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ABRSTRACT

The acute toxicity of ammomnium chloride was measured for eight fish
species representing four families commonly found in midwestern streams. The
96-hour median lethal concentrations (LC50) at pH 7.5~7.9 and 22-27 C were:

Ustogstomus commersoni, U.65; Ictslurus puactatus, 1.19: Lepomis macrochirus,

1.32; HNotemigonus chrysoleuwcas, 0.59; Hotropis whivplei, 1.03; MNotropis
spilopterus, 1.11; Campostoms anowalum, 1.41; and Pimephales promelas, .49 mg

NH3~N/1itexs The family mean acute value for Cyprinidse, expressed as a limit
st high pH, was 1.45 mg NH,~N/1. TFathead mimmow (P, promelas) embryo-larvae,
exposed for ZE& days post~hateh, had significantly reduced growth at 0.28 me
NH3~N!1 compared to controls. A chrowic affect level of 0.18 mg EHB—Nil, and
an acutefchronic ratio of 8.28 were caiculated fo the 28 day minnow test.
Larval chamnel catfish (J. pupectatus) exposed in a similar manner, had
significantly reduced growth at .20 mg NHBMNflw The 30-day chronic effect
level for catfish was 0.15 mg NHBMNIE, with an acute/chromic ratio of 7.9.
Larval growth rate was found {o be more sensitive to ammonia than hatching
success, occurrence of deformities, or 48-hour survival of larvae for both
minnows and catfish.

A positive limear relationship was found between the LG50 for low
dissolved oxygen, and the awbient concentration of ammonia in 96-hour exposures
with fathead minnows. Proportional mortality could be described as a linear
fumction of dissolved oxygen concentration and an interaction term between
oxygen and ammonis, The results were also shown to follow e
concentration-addition model for joint toxic action when smmonia and oxygen
concentrations were eupressed as toxic units®, _

An ammonia c¢riterion based on these resulte and other available toxicity
information was calculated for sixteen families occurring in midwestern
non-szlmonid waters, A wvalue of 0.2 mg'NE3~N!1 was obtained for the criterion
- maximum, or concentratiom that should not be exceeded., The maximum allowable
30-day average concentration wés found to be 0.04 mp NEB—Nfl uging this
approach. The amount of smmomiz that may be dischar%ed to a river depends on
these two criteriom limits, and the amount of dilution in the resceiving water.
Discharges are wost limited during low flow events, which typically occcur in

iste suvmmer., An examination of the low flow characteristics for eleven Indiana

rivers indicates that sllowsble discharge vates based on 30-dav average




conditions are more restrictive thanm discharges based on a one-day maximum
allowable concentration. The relative importance of the ome-day and 30-day
average low flow events depends on the ratio of the two flows, in comparison to

the acute/chronic ratio used to derive the criterion.




INTRODUCTION

Ammonia is one of the most common water pollutants discharged to lakes and

streams from either point- or non-point sources {Rational Research Council,
1979). Municipal sewage Pffxuantss industrial process @fiﬁueﬁtsn and runoff
from fertilizer or confined feedlot operations frequently contain Signlflcant
amounts of ammonia or other ni itrogen~containing crganic materials such as urea
that can form ammonia during decomposition. Dissolved ammonia in wastewater
contributes to nitrogemous biochemical oxygen demand, which can impair aguatic
copmunities by lowering dissclved oxygen levels. Amsoniz may also cause direct
toxicity to aquatic organisms. |

Water quality criteria for ammonia are derived from available information
on its acute and chronic toxicity to aguatic organisms. Criteria calculated
from this toxicity information form the basis for designing stream standards
gnd effluvent limitation programs. For this reasom, it is particularly
important to derive realistic ammomis criteria that adequately protect aguatic
life and related water resources, without being overly strimgemt. Since
ammonis~nitrogen is incompletely removed from wastewater by copventional waste
treatment, water guality standards requiring very low ammonia concentrations
wmight prove difficult fo meet, and might require the installaticon of expensive
smmonia removal {pitrification) processes by municipalities and industries,
Consegquently, there has beem active intersst in the development of acceptable
ammonia criteris in receni years.

The evaluation of ammomia toxicity in water is relatively complex because
smmonia occurs 1m two forms — molecular (ﬁHB or NB4QH} and ionic (N54+} - with
éifferimg toricities. The eguilibrium between the two forms is a function of
tempe r ture and pE, with high temperatures and alkaline conditioms favoring the
more Loxic molecular form (Emerson et al, 1975). Toxicity results and criteria
are usuaiiy expressed as concentrations cof un-ionized ammonia. Kevertheless,
the toxicity of the un-ionized form itself varies with lemperature and pH
(Thurston et al., 198la). ©Low temperacures and pH appear to enhance its
toxicity to fish and other aquatic organisms, makig§ comparisons difficult
hetween tests run under different conditions. Other water quality factors such
as hardness, salinity, end dissolved oxygen may also affect the respomse of
figh to ammonia.

The current recommended national water guality criterion for smmonis

adopted by the V.S, Envircpmentzl Protection Agency {U.8. EPA 1977) is 0.02 NHB
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mg/l as un-ionized amwonia {azlthough a newer criteria document is in review) .
Other agencies such as the International Jeint Cowmission, ORSANCO, and
Buropean Inland Fisheries Commission have chosen values in the range of 0.0 to
0.05 mg/l. Until very recently, the toxicity data base supporting such
criteria was rather small. Available test results were primarily acute rather
than long-term. Many of the reported bioassaye were unusable because of a lack
of informatiom on test conditions such as pH and size of organisms., Fish
species were more frequently tested than aquatic invertebrates or plants, and
among fish the family Salmonidae was heavily represeﬁsed. The limited
information available on mnon—-salmonid families, based mainly on short-term
tests was minnows (Cyprinidae), suggested that common warmwater families might
be more resistant to emmonia This gave rise te criticism. that the national
criterion was overly protective for warmwater, non~salmonid, communities.

Since publication of the 1977 natiomal criteris document, Lwo newer
approaches to water quality criteria have been proposed by the U.5. EPA and
others. One is the use of a “two number" criterion specifying an instantaneous
maximum allowable concentration of & pollutant, and a 30-day average
concentration. The two numbers are derived from acute and chromic toxicities
respectively (Stephan et al., 1983). In practice, the application of a "two
number" criterion depends greatly on the flow regime of the receiving body,
which governs the allowable discharge rates and determines whether the maximum
or avefage conditions are more restriective. An alternative approach, adopted
by several states, has been to use separale criteria for summer and winter
conditions.

There has also been growing interest im developing site-specific criteria
for water bodies. In this approach, naticnal criteria are modified to account
for local watex quality characteristics that could act to modify toxicity.
locations with particularly semsitive or insemsitive communities of oT ganisme
would also be candidates for site~specific criteria. Guidelines for developing
such site-specific water quality criteria have been described (U.8. EPA 1982).
A number of agencies in the Midwest, including municipal and industrial
dischargers in Indiana, have considered the possibility of developing
site~specific asmmonia oriteria for rivers, having non-salmonid (warmwater)
aquatic communities. Those ssme rtivers also typically go through large
fluctuations in flow during the vear. . In most Indiana streams, for example,

lowest mean monthly flow occurs in late summer. The high temperatures and pH
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that generally accompany low flow also act to increase the peréeﬁtage of
un~-ionized ammonia in effluents. Thus, the allowable quantity of total ammonia
permitted at a discharge would be most restrictive during late summer low flow
events. Other stressful conditions such as low dissolved oxygen could also
interact fo make aquatic organiems more susceptible to ammonia at that time of
year, _
Considering the biologiral and economic importance of adopting defensible
criteria for ammonia, the authors felt that better toxmicity information was
needed on warmwater fish species. Regardless of whether or not such results
would influence the choice of 2 national criterion, tests with sdditional
species under c@ﬁéitions typical of midwestern streams would be helpiul for
developing future site-gpecific criteria in that regiom of the country.
‘Consequently, the present study was designed to:

1) measure the acute toxicity of amwonia tc additiomal species
representing fish families typically found in midwestern warmwater
slreams.

2) determine the concenmtration of ammonis toxic to embryc and larval
cstages of two species in long~term exposures.

3) conduct the exposures under comditions of temperature, hardness, and pH
gimilar to these occurring in the region during low flow couditions,

4} investigate the interaction of ammoniaz and low dissolved oxygen im
short~term lethal exposures to minnows,

5} calculate an example of a "two number® ammoria criterion using
availasble toxicity information on warmwater species, and apply it to
representative streame in Indiana.

There has been a great deal of scientific interest in this topic duriag
recent years., Since imitiation of this project, a number of other authors have
contributed to our understanding of ammonia toxicity im aquatic organisms. An
up~to-date review of the ammonia literature was recently drafted as part of the
revised national criteria document (U.§S. EP4 1983), Every attempt has been

made to incorporate these recent developments in the presentation and analysis

of results in the following report.
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I. TOXICITY TESTS WITH WARMWATER FISH

Methods and Materials

Exposure Systems. Dilution water for all tests conducted before July 1982

consisted of dechlorinated well water that had been passed through a series of-
four, 4 w activated carbom filters. No chlorine residual was detectable by
specific chlorine electrode during testing. Beginning in July, 1982, all tests
were conducted with dilution‘water pumped directly from a well without
chlorination. Plumbing used in the laboratory system was PVC, CPVC, and glass.
Chemical characteristics of the dilution water are given in Table 1. Water
temperature control in the range of 22-27C was achieved with an automatic water
mixing valve on the influent line. The temperature, pH, and other water
quality conditions were similar to those found during low flow periods in
midwestern warmwater streams,

Flow—through acute toxicity tests were conducted in 60-liter glass aquaria
supplied with solutions produced in a proportiomal dileter similar to that
described by Lemke et al. (1978). A series of five ammonium chloride solutions
having a dilution ratio of 50% or 70%Z, and a control, were distributed in
duplicate to a total of 12 aquaria. The diluter was calibrated before each
test and checked each day during the test. Flow rates of 0.5 - 0.6 1iters/min
to éach tank provided more than the minimum water exchange rate suggested imn
bicassay protocols {Committee on Methods for Toxicity Tests with Aquatic
Organisms, 1975).

The same system was used for embryo-larval tests, except that the larvae
were held in smaller (5.5 liter) tanks that received test water siphoned at a
rate of 0.06 liter/min from the unoccupied large aquaria. To begin the
embryo~larval tests, fish embryos were held in oscillating incubation cups made
of 6 cm lengths of 3.8 cm dia. CPVC pipe with 480 mesh Nitex anylon screening
glued to one end. Thé cups were hung from a rocker arm assembly drivem by a
siz rpm motor. This assembly ﬁroduced a vertical oscillation of approximately
2 cm which provided am exchange of water imside the cups. When the fish
hatched, the larvae were distributed to the 5.5 liter aquaria for the remainder
of the test. _

Acute lethal expoéures to low dissolved oxygen were produced by supplying

partially degassed influent water to 48-liter test aquaria. Dissolved oxygen



Table 1. Typical chemical characteristics of the
dilution water used in all toxicity tests.
Values are in mg/liter unless noted otherwise,

Alkalinity, as CaCoy 260
Bardness, as GaCOE” 360
Conductivity, pmhos/em 660
- Total ammonia N ¢.05
Nitrite - KN <0.0G5
Nitrate - N 0.27
Copper | E <0.01
Aluminum : - <0.05
Lead ‘ <0.01
Zine o 0.01
Cadmium <0.01

Iron " _ .34




concentrations in the range of 0.5 to 7.0 mg/liter were generated by N,
stripping and 0, reaeration in a series of two columns, as described by Hicks
and DeWitt (1970). Changes in the oxygen content once the water reached the
open aquaria were prevented by floating plexiglass covers om top of the test
water in each tank. This also prevented test fish from "gulping"” air at the
water surface during the 96-hour exposure.

Interactions between dissolved oxygen level and ammonia were tested in the
same system by supplying all tanks with a constant concentration of ammonia
during the oxygen tests. A multi-channel peristaltic pump {(Gilson Medical
Electronics Co.) was used to inject a stock ammonia solution. The combined
flow rate was 0.2 liters/min into each aquarium.

Test Organisms. Test fish were obtained either from private dealers in

Indiana, from laboratory cultures, or by seining local ponds. Fathead minnows

{(Pimephales promelas) and channel catfish {lctalurus punctatus) were raised

from cultures normally maintained in the toxicology laberatory. Fish brought
to the laboratory from outside were quarantined for a minimum of 14 days before
testing. Fish treated with therapeutic chemicals were likewise held for at
least 14 days, and judged to be disease-free before being considered for use in
toxicity tests. |

Acute Lethality Tests. Ten or more fish were randomly distributed to each

test aquarium at the beginning of a 96-hour toxicity test. Mortality
observations were recorded on a time sequence of approximately: 0.25, 0.5, 1,
2, 4, 8, 12, 16, 24, 36, 48, 72, and 96 hours. Dead organisms were counted,
removed, and preserved in 10% formalin at each observation time. The criterion
for death was the lack of opercular movement and lack of response from gentle
prodding. Weights of ten randomly selected fish were recorded after each test.
Water chemistry analyses including total ammonia; dissolved oxygen,
temperature, and pH were conducted at the beginning, at 48 hours, and at the

conclusion cof the test.
Thirty-day Embrvo-larval Exposures. Fathead minnow embryos from multiple

spawns at Lilly Research Laberatories, Greénfield, Indiana, were removed f{rom
spawning substrates and transported to the testing facility. After sorting the
eggs according to dévelopmental stage, 30 Viabie embryvos, 10 to 18 hours old,
were placed in the incubation cup suspended in each of the 12 test agquaria.
Embryo mortality was recorded daily and dead or diseased eggs were removed at

each observation time. Data on embryoc mortality, hatching success, preéence of



deformities, and survival through hatching were recorded. After &ll live
embryos hsd hatched, the surviving larvae were counted and released into the
test chambers. Newly hatched brine shrimp (less than 12 hours old Artemia

salipa nauplii) were fed to the fish at least three times daily on weekdays,

and at least once each Saturday and Sunday.
Water chemistry analyses were donme prior te the beginning of the test and
‘approximately every four days thereafter until the end of the test at 28 days

post~hatch. Ffry mortalities were recorded daily throvoghout the test. At 28

days, the fry were starved for 24 hours and sacrificed. Any unusuasl
deformities were noted and individuals were measured for fotal length, standard

length, and wet weight. The fish were preserved in 107 buffered formalin.

The embrye~larval test procedure was modified somewhat for the exposure of
channel catfish because of the adhesive nature of the catfish egpg masses,
Separating and counting individual eggs for distribution to the incubation cups
resulted in relatively high rates of mortality and fungal infection.
Therefore, the exposure of separated embryos was terminated after hatching was
rcompletea Data om embryomié-mortality, hatching success, and deformities were

recorded at that point. The test was then restarted with newly hatched {(under

3 hours old) larvae that were collected frow a normal laboratory spawn.
Fifteen individuals were randomly apportioned to each of the I2 exposure tanks
raceiving 0.06 liters/min of test solutiocn. Mortalities were recorded and

removed daily.
when swim-up activity began, and at two hour intervals for the next 1Z hours.

Number 00 fish meal {Ralston Purina Co.} was offered as food

Fish were fed six times daily for the first Week; at which time the number of
feedings was reduced to three times each weekday and at least once each day of
the weekend. Enough food was offered so that an excess genevally occurred.
This excess was siphoned from the tanks each morning. After 30 days, the fish
were starved for 24 hours, sacrificed, and measured for weight and lemgth.

Anaivtical Methods. Total ammonia concentrations in the tést aquaria were
The results

measured with specific ammonia electrode {Orion Research Corp.).
by this method were periodically verified by comparison to the indophenol
colorimetric method of Scheimer (1976). When measufing low level ammoniz
concentrations with the probe,lshe internal filliﬂg solution was diluted 1:10
according to the manufacturer’s instructions. Un~ionized ammonia

concentrations were calculated according to pH and temperature using the




relationship of Emerson et al. {1975). All ammonia results are expressed as
un-ionized ammonia nitrogen {(mg Nﬂgnmfliter}-ualess otherwise stated,

Water pH was measured with a glass combination electrode and millivolt
meter (Orion Research Corp.) equipped with a thermistor to measure temperature
of the sample. The meter was calibrated with buffer sclutions at pH 7.0 and
10.0 (Fisher Scientific Co.).

Dissolved oxygen condentrations were measured by probe (Yellow Springs
Instrument Co. or Orion Research Corp.j and confirmed by Winkler titration
(APHA 1981). -

Statisticsl Analvses. The median lethal concentration (LC50) and 95%

confidence limits for each acute ammonia or oXygen exposure were calculated by
the trimmed Spearman-Karber method (Hamilton et al., 1977). The calculations,
which included Abbott's adjustment for control mortalities (Finney 1971}, were
performed by a computer program as described by Hazel et al, (1979). Means for
LC50's and other test results were calculated as geometric means rather than

arithmetic means (Stephan et al. 1983). To determine whether two LC50's were
significantly different,the confidence interval of the difference between log
LC50 units was computed (U.S. EPA 1982). . 1f the confidence interval about the
difference included zero, the two results were not different.

Results from the dissolved oxygen—ammonia tests were analyzed in several
different ways. First, LC50's for dissolved oxygen at each ambient émmonia
level were calculated and compared. Then, a linear least-squares regression
analysis (BMD-IR, Dixom and Brown 1979) was used to determine whether any
relationship existed between the two responses. To test the hypothesis that
environmental ammonia and oxygen interact to affect fish mortality, a multiple
regression analysis (BMDP-1R) was performed, and the following model was fitted
to the experimental data:

PM = 60 + lel + 82X2 + 83X3
where PM = 2%arcsin(sqrt(proportional mortality)

X, = mg NHB~Nlliter

Xz = mg 02/1iter

=X ¥k
To test whether there is a relationship between the dependent variable (PM) and
the independent wvariables, the F statistic was used, where F = regression mean

square/error mean square (Neter and Wasserman 1974).



The aptrmess of the model was examined by residual plots prior to making
further inferences. 1f these plots suggested no deviations from the
assumptions ipherent in the regression analysie (Neter and Wasserman 1974), the
error sum of squares was partitioned into pure error {SSPE) and lack of fit
(88LF). 4 significant ¥ statistic computed frowm the respective mean squares
{F=MSLF/MSPE) indicates that the proposed regression model is not adequate to
describe the data, and the data should be considered non-linear, _

The same cxygen—ammonis data were evaluated inm terms of &

" concentratiom—-addition model for joint toxic actiom, as reviewed by EIFAC
(1980). Both ammoniz and dissolved oxygen were expressed as effective
concentrations by normalizing to their respective 96-hour LC30 values. In the
case of oxygen, the inverse of concentration was used. These normalized
proportions, called "toxic unite” or TU, were used to calculate a totsl
effective concentration for each experiﬁental combination of oxygen and
ammonia. The results were compared te a simple additive model in which TUy +
TUY = 1.0 for 30% lethality at 96 hours.

Fish weights obtained in the embryo-larval  exposures were analyzed by
- enalysis of variance for a randomized nested design, as discussed by McClave et
21.{1981). In this analysis, the sum of squares for the tank duplicates
(nested within treatment levels) could be pooled with the error sum of sgquares
to test against the main treatment effect (fish weight). Where significant
differences were found between treatments, comparisons between means were made
using Dunnett's procedure {Dunmett 1964},

Dichotomous data (batching success, occurrence of abnormalities, and early
survival) obtainmed in the embryo-larval tests were analvzed using contingency
tables (Sokal and Rohlf 1969).

Besults

heute Toxicity. The Y6-hour median lethal concentratiom (LC50) of

ammonium chloride was measured for eight fish species zepresénting four
‘families typically found in midwestern streams or‘jakes (Table 2}, The
'cqrresponding mortality records and Watér quality conditions for each test are
reported in Appendixes Al-A22. Of the epecies tested, the golden shiner

(Hotemigonus chrysoleucas) was found to be most sensitive (LCHC = G.59 mg

Nﬁgwﬂlliter}ﬂ although the semsitivity of the white sucker {Catostomus

commersoni) was not significantly differemt {(LC50 = 0.65 mg NH,~N/liter}. The




Table 2. Acute toxicity of un-ionized ammonia to selected warmwater Ffish

gpecies,
_ Family: - 96~h LC50 Significant
Species _ mg NH,-N/g differences

(95% T.L.)

Catostomidae:

Catostomus commersoni ' - 0.65 ' A -
' (0.60 - 0.69)

Ictaluridae:
Tetalurus puncratus 1.19 D
' (1.13 - 1.25)
Centrarchidae:
Lepomis macrochirus ‘ 1.11 C,D
' (1.02-1.,22)
Lepomis macrochirus 1,44 ' E
(1.35 - 1.52)
Lepomis macrochirus ' 1.45 E

(1.29 - 1.62)

Cyprinidae:
Notemigonus chrysoleucas _ 0.59 _ A
(0.50 ~ 0.69)

Notropis whipplei 1.03 B
(0.99 -~ 1.08)

Notrobis spilopterus i.11 ¢
(1,09 - 1.14) '

Campostoma anomalum 1,41 E
{1.25 - 1.58 .

Pimephales promelas 1.44 : E
{(1.36 -~ 1.56)

Pimephales pfomélas 1.54 E
(1.44 - 1.63)
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five species within the minnow family (Cyprinidae) gave a geometric mean LC50
of 1.07 mg NHE~N/liter, which was lower than all other families tested except
suckers (Catostomidae). Nevertheless, the most resistant species tested was

the fathead minnow (Pimephales promelas), which is commonly used in aquatic

toxicity testing., Replicate tests with bluegill (lepomis macrochirus) and

fathead minnow showed good reproducibility, although one of the three bluegill
results was relatively low. Eight of the eleven test results fell within the
range of 1.11 to 1.54 mg WH,-N/liter, '

Dissolved Oxvyeep—Ammonis Relationship. Fathead minnows were more

sengitive to low dissclved oxygen in the presence of ammonia. The 96 hour LC30
values for oxygen increased from 1.37 mg Qzlliter with no amwoniz, to 4.05 mg
sziiter in combination with 1.23 ng ﬂﬁ3mﬁf1 of un—ionized ammonis (Table 3J.
Thus there wag 2 strong correlation between ambient ammoniz and the dissclved
gXygen concen ﬁation required for survival., |Mortality records amd water
analyses for the oxygen tests are given in Appendixes AZ3-A36.

A least-squares regression model for the LLE30 of oxygen as a function of
ammonia {Figure 1) produced the estimated regression iine:

Oxygen-LC50 = 1.06 + 2.13 (mg NH,-N/1)
with correlation coefficient of r=0.96. Two test results were excluded from
this regression analysis. The exposure to 1.64 mg/ 1 un-ionized amwmomia {(Table
3) produced more than 50% mortality, and could not be used to calculate am
LC50. The test at 1.14 wg/l un—-ionized szowmonia had a relatively large
fluctuation in ammonia concemtrations (relative standard deviation = 12%
compared to 4-7% for other tests in the same vangel). That anomalous result isg
represented as an open circle iw Figure 1.

b multiple regression analysis was alsc performed to test the hypothesis
that proportional mortality is a function of oxygen, ammonia, and an
interaction between the two variables. Two data sets were usad for this
analysis: the entire data set for proporticnal mortality (Appendimes AZ3-A36},
and a truncated set comsisting only of those treatments giving proporiional
mortalities greater than 0% but lees thap 100%. In the first analyeis, the
dependent variable: *

PM = 2%arcsin(sqrt(proportional mortality))

was regressed against the two independent variables:

%

X, = mg Ozfl

H

mg NH3~Rf1
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Table 3. Median lethal concentration of low dissolved oxygen (LC50) for

Pimephales promelas exposed to varicus concentrations of un—-ionized smmonia at
26C, *

Mean Mean mg Mean - Mean © 86~h LC30

wt., g NH3—N/1 + 8§D pH Temp., € mg 06/1
' (95% C.L.)

0.3 0 7.8 1 25..9 L 1.37
(7.8 - 7.8) (25.2 - 26.3) (1,27 - 1.&7)

0.7 0.38 + 0.04 7.7 26.8 1.48
(0.30 - 0.49) (7.6 - 7.7} (25.7 - 27.7) (1.37 - 1.61)

0.3 1,14 + 0.14 7.7 25.5 1.70%
(0,87 - 1.43) (7.6 - 7.8) (23.5 - 27.2) (1.53 - 1.89)

0.4 0.71 + 0.05 | 7.8 . 25.8 2.52
(0.61 - 0.79) (7.8 - 7.8) (125.4 - 26.1) (2.26 - 2.82)

0.3 1.25 + 0.06 7.7 ' 26,1 3.54
(1.13 = 1.34) (7.7 ~ 7.8) (25.2 - 26.8) (3.00 ~ 4.17)

0.5 1.23 + 0,05 7.8 27.5 4,05
(1.18 -~ 1.33) (7.7 ~ 7.8) (26.9 - 28.1) (3.43 - 4.80)

0.5 1.64 + .07 7.7 25.6 S
{1.41 - 1.75) (7.7 - 7.8) (25.0 - 26.3)
Range

Omitted from regression in Figure 1 because of relatively large variance in
ammonia concentrations during the test,

3 LC50 not calculable,
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to give the relatiomship:

PM = 2.82 + 0.28X, + 0.94K, + 0.45(X, * X,).

The F test for this equation confirmed that a significant velationship existed
(P < 0.01) but the test for lack of fit was also significant (P < 0.01),
meaning that the regression model did not adequately describe the data. This
result suggests a non-linear relationship.

A second analysis was performed on the trumcated data set, following the
reasoning ‘that 0% and 100% mortalities provide no information on the
combinations of ammonia and oxygen that are 1ike1y to interact. Total
| mortality can result from either high ammonia or low oxygen. Conversely,
complete survival can occur with low ammonia coupled with a wide range of
oxXygen concentrations {above about 2 mg/l}.l Analysis of the truncated data set
gave the estimated'fegression line: |

PM = 2.93 - O;BIXI - 1n33X2 + 0«77(X1 * Xz).

The test for linearity was greatly improved with the truncated data; the F
value for lack of fit was only marginally significant at P=,05,

The next step was to determine whether all regression coefficients were
necessary to the model., The regression coefficient for ammonia (Bl) was
suspected of not cpntributing to the data. Therefore, the hypothesis that 81=O
was tested. The calculated ¥ indicated that the ammonisz variable could be
dropped from the equation, producing the simplified model:

PM = 2.56 ~ 1.19X, + 0.67(X; * X,)

This equation is shown in Figure 2. The coefficient'(BB = 0.67) for the
interaction term (Xl * Xz) was significantly different from zero, indicating
. that an interaction does exist between oxygen and ammonia toxicity. The
interaction appears to be greater at high ammonia concentrations, as indicated
by a change in the slopes of the ammonia lines in Figure 2 at greater oxygen
concentrations.

An altérnative approach to evaluating joint toxic action has traditionally
been to assume additivity between chemicals (E1FAC '1980). In its simplest
form, the additive model is expressed by calculating a toxic unit (TU)} for each
toxic component of a mixture, where:

TU = (concn, of component )}/ {(LC50 of component)

By definition, a toxic unit of 1 for a single chemical produces 50% moftality.
in the test population. Assuming the joint effect of several toxicants is

additive, the sum of all toxic units will also be equal to 1 if 507 wmortality
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occurs., For a binary mixture, the additive model predicting 50% mortality can -
be represented by a straight line with equation:.

X+¥=1 (for 0 = X = 1)
where X and Y are the TU values for each toxicant.

While this approach has been used for certain pollutants such as cyanide
and metals, it has not been applied successfully to low oxygen. Dissolved
0Xygen is an unusuai-'toxicént' because lower concentrations are more lethal.
Moreover, oxygen levels above a certain minimum level, near saturation, should
have no direct effect on survival of organisms. Thus the scale for toxic units
of oxygen must be inverted and normalized before it can be used in combination
with toxic units of other chemicals.

This was done by using the inverse of oxygen LC50 data from Table 3 to
compute toxic units according to:

TO-oxygen = (l/concn.}/(l/LCSO) = 1.37/concn. in mg/l

Toxic units for ammonia with fathead minnows (Iable 2) were calculated in the
conventional way:

TU~ammonia = comcn./LC50 = concn./1.49 mg/l
Total toxic units for the series of oxygen~ammonia tests were calculated (Table
4) and plotted for comparigon to the additive model (Figure 3). The agreement
between the model and bioassay results was surprisingly gpod,‘indicating that
the joint toxic action is nearly additive within the range of oxygen-—ammonia
combinations tested,

The estimated regression line differs from the theoretical line (X + Y =
1) because, unlike other toxicants, oxygem toxic units calculated in this
fashion can mever be zero. Instead, a solution at 100% saturation (8.26 mg
02/1 at 25C) produces a minimum TU of‘approximateiy 0.2 units. One option
would be to force the experimental regression line (TU oxygen = 1.03 ~ 0,892 TU
ammonia) to fit the model (Y = 1-X) by transforming the oxygen toxic units as
follows:_ _ . '

Y = (TU oxygen - 0.2)/0.83
so that the new value (Y) would range from 0 to 1. That approach would need to
be validated with a secénd data set independent of the one used tg develop the
regressioi. Despite this peculiarity in the caleulation, the simple additive
model for oxygen and ammonia appears to be a reasonable approach, and its
graphical form (Figure 3) is more easily interpreted than multiple regression

moedels such as Figure 2.
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Table &. Caleculation of toxic units {TU) for addirivity model with oxygen and

ammonia. Data are for Pimenhales promelas, from Table 3.

Oxvgen LGSO, TU- mg Nﬁ3w TU- Total
mg/l oxygen N/1 ammmonia U
1.37 1.0 0 0 10
1.48 0.926 0.38 0.255 1.18
2.52 0. 544 6.71 6.477 1.02
3.54 0.387 1,25 0.840 1.23
4,05 0.338 | 1,23 0.826 1.21
7.201 0.190 1.49% 1.00 | 1.19

H . . . . s
Awmbient dissolved oxygen concentration during awmmonia LC30 test.

zGeGmetric mezn. of replicate LC50 results for ammonia (Table 2).
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Survival and Growth of lLarvae. Fathead minnow embryos exposed to 1.50 mg

Rﬁgmﬁfl had poor hatching success (38%L) and complete wortality during early

iarval development. Individuals that did hatch exhibited abnormal development

"

characterized by an unusually large thorecic region and a reduced caudal

g

region. In contrast, fish exposed to 0,08 ~ U.40 mg Nﬁ3hﬁj1 had good hatcehing
success snd survival during the 28 dagkexpﬁsure {Table 5). Records for the
fathesd winnow enbryo-larval test are given in Appendizes A37-39. Despite
their good survival, larvae exposed to 0.28 or 0.46 ug NE3~!§1 showed

ignificantly reduced growth cowpared to controls {Table 5). The mean weight
of the 28 day-old larvac at 0.46 mg NE,~R/1 was only 804 of the weight for the
contrel group. The highest level found not to affect growth zignificantly was
0.1% mg Nﬁgéﬁflm Analysis of variante for the effect of smmonia on weilghie was
highly significant {Table €].

The effect of smmoniz on hatching success and early survival was studied
in an asdditional test with concentrations chosen within the range for mortality
cbeerved in the longer test. Although 1.45 mg ﬁﬂsmﬁfi had czussd poor hatching
and c@mpleté mortality of larvae, s slightly lowey concentration of 1.06 mg
NH3w§fi gave better hatching succeas {(Table 7). However fish at 1.06 apd (.99
B Eﬁ?wﬁfi were deformed and died within 48 hours post-hatch. The highest
ammonia toncentration found net to affect hatching and early survival was 0.42
mg WH,¥/1 in this test, This level is considerably higher than the maximum

3
‘fact level for larval growth, which was (.18 mg ﬁﬂgwﬂfl {geometric mean of

g
G.12 and 0.28),

& 30-day growth test with chanmel catfish larvae {Tahle &) showed reduced
gurvivael at 0.68 mg Nﬁ%mﬂfi and significantly veduced growth at (.20 and 0.38
me Nﬁgmﬁiis The highest copcentration which produced we significant effect on
growvih was O,11 mg ﬂﬁﬁmﬁflg wery similar to the result for mianows. The affect
level for larval growth was c&&culated to be 0.15 mg NH3mﬂ£1@ Records for the
complete 30~day test with catfish are given in Appendixes A40=-A43 .

Analysis of variance for catfish weights av 30 days showed no.significant
effect of duplicate tanks or ammonia concentrations, when these factors were

evaluated separately (Table 9). Since duplicabe aguaria were non-significant,
. ¥
.
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Table 5. Effect of ammonia on survival and growth of Pimephales promelas
larvae exposed for 28 days post-batch.

Mean mg % Number ~ Mean wt., Dunnett's
NH3~N/1 Survival of fisb ng Sb t
- —— .

L,45 0 0 - - -
0.46 72. 43 | %.1 . 16.4 4.81%%
0.28 70 42 . 42 .6 ' 17.7 3.33%%
0.12 82 49 48.5 21.5 2.00
0.08 85 51 . 50.1 20.1 | 1.6l
control 83 50 56.5 21.9 -

%% Significantly less than controls (p < 0.01).

Table 6. Analysis of variance for Pimephales promelas weights after a 28 day
eXposure to ammonia.

Source of Degrees Mean 1
variation of freedom squares F
Ammonia concn. 4 3258 25 .1 %%
Duplicate tanks 5 129.7 0.33 N8
Error term 225 397.3 -

With pooled error terms:

Ammoniz concn. 4 3258 B.32%%

Error term 230 ' : 391

1 *%, significant (p < G.01lJ).
NS, not significant.



Table 7. Chi-square tests for goodness of fit bstween observed and expscted
frequencies of hatching success, deformitiss, and 48 hour post—hateh swrvival
for Pimephales promelss exposed to ammonia,

- Ereastment . ~ % Hatching %Z Deformed % Survival
mg NH3mel n ‘ suCCess larvae @ 48 hours
1.06 C20 45 : 100%* O
0.99 20 _ 100 100%% O
0.42 20 ' 25 5.3 94.7
0.28 20 100 3.0 85.0
¢.10 20 100 0.0 _ 105
Comtrol 26 106 6.0 100

¥

%
Significantly different than comtreols {p < 0.01).

Table 8. FEffect of smmonia om survival and growth of Ictalurus punctatus
larvae exposed for 30 days post~hatch.

Mzan mg % Number Mean wt., Dunnett's
NHBMNWE Survival of fish mg Sh _ t
0.68 17 - 5 97 24.0 79.84%%
0.38 50 27 | 213 46 .0 5.69%%
0.20 g 24 267 116.1 3. 23%%
0.3t 87 %6 293 89.5 2.17
0,06 80 12! 301 66.0 1.46
conirol 7T 23 343 84.5 _ -
**Significantly less than controls (p < .01}, 7 .

iRepresents one tank only. All others are total number of fish for two
duplicate tanks. :
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their sums of squares were pooled with the error sums of squares, giving a more
powerful statistical test. The effect of ammonia concentration on fish weights
in this pooled analysis was highly significant (P<0.01).

~ Hatching success and early survival of catfish larvae were evaluated inm an
additional test begipning with embryos separated from a normal catfish egg
mass. Fungal development ;aused the loss of several treatment groups. Of the
remaining groups (Table 10), the treatment at 1.26 mg NH3-N/1 showed
significant reductions. in hatching success and survival compared to controls.
An ammonia level of 0.29 mg NH3~N/1 wag not significantly different than
contrels. Thus, hatching success and early survival were found to be less

sensitive to ammonia than larval growth rate.

Discussion

Acute Toxicity. A large number of acute toxicity tests with ammonia have

been reported in the literature, which could be used to compare with those
reported here if they were all conducted under the same water guality
conditions. Direct comparisons are complicated, however, because un-ionized
ammonia has been shown in decrease in toxicity with increasing pH (Thurston et
al., 198la)., To a lesser extent, differences in temperature, size of fish, and
dissolved oxygen levels can alsc cause differences between experimental
results, A useful method of normalizing LC30 results to an upper.limiting.
condition of pH has been proposed recently by the U.S. EPA (1983} in its final
draft ammonia criteria document., According to this method, LC50's determined
at a particular pH can be converted to an equivalent "limiting acute value® at
high pH by the equatioun:

Lim LC30 = L5350 (1 + 10

where the pH during the test is used on the right side of the equation,

1.03 (7.32 - pH),

While low temperatures can enhance theé toxicity of_uﬁmionized_ammonia,.tbe
available data suggest that tests conducted above 10C should give similar
results (U.5. EPA 1983). Fish size may also be a factor to comsider, but . since
most acute tests, including those reported here, are comducted with juveniles,
it should not be a wajor comcern. Dissolved oxygen is normally maintained at
or near saturatiom during testing, and therefore should not cause significant
differences between test results, For these reasons, pH was the only factor

used to correct the reported acute values for purposes of comparison.



Table 9. Analysis of variance for Iectalurus punctatus weights after a 30 day
exposure Lo ammonia.

Spource of Degrees . Mean 1
variation of freedom squares _ F
dmmonia- concn., | & : 53.73 4,22 NS
Duplicate tanks _ & 12.74 1.97 Hs
Error term 163 ' Cb.46 -
With pocled error terms:

Ammonia concn. 4 53.73 g.Q2%%

Pooled error - 107 &6.70

1w, significant (p < 0.01).
N8, not significant.

Table 10. Chi-square tests for goodness of fit between observed and expected
frequencies of hatching success, deformities, and 48 hour post-hatch survival
for Ictzlurus punctatus exposed to ammonia.

Treatment % Hatching Z Deformed %7 Survival
mg NH3~N/1 n suCCess. larvae @ 48 hours
1.26 20 15%* 100%* (.0%*
0.29 20 75 0.0 100
Control 20 75 6.0 ‘ 100

ok

Significantly different than comtrol {p < 0.01).
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Table 11 summarizes the acute results of this study and the acute data
cited by U.S. EPA (1983), normalized to a limiting pH. There is overall
agreement between the two sets, with no particular trend toward high or low
results in either set. The poorest agreeﬁent ig for the catostomid and
ictalurid tests, which differed by about 507 between authors. The catostomid
result of 1.29 mg/l cited by‘U.Se EPA from Reinbold and Pescitelli {unpublished
report, 1982) was for a lower temperature (15€) and higher pH (8.0-8.3) than
our test. Otherwise, the tests appear to have been yun under similar
conditions. Reinbold and Pescitelli also reported LC50 results for channel
catfish of 1.45-1.44 mg NH3wN[1 compared to 1,19 mg/1l (uncorrected for pH)
found in this study. FEarlier autbors, however, reported higher LC50%s for
catfish in the range of 1.7 - 3.5 mg NH3~N/1 {Colt and Tchobanoglous, 1976;
Roseboom and Richey, 1977).

Literature values for bluegill, Lepomis macrochirus, were in the range of
0.7 to 3.8 mg NHB"Nfl (uncorrected). The value of 1,63 from Reinbold and
Pescitelli for pH of 8 and temperature of 25C agreed teasonably well with our
mean for three bluegill tests: 1.32 mg/l {uncorrected). The minnow family,
Cyprinidae, gave the closest agreement between our results and the values
compiled by the U.5. EPA, The family means were particularly cleose considering
that different species were used for the two calculations (Table 11). The‘
relatively narrow range among cyprinid acute results lends support to the
theory that toxicities are more similar within families tham between families,

Oxyeen-Ammonia Relationship. Barlier reports have noted that low

dissolved oxygen increases the toxicity of ammonia to freshwater Fish.,

Alabaster (1979) found that the 24-hour LC30 for Atlantic salmon (Salmo salar)
was approXimately twice zs great at 3.5-3.1 mg/l oxygen as it was at 9.6~9.5
mg/1 dissolved oxygen., Likewise, Thurstom et ai, {1981b) reported a 1.4 fold

increase in toxicity of ammonia to rainbow trout (Salmo gairdmeri) at 5.0 mg/l

compared to 8.5 mg/l, and Lloyd (1961) measured a 2.5 fold increase for the
same species when dissolved oxygen was rveduced from saturation to 40% of

saturation. The lethality of ammonia to carp (Cyprimus carpio) inm ponds was

approximately 6X greater at 5 mg/l owygen than at 10 mg/1l {Selési and Vamod ,
1976). Others finding emhanced toxicity or reduced survival times for ammonia
at low dissolved oxygen concentrations include Downing and Merkens (1955},

Danecker (1964), and Allan (19553,
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Table 11. Compariscn'between'96~hour ammonia LC50 values determined in this
study and data cited in U.S. EPA (1983). Un-ionized ammonia concentrations are

expressed as mg NH3*N/litera.

Thiz studv EPA

Family: ' Limiting Limiting

Species LG50 pH acute value acute value
Catostomidae:

Catostomus commersoni .65 7.8 .88 1.29
Tetaluridae: _

Ictajurus punctatusg 1.19 7.8 1.57 2.36
Centrarchidae: 1.23°

Lepomis macrochirus _ 1.32 7.8 : 1.74 1.19
Cyprinidae: . 1.45¢ 1.58%

Notemigonus chrysoleucas 0.5% 7.5 0.98 1.153

Notropis whipplei - 1.03 7.9 1.2¢9 -

Notropis spilepterus 1,11 7.9 1.39 1.36

Campostoms anomalum ' 1.41 7.8 1.86 ‘ -

Pimephales promelas 1.49 7.8 1.97 1.50

®To convert to mg NH3/1iter, meltiply by 1.217,

bLﬁmiting acute values were calculated as:
Lim. AV = LC50 (1 + 10 EXP(1.03(7.32 - pH))).

< . - .
Family value = geometric mean of four species values.

d . - . . .
Family salue = geometric mean of five species values.
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A positive linear relationship between ammonia LG50 (as mg NH3/1) and
dissolved oxygen (mg/l) was reported by Thurston et al. (1$8l1b) for rainbow
Lrout:

Ammonia-LC50 = 0.1903 + 0.06712 D.0.
0.9346

Although the trend is similar, the results for fathead minnows shown in Figure

i}

T

1 are mot directly comparable because the independent and dependent‘vériables
were reversed in the present study. That is, ammonia exposure was held
constant while dissolved o#ygen was varied in the minnow experiments. This
produced a relationship,

Oxygen-1C50 = 1.06 + 2.13 (mg NH3—N/1)
0.96

with about the same degree of correlation. However, when the rainbow trout and

#

T

minnow results were analyzed in terms of proportiomal mortality (p), the
relative importance of the oxygen and ammonia terms were not identical in the
two studies. Thurston et al. (1981b) found that both NHB and D.0. terms were
significant, but that the interaction term was not, when the entire data set
was included for analysis. If a truncated set was used (deleting 0 and 100%
mortaiities), all three coefficients were significantly different from zeré.
Only the oxygen and ammonia-cxygen interaction terms (Figure 2) were found to
be significant in the trunctated data set for fathead minnows. The most
suitable transformatioms for p wére also different in the two studies.

Despite the fact that clear positive relationships were established
between ammonia and dissolved oxygen for both fathead mimmows and rainbow
trout, the linear regression models for these data are rather inconsistent and
seem to depend on the particular circumstances of the experiment. In the long
run, it would be more satisfying to develop a model based on joint-toxic
action, rather than on purely descriptive correlations. Then, deviations from
the "ideal" could be described as needed. This is the approach taken with the
ideal gas law and many other relationships in chemistry. Joint-toxic action
ias been described by comcentraticn-addition and response—addition models for a
variety of toxicants with fish. It would seem worthwhile to do the same with
oxygen as a “toxicant" contributing to overall mortality rates., The propose&
model shown in Figure 3 relating oxygen and ammonia toxic units is such an
attempt., The "fit" seems rather good for the fathead minnow data, but it wouid

have toc be walidated with independent data sets such as the one from Thurston
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et al.(1981b). Other tests on fathead minmow survival with oxygen and ammonia
are apparently available (Thurstonm et al., unpublished, cited by U.S. EPA 1983)
which could be used to evaluate the concentration—addition model given in
Figure 3. ' |

The current recommended dissolved oxygen criterion, which has become a
stream standard in many states, is & minimum concentration of 5.0 mg/l (U.S.
EPA 1977). That level represents a “toxic wnit” of approximately 0.1 according
to the adjusted concentration—addition model (where.Y = {{1.37/3.0.} -
0.2)/0.83}), so it would not be expected to increase the lethality of ammonia
greatly; Fathead minnows can survive very low oXygen concentrations, at least
during short exposures (Tabie 3). But these walues should not be applied
automatically to other species. Salmonids and a number of cther taxa such as
Etheostoma have relatively high dissolved oxygen requirements, so that
substantial interaction between oxygen and ammonia may ocecur at 5.0 mg/l or
above. Thurston et al. (1981b) concliuded that 5.0 mg/l dissclved oxygen would
reduce trout tolerance to ammoniz by 30%Z. Low flow conditions, when low oxygen
and high temperature are likely to océur, probably reduce the ability of most
gpecies Lo tolerate ammomiz and combinations of smmonia with other toxzicants.

EmbrvovLérval Tests. Growth of fathead minnow larvae was found to be a

more sensitive response to ammonia than survival or hatching success. Exposure
to 0.42 mg NH3wal produced no significant reduction in hatching success or
48-hour fry survival but 0.28 mg NH3~N/1 significantly reduced fish weights
after 28 days post—hatch. A mean chronic effect level based on larval growth
was (.18 mg Nﬁgmﬂfl {(range 0.12 - 0.28), which gives an acute/chronic ratio of
B8.28 for fathead minnows.

The final draft ammonia criteria document (U.S8. EPA 1983) cited resulis of
twe full life-cycle exposures to fathead minmews, ending after 60-days exposure
to the progeny {Thurston et 31.9_unpub1ished)n lio effect on hatching success
at 0.072 ng NHB—N/I or lower was found. However, there was significant
mortality of the progeny at 0.i6 to 0.33 mg NH3*NK1 after 30 and 60 days
post=-hatch. The chronic effect level cited was 0.107 mg NHB—Nll (0.13 mg NH3/l
as given) and the acute/chronic ratio was 18. Thus, the full chronic exposure
produced a chronic value about 60% of the 30-day embryo~larwal result, which is
to be expected for the longer test. That difference also accounts for most of

the discrepancy between the acute/chromic ratios calculated from the two

studies.,
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Larval growth was also the most sensitive response in the 30-day exposure
of channel catfish. & chronic effect level based on larval growth reduction
was found to be 0,15 mg NH3~ﬁ/l (range 0.11 - 0.20). ?his is slightly lower
than the chronic value of 0.233 mg NH3—N/1 selected for the national criteria
document (U.S. EPA 1983) from the data of Reinbold and Pescitelli, who found
growth reduction of fry a; 0.32 mg NHB—NII and above. Robinette (1976)
reported growth retardation at lower levels of 0.123-0.132 mg NH3wN/1. Colt
and Tchobanglous (1978) measured a 50% reduction in growth of juvenile catfish
at 0.52 mg NHE—NII, as compared to this study, where (.38 mg NHB—Nll caused a
62% reduction in' larval growth {Table 8). The acute/chronic ratio for the
present study, calculated to be 7.9, is in overall agreement with the wvalue of
6.2 used by U.S. EPA (1983). |

Embryo-larval or juvenile exposures are particularly importamt for
developing toxicity data for water quality criteria in midwestern streams.
Such streams typically underge large fluctuatioﬁs in flow, and if they receive
relatively comstani point source inputs of pollutamts, the resulting toxicant
concentrations will also fluctuate during the course of a year. In regions
such as Indiana, where low flow conditions usually occur in summer or fall, the
highest toxicant concentrations of the year are apt to occur during spawning or
early development of the fish. The "critical period" determines year—class
strength and growth characteristies for the fish population later om. Thus, an
accurate estimate of toxic effect levels to early life stages is particularly

imporiant.




i1, CALCULATION OF AMMONIA CRITERIA FOR WARMWATER
STREAMS DURING LOW FLOW

Methoda

A procedure has been developed for deriving national water guality
criteria based on acute and chromic toxicity information (Stephan et al. 1983).
If toxicity data are available for & sufficient pumber of taxa, a “two number”
water guality criterion comsisting of & maximum allowable concentration and a
30-day average concentration can be calculated. The two values needed for this
computation are the "final acute value"” (FAV) and acute/chronic ratio. The
rationale and complete description for this procedﬁre are given by Stephan et
al. {1683). In brief, the FAV is computed from a 1list of femily mean acute
values (FMAV), where each family mean is the geameﬁrié mean of all available
species mean acute values {expressed as LC50 comcentratioms) in that family.
‘This approach was taken with the idea that toxicity varies more between
families than between species within femilies. A numerical procedure is then
used to estimate the LC50 represeunted by a cumulative frequency of P = 0.05 for
the list of family means. This value is intended to provide reascnable
protection for all but the few most sensitive families {5 in 100). Especially
sensitive commercial or sport species may cause this value to be lowered in
special cases. The cumulative propertion (P) for each FMAV igs found according
to: '

P = R/N + 1}
where B is the rank order of the FMAV and ¥ is the total number of such values.
The four lowest FMAV values are then used to calculate the FAV as follows:

' S(p) - ((E0/B))2/4)
L{{ln FMAV) %) -~ ((Z(ln FMAV) ) </4)

w4
i

{Z{(In FMAV})/4
(L(VP)) /4

B =X+ v/0.05 - ¥
M

<
i

A
FBV = e

The “eriterion maximum concentration', which is not to bé exceeded at any time,
is taken as one—half the resulting FAV.
The chronic value for any suitable chromic or partial-life-cycle toxicity

test is calculated as the geometric mean between the highest no-effect
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concentration and the lowest concentration giving a significant effect (such as
growth, hatching success, survival, ete.). If a comparable acute value is
available for the same species and test conditions, an acute/chronic ratio is
calculated as the geometric mean of all available species values., The "final
chronic value" (FCV) used to develop the water quality criteriom is found by
dividing the FAV by‘the final acute/chronic ratio. The FCV is used as the
"criterion average", or the highest average concentration allowed during any 30
day period,

The final draft of the national water quality criteria for ammonia (U.S.
EPA 1983) evaluated the current body of literature on ammonia and tabulated
acute and chronic values for 18 families of freshwater fish and invertebrates.
All of these families ordimarily occur in Indiana warmwater streams except for
Dendrocoelidae (flatworm) and Salmonidae (salmon, whitefish, and trout)., A
final acute value (FAV) for warmwater streams was Cherefore calculated using 16
of the 18 families listed in the EPA summary. The calculation was made using
the cited literature values, and also with the family means found in the
present study. Criterion maximum and average ammonia concentrations (mg
NHB—V/I) were then calculated as described above. Toxicities were adjusted to
2 pH of 7.5, a typical value for Indiana rivers, and a temperature of 28C, the
highest temperature expected during summertime low flow.

The ammonia criteria calculated in this manner were translated into
allowable discharge rates (Kg/day) for representative Indiana rivers during low
flow conditions. Data on flow regimes for 1l rivers having 30 years or more of
flow records were selected from the compilation of Horner (1976). The streams
were chosen only as examples — not because of any existing or proposed ammonia
discharges. The yearly records for each river were examined to determine the
lowest £flows (in fthsec) Gccufring for one and 30 comsecutive days at
recurrence intervals of 2 and 10 years. Recurrence interval for a particular
flow is defined as: (¥ + 1)/M where N is the period of record and M is the
rank order of the flow. Allowable discharge rates were calculated by
multiplying flow, in liters/day, by the ammonia criteria, in kg/l. The
criterion maximum (0.2 mg/l) was used with the one-day low flow duration, and
the c¢criterion averége (0.04 mg/1l)} with the 30-day duration. It should be noted
that a flow with a recurrence interval of 2 years is equivalent to the median

flow for the periecd of record.



Results and Discussion

The calculation of the fimal acute valve (¥AV) was similar, whether
srational values were used, or results from this study were substituted for four
of the fish families (Table 12). In either case, thé four lowest values are
setually the only cnes used to determine the FAV, The result is influenced to
o great extent by the low family acute value for Percidae, which is derived

from two tests with orangethroat darter (Ethecstoma spectabile) and walleye

(Stizostedion vitreum vitreum) (U.8. EPA 1983). Salmonidae, ome of the most

genzitive families, was mot included inm the calculatiom. S$ince the family
scute value for Centrarchidae in this study was relatively high, and the result
for Catostomidae rel&ﬁively low compared to the data cited by U.5. EPA, the net
result was a similar FAV for the two family lists.

' The criterion average calculation is dependent on the acute/chronic ratio
chosen. In the final draft U.8. EPA (1983) document, an acutefchronic ratic of
16 was chosen to develop the national apmonia criteria. That value appeared Lo
be too high for use in a warmwalter criterion. The acute/chronic ratios for the
six available fish species other than saimonids reported in the final draft

document were: Pimephales promelas, 18; Catostomus commersonl, 20; Lctalurus

punctatus, 6.2; Lepomis cvanellus, 5.6; Lepomis macrochirus, 11.2; and

Micropterus delomieui, 5.45. The geometric mean for these (9.9) is similar to

the ratio of 8.05 found for the mean of the catfish and minnow acube/chronic

ratios in the present study. The acutefchronic ratics for invertebrates appear

to be smaller based on results for Daphnis magna (1.3-4.9). Thus the use of a
valus of 8.05 or 9.9 to calculate the finai chronic value should offer a
ressonahle level of protection for other taxa as well.

Site-specific ammonia criteria have been caiculated by 2 similar method of
family deletiom for severel rivers in the north-central and western states
(.5. EFA 1983), Salmonids were deleted from some but not all of these

example. The range of criteriom mazimum values for the rivers without

=3

zlmenids was 0.07 to 0.485 mg NH3wﬁ[1, which encowpasses the results of Table
12. The criteriomn averages for the same site-specific examples were 0.025 to
0.06 mg NH3~N51, These are also in general agreement’ with«the chronic values'

of Table 12 even though the acutefchromnic ratio used to derive the final

chronic values for the U.§. EPA sites was 16.
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Table 12. Calculation of a final acute value (FAV) and criteria for ammonia

{mg NH3WN/1) using £ish and invertebrate families found in midwestern warmwater
4

streams. Family acute values are from the national summary (U.S. FEPA 1983) and

from this study {(¥*) adjusted to pH = 7.5,

National Substitutions

Family acute value Rank from this study Rank
Elmidae 4,13 16 4.13 16
Ephemerellidae 3.09 15 3.09 15
Ascellidae 1.92 14 1.92 14
Actacidae 1,72 13 1,72 13
Tubificidae 1.51 12 1.51 12
fetaluridae 1.43 11 .95% 6
Perlodidae 1.34 10 1.34 11
Poeciliidae 1.28 9 1.28 10
Baetidae 1.17 8 1.17 9
Percichthyidae 1.14 7 1.14 §
Cyprinidae 0.96 ) 0.88% &
Daphnidae 0.91 5 0.91 5
Cottidae 0.82 4 G.82 3
Catostomidae 0.78 3 0.52% 7
Centrarchidae 0.74 2 1.05% 7
Percidae 0.405 1 G.405 1
FAY 0.413 o 0.368
Criterion maximum 0.207 0.184
Acutef/chronic ratio 9.9 ' 8.05
FCV or criterion

average 0.042 (.046

Total ammonia, mg N/1, at 28C:

Criterion maximum 3.54
Criterion average 1.94

a0
e 8
ol o
Moo




Both the results of Table 12 and the site-specific examples of U.S5. EPA (1983)
are significantly higher than the natiomal criteria developed in the same draft
EPA report. The recommended national criteria for pH 7.5 and 28C would be
0.075 and 0,018 mg NHB-NKI for the maximum and average concentrations
respectively. Those are approximately twice the values given in Table 12.

Vltimately the limitation that is important to dischargers is not the
in-gtream ammonia concentration, but rather the allowable rate of discharge of
ammonia, measured in Kg/day. The rate of discharge is determined by a
combination of water quality criteria and flow regime of the particular
receiving stream, The zllowable dischargé rate, and the relative importance of
the criterion maximum and 30-day average are related to mean flow. and
variability in flow. A 'flashy' stream would have more extreme deviations from
the mean flow, and would perhaps be more restricted by the criterion maximum.
A stream with relatively comstant flow would be governed primarily by the
30~day average, although the exact relationship would depend on the difference
between the two numbers making up the criteriom.

The results of Table 12 were used to calculate allowable discharge rates
for representative Indiana streams as an illustration of the use of "two
number” criteria for ammonia (Table 13). The flow regimes for these midwestern
rivers are such that the 30-day average ammonia concentration is more
restrictive than the one-day maximum. For example, the Flatrock River could
receive 0.49 Kg/d of un~ionized ammoniz if the criterion maximum was the.only
consideration. However, the 30-day criterion average permits only 0.38 Kg/d
under the same conditions. This occurs because the ratio between 30 day and
one-day low flows is usually less than a factor of 5. If an acute/chremnic
ratio of 10 is used to deiive the criteriom, then there is a ratio of 5:1
between the maximum and average criteria (the maximum being one-half the final
acute value). Any flow regime with 2 proporticm of less than 5 for the one-day
and 30-day low flows should be "coantrolled" by the 30-day average discharge
limitations. The Mississinewa River happens to have a 5:1 ratio between 30-day
and one~day low flows at a 10 year recurrence, and is thus equally limited by
maximum and average c¢riteriz in this exémple.

The ‘rivers listed in Table I3 are ranked from lévest Lo highest mean
~annual discharge. However, there are variations in the deviations about the

mean, and the low flows are not in the same order. The Whitewater River at

Alpine, with a mear annual flow of 15 m3/s, has less extreme low flow events
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Table 13. Maximum allowable discharges of un-ionized ammonia, in Kgfday, to
representative Indiana rivers during low flow, based on a one—-day maximum of
0.2 wg/1l and 30-day average of 0.04 mg NH3—N/1, The ammonia discharges shown
here would produce concentratioms at or above the criteria at recurrence

intervals of 2 or 10 wears. Stream flow data from Horner (1976).

Recurrence: 2 yr 10 vr

River Duration: 1 d 30 d 14 304

Hart Ditch, Munster 1.68 G6.50 1.02 0.35
Low flow: Aug. '

Flatrock, St. Paul 3.56 1.27 .49 .28
Low flow: GSept.

Big Blue, Shelbyville 28.3 6.82 8.0 4 .31
Low flow: Sept. '

Elkhart, - Goshen 51.2 14.4 14,6 8.69
Low flow: Sept,

Whitewater, Alpine ' 34 .4 3.39 21.4 3.85
Low flow: Oct.

St. Mary's, Ft. Wayne 7.31 2,22 3.81 1.13
Low flow: Sept.

Blue, White Cloud ' 10,7 2.99 5.36 1.69
Low flow: Oct. .

Mississinewa, Marion 8.77 4,55 2.73 2.73
Low flow: Aug.

White, Indianapolis _ 55.8 16.2 22.2 6.94
Low flow: Sept.

Wabash, Lafayette 23.9 6.82 _ i3.6 3.85
Low flow: Sept.

Kankakee, Shelby 263 58.1 197 43.5

Low flow: Sept.




than the St. Mary's River at Ft. Wayne, wheré the mean znnual flow is 16 m3/’s°

Consequently the Whitewater River could receive higher rates of ammonia

. digcharge than the St. Mary's, while complying with water guality limitations.
A The choice of & recurrence interval for spplying water quality standards
is a question that needs to be addressed. The two intervals used in Table 13
for illustrative purposes are not meant te be taken as “geceptable! recurrence |
intervals. The two-year interval is clearly umacceptable because it would 5
generate stream standard violatioms, on the average, ouce every two years. The |
10-year inmterval is a traditiomal choice, since most low flow modelling is |

based on a 7Qi0. Other intervals such a 5 or 20 years should be considered,

both from biological. snd economic view points.
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CONCLUSIONS

The acute toxicity of un-ionized ammonia to the eight fish species tested
ranged from (.59 mg NHB—Nll for géldeu shiner, to 1.54 mg NﬁguNll'for fathead
minnow. Eight of the eleven 96~hour LC50 results fell between 1,11 and 1.54 mg
NHEWN/l, and were in genmeral agreement with other acute values reported in the
literature. Reduced growth was the most sensitive response of fathead minnow
and channel catfish larvae to lomg-term ammonia exposures,. Hatching success,
number of deformities, and 48-~hour éurvivai of larvae after hatching were less
sensitive measures of ammonia toxicity. The chronic effect levels based on
reduced larval growth were $.18 (0.12 - 0.28) mg ﬂHB—N/l for fathead minnow,
and 0.15 (0.11 - 00.20) mg NH3~N/1 for catfish. The calculated acute/chronic
ratios, 8.28 and 7.9 respectively, were also quite similar for the two species.

A linear relationship was established between the acute toxicity of low
dissolved oxygen and the ambient concentration of ammonia in tests with fathead
minnows. The proportiomal mortality at 96 hours could be described as a
function of dissolved oxygen concentration and an interaction term between
oxygen and ammonia. The results alsce appeared to follow a
concenfration~addition model when oxygen and ammonia were expressed as toxic
units. If this pattern 1is validated with additional species, the
concentration—addition model will greatly improve predictions about the
influence of dissolved  oxygen on toxicity of ammoniz and perhaps other
toxicants., The current recommended criterion of 5.0 mg/l oxygen (U.S. EPA,
1977) would coutributed approximately 0.l toxic unit, which would enhance the
gcute toxicity of ammonis to fathead minnows by about 10%4. However other
warmwater species with higher oxXygen requirements might be more sensitive at
that concentration, as has been shown Ffor rainbow trout {(Thurstonm et al.
1981b).

Calculation of a "two number" ammonia criterion using available toxicity
information on 16 families of fish and invertebrates found in midwestern
warmwater rivers produced values that were consistent with other site-specific
criteria. A maximum allowable concentration of approximately 0.2 mg NH3MN/1,
and a 30~-day average of 0.04 mg NH3-N/1 were obtained using either the bicassay
results from this study, or values taken from the national criteria document
(U.8. EPA, 1983). The criterion a&erage is mearly identical to the currenti

maximum allowable concentration of 0.05 mg NﬁBIl (or 0.04 mg Nus;mfl) adopted




by many states. However, it is about twice as high as the proposed national
ammonia criterion (U.S. EPA 1983) which recommends & maximum of 0.075 and
30~day average of 0.018 mg NH,-}/1 at 25C and pH 7.5.

The allowable discharge of ammonia to rivers (in Kg/dav total ammonia) is
ultimately limited by low flow conditioms. In midwestern rivers, low flow
events typically occur in late summer, when high temperatures {perhaps combined
with high pH or low dissolved oxygen) make restrictions based on un~icnized
AWMONi& mMOBL stringent. The relative importance of one-day and 30-day low flow
events in limiting allowable discharges is related te the ratie of the two low
flow conditions. For most Indiana rivers, the difference between one-day and
30-day low flow is less than a factor of 5. The "two number" ammonia criterien
of ¢.2 and (.04 mg NH3wN/1 is in the ratis of 5:1, based on an acute/chromic
ratic of approximately 10:1. If such a criterion is adopted, the 30-average
condition will be more restrictive to dischargers than the one-day maximum

allowable limit. For that reason, the selection of chronic bicassay results

for developing an ammonia criteriom is especially important.
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PURDUE AQUATIC TUXICOLOGY LABODRATORY

BEGINNING -BATE:
Catostomus commersont (white sucker)
ENDING DATE:

TEST: 96 hour Acute
SPECIES:
TOXICANT: Ammonia

NUMBER OF ORGANISMS PLR AQUARIUM: 12%

Oct. 17, 1980

Oct. 21, 1980

AVERAGE WEIGHT OF ORGANISMS, g: 11.4 LC50: 0.85
% CONFIDENCE LEVEL
FLOW RATE, o/MIN: 0.6 95% CONFIDENCE LEY
UPPER: 0.69

SIZE OF AQUARIA, %: 60 _
AVERAGE TEMPERATURE, °C: 22.5
AVERAGE pH: 7.8

AVERAGE D.0., mg Op/%: 7.4

LOWER: 0,60

- Cumulative Percent Mortality
Toxicant

Concn
mg WH,-N/% 1.55 1.28 0.79 0.80°0.46 0.44 0.25 0.25 0.11 0.07 ¢ ¢
A !
0.25 ﬁ
0.5
1 30 | 33
2 160 | 83 17
) 4 100 | 42
= g 501 9
& 12 58 1 27 i .
- 16 i A
= - ; :
- 1 SRR S W
© 36 o %
@ 48 75| 55 | |
£, t
@ 60 |
72 72 oy
g5 | 100} 100] 83} 91 0 |0 0 Dl 0

Comments: *17 fish at 0.80 mg/% concentration.
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Test: 96 hour acute

Test species: (Catostomus commersoni
Date initiated: October 17, 1980

Replicate Treatment Levels
1A | 1B [2A | 2B |34 [3B |4A | 4B |5A | 5B | 6A |6B

Total Ammonia, mg N/ 2 _

9 hours 155.7/55.5/32.4{32.4117.5115.8 8.5/ 8.9 0.3 3.5 NDIND
48 hours 162.1161.3/35.9/37.0]18.4118.5] 9.3 9.6/ 4.4 4.4 NO |np
26 hours E08.4157.7132.6033,1112.2112.21 6.8 6.9 2.4 2.3 NDIND

Un-ionized Ammonia, mg N/ ¢

0 hours 11.54[1.16 0.7410.7410.4410.5410.301 0.29]0.12 0.13} -~ |-~
48 hours NM _|NM 0.7610.7810.5310.5110.27/0.2610.13 0.14] -~ |--
96 hours §NM - fNM 10.97/0.9510.4410.4210.2410.25/0.08 0.08 -- | --

pH _

C hours. §7.77/7.6417.6917.6817.731{7.87{7.871'7.8417.89 7.89 8.03{7.57
48 hours |7.7417.64]7.68{7.6817.82|7.8017.82] 7.78!7.84 7.86 7.98] 7.94]
96 hours {7.8917.8217.8017.8117.9217.8917.911 7.9217.91 7.90i 7,96/ 7.91

Temperature °C

Q hours §23.0123.0123.0123.0123.0123.9123.01.23.0123.0 23.00 23.0123.0

48 hours §22.0;22.0122.0122.0122.0{22.0{22.00 22.0i 22.¢ 22.0f 22.0| 22.00
96 hours ]22.0/ 22.0122.0}22.0;22.0§22.0|22.0/ 22.0i 22.0 22.0 22.0 22.0

Dissclved Oxygen, mg 0p/%
0 hours 4 7.4 7.4 7.3 7.3 7.2 7.3 7.50 7.9 7.5 7.6f 7.5

96 hours /.4 7.3 7.5 7.4 7.5 6.9 7.0 7.8 7.4 7.4 7.3 7.1




ER IV

PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 9& Hour Acute : - BEGINNING DATE: Oct. 4, 1982
SPECIES: Ictalurus punctatus {channel catffsh} _
TOXICANT: Ammonia ENDING DATE: Oct. 8, 1982
NUMBER OF ORGANISMS PLR AQUARIUM: 10
AVERAGE WETGHT OF ORGANISMS, g: 0.5 Hea0: 1.19 |
FLOW RATE, &/MIN: 0.5 95% CONFIDENCE LEVEL
SIZE OF AQUARIA, L: 60 UPPER: 1.25
LOWER: 1.13

AVERAGE TEMPERATURE, °C: 25.7
AVERAGE pH: 7.8
AVERAGE D.0., mg Op/%: 7.1

Cumulative Percent Mortality |
Toxicant
foncn
mg NH.-N/2 2.31 2.13 1.58 1.53 1.00 1.00 0,71 0.66 c c
0,256 '
0.5 10
1
7 30
. 4 401 30| 20 10
b ;
T g |60 50 ;
S 12 {70 70| 40 10 B |
S 16 | 90 50 L j 3
- . I
=2 24
= -
g 38 100 1100 | 80| 60 ‘ ;
“ H
& 48 ‘ ' |
B -
S 60 100 | 90| 10
e « 1
- A
96 100 100 {100 11001 10% 10 0 0 0 (]

Commenis:
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Test: 96 hour acute

Test species: Ictalurus punctatus
Date initiated:y October 4, 1982

Replicate Treatment lLevels

1A {18 |2A |28 138 138 |4h 4B |5A | 5B |6A |68

Total Ammonia, mg N/ &

0 hours |72.5]74.9]48.4146.5]30.3]30.6[ 19 2] 19.6] np|up

48 hours 170.6}73.6146.8148.2128.6129.2/18.7117.21 ND|ND

96 hours 170.2}72.1147.8{49.1129.6/30.5120.1119.3} ND| ND

Un-ignized Ammonia, mg N/ 2

g hours 2.1312.3111.56

-

b2 1.05 1.0310.671 0.67] ND}ND

48 hours 12.1412.3311.57

f—

.6511.0010.98 0.70{ 0.65; ND 1 ND

96 hours §2.10{2.17¢1.47

it

.5810.95§1.00] 0.771 0.67] ND{ ND

pH

0 hours §7.71)7.74/7.75]7.76/7.79]7.78/ 7.79 7.79] 8.04 8.01

~J

48 hours }7.7017.7317.75

~J

.7617.78]7.7717.800 7.801 7.99 8,00

96 hours :7.7317.73i7.74

-~

J017.7617.7717.841 7,791 7,96 8.01

Temperature °C

0 hours §25.7(25.6]25.7]25.7]25.6125.4] 25.6/ 25.5 25.8 25.5

48 hours |26.4126.2126.4)26.3/26.0(25.6!26.3{ 26.3] 26.4 26.3

96 hours 125.525.4125.41 25.5125.3125.4|25.4| 25.5/ 25.3 25.4

Dissolved Oxygen, mg 07/%

G hours 16.76/6.84]6.8316.99/7.13/6.846.52 6.82] 7.0% 6.95

48 hours |7.037.1416.9707.0117.0917.19 7.21 7.11 7.04 6.94]

9 hours 7.117.25/7.38/ 7.25{7.2007.26{7.13 7.0%4 7.15 7.28




[ute]

PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 Hour Acute REGINNING DATE:dan. 22, 1981
SPECIES:  Lepomis macrochirus (bluegill sunfish)
TOXICANT: Ammonia ENDING DATE: . Jan. 26, 1981

NUMBER OF ORGANISMS PER AQUARIUM: 14*
AVERAGE WFEIGHT OF ORGANISMS, g: 0.9
FLOW RATE, #/MIN: 0.6

SIZE OF AQUARIA, 2: 60

AVERAGE TEMPERATURE, °C: 24.2

AVERAGE pH:7.8

AVERAGE D.0., mg 0s/%: 6.4

LCB0: 1.11
95% CONFIDENWCE LEVEL
UPPER: 1.22
LOWER: 1.02

Cumulative Percent Mortaiity
Toxicant
Concn . %
mg NH.-N/2 1.73 1.53 1.34 1.32 0.68 0.67 0.34 0.33 9.29 0.22 ¢ c

.25 o i

0.5 |

1 31| 14
2 54 1 21

2 921 93| 29| 7

g 1100 ]100 | 43| 50 L

12 o
21 o) 570 -
36
48 57
60 |
72 6| . T
o5 |100l1001 57| 64 ol o] ol ol ol ol o0l o

Ohservation Time, Hr.

Comments: *13 per tank at 1.73 ppm




Test: 96 hour acute

Test species: Lepomis macrochirus

Date initiated:y January 22, 1981

Renlicate Treatment Levels

IA |18 |2A 2B |37 (38 14n 14ap 15A | 58 | 6A | 6B

Total Ammonia, mg N/ £

0 hours | 66.4]66.4|57.4]56.7/32.530.312.9) 13.9] 11.4_ 9.9 ND |ND
48 hours |58.8/59.3150.2151.4128.3127.2110.71 11.6/ 10.1 7.9 ND | D
96 hours |64.9,65.8055.5/55.2129.5128.1111.5.10.91 9.1 7 7 ND a0

Un-ionized Ammonia, mg N/ g

0 hours }1.78/1.6011.431.4310.68/0.70/0.410.30/0.34 0.24] -~ |-

48 hours 11.77/1.38/1.2211.25/0.6910.68]0.30| 0.30i0.30 0.20] -- |-
96 hours 11.65/1.62]1.30]1.33/0.64/0.65/0.32{0.38 0.2% 0.22] == |-~

pH
) : T

O hours [7.75.7,7117.7217.73 7;54i7.69 /.83 7.65( 7. % [.75.7.801 7,81
5

7.7
48 hours 17.7617.64,7.66/7.66|7.67,7.68{7.73 7.69 7.75 7.69 7.80\ 7.79
96 hours 7.67/7.65{7.63]7.64 /.5917.63/7.70/7.81)7.70 7.73 7.81] 7.79

s}

Temperature "L
G hours 23.0123.0123.0123.0/23.0123.0/ 23.0 23.0523.0 23.00 23.0! 23.0

48 hours |24.5{24.5124.5/24.524.5|24.5 24,5 24.5} 248 24.5 24.5/ 24.5
96 hours 325.0025.0125.0125.0 £9.0125.0125.00.25.0.25.0 25.00 25,0/ 25.0

; Dissolved Oxyyen, my 0n/8

{ i J ; i
|0 hours | 6.8 6.8 6.7 6.7 6.7 6.6 6.6 6.7 6.7 6.8 6.6 6.4

% hours | 6.0l 6.1 6.1 6.1 6.2 6.1 6.1 € 2 6.4 5.9 6.3 ¢



PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 Hour Acute - BEGINNING DATE: July 20, 1982
SPECIES: Lepomis macrochirus {bluegiil sunfish)
TOXICANT: Ammonia ENDING DATE: July 24, 1982

NUMBER OF OKGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.9
FLOW RATE, &/MIN: 0.5

STZE OF AGUARIA, £: 60

AVERAGE TEMPERATURE, °C: 26.5
AVERAGE pH: 7.6

AVERAGE D.0., mg Op/2: 7.0

LC50: 1.44
95% CONFIDENCE LEVEL
UPPER: 1.52
LOWER: 1.35

. _
Cumulative Percent Mortaiity ;
Toxicant _ f
i
I

foncn
mg NH.-N/% 1.84 1.79 1.32 1.39 1.09 1.17 0.67 0.80 0.49 0.52 ¢ ¢
o 1 1 i
0.25 ! ! i
0.5 | ; |
1 1 10 i 'j ?
2 20 g |
. 4 | |10 | i
- .
== g 20 | 60 | 10 K i
@ 12 | 50 | o |
£ | SURS SR o ——
‘ i6 E S : i
2 24 1100 {100 | 20 | 10 | 10 .
2 |10 [
< 36 L
2
2 48 30| 20 |
Ml K ; ¢
e 60 | | |
72 50| R |
o 1100|100 60| 30| o] of o] 10/ 10/ 0 0| o

Comments:




A8

Test: 96 hour acute

Test species: Lepomis macrochirus
Date initiated: July 20, 1982

Replicate Treatment Lovels

1A [ 1B J2A j28 13t 138 [4A g sA | 5B | 6A | 6B

jma]

Totail Ammonia, mg N/ %

0 hours [89.2[85.5]71.6175.0(45.5]46.3/24.7] 34.7, 18.0 18.8] ND |ND
48 hours |NM_NM_158.4]56.2/44.4]41.825.0 30.7 16.0 17.2 ND IND
96 _hours _[NM__|NM _151.2]59.6!45.2146.0123.9 31,4 15.7 17.40 nn lun

Un-ionized Ammonia, mg N/ g

0 hours :1.8411.7911.63/1.63{1.101.22 0 67f0 83;0 52 0.53] =~ i--
48 hours {NM INM 11.2711.26:1.10(1.12/0. 6810 79 0.49 90.50] ~-- |--
96 hours |NM |NM _[1.06]1.2711.07:1.17/0.650. 77, 0.46: 0.54] -- |~-

D _
0 hours 7.55}7.56 7.59/7.5817.63]7. 66 7 6717 62 7 73,7 100 7.78t7.77

iwﬂﬁkhﬂuri__ NM INM_ | 7.5417.56:7.59]7.64,7. 63 Z. 61 A ﬁﬂ L.08, 7.7517.77
| 96 hours INM I NM ]7.52/7.5417.58,7. 62{? 64 7. 60 7. 6? 7.70:7.79{7.78

Tesperature °C

| O hours 125.825.7/25.9/25.6 125.7,25.6 25. 8i25q?)25 A 25.7025.7125.7
148 hours :NM | NM 126.8 26.8 27.2126.8 27. % 27. 2 27.4 27.327.3127.3
96 _hours {NM_ | NM_ ]26.8026.626.8!26. .5 26.9 26. 7 27.427.026.926.9

Puissolved Dxygen, mo Un/ L ” o

0 hours ;z 12 7.11}7.07) 7.05) 7.23/ 7.22 7lqzm619@mzf2q 7.240 7,12 7.06
|48 hours | NM_| NM | 6.89] 6.847.00/7.016.96 6.90 7.07 7.19 7.14| 7.08
| 9 hours [ MM | NM | 6.90/6.70/6.90]7.1016.75 6.75 6.95 7.00 7.00 7.01




. PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 Hour Acute BEGINNING DATE: Sept. 28, 1987

SPECIES: Lepomis macrochirus {bluegill sunfish)
TOXICANT: Ammonia ENDING DATE: Gct. 2, 1982
NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 1.2 LC50: 1.45
FLOW RATE, 2/MIN: 0.5 95% CONFIDENCE LEVEL
SIZE OF AQUARIA, %: 60 UPPER: 1.62
LOWER: 1.29

AVERAGE TEMPERATURE, °C: 26.6
AVERAGE pH: 7.8
AVERAGE D.0., mg 0p/8: 7.2

Cumulative Percent Mortaitty

Toxicant
Concn . o
B mg NHo =N/ 2 2.29 1.88 1.2 0.88 0.84 c
0.25 '
0.5
1
2 30 20
. 4 50 30
- g 90
£ 12 100 50 10 I -
£ % L B
© 24 20 SR N
= | e ]
ﬁ 36 | ‘ |
[ Y B
$ 48 ' %
L
= 60
72 a0 * 3,
96 100 1 90 20 Q. 0 ol

Comments:




AL0

Test: 96 hour acute

Test species: Lepomis macrochirus
Date initiated: “September 28, 1982

Repiicate Treatment Levels

1n 118 |2A |28 13 138 |4 |48 | 5A | 58 | 6A | 6B

Total Ammonia, mg N/ &

0 hours 176.3 61.71 . i34.3 16.4 18.3 ND
48 hours 177.2 61.0 37.2 26.0 20.9 ND
96 hours 74,71 61.7 34.8 25.89 o200 ND

Un~ionized Ammonia, mg N/ &

0 hours _|2.33 1.99 1.29 0.721 ___lo.81 ND
48 hours 12,39 1.82 1.27) 10,98 10.85 ND
96 hours 12,16 1.83 1.09 0.941  .10.87 ND
pH _

0 hours [7.68 7.71 7.79 7.85]  [7.86 8.00
48 hours |7.70 7.68 7.74 | 7.8 h.s1 7.86
96 hours _17.70 7,71 7.74 7811 17.88 7.95

o

Temperature °C

0 hours [27.2 RN 6.7 27.0 27.0 26.7
48 hours 126.8 27.0]  P6.8 27.0 27.0]  126.91
96 hours 125.91 = 175.8 25.7 | 125.71  125.8 25.7

Dissolved Oxyagen, mg On/2

0 hours  17.30 7.15 7371 .99, [7.26]  17.15

48 hours 17.14 7.09 7.25 7.11§m [7.16 7.07

9 hours |7.21 7.28 7.0 .6 j7.051 7.2




PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: GG Hour Acute BEGINNING DATE: Nov. 28, 1980
SPECIES: Notemigonus chrysoleucas {golden shiner)
TOXICANT:  Ammonia | ENDING DATE:  Dec. 2, 1980
NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 8.7 LC50: 0.59
FLOW RATE, 2/MIN: 0.6 95% CONFIDENCE LEVEL
SIZE OF AQUARIA, 2: 60 UPPER: 0.59
LOWER: g.50

AVERAGE TEMPERATURE, °C: 24.5
AVERAGE pH: 7.5
AVERAGE D.0., mg 0p/%: 7.7

Cumulative Percent Mortality

foxicant
Conchn
mg NH.-N/% 1.08 1.02 0.60 0.58 0.31 0.30 0.15 0.14 0.07 0.07 ¢ c

0.25
2.5
1 48 | 20
2 50
4 70 1 50 10} 10

8 |
12 100
16 R
24 | 90 -

36 x
48 1100 20 ' '
60 _
72 1300 40 10 >
96 {100]100] 300 501 10} 200 ol ol oi ol g 0

Observation Time, Hr.
1
!

Comments:




i

Test:

Test species:

36 hour acute

Al2

Notemigonus chrysoleucas -

Date initiated:\ Novenber 28, 1980

Replivate Treatment Levels

th {1m 2a [28 T 38 [4a [ag [sn [ 58 [6A |66
Total Ammonia, mg N/i. -

0_hours |74.8/75.9/41.9/42.1120.2/20.0, 8.7 9.2 4.4 4.1 ND InD

| 48 hours |61.1)65.2]36.5 36.0 18,9A;5,ﬂ¥,§,3 6.8/ 3.3 3.2 ND |ND
96 hours [60.0061.1134.4134.0118.4114.8 6.1 6.7 2.d 3.0 NDND
[Un-ionized Ammonia, mg N/ L -

0 hours |1.231.16/0.83/0.78/0.33{0.39 0,20 0.190.10 0.08 - | --
48 hours 1 1.11/1.00/0.59 0.59 OualeLZEMQJ14EQ,14!G.07 0.07 == | =-
96 hours 10.90/0.91/0.39/0.38(0.28/0.22 0.10 0.09 0,08 0.05 -- | -
H

i e

0 hours |7.517.46|7.58|7.55/7.4817.55] 7.641 7.59] 7.64 7.57 7.66] 7.66
48 hours | 7.51 7.44]7.46] 7.46 Zi4ﬁilh§8wz¢ﬁ051@56;JL53m7 59.7.500 7,60
96 _hours | 7.47 7.47/7.35 7.34]7.48|7.48 7.51 7.43] 7.52 7.52 7.56 7.58
Temperature °C -

0 hours | 24.0)24.3/24.2 24.2| 24.6|24.9 24.3 24.6 24.4 24.5 24.3) 24.5
48 hours |25.225.3)25.4 25.3|25.525.9) 25.3 25.5 25.9 25.5 25.4 25.5

96 hours 123.8 23.8 23.6 23.7/23.9123.3 23.623.6 23.6 22.7 23.4 23.5
Uissolved Oxygen, mg 0o/ 2 L

9hours | 7.4 7.0 6.9 7.3 7.3 7.1 7.4 7.0_7.1 7.3 7.5 7.2
48 hours | 8.1 8.1 8.0 7.8 7.9 7.7 7.9 8.1 8.1 8.0 8.0 8.1
96 hours | 7.9 8.0 7.8 7.9 7.8 7.7 8.0 8.1 7.8 7.8 7.1 7.9



ALS

PURDUE AQUATIC TOXICOLOGY LABORATURY

TEST: 56 Hour Acute BEGINNING DATE: Oct. 19, 1982 ,
SPECIES: Notropis whipplet | %
TOXICANT: Ammonia . ENDING DATE:  Oct. 23, 1582 |

NUMBER OF OHGANISMS PER AQUARIUM: *
AVERAGE WEIGHT OF ORGANISMS, g: 0.5
FLOW RATE, 2/MIN: 0.5

SIZE OF AQUARIA, £: 60

AVERAGE TEMPERATURE, °C: 25.7
AVERAGE pH: 7.9 _ | i
AVERAGE D.0., mg 0p/%: 7.3

Le50r 1.03

95% CONFIDERCE LEVEL
UPPER: 1.08

LOWER: 0.99

Cumuiative Percent Mortality

Toxicant
Concn
mg NH7~N/£ 1.29 (.89 0.88 c
(.25 0 0 0 0 j
o5
. i
2 ' : : |
. 4
e —
+ 8
& 12 L _
Z } 6 '-Aw;“ [ é R _'_.__.._;._- R ,l., _—
= 24 g ] : ;
- . - . O o . !
z 36 -
b 48
A
= 60
72 o L
96 100 18.2 01 0
* Comments:
Total No. 5 11 7 g

Test included several species of Notropis. Identifications were made :
at 96 hours. ‘




Ald

Test: 96 hour acute

Test snecies: Notropis whipplei

Nate initiated:\ October 19, 1982

Repliciate Treatment Levels

1A | 1B |2A [ 2B 124 |38 |4A |48 15A | 5B | 6A | 6B

Total Ammonia, mg W/ 2

| 0 hours {33.6 25.1 19.41  116.3 ND
48 hours 135.2 27.4 19.4 17.20  ND_ 1
96 hours {32.6 24.8] _{17.3 15.0 ND

Un-ionized Ammonia, mg N/ &

Q0 hours 11.30 1.03 0.94 0.88 ND

48 hours  |1.32 1.16 0.91 0.92 D
9% hours  11.26 1.05 0.82 0.83) g
nH _
0 hours 17.85 7.87 7.93]  [7.98]  ls.04
48 hours 17.82 7.88 7.921  7.98| __18.07 ;
9 hours 17.83 7.88 7.91,  l7.98l _ ls.01 o

Temperature °C

0 hours 125.4 25.5 25.41 1258 1256
48 hours 125.8 25.4 25.7 25.8 1256
- I : -
9 hours |26.0 125.6 26.1 126.1 125 .9

Uissolved Oxygen, mg Oa/l

0 hours 17.62 7.18 7.49 7.73 7.18}
48 hours }7.05 7,190 17.14 7.28 17.41

i

96 hours 17.00 7.23 7.08 | 7.31 7.19




A5

PURDUE AQUATIC TOXICOLGGY LABORATORY

TEST: 86 Hour Acute BEGINNING DAYE: Dct. 19, 1982

SPECIES: Notropis spilopterus
TOXICANT: Ammonia ENDING DATE: Qct. 23, 1987

RUMBER OF ORGANISMS ‘PER AGUARIUM: *
AVERAGE WEIGHT OF ORGANISMS, g: 0.5
FLGW RATE, 2/MIN: 0.5

SIZE OF AQUARIA, %: 60

AVERAGE TEMPERATURE, “C: 25.7
AVERAGE pH: 7.9

AVERAGE D.0., mg 0p/%: 7.3

Le50: 1.11

957 CONFIDENCE LEVEL
UPPER: 1.14

LOWER: 1.09

Cumulative Percent Mortality

Toxicant
conen
mg NH.-H/% 1.29 1.08 0.89 0.88‘ C

(.25 0 0! 0/ 0 0

0.5

i

:

2
. 4 ‘
= 8 | !
o H
= 1 6 i : - ' — N : |
ot I ' - e T ;
2 24 i i J
g 36 | L
2 48 E | f
J = T ;
< a0 . i

72 L

95 100 30.8 0 0 b0
Commants: o

Total No.: 19 26 15 . 18 15

Test included several species of Notropis. Identifications were made
at 96 hours. ‘ '




Test: 96 hour acuta

Test species:
Date initiatedy October 19, 1582
T

Al6

Notropis spilopterus

Replicate Treatment Levels

1A |18 {2A |28 134 (38 14A |48 |5A | 5B | 6A |6B
Total Ammonia, mg N/ &

0 hours |33.5 25.1 19.4 '16.3 ND
43 hours {35.2 27.4 19.4 17.2 ND
96 hours -f32.6 24.8 17.3 15.0 ND
Un-ionized Ammonia, mg N/ &

0 hours |1.30 1.03 0.9 0.88 ND
48 nours |1.32 1.16 0.91 0.92 ND
96 hours 11.26 1.05 0.82 0.83 ND
pif

0 hours |7.85 7.87 7.93 7.98 8.04
48 hours | 7.82 7.88 7.92 7.98 8.07
96 hours 17.83 7.88 7.91 7.9 8.0
.Temperature °C

0 hours |25.4 25.5 25.4} 25.8 25.6
48 hours |25.8 25.4 25.7 25.4 25.
96 hours | 26.0 25.6 26.1 26. 1 25.9
bissolved Oxygen, my Op/4 ‘ o

0 hours 17.62 7.18 7.49 7.73  17.18
48 hours {7.05 7.19 7.14 7.2 7.4
96 hours | 7.00 7.23 7.08 7.31 7.19




PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 Hour Acute : BEGINNING DATE: pyg. 23, 1982
SPECIES: Campostoms anomalum ' _
TOXICANT:  Aomonis ENDING DATE:  Aug. 27, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 13%
AVERAGE WEIGHT OF ORGANISMS, g: 2.1
FLOW RATE, &/MIN: 0.5

SIZE OF AQUARIA, £: 60

AVERAGE TEMPERATURE, °C: 25.7

AVERAGE pH: 7.8

AVERAGE D.0., mg 0p/4: 6.4

LCBO: 1.41
95% CONFIDENCE LEVEL
UPPER: 1.58
LOWER: 1.25

Cumylative Percent Mortaiity

Toxicant
Congn
mg NH.-N/2 1.88 1.36 0.83 0.56  0.45 c
0.25 '
0.5 1
1 a1
-
] 4 46 15 8
S
T 8 54
- 16 63 23 IR RO WS SRR N SR R
2 24 R
o D —— ]
= 36 | L
% 1 !
g 48 |
Eal
< ) |
72 ) . : b :
96 100 23 8 0, 1 0 0]

Comments:
Treatment Tevels 0.56, (.45 and ¢ began with 12 individuals




Test:

Test species:

Date initiated:

96 hour acute

A18

Campostoma anomalum

‘1

¥

August 23, 1982

Replicate Treatment Levels

i |18 |2A |28 |3n |38 [42 [4B 154 | 58 | 6A |6B
Total Ammonia, mg N/ 2 ‘

0 hours 157.1 38.8 25.4 15.7 12.4 ND
48 hours M 39.5 22.8 16..0 12.8 ND
96 hours |NM 40.7 23.7 17.7 13.3 ND
in-ionized Ammonia, mg N/2

0 hours 11.88 1.41 0.89 0.56| __|0.44] D
48 hours  |NM 1.30 0.77 0.53 0.43 ND
96 hours |NM 1.36 0.84 0.600 10,47 ND
pi!

S

0 hours 17.74 7.78 7.77 2770 71.770 .. i7.80
48 hours |7.78 7.77 7.78 | 7.78 _17.790 . l7.81
56 hours 17.80 7.79 7.81 | 17.79 17.81 7.82
Tenperature °C

0 hours 126.3 26.5 26.5 26.5|  26.4]  log.a
48 hours 125.6 25.3 25.5 25.3 25.3 25.3
96 hours  [25.51  125.2 25.3 25.10 ... l25.2] 25.4]
issolved Oxygen, mg Oa/ 8 _ o

0 hours  16.02]  l6.14 b.12{  16.05]  l6.09 6.98

— i |
48 hours  |6.44 6.38 6.33 1 6.19]  16.29 6.71
96 hours |6.311  6.73 6.58 16.77 6.36 6.09
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PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 Hour Acute ' REGINNING DATE: Aug. S, 1982
SPECIES: Pimephales promelas (fathead minnow)
TOXICANT : Ammonia ‘ ENDING DATE: Aug. 13, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.2
FLOW RATE, %/MIN: 0.5

SIZE OF AQUARIA, &: 60

AVERAGE TEMPERATURE, °C: 25.9
AVERAGE pH: 7.78

AVERAGE D.0., mg Qo/%: 7.1

LC50: 1.44
95% CONFIDENCE LEVEL
UPPER: 1.51
LOWER: 1.36

Cunulative Percent Mortality

Toxicant %
Conen : ' :
mg N,-N/2 1.9 1.83 1.56 1.54 1.10 1.14 0.85 0.85 0.610.58 0 _ 0
0.25
3.5 10
1 30 | 60
? 60 90
, P 90 {100 | 30| 10
= g 40 | 20
gy |
S e 190 601 30 IR o
IR T NN 7% AT N N N O O A
z 36 L ) |
@ 48 80 | 50 | '
I
= 60
72 B T T
o6 | 100|100 80| 60] o0l of ol of of ol o o0

Comments:




Test:

Test species:

96 hour acute

A20

Pimephales promelas

Date fnitiated:q August 9, 1982
¥

Replicate Treatment Levels
14 | 1B J2A |28 f3h 138 [4A 148 [5A | 5B | 6A | 6B
Total Ammonia, mg N/ %

0 hours 168.0(70.1{47.4147.6131.0132.3]23.0/25.0{15.2 12.2] ND IND
48 hours” |NM |NM [52.4]51.4135.4|36.1}25.0/24.7 17.3 15,41 ND |ND
96 hours INM_INM _ 147.3146.8131.6132.2123.4[22.5116.11 16.4] ND_IND
Un-ionized Ammonia, mg N/ g _

¢ hours §1.9111.8311.4211.4111.00{1.0310.8110.83{0.54{ 0.47, ND D
48 hours {NM INM_11.5711.4211.09/1.09|0.85;0.78/0.61 0.56¢ ND [ND
96 hours  INM _INM 11.69]1.7971.21]11.3110.90i0.94,0.69 0.701_ND iND
pH _ . _

0 hours 17.64|7.63|7.68/7.68;7.71,7.72|7.76 7L]§'7.?6i7,80 7.79 7.81
48 hours |NM | MM |7.72]7.6817.74]7.7417.7817.75/7.800 7821 7.89 7.87
96 hours INM 'NM 17.82|7.8417.85{7.87(7.87!7.8817.89 7.8917.9117.85
Temperature °C

0 hours 127.0]26.7[26.9{26.8{28.1126.6/26.8 26.9[26,§ 26.8126.6{26.7
48 hours INM_INM 125.5|25.7125.4125.3|25.5 25,6525.6 25.4:25.7125.5
96 houps JNM INM _125.225.4125.1i25.2124 5| 25.4125.525.5L25.4125.3
Dissolved Oxygen, mg O2/8

0 hours 16.82{6.78{6.82 6.7216.92 6.8716.86/6.72:7.0917.0116.8116.63
48 hours (NM INM [7.3117.3017.277.3417.3317.2817.45 7.4317.33]7.241
96 hours INMINM {7.23(7.2717.33 7.15(7.19]7.13(7.241 7.00|7.21}7.08




ALl

PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 Hour Acute REGINNING DATE: Oct. 11, 1982

SPECIES: Pimephales promelas {fathead minnow)
TOXICANT: Ammenia _ EMDING DATE: Oct. 15, 1982
NUMBER OF ORGANISMS PER AQUARIUM: 10 ‘
AVERAGE WEIGHT OF ORGANISMS, g: 0.5 1C50: 1.54
FLOW RATE, f/MIN: 0.5 95% CONFIDENCE LEVEL
SIZE OF AQUARIA, £: 60 UPPER: 1.63
LOWER: 1.44

AVERAGE TEMPERATURE, °C: 25.6
AVERAGE pH: 7.8
AVERAGE D.0., mg Op/&: 7.2

: Cumulative Percent Mortaiity
Toxicant :

Concn
mg NH-N/% 2.41 2.22 1.59 1.56 1.030.99 0,75 0,71 0.34.0.30.0 0
0.25 -
0.5 | 30| 10 10
1 301 10 _
2 60 | 501 30
: 4 80 | 60
= 8 70 | 20| 40 | 10
g 12 | 901100 Bt i E
= 16 | 100 60 I R A
E% 24 30 , _g - | 105 -
s 36 %
_g a8 40 | 70
o 60
72 | b
96 100|100 40| 70| 0] ol 0110} 0 "ol b

Comments:




Test: 96 hour acute

Test species:

AzZ

Pimephales promelas

Date initiated:i October 1%,
¥

1982

Replicate Traatme:st Lavels

1A 18 |27 [23 |3 |38 [4A 4B [5a | 58 |6A |68
Total Ammonia, mg N/ R

9 hours |75.7,78.2152.2|50.5{30.3132.6/20.1119.0{ 8.6/ 9.9] ND |ND
48 hours {NM |NM 49.8/53.8/31.7|29.6/22.3/21.3] 7.7 8.4/ ND |ND
96 hours NM |NM 149.9/51.0133.1/29.6{22.1/20.8/ 8.0 8.9/ ND [ND

§Unwionized damonia, mg N/ 2 o

0 hours 12.22/2.41 1.64!1.56_1.65 1.11/0.72/ 0.68/0.31 0.36] ND [ND

48 hours MM INM |1.56]1.65/0.98/0.93]0.77,0.7310.29 0,31 ND |ND
' 96 hours [NM |NM [1.48/1.561.06/0.93/0.76{0.73/0.29 0.36 wp I\
A S
| O hours 17.70|7.71/7.73|7.72|7.767.76/7.78 7.787.79 7.79) 7.81]7.80
| 48 hours [NM INM 17.72)7.75]7.75|7.77/7.80,7.80|7.83 7.83]7.887.89
96 hours |NM_|NM |7.737.74|7.76/7.76|7.787.79/7.83 7.86, 7.88/8.00
éTemperature °C : _

0 hours 126.2/26.3126.1/26.1/26.426.3]26.4;26.2/ 26.1 26.3] 26.3/26.3
48 hours |NM [NM 125.2/25.1,25.0|24.8/25.1/25.1/25.2 25.1/ 25.2 25.0
96 _hours {NM | NM 125.1125.3{25.4,25.2]25.8 25.7|24.9 25.6/ 25.6] 25.8
Dicsolved Oxygen, my Dp/i o

0 hours {7.34/7.41)7.06/7.41|7.16,7.25 7.48 7.44 7.37 7.72] 7.32| 7.40

48 hours | NM | NM 17.15)7.02/7.18]7.09| 7.16 6.99 7.07 7.22]7.37) 7.28
96 hours |[NM | NM |7.006.98 7.11)7.05/ 7.22 6.79 6.98 7.12/ 7.06/ 7.15




PURDUE AQUATIC TOXICOLOGY LABORATORY

TEST: 96 hour acute _ BEGINNING DATE: August 17, 1982
 %PECIES: Pimephales promeias '
TOXTCANT: Oxygen {low) ] ENDING DATE: August 21, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.34
FLOW RATE, g/MIN: 0.2

SIZE OF AQUARIA, &: 40

AVERAGE TEMPERATURE, °C: 25.9

AYERAGE pH: 7.8

AVERAGE mg-NH3—N/£: No ammonia

LE50: 1.37 mg Op/d
952 CONFIDENCE LEVEL
UPPER: 1.47
LOWER: 1.27

Cumutative Percent Mortality

Toxicant
Cornchn
mg Op/%  0.710.78 1.11 1.17 1.29 1,33 2.13 2.27 2.27 2.67 2.78 3.89
0.25 e
0.5 | 30! 30! 10f 10
] 501 501 401 20
2 |
r
, 4  t1o0i100! 7ot s0l 20] 10 |
= g '
g iz L .
b 16 | e L] |
- A R e [ S F
2 24 i 2030 L
o % ! 100 | : i
e 18 .
.Q E
< 60 T ]
77 A
96 1100 1001 100f 100! 50| 30| ol o o> ol ol o

Comments:




Az24

Test: 96 hour acute
Test species: Pimephales promelas
Date 1nitiatedi August 17, 1982
f Repiicate Treatment Levels
14 | IB 12A 128 13A [3B [ 4A 14B (S5A ;5B 16A 6B
Total Ammonia, mg H/ 2 3
Un-ionized Ammonia, mg N/ 2
&Eﬁ
0 hours (7.78(7.7717.7817.7817.78(7.7817.78}7.79(7.77|7.78]7.80(7.78
96 hours (NM INM INM NM |7.7917.8017.80{7.8017.8117.7917.8017.80
Temperature °C
0 hours 125.6 25.5125.6125.7125.2125.3125.5125.7]25.6125.5[25.6125.8
48 hours INM [NM [NM INM  |26.3(26.2(26.2|26.3{26.2] 26.4126.0]26.0
96 hours INM |NM NM  INM. {26.0126.1126.3126.1125.9] 26.1126.2126.1
¢ ssolved Oxygen, mg O/2 :
0 hours 10.7110.78]1.1211.2911.3111.4512.25]2.2812,271 2.66/2.71i 3.98
12 hours {NM jNM 11.10¢1.04 0.9111.41]1.71{2.3912.03 2.52]2.58} 3.76
24 hours (NM O |WM O INM O [NM  [1.32]1.4012.03{2.2502.50 2.55|2.80} 3.70¢.
48 hogrs NM {NM |NM INM {1.25{1.37]2.34;2.0671.96/2.70]2.52]3.85
72 nours (NM [NM {NM |NM {1.4111.43}2.2912.14/2.58 2.75/2.88{4.15
; 96 hours ‘NM INM [NM |NM 11.55}1.49(2.1312.50{2.28 2.82|2.8% 3.91




PURDUE AQUATIC TOXICOLOGY LABORATURY

TEST: 96 hour acute BEGINNING DATE:.Ju}y 11, 1882
SPECIES: Pimephales promelas '
TOXICANT: Oxygen with constant NH, ENDING DATE: July 15, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.8
FLOW RATE, %/MIN: 0.2

SIZE OF AQUARIA, L: 40

AVERAGE TEMPERATURE, “C: 26.8
AVERAGE pH: 7.7

AVERAGE mg NHg-N/¢: 0.38

LC50:  1.48 mg 0,/
95% CONFIDENCE LEVEL
UPPER: 1.61
LOWER: 1.37

Cumulative Percent Mortatity

Toxicant
Concn
mg Up/f _ 0.45 0.76 0,95 1.19 1.79 1.97 2.63 2.76 3.44 3.99 4.22 4.37
(.25 - B — ;
5.5 | 1001 20 | ] |
1 20
2 100
. 4
k )
= 3 e
¢ 17 200 20 _ S
T 50| 40] 10|
S 22 60| 60 10 i N
s 34 to ]
z AR :
2 48 701 70 ; i %
o] i !
72 90 : RN VRN PN WS ]
e 1 100] 100] 90| 100] 100 10l ol o oi~ ol of o

CComments:




Test:

Test species: Pimephales promelas

9 hour acute

Bate initiated: Juty 171, 1982

4 Replicate Treatment Levels
. 1A 2A | 28 3B | 5A {48 I5A | 5B 68
Total Ammonia, mg H/ L ]

0 hours {12.0 12.4 13.6 13.4112,1111.7112.1112.5 12,44
48 hours I NM 13.2 13.5 13.8116.1112.3113.7115.7 12.3
96 hours M 13.1113.5 14.9114.1113.112.3{14.1 12.9]
Un-ionized Ammonia, mg N/ 2 _

0 hours §0.35 0.3910.43 0.4310.35(0.3510.3610.38 0.39
48 hours 0.3810.36 0.37(0.3810.3110.3010.33 0.30
96 hours | NM 0.4310.44 Q.49.10.4110.3810.3510 35 Q.35

] .

0 hours {7.68 7.7117.72 7.7217.6817.687.7017.69 7.71
48 hours | NM 7.6917.67 7.6717.6117.6417,5617.56 761
96 _hours _INM 7.7117.70 1,1017.6417.6517.64]7.58 7.62
Temperature °C

0 hours 126.6 26.9 126.8 26.9126.7126.7126.3126 8] 27.0]
48 hours | NM 25.9125.8 25.7125.7125.7126 3125 .3 26,1

96 hours. J M RLun 2l 0274 27,5127 6127 512771275 2Lo5)
;
Dissolved Oxygen, mg 0p/%

0 hours 10.45 0.9311.06 1.6612.29(2.3513.25{2.85 4.05
24 hours | NM 0.85(1.03 1.6612.252.30{3.10|3.49 3.76
48 hours | NM 0.9211.05 2.1212.55/2,6313.52{ 4,02 4.434
96 hours | NM 1.09(1.60 2.4513.43/3.7713.9014.59 5.23




PURDUE AQUATIC TOXICOLOGY LABORATIRY

TEST: 96 hour acute BEGIMMNING DAYE: September 28, 1982
SPECIES: Pimephales promelas '
TOXICANT: Oxygen with constant NH3 ENDING DATE: October 2, 1982

NUMBER OF CRGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.4
FLOW RATE, &/MIN: 0.2

SIZE OF AQUARIA, %: 40

AVERAGE TEMPERATURE, “C: 25.8
AVERAGE pH: 7.8

AVERAGE ing NH3-N/&: .71

1050 2.52 mg 0p/48
85% CONFIDENCE LEVEL
UPPER: 2.82

LOWER: 2.26

: Cumulative Percent Mortality
TFoxicant : _

Lonecn
ng 07/ % 0.74 6.81 1.11 1.19 1.79 2.24 3.36 3.43 4.79 5.06 6.55 6.75
0.25 10 ‘ |
a.5 | 30| 40
1 90| 80 10
o 1001 100 40| 30
, 4 80 10
Cme
= 8 70 20
g 12 80 .
- 16 100 | |
s:: i WL......._.I}_..._.V...-..".. ......
2 24 100 401 301 10 | L B
2 36 60 S
2 48 | 401 20 |
£ T -
= 60 _ 100 e
72 ‘ 50 ¥ . .
96 | 100] 100] 100{ 100; 100{ 60} 20i o} of o} ol o

Comments:




Test: 96 hour acute

Test species:

A28

Pimephalies promelas

JDate initiated:

September 28, 1982

! ¢ Rep1icate'Treatment Levels
1A L IB [2A | 2B [3A {38 j4A [ 4B j5A | 5B | 6A 16B
Total Ammonia, mg N/ 2 i

0 hours §21.7{21.6120.4122.0{21.2122.3120.8121.5121.8 22.2120.2120.5
48 hours [19.7]18.8121.2118.6]19.1120.0/20.3118.8{20.4{ 20.8119.9{19.6
96 hours §21.0122.6122,.0122.1121.5120.31{15.9 §2.3 22. 0019, 7172 4121 7
Un-ionized Ammonia, mg N/ %

0 hours 10.74]0.7310.6910.7610.7410.7710.7210.72}0.73 0.75|0.7010.71
48 hours |0.6410.6110.6810.6210.6310.65]/0.6610.61{0.65/ 0.690.66/0.63
96 hours 10.7210.7910.76|0.7610.7410.7110.69{0.76{0.78 0.690.7710.73

i 4 :

O hours §7.78|7.77y7.77y7.78V7.7817.7717.781 7.7747.7A 7.7} 7.78t 7.77
48 hours 17.7617.7617.7517.7717.77{7.767.7617.7617.759 7.76t 7.7717.76
96 hours 37.7717.7817.7717.7717.78L7.7817. 781 7 781 7. 74 7. 771 7 771 7. 77

.Temperature °C

0 hours 125.8]25.9125.9125.8125.9126.0/.25,925.7125.8 25.7| 25.9 26.0
48 hours 125.6]125.4125.6{25.6125.5[25.7]25.5] 25.4} 25.6 25.8] 25.6| 25.6
96 hours 125.9]26.0126.1126.1125.9{26.0125.9 25.7]25.9 26.1] 26.1 25.7
Dissolved Oxygen, mg Os/2

0 hours 10.74/0.8111.02{1.19!11.68{2.1413.42 4.5714.924 4.86 6;0ﬂ 5.28
12 hours INM | NM [1.2611.14}/1.72]2.4313.09 3.25 5.0% 5.29 6.26| 6.57
24 hours MM INM 11.1911.2611.92(2.2903.17 3.35/4.74 5.11 6.47 6.64
48 hours INM [NM INM INM 11.82 2.08’3.52'3,68 4.62 5.30 6.80.7.24
72 hours |NM I NM |NM INM | 1.78/2.17/3.37 3.19 4.9G 5.01 6.74 7.0]
96 hours |NM | NM | NM |NM INM {2.3113.61 3.54{4.55 4.79 6.99 6.7




PURDUE AQUATIC TOXICOLOGY LABDRATINY

TEST: 96 hour acute BEGINNING DATE: July 28, 1982
- SPECIES: Pimephales promelas
TOXICANT: Oxygen with constant NHs ENDING DATE: August 1, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.3
FLOW RATE, #/MIN: €.2
SIZE OF AQUARIA, %: 40
AVERAGE TEMPERATURE, “C: 25.
AVERAGE pH: 7.7

 AVERAGE mg NH3-N/%: 1.14

1080 1.70 mg Op/%
9h% COWNFIDENCE LEVEL
UPPER: 1.89

LOWER: 1,53

o

Cumutative Percent Mortaiity

Toxicant

foncn )

mg O/ & 1.09 1.10 1.54 1.56 2.11 2.15 3.70 3.73 3.93 4.31 4.58 4.85
0.25 | o R
0.5 | o

] 1 o

1 i |
? 10 ~ |

. a 70 | 100

. R D S R

= 8 100 301 10 10

2 e I

= 16 | )

2 24 401 20 | L

43 T t

= 36 | .10 _— . MWJ»

g I 50| 307 | 10, 10, |

S 60 601 50, - I
72 70 T I_ |
9 1 100]100] 70( 50| 10] ol 1] 10/ ol ‘ol 100 o

Comments:




Test: 96 hour acute

Test species

: Pimephales promelas

Date initiated: Juiy 28, 1982

f

Replicate Treatment Levels

1A |18 [2A |28 [3A {38 [ 4A | 4B !5A | SB | 6A | 6B
Total Ammonia, mg N/ 2
0 hours 140.9]42.244.3[42.0144.7141.5/40.3139.9138.6, 40.3143.2141.7
48 hours |NM INM [39.9143.337.3143.1]42.7/43.1142.3 42.5|41.3]41.9
96 hours INM_ INM  136.8[35.6/37.636.0138.3]37.1136.3 35.4] 35.7136.8
Un-ionized Ammonia, mg N/ 2
0 hours 10.9811.0411.20}1.1411.17]1.1411.02/1.0510.90 0.87/ 1.0110.91
48 hours INM_{NM_ 11.1511.43/1.1411.37]1.12|1.13/1.071 1.18] 1.15] 1. 11
96 hours JNM__INM 11.1611.3401.3411.0311.3811.35/1.03 1,111 1181 1. 28
o4 ‘ d
0 hours 17.6817.7017.7317.7417.7317.747.7117.72|7.66/ 7.64] 7,677 64
48 hoyrs M INM17.7017.7517.7217.7317.6507.65! 7.64 7.67| 7.63! 7,55
96 _hours [NM [NV _|7.7117.77,7.75(7.6617.7617.77) 7.66 7.70. 7.72] 7.75
Temperature °C
0 hours 123.7/23.7124.0/23.7123.5123.7123.6/23.7/ 24.0 23.6] 23.8] 23.5
48 hours INM MM 125.7126.3]26.1(26.2|26.2| 26.2| 25.4 26.2! 26.1] 26.1
196 hours INM[NM_126.9127.3127 1127 1127 0127 0i2e @ 27 0l27 21 27 1
dissolved Oxygen, mg 0p/8
0 hours 11.0911.10/1.86]1.8102.29]2.47]3.90f 3.86 4. 9 4:2015.134.72
12 hours INM |NM_11.55{1.41/1.93]1.91|3.59] 3.64|4.67 4.06| 4.98) 4.55
24 hours INM INM |1.40]1.4212.0112.06]3.75 3.69) 4.56 3.80| 4.92/ 4.a5
48 hours INM INM [1.45|1.6612.25/2.30(3.483.50{4.03 3.771 4.33 3.97
72 hours INM_INM |1.45|1.33]1.88]1.88{3.81] 3.86| 3.56 3.70 4.92] 4,73
96 hours INM |NM [1.62]1.59[2.31/2.26/3.82] 3.55/4.11 3.95 4.98 5.03



TEST: 96 hour acute BEGINNING DATE: April 7, 1982
SPECIES: Pimephales promelas
TOXICANT: oxygen with constant NHg ENDING DATE:  April 11, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.5
FLOW RATE, 2/MIN: 0.2

SIZE OF AQUARIA, %: 40

AVERAGE TEMPERATURE, °C: 27.5
AVERAGE pH: 7.8

AVERAGE mg NH4-N/%: 1.23

LCB0: 4.05 mg 02/2,
95% CONFIDENCE LEVEL
UPPER: 4.80

LOWER: 3.43

Cumulative Percent Mortaiitly
Toxicant
Conchn
mg 0p/% 1.10 1.13 1.17 1.45 1.48 1.48 2.20 2.32 2.68 2.72 3.15 3.33

8
12 i

~ ’ ‘ i i ¢
1 0 j ! i ]

24 | 300 10| 40| 10 6] 10 1
36 R
15 | 100| 50| 60! 40! 20/ 80, 40| 30/ 30, 30| 20
60 g
7 100| 10| 100| 100| 100| 50| 70[¢ 30| ,50 30
g6 | 100 100] 100{ 100} 100| 100 50{ 70 30 50/ 50l 30

-

Observation Time, Hr.

Comments:




Test: 96 hour acute

Test species:

A32

Pimephales promelas

Date 1nitiated$ Apr;?_?, 1682

Replicate Treatiment Levels
12 |18 |2A {28 i35 138 [4A |48 !5A [ 58 | 6A |68
Total Ammonia, mg N/ &

O hours 132.8/32.5[32.9/32.9/33.2{33.2133.50 32.1133.1 33.4/ 32.8/ 2.7
48 hours |31.6/31.6/31.6{31.2/31.6|31.2131.3/31.3i30.9 31.2 32.0{31.4
96 hours 130.8/31.5|30.8}30.3]31.2:31.5/31.2/ 30.5 31.4 30.5] 31.5(31.2
Un-ionized Ammonia, mg N/ @

0 hours 11.2411.19]1.22]1.26/1.2711.2211.27/1.21}1.26 1.27 1.2411.24
48 hours 11.2911.20]1.30{1.33/1.25:1.18/1.2011.19/1.18 1.19 1.07:1.08
96 hours 1.2111.2111.20/1.18/1.2611.28/1.22/ 1.25/ 1.27 1.221 1.261 1.25
pﬁ

0 hours |7.77,7.7717.77/7.77/7.777.76|7.78 7.76/7.77. 7.77 7.771 7.77
48 hours 17.817.79/7.82/7.8317.7917.77/7.79 7.770 7.77 7.77 7.71 7.73
96 houys 17.797.781 7,781 7.7817.79 LN 7,79 7,.7997.79 7.78.7.78 7.8
Temperature °C

0 hours [27.6]27.1127.3127.5/27.6127.3 27.3 27.7%27.5 27.60 27.6: 27.5
48 hours 127.326.9127.0]27.3{27.5127.4/27.2 27.5%27.5 27.6| 27.6127.5
90 . hours 127.5027.4127.5127.5027.9127.827.7 ZS.OEEY.é 26.1.28,0028.0
Dissolved Oxygen, mg do/8

0 hours 1.00, 1.10{ 1.10f 1.50! 1.55 1.501 2.50 2.20( 2.90 2.80 3.30] 3.60
48 hours §1.001.10 1,15 1.40| 1.45(1.40/2.40 2.309 2.60 2.70 3.05 3.20
96 hours |1.30 1.20/ 1.25/ 1.45! 1.45{ 1.55/ 2.05 2.10/ 2.55 2.65 3.10 3.2



LRV IS

PURDUE AQUATIC TOXICOLOGY LABORATURY

TEST: 96 hour acute _ REGINNING DATE: August 24, 1982
SPECIES: Pimephales promelas
TOXICANT: Oxygen with constant NH» ENDING DAYE: August 28, 1982

NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g: 0.3
FLOW RATE, &/MIN: 0.2

SIZE OF AGUARIA, £: 40

AVERAGE TEMPERATURE, "C: 26.1
AVERAGE pH: 7.7

'AVERAGE mg NH3z-N/f: 1.25

LEG: 3.54 mg Op/%
95% CUWFIDENCE LEVEL
UPPER: 4.17

LOWER: 2.00

Cumulative Percent Mortality

Toxicant
Conchn '
mg0p/%  0.850.92 1.25 1.2 2.76 2.93 3.50 3.62 4.07 4.02 5,16 5.27
6.75! 10 10 P |
o5 | 501 601 301 20
1 1001 100! 60} 50! 20 10
2 90! 90 10
- 4 1001 100 10 19
I., a 10 20
E 12 40 B B
=~ 16 20! 20% i1 100
= : ; ’
2 24 [ DS 20
T 3% 40 30!
z : T
3 48 50 30 .20
< 60 ' 601 401
72 ’ 701 50 i . B
96 | 1001 1001 100! 1001 60! 701 60! 401 20 “t0i 10l 20

Comments:




Test: 96 hour acute

Test specie
Bate initia

A3d

s: Pimephales promelas

ki’

i

ted: August 24, 1982

Replicate Treatment Levels

Total Ammc

1A

1B

2A

2B

3A

38

- AA

48

SA

58

BA

6B

nia,

mg MW/ L

0 hours

39.9

33.4

39.5

37.8

37.3

37.9

40.9

40.0

35.3

40,2

38.6

33.1

48 hours

36. 2

36.0

38. 1

36.0

37.0

36.0

35.9

36.9

36.0

35.5

36.0

37.2

96 hours

40,8

42,1

42.7

41.0

408

42.17

43.3

43.7

41.9

44.3

42.6

43.9

Un-jonized

Ammonia, mg N/ 2

0 hours

1.28

1.27

1.28

1.25

1.24

1.28

1.32

1.30

1.25

1.34

1.32

1.29

48 haours

1.14

1.14

1.19

1.17

1.16

1.18

1.21

1.28

1.18

1.17

1.13

1.15

96 hours

1.22

1.27

1.26

1.27

1.24

1.27

1.30

132

Laim

Iy

L2l

nH

LelB

{ hours

7.72

7.74

7.73

7.74

7.73

7.74

7.72

7.73

/.76

7.75

7.75

7.74

48 hours

7.73

7.73

7.72

7.74

7.73

/.74

/.75

/.74

/.74

/.75

7.73

/.72

96 hours

1.72

7.13

7.72

e

112

112

l.14

VA

K

Jr

Ll

Tempevratur

EIN
2 L

/.74

Q hours

26.6

26.6

26.7

26.5

26.8

26.7

26.6

26.6

26.8

26.4

26.7

26.5§

26,2

26.3

26.2

26.3

26.1

26.4

26.4

26.3

26.3

26.1

26.2

26.2

18 hours
|96 hours

25.8

250

25,4

25,6

25 6

55,0

25.6

29,4

oDl

£5.4

29.8

25,41

P oissotved

Oxygen, my 0o/4

! 0 hours

0.85

0.92

1.25

1.29

2.66

2.68

3.41

3.48

4.04

3.95

.50

5.41

i

e hours

NM

NM

NM

NM

3.01

2.97

3,39

3.40

4.16

4.09

.19

5,38

24 hours

NM

NM

NM

NM

2,51

3.00

3.66

3.75

4.21

4.25

.25

48 hours

NM

NM

NM

NM

2,78

2.79

3.80

3.67

4.05

4,00

.98

5.15

5,208

72 nours

NM

M

NM

NM

2.99

3.10

3.25

3.52

3.86

3.95

.90

96 hours

NM

NM

NM

NM

3.04

3.48

3.89

4.11

3.88

o g EE M FOT B

5.%§
5.1

12.65




PURDUE AQUATIC TOXICOLOGY LABURATORY

TEST: 96 hour acute BEGTRM NS DATT : September 2, 1982

sprr1Es: Pimephales promelas
TOXICANT: Oxygen with constant Nj ENDING DATE:  September 6, 1982
NUMBER OF ORGANISMS PER AQUARIUM: 10
AVERAGE WEIGHT OF ORGANISMS, g:0.5 LesG: *
FLOW RATE, &/MIN: 0.2 95% CONFIDENCE LEVEL
STZE OF AQUARIA, %: 40 UPPER:
LOWER -

AVERAGE TEMPERATURE, °C: 25.6
AVERAGE pH: 7.7
AYERAGE mg NH3-N/%: 1.64

Cumulative Percent Mortality

Toxicant
Conen ‘
wg 072 0.71 0.85 2.00 2.20 3.26 3.42 5.00 5.28 6.13 6.39 7.66 7.81
g.26 401 30} 10 L B R
100 ] 100 30 10 Lol
20} 201 10 10 1
2 30 10 | 10/ 10|
. 601 40, 20 20
= |5 60 20 30
4] 1 90 701 70] 40l {300 1 30,
. 190 0] 30,.40| 40 20|
2 24 100} 100 90! 60[ . ... .70: 50
: 36 1001 70 g_ -
2 s 60,80/ 601 30| 50,
= 60 100 o
72 i - SR -10 3 NN NS Y} S S
9 | 100 100] 1001 1001 1001 100} 100! 80! 90t 80i.40l 70

Comments: * LCBO not calculable




fast:

46 hour acute

]
[
(3

Test species: Pimephales promeias
late %nitiated: September 2, 1982

1

f

Replicate Treatment Levels

1A

B 2A

25

3A

3B

44

4B

5A

5B

BA .

6B

Total Ammonia, mg N/ 2

0 hours

48,6

53.0 51.6

52.1

52. 4

52.3

53.2

51.4

53.7

52.1

51.8

53.0

48 nours

53.6

54.8 p4.8

55,3

54.8

53.3

55.5

53.8

54.5

52,6

56.0

54 .3

96 hours

54,3

52.6 B4, 3

53.6

55.8

54.8

261

325

Dt

Un-ionized Ammonia, mg

N/ 2

3.1

53.1

55.1

0 hours

1.60

1.48 {1.54

1.70

1.62

1.63

1.64

1.41

1.58

1.59

.52

1.66

48 hours

1.67

1.72 4.

67

1.72

1.70

1.65

1.72

1.70

1.75

1.63

[T

.70

1.63

96 hours

1.62

1.70 11.69

1.63

1.67

1.54

1:70

L.b4

1.60

W0

ey

1.61

i

1,60

0 hours

7.76

7.6917.72

/.75

7.75

7.75

7.74

7.69

7.73

7.74

-

I3

7.76

48 hours

7.73

/.72 17.72

|

/.73

/.73

7.73

7.72

/.74

7,74

el

WLl

Lsd

_96 hours,

7.73

1.75.07.74

L

1. 13

1213

L. 13

Lod2

7.74
1,13

112

7,74,

Temperature “C

0 hours

25.5

25.5%25.6

25.5

25.4

25.4

25.4

25.5

25,2

25,3

25,1

25.0

48 holrs

26.0

26.3 125.8

25.8

25.9

2h.8

26,1

26.40

26.0

25.7

2h.8

25.4

96 _hours

25.2

25.8.125.6

250

AT

20,4

25,4

2h. 8

A

204

b4

25 e

Lissolved Oxygen,

my O9/8

0 hours

0.71

(0. 85

2.11

2.25

3.48

3.911

4.86

5.06

6.03

11

7.86

7.84

12 hours

NM

NM 12,31

1.98

3.13

3.25

4.9%

5.41

5.85

.72

7.73

7.92

24 hours

: NM

NM 12,18

1.77

3.19

3.44

5.02

5,27

6.41

.37

7.77

7.63

48 hours

NM

© M

NM

NM

3.22

3.08

&.77

5,02

6.28

.24

7.49

/.82

72 hours

NM

NM oL NM

NM

NM

NM

5,13

5.36

6,11

.34

/.61

7.85

96 hours

NM

NM ¢ NM

NM

NM

M

5.23

5.38

6.09

h 2O 5OR 3O O BON

.55

7.50

7.77




Test: 30 Day Growth

Test species: Pimephales promelas
Date initiated: November 10, 1982

Replivate Treatment Levels

15 [ 1B |20 |25 | A |38 [4A (48 | %A |58 |6A |69

Total Ammonia, mg W/ 2

Nov, 10 32.2:32.9114.7:14.11 8.5 8.11 4.11 4.2} 3.0 3.00 NO ND
Nov. 15 31.127.513.2112.6 7.81 7.4 3.2t 2.2| 0.8 0.7 ND |ND
Nov. 19 N inm 113.8113.61 7.7 7.61 3.01 2.9 1.2 1.31 ND (ND

Un-ionized Ammonia, mg N/ Z g
Nov. 10  11.25/1.50/0.7010.6710.4410.4310.230.24]0.20, 0.21] ND {ND

Nov, 15 1.3311.5210.7110.6410.41:0,46.0.19.0.12/0.06 0.05! ND | ND
Nov. 19 NM_INM 10.4110.4410.2610,26{0.1010.0910.05 0.06! ND | ND

}
pH ’

Nov. 10 17.9217.93]7.9317.93 7.9717.99 .01 8.031 8.09 8.11 8.13, 8,08

Nov. 15 7.2318.6517.9918.01:8,0318.13:8.0% 8.0618.172 8. 14 8.2212.27
Nev. 19 NM_INM 37,72, 7.7617.77:17.787.78 7,75:7.88 7.91.8.01:.8.03

Temperature °C

Nov. 10 25.2125.2125.6
T Nov. 15 23.9123.8!23.9
Nov, 19 NM_LNM_i25.6

™2
N

6125.6/25.325.4 25a4§25,5 25.4@25,3 25.4
9123.8123.2123.8 23.924.2 23.8 23.6/23.6

6125.5126.4, 25,50 25,4 25,6 25,5 25.5.25.6

N

1]
SRR RN

Dissolved Oxygen, mg O2/4

T " i y
Nov. 10 7.8017.85/7.6617.69.7.3217.7717.637.77 7.96 7.96 7.91/7.85
Noy. 15 7.48 7.687.46,7.47:7.22\7.77|7.51 7.57. 7.84 7.90 8a08!7?99

Nov. 19 imM |NM [6.7416.2316.55 6.81/7.03 6.3216.95 6.186.94/6.75
L

i




A38

Test: 30 Day Growth

Test species: Pimephales promelas

Date init%ated% November 10, 1982
;

Replicate Treoatment Leveis

1A |18 [2A J2p |34 138 [4A [48 |5A [ 5 J6A |68

Total Ammonia, mg H/ L

Nov, 23 NM O INM [12.3112.3] 5.8 6.4) 2.71 2.6{ 1.24 1.2{ ND [ND

Nov. 26 NM o [NM 11.5{11.4] 6.8} 8.5 2.9| 3.2] 1.3 1.5{ ND :ND

Nov. 30 N OINM 112.2111.81 6.9 7.8] 3.4 2.7, 1.21 1.51 NO IND

n-ionized Ammonia, mg N/ 2

Nov. 23 MM |NM{0.35]0.32 0.2110.20[0.08/0.07:0.05| 0,06] ND |ND

Nov. 26 NM O INM 10.3210.2910.26(0.2110.07/0.08]0.060.07; NB [N

Nov. 30 NM INM  10.4570.4710.2810.24]0.3710.10;0.07/0.08; ND IND

pH

Nov. 23 NMINM 17.7417.7017.8517.7717.7417.72{7.90 7.97 7.9817.99

 Nov. 26 NM_ INM  7.6817.66:7.8017.62,7.64 7.6317.9117.93/8.01:8.00¢

Nov. 30 INM_INM |7.7917.8417.8417.7417.7517.8017.9807.99 2.08/8.06

Temperature °C

Nov. 23 ~ INM INM {24.4124.524.4124.4:24.6{24.5/24.8 24.5/24.6,24.4

Nov. 26 NM [NM  125.8125.5(26.6126.3126.1 26.3%25.7 26.3125.7125.9

\ov. 30 M NN |26.4]26.1,26.3(25.526.2| 26.326.3 26.0/25.8/25.9

Lissolved Oxygen, ng Op/%

Nov. 23_ LM _In 16.986.48]6.5916.7116.9417.036.96 6.896.7216.83
Nov. 26 INM_|NM |7.146.85|7.01/6.86]7.10| 7.14/ 7.03 6.9316.75/6.92
Nov. 30 | M1 |nM_16.936.9616.96/7.0717.03 7.066.78 6.8117.006.91




maz

fest: 30 Day Growth

Test species: Pimephales promelas

Date initiated: November 10, 1982

Replicate Treaiment Levels

% V1A 3B I2A (23 (2% 138 [ GA 43 |5 | 58 | 6A 6B

éTﬂta! Ammonia, mg N/ £ f
Dec. 3~ iNM_ WM 113.012.5) 7.8] 7.2] 3.0] 3.1] 1.5 1.3 ND |ND
Dec. 8 MM WM |12.4{12.7] 7.7| 7.6 2.8] 3.00 1.3 1.3] np |ND |
Dec. 15 iNM {wM {13.2112.41 6.6 6.91 3.5 3.3 1.2 1.3l Np InD
Un-tonized Ammonia, mg N/ & *
Dec. 3 {WM |NM_10.46!0.430.260.21]0.09/0.11/0.07 0.05| WD ND
Dec. 8 MM _|NM 10.3710.37.0.2110.2110.08 0.0910.05 0.05/ b [ND_|
Dec. 15 MM iwM 10.4310.4010.2110.2310,1110,3110.041 0,05, NO 8D t
o *

Dec. 3 [MM WM _17.7617.77|7.7417.71]7.717.80/7.92] 7.8318.17 /8. 14

Dec. 8 INM MM 17.7917.7917.7517.78|7.77,7.79)7.89.7.948.008.07
Dec. 15 iNM MM 17.79]7.7817.7817.7917.79|7.8117.82! 7.87/8.01,8.03

,‘ |

Temperature C . :

| Dec. 3 INM_ MM !2.66]26.1|26.4]25.9126.4 26.1126.7] 26.5]25.9] 26.3)

{Dec. B NM WM 123.2123.1123.2122.7|23.2)23.7/23.4] 23.3/23.3/22.8
Dec. 15 MM INM 124 8ipa 8l2a.7024.8124 6124 610a.8 249 24 824 3

 Dissolved Gxygen, mg 0n/0 L |
Dec. 3 INM M 17.086.7917.23/7.16/5.92 7.057.09] 6.94/7.126.68

Dec. 8 /MM|NM_16.76/6.49 7.01|6.99]6.76]6.65!7.03 6.98]6.71| 7.05|
Dec. 15 {NM MM 6.83(6.93/6.91/7.09/6.956.887.11 7.18 6.88,7.13

L




Test:

Embryo-Larvae

A4l

30-day Growth

Test species: Channel catfish (Ictalurus punctatus)
Date 1nit1ated1‘ July 25, 1980

' Replicate Treatment Levels
A | 1B |2A |25 |34 |38 |4A (4B | 5A | 5B | 6A | 68

Total Ammonia, mg N/ %

July 25 21.9421.0112.4(12.41 6.3] 5.9} 2.7} 3.1 1.31 1.5/ ND IND
July 28 19.9120.0111.7411.,51 6.2} 5.7} 2.7} 3.11 1.3 1.1 ND. ND
July 30 19,.6116.5111.58111.31 5. 81 5.2 2.8 250 2. 10 L QL NO.IND
Un-ionized Ammonia, mg N/ &

July 25 10.6510.530.25]0.2310.131]0.1210.06:0.0810.0410.04i ND IND
July 28 (.7410.72:0.39(0.40:0.23;0.20{0.11/0.14!0.07;0.05] ND [ND
July 30 0.53(0.4810.28!0.291]0.140.1410.0710.0810,041 0,031 ND IND
pH

July 25 7.6917.62|7.5217.4817.5417.54:7.5517.637.67,7.66]7.72!7.60
July 28 7.81:7.7917.7617.7717.8317.7817.8517,8917.95 7,87, 7.8817.85
July 30 7.7417.70{7.6817.7017.6917.7317.7817.8017.88 7.8117.84/7.80
Temperature °C

Juiy 25 26.5 26.5%26,5 26.5126.5126.526.5|26.5126.5 26.5{26.5]26.9
July 28 26.0126.0.26.0(26.0126.0126.0(26.026.0126.0 26.0/26.0]26.0
July 30 23.6123.6124.0123.8123.6123.5123.6123.6123.7123.5123.0i123.8
Hissolved Oxyuyen, mg-Cg/%

July 25 5.8515.65(5.4015.101(5.35(5.00{5.50!5.50{5.80!5.60,6.05{5.50
July 28 6.20|6.00/6.40(6.15(6.206.0016.5516.5516.7516.5016.7016.60
CAugust 5 15.8015.9016.70(6.40 6.3016.20|5.9016.10/6.50|6.4016.6016.40




A4l

Test: Embrvo-lLarvae 30-day Growth

Test species: Channel catfish (Ictalurus punctatus)
Hate initiated: July 25, 1880

Replicate Treatment Levels

25 [ 3h |38 | 4R (4B | 5A | BB | BA |63

]
e

1a 1B

i
H

Total Ammonia, mag /L

10.81 5.6] 5.2 2.4 2.4

August 1 £18.0]17.8]11.5 1.1 1.1 ND IND
August 5 119.8|20.0/12.7/12.2] 6.5 5.8 2.5 1.1 1.1 ND ND
August 13 |23.5/20.2]11.6{11.7| 5.8{ 6.3] 2.6 0.9 1.2 ND [ND

[

August } 10.50/0.45({0.37,0.38]0.16]0.14{0.08,0.08{0.04 0.04! ND IND
August 5 10.54/0.54,0.38/0.34({0.19:0.1710.08/0.08)0.05 0.04 NG IND |
Auqust 13 10.8610.7710.45/0.4310.2410.2310.1110.12:0.04 0,05 ND [ND |

{

Un-ionized Ammonia, mg N/L : E
H

£

£

}

<

-

Bly ]

August 1 17.63 6517.637.73(7.7117.79.7.76. 7.76 7.81 1.
August 5 ]7.61 .62{7.64)7.6417.67 7.677.80 7.737.81]7.
7

el

3 RO
s

g e Pt
3 TC K

~J (O
o S [ oo
R

e
Aygust 13 17.74 7.7417.7917.7417.82,7.81:.7.82 71.83. 1.8/,

~t

Temperature °C

Bugust 1 127,

August 5 128,
August 13 }28.

27.5:27.5127.5127.5127.5127.5(27.5127.5 27.5127.5127.5

28.0128.0/28.0128.0/28.0/28.0 28.0/28.0 28.0 28.028.0
28.0128.0128.0]28.0/28.0/28.0, 28.0,28.0, 28.0/28.0/28.0

[eclIREN|
[P lwgisy

o

Dissoived Oxygen, mg Oo/4 ) ;
August 10 | 4.80 5.10] 4.80] 4.70] 5.10] 4.90] 5.00 5.40] 4.9¢ 5.30 5.30 5.20
August 11| 3.10 3.20| 3.30| 4.10! 3.80| 3.60 3.90 3.50 3.60 4.20 4.00| 3.90
August 14 |5.90] 6.10]6.506.40]6.70]6.40,6.20 6.50| 6.60 6.506.70] 6.50




ALz

Test: Embryo-Larvae 30-day Growth

Test species: Channel catfish (Ictalurus punctatus)

Date 1n%t1ated% July 25, 1880
r

Replicate Treatment Levels

T 115 |2 |28 |3» 136 [4A |6 |5a [5e [6A |68

Total Ammonia, mg N/ %

August 14 122.6120.1]11.2111.8; 4.71 5.6} 2.2 2.73 1.OT 1.0] ND iND

August 18 125.0124.8111.6111.6; 5.41 5.8 2.6] 2.7 1.4 1.3] ND INB

Aucust 22 124.9123,8111.4110.81 5.61 6.51 2.6] 2.8] 1.4 1.91 NO D

Un-ionized Ammonia, mg N/ £

Auqust 14 10.70]0.67(0.38/0.36/0.190.17,0.08/0.10;0.04{ 0.04 ND ND

[

August 18 10.8210.7510.41i0.350.19]0.1910.1110.10 0.07,0.06] ND_iND

Aucust 22 10,8610.7910.4410,4010,2310.2310,1210.13;0.071.0.09] ND_JND

-]

pH

August 14 |7.6817.7117.727.6717.79

~

.67,7.7517.7517.84] 7.80] 7.89{7.83

August 18 17.7217.68]7.75/7.687.74

~

.7317.857.7817.93.7.9117.98|7.95

ad

7617.8917.8717.920 7.8718.01]7.98

August 22 17.7417.7317.7817.7717.82

Temperature “C

1

August 14 {27.5/27.5127.5{27.5:27.5]27.5|27.5 27.5127.5 27.5/27.5/27.5

August 18 {27.0{27.0:27.0{27.0]27.0127.06127.0 27.0127.00 27.0127.0{27.0
Auqust 22 §27.0127.0]27.0127.0{27.0,27.0/27.0127.0:27.0 27.0127.0,27.0

Dissolved Oxygen, mg Op/L N
August 27 15.90/6.4016.40/6.6016.201{5.90{5.90;6.30 6.201 6.50|6.80|6.70




Test: Embryo-Larvae 30-day Growth

Test species: Channel catfish (Ictalurus punctatus)
Date initiated: dJuly 25, 1980

Replicate Treatment Levels
1A PIR 128 12B |3A {3B {4A [ 4B [5A i 5B |6A 168

Total Ammonia, mg N/ £
August 27 124.4322.4111.5710.71 5.916.81 2.6% 3.31 1.8 2.2i MO IuD

Un-ionized Ammonia, mg N/ &

August 27 10.9110.8310.54{0.4510.3210.3110.14/0.18 0.1210.15¢ ND (ND

pH
August 27 17.7617.767.8717.82{7.93{7.8617.94!7.958.04/8.04{8.1418.11

Temperature °C
August 27 127.5|27.5127.5

™
ot
B
N
G
~[
[

27.5127.5127.5127.5127.5127.5127.5

Dissolved Oxygen, mg Op/%
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