +-2 
(Range) (183-207) (70-118) (3-54) (4-23) ((0-15) (<0-8) 

Percent *onochlorasine (N) 99 (25) 100 (10) 100 (11) 98 (12) 99 (12) 

Interai ttent 

ThC, ug/L 
Noalnal value 750 600 450 300 150 0 
Overall mean (N) 718 (122) 563 (125) 418 (125) 263 (126) 119 (126) 0 (118) 
4-S.OD. +-63 f-60 4-40 4-31 +-21 4-3 
(Range) (386-823) (263-736) (188-497) (124-376) (63-163) (<0-7) 

Percent monochloramine (0) 98(31) 95 (11) 97 (11) 98 (12) 97 (12) 

--- WWa f----."M-I-- --- -- -------- W- -- -- ------------- -A-- -- -- -- -- --



Surrary of total lengths, wet weights, and condition factors (K) of test fish Saiipled 
at switi-up (20 days posthatch) during the rainbow trout ELS te2t. Shown are the means 
of each test group +- S.D.  

Hean Mean 
Test Group Nlumber Total Length Wet Weight Mean K 

Exposure (By exposure of f-S.D. f-S.D. f-S.D.  
Regime level) Fish ( [U) (9) 
-----------------------------------------------------------------------------------

Continuous 1 0 
2 0 
3 100 25.7 1- 1.0 0.12 1- 0.02 0.70 1- 9.07 
4 06 27.4 - 1.1 0.13 f- 0.01 U.Lu t- U.07 
5 75 27.5 t- 1.7 0.14 1- 0.02 U.671 -- 0.11 

Control 95 28.6 1- 1.2 0.14 +- 0.02 0.61 - 0.08 

Intermittent 1 79 23.8 - 1.1 0.11 1- 0.1 0.03 - 0.11 
2 94 24.3 t- 1.3 0.11 - 0.01 0.78 f- 0.12 
3 71 25.5 i- 1.3 0.12 1- U.0 U.72 4- 0.09 
4 93 27.3 1- 1.3 U.14 t- 0.02 0.61 t-0.07 
5 91 27.5 +- 1.7 0.14 t- 0.02 0.69 - 0.17 

Control 100 27.8 t- 1.2 0.14 t-0.02 0.67 t-0.07



Summary of total lengths, wet weights, and condition factors (K) of all surviving test 
fish sampled at termination (60 days posthatch) of the rainbow trout ELS test. Shown 
are the means of each test group 4- S.D.  

Hean Mean 
Test Group Number Total Length Wet Weight Mean K 

Exposure (by exposure of 4-S.D. +-S.D. i-S.D.  
Regime level) Fish (mM) (g) 
-------------------------------------------------------------------------------

Continuous 1 0 
2 0 
3 73 29.7 ,- 2.6 0.18 t-0.06 0.67 +- 0.13 
4 98 38.4 +- 2.5 0.45 -0.10 0.78 4- 0.06 
5 97 39.7 i- 2.2 0.51 4- 0.11 0.80 4- 0.06 

Control 97 40.7 t- 3.0 0.57 -0.15 0.83 4- 0.07 

Intermittent 1 1 25.9 0.09 0.54 
2 19 28.0 +- 1.6 0.14 - 0.03 0.64 +- 0.11 
3 73 30.7 ,- 2.6 0.20 - 0.06 0.67 +- 0.10 
4 95 35.7 t- 2.6 0.35 i- 0.07 0.77 t- 0.08 
5 98 40.3 1- 2.1 0.52 4- 0.09 0.78 t- 0.04 

Control 98 41.0 1- 2.2 0.56 +- 0.11 0.80 1- 0.05



-Fa 61 2c.V71 

Summary of length, eight, and condition factor statistics of fish sampled at svi,-up and at termination of the rainbow trout ELS test.  

ANDVA

Source of Variation 

Betveen Treatsents within Ireatsents Total about the Grand Average

Sums Degrees 
[sposure Parameter of of 
Regime tPHlMeasured Squares rreedom

Sums Degrees Sums Degrees
Mean of of Mean of of Mean 

Square Squares Freedom Square Squares Freedom Square

Ratio of

DUNNEWl'S TESIa 
t value 

Treatment Level

CH1-SQUAREb 

Goooness

Mean Squares:-----of Fit Fatlett'e s 
etveenfWithin 1 2 3 4 5 Statistic Jest

Continuous 20 Length 

eight 

Condition 
Factor 

61 Length 

Weight 

Condition 

Factor 

Interittent 21 Length 

Weight 

Condition 
Factor 

60 Length 

Weight 

Condition 
Factor

421.0 

0.0 

0.4 

5943.4 

7.0 

1.1 

!347.7 

0.1 

1.9 

7203.4 

8.0 

1.0

140.3 

0.0 

0.1 

19B1.1 

2.3 

0.4 

269.5 

0.0 

0.4 

1BO.9 

2.0 

0.2

569.2 

0.1 

2.4 

2459.3 

4.3 

2.3 

935.1 

0.1 

6.6 

2042.0 

2.7 

1.9

352 

352 

352 

361 

361 

361 

522 

521 

'521 

378 

378 

378

1.6 

0.0 

0.0 

6.B 

0.0 

0.0 

1.8 

0.0 

0.0 

5.4 

0.0 

0.0

990.2 

0.1 

2.8 

8402.7 

11.3 

3.3 

2282.7 

0.2 

8.5 

9245.8 

10.7 

2.9

355 

355 

355 

364 

364 

364 

527 

526 

526 

382 

382 

382

2.8 

0.0 

0.0 

23.1 

0.0 

0.0 

4.3 

0.0 

0.0 

24.2 

0.0 

0.0

86.8 

38.7 

17.3 

290.8 

194.2 

5B.5 

150.5 

91.9 

30.0 

333.3 

284.4 

47.1

19.9 

14.3 

-9.7

18.0 

15.2 

-6.B 

22.2 

19.6 

7.4

16.0 

10.3 

-7.1 

27.2 

22.9 

7.5 

11.2 

10.9 

-3.0 

28.5 

27.3 

9.7

6.7 5.7 

".6 2.3 

-3.7 -4.4

6.2 

7.8 

2.6

2.8 

3.8 

(1.2)

2.8 (1.3) 

3.6 (0.9) 

(-0.1) (-1.3) 

15.8 1.9 

16.7 3.2 

2.2 (1.5

5.2 

1.9 

8.3 

10.7 

10.2 

3.9 

12.7 

10.3 

9.B 

4.7 

1.5 

7.0

aAlpha = 0.05; all vaues were significantly different from the centrel (p-: 0.05) except those in paren)theses.  
bAlpha = 0.01; all normally distributed (G-O-F) and all homogeneous variance (Partlett's) except those in parentheses.

28.9 

27.2 

(9.3) 

65.4 

91.8 

25.3 

(10.1) 

121.B 

(9.0) 

59.6 

86.6

--- -- ---- ------------------ ------ -- ---- - -ww-o- -- ----------- -- -- -------- ------ ------w --- ------ -- ----- ---- ---- --------- -- ---- -- ----M--------
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Schematic diagram of the exposure system used during chlorine toxicity tests.Figure 2. 1.



DILUTER II

Replicate: A B A B 

Exposure 1 Control 1 Control 
Level II_1__ 

2 5 2 5 

3 4 3 4 

4 3 4 3 

5 2 5 2 

Control 1ControlL 1 

Fig. 2.2 Spatial arrangement of replicate exposure units between side-by-side 
continuous and intermittent exposure regimes of chlorine toxicity 
tests. (Exposure Level 1 = highest and 5 = lowest TRC 
concentrations.)

DILUTER I



TOP VIFW

ELS EXPERIMENTAL UNIT: 

A. EMBRYO-LARVAL 
REARING TROUGH 

(20 days) 

Egg cup ---- _ 

Sac-fry chamber 

Partition 

B. DUPLICATE LARVAL 
GROWTH TANKS 25 

(40 days) 
First-f4 

larva( 

Partition 

Standpipe C

Chronology: 

Start of Test

100 eyed 
embryos-l

50 
50i

eeding 
e

1)

25 

First-feeding 
larvae

0)

Day 0 

-allocate 25 embryos per 
cup (-x DPH) 

-release yolk-sac larvae 
to chamber at completion 

mple excess of hatch (1-2 DPH) 

-select 50 swim-up fry; 
length-weight sample 
(20 DPH) 

Day 20 + X: 
Start Growth Experiment

-commence feeding 25 
larvae per duplicate 
tank

Day 60 + X (60 DPH): 
Exposure Terminated

Figure 2.3

-weigh and measure all sur
viving juveniles 

Flow-chart and chronology of the ELS test phases beginning 
with eyed rainbow trout embryos exposed through 60 days 
posthatch (DPH). Shown is a replicate ELS exposure unit 
and the components used during each phase of test; length 
of exposure is given in days and/or DPH (+ X days) where "X" equals the time required to complete The hatch for the 
particular test group.

Sacrifice 
Juveniles



EMBRYO- LARVAL INCUBATION' 

TROUGH
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Figure 2.4. Detailed view of the components of an ELS exposure unit used during chronic chlorine 
toxicity tests with rainbow trout. Dimensions are in cm.
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Section 3. Benthic Macroinvertebrate 

3.1 Introduction 

Two acute toxicity tests were performed with the fresh water operculate 

snail Goniobasis livescens to determine the effects of intermittent and 

continuous exposures to monochloramine. Both exposures encompassed a 96-hr 

period, followed by a 24-hr observation period. The tests were run simul

taneously, with one group of snails exposed continuously for 96 hrs and the 

other group exposed for 120 min daily, with four consecutive exposures spaced at 

22 hour intervals. Both tests began on March 28th, 1988 and ended on April 2nd, 

1988.  

3.2 Materials and Methods 

3.2.1 Test animals.  

Snails preliminarily identified as Goniobasis livescens were collected from 

the Mukwonago River along Highway 83 in Mukwonago, Waukesha County, Wisconsin.  

This species is cataloged at the Milwaukee Public Museum as being present at 

this collecting site in the Mukwonago River. Dr. J. Kaster of the University of 

Wisconsin-Milwaukee, confirmed the identification of snails collected for this 

project to be G. livescens. The snails were found mostly in the riffle areas of 

the river on the surface of flint rocks, feldspar and sunken pieces of wood.  

Vegetation from the river was collected, boiled in glass distilled deionized 

water for one hour, separated into small packs and frozen for use as a food 

source for the snails. The animals were also fed Tetra-min flaked growth food.  

The snails were held in the laboratory at 20C in two 10-gal all-glass aquaria 

equipped with undergravel biological filters and particulate power filters. The 

photoperiod was held at 16 hrs light:8 hrs dark with a fluorescent light source 

having a near-natural solar spectrum.

3-1



At 120 hrs, mortality was determined for each test animal by attempting to 

physically remove the snail from its shell using a dissecting forceps. If the 

snail was easily pulled from its shell it was considered to be dead. A snail 

that resisted removal from its shell was considered to be alive. Behavioral 

observations were also made during the test at 3, 6, 8, 24, 48, 72, 96 and 120 

hrs. The position of the operculum and foot (i.e. extended or retracted into 

its shell) was noted at each observation interval as was the spatial orientation 

of each snail within the exposure compartment (i.e. side, top or bottom). In 

addition, the presence or absence of a "tactile response" was assessed at 96 hrs 

by applying a dull teasing probe to the operculum of each snail. A positive 

response was defined as movement of the foot. The length (height of the shell 

from the apex to the tip of the aperture) was recorded to the nearest mm for 

each snail after the final mortality determination. All test animals were 

preserved in 95% ethanol upon termination of the tests.  

3.2.4 Chemical Measurements.  

All chlorine analyses were performed as described in Section 2.2.2.  

The overall mean TRC concentration for each exposure level was used for the 

determination of 96-hr LC50 estimates. The values derived from the DPD analyses 

were averaged to determine the percentage of monochloramine present in the 

exposure tanks for each 24-hr sampling interval and combined to obtain the 

overall mean for the 96-hr exposure period.  

Routine monitoring of the physical and chemical quality of the test water 

included: in situ measurements of water temperature and dissolved oxygen, and 

p1- and ammonia analysis as described in Section 2.2.2. Mean daily temperature, 

and dissolved oxygen, values were determined for each test concentration. Total 

alkalinity and hardness of the test water was measured for the highest exposure 

level and in the controls at the onset of the tests.
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3.3. Results

3.3.1 Test Animals.  

A summary of the lengths of the snails is presented in Table 3.1. The mean 

total lengths ranged from 3.9 to 22.1 mm with an overall mean of 9.9 mm. One 

snail from the control group of the continuous exposure was found outside of its 

shell at 48 hrs. The snail was dead and was removed from the exposure chamber.  

3.3.2 Test Water.  

Routine water quality values are summarized in Tables 3.2 and 3.3. All 

measurements except for ammonia were within accepted safe limits (APHA, 1984).  

The wean unionized ammonia levels were slightly higher than the accepted safe 

threshold of 20 ug/L (U.S. EPA 1985).  

3.3.3 Behavioral Data and Lethality Estimates.  

Greater than 10 percent mortality was observed in the control groups of 

both exposure regimes. In the continuous exposure, control mortality averaged 

20.0 percent while in the intermittent exposure it was 19.4 percent. "Abbott's 

formula" (APHA, 1984) was applied to all percent mortalities to remove the 

control response from the observed percentages at each exposure level (Tables 

3.4 and 3.5).  

After the percentages were adjusted for the lethal responses in the 

controls, in the continuous exposure tests a concentration-related response which 

bracketed 50 percent was observed. LC50 estimates were made and are presented 

in Table 3.6. There was no response greater than 50 percent mortality observed 

during the intermittent exposure tests at concentrations as high as 5000 ug/L.  

Without a response greater than 50 percent, there is no method to calculate an 

LC5O. The observations of the position of the foot (Tables 3.7 and 3.8) 

strongly suggest that the snails were avoiding monochloramine exposure by 

retreating into their shells.

3-5



3.2.2 Experimental Design and Procedures.  

Each exposure regime consisted of a diluter apparatus that provided five 

TRC test concentrations and control water, which received no toxicant. There 

were 30 snails in each treatment group divided between duplicate exposure tanks.  

Both diluters were supplied from a common source of diluent and were operated 

simultaneously under identical conditions.  

The experimental apparatus was the same as that used for the acute fish 

tests described in detail in section 2.2.1 of this report.  

The snails were held in partitioned glass exposure chambers that were 

placed within polyethylene troughs (Section 2.24). Each chamber consisted of 

five compartments separated by a solid glass partition with a 1.6-cm diameter 

hole cut on both outside walls of each compartment. The openings were covered 

with 500u nitex screen. The movement of test water in and out of the compart

ments was accomplished by the action of a self-starting siphon on the outlet of 

the trough. A 2.54-cm vertical change in the water level in the trough resulted 

in the exchange of exposure water between the exposure chamber and the trough 

during each cycle of the diluter. The top opening of each compartment was 

blocked with a washed polyurethane foam barrier. The compressed foam remained 

in place just below the height of the low water level, preventing the snails 

from crawling out of the exposure water without restricting the exchange of 

water.  

Three days before the test, all of the snails from which the test animals 

were selected were placed in the exposure system to acclimate them to the 

diluent at a water temperature 20C and gradually warmed to the 25C test tempera

ture. Approximately 60 hrs prior to the start of the exposure, three snails 

were impartially assigned to each compartment within the 24 chambers until each 

chamber held a total of 15 animals. The 24 exposure chambers were then randomly 

assigned to each replicate exposure level in the continuous and intermittent
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exposure diluters for a total of 30 snails per treatment. The exposures were 

started (0 hrs) by moving the chambers from the troughs receiving control water 

to the troughs containing the TRC concentration to which they were assigned.  

Thereafter, the continuous exposure concentrations remained constant for 96 hrs.  

The same procedure was used to start the first intermittent exposure and 

was repeated daily for four consecutive days. Before the start of each inter

mittent exposure the TRC concentrations were verified aperimetrically for each 

concentration. The exposure chambers were removed from control water, and the 

water level in the compartments containing the snails was lowered to a depth of 

I-cm (25 ml per chamber) and excess liquid was squeezed from the foam barriers.  

The exposure chambers were then placed in their respective exposure unit. The 

draw-down and dewatering of the foam barriers was repeated at the end of each 

120-min exposure period. The remaining 25 ml of exposure water in each chamber 

was then flushed for 10 min with dechlorinated water (flow rate of 1 to 2 L/m), 

followed by the normal delivery of diluent by the diluter. Measured TRC 

concentrations in selected troughs were below detection limits within 20 min 

after the end of the 120-min exposure period. The same flushing procedure was 

used to end the 96 hrs of continuous exposure experiments. Both exposure 

regimes were followed by a 24-hr observation period during which the tanks 

received only diluent water.  

3.2.3 Exposure Levels.  

Following a series of range-finding tests, the nominal TRC concentrations 

(as monochloramine) selected for the 96-hr continuous exposure were 500, 250, 

125, 63 and 32 ug/L. Nominal test concentrations selected for the intermittent 

exposure were 5000, 4000, 3000, 2000 and 1000 ug/L. The four intermittent 

exposures were administered at 0-2, 24-26, 48-60 and 72-74 hrs.
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In both exposure regimes the high percentage of control snails which were 

observed retracted into their shells may have been due to handling during the 

initial transfers in the continuous exposure experiments and the daily 

manipulation in the intermittent tests. The tactile test performed at 96 hrs 

may also have caused the high percentages of foot retraction observed in the 

continuously exposed snails at 120 hrs. Loss of operculum observed in some 

animals showed little relation to exposure concentration (Tables 3.9 and 3.10) 

and may not necessarily be due to monochloramine. The results of these tests 

clearly show that G. livescens is not especially sensitive to monochloramine, 

and that they can escape high intermittent exposures to monochloramine for 

upwards of 120 min.
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Table 3.1. Summary of the lengths of the test animals used during the 96-hr 
test with G. 11ivescnr. Shown are means of each test group with 
range in parentheses; combined (grand) mean + the standard deviation 
(S.D.) for the sample.

Test Group Number of 
Monochloramine Snails

Mean Total 
Length

Regime (TRC conc.; ug/L) Measured (mm) S.D.

Continuous

Intermittent

463 
207 
105 

45 
23 

Control 

Combined 

4612 
3720 
2978 
1882 

809 
Control 

Ccnbi ned

30 
30 
30 
30 
30 29a 

179 

30 
30 
30 
30 
30 
31 

181

10.4(4.1-19.1) 
10.6(5.1-22.1) 
10.1(5.9-14.0) 

8 .9 (4.6-14.1) 
9.5(6.0-16.0) 
9.9(6.8-14.1) 

9.9(4.1-22.1) 

10.7 (7.1-14.4) 
9.5 (4.6-14.7) 
9.9(4.8-14.5) 
9.6(5.5-13.3) 

10.0(6.8-13.9) 
9.7(3.9-18.6) 

9.9(3.9-18.6)

2.9 
3.7 
2.0 
2.5 
2.9 
2.1 

2.8 

1.8 
2.4 
2.5 
2.0 
2.1 
2.6 

2.2

aOne control mortality at 48 hrs was not measured.  
bOne extra snail was inadvertently assigned.

Exposure



Table 3.2. Summary of water quality measurements performed during the 
120-hr acute tests with G. livescens.  

Exposure Regime 

Parameter Continuous Intermi ttent 

Temperature (C) 
Mean + S.D. 25.5+0.3 25.2+0.3 
(Range) (24.9 - 26.3) (24.5 - 26.0) 
N 132 132

Dissolved oxygen (mg/l) 
Mean + S.D.  
(Range) 
N

pH 
(Range) 
N

Unionized NH3 (ug/L) 
Mean + S.D.  
(Range) 
N 

Total Alkalinity (mEq CaCO3 /L) 
Mean + S.D.  
(Range) 
N

7.72+0.14 
(7.20 - 7.90) 

72 

(8.03 - 8.58) 
36 

22+5 
(15 - 43) 

36 

107.8+1.0 
(107.0 - 109.0) 

4

7.76+0.15 
(7.40 - 7.95) 

72 

(8.10 - 8.34) 
36 

21+2 
(18 -24) 

6
a 

108.9+0.6 
(108.0 - 109.5) 

4

Total Hardness (mEq CaCO3 /L) 
Mean + S.D. 132.9+2.3 129.4±1.8 
(Range) (130.2 - 135.5) (126.7 - 130.2) 
N 4 4 

o te---------------------------sntd----------------------

aonly the control levels of unionized ammonia are presented.



Table 3.3 Summary of total residual chlorine (TRC) concentrations (measured amperometrically) and percent 
monochloramine (PO titrametric method) at each exposure level tested during continuous and inter
mittent exposures to G. livescens.  

Exposure Level 

Exposure Regime/Parameter i 2 3 4 5 Control 

Conti nuous 

TRC, ug/L 
Nominal value 500 250 125 63 31 0 
Overall mean (N) 463 (36) 207 (36) 105 (36) 45 (36) 23 (36) -2 (35) 
±S. D. +11 +11 +6 +4 +5 +3 
(Range of daily means) (438-485) (189-228) (93-115) (34-54) (15-37) (-9-3) 

Percent monochloramine (N) 95.0(10) n/o n/o n/o 97.1(8) n/o 

Interm tten 

TRC, ug/L 
Nominal value 5000 4000 3000 2000 1000 0 
Overall mean (N) 4612(19) 3720(21) 2978(22) 1882(21) 809(22) -1(21) +S.D. +202 +116 +161 +59 +35 +4 (Range of daily means) (4229-5052) (3443-3896) (2484-3133) (1777-1989) (717-872) (-9-6) 

Percent monochloramine(N) 98.6(8) n/o n/o n/o 98.8(6) n/o 

n/o = not observed.



Table 3.4. Percent mortality observed for G. livescens 24 hrs after 96 hrs of 
continuous exposure to monochloramine.  

--- -------------------------------------------------------------------------
Mean TRC Observed Corrected 

Concentration No. of No. of Percent Percent 
(ug/L) Replicate Snails Mortalities Mortality Mortalitya 

--- -------------------------------------------------------------------------

463 A 15 15 100 
B 15 15 100 

Combined 30 30 100 100 

207 A 15 15 100 
B 15 15 100 

Combined 30 30 100 100 

105 A 15 13 86.7 
B 15 13 86.7 

Combined 30 26 86.7 83.4 

45 A 15 7 46.7 
B 15 8 53.3 

Combined 30 15 50.0 37.5 

23 A 15 9 60.0 
B 15 6 40.0 

Combined 30 15 50.0 37.5 

Control A 15 5 33.3 
B 15 1 6.7 

Combined 30 6 20.0 -

---------------------- owla-r-nto--taiy-----------------------------------------

a Percentages corrected using Abbott's formula for control mortality (APH-A 19814).



Table 3.5. Percent mortality for G. livescens 24 hrs after four 120-min 
exposures to monochloramine spaced 22 hours apart.  

-- --------------------------------------------------------------- w-----------
Mean TRC Observed Corrected 

Concentration No. of No. of Percent Percent 
(ug/L) Replicate Snails Mortalities Mortality Mortalitya 

-- ------------------------- ------------------------------ -------------------

4612 A 15 9 60.0 
B 15 3 20.0 

Combined 30 12 40.0 25.6 

3720 A 15 8 53.3 
B 15 4 26.7 

Combined 30 12 40.0 25.6 

2978 A 15 2 13.3 
B 15 9 60.0 

Combined 30 11 36.7 21.5 

1882 A 15 5 33.3 
B 15 4 26.7 

Combined 30 9 30.0 13.2 

809 A 15 3 20.0 
B 15 10 66.7 

Combined 30 13 43.3 29.7 

Control A 16 1 6.3 
B 15 5 33.3 

Combined 31 6 19.4 -

-------------------- ----- so----f--co--l-------------------- m-----------------

aPercentages corrected using Abbott's formula for control mortality (API-A, 1984).



Table 3.6. LC50 estimates using the corrected lethal response percentages for 
G. li vescens.

LC50 Estimates (ug/L) 

Treatment Nonparametric Parametric 95% Confidence 

Regime (Spearman-Karber) (Graphic probit) Intervals

Conti nuous 

Intermittent

56.6 ( 37 . 5 )a 45.0

n/c

35.6 - 56.8

n/c

aThe percentage of trim used for the Spearman-Karber estimate.  

bn/c = not calculable due to less than a 50 percent lethal response at the 

highest exposure concentration of 4612 ug/L as monochloramine.



Table 3.7. Summary of the percentage of G. ]Ivescen5 observed with the foot 
retracted into the shell during the continuous exposures.

Obser- Mean TRC Concentration (ug/L) 
vati on 
Period Control 23 45 105 207 463

3 
6 
8 
24 
48 
72 
96 

120

hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs

66.7 
90.0 
93.3 
26.7 
36.7 
56.7 
34.5 
82.8

60.0 
63.3 
73.3 
50.0 
70.0 
70.0 
73.3 
90.0

60.0 
50.0 
23.3 
30.0 
66.7 
50.0 
70.0 
93.3

56.7 
76.7 
63.3 
56.7 
80.0 
83.3 
96.7 
100

83.3 
73.3 
66.7 
90.0 
100 
100 
100 
100

83.3 
73.3 
100 
100 
100 
100 
100 
100



Tabl e 3.8. Summary of the percentage of -Q. .ie.cenI observed with the foot 
retracted into the shell during the intermittent monochloramine 
exposure.

Obser- Mean TRC Concentration (ug/L) 
vati on-...............  
Period Control 809 1882 2978 3720 4612

3 
6 
8 
23 
26 
47 
50 
71 
74 
96 

120

hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs 
hrs

80.6 
87.1 
90.3 
25.8 
61.3 
67.7 
74.2 
67.7 
74.2 
54.8 
83.9

86.7 
63.3 
60.0 
40.0 
100 

86.7 
100 

86.7 
100 

60.0 
83.3

76.7 
76.7 
46.7 
53.3 
93.3 
76.7 

100 
76.7 
100 

70.0 
86.7

80.0 
90.0 
83.3 
60.0 
100 

90.0 
100 

90.0 
100 

83.3 
96.7

73.3 
90.0 
73.3 
63.3 
100 

86.7 
100 

86.7 
100 

66.7 
100

70.0 
76.7 
86.7 
53.3 
96.7 
90.0 
100 

90.0 
100 

80.0 
90.0



Table 3.9. Results of the tactile response test and the observed loss of oper
culum at 96 hrs for G. livescens after continuous exposure to mono
chl orami ne.  

--------------------------------------------

Percent 
Mean TRC Positive 

Concentration No. of Tactile Percent Loss 
(ug/L) Replicate Snails Response of Operculum 

463 A 15 0 26.7(4) 
B 15 0 40.0(6) 

Combined 30 0 33.3(10) 

207 A 15 6.7(1) 13.3(2) 
B 15 0 20.0(3) 

Combined 30 3.3(1) 16.7(5) 

105 A 15 6.7(1) 0 
B 15 0 20.0(3) 

Combined 30 3.3(1) 10.0(3) 

45 A 15 53.3(8) 6.7(1) 
B 15 60.0(9) 13.3(2) 

Combined 30 56.7(17) 10.0(3) 

23 A 15 46.7(7) 13.3(2) 
B 15 46.7(7) 13.3(2) 

Combined 30 46.7(14) 13.3(4) 

Control A 14 71.4(10) 14.3(2) 
B 15 73.3(11) 0 

Combined 29 72.4(21) 6.9(2)



Table 3.10. Results of the tactile response test and the observed loss of 
operculum at 96 hrs for -i. Ive.nes after intermittent exposure to 
monochl orami ne.  

Percent 
Mean TRC Posi tive 

Concentration No. of Tactile Percent Loss 
(ug/L) Replicate Snails Response of Operculum 
------------------------------------------------------

4612 

3720 

2978 

1882 

809

A 
B 

Combi ned 

A 
B 

Combi ned 

A 
B 

Combi ned 

A 
B 

Combined 

A 
B 

Combined

15 
15 
30 

15 
16 
30 

15 
15 
30 

15 
15 
30 

15 
15 
30

33.3 
60.0 
46.7 

26.7 
40.0 
33.3 

73.3 
46.7 
60.0 

66.7 
66.7 
66.7 

73.3 
46.7 
60.0

6.7 
20.0 
13.3 

13.3 
6.7 

10.0 

13.3 
13.3 
13.3 

20.0 
13.3 
16.7 

0 
20.0 
10.0

Control A 16 87.5 0 
B 15 60.0 20.0 

Combined 31 74.2 9.7



Section 4. Acute and Chronic Toxicity Tests with Daphnia magna 

4.1 Introduction 

A review of the chlorine toxicity data available for freshwater 

invertebrates concluded that Daphnia magna was the species most sensitive to TRC 

(U.S. EPA 1985A). Although the relative toxicity of this species was clearly 

demonstrated, the acute and chronic values presented for D. magna in the USEPA 

chlorine document were derived from a limited number of studies, and the results 

of some tests cited were difficult to interpret. The database consisted of two 

acute values which varied by a factor of two (Ward et al. 1976, Ward and DeGraeve 

1980) and two chronic (life-cycle) tests performed by Arthur et al. (1975) with 

conflicting 7-day survival data. The life-cycle tests in the latter study 

extended through 2 weeks of exposure and documented successful reproduction in 

daphnids that survived to adulthood. All of the above-mentioned studies were 

conducted as flow-through tests for continuous exposure to various dilutions of 

chlorinated sewage effluents with TRO concentrations presumed to be 

predominantly monochloramine. We are not aware of any studies of intermittent 

exposures of D. magna to monochloramine. This study is the first investigation 

to simultaneously expose D. magna to both an intermittent and continuous 

monochlorainine regime. The Daphnia tests reported here were designed to 

determine the effects of monochloramine in a standard test medium, therefore all 

continuous and intermittent exposures were conducted in reconstituted hard 

water.  

The 21-day continuous exposures conducted during this study extended the 

dataase for chronic survival beyond the 2-wk test period investigated by 

Arthur et al. (1975). However, as discussed later, determining the sublethal 

effects (i.e. growth and reproduction) during 21 days of continuous exposure to 

monochloramine was not possible under standard test conditions. The survival, 

growth, and reproductive success of daphnids through 21 days of intermittent
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exposure was investigated by several independent testing regimes. The results 

of these tests represent the first information on long-term effects of 

intermittent monochloramine exposure to D. magna.  

4.2 Materials and Methods 

4.2.1 Rationale.  

Table 4.1 summarizes the various Daphnia tests completed during this study.  

The original intent was to devise a pair of diluters to conduct side-by-side 

continuous and intermittent exposures using standard flow-through procedures for 

acute and chronic tests with D. magna (ASTM 1980). After numerous tests, and 

modifications to the toxicant delivery systems and exposure chamber design, we 

concluded that the standard protocol could not be used. The "optimum" test 

conditions for D. magna were not compatible with maintaining the low TRC 

concentrations necessary to determine reliable acute and chronic results while 

providing adequate food for the animals. Typical test solution turn-over rates 

used in chronic flow-through tests with D. magna can be quite low. For example, 

Macek et al. (1976) used only 2 exposure tank volume exchanges in 24 hrs for a 

lindane test. Due to the rapid degredation of monochloramine in the 2 to 100 

ug/L range of TRC (e.g. up to a 35 percent decline in TRC in 30 min) we found it 

was necessary to completely exchange the exposure chamber volumes in 20 min or 

less in order to maintain constant exposure concentrations.  

The proportional diluter used in the fish and snail tests (Section 2.2.1.2) 

was modified to suit the needs of these tests. The flow rate (144 exchanges in 

24 hrs) required to maintain stable TRC concentrations presented potentially 

adverse physical problems, such as increased turbulence, and required the 

addition of large amounts of food to the diluent in order to maintain optimum 

growth and reproduction conditions during the life-cycle test. The substantial 

chlorine demand placed on TRG by the addition of food caused insurmountable
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problems in maintaining stable low-level monochloramine concentrations in the 

test chambers. We were faced with two alternatives: 1) provide food for growth 

and reproduction in an environment with highly variable monochloramine concen

trations or 2) conduct the experiments in a stable chemical environment with an 
intermittent, maintenance-level feeding regime. We chose the latter 

experimental condition. The decision compromised the 21-day life-cycle test 

under the continuous exposure regime since reproduction was limited by the 

availability of food. We were however, successful in accomplishing side-by-side 

continuous and intermittent exposures for a 21-day chronic test to determine 

highly reliable LC50 values. This test provided a comparison of the 

survivability of the daphnids through 21 days of continuous or intermittent 

exposure while under a maintenance diet. It also allowed us to measure the 

reproductive potential of the survivors for a 2-wk period after the exposures 

had ceased. Two separate 21-day intermittent exposure tests conducted under 

increased levels of feeding (metered and static-renewal) provided an assessment 

of the effects of intermittent exposures on growth and reproduction.  

4.2.2 Test Daphnia 

Daphnia used for all of the acute and chronic toxicity tests were collected 

from an in-house brood stock that had been continuously cultured in reconsti

tuted hard water. The brood stock of Daphnia magna was originally obtained from 

the U.S. Environmental Protection Agency Environmental Research Laboratory in 

Duluth, IMN in May of 1984. Confirmation of the species identification as D.  

magna was made following the keys of Brooks (1957). The animals were 

continuously cultured for over 40 generations following the guidelines of 

Biesinger et al. (1987). The brood stock was fed rinsed algal cells (Chiorella; 

University of Texas culture collection No. 23) daily at a density of 

approximately 1 x 105 cells per ml. Water renewals were made three times a 

week, which included addition of a trout chow suspension at 5 mg/L (dry wt).
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4.2.3 Experimental Apparatus 

4.2.3.1 Dilution Water. The dilution water used for all tests consisted of 

deionized Milwaukee tap water reconstituted with reagent grade salts (pH 7.6 

8.5; 160-180 mEqCaC03/L EDTA hardness; 110-120 mEqCaCO3 /L total alkalinity) 

according to the procedures recommended by Biesinger et al. (1987). The ammonia 

concentration was adjusted by adding the smallest amount of anmmonium chloride 

necessary to assure that monochloramine would be the predominant chlorine 

species in the test solutions.  

For the acute and 21-day side-by-side continuous and intermittent flow

through tests, 4,000 L batches of reconstituted hard water were prepared every 

other day, alternating between two fiberglass reservoirs. Each batch was 

prepared 24 hrs prior to its use. The water was heated to 20C and vigorously 

aerated for at least 18 hrs. Each batch lasted approximately 30 hours. Two 

4,000-L batches were used during the 48-hr acute test and a total of ten batches 

were consumed during the 21-day exposure period. The diluent was pumped 

continuously from the reservoirs to a 100-L head tank which supplied the 

proportional diluter (Section 2.2.1.2). A stainless steel electric heater 

regulated by a temperature controller was used to maintain the desired test 

temperature in the head tank prior to delivery to the exposure system. Overflow 

from the head tank was returned to the reservoir.  

For the chronic flow-through test using metered food and diluent, batches 

of 50-L of reconstituted hard water plus food (same concentration as brood 

culture) were made daily. Each batch was prepared 24 hrs prior to its use, 

stored in an environmental chamber at a constant temperature (20±lC) and 

vigorously aerated within a nalgene carboy until being used. For the static

renewal test, a single 50-L batch of reconstituted hard water was used for the 

21-day period.
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4.2.3.2 Exposure Systems. The side-by-side continuous and intermittent 

exposures for the acute and 21-day chronic flow-through tests were accomplished 

by modifying the proportional diluter system used for the tests performed with 

the fish and snails (Section 2.2.1.2). The diluter was operated with a 20-min 

cycle time. Each cycle delivered 2 L of test water to each of the five 

continuous exposure tanks and a control. The flow to each exposure unit was 

collected in a 4-L polyethylene trough (Section 2.2.4.1) before gradually 

emptying into a splitter chamber (250-ml beaker) through a 3-mrm (ID) self

starting siphon. The splitter cell divided the water between duplicate 500-ml 

exposure chambers. Each replicate received 1 L of test water which gently 

flowed through the chamber over a period of 10 min. Test chambers consisted of 

a 16-oz wide-mouth glass jar and polypropylene cap fitted with a polyethylene 

funnel. Attached to the funnel, were a silicone stopper and glass tube which 

protruded through the top of the cap down to within 2 cm of the bottom of the 

jar. Test water was delivered at the end of the tube and exited the jar through 

a 2.54-cm diameter screened (260u nitex) hole in the screw cap which was secured 

tightly to the jar. The gradual flow of test water through the jar, and the 

fact that the jar remained full, minimized turbulence and avoided problems 

associated with daphnids becoming trapped at the surface. The loss of TRC from 

the test chamber was also reduced by minimizing air contact at the top of the 

jar.  

The six troughs supplying the intermittent exposure concentrations and 

separate control treatment continuously received diluent from the head tank 

through a manifold pipe. A constant flow (100 ml/min) of diluent to each trough 

resulted in the same number of volume additions to the intermittent test 

chambers, and a cycle frequency similar to that experienced by the continuous 

treatments.  

For the separate constant-flow intermittent test, the exposure system used
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to meter food and test water consisted of a multi-channel peristaltic pump 

(Masterflex) and six test chambers (modified 1-L Erlynmneyer flasks). Test water 

was pumped to each chamber at a rate of 5.0 ml/min resulting in 7.2 volume 

additions daily, or 60 percent of the test chamber volume in a 2-hr period.  

The static-renewal intermittent exposure system consisted of 60 

borosilicate glass beakers (100-ml) used as holding chambers (one daphnid per 

beaker) and 60 borosilicate jars with plastic caps which were used as exposure 

chamboers. An additional 12 beakers (two per concentration) were used as interim 

chambers during the transfer of test animals between diluent and test solution.  

4.2.4 Experimental Design 

For all tests performed, each exposure regime tested was comprised of five 

TRC concentrations and a control treatment. For tests in which continuous and 

intermittent exposures were performed simultaneously, each regime included a 

control group which was handled identically to the other treatments receiving 

that mode of exposure.  

For the acute test, each duplicate exposure chamber held ten daphnids for a 

total of 20 per treatment and 120 animals in each exposure regime. During the 

side-by-side chronic exposures, only five daphnids were placed in each duplicate 

chamber for a total of 10 test animals per treatment. During the separate 

chronic intermittent exposure test utilizing the metered pump system, the 

exposure chambers were not replicated. All ten test animals in each treatment 

were held in a single chamber. During the separate chronic intermittent 

exposure test performed under standard static-renewal procedures (Biesinger et 

al. 1987), each of the ten daphnids per treatment were held in an individual 

experimental unit. The test animals were randomly assigned to the test chambers 

in all tests except the static-renewal test, which followed a stratified random 

assignment procedure.
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The 12 treatments in the side-by-side acute and chronic flow-through tests 

were arranged by exposure regime into two blocks. The continuous exposure 

treatments were lined up by decreasing TRC concentration on one side of the 

diluter. The reverse order was followed for a second row of intermittent 

exposure treatments located on the opposite side of the diluter. For other 

tests, the test chambers were housed in an environmental chamber and were 

arranged in rows according to TRC concentration.  

All tests were run at 20+2C. A photoperiod of 12 hrs light and 12 hrs 

darkness was maintained during the acute test, and during the 21-day exposure 

period of the continuous and intermittent flow-through test. During the 

postexposure period of the side-by-side chronic exposures, and during the two 

separate intermittent 21-day tests, test animals were housed in an environmental 

chamber at a photoperiod of 16 hrs light and 8 hrs darkness.  

2.4.5 Test Procedures 

2.4.5.1 Start of the Test. The day prior to the start of each test, adult 

brooding female Daphnia were isolated from their offspring. Test animals were 

collected from these females the following day. This procedure assured that all 

Daphnia used were less than 24-hrs-old at the start of a test. In the static

renewal exposures the test daphnids were first transferred to a 100-ml beaker 

containing the appropriate concentration of monochloramine solution and then to 

the individual exposure chambers. This preliminary rinse minimized the transfer 

of diluent with the test animal. For the other flow-through tests, the daphnids 

were first placed in the exposure chambers containing control water (diluent) 

before receiving test water from the toxicant delivery system. All tests began 

when the first group of animals came in contact with the test solution, during 

either the initial delivery of test water (flow-through) or when they were first 

transferred to test water (static-renewal).
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2.4.5.2 Exposure Protocol. During the acute test, the continuous exposure 

TRC concentrations were held constant from 0-48 hrs by the periodic delivery of 

test water (flow-through) from the diluter. During the same 48-hr period, the 

intermittent treatments received a regular flow of diluent; except during the 

two exposure periods which were administered at 0-2 and 24-26 hrs. During each 

120-min intermittent exposure period, the normal flow of diluent to the delivery 

trough was replaced by the manual addition of 3.8-L batches of the appropriate 

monochloramine solution every 20 min. The control treatment received diluent 

having an ammonia concentration equimolar to the amount of ammonia added to the 

highest TRC concentration. The addition of six deliveries of test water during 

the 120-min period resulted in an almost constant flow of test water through 

each exposure chamber and doubled the number of turnovers (from 12 to 24 volume 

additions). The TRC concentrations reached 95 to 100 percent of the desired 

nominal concentration within the first 10 min and maintained a "square wave" 

exposure for the remaining 110 min. The exposure was ended after 120 min by the 

addition of 4 L of diluent, followed 10 min later by another 2 L. This 

procedure resulted in complete clearance of measurable TRC from the exposure 

chambers within 15 min of the start of flushing. The normal flow of diluent was 

then resumed. At the end of the 48-hr standard acute test period, the surviving 

daphnids in each test group were transferred to clean test chambers containing 

diluent, and held static in an environmental chamber for an additional 24 hrs of 

observation.  

During the chronic continuous and intermittent exposure test, the exposures 

were handled in the identical manner as the acute test but were extended for a 

21-day period. However, beginning on day 1, and each day thereafter (through 

day 20), all of the exposure chambers (continuous and intermittent) were removed 

from the diluter system just prior to the next daily intermittent exposure. At 

that time, each group was observed and then fed the same amount of trout chow
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suspension and algae. The food was added at approximately twice the 

concentration used in the brood cultures. All test groups were allowed to feed 

under static conditions for 1 hr, after which they were transferred to a clean 

exposure chamber filled With diluent, and returned to the diluter to receive the 

normal flow of test water. The continuous exposure treatments were not exposed 

to TRC for the approximately 1 hr per day that they were being fed. Starting on 

day 0 and during each day through day 20, a total of 21 intermittent (120-min) 

exposures were administered. The continuous exposures were terminated on day 

21. The surviving daphnids in each treatment (continuous and intermittent) were 

transferred to individual 100-ml beakers containing diluent. For the next 14 

days (through test day 35) the surviving test animals were held in reconstituted 

hard water with food, and cultured under normal static-renewal conditions.  

During the separate chronic intermittent exposure (constant-flow) test in 

which the food and diluent was metered continuously into the test chambers, a 

different procedure was used to administer the daily 120-min exposures. This 

was accomplished by transferring the daphnids into a 100-ml beaker containing 

the appropriate concentration of monochloramine. Before transferring the 

daphnids back into the test chamber, it was drained, rinsed and refilled with 

test water. The pump inflow line to each treatment was then switched from the 

diluent reservoir to one of five monochloramine solutions. The reverse order 

was used to end the exposures and daphnids were transferred back into their 

respective chambers receiving diluent and food. During the 120-min exposure 

period, the five monochloramine solutions did not contain algae or trout chow.  

For the same period, the control group received a solution of food-free diluent 

having an ammonia concentration equal to that in the highest TRC concentration, 

and was subjected to the same handling as the other treatments.
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To start the static intermittent exposures (static-renewal test), the 

daphnids were individually transferred from their holding chamber to a rinse 

beaker containing the appropriate concentration of monochloramine, and then into 

an exposure chamber filled with the same solution. The controls were 

transferred to chambers containing diluent and ammonia. The exposure chambers 

remained tightly capped for 120 min, after which each daphnid was transferred to 

a rinse beaker containing diluent and then back into its respective holding 

chamber. The water and food in the holding chambers was changed every Monday, 

Wednesday and Friday during the static-renewal test. At that time, the daphnids 

were transferred to clean beakers containing fresh reconstituted water and food 

at the same concentrations of trout chow and Chlorella used for brood cultures.  

2.4.5.3 Observations. During the acute test, the Daphnia were observed at 

3, 6, 8, 24, 48 and 72 hrs. During all of the chronic tests, daily observations 

were made just before the intermittent exposures were performed. Daphnids which 

did not respond to gentle prodding were carefully removed and observed under a 

dissecting microscope. Mortality was defined as a lack of heartbeat. Live 

animals (with heartbeat) were returned to the test chambers. Dead animals were 

removed and discarded. During all chronic tests, the number of offspring 

produced each day was recorded and the young were removed. At the termination 

of each 21-day test, all surviving adults were measured under a microscope 

equipped with an ocular micrometer. In the groups followed for a postexposure 

reproduction period, the adults were measured once again on day 35. Lengths of 

daphnids (top of the head to the base of the spine) were determined to the 

nearest 0.01 mam.  

4.2.6 Chemical Measurements 

All chemical measurements followed the procedures outlined for the previous 

toxicity tests (Section 2.2.2). The method of sampling for TRC measurements 

however, was slightly different for the various tests performed with Daphnia.
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During the acute and chronic tests performed under the flow-through regime using 

the proportional diluter, duplicate amperometric titrations were performed daily 

for each TRC concentration. The samples were collected from the test water 

delivery trough just before the splitter cells. During preliminary tests, the 

TRC concentration of the troughs was found to be the same as the cot centration 

maintained in the closed exposure chambers. Periodic checks of the TRC 

concentrations of duplicate exposure chambers during the tests showed consistent 

values. Regular sampling from the exposure jars was avoided to prevent 

potential loss of the test animals during sample collection.  

During the static-renewal test, the TRC concentration was measured twice 

during each intermittent exposure: once from an aliquot of each test solution as 

it was added to the sealed exposure chambers, and again at the end of the 120

min exposure. The second set of samples was collected from the replicate 

exposure vessels after the test animals were removed. The same sampling 

procedure was used to determine the TRC concentration of each flow-through 

vessel at the beginning and end of each intermittent exposure in the test using 

the metering pump.  

Temperature was measured daily whereas dissolved oxygen, ammonia, and pH 

were measured at least once each week. The predominance of monochloramine was 

verified once a week by DPD analysis. The total EDTA hardness and total 

alkalinity of the diluent was measured at the start and termination of the acute 

and static-renewal tests, and for every other batch of diluent during the 

chronic flow-through tests.  

4.3 Results 

4.3.1 Acute Tests 

4.3.1.1 Water Quality. The results of routine water quality measurements 

performed during the acute test are summarized in Table 4.2. A more detailed

4-11



account of all chemical measurements can be found in Appendix Tables 7.5-1 

through 7.5-8. Mean hardness and alkalinity values measured for the diluent 

(162 and 110 mg/L respectively) were in the range of concentrations recoimended 

for Daphnia tests using reconstituted hard water (Biesinger et al. 1987). The 

plH of the test water was near the upper recommended limit of 8.5 and remained 

consistently between 8.22 and 8.45 for all test concentrations. Dissolved 

oxygen concentrations measured at reported test temperatures (18.8 - 20.IC) 

remained at 91 to 98 percent saturation throughout the test. The slightly 

higher mean unionized aimnonia concentration for the intermittent exposure regime 

(16 ug/L) was consistent with the fact that additional amounts of ammonium 

chloride were added to these concentrations during the exposure period. This 

was done because the ammionia concentration in the main supply of diluent water 

was determined by the TRC concentrations used for the continuous exposures.  

Since the range of TRC concentrations was higher for the intermittent exposure 

regime, more ammonia was required to form monochloramine. Even the maximum 

un-ionized ammonia concentration of 25 ug/l was far below the minimum lethal 

concentration of 550 ug/L cited for D. magna by U.S. EPA (1985B).  

Mean monochloramine concentrations achieved during the acute test are 

summarized in Table 4.3. Five TRC concentrations ranging from 8 to 115 ug/L 

were maintained at nearly constant levels during the 48-hr continuous exposure.  

The five intermittent concentrations between 52 and 153 ug/L were spaced at 

approximately 25 ug/L intervals. The occurrence of negative TRC concentrations 

for the controls is due to lower amperometric readings for control water samples 

than either the reagent blank (distilled water) or straight diluent. The 

reagent blank was used to adjust all amperometric titrations to absolute TRC 

concentrations. The results of DPD analyses verified that the reported TRC 

concentrations were comprised of greater than 90 percent monochloramine 

throughout the test.
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4.3.1.2 Mortality Data. A sumuary of the mortalities observed in each 

exposure chamber at six observation times is presented for the continuous and 

intermittent exposure regimes in Table 4.4 and 4.5 respectively. During the 

first eight hours of continuous exposure, only two mortalities were observed 

(both in one replicate at 115 ug/L). However, by the next observation time (24 

hrs) a total kill was reached in 53 and 115 ug/L. Mortalities were not observed 

in any other concentrations until the end of the 48-hr exposure period. At 26 

ug/L most of the mortality (7 out of 11 deaths) occurred 24 hrs after the 

exposure ceased. Consequently, the Spearman-Karber 48-hr LC50 estimate 

(Appendix Table 7.5-9) can be lowered from 34 to 26 ug/L if the delayed 

mortality observed at 72 hrs is included. The lower estimate compares closely 

to the mean acute value of 27.66 ug/L for D. magna reported by U.S. EPA (1985A) 

which calculated the value for two 48-hr LC50 estimates cited as 17 and 45 ug/L.  

No mortality was observed for any of the intermittent exposure 

concentrations until the fourth observation period at 24 hrs. At that time, the 

single intermittent exposure yielded partial kills in the highest three TRC 

concentrations. Following the second and final exposure given at 24-26 hrs, 

total mortality was observed at 48 hrs for a TRC concentration of 153 ug/L.  

Additional mortalities observed at 48 and 72 hrs for 129 and 101 ug/L indicated 

that acute mortality was continuing up to 48 hrs after the last exposure.  

Except for the one control replicate which had three mortalities between 48 and 

72 hrs, no mortalities were observed in any test concentrations below 101 ug/L.  

The resulting Spearman-Karber LC50 estimates (using Abbott's formula to correct 

for control mortalities) for 48-hr and 72-hr observation times were 108 and 

107 ug/L respectively (Appendix Table 7.5-10).  

The results of Dunnett's test (Horning and Weber 1985) performed on the 

overall mortality observed through 72 hrs are presented for the continuous and
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intermittent regimes in Appendix Tables 7.5-11 and 7.5-12 respectively. The 

three highest continuous and two highest intermittent concentrations had 

significantly higher mortalities than the controls. Therefore, the NOEC and 

LOEC for the continuous regime were 12 and 26 ug/L respectively; whereas they 

were 101 and 129 ug/L respectively for the intermittent regime. However, a 

direct comparison of the mortalities observed through 72 hrs for each regime 

indicated that 12 and 72 ug/L were the highest continuous and intermittent 

concentrations respectively to show "no-kill" during the extended test period.  

In summary. mortality was not observed until either 8 hrs (continuous) or 

24 hrs (intermittent) of the tests. Mortality continued to occur in both 

regimes for at least 24 hrs after the standard 48-hr test duration. The 

intermittent LC50 estimate (48-hr, as observed at 72 hrs) of 107 ug/L was 

approximately four times higher than either the continuous LC50 estimate or the 

mean acute value of 27.66 ug/L previously reported for this species (U.S. EPA 

1985A). The interval bounded by the intermittent NOEC and LOEC was approximately 

six times higher than the interval for the continuous exposure. A concentration 

as high as 72 ug/L administered for two 120-min periods between 0 and 26 hrs 

showed no deaths or apparent sublethal effects through 72 hrs of observation, 

whereas, continuous exposure to 52 ug/L yielded a total kill in less than or 

equal to 24 hrs.  

4.3.2. Chronic Tests.  

4.3.2.1 Water Quality. The results of routine water quality and test 

concentrations measurements performed during the side-by-side continuous and 

intermittent chronic tests are summarized in Tables 4.6 and 4.7. A detailed 

account of all chemical measurements for the side-by-side test can be found in 

Tables 7.6-1 through 7.6-8. Chemical test conditions measured for two separate 

intermittent exposures are summarized in Tables 7.6-9 and 7.6-10. Chronic test 

conditions were similar to those reported for the acute test (Section 4.3.2.1)
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and all parameters were within the range recommended for tests with D. nagna 

(Besinger 1987).  

4.3.2.2 Lethality. An account of the daily mortalities observed in each 

replicate through day 21 of the side-by-side continuous and intermittent 

exposures can be is presented in Appendix Tables 7.6-11 and 7.6-12 respectively.  

Table 4.8 summarizes the TRC concentrations and cumulative percent mortalities 

used to calculate the Spearman-Karber LC50 estimates over the 21-day time-course 

of the continuous exposure regime. The two highest continuous TRC 

concentrations tested (16 and 32 ug/L) bracketed the LC50 value derived during 

the acute test and produced 0 and 100 percent mortality during the first 48 hrs 

of the chronic exposure. Overall mortality through 21 days was no greater than 

11 percent for any of the four remaining TRC concentrations. The results of 

Dunnett's Procedure for the 21-day continuous exposure end point (Appendix Table 

7.6-13) yielded an NOEC and LOEC of 15 ug/L and 32 ug/L respectively. The fact 

that total mortality in the second highest test concentration (overall mean 15 

ug/L) was limited to a single death in one of the replicates suggests that this 

concentration was below the lethal threshold for long-term exposure. Valid 

daily LC50 estimates between days 5 and 21 decreased by only 1 ug/L indicating 

that acute lethality had ceased in less than 1 wk of exposure, yielding a 21-day 

LC50 of 18 ug/L. Using the 48/72-hr LC50 of 26 ug/L results in an acute-chronic 

ratio of 1.44.  

In two tests performed by Arthur et al. (1975), no daphnids survived 

through 7 days of continuous exposure to TRC concentration of 7 and 14 ug/L in 

chlorinated sewage effluent. These TRC concentrations were nearly identical to 

the two test concentrations used in our test which showed 100 and 90 percent 

survival through the first week of continuous exposures, and 89 to 90 percent 

survival to 21 days. Although Arthur et al. (1975) did not report 7- and 14-day
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LC50 estimates for the two tests, USEPA (1985A) used their results to calculate 

"chronic values" of 7.438 and 3.742 ug/L which were bounded by the NOEC-LOEC 

limits of 4-14 and 2-7 ug/L respectively. Using the mean acute value of 27.66 

ug/L derived from previous LC50's resulted in acute-chronic ratios of either 

3.696 or 7.392.  

A summary of the cumulative mortalities and resulting daily LC50 estimates 

through 21-days of intermittent exposure is provided in Table 4.9. Valid 

Spearman-Karber estimates (using Abbott's formula to correct for the two control 

mortalities) for days 9 through 21 remained virtually constant (range 82-85 

ug/L). The final 21-day LC50 estimate was 84 ug/L. Figure 4.1 compares the 

LC50 time-course for this intermittent test (diluter), and the two separate 

tests which were performed under different test conditions (e.g. longer feeding 

times, alternate exposure systems). The chronic intermittent exposure tests 

using the static-renewal and continuous-flow metered systems were also performed 

at a higher range of TRC concentrations than the test using the diluter (the 

mortality data for these two tests can be found in Appendix Tables 7.6-15 and 

7.6-16). The former two tests used TRC concentrations that were similar to 

those used during the acute intermittent exposures with the diluter whereas the 

highest concentraiton tested in the third test was just below the 48-h LC50.  

Consequently, only the chronic static-renewal and continuous-flow exposures 

showed the steep upper end of the time-toxicity curve which is characteristic of 

the acute phase of lethality during a chronic exposure. The 24- and 48-hr 

LC50's of the acute intermittent exposures (Table 4.9) agree closely with the 

early time points of these two curves. The toxicity curves of both the static

renewal and continuous-flow tests showed a rapid decline in the LC5O's during 

the first four days of the exposure, and gradually leveled off by day 10, after 

which no further mortalities were observed. The fact that all three curves 

become asymtoic with the time axis at approximately the same time (days 4-10)
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demonstrates that acute lethality had ceased during the first week of 

intermittent exposure. Moreover, all three LC50's for the 21-day endpoint were 

remarkably similar, ranging from 78 ug/L in the static-renewal test to 84 ug/L 

in the test which was run side-by-side with the continuous exposures in the 

diluter. The results of these three tests show that despite the different modes 

in which the exposures were performed, the long-term survival was the same. The 

similar survival among these tests also demonstrated that the estimation of the 

21-day LC50 was not affected by the three different levels of feeding given 

during the intermittent exposures; thereby giving credence to the continuous 

exposure LC50 estimate performed under the maintenance diet regime. The results 

of Dunnett's test performed for the 21-day endpoint of the side-by-side 

intermittent test (Appendix Table 7.6-14) indicated that 96 ug/L was the only 

concentration to have significantly higher mortality than the controls. Thus 

the NOEC for this test was 75 ug/L. The acute-chronic ratio for intermittent 

exposure was calculated as 1.274.  

In summary, acute lethality ended during the first week of the 21-day 

exposures for both the continuous and intermittent regimes. Side-by-side 

chronic exposures for the two regimes produced 21-day LC50 estimates of 18 ug/L 

(continuous) and 84 ug/L (intermittent) , and yielded acute-chronic ratios of 

1.444 and 1.274 respectively. The approximately 5 times higher LC50 side-by

side intermittent exposure derived under a reduced level of feeding was verified 

in two separate tests. The intermittent LC50's determined under near optimum 

levels of feeding were 78 and 80 ug/L in the static-renewal and metered tests 

respectively. The NOEC based on mortality at 21 days was 15 ug/L for the 

continuous regime, vs. 75 ug/L for the intermittent regime.
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4.3.2.3 Sublethal Effects 

Growth. The sublethal effects of chronic monochloramine exposure on the 

size (body length) of 21-day-old daphnids are sunnarized for three feeding 

regimes in Table 4.10. The mean lengths of all surviving test groups at 21 days 

are summarized in Appendix Tables 7.6-17 and 7.6-18 for the intermittent 

exposures performed under static-renewal and constant-flow conditions 

respectively. For the side-by-side continuous and intermittent exposures, the 

lengths at the end of the 2-wk postexposure period (day 35) are given in 

addition to the lengths at the 21-day end point (Appendix Table 7.6-19 and 7.6

20). Of the two intermittent exposure concentrations in the static-renewal test 

which had survivors, only 68 ug/L exposure had lengths which were significantly 

less than the controls. This resulted in an NOEC of 30 ug/L and LOEC of 68 ug/L 

for the intermittent test conducted under optimum feeding conditions. The size 

of daphnids exposed intermittently to three TRC concentrations in the constant

flow test were not significantly different from the controls. However, the 

reduction in size observed with increased TRC concentration in the static

renewal test may not be directly comparable with the results of the constant

flow test because of the progressively lower survival in the higher 

concentrations in the latter test. The mean lengths of the controls in the 

continuous-flow test were markedly lower than in the static-renewal test, 

suggesting that food availability was less than optimum with the metered system.  

If food was limited in the controls which had ten daphnids per chamber, more 

food would have been available to the animals in exposure chambers having as few 

as 4 daphnids (83 ug/L). In that case, the lack of a significant difference in 

the mean length at the highest surviving concentraiton would yield a NOEC of 

83 ug/L. This concentraiton is probably higher than the actual "no effect" 

concentration. The size of the daphnids at 21 days in the side-by-side test 

were markedly smaller than either the test run with metered food or the static-
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renewal method. This was expected for a test in which food was administered at 

optimum food concentrations, but with feeding time limited to only 1-hr per day.  

Despite the smaller size of all test groups in the intermittent regime performed 

with a maintenance diet, the mean lengths of the three highest test 

concentrations (except for the single survivor at 95 ug/L) were significantly 

less (p < 0.01) than the controls. The resulting NOEC (38 ug/L) and LOEC (58 

ug/L) values were similar to those obtained for the static-renewal test. The 

continuous exposures performed under the same maintenance feeding level as the 

concurrent intermittent exposures exhibited the poorest growth of all the test 

regimes. There were no significant differences in the lengths of any TRC 

concentrations tested compared to the control, therefore the continuous exposure 

NOEC based on size (15 ug/L) was the same as the NOEC for lethality. The 

overall lag in growth observed for both regimes in the side-by-side test was not 

permanent, as evidenced by the mean lengths of each group observed at 35 days.  

Following 2 wks of postexposure optimum feeding, the size of all test groups 

increased substantially. Furthermore, the concentration-related differences 

observed in the intermittent regime at 21 days diminished by day 35, suggesting 

that compensatory growth was taking place in daphnids which were previously 

shown to be smaller in size.  

The use of regression analysis, as suggested by Stephan and Rogers (1985), 

was performed to estimate the TRC concentration expected to cause a 10 percent 

inhibition (ICl0) of the length attained by 21 days. These analyses revealed 

that only the intermittent exposures performed under the maintenance diet 

produced an ICI0 which was less than the NOEC derived for the hypothesis test.  

However the upper 95 percent confidence limit (112 ug/L) of that end point was 

at a concentration which was shown to be unsurvivable in this test. The ICl0's 

for the two intermittent tests performed at near optimum feeding levels were
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both greater than the 21-day LC50 estimate of 78-84 ug/L. Therefore it appears 

that the ICl0 was not a meaningful measurement of the sublethal effects of 

chronic intermittent exposure. Although these tests were able to show a 

concentration-effect relationship with length, and to detect statistically 

significant differences in size of daphnids exposed intermittently to 

monochloramine, the minimum detectable differences (LOEC's) would probably cause 

less than 10 percent inhibition in growth. That percentage was suggested as the 

starting point for a "biologically" significant effect (C. E. Stephan, 

unpublished manuscript).  

Reproduction. The 21-day static-renewal test provided the most useful 

information regarding the effects of chronic intermittent exposure on 

reproduction. Each daphnid was held in separate chambers at optimum food 

concentrations. This achieved maximum replication with up to ten experimental 

units per treatment and maintained conditions for optimal growth and 

reproduction throughout the 21-day exposure period. A summary of the 

reproductive end points determined for all surviving test groups of the static

renewal test is provided in Table 4.11. With the exception of one female at 68 

ug/L, which died after its first brood, all daphnids that survived 10 days of 

exposure lived a full 21 days and reproduced successfully. All females produced 

their first brood between days 9 and 13, and there were no significant 

differences in the mean day of the first brood between treatments. Figure 4.2 

follows the cumulative daily production of each group of daphnids at 30 and 68 

ug/L, as well as the controls. All three groups produced between 350 and 500 

young during the 13 days of reproductive activity. However, there was evidence 

of a relatively higher frequency of broods in the two intermittent exposure 

concentrations when compared to the controls. Statistical comparisons revealed 

that the mean numnber of broods produced at both 30 and 68 ug/L (3.38 and 3.51 

respectively) was significantly greater than the controls which averaged 2.58
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broods per female. However, the daphnids at 68 ug/L were shown to have a 

significantly smaller mean brood size (11.36) when compared to the controls 

(16.19). Overall production did not vary significantly (p > 0.05) with TRC 

concentration and ranged between 35.76 young per female at 68 ug/L to 53.88 at 

30 ug/L.  

In the side-by-side continuous and intermittent chronic test, the only 

reproduction that was observed during the 21-day exposure period was limited to 

seven broods in the intermittent regime (controls, 15 ug/L and 95 ug/L) which 

occurred during the last 4 days of the exposure. The reproduction observed at 

95 ug/L resulted from the single survivor previously noted. Figure 4.3 follows 

the time-course of the cumulative production occurring for the four surviving 

test groups of the intermittent regime. The daily counts were normalized to 

reflect the number of young which would have been produced by ten daphnids when 

less than ten were represented. The time-course was characterized by two 

periods of reproductive activity: 1) an early period of extremely low 

production between days 18 and 28; and 2) a period of accelerated production 

during days 28-35. The marked increase in the rate of production that took 

place in all treatment groups did not occur for a full week after the exposures 

were terminated and optimum feeding conditions were initiated. Overall 

production during the postexposure period of the intermittent regime generally 

fell short of the level of production achieved during the intermittent static

renewal test (Table 4.12), with the mean number of young per females in the 

respective control groups being 28.1 and 48.58. This was also reflected in the 

smaller mean brood size (8.78 vs 16.19) for the controls in the~ postexposure 

period of the side-by-side intermittent test. Unlike the static-renewal 

exposures, there were no significant differences between the reproduction
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observed in the controls and that observed in the intermittent exposure 

concentrations for any of the four reproductive end points.  

In the continuous exposure regime of the side-by-side chronic test, no 

reproduction occurred in any treatment until day 29 of the postexposure period 

(Figure 4.4). Cumulative daily production (normalized per ten females) showed a 

steady increase between days 29 and 35. The rate of produciton was similar 
among exposure concentrations except that the controls lagged behind. As in the 

intermittent regime of this test, the mean brood size for the continuous regime 

was less than 13.0 for all treatments (Table 4.12), and did not vary 

significantly from the controls which average 11.5 young per brood. The 

extremely late start (averaged day of the first brood on test day 32) and small 

number of broods (mean <1 brood per female) in the control group resulted in 

several significant differences in these two end points, which were not 

consistent with increasing TRC concentrations. The total number of young 

produced per female was less than 21 for all treatments and did not vary 

significantly from the controls.  

The reproductive information gathered during the constant-flow intermittent 

exposures is summarized in Table 4.13. Since there was no replication or 

statistical comparisons made, the end points are of little value for determining 

the sublethal effects of monochloramine exposures. The production data were 

further confounded by the fact that food resources were inversely related to the 

number of females remaining in each treatment due to mortality. This resulted 

in a greater number of young being produced per female in the highest TRC 

exposure, which had the smallest number of surviving females. It is important 

to observe however that all survivors of intermittent TRC concentrations as high 

as 83 ug/L went on to reproduce successfully.
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Summary of Reproductive Effects

Four reproductive end points were statistically treated following chronic 

monochloramine exposure, both under a continuous and intermittent exposure 

regime. The end points were: 1) the total number of offspring produced per 

female over the course of the testing period; 2) the total number of broods; 

3) the average number of offspring produced in each brood; and 4) the test day 

at which an individual female produced her first brood. There was no 

statistical evidence that monochloramine affected the total number of offspring 

produced during any of the test periods. The respective NOEC's were therefore, 

the highest TRC concentrations tested at which survival occurred, and the LOEC's 

were the lowest concentrations at which there was no adult survival of 

production of offspring. For the continuous flow metered exposure conducted 

with a maintenance diet, the NOEC was 15 ug/L, with an LOEC of 32 ug/L. For the 

intermittent exposures which followed a static-renewal design under optimal 

feeding, the NOEC was 68 ug/L and the LOEC was 88 ug/L. The NOEC derived for 

the side-by-side intermittent exposure (maintenance diet) was at least 75 ug/L, 

and may be as high as 95 ug/L. The higher NOEC limit results from a lone 

survivor at that concentration which produced a number of offspring similar to 

the mean control value. The accepted statistical comparisons could not be 

conducted for that treatment. The NOEC's and LOEC's for total production of 

young were precisely the same as those derived for lethality, and in the case of 

the side-by-side intermittent exposure they may be higher. The conclusion 

therefore is that monochloramine does not directly result in any significant 

reduction in offspring production. This conclusion can be supported by the 

findings of Arthur et al. (1975) who also found that Daphnia which survived 

seven days of continuous TRC exposure successfully reproduced.  

The mean number of offspring produced in each brood directly affects the 

total number of young produced and therefore total production is dependent upon
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the mean brood size. The analyses performed for the intermittent static-renewal 

test showed a highly significant departure from the mean brood size of the 

controls at a concentration of 68 ug/L, whereas there was no significant 

difference at a concentration of 30 ug/L. If there was no significant 

difference in the total production of young, it follows that there must have 

been a difference in the number of broods. Statistical analysis of the number 

of broods produced during the static-renewal test showed highly significant 

effects due to intermittent monochloramine exposures; that is, as the TRC 

concentration increased, the daphnids produced more broods than the controls.  

Although the average brood size at 68 ug/L was approximately 30 percent smaller, 

an increase in the number of broods compensated for the reduction in brood size 

so that the total production of offspring was not affected. Scientifically, 

this no "net effect" is interesting, however, the physiological effects of 

monochloramine on brood size and frequency of production may have little overall 

impact on Daphnia population dynamics (barring predation effects).  

Of the four reproductive end points measured during these tests, the day of 

the first brood may have the most "ecological" impact on population dynamics 

(Hall 1964). Although the day of the first brood is determined statistically 

independent from the other end points, the time at which reproductive activity 

begins in turn can greatly affect the other reproductive end points which are 

measured in terms of numbers of young. During the static-renewal test, there 

was no significant effect on the mean day of first brood attributable to 

intermittent monochloramine exposure.  

The results of the side-by-side continuous and intermittent chronic 

exposures were difficult to interpret for several reasons: 1) appreciable 

reproductive activity did not occur during the exposure period of either regime; 

2) reproduction started at the end of the intermittent exposure and continued
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during the postexposure period; and 3) the onset of reproduction in the 

continuous regime did not occur until approximately 10 days after the exposure 

ended. Using the static-renewal test as the benchmark for reproductive effects 

due to intermittent monochloramine exposure some comparisons can be made to the 

postexposure reproduction observed for the side-by-side test. As stated 

earlier, the side-by-side continuous and intermittent chronic exposures revealed 

no significant differences for the total production of young during a 2-wk post

exposure period. This was the same result that was observed during the 21-day 

exposure period of the intermittent static-renewal test. However, the 

significant increase in brood size observed at the highest surviving TRC 

concentration of the intermittent static-renewal test was not shown in either 

the intermittent or continuous exposure of the side-by-side test. Overall, the 

mean brood size was markedly smaller (range 8.78 - 12.30) for all test groups in 

the side-by-side test when compared to the static-renewal test (mean control 

value, 16.19). At the minimum, conclusions which can be drawn from the side-by

side continuous and intermittent postexposure reproduction experiments were 

two-fold: 1) there was no evidence of significant reproductive impairm0ent at 

TRC concentrations at which daphnids survived for 21 days of continuous (15 

ug/L) and intermittent (75-95 ug/L) exposure, and 2) the sublethal effects of 

chronic monochloramine exposure on reproduction were less evident under the 

"worst-case" situation of limited food resources than for optimal food levels.
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Table 4.1. Sunmary of toxicity tests performed to determine 
Daphnia.

the acute ard chronic effects of monochtoramine on

Toxicity Test/Exposure Regime(s) Duration Diluent Used and Other Test Conditions 

Acute (Flow-through) 

Intermittent and continuousa 48/72 hrsb Reconstituted hard water plus NH4CI; no food 
(side-by-side) present; 12:12-hr photoperiod; 10 daphnids per 

duplicate chamrber 

Chronic 

Maintenance Diet (Flow-through) 

Intermittent ard continuous c A) 21-day exposure Reconstituted hard water plus NH4Cl; fed daily 

(side-by-side) period (flow- for 1 hr (static); 12:12-hr photoperiod; 5 
through) daphnids per duplicate chamber 

B) 14-day post- Reconstituted hard water plus food; fed 
exposure period continually; 16:8-hr photoperiod; each daphnid 
(static-renewal) in individual chamber.  

Food Meteredd (Constant-flow) 

Intermittente 21-day Reconstituted hard water plus food; fed continual
ly (except during exposure); 16:8-hr photoperiod; 
10 daphnids, all in single chamber.  

Optirrm Feedingf (Static-renewal) 

Intermittente 21-day Reconstituted hard water plus food; fed continually 
(except during exposure); 16:8-hr photoperiod; 
10 daphnids, each in individual chamber.  

aBoth acute test regimes were run simultaneously for 48 hrs using the proportional diluter exposure apparatus.  

Continuous exposures were maintained during 0-48 hrs; daily intermittent (square wave) exposures administered at 
0-2 and 24-26 hrs with diluent delivered during the remaining periods.  

bAt 48 hrs, all test groups were transferred to clean test chambers containing diluent, and were held static for 

additional 24 hrs; mortality observations were made at 3, 6, 8, 24 48 and 72 hrs.  

CSame exposure apparatus was enployed as during acute test except that during each day of the 21-day exposure 

period, all test groups were fed static for 1 hr. On day 21 at[ surviving daphnids were transferred to individual 
beakers containing reconstituted water with food and maintained under standard renewal procedures until day 35.  
Mortality observations and removal of young were performed daily during the entire 5-wk test period.  

diluent (plus food) or monochloramine solution (without food) metered continuously into each exposure chamber.  

eContinuous exposure was not possible in presence of food.  

leach daphnid held separate (diluent plus food) per standard renewal procedure; during each daily intermittent 

exposure daphnids were transferred to capped exposure chambers containing monochloramine solutions (without food) 
and held static for 120 main. Daphnids were returned to the holding and feeding chart~ers for the remaining 22 hrs 
of each day.
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Summa.:ry of routine water quality measurements performed during the 
Daphnia acute tests.  

-------------------------------------------------------------------

Exposure Regime 

Parameter Cont inuous Intermittent 
-------------------- -- --------------------------------

Percent monochloranine 
Mean - S.D.  
Range 
N 

Temperature (Celcius) 
Mean +- S.D.  
Range 
N 

Dissolved Oxygen (mg/L) 
Mean - S.D.  
Range 
N 

Percent Oxygen Saturation 
Mean f- S.D.  
Range 
N

pH
Range 
N

92+-7 
(80 - 100) 

6 

19.5+-0.3 
(18.8 - 19.8) 

16 

8.6+-0.1 
(8.4 - 8.9) 

16 

93+-l 
(92 - 98) 

16 

(8.32 - 8.46) 
16

98+-2 
(95 - 100) 

4 

19. 6+-0.3 
(19.1 - 20.1) 

18 

8.4+-0.1 
(8.3 - 8.5) 

18 

93+-1 
(91 - 94) 

18 

(8.35 - 8.46) 
12

Un-ionized ammonia (ug/L) 
Mean - S.D.  
Range 
N 

Total alkalinity (mg CaCO3/L) 
Mean +- S.D.  
Range 
N 

Hardness (mEq/L) 
Mean - S.D.  
Range 
N

9+-5 
(3 - 15) 

16

110+-3 
(107 - 113) 

2 

162+-4 
(158 - 166) 

2

16+-7 
(6 - 25) 

12



Tcf~h 

Suminaxy of total residual chlorine (TRC) concentrations (iLeasured aniperometrically) and percent 
tonochlorine (DPD titranetric method) at each exposure level tested during continuous and 
lhteru Itteit ex,,po~urne to Daphria tfiagra du-rig the acute teAt, 

----------------------------- w-----------------------------------------------
Exposure Level 

Exposure Regime/Parameter 1 2 3 4 5 Control 

-- - ----------------------------------------------

Continuous 

TRC, ug/L 
Nominal value 128 64 32 16 8 0 
Overall mean (11) 115 (6) 53 (6) 26 (10) 12 (11) 8 (12) 0 (11) 
i-S.D. f-2 f-2 f-2 f-2 ,-1i-I 
(Range) (112--117) (51-57) (22-29) (10-17) (6-11) ((0-2) 

Percent monochloramine (N) 92 (3) 92 (3) 

Intermittent 

TRC, uq/L 
Nominal value 150 125 100 75 50 0 
Overall mean (N) 153 (5) 129 (4) 101 (4) 72 (4) 52 (4) <0 (4) 
f-S.D. f-10 f-8 i-I f-4 f-5 f-3 
(Range) (143-166) (122-139) (99-102) (69-75) (47-59) (0-0)

Percent monochloramine (N) 96 (2) 99 (1) 100 (I)



cTLL4

MIortal ties observed at four saip]ing perioos during the iritial 24 hfrs, and after Ear.h 24-thr pei oI theL , ter, 
through 48 hrs of continuous exposure of onchI-18r ip- to Daphnia iitagna. Shon are total nuber of c:r taJ I es 
remived during each ir,terval with -ufulative percentage ortality through that point in paethse_.  

Mean 
Exposur e 
Ccn: en- N,,. of ,,ral 
tration Dapnids Observation Time 

u~~IL as Pepli--at------------------------------------------------------------- ct1 (uglL as #Repl i- at r t:,rtal

TC) cate Start 3 hrs 6 hrs 8 hrs 24 hrs 48 hfs 72 hfs ity 

115 A 10 0 (0) 0 (0) 0 (0) 10 (100 7. ortality) 0 (10) 
B 10 0 (0) 0 (0) 2 (20) 8 (100 % ortality) 0 (100) 

Co1bined 20 0 (0) 0 (0) 2 (10) 18 (100 7. ortality) 0 1(00) 

53 A 9 0 (0) 0 (0) 0 (0) 9 (100 7. ortality) 0 (100) 
B 10 0 (0) 0 (0) 0 (0) 10 (100 X mortality) 0 (100) 

Colbined 19 0 (0) 0 (0) 0 (0) 19 (100 X rv.ortality) 0 (100) 

26 A 9 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (33) 
B 10 0 (0) 0 (0) 0 (0) 0 (0) 2 2O) 4 (60) 

Coibined 19 0 (0) 0 (0) 0 (0) 0 (0) 2 (11) 7 (47) 

12 A 10 0 (0) 0 (0) 0 (0) 0 (0) 0 0) 0 (0) 
B 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Coibined 20 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

8 A 10 0 (0) 0 (0) 0 (0) 0 (0) 1 (10) 0 (10) 
B 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Coibined 20 0 (0) 0 (0) 0 (0) 0 (0) 1 (5) 0 (5) 

Control A 10 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0 
B 9 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Combined 19 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)



Mortalities observed at four satpiing peri,-,ds during the ''nitial 24 hrs, ald after each .24-ut period ;heif fr-t 
throuqh 48 Irs of ifter ittent exposures of @:,nochlorab ine to Daphnia agna. S,,n *ure total ,uuber of ,.tr.1ties 

reaoved during each interval ith cuaulatie ev centage otality through tipt ,F,int in parertleses.  

Mean 

Exposure 
Corc n- I. of . a o 
tratI1, n Daphnid- O:servatir Tiu Percent 

fugIL-as-------a-------------------- w----------------------------------------- ra1 uglL as pept-at rh"2rr ity 
TR) ,.a tE S tart %3 h rs 6 hrs 8 hr S 24 hrs48 h r s 7*2 hriI-s I t y

153 A 10 0 (0) 0 (0) 
B 9 0 (0) 0 (0) 

Coibined 19 0 (0) 0 "0) 

129 A 9 0 (0) 0 (0) 
B 10 0 (0) 0 (0) 

Combined 19 0 (0) 0 (0) 

101 A 10 0 (0) 0 (0) 
B 10 0 (0) 0 (0) 

Cobined 20 0 (0) 0 (0) 

72 A 10 0 (0) 0 (0) 
B 10 0 (0) 0 (0) 

C,:Abined 20 0 (0) 0 (0) 

10 0 (0) 0 (0) 
B 10 0 (0) 0 (0) 

Combined 20 0 (0) 0 (0) 

Control A 10 0 (0) 0 (0) 
B 9 0 (0) 0 (0) 

Coibined 19 0 (0) 0 (0)

0 (0) 6 (60) 4 (100) 0 
0 (0) D ) ) 1 (100) 0 
0 (0) 14 (74) S (1N0 0 

0 (0) 2 (22) 7 j00) 0 

0 (0) 2 (20) 7 (90) 1 
0 (0) 4 (21) 14 (95) 1 

0 (0) 0 (0) 4 (40) "2 
0 (0) 2 (20) 0 (20) 0 

0 (0) 2 '10O) 4 (30) 2 

0 (0) 0 (0) 0 (0 0 
0 -)4 0 (0) 0 (0) 0 
0 0) 0 (0) 0 (0) 0 

0 (0) 0 (0) 0 (0) 0 
0 (0) 0 (0) 0 (0) 0 
0 (0) 0 (0) 0 (0) 0 

0 (0) 0 00) 1 (O) 2 

0 (0) 0 (0) 0 (0) 0 
0 (0) 0 (0) 1 (5) 2

(100) 
(100) 

'.100) 

(100) 

(60) 

(20) 
'40) 

("0) 

(0) 

(0) 

(0) 
(0) 
(0) 

(30) 
'0) 

(16)



Summary of routine water quality measurements performed during the 
Daphnia chronic te &ts.  

Exposure Regime 

Parameter Continuous Intermittent

Percent monochloramine 
Mean i- S.D.  
Range 
N 

Temperature (Celcius) 
Mean +- S.D.  
Range 
N 

Dissolved Oxygen (ag/L) 
Mean 1- S.D.  
Range 
N 

Percent Oxygen Saturation 
Mean -- S.D.  
Range 
N

pH
Range

Un-ionized ammonia (ug/L) 
Mean ±- S.D.  
Range 
N 

Total alkalinity (mg CaCO3/L) 
Mean -- S.D.  
Ranqe 
N

Hardness (mEq/L) 
Mean +- S.D.  
Range 
N

94+-i] 
(65 - 100) 

12 

19.5+-0.5 
(18.5 - 20.4) 

16 

8.5+-0.2 
(8.2 - 8.7) 

16 

93+-2 
(91 - 96) 

16 

(8.23 - 8.46) 
26

3+-i 
(2 - 6) 

32

98+-3 
(93 - 100) 

12 

19.9+-0.4 
(19.4 - 20.4) 

18 

8. 6-0.2 
(8.3 - 9.2) 

18 

94+-2 

(92 - 98) 
18 

(8.16 - 8.46) 
30 

7+-3 

(3- 23) 
36

107+-8 
(98 - 116) 

166+-5 
(159 - 171) 

6



Sunary of total residual chlorine (TRC) cor:centrations (measured anrperometrically) and percent 
vionochlorine (DPD titrainetric method) at each exposure level tested during continuous and 
intermittent exposures to Daphnia nugna during the chronic test.  

Exposure Level 

Exposure Regime/Parameter 1 2 3 4 5 Control 

Continuous 

TRC, ug/L 
Nominal value 32 16 8 4 2 0 
Overall mean (N) 32 (4) 15 (33) 7 (35) 4 (35) 2 (35) 0 (34) 

f-.D -4 1-2 1-2 f-2 f-i f-i 

(Range) (28-36) (10-22) (4-11) (1-10) (0-6) (<0-4) 

Percent monochioramine (N) 91 (5) 94 (6) 100 (1) 

Intermittent 

TRC, ug/L 
Nominal value 100 80 60 40 20 0 
Overall mean (N) 95 (32) 75 (32) 58 (32) 38 (34) 15 (33) 0 (32) 
I-S.D. -7 f-4 f-3 f-3 1-3 f-i 

(Range) (78-106) (65-83) (51-64) (31-47) (9-21) (<0-2)

Percent wonochloramine (N) 97 (6) 100 (1) - 99 (5)



Sua-nary of total residual chlorine, observed mortalities, cumulative percent mortalities, and estimated LC-50 (Timmed Spearman-Karber 
method) during the initial 24 hrs and after each 24-hr period during continuous exposure of monochloramine to Daphnia magna.

No. of 
Daphnids 

Treatment at
Observation Time (Days)

Level Start 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
--------------------------------------------------------------------------------------------------------------------------

1 10 TRC (ug/L) 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 
Cum. Mort. 0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Cum. % Mort. 0 100 100 100 100 100 100 100 100 100 100 100 100 

2 i0 TRC (ug/L) 17 16 16 15 15 15 15 15 15 15 14 14 15 15 15 15 15 15 
Cum. Mort. 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Cum. % Mort. 0 0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 10

9 TRC (ug/L) 
Cum. Mort.  

Cum. % Mort.

7 8 8 8 8 8 8 7 7 
0 1 1 1 1 1 1 1 1

10 TRC (ug/L) 8 8 7 6 5 5 4 5 5 4 4 4 4 4 4 4 4 4 4 4 
Cum. Mort. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Cum. % Mort. 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

10 TRC (ug/L) 3 4 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Cum. Mort. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cum. % Mort. 0 0 0 0 0 0 0 0 0 0 0 0 0 0nn [ n n n n

10 TRC (ug/L) 

Cum. Mort.  
Cum. % Mort.

LC-50 (ug/L) 
(Trimmed Spearman-Karber method)

0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0

22 22 21 19 19 19 19 19 19 18 18 18 18 18 18 18 18 18 18

19 20 

32 32 

10 10 
100 300 

15 15 
1 1 

10 10

Control



Summary of total residual chlorine, observed mortalities, cumulative percent mortalities, and estimated LC-50 (Timmed Spearman-Karber 
method) during the Initial 24 hrs and after each 24-hr period during Intermittent exposures of monochloramine to Daphnia magna.

No. of 
Daphnids 

Treatment at 

Level Start

Observation Time (Days)

1 2 3 4 5 6 7 8 9 10 11 32 33 14 15 16 17 18 19 20 21

1 30 TRC (ug/L) 90 90 88 88 89 89 90 92 92 92 92 92 93 53 93 93 93 94 
Cum.XMort. 0 0 2 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 

Cum. % Mort. 0 0 20 80 80 80 80 90 90 90 90 90 90 90 90 90 90 90 

2 9 TRC (ug/L) 71 71 70 71 71 71 72 73 73 73 74 74 74 74 74 74 74 74 
Cum. Mort. 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 3 3 

Cum. % Mort. 0 0 0 0 0 0 0 0 11 11 11 11 11 11 11 11 33 33 

3 30 TRC (ug/L) 60 60 59 59 59 59 58 59 59 59 5 58 58 58 50 58 58 58 
Cum. Mort. 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cum. % Mort. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 9 TRC (ug/L) 38 38 37 37 38 38 38 38 38 38 38 38 38 38 38 38 38 38 
Cum.Mort. 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Cum. % Mort. 0 0 0 0 1 1 1 1 1 11 11 11 11 11 11 11 11 11 

5 9 TRC (ug/L) 17 16 16 16 17 17 16 37 17 17 16 16 15 15 15 15 15 35 
Cum. Mort. 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 

Cum. % Mort. 0 0 0 0 0 0 0 0 11 11 11 11 11 11 11 11 11 11 

Control 10 TRC (ug/L) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cum. Mort. 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Cum. % Mort. 0 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

LC-50 (ug/L) (Trimmed Spearman-1iarber method) 83 84 84 85 85 84 84 85 85 85 85 85 85 82 83

95 95 95 
9 9 9 

90 90 90 

74 75 75 
3 3 3 

33 33 33 

58 58 58 
0 0 0 
0 0 0 

38 38 38 
1 2 2 

11 22 22 

15 15 35 
2 2 3 

22 22 33 

0 0 0 
2 2 2 

20 20 20 

83 S4 84



Table 4.10. Summary of chronic toxicity test end points based on body 
length at 21 days for Daphnia magna exposed to mono
chloramine under several test regimes.  

End Pointa (TRC, ug/L) 

Test/Exposure Regime NOE E LOEC ICI0 

Side-by-side (maintenance diet) 

Continuous 15 NDb NRc 

Intermittent 38 58 36 (0-112) d 

Constant-flow (metered food) 

Intermittent 83 ND 1 1 9 e 

Static-renewal (optimum feeding) 

Intermittent 30 68 8 2 e 

aNOEC = highest TRC concentration tested for which length was not 

significantly different than the control; LOEC = lowest TRC 
concentration tested for which length was significantly less 
(Dunnett's test; ath0.05) than controls. IC10 = predicted TRC 
concentration (regression analysis) that would cause 10 percent 

binhibition in growth as measured by body len~th at 21 days.  
bNot determined (i.e. highest test concentration was the NOEC).  
cNot regressible due to poor concentration-effect correlation.  

Ninety-fivepercent confidence intervals (95% C.I.).  
Endpoint was greater than the LC50 or at a concentration that 
would be expected to achieve total mortality; therefore, 95% C.I.'s 
were not calculated.



Table 4.11. Reproductive end points (total number of young, brood 
size, day of first brood, and number of broods) for D.  
magna chronically exposed to monochloramine for 21 
days under a daily 120-min intermittent regime per
formed under static-renewal conditions.  

Mean TRC Concentration (ug/L) 

End Point/Statistic Control 30 68

Total noa.  -.24 female) of young 
Mean 
S.D.  
cv (%) 
Range 
N

48.58 

15.90 
(30-80) 

8

53.88 

11.10 
(42-76) 

9

35.76 

21.20 

(7-g0) 
10

Brood size 
Mean 16.19 16.34 11.36 * * c 

S.D.  
CV (%) 23.70 18.80 27.10 
Range (3-38) (2-35) (9-10) 
N 8 9 10 

Day of first brooda 
Mean 10.87 10.98 10.08 
S.D.  
CV (%) 1.60 4.50 5.00 
Range (10-11) (10-13) (9-10) 
N 8 9 10 

Number of broods 
Mean 2.58 3.38** 3.51** 
S.D. 0.05 0.07 0.05 
CV (%) 13.9 14.6 11.9 
Range (2-4) (2-5) (3-5) 
N 8 9 9 

aThese data were square root transformed before statistical 
banalysis.  
One daphnid died after firs brood. (;cSci) 

CA--deubl--a t ind-ieatessignificantly !owerAthan the control 
value based on Dunnett's multiple comparison test (alpha = 0.0.).



Table 4.12. Postexposure reproductive erd points (total number of young, brood size, day of first brood, and nurber of broods) 
for D. magna after continuous or intermittent exposure to monochloramine for 21 days in side-by-side flow-through 

test.  

Mean TRC Concentration (ug/L) 

Continuous Intermittent 

Control 2 4 7 15 Control 15 38 58 75 95 

Total no.-(per fera[e) 

Mean"12.1 15.9 20.1 18.7 20.3 28.1 27.6 27.2 22.2 26.1 26.0 
S.D. 1.56 1.34 1.16 1.17 2.61 0.16 0.65 0.13 1.09 0.68 

CV (%) 36.0 29.1 24.1 25.1 35.9 7.6 15.4 7.0 22.2 16.1 
Range 5-34 6-29 3-30 7-30 1-37 21-36 17-38 22-34 9-34 17-42 

N 7 10 9 7 9 8 6 7 10 7 1 

Brood Size 
Meanb 11.50 9.33 9.76 10.43 12.78 8.78 9.91 9.10 9.63 12.30 13.0 
S.D. 10.32 3.55 3.01 2.86 5.62 2.28 3.59 1.27 2.59 5.36 
CV (%) 89.8 38.1 30.9 27.5 44.0 25.9 36.2 14.0 26.9 43.5 
Range 0-34 3-29 3-24 4-22 1-37 1-19 1-17 1-19 1-24 1-29 

N 7 10 9 7 9 8 6 7 10 7 1 

Day of first brood 
Meana  32.0 30.3** 30.8 30.0** 30.9 25.3 25.9 27.5 27.0 29.0 29.0 
S.D. 0.01 0.009 0.002 0.008 0.005 0.07 0.12 0.04 0.08 0.02 
CV (%) 1.8 1.7 0.7 1.7 1.3 5.1 6.7 3.6 5.6 2.5 
Range 31-34 29-32 30-31 29-31 29-32 22-29 24-33 24-30 24-32 26-30 

N 7 10 9 7 9 8 6 7 10 7 1 

Number of broods 
Mean a c 0.96 1.75* 2.07** 1.80* 1.63 3.32 3.02 3.00 2.44 2.26 2.0 
S.D. 0.19 0.06 0.05 0.07 0.04 0.06 0.17 0 0.18 0.02 

CV (%) 44.7 18.4 14.9 19.4 16.2 13.6 23.9 0 27.3 10.3 
Range 0-2 1-3 1-3 1-3 1-2 2-5 1-5 - 1-4 2-3 

N 8 10 9 7 9 8 6 7 10 7 1 

aUnless indicated, (* = significant at 0.05 leveL, ** = 0.01) the results of Dunnett's multiple comparison test showed no 
values to be significantly different from the control (alpha = 0.05).  

bMean brood size was analyzed by the non-parametric Games and Howell Method and showed no significant differences 

(alpha = 0.05).  
cStatistical significance was not determined for the number of broods for intermittent regime.



Table 4.13. Summary of reproduction observed for D. magna during 
21 days of intermittent exposure (120 min per day) to 
to monochloramine under constant-flow conditions.  
All values reflect the overall production occurring 
for the given number of reproducing females present 
in each treatment.  

Mean TRC Concentration (ug/L) 

Reproductive 
End Point Control 26 57 83 

Day of first brood 8 10 10 9 

Total no. of young 
(no. of females) 145(10) 63(9) 98(9) 62(4) 

No. of young/female/dayb 1.12 0.64 0.99 1.29 

aStatistical comparisons were not possible due to lack of 
breplication.  
Total number of young produced divided by the number of females 
and the number of days reproduction occurred.
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Figure 4.2. Cumulative daily production of offspring (total number of young) by 
surviving female Daphnia magna chronically exposed to daily 
intermittent (120-min) periods of monochloramine for 21 days under 
static-renewal conditions. Each data point represents a brood day 
by one or more of the ten females in each treatment level (TRC 
concentration, ug/L).
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Figure 4.3 Cumulative daily production of offspring (total number of young) by surviving 
Daphnia m exposed intermittently to monochloramine and fed a maintenance 
diet during the first 21 days. Since the number of reproducing females was 
510, all numbers were adjusted to the number per female x 10; each data point 
represents a day in which a brood(s) occurred.
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5.0 Conclusions 

The main objective of this study was to strengthen the database of the 

effects of intermittent exposure of sensitive species of aquatic organisms to 

monochloramine. The intermittent exposure tests were to be run in parallel with 

continuous exposure tests under uniform standard toxicity testing procedures to 

directly compare the results of the two exposure regimes.  

The objectives were accomplished through acute exposure tests with four 

species and chronic tests using two of the same four species. The intermittent 

tests exposed the organisms to monochloramine for 2 hours per day over periods 

ranging from 48 hours to 60 days. The continuous exposure tests were conducted 

over an identical time period.  

A comparison of the effects of the two exposure regimes on the test species 

is summarized in Table 5.1. Although various other lethal and sublethal 

endpoints were derived and discussed elsewhere in this report, LC50 values for 

specified time periods were calculated for each species and are compared here.  

Ratios of intermittent to continuous exposure effects are also presented.  

The differences in the effects of the two exposure regimes are best 

illustrated by comparing the intermittent to continuous exposure ratios. In the 

acute tests the ratios ranged from 3.18 in the 48-hr Daphnia tests to >100 in 

the snail 96-hr tests. The extremely high ratio shown in the snail tests 

reflects the ability of this species to withdraw from the monochloramine during 

intermittent exposures. Excluding this ratio, the results indicate that 

intermittent exposures are approximately 3 to 7 times less toxic to sensitive 

species of aquatic organisms than are continuous exposures to monochloramine.  

The ratios calculated for the chronic exposures show a slightly higher 

range between 4.66 for the Daphnia 21-day test to 9.15 for the rainbow trout 20

day early life stage test. The lethality curves for the rainbow trout (Figures 

2.13 and 2.15) suggest that the ratio may ultimately approach 7, similar to that
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for the acute tests. These results indicate that chronic intermittent exposures 

of monochloramine are approximately 5 to 7 times less toxic to rainbow trout and 

Daphnia than are continuous exposures.  

Based on the acute continuous exposure LC50 values, the order of 

sensitivities for the species tested is similar to that reported in the 

literature (D. magna > G. livescens > N. cornutus > S. gairdneri) (U.S. EPA 

1985a) All four species tested in this study were among the ten most sensitive 

freshwater organisms ranked by EPA.  

It was not the intent of this study to recommend safe concentrations of 

monochloramine for intermittent exposures to aquatic organisms nor to recommend 

modifications to the continuous exposure regulations set by U.S. EPA (1985a).  

Previous studies have attempted to model safe intermittent exposure levels from 

the data available for continuous tests (Murray et al. 1984; Wang and Hanson, 

1985) but have been limited by the lack of good quality data which directly 

compares the response of aquatic organisms to the two exposure regimes. Wang 

and Hanson, 1985 note that it is more desirable to make such comparisons where 

the same researchers have conducted both constant and intermittent exposure 

toxicity tests. This study has provided the data needed for such direct 

comparisons, which could be used for the development of intermittent exposure 

water quality regulations for monochloramine.
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Table 5.1. Comparison of the relative toxicity of intermittent and continuous 
exposures of monochloramine to four test species during side-by-side 
toxicity tests.

Intermittent Continuous 
End pointa Value Value 

Test Species (LC50) (ug/L) (ug/L) Ratio 

Acute 

Common shiner 96- and 120-hr 345 71 4.85 

Rainbow trout 96-hr 761 i1 6.85 
120-hr 739 107 6.91 

G. livescens 96-hr >4 6 0 0b 45 >100 

Daphnia magna 48-hr 108 34 3.18 

72-hr 107 26 4.12 

Chronic 

Rainbow trout-ELS 20-dph >6 7 7b 74 9.15 
60-dph 449 57 7.88 

D. magna 21-day 84 18 4.66 

a Estimate for the standard acute test end point is listed first followed by the 

estimate for the final observation time when delayed mortality was observed; 
the ELS test was divided into two phases which included LC50's for 0-20 and 21
60 days posthatch (dph).  

bLC50 was not calculated; given is the highest TRC concentration tested when no 
exposure concentration achieved 50 percent mortality at the end point.
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