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MEMORANDUM
TO: Kentucky Lake Task Force Members
FROM: David McKinney AbM

Tennessee Wildlife Resources Agency
DATE: September 20, 1990
SUBJECT: Juvenile Mussel Bioassay Test Results

Please find attached materials related to whole effluent bioassay
testing for Inland Paper's main process discharge and the ash pond
discharge from the Tennessee Valley Authority New Johnsonville
steam-electric facility, both of which discharge to the lower
Tennessee River in Humphreys County.

Both effluents were tested utilizing (1) short-term nine-day static

renewal with juvenile mussels, Anodonta imbecilis, as test organisms

and (2) chronic seven-day static renewal with Ceriodaphnia dubia as

test organisms. The results of these tests are summarized as
follows:

Inland Container

LC50) (acute) mussel test 5.2% effluent

NCEC* (acute) mussel test 1.0% effluent

LCsp (chronic) Ceriodaphnia test 9.6% effluent
NOEC (chronic) Ceriodaphnia test 3.125% effluent

*The calculated chronic NOEC for Inland Container is 0.516% effluent

for non-persistent waste and 0.052% effluent for persistent waste.

The State of Tennessee

AN EQUAL OPPORTUNITY EMPLOYER
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New Johnsonville Ash Pond

LC50 (acute) mussel test >100% effluent
NOEC ({(acute) mussel test >100% effluent
LC50 (chronic) Ceriodaphnia test >100% effluent
NOEC (chronic) Ceriodaphnia test >100% effluent

The enclosed results are from our most recent industrial Ceriodaphnia.

Our approach has been to convert the nine-day acute juvenile test
results to a calculated non-persistent chronic value (x 0.10) for
comparison of the relative sensitivity of juvenile mussels and

Ceriodaphnia. Using this method, our comparative tests to date in-

dicate that juvenile mussels are more sensitive than Ceriodaphnia to

Tennessee River Pulp and Paper whole effluent by a factor of no less

than 25x; juvenile mussels are more sensitive than Ceriodaphnia to

Inland Paper whole effluent by a factor of no less than 19%:; and
juvenile mussels and Ceriodaphnia both exhibit 100% survival in

whole effluent from the ash pond at the New Johnsonville Steam
Plant.

Recent discussions with EPA staff involved in toxicity testing and
use of bicassay to evaluate whole effluent toxicity suggest that a
more appropriate method of comparison for juvenile mussel and

Ceriodaphnia results is the comparison of the no observable effect

concentration (NOEC) for Ceriodaphnia with a calculated NOEC from

the nine-day juvenile mussel test (see attachment). Utilizing

this methodology, juvenile mussels are more sensitive to Tennessee
River Pulp and Paper whole effluent by a factor of 28.4x; juvenile
mussels are more sensitive to Inland Container whole effluent by a

factor of 25.9x; juvenile mussels and Ceriodaphnia both exhibit 100%

survival in whole effluent from the New Johnsonville Ash Pond.
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We are continuing our efforts to have EPA adopt the mussel test
for all NPDES permits for discharge of industrial wastewater to
stream segments having mussel resources. We are also continuing
with cur joint project with Water Pollution Control and TVA to
perform comparative bioassay on all industrial point source dis-
charges to Kentucky Lake. We would appreciate any comments ang
recommendations on this work.

If we may further assist, please advise.

ADM:mjc
Attachments
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JUVENILE MUSSELS (ANODONTA IMBECILLIS) AND CERIODAPHNTA

TO PAPER COMPANY EFFLUENTS

INLAND CONTAINER TOXICITY

96-h Mortality in 100%
Effluent

End-of test mortality in
100% Effluent

Ceriodaphniax*

100%

100%

(% Effluent)

96~-hour LC50: 9.6
9-day LC50:
(mussels)
755“3 :(‘4
Chronic NOEC (Survival): 6.25 €79
(non-persistent waste) L
Chronic NOEC (Survival): 0.63
(persistent waste)
Relative sensitivity: 6.25/0.22 =
{0.625/0.022 =
TENNESSEE RIVER PULP AND PAPER
. Ceriodaphnia*
96-h Mortality in 100% 0%
Effluent
End-of test mortality in 0%
100% Effluent
% Effluent
96-hour LC50: >100
9-day LCS50:
{(mussels)
Ted
Chronic NORC (Survival): >L00 Ecd e
(non-persistent waste) e/
Chronic NOEC (Survival): »>10
{persistent waste)
Relative sensitivity: >100/3.86 = »25.9
(>10/0.386 = >25.9)

Y

Anodonta imbecilligx

100%

100%

(% Effluent)

5.2 (dead only)
2.8 (dead and stressed)

Tesh

2.2 (dead) Er,_}{m.«\:\'

0.22%x%
¢.02

28. 4
28. 4)

Anodonta imbecillisx*

38% (dead only)
73% (dead and stressed)

100%

{% Effluent

>100 (dead only)
78.9 (dead and stressed)

38.63 (dead) TZﬁgﬁmp%
~_s X

3.86%%

0.386

*Ceriodaphnia: 7-day chronic test; A. imbecillis: 9-day short-term (acute) test.

**Calculated (9-day LC50/10)
LC50 to a chronic NOEC.

i 10 =

Acute Chronic Ratio used to convert an acute



COMPARATIVE EVALUATION
OF

WHOLE EFFLUENT TOXICITY UTILIZING
JUVENILE MUSSELS AND CERIODAPENIA

FOR

INLAND CONTAINER AND NEW JOHNSONVILLE
STEAM ELECTRIC FACILITY

MAY 1990

DON C. WADE
AUBREY D. MCKINNEY

JANET POSEY



JUVENILE FRESHWATER MUSSELS AS A LABORATORY TEST SPECIES
FOR EVALUATING ENVIRONMENTAL TOXICITY

SUMMARY OF METHOD:

Thousands of juvenile mussels are made available through in vitro mass
culture techniques of Isom and Hudson( 1982) for solid phase toxicity
testing. Six to ten day old mussels are exposed by chemical spiking of
reference sediments or by using site collected sediments, for a period of
nine days, to evaluate “safe" chemical concentrations or natural
sediments supportive of aquatic life. Pollutants present in sediment
pore water or sorbed to sediment particles are available through the
feeding habits of the physiologically active young mussels. Toxicity
endpoints of stress and mortality are readily obtained through direct
observation. Exposed organisms are fed daily by adding indigenous algal
concentrates. Sediments and/or spiked toxicants may be renewed daily to
maximize exposure and to facilitate daily endpoint observations.

RECOMMENDED TEST PROTOCOL:

TEST SPECIES

TEST TYPE

TEMPERATURE

PHOTOPERIOD

TEST CHAMBER VOLUME

RENEWAL OF TEST SOLUTIONS
AGE OF TEST ORGANISMS
'NUMBER MUSSELS PER REPLICATE
REPLICATES PER CONCENTRATION
FEEDING REGIME

AERATION
DILUTION WATER

TEST DURATION
EFFECT MEASURED

: Anodounta imbecilis (freshwater mussel,

Unionidae)

! Solid phase, static renewsl

: 24 +1° C

i Dark

: 250 ml

: Daily

¢ 6-10 days old*x

: 15

: 3

: Daily - Concentrated indigenous algae

bloomed in dilution water. Also fresh
silt (filtered through 100 mesh nitex
to facilitate visual observations)

: None
: 5 um bag filtered receiving water or

synthetic water

: 9 days
! Stress - impaired movement

Mortality - absence of ciliary action
or empty shells

*Younger mussels can be used; however, by 6 days the activity of
young mussels has increased to a level which insures inclusion of viable

individuals into the test.

ADVANTAGES OF USING JUVENILE MUSSELS:

1. The juvenile musgsel is the first life stage having independent
existence and fully exposed to toxicity within the aquatic environment.

2. Thousands of juveniles can be produced in vitro from a single gravid
adult, providing sufficient mussels for conducting large scale toxicity

testing.



3. Larval mussels (glochidia) are available for trangformation into

juveniles through a large segment of tha year (i.e., during spring, summer,
and autumn).

4. Mussels utilize both silt and materials filtered from the water in their
diet. They are, therefore, ideal test organisms for evaluating toxicity in
the total aquatic environment.

5. Juvenile mussels are shelled and can withstand rinsing, pipetting, and
washing from one container to another, resulting in high survival in
controls and low mortality in test treatments due to handling.

6. Juvenile mussels remain very active (mobile) during the entire test and

normally do not close their shells except for brief periods. Even when
closed, internal structures (heart, foot, cilia, digestive system) and

movements are plainly visible, facilitating observations of condition
(living active, living stressed, or dead).

RESULTS SUMMARY:

Test Observation Test Type
1. Manganese toxicity LCSO = 36.2 mg Mn/L 9-day static, daily renewal
{Oxygenated)
LC50 = 19.6 mg Mn/L 9-day static, daily renewal

(Daily pulsed low DO -
N, stripped to 0.5

ng/L)

2. Aquatheol K toxicity Not toxic at 2X field 48-h static, non-renewalX
(herbicide) application rate

3. 2,4-D toxicity Not toxic at 2X field 48-h static, non-renewalx
(herbicide) ) application rate

4. BTI toxicity Not toxic at 2X field 9-day static, daily renewal
(mosquito larvicide) application rate

5. Paper mill complex LC50 = 38.6% effluent 9-day static, daily renewal
effluent

6. Container Co. complex LC50 = 5.2% effluent 96-h static, daily renewal
ef fluent NOEC = 1% effluent 9-day static, daily renewal

7. Fossil plant ashpond NOEC
complex effluent

100% effluent “-gay static, daily renewal

8. Coal mine effluent NOEC = 100% and 70% 3-day static, daily renewal
{(wetland treated) effluents
9. Receiving water and NOEC = 100% samples 9-day static, daily renewal

sediment pore water:
coal mine effluents

*Test period shortened to simulate natural field decay rate of
herbicide.

CONCLUSTIONS:

Results from several years of testing show that in vitro-transformed
juvenile mussels exhibit: (1) long-term survivability under laboratory
culture conditions, (2) resistance to damage incurred in following test
protocols, (3) low mortality in controls during short-term (9-day)



testing, and (4) sensitivities greater than Ceriodaphnia for some
toxicants. These factors indicate that juvenile mugsels are promising

test organisms for a wide range of ecotoxicological studies involving
benthic fauna. These studies are also implicated where freshwater
mussels occur, or where mussel populations have declined, or where
endangered species exist with regard to certifying use of pesticides.

OTHER RELATED STUDIES:
i. éo—day continuous flow-through evaluation of manganese toxicity to
juvenile mugsels with a 30-day post exposure prericd for monitoring

recovery - Concluded January 1990,

Preliminary Results:

98% survival in controls over 120 day
test and recovery period.

Size (total shell length) impaired with
increasing Mn concentrations during
90-day exposure (Control mean = 5.1 mm;
32 mg Mn/L treatment mean = 1.8 mm).

Growth recovery indicated during 30-day
post exposure period (Control growth
during recovery = 6%; Growth of 32 mg
Mn/L treatment during recovery = 106%).

Preliminary Conclusions:

The highest concentration of mangsnese
{32 mg ¥n/L) was not fatal to juvenile
missels over a 90-day exposure; however,
higher concentrations of manganese
(especially the 20 and 32 mg Mn/L
treatments) retarded shell growth. After
30 days of recovery (all mussels returned
to ambient control water), the greatest
increase in size (recovery) occurred in
the 32 ng Mn/L treatment which had
demonstrated the greatest growth
retardation.

2. Toxicity of sediment interstitial waters (collected downstream of

cotton spraying and in areas near industrial outfalls with mussels and
where mussels have died) - Scheduled for late August 1990.

ABD-0156K
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Toxicity Results, 9-Day Exposure of Juvenile Anodonta imbecillis to
Industrial Effluents, Wetland-Treated Coal Mine Seeps, and Receiving
Water and Sediment Interstitial Water (Pore Water) for Combined Coal Mine
Drainage, M“'i -25 ,1996 .

TreatmentX Alive Dead % Mortality Comments
1. Control (TR) 46 0 0
2. JOF 100% 43 0 0
3. JOF  50% 44 0 0
4. IC 100% 0 45 100 < 24-h
5. IC 50% 0 45 100 < 24-h -
6. HR(S) 70% 44 2 4
7. HR(S) 50% 44 2 4 L2 N
8. HR(S) 35% 41 0 0 77
9. IMP(1) 100% 45 0 0 %
10. C. Bay 100% 45 0 0
11. Control (PW) 41 0 0
12. C. Bay (PW) 100% 45 0 0
13. JOF 25% 40 3 7
14, 1c 5% 0 44 100 Day %%
15. I 1% Y 0 0

*Control (TR) = Filtered Tennessee River water, Aquatic Research Lab.
JOF = Johnsonville Fossil Plant ashpond effluent, Kentucky Reservoir.
I1C = Inland Container effluent, Kentucky Reservoir.

HR(S) = Hard Rock South mine seep, Fabius (100% effluent contains
approx. 12 mg Mn/L).
IMP(1l) = Impoundment No. 1, Fabius.
C. Bay = Receiving water, Coon Bay, Guntersville Reservoir.
Control (PW) = Control pore water, city reservoir, Haleyville, &1,
C.Bay (PW) = Pore water extracted from receiving stream, Coon Bay,
Guntersville Reserveir,

**Day 2 - All slow, retarded movement.
Day 3 -~ 41% stressed or dead.

Day 4 - 91% stressed or dead.
Day 5 - 100% stressed or dead.
Day 6 — All dead.
INLAND CONTAINER ~— /8% musseds v Test
Dead Mussels Only Dead and Stressed Mussels
96-h LCL = 2.137% effluent 96-h ECL = 0.979% effluent
LCSO0 = 5.161% effluent EC50 = 2.750% effluent
LCY9% = 12.467% effluent EC99 = 7.719% effluent

9-day {short-term) NOEC
9-day (short-tecm) LOEC

1% effluent
5% effluent

Chronic (calculated) NOEC = 0.516% effluent (non-persistent waste)
= 0.052% effluent (persistent waste)

ABD-0166K



ASSTRACT

WPCA CONFERENCE
Chattanoocga, TN
June 1999

SHORT-TERM TOXICITY TESTING OF JUVENILE FRESHWATER MUSSELS
AS A SUPPLEMENTAL MEASURE TO INSURE ADEQUACY CF NATIONAL
TOXICS CONTROL POLICY

Aubrey D. McKinney, Tennessee Wililife Rescurces Agency, Nashville,
Tennessee

Donald C. wade, Tennessee Valley Authority, Muscle Shoals, Alabama

National toxics control policy promulgated by the U.S. Environ-
mental Protection Agency (EPA) and implemented through the NPDES
permits program recommends an integrated strategy for controlling dis-
charge of toxic substances in complex effluents to less than toxic
amounts. This strategy uses a whole effluent toxicity-based assess-
ment procedure, in addition to the more traditional pollutant-specific
assessment, and recommends conducting toxicity tests on a minimum of
three species, initially, to insure that results adequately protece
aquatic biota exposed in the natural environment. Recommended test
species are normally those contained in acute and short-term chronic
test procedures pPublished by EPA.

Data are presented to suggest that testing of species contained
in the EPA procedures may not adequately protect freshwater mussels
for some complex effluents. These data summarize toxicity test re-
sults for juvenile (6-8 days old)} freshwater mussels exposed to a
metal, three pesticides, and a pPulp and paper mill whole effluent
sample. Test protocols are also described fof conducting the fresh-
water mussel test. Testing of freshwater juvenile mussels, in addi-
tion to EPA test species, is strongly recommended where viable mus -
sel beds and/or endangered mussel species occur near discharge
points. '



REPORT OF RESULTS
CHRONIC TOXICITY EVALUATIONS
OF DISCHARGES FROM INLAND PAPER
AND
TVA-NEW JOHNSONVILLE PLANT

MAY 16-23, 1990

Prepared for
TENNESSEE WILDLIFE RESOURCES AGENCY
NASHVILLE, TENNESSEE
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GENERAL INFORMATION

Facility: Tennessee Wildlife Resources Agency

Address: P.Q. Box 40747

Contractor;: EMPE, Inc.

Primary Contact: Jo Ellen Flanagan

Toxicity Testing Requirements or Requested: Chronic Toxicity Evaluations

SOURCE OF EFFLUENT AND DILUTION WATER

A, Effluent Samples
1. Sampling Point: Inland Paper Mill

Collection Date(s) Time Sample Tvpe
5/15/90 NA Grab

Pretreatment: Due to low dissolved oxygen reading, daily aeration was
necessary as provided for in EPA 600/4-89/001 test method 1006.0,
paragraph 11.4,

Physical/Chemical Data: See Table 1

2. Sampling Point: TVA - New Johnsonville Plant

Collection Date(s) Time Sample Type
5/15/90 NA Grab

Pretreatment: None
Physical/Chemical Data: See Table 1

B. Dilution Water

Type: 20% La Croix in deionized water
Pretreatment: Aerated a minimum of 24 hours prior to use
Physical/Chemical Data: See Table 1

TEST METHODS

Al Toxicity Test Method Utilized: Cladoceran Survival and Reproduction Test,
EPA/600/4-89/001, Method 1002.0
Date of Initiation: 5/16/90
Date of Termination: 5/23/90
Deviations From Reference Method and Reason(s): None
Type and Volume of Test Chamber: Disposable plastic 30 ml cups
Volume of Solution Used per Chamber: Approximately 20 ml
Test Concentrations Evaluated: 0% (control) 3.125% to 100% (See Appendix
for bench sheets)
Number of Organisms per Test Chamber: One (1)
Number of Replicate Test Chambers per Treatment Group: Ten (10)
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Acclimation of Test Organisms: Cultured in contro! water
Test Temperature: 259 + 20C

TEST ORGANISMS

A Taxonomic Name: Ceriodaphnia dubia
Age at Test Initiation: Neonates (less than 24 hours old)
Source:  Originated from EPA stock, Environmental Monitoring and
Support Laboratories (EMSL), Cincinnati, Ohio. Neonates selected from
EMPE individual monocultures established prior to test initiation

QUALITY ASSURANCE

Standard Toxicant Utilized and Source: Cadmium chloride - Sigma Chemical
Company

Date of Most Recent Test(s): May 16, 1990

Dilution Water Utilized in Test: 20% La Croix in deionized water
Results: Acceptable range for the test species. See attached bench sheets for
results and reference toxicant information in the Appendix of this report,

RESULTS

Test results are analyzed utilizing Dunnett’s procedure and/or Probit
Analysis. The computer program which provided the statistical analysis of this data
was made available through the EPA Environmental Monitoring and Support

Laboratories, Cincinnati, Ohio.

Chemical/Physical Data - Range and Mean: .........ooo.cooveeernennneees Table 1
Ceriodaphnia dubia Survival and Reproduction Data.................... Table 2
Ceriodaphnia dubia Statistical Designations:.....c..o.eeeeeccmmerecesn. Table 3
SUMMARY

Chronic toxicity evaluations were conducted on whole effluent from the
Inland Paper Mill and TVA’s New Johnsonville Plant at the request of the
Tennessee Wildlife Resources Agency (TWRA). Ceriodaphnia dubia served as the
test species due to its reputation for being the most sensitive of test species to

toxicants.



Within 24 hours of exposure to Inland’s 25%, 50% and 75% effluent
concentrations, acute toxicity was observed with the test species exhibiting total
mortality at the aforementioned concentrations. After 48 hours of exposure to the
same discharge, the 12.5% effluent concentration hosted only 20% survival.
Therefore, the Inland 96-hour LCqq is statistically designated as 9.6% effluent.
Whole effluent from the New Johnsonville TVA plant demonstrated no acute
toxicity at any test concentration within 96 hours of exposure. Therefore, the New
Johnsonville 96-hour LCSd is theoretically greater than 100% effluent
concentration.

Upon termination of the seven (7) day chronic evaluations, organism survival
and either reproduction or growth rates are examined and compared to a control
group. Survival rates for C. dubia in the Inland discharge indicated a significant
difference when compared to the control group for effluent concentrations above
6.25%. Diminished reproductive rates observed during the test period resuited in
an NOEC value for C. dubia at 3.125% effluent. The New Johnsonville discharge
exhibited no chronic affect in either survival or reproductive rates throughout the
test period. Therefore the NOEC value for TVA’s New Johnsonville plant lies at
100% effluent.

In summary, the Inland Paper Mill effluent was found to have 2 96-hour
LCsg value of 9.6% effluent and a 7-day NOEC value of 3.125% effluent
concentration for C. dubia. Discharge from the New Johnsonville TVA Plant
exhibited no acute or chronic toxicity and thus a 96-hour and 7-day NOEC value of

100% or greater is designated.

[



TABLE 1

CHEMICAL PHYSICAL DATA-RANGE AND MEAN
CHRONIC BIOASSAYS
MAY 16-23, 1990
TENNESSEE WILDLIFE RESOURCES AGENCY

Test D.O. }JH Alk. Hdns. Conductivi
Medium  (mg/} su) (mg/h) {meg/1) {umhos/cm
inland 8.1* 8.06 608.27 x= 2208.57
Pater (18-8.8) (7.6-8.3)  (513-649.8) (2180-2250)
New 8.51 7.54 100.16 136.80 25971
Johnsonville(7.9-9.0)  (73-7.9)  (85.5-119.7) (119.7-153.9) (255-272)
Dilution 8.07 7.58 102.6 80.61 110
Water (7.8-8.6) (7.3-7.9)  (85.5-119.7) (68.4-102.6) (110)

*Data reflects D.O. post-aeration values. Pre-aeration range = 1.0 to 3.2 and mean
2.03.

**Due to dark color of effluent, it was not possible to get a hardness reading with
the titration method employed by the EMP laboratory.



TABLE 2
INLAND PAPER MILL

SURVIVAL AND REPRODUCTION DATA

CHRONIC Ceriodaphnia dubia
MAY 16-23, 1990

.-....MJ-..-.---

TENNESSEE WILDLIFE RESOURCES AGENCY

Concentration Survival % Mean Offspring
(%) for 7 Days Per Female

0 (control) 90 18.1

3.125 100 215

6.25 90 8.7

12.5 10 0

25 0 0

50 0 0

75 . 0 0

’ 5
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TABLE 3

INLAND PAPER MILL
STATISTICAL DESIGNATIONS FOR Ceriodaphnia dubia EVALUATIONS
MAY 16-23, 1990
TENNESSEE WILDLIFE RESOURCES AGENCY

LCsg NOEC
96-Hour 7 Days
Sample (%) (%)
Discharge 9.6 3.125
Dilution NT 100

Water

NT = Not Toxic - LCs() value cannot be computed with one concentration
variabile.



TABLE 4

TVA - NEW JOHNSONVILLE PLANT
SURVIVAL AND REPRODUCTION DATA
CHRONIC-Ceriodaphnia dubia
MAY 16-23, 1990
TENNESSEE WILDLIFE RESOURCES AGENCY

Concentration Survival (%) Mean offspring
(%) for 7 Days Per Female
0 (control) 50 18.1
6.25 100 216
12.5 100 22.1
25 100 19.9
50 100 15.9
100 100 22.1
g 7



TABLE 5

TVA -NEW JOHNSONVILLE PLANT
STATISTICAL DESIGNATIONS FOR Ceriodaphnia dubia EVALUATIONS
MAY 16-23, 1990
TENNESSEE WILDLIFE RESOURCES AGENCY

LCsq NOEC

| 96-Hour 7 Days
Sample (%) (%)
Discharge >100 100
Dilution NT 100

Water

NT = Not Toxic-LCg( value cannot be computed with one concentration
variable.
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CHRONIC CERIODAPHNIA EFFLUENT TOXICITY TEST DATA SHEET
EMPE, INC. CONSULTING ENGINEERS

Indusuy: _ T LIRP
NPDES No-

Life Stage: _ 9
Type Bioassay:

o S|

Dilution Water Source;
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CHRONIC CERIODAPHNIA EFFLUENT TOXICITY TEST DATA SHEET
EMPE, INC. CONSULTING ENGINEERS

Industry: “TDEA-
NPDES No.:
Test Organism:
Life Stage:
Type Bioassay: Begin End
Dilution Water Source;,

CommeutS'S 2 5

Replicate Total No. Most
Effl. Day Live Live by any
Cone. No. A B C D E F G H 113 Young Adults Adul
IR E N T - : e [

7

752
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EMPE, INC.
PRELIMINARY DATA FORM

) &
CiicntM Room Tcmp__&_ﬁ__
Tested By,‘s&lgt

.i(}{}%Cancentrntion: y/ 5/9&/&/ ay//d;\/’;/
! I

ZeroMr.,i"Dayl Day2 Day3 Day4,6 Day3 Day6 Day7 ,
R VT SR s -«
2 AR

10282 124137 78 1148228570 0 78

Dissolved Oxygen
- g
& 33 18] |3z 7.9 <3 |90 7t

20013180 210 |2300] 9320 12200|2350 |
£

Conductivity ek

Alkalinity 4% 1649,8|598.5 5/%;? L5 63271 g

K
o

. S T st vh ™ S S o ‘
. Total Hardness N DT -

o -

212 55 148 |
SHL |57 |48 (50 | Sa0 8 e |
-5 j}'-’\f fJ!b f% jzw

Date Collected

Date Tested

Control H,0:
ZeroHr,  Dayl Day2 Day3 Day4  Day5 Dayé Day?
’8 ,'O ?}C) QQ T)l\ ?,O 7,-? $,0

Dissolved Oxygen |
77 |9 |74 175 (7.9 |77 |03

pH

D
Conductivity /13 /7 /o 1o J/o | 110
Alkalinity /206 | HAT 98 S22 |0 | 020 1006

T ke g d 55D e B8 L

Total Hardness
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,TWRA Inland Paper C.dubia 7-Day Surwvival

l Summary Statistics and ANOVaA
Transformation = Nene
l Group n Mean s.d. cvi
= control 10 .8000 .3162 35.1
' 2 10 1.0000 . 0000 .0
3 10 . 9000 .3162 35.1
4 * i0 .1000 .3162 316.2
5% 190 .QQ00 . 0000 .0
I 6% 10 .0000 .0000 .0
T * *10 .0000 L0000 .0

[;-the mean for this group is significantly less than
the control mean at alpha = 0.05 (l1-sided) by Dunnett’s test

[inumum detectable difference for Dunnett’s test = -.217568
lhis difference corresponds to -24.17 percent of control

etween groups sum of squares = 14.285714 with 6 degrees of freedon.

EITOr mean sguare = . 042857 with 63 degrees of freedom.

t***********************************************
*

* Warning - the test for equality of variances *
could not be computed as 1 or more of the *

E variances lils zero. *
*

*®

***********************************************

!
|
l
!
|
!
|
|



Summary Statistics and ANOVA

i Transformation = None
Group n Mean s.4d. cvi

|

1 = ¢ceontrel 10 18.1000 9.8031 54.2
2 10 21,5000 10.5856 49.2
3% 10 8,.7000 6.0562 £€9.6
4* 10 . 0000 .0000 .0
5% 10 0000 . 0000 .0
&% 1¢ .0000 L0000 .0
7 * 10 L0000 L0000 0

*) the mean for this group is significantly less than
the control mean at alpha = 0.05 (l-sided) by Dunnett’s test

|

Minumum detectable difference for Dunnett’s test = -6.,215400
This difference corresponds to —-34.34 percent of control

Between groups sum of squares = 5322.800000 with 6 degrees of freedom.

Error mean sqguare = 34,.976190 with 63 degrees of freedom.

P***********************************************
*

* Warning - the test for equality of variances
[* could not be computed as 1 or more of the

*

*

*

* variances is zero. . %
* *
*

r*******ﬁ**************************************



CHRONIC CERIODAPHNIA EFFLUENT TOXICITY TEST DATA SHEET
EMPE, INC. CONSULTING ENGINEERS

Test Organism: _{
Life Stage: '
Type Bioassay: :
Dilution Water Source;
Comments:

. _glié)en =

mﬂl—ﬂ-_“m—n—m-—qm

Replicate Total No. Most
Effl. Day Live Live by any
Conc. - No. A B C D E F G H I I Young Adulrs  Aduit
‘l) 3 _
4 <o < o
. IControl 5 o _mi[
6
= 7
1 32 i S R
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e AdeeSben comen

EMPE, INC.
PRELIMINARY DATA FORM

Client 'T_QRA' Room Temp le‘

Sample Idcmificationm
Type Bioassay for Sample USCM Tested E),M

Comments

e 2 AP P

Zero Hr, Dayl Day Day3 Dayd  Day$s Day6 Da

Dissalved Oxygen |0 7 60 (94 1S | L./ Y0 | 74 ! J
pH 73 74 7S 7:% 7 79 75 é |
Conductivity A6 | 2SS 240 1355 & T ok (4 460

Alkalinity 126 1255 a1 102 | el 1127 2 A |
.’I“ota.i Hardness iR /53* /3(08 I : U’?-? /;7}*67 !,Ej-é;,'g' %
Date Collected =15 2K |5/S 55 | ¢ 548 | S-S l
Date Tested 5l | 5/7 15718 |59 | el 520 | 223 !

A S

Control HZO:

ZeroHr.  Dayl, Day2 Day3 Day4, 6 DayS Day6, 6 Day7,

Dissolved Oxygen 8.0 136 1% _3-/ ¥ .0 174 | %o t
o 7,9 174 [72.<1755 | 98714 |73 !
Conductivity 110 g Lo N0 OO i |
Alkalinity 1025 | 1A 08 Sl n 109> | 1026
Total Hardness gs’“’/ 526 | 484 9 (Y 95,8 | ;44




'RA New Johnsonville C.dubia 7-Day Survival

Summary Statistics and ANOVA

Transformation = None
Group n Mean s.d. cvi
= control 10 .9000 .3162 35.1
2 10 1.0000 .0000 . 0
3 10 1.0000 . 0000 .0
4 10 1.0000 .0000C .G
5 10 1.0000 .0000 . 0
6 10 1.0000 L0000 .0

 the mean for this group is significantly less than
the control mean at alpha = 0.05 (l-sided) by Dunnett’s test

inumum detectable difference for Dunnett’s test = -.132791
1is difference corresponds to ~14.75 percent of control

itween groups sum of squares = .083333 with 5 degrees of freedom.

rror mean square = .016667 with 54 degrees of freedom.

de e e e o e e e de e e e gk o de e e e ke de e o e vt e ok ok ke sk ke vt ok vk ok o gk R ke ok sk ok
*
Warning - the test for equality of variances *
couid not be computed as 1 or more of the *
variances is zero. *
¥
*

khkkhkhdhhhhhdhdhhhhdhdhhhhdhhhhrhhdtdhhdohhthrdn



LFVEWED & 7 08 A b MR A N e W b e b AN B e el T e b LA

Summary Statistics and ANOVA

Transformation = None
Group n Mean s.d. cvE
1 = ¢control 10 18,1000 9.8031 54.2
2 10 21.6000 6.0590 28.1
3 10 22.1000 4.2804 19.4
4 10 19.9000 6.6240 33.3
5 1¢C 15.9000 6.2263 3g9.2
& 10 22.1000 4.2544 19.3

*} the mean for this group is significantly less than
the control mean at alpha = 0.05 (l1-sided) by Dunnett’s test

Minumum detectable difference for Dunnett’s test = -6.664417

This difference corresponds to -36.82 percent of control

Between groups sum of sguares = 317.950000 with 5 degrees of freedon.
Error mean s¢guare = 41.979630 with 54 degrees of freedon.

Bartlett’s test p-value for egquality of variances = . 120



mﬁé
. Qrza/zu MACEN AN
POk 3 W NS T .2_? ,/.._/:/,_/
YOL0 /.,J/.Ol/..muﬁuj /7/‘.,,/ A\RRARY
Mo /.3,4, B M\ LN N W WY

X

oMok l_ux.ﬁ..u& TR =

' S BN =\

TVINANNONIANT

d1DAdS 1S3l AdOoLvioavT
V SV STASSNN JALVMHSAYA ATINAANS 40 dSn IAHL



‘S3ipnys |pa1bojoxoy00s

jo abuos spim o 40} wsiuobio )s3) AYjuaq o so spessnw SfiuaAn(

jo asn bunonjons 40} 3|qDoKddo a.p §lineay -pajonpuos

SJ9m (118) @p1d1aap; o)ynbsow o pup uen|ye jpw sedod p

‘(M 1oyjonby PUuD g—4°2) sepioiquay nonbo om) jo 8169} buiusasas

A124x0) IDUoONIPPY  ‘Suoiypuod (paddins ) uabAxo MO| pup

PajousbAixo yjoq Jopun ﬁvow::v ®saunbuow .o Pouiwidlep ssom

£9nIbA 9G] puo 0623 ‘sepuaan( pjo Aop—-g uo Powioiad asom

$)63) puo padojansp siom §j020j04d bunsa) A}191%0) ‘sajiuaan(

Ojur oipyo0ib jessnw o uoowoysuosy SR ar buimoyjo4

‘SuUonIpuod (uebAxo P3Aj08SIp mo|/moy; mo|) 1ybnoup buunp

JusWiINIdRL jessnw Ji0Mses9s uo uoniqiyur asaunbuow Joy

Iohusjod @)onjpAe puo (sdaqui Djuopouy) sjessnwy 49)0mysa.y

opuean( o) assuobuonwy §o Apoixo0) SuluwLIep 0} pajonpuos aiem

Se1ipms Ai0yos0qo) wiey—yioys "STU 57 oRINP - oTUGaBpo1E?

0} Jix0} asam yoym §3)o0LIN1d Juawipas J89A1 sessauua| wi
SU0NDANUIIUOD BsauDhuUDLY Jo Lianoosip 0} asuodsa. u

LOVY.LSaV




Juaniye jpw s9dod o puo "HOAISE31 ay) uo Sjuoid anonbo
Puo saoynbsow josuod O} Pasn sapnsad aauy ‘(suonipuos usbAxo
P®AjOGEIp MmO) puD : pa)ousbAxo 4Y10q 19pun) ssauobuow 0} sesuodsay
JXO} duNUDX® 0) PRYoNpuod Saipnis jo s)nsas puo "6|030304d ‘spoyjews
210 mojeq paquoseq ‘(ze61) UoEpNH puo wos; jo Sainpedoad uon oW
—Sudy ey} buen ‘bunss) 10} padnpoid ssem sapusan( 4o J9quinu 9b.p) y
‘GesSNwW J9)0mysa.y (pio sAop 8-9) apusanf buisn SopMs Apoixoy wisa)
—HOYE 0} pa) som19E81 ay) uo a0 abojodosyuo g0 UoNOUNUIDXS
Puo “Juebo ooy aiqoqo.d oy} s0 sseunbuow jo uonoaynuep: ‘suoiipuos
ybnoip swssyxe buunp sjouqoy Jood--uebAxo ‘desp wi Smouww posy)o;
Puo BIUGIBPOIY o) Aj21x0) j0 Aier0281q  -soAs0894 buo)—.iejewopy 62
oy} woybnosy payoeyoo s9jouNd Juswipes jo suonobnseaus Aysixo)
0} po) (seny 9%ssouua)) axo Ayonusy Wio.) s)senosoy 1D1os0uwm0s w
pPa.mdodo ysi0o Poys1siq ‘pesoesip puo spessnw builp jo Spoday

NOLLONAOYLNI



‘(poap ‘pPessans

‘Buiay) uonpuos JO suonopAsasqo bunoypon; ‘dNqisIA Luioyd

84D Sjuswerow puo S3uMdInns jpussyu ‘PRS0 uayM useay
‘Spoued jeuq 405 )deoxs Slidys neyy asopd jou op Ajowsou pup
169} aspue ey Buunp sanoo Kiea uibwWas slassnw spuaang

‘$jojuod w1 Ayoyiow moy u) bunnsay
‘J8yjoup 0) JeuID)UCD suo wouj buiysom pup ‘Bunyedid
‘Buisus PUDISYMM uDD pup pajeys aup S|9sENW apuaanp

JUdWIUONAUS

Monbo (0o} ay) ur Apoixo) bunonioas 40) sweiuobio

169} jpapy ‘as0jasey) ‘aip Aoyy yeip sey Ul J3j0m ay)

woyy pasayy sjouajow puo WE 1oq azynn sjessnpy

"(Soequn Djuopouy ‘°9'1) ek ay §0 sow ybnouy Sajuaan(
O)uy uonowosUDI) s0) 9|qDyiDAD 340 ?_v_:uo_mv S|9ssnw (pAsD
| "bunsay A}101x0) 9)038—9640) bunonpuoo

10} spPssnw jJueidins Suipinosd ‘ynpo PinDIb aibuwis o

Wwosy SIIX a7 peoanpoud 2q uod sapuean( jo Spuosnoy)

JUswuonAue dnonbp
oY) uiypm Ayoixoy 03 pesodxe Ainy buaq puo Q2UIEIXD




ﬁ STTINIANE OLN] VIGIHDOTY 1assnn JALVARSTN S

J4NAAI08d OULIA NI






Sjays Ajdwa o wonop
Aoppo o 92UIEqD — Apjojsop
juswsaow pasodun - E634)g

sAoQ g

I30m Jneyuhs so0 sajom
buimede. Pasdy~wif ¢
JUON

(ueasds xayu

HESW~00 1§ ybnosy) pasayy)
/ws bw gog snyd ‘pawooq
Puo 8060 snousbipu Ym

P8paes 43)om uonnpp — Apog

A

Gi

Pio sAog g -9

Apoq

Jw oGe

30Q

J IF #2

Iomauas ono)s ‘esoyd pijog

(SITID3ani VLNOOUONY) s13ss
- INLLSAL ALIDIXO

"NOILVHIN3INOD
-3IVOINd3Y ¥3d S13ssnn ‘ON -
"SWSINVONO 1S31 30 39V

L N4AL-190m

:038NSY3IN 133443
‘NOILVNNG jS3)

-431IVM NOILNTNG
‘NOILYY3IY

-ANIDIY INIg334 -
d3d SILVoNd3y -

-SNOILNT0S 1531 40 TYM3IN3IY

-INNTOA ¥38NVHD 1S3)
‘GOIN3dOLOHd °
-J4NIVYIdNIY -

-3dAL 1S31

NN ATINAANS

Ry
i

4
0l

6
g
L
9
S
14
¢
4
l

3@.—.<.:WW-E NO
S VDS CNOLITANODD aFavTmwre ey



JISYM

.% T:VEE; ISNIY -J_’

HIIVM TYMINTY SNOILVYANISE0
VoV ALIDIXOL

1S i

HSIQ ONIZITVISAN)D

INVIIXO01

* XN HSIN 00sf
STISSNN , .

b l/
H31VM 3ISNIY -~

(S13sSnm “INvIIXOy Y3UVM IVOWV “LUs)

SINILINOD HSIq INIZITIVISAMD

BYNSOdX3 BNOH—¥Z "ISVHd GMOS T*

A4NAAI0Hd TVMIANTY ATIVd
IDONTISHL XI1DIXOY TICSNW FTTWIANT



‘SI9eEnwWw s3j0myca) Spusan( 153} 0} seipmys A)y2ix0) ey

Sipssnw epusan]
.-_ma.w..éllog "Aop—-06

Sj8Eenw ozti
'(shop §) wusy—poyg

VAL 18 a31odngNn

Aomiapun Bunsa 1

P 1:001L @ dax0p
10U "X9°8C = 0631

(6861) Juoayogns

"Anaix0) esaunbuoyy ‘g

(6861) Ayaoy juanya

Soym jpw sadoy g

SisSenw syusan! . "JU0d payddo 6864
“(skop @) L)~ 04S XC @ Jix0) jop ba_o_uo. uﬂm ‘8
sjessnw "JU0d payddo (8861) Bwusaias
sjusan{ ‘(4—e¥) aynay XC @ 2x0) joN o Ai01x0) 3 ioyjonby -4
SjesEnNwW Ju0d payddo (e861) buussiog
sjusanf ‘(y-gy) aynay XZ @ 31x0) jop o ‘Ayoxoy g—-9°z 9
Moo mo|
/6w g6y = gdo
Sjessnw spusanf (PayouabAxo maom: sauep
‘(shop ) UL}~ juoyg /6w z'gc = g N "‘AYdx0y @sauobuoyy ¢
S|8SEnwW spusany /6w g¢ » ¢ ﬂwom—w busuaaios
‘(shop ¢) Wi} —ja0yg usam}aq aixoj o N0} 2c2uDbusyy p
sssuobuow Wu. 6
= Jusbo dixoj UonozIIeY20I04d Ayaixoy kY
d SU0OD
» OIUYC DPOLIS) Q.MM_.wng :zﬂb )ﬂﬂﬂuhu -M.mo.- —M%aﬂow.iu .auu.-aﬁswn_-om 4
0340 j00d-uabixo ahwa-w opim
3p Wy Ajidixog HOAJR83 "S)ubupas -
SNOILYANISEO0 AdNLS
dI0ANASAY ANININAN

02 €FIaNIC X ¥vvyT1een v



’t
bd -

JSranm-.
0. o :
N &
LTS
- 11 _ ‘4
* i 7 - 0
et | &
0523 ”_,___. _m *
| 17 O
| e
/ | o8
==/ B
__  opy
ANNINOR NN




VOR €8 wy g
Vonswm v vomewm o
Vonxwm-a venguwm o
Vonea wm g UNDD -

(sAv0) 3NE0LG
_ . 0
I ol -
: 8 ] 8
- s )l 8
I o 1*
- og -1 06
_ o0 - 09
| g |
4 " 8 ] 8
| X os_L 0s VMINTY AWG D0y .T.
r Mgt | o0s 004
ANNINON SN AUFWANON 1NGNGd
(/9% g0 5> oq) . ML <
SNOLLIGNOD 0a 807 aasind mZO-.nA-W\IOﬂ Edohuwuhne

(STTIDAANT VINOGONV qio AVd-g)
gﬂﬁnal MITWMIIOIar Y Ay w wwee o






§88R8898é——;e

1
?
E

STASSNN HAIVa :nm.f Pyt ::E...._aa,.na._.a._.. @10 Ava-9)



‘PINEI) 10N = [Ngq
YMANSON ‘IdN3 — Diuyddpousy ‘A — & NI3qWT 5}uOpoUY sejdwos wds

XSZ X065  shop 4

-

jomauas Ayop ‘onog o1qnp owuydopoiis)

sedN L IN " eedN selN Siequu n.-ﬂ..ublﬂﬁﬂ.(l

JAON 2307 NINS0dX3 3dAL 1S3
o SIS3L JINONH)D
X001< 4y-96 1oMauas Apop ‘onoys B aaﬁuuaauu
X9°8C shop ¢ iDMauas Ayop ‘onoyg gg
0sI7 JHUNSOdX3 3dAL i1S31

S1S31 31nJV
+/NY3IL~1H0HS







"SIDLINE §,010A1860, oY) 10 Peyiddo uonosyuesuos oY) sowy omy .
‘sAop § ‘lomoua. Aop *onoys Y10 onoIs y—gy ‘Sepidiquay :@ungodxy .

ss¥ 89077 G¥'0< ) 2100/ Gyrp< s# 8390/7 Gy'p< U8 ‘eppwioy
WwV/PW ez /6w gzc o+ V/BW §Z< 3 joyionby ‘eppquey
. V/Bw gp< ....._\aE 9'v< ......_\aE 9¥< 0-%°Z ‘oppiquay
X 1€ X 98¢ X ¥02 Jusnyyje s sedoy
V/Bbw oy /6w 9'gy /6w £-¢y 0Q moj pesingy
/6w g-gg /bw zgc /6w ¢z po)ousbixg

(Yosun €0) scauobuoyy

6627 0591 197 INVIiXo1



‘SaIpms j02160j031x0)020 0 abuvs epim

© J0) swswobio 69) buisiwoid sip S|Psenw apusani you 0P 10320

989y °S)UOdX0) awos .o; OIU4dopoLID) jo ebuo, 0 w sananisuss (4

Puoc ‘Sunss) pspusixe PUD uuey-poys Buunp Sj05juod W Ayopows mo) (¢

'8§020)04d 189) Bumoyo; wi Po.LNDW sbowop o) Sduysisau (Z ‘SUoipucH

sinynd As0)040q0) sepun Apqoninins uus)~-buoy (4 :pquyxe Sjessnw spusan(
PuLI0)su0N —TIIK T 104} moys Bunsey jo si0el oM} woyy s)ynsey

‘$8LI0)010q0| A)0ix0) om) Aq PONpuod §)68) ejdwios

-ids w jusnjjje w sedod Yy} o} ouydopoiia) UDY} dMNSUSE Bi0w Diom E 4

SjeSSNW Spueanp ‘Si10mpoay s s10ns08501 ary 0) buibsoyosip 40} pojjwised
USHMWP wnuwww §1:004 ey 10 jJou nq ‘spessnw opusani o) aixo) som
jusnyje mw ssdoy -spousd Moy} mo)/yybnosp buunp Suonojndod essnw
HOAIBESS O) JUsWINIZLI J8A0 WIRIUOD Jua.uom o) ybiy Aueidins som
‘SUONIPLOD usbAxo POAIOSEID MmO} s9pun Pass) /6w g'g; ‘essunbuows 40§
uonoRuesued g ey HoAlesey Honmusy o) pPeyddo suonosuesuo) oy}
Sown om) 10 11 sp1dnIn) Y} Puo y joyionby puo G-+'Z sopiiquay ay)
0} aaisuss Jou ssom Sjessnw apusani oy, Pamoys bHuisa) Ayaixoy

SNOISNTONOD



TOXICITY OF TARPp EFFLUENT TO JUVENILE Musses
KENTUCKY RESERVOIR

1989
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EXzcuTIve SUMMARY

A 9-day static daily renewal toxicity test wae tonducteg evaluat
effects of up to twice the field spplication toncentration of the mosquito
larvicide »13 (Vactobac®) on é-day old juvenile Sussels (Anodonty
13&151113). Survival wae Steatsr than 90 percent in si} trestaents, with 1
percent of the mussels exposed to two times the fleld sppllcation rste
sutviving the test. ALl surviving missele temained very getive and ghowad p
signs of stress. Conclusion ig that field spplication of this pesticide sy

in accordance with label instructions is not toxie to freshwatar missels,
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TOXICITY EVALUATION oF tyg NOSQUITO Lamvicipe 37t (VRCTOBACS)
USING JUVENILE FazswiaTER wussprs (ANODOWIA INBECILIS say)

lgsk;rogng

Musse] morialities and Purported genersl decline of the LI TTY
community ip Kentueky Reserveir hey led to s drogs range of conceeng
about regerveir water quality snd pPoteantial prodiems both within the

reserveir and ¢y witershed. Among the conzerns expressed has been i
use of pesticiges by IVA to econtrol problemstie squatic ﬁltntc and
Populations of mequitos,

In 1988 Tva'sg Aquatic Ressarch Laberatory conducted toxicity
svaluations of the two major herbicides used in Kentueky Reservolr, 2,4-p
and Aquathel® g, Exposure of 1-day ol4 Juvenile mussels (Anedents
imbecilis) to twice the concentrations of tetive ingredients applied |n
TVA's aquatic weed control operations tg the surface of TVA reservoirs,
failed to produce mortality, with 100 percent of the mussels tested
surviving a 48-j SXposures period (Wade, 1983). Although TVA uges only
approved and labeled pesticides supported by & large auaber of toxicity
studisg deeéuﬁntiag absence of sffects to non-target Species, TVA was
Tequested by the Tuanesses Wildlife Resources Agenicy to evaluate the
tonigity of the Weequite and black fly larvicide »1: (Vectobac®) on
frestwater mussals, BT is & dacterim (Magiliug Shucingiensiy) which,
when lﬁxlctat b7 mosquite and Hlsex tly lacvae, is scteq upen by enzymes
to release endotexing vhich sause gut paralyeis and ultisstely desth of
the tacget pest otsenims. 8ines mussels alse filter bacterig from the
water as a feocd souree, it seemed sppropriate to conduct the toxicity



evslustion, although Pelecypoda (freshwater mseels) i{g o hon-tacget
organism which has been shown to be unatfected by pry. This test
ovaluated toxicity of sr2 " very young (6-day old) mussels, roprancntin;

vhat {s likely the Sensitive Jife stage most 8ppropeiste for testing,

The life history of freshwster myssels {ncludes an obligats
pPacasitic laeval stage (8lochidium) vhich becomes sttached to $ill ang
£in tissues of & hogt Eish. The attaches $lochidium 1s goon Covered by 4
layer of gill or fin tissue and Temaling on the figh hest throughout a
transformation precess which reguley ina (ruo-llvin; Juvenile mugee).
The transformed Juvenile stage wes chogen for testing decause it is the
first stage fully exposed and completely dependent upon the aquatic
nvironment. The juvonllo-lucloll &re mstabolically very active in order
to meet immediate §COVth requirements for sucvival. Unlixe adult
mussels, juvinlioo Sppear unable to “cigm up” to resise short-tern
evirenmants) perturdations, saking the Juveniles ssnsitive and ides) for
toxicity ut?ilol.

assigned te TVA (1984). Ancdonts inbecilis was thosen as the test
Spesies becauss itg sleekidia are availadle throughout the year (RHudsen,

ot al. 198¢) and bessuse of past success {n tesnsforming and growing this
species under laborstory eonditions. This spacies 12 41s¢ widespread in



the region, Prefercing impounded Waters and stresmg having muddy of sandy
bottoms, Gloehidia from o single femalq »

Juveniles, more than enough for conducting the test. Juveniles used in
the study were in eultype from July 12-19, 1989 (7 days).

Ioxicity Test

The toxieity tast, initiated July 23, utilisged 1890 Juvenile

toncentrations of 37y equal ts 1/2, 1, and 2 timas the setive ingredient,

8pplilied to the surface of Tv) teservoirs for larval mosquito contre].

~—Latvicide Trestmene —Soncentration

BTL X 1/2 0.92 ¢ 10-4 m 311/t
(113.648 nmlL/scre footb)

I 2 {fiald tpplication rate) 1.84 X 10-4 ml BYI/L
(227.297 BL/asre foot)

" BT1 X 2 3.68 X 104 5, BTI/L
(454,590 ml/sere foot)

These nominel concentrations wers tenewed daily by 8dding fulj ftrength
insecticide to Tennesses River vater :fieh had been eollected from
Whealer Reservolr, filtered through o S aieren bag filter, and placed in

entrlfmtlou) to develep & rien Plankton (food foures) community. The
test. Sediment frem the seurce of the Abadernts Aabecilis etoek ussels

(Raieyville, Alabang, mmicipal veservelr) was flltersd through
100-mesh nitex seteen end added to tach treatment ot o concentration of



200 ng sediment/1iter. Both plankton Nd vedimant gee sisentlial fqp
Juvenils mussey haalth and survival (Hudesn and Isem, 1984). The
sediment /Tennesses River watep sixturs (eonirsl) was Maiyzed for
priority pollutant volatile ocganics, extractable organics. and mety);.

The toxieity togt WS conducted from July 25-august )3, 1989,
Fifteen juvenile Wissels wers added to each ceplicate (3/trestasnt).
Test vessels ware 230 ul crystalliging Sishes f1lled to the brim with
water. Sufficient "éurmy” replicateg (identical to test medium, iyt
without Rissels) were run for sach treatment to provida adequate volumes
of water for water chemistry anslyses vhich ineluded both initis! and
final Weasurements of dissolved oxygsn, temperature, M, slkalingiey,
hardness, and conductivity 4¢ sach daily toxicant renews). All
teplicates ware kept in & dark incubator at 2ac,

After sach 24-he SxXposurs, water ang silt were rinsed through a
100-mesh nitex sereen vhich retained the Juvenile mugsely, Juveniles
vere lmmedistely ringed back inte the mptied crystaliizing digh ang
snumersted " sither live/active, unutruud. oY daad, Following
onlunuen.‘ t'll’im.l water and toexicants were 4253 to each digh.

Remilts

Criteris used te evaluate Stress and ¢ifferentiate between the
living end ¢esd Juveniles ware:

1. Alive/detive . foot protrudes from shell withis & ninute of
Settling te the dettem of the dish; foot locates
dish botiom and “flipe” shell into an upright
position; mugsel glides slong dian bottom on

extended foot,

’



2. Alive/Stressed - shell gapeq oPen with foot immodile and Proteuding
(hanging) trea shell; clcee obsecvation Feveals onjy
slight foet motion and elliary setion; as in setivg
Juvenileg, algae nags Ususlly rotating within gre,
of stomach.

3. Dead - Shell gaped open with detrital materisl adhared i,
soft tissues just within the shell (indicating
absence of cilisry movement which sweeps this greq
elesn in iive, sctive tnd stressed, mussels): and/or
decomposition of soft parts (indistinguishable foot,
orgens, ate., usually sccompanied by protozeans
within the shall); or wmpty shells.

Under fleld conditions, BYI 1s Spplied at the surface of the
resetvoir. Because of dilution and Tesarvsir eurrents, 8Xposure of
benthic (bottom dwelling) organisme ig likely ot reduced levels from
those in this test sinee trestments of BTL were added directly to the
mssels. Thig scute 8838y represents worst-case exposure since the
Juvenile n.au'dlc Yere axposed to twice the toncentration spplied to the
reserveic's surfees in the fleld end Since the toxicant <as reneves
daily.

Survival during the 9-day exposure is shown ia table 1. At the
nd of nine days survival in the sontrol end ell trestments of 37; vas
2N p;ruat. One Wundred percent of the Bugssels in the doudle field
spplication trestment survived the test. All surviving mussels ceasined
vary astive throughout the 9 days exposure without signs of stress. The
$-day LCSO for the test was > 100 percent of the 2x concentration tested.
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MANGANESE TOXICITY TQ JUVENILE MUSSEL
(ANODONTA IMBECIL IS)
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- Table 1. Pereent Mutrvival o

-

f ¢-Dey 014

Txposure® to Concenterations ofm"mm m
Condltions (DO » 7 L YAR e i gmt«,x
Irsetment mep -l 2 3 4 - I ) ?
CONTROL 1 100 100 100 100 199 100 100 1060 1pq
7 100 100 100 100 100 106 100 100 o3
3 100 100 160 100 100 100 100 10 190
1-3 100 100 100 100 100 100 100 100 ¢
% Mortality: 1.3 -] L] 0 0 o 0 0 o 2
Mn S wg/L 1 100 100 100 100 100 100 100 93 o3
2 100 100 100 100 100 100 100 180 300
3 100 200 100 100 100 100 100 100~ 109
13 10 100 100 100 100 100 100 -l
% Mortality: 1.3 0 o 0 0 o o ¢ FEia
Mn 8 rg/L 3 100 100 100 100 100 300 100 166 100
2 100 100 100 100 100 100 106 106 100
) 100 100 100 100 3 s I e o
-3 100 100 100 300 % % w uw
L Mortality: 1.3 o 0 o ] 2 2 2 : 2
Wn 13 wg/L 1 100 100 100 100 300 100 1006 100 o3
2 100 100 100 100 106 100 % ¥ wu
3 100 100 100 100 300 100 1086 106 93
St 1e3 100 106 100 100 106 100 o8 9 o
Bhortality: 143 0 o o o 6 a 3
M 20 agiL 1 -100 100 100 100 190 100 300 10¢ 100
2 100 93 93 o3 gy gy ®
3 100 100 100 100 108 100 100 o4 L
1-3 100 " ” " ” " *» T »n
% Nortality: 1.3 0 2 2 2 2 2 [ 4 3 ?




T Mortality
¥n 50 mg/L

% Hortality

i-3
1-3

100
100
106

100

0
100
100
160
100

0

100
100
106
100

]

100
100
100

100

160
82
Y |

100
51

49

100
73
8
87
13
20
L2
38

62

L}
52
7%
n

29

- OO

56

‘st:tle daily retieval tast,

0oe8x



Table 2. Perecent Nevival
Expoesure® te Cone
Dissclved Oxygen

of ¢-Day 0ld
entrastions o
Conditions

fnedonts Imbeciliy bur

f Mavganess Under Pulge

(to ¢ 6.3 ng/

L)

ing ¢ pay,

4 Low

"_,u._..._Ill&_!;ze:u:n_inazllk‘

II!I‘&!Q& I’g 1 i k] & 3
LW DO 1 160 100 100 L B *2
controL 2. 100 100 00 100 106
3 100 106 100 ) L } ]
1-3 106 100 100 " L 1]
% Mortality: 1.3 ] ] o 5 s
Mn S wmg/L 1 100 100 ¢4 87 g
LOW Do FJ 100 100 '3 80 80
3 100 100 5 ] 1 80
1-3 100 100 93 84 [}
% Hortality: 1.3 ] 0 r 1¢ bV
Nn 8§ wg/t, 1 100 100 100 L } L 2]
LOoW Do 2 100 L} [} 87 8
3 100 100 2 ” 92
-3 100 " 5 88 L]
% Mortality: 1-3 0 2 7 12 12
Wn 13 wg/L 1 100 100 100 100 100
LOW Do F 100 100 100 1 2 9
3 100 100 100 L 2] L}
', 3-8 100 100 166 * L 2]
L Mortality: 1.3 o ° 0 4 ?
W 20 sgllL b 100 100 10e 100 100
LOW DO 2 100 100 100 100 80
3 106 100 100 L 1) [ 1]
1-3 100 ”» ” ) "
: | ¥ortality: 1.3 -] 2 2 L 12

§s

100
93

23

87
80
73
80
20
93
73
2
%
14
100
L 2]
' 3

L 2

9
1)
74
26

5
100
92

93

13
e
3
3
23
L}
1
82
8¢
14
100
L}
80

n

87
33
54

L}

92
Lk

%0
10
‘\
T
13
10
30
9
67
92
8
17
100

9
73

Ny

3]
32
83

20
10
é?
64
&7
1)
34
19
67
92
8
22
100

8
13



% Nortality

¥n 50 ng/L
Low Do

L Mortality

3
1-3
1-3

7
100
93

L}
7

100
0
60
100
13
n

22

14
L
&0

37

L 1]

Q-0

"

200

[ =]

100

93

Qo

o

100

100

¥§tatlic daily renewal test.

0cs8K



/9 06 up v
/9N 2e upy |lu
J\c: 0z uny —@-
VoneL um s |
VN g uy -
V/on g uy —g-

TOMINOD —ape—

(SAvQ) 3unsogx3
P4 2 S v o ¢

0
< 01
< 02

IVM3IN3Y Aiva ouvis -

or
oy
oc
09
-1 0L
o¢
06
001

AINVINON IN3IDN3d

(1/91 2 < oq) SNOLLIGNOD GALVNADAXO
STASSNN YALVMHSANS oL ALIJDIXOL ASANVINVI



(SAva) 3unsodx3

00 M0T 1/9M 05 upy g
0G0 MO /oM z¢ vy -
00 MO /9 0z uy —g-
00 M0 VoM €1 upy -
0a 33. Vong uy g-

00 MO /9 ¢ upy -~

0G MO7 T0UINGD —ae—

ALNVINON INION3J

SNOILIANOD og MOT a3sInd
STIASSNNHN JU4LVMHSIYI 0f ALIDIX0L ASANVONVH



ﬁ<2¢,5522ﬁ35umasass

¢ < or of

Onnﬂunnnu—ne

N ¥

g

VNS > 00 @sng -~ -
VML < og —

SIIJ38NWI "VINGGONY 470 Avg-9

STISSNW 31IN3IAN

I 0L ALIJIXOL 3SINVINYH



T e Y ol

NS ANVUDILYIS 'SAVA 6 NO a3svg,
199°62  /9z¢cz

1B6C b7 6621
9iv°02 C9/°81 9/vG61 06O
CvZ'9| ARy ¥199°G1 | 197

__¥3ddn  y3amo7 __ (/9w

SLIINTT 30N30I3N0S %cE NOIIVIINIONOS INiOqG

| /9N S°0 > G35TNd NI9XG d3A10SSIg
9SL°IL  ¥110g L122°9G 6607
6/8'8C  9cg oo LB81'9¢C 0597
LOS9Z  Z66/1 6890°CZ 197
d3ddn  yamod (0/9n)

SIINMT 3ONI0IEINODZEE NOIIVIINIONGS INIOg

/9N £ < N39AX0 @3A70SSIg

SEREETT VINOQONY)
470 Ava-9 oy ASINVONYIN 40,ALIDIXOL

STISSOAN I UNIANP



Table 1. Percent Survival of é-Day 014 Anodonts inbecilis During ¢ Deys
Exposure to the Nosquite Lacvicide BTI (Vectobac®)

— 388 Lxpovure (Darsl
Icsstment Rep 1 2 3. A 3 & ] § )

3TI cowTRUL 1 100 100 93 93 93 93 93 g3
2 100 100 100 100 100 100 93 93
3 100 100 93 93 3 @ & ¢ e

1-3 100 100 ” 2] L 1] 9 9 L} LR
% Mortslity: 1-3 0 0 s _ s L} 7 ? ¥ 7
I X 1/72* ) § 100 100 100 100 9 L} 9 93 93
2 100 3] 9 80 80 80 0 80 80
b | 100 100 100 100 100 100 100 100 100
1-3 100 ” " 3 L} L 3} 31 9] 91

% Mortality: 1.3 0 2 2 ? 9 ] ’ 9 9

BI X 1n 1 160 100 100 100 100 100 100 100 100
' | 106 100 100 100 100 100 100 100 100
3 100 100 100 100 L} 87 L)) 87 87

]
g ¢
+

, 1«3 100 100 100 100 " "% L L ) 9¢
% Nortality: 1-3 L ° 0 0 2 4 4 4 4
IR e 1 100 100 100 100 100 100 100 100 100

: 2 100 100 100 100 100 100 160 100 100
3 100 100 100 100 100 100 100 100 100
1=3 100 100 100 100 100 100 160 100 100

% Bortality: 1-3 e o 0 o ¢ ¢ ¢ e 6

"Mssels suposed to 1/2, 1, end & tises the esleulated fieid
epplication rate of 227.29¢8 sl BTI per esre ft. of wetar. Deily cafieval
statie test.
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