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International System of Units to Inch/Pound

Multiply

By To obtain
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centimeter (cm)
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Volume
liter (L) 1.057 quart (qt)
milliliter (mL) 0.03382 ounce, fluid (fl. 0z)

Flow rate

milliliter per minute (mL/min)

0.0002642 gallon per minute (gal/min)

Mass

milligram (mg)

3.527 x10® ounce, avoirdupois (0z)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as °F = (1.8 x °C) + 32.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25 °C).
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SDP/L spray dried powder per liter
TAN total ammonia nitrogen
TEMP temperature
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pS/cm

microsiemens per centimeter
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Safety of Spray-Dried Powder Formulated Pseudomonas
fluorescens Strain CL145A Exposure to Subadult/Adult
Unionid Mussels During Simulated Open-Water
Treatments

By James A. Luoma, Kerry L. Weber,! Diane L. Waller,! Jeremy K. Wise,! Denise A. Mayer,2 and Douglas B.
Aloisi3

Abstract

The exposure effects of a commercially prepared spray dried powder (SDP) formulation of
Pseudomonas fluorescens (strain CL145A) on the survival of seven species of unionid mussels endemic
to the Great Lakes and Mississippi River basins was evaluated in this study. The study exposures were
completed within replicated 350-liter test tanks contained within a mobile bioassay laboratory sited on
the shores of the Black River near La Crosse, Wisconsin. The test tanks were supplied with flowing,
filtered river water which was interrupted during the exposure period.

Two groups of seven species of mussels were used in equal proportions in the study. The first
group was exposed to SDP for 8 hours, and the second group was exposed to SDP for 24 hours.
Individually tagged mussels were randomly allocated to test tanks until all test tanks contained 8 to
10 mussels of each species (dependent upon the number available for testing).

The experimental unit for the trial was the individual test tank, and treatment group was assigned
using a randomized block design. The treatment groups for each exposure duration consisted of (1) an
untreated control group, (2) a group that received an application of 50 milligrams SDP per liter (mg
SDP/L), and (3) a group that received an application of 100 mg SDP/L. All mussel species and both
exposure duration groups were exposed concurrently (that is, one-half of the mussels were removed
after 8 hours of SDP exposure and the remaining mussels were removed after 24 hours of SDP
exposure). All treatment concentrations are reported as active ingredient.

After exposure, the mussels were consolidated into wire mesh cages and placed in the Black
River for a 27-28 day postexposure period, after which time survival of mussels was assessed. Of the
1,170 mussels tested in the study, 3 were confirmed dead and 5 were not recovered and treated as
mortalities in the analysis. The effect and interactions of species, SDP exposure concentration, and SDP
exposure duration were analyzed and did not affect mussel survival (p > 0.98). The results from this
study indicate that SDP exposure at the maximum approved open-water concentration of 100 mg/L for
up to 3 times the maximum approved open-water exposure duration of 8 hours (in other words for
24 hours of exposure) is unlikely to reduce survival of subadult or adult mussels.

lus. Geological Survey.

2 New York State Education Department.
% U.S. Fish and Wildlife Service.



Introduction

Native freshwater mussels of North America were historically considered the most diverse in the
world, with about 297 recognized taxa consisting of 281 species and 16 subspecies (Williams and
others, 1993). Mussels are largely sedentary in nature, relying on movement of host fish during
glochidial attachment as means of transport. Thus, they are particularly vulnerable to a variety of
anthropogenic influences, including habitat degradation and alteration, pollution, and overharvest.
Neves (2004) reported that 70 species of freshwater mussels in the United States are listed as threatened
or endangered, and 40 are candidates for possible listing. The International Union for Conservation of
Nature’s Red List has 95 species of North American freshwater bivalves currently listed as vulnerable,
endangered, or critically endangered and 29 listed as extinct or possibly extinct
(http://www.iucnredlist.org/, accessed February, 2014). Ricciardi and Rasmussen (1999) suggested that
127 mussel species will become extinct in the next 100 years; this is claimed to be a conservative
extinction rate of 6.4 percent per decade given that it did not take into account extirpations caused by
invasive dreissenid mussels (zebra mussel, Dreissena polymorpha, and quagga mussel, D. bugensis).
Concerns for native mussels in the Southeast are even greater given that only 25 percent of the 269
species historically present are reported as stable compared to the 13 percent presumed extinct and the
28, 14, and 18 percent listed, respectively, as endangered, threatened, or of special concern (Neves and
others, 1997).

Many mussels endemic to North America were imperiled prior to epizoic colonization by zebra
and quagga mussels. The introduction of these dreissenids, however, has dramatically heightened
concerns for the continued survival of native mussel species. Zebra mussels were reported to be
responsible for the extirpation of unionid mussels from waters in Europe as early as 1937 (Sebestyen,
1937, cited in Burlakova and others, 2000). Severe declines in unionid abundance in Europe (Karatayev
and Burlakova, 1995; and Burlakova, 1998; cited in Burlakova and others, 2000) and North America
(Haag and others, 1993; Nalepa, 1994; Ricciardi and others, 1996; Neves, 2004) have since been well
documented in the literature.

The 1973 Endangered Species Act brought forth the need to recognize, protect, and recover rare
mussels in the United States. The U.S. Fish and Wildlife Service is responsible for developing recovery
plans for threatened and endangered species. Recovery plans can include restoring and acquiring critical
habitat, removing introduced or invasive species, and captive propagation and release into historic
ranges.

One potential tool for limited, open-water control of dreissenid mussels in critical, high-value
habitats is a commercially prepared spray dried powder (SDP) formulation of a specific strain
(CL145A) of the common soil bacterium Pseudomonas fluorescens. The SDP formulation is produced
by Marrone Bio Innovations, Inc. (Davis, California) and it was registered by the U.S. Environmental
Protection Agency (Zequanox®; registration # 84059-15) for controlling dreissenid mussels in industrial
water conveyance systems (for example, cooling and service water systems) in 2012 and for controlling
dreissenid mussels in open-water systems in 2014. Evaluation of SDP exposure effects on nontarget
animals, particularly sedentary filter feeding animals such as native unionid mussels, is a critical step
before SDP should be applied to control dreissenid mussels in open-water environments.

The study objective was to determine the survival of unionid mussels after exposure to SDP up
to the maximum approved open-water application concentration (100 milligrams per liter [mg/L]) and
up to 3 times the maximum approved open-water exposure duration (8 hours). The SDP exposures were
completed within a mobile bioassay laboratory sited along the Black River (La Crosse, Wisconsin) and
after the exposures the test animals were held in the Black River adjacent to the exposure location

(fig. 1).
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Figure 1. Exposure and postexposure test animal holding location.




Materials and Methods

The protocol and amendments for this study are contained in appendix 1 (items 1-2). All
methods and materials followed the written protocol except those instances that were identified as
deviations (appendix 2, items 1-3).

Experimental Design

The study was designed to assess the survival of unionid mussels after exposure to target
concentrations of 50 and 100 mg/L of SDP for 8 and 24 hours. Five species of subadult and two species
of adult unionid mussels were evaluated (table 1). A total of 1,170 mussels were individually tagged,
measured, and randomly assigned (appendix 3, item 2) to test tanks in equal proportions. Each test tank
contained two containment baskets, one to hold mussels for the 8-hour exposure group and one for the
24-hour exposure group. Each exposure group consisted of 8-10 mussels of each species.

Treatment was assigned to each test tank by using a randomized block design (appendix 3, item
1). Three treatment groups were tested in triplicate and included (1) an untreated control group, (2) a
group that received an application of 50 milligrams SPD per liter (mg SDP/L), and (3) a group that
received an application of 100 mg SDP/L. The experimental unit for the trial was the individual test
tank. At the conclusion of the exposure period, the mussels were consolidated into wire mesh cages and
placed in the Black River (La Crosse, Wis.) for a 27-28 day postexposure period, after which time
survival was assessed.

Table 1.  Scientific and common name, source, lifestage, mean (standard deviation) length, and total number

of test animals used in the study.
[mm, millimeter]

Scientific name Common name Source Lifestage Mean length  Total number

(mm) used
Megalonaias nervosa Washboard Propagated Subadult 44.0 (3.8) 180
Lampsilis cardium Plain pocketbook Propagated Subadult 39.2 (4.2) 162
Obovaria olivaria Hickorynut Propagated Subadult 30.9(2.2) 180
Lampsilis siliquoidea Fatmucket Propagated Subadult 57.0 (4.8) 180
Lampsilis higginsii Higgins eye Propagated Subadult 23.8 (2.3) 144
Amblema plicata Threeridge wild Adult 63.2 (8.3) 180
Fusconaia flava Wabash pigtoe wild Adult 51.1 (8.0) 144

Test Article

The test article was a commercially formulated SDP formulation of Pseudomonas fluorescens,
strain CL145A (Zequanox®) containing 50 percent active ingredient (weight to weight ratio [w/w]
P. fluorescens, strain CL145A); provided by Marrone Bio Innovations as a mixed lot [401P12163C and
401P12164C]; Certificates of Analysis, appendix 4, items 2 and 3). Test article use was documented in
the test chemical log books (appendix 4, item 7). Concentrations of test article are reported as active



ingredient. Retention of test article biological activity was assessed after the study by the New York
State Museum Field Research Laboratory, using their standard dreissenid mussel bioassay. Results of
the test article biological activity verification bioassay demonstrated the retention of test article
biological activity as indicated by a mean zebra mussel mortality of 98.7 + 2.3 percent in the SDP-
treated group compared with mean mortality of 0.0 £ 0.0 percent in the untreated control (appendix 4,
item 6).

Test System

The test system was a series of nine independent circular test tanks (76.2 x 95.3 centimeters
[cm], diameter x high; 350-L capacity [fig. 2]) contained within a mobile bioassay laboratory. The test
system utilized filtered Black River water for the static exposures, containment baskets to confine the
test animals, and substrate to allow for test animal positioning. River water was supplied to the test
system using a 3-horsepower submersible pump (ITT Goulds Pumps, Seneca Falls, New York, model
18GS30). Water was filtered (200 micrometer) using an automatic backwashing microscreen filtration
system (Forsta Filter Inc., Los Angeles, Calif.; model M2-90). Filtered water was delivered to a headbox
(55.9 x 114.3 x 30.5 cm, width x length x height) positioned over each row of test tanks and gravity fed
to each test tank at ~6 liters per minute for approximately one tank-exchange per hour. Water flow was
interrupted during the exposure period. Water during the preexposure period was discharged to the
river; SDP treated exposure water was retained in portable frame tanks, collected by a state-licensed
septic hauler, and discharged to the La Crosse, Wis., sanitary treatment system.

Two semi-rigid plastic mesh containment baskets were positioned within each test tank (fig. 2).
The baskets were secured to a frame constructed with 1.9 and 2.5-cm wide x 0.3-cm-thick welded
aluminum that had an attached aluminum rod handle (0.95 x 76.0 cm, diameter x length). The
containment baskets were used to confine the test animals during the exposure period and to facilitate
removal after exposure. Approximately 2.5 cm (=11.4 kg) of washed sand substrate (River Run
Products, Inc. Marathon, Wis.) was placed in the test tanks after the placement of the containment
baskets. The substrate facilitated test animal positioning and normal behavior (that is, siphoning).

Figure 2.  Test tanks positioned in the mobile bioassay laboratory (left) and containment baskets
positioned in test tank (right).



Test Animals

A total of seven species of unionid mussels, composed of five species of subadult mussels and
two species of adult mussels, were used as the test animals (table 1; fig. 3). Subadult mussels were
propagated animals, < 3 years of age, obtained from the U.S. Fish and Wildlife Service’s Genoa
National Fish Hatchery (NFH). The adult mussels were wild collected from the Upper Mississippi River
at river mile 670.5 by Genoa NFH biologists. A Hallprint® shellfish tag with a unique alphanumeric
code was fixed to each mussel shell with cyanoacrylate glue (fig. 3), and individual shell length was
measured parallel to the hinge. The mussels were maintained at the Genoa NFH in flowing pond water
then transported to the test location. Prior to distribution, the mussels were acclimated to Black River
water by periodic additions of Black River water to the transportation coolers.

Figure 3. Example specimens of the seven unionid mussel species tested (left) and alphanumeric-tagged
mussels (right).

Postexposure Handling

At exposure termination (8 and 24 hours), the assigned containment baskets were removed and
the mussels were consolidated into one of six wire mesh cages, constructed according to Brady and
others (2010; fig. 4), for the postexposure period. Mussels from one test tank replicate of each treatment
group and exposure duration were placed into a single wire mesh (that is, mussels removed at the same
exposure termination from a control, a 50 mg/L replicate and a 100 mg/L replicate were placed into the
same wire mesh cage). The wire mesh cages were placed in =3 meters of water in the Black River
(15 T 064099mE 4858943mN, fig. 1) for the postexposure period.

Survival Assessment

Survival of mussels was assessed at 27 or 28 days after exposure. Survival was defined as valve
or foot movement in response to tactile stimuli or resistance to valve pressure by adductor muscle
contraction. The mussels recovered from each wire mesh cage were sorted by species and individually
assessed for survivorship.



Figure 4. Example wire mesh cage used to hold mussels during the postexposure period.

Dosing and Dose Verification

One of three treatments was assigned to each test tank according to a randomized design scheme
(appendix 3, item 1). Three treatment groups were assigned in triplicate and consisted of (1) an
untreated control group, (2) a 50-mg SDP/L group, and (3) a 100-mg SDP/L group. A dosing stock
solution was prepared from the test article and immediately applied to each test tank. Depending on
treatment assignment, a premeasured amount of SDP (0 grams [g] for control; 35 g for
50-mg SDP/L treatment; 70 g for 100-mg SDP/L treatment) was added to ~12 L of test tank water and
mechanically mixed for 3-5 minutes with a paint mixer attached to an electric drill. Immediately after
mixing, the stock solution was poured through a strainer, and clumps of test article were macerated with
a pestle and rinsed into the stock solution. The resulting stock solutions for each test tank contained the
amount of SDP required to achieve the desired concentration. The SDP treatments were administered to
the test tanks by gently pouring the stock solution into the test tank. The stock solution and water within
the test tank were gently mixed by hand, using a polyvinyl chloride pipe. Care was used to minimize
substrate disturbance.

Water samples were collected to verify SDP exposure and total ammonia nitrogen (TAN)
concentrations. Water samples were collected by submersing a 50-mL beaker below the water surface of
each test tank. The SDP exposure concentrations were determined by comparison to a linear regression
curve created from known concentrations (0, 25, 50, 100 and 200 mg/L [as SDP active ingredient]) and
absorbance of the test article. Sample absorbance was measured on a Beckman-Coulter model DU-800
spectrophotometer at 660 nanometers. A linear regression equation (appendix 7, items 1-2) was fit
using the Statistical Analysis Software Proc Reg procedure (SAS® Version 9.3, SAS Institute, Inc.,



Cary, North Carolina), and the exposure concentrations were determined from the linear regression
(appendix 7, item 1). Exposure concentrations are reported as active ingredient.

Water Chemistry

Dissolved oxygen, pH, and temperature were measured in each test tank before treatment and
~1, 6, 12, 18 and 24 hours thereafter. Water hardness, alkalinity, and conductivity were measured prior
to treatment on samples collected from each headbox and from water samples collected from each test
tank ~3 hours after administering the treatment. Immediately before the exposure period was
terminated, water samples were collected and analyzed for total ammonia nitrogen content by the
UMESC water quality laboratory, using the automated phenate method (Standard Method 4500G;
American Public Health Association and others, 2012). The un-ionized ammonia fractions were
calculated by using the sample pH and temperature measured at the time of sample collection according
to the formula identified by Emerson and others (1975). Temperature loggers (Onset, Bourne,
Massachusetts, HOBO® Pendent Temperature/Light Data Logger) were attached to each wire mesh cage
and recorded water temperature every 6 hours during the postexposure period.

Data Analysis

Statistical comparisons of mussel survival were completed using Statistical Analysis Software
(SAS® Version 9.3, SAS Institute, Inc., Cary, N.C.). Significance for all analyses was declared at
a < 0.05. A generalized linear mixed model was used to analyze the effect and interactions of species,
SDP exposure concentration, and exposure duration on the survival of mussels. The proportion of
mortalities ([number of dead + unrecovered mussels]/total number of mussels in the sample) were
modeled by using the SAS Proc GLIMMIX procedure with a binomal distribution and a logit link
function (appendix 8, item 1). A scale parameter was added to the model by using the
“random_residual_" statement. Mussel survival in each active treatment group was individually
compared to the mussel survival of the untreated control group by using a two-sided means comparison
test.

Data analyses for water chemistry were limited to simple descriptive statistics. The SAS
Software Proc Means procedure was used to determine the mean exposure concentration by individual
test tank and by treatment group (appendix 7, items 1-2). All concentrations are reported as active
ingredient.

Results

Statistical analyses for survival output are presented in appendix 8 (item 3), and the summarized
data are presented in appendix 9 (items 1-8). Survival of mussels in each treatment group is
summarized in table 2. Mean survival of all mussel species in both the 8- and the 24-hour exposure
duration groups exceeded 95 percent for all treatment groups, and mussel survival exceeded 87 percent
for all test replicates, regardless of species, treatment group, or exposure duration. Of the 1,170 mussels
used in the study, there were a total of 3 confirmed mortalities and 5 test animals that were not
recovered. The unrecovered mussels were treated as mortalities in the data analyses. No difference in
mussel survival was detected (p > 0.98) when comparing the effects and interactions of species,
exposure concentration, and exposure duration.

The water chemistry data are presented in appendix 6 (items 1-4). Water chemistry parameters
(dissolved oxygen, pH, and temperature) observed during the study period are summarized in table 3.
Dissolved oxygen in each test tank remained above the minimum level recommended (4.0 mg/L) for



laboratory tests with freshwater mussels (ASTM International, 2013) throughout the first 12 hours of
exposure. The mean dissolved oxygen concentration of the untreated control tanks at 18 and 24 hours
was 3.3 and 2.7 mg/L, respectively. The mean dissolved oxygen concentration of the treated tanks at

18 and 24 hours was < 1.0 mg/L. The test water hardness, alkalinity, conductivity, and ammonia
observed during the study period are summarized in table 4. The mean alkalinity ranged from 42 to

45 mg/L as calcium carbonate (CaCQg), hardness from 52 to 57 mg/L as CaCOs, conductivity from

103 to 115 microsiemens per centimeter, pH from 6.05 to 7.19; and un-ionized ammonia concentrations
were < 0.01 mg/L. The mean water temperature during the preexposure and exposure period ranged
from 16.2 to 18.7 degrees Celsius (°C). The mean daily water temperature during the postexposure
period ranged from 16.9 to 25.0 °C.

Table 2. Mean (standard deviation) percent survival of mussels exposed to SDP by treatment

group and exposure duration.
[Means with the same letter are not significantly different (o > 0.05); mg/L, milligram per liter]

] 8-hour exposure 24-hour exposure
Species
Control 50 mg/L 100 mg/L Control 50mg/L 100 mg/L
) 100* 96.7° 100* 100 100.0° 100
Megalonaias nervosa
) (5.8) ) ©) (0.0) ©)
. ) 100* 100* 100* 100 96.3°% 96.3°
Lampsilis cardium
) () ) ©) (6.4) (6.4)
o 100* 100* 100* 100 100 96.7°
Obovaria olivaria
) () ) ©) ©) (5.8)
o 100* 100* 100* 100 100 100
Lampsilis siliquoidea
) () ) ©) ©) ©)
S 95.8% 100* 100* 95.8° 95.8° 95.8°
Lampsilis higginsii
(7.2) 0) 0) (7.2) (7.2) (7.2)
) 100* 100* 100* 100 100 100
Amblema plicata
) () ) ©) ©) ©)
) 100* 100* 100* 100 100 100
Fusconaia flava
) () ) ©) ©) ©)

The individual test tank SDP exposure concentrations and group means are presented in
appendix 7 (items 1-2); the exposure concentrations for each treatment group are summarized in table 5.
The mean SDP concentrations measured throughout the 24-hour exposure period were within 5 percent
of the target concentrations of 50 and 100 mg SDP/L with the exception of the initial sample (=1 hour
after SDP application) and the 12-hour sample. The mean initial SDP exposure concentrations were
72.6 mg/L and 127.3 mg/L in the 50- and 100-mg/L treatment groups, respectively. The mean 12-hour
exposure concentrations were 72.5 and 104.9 mg/L in the 50- and 100-mg/L treatment groups,
respectively. The elevated concentrations were most likely caused by sediment disturbance that
occurred (1) during initial mixing of the SDP stock solution with the test tank water and (2) when the



containment baskets were removed from the test tanks at the conclusion of the 8-hour exposure period.
Sediment disturbance increased the turbidity which interfered (increased spectrophotometer readings)
with the absorbance measurements.

Table 3. Mean (standard deviation) dissolved oxygen, temperature and pH range observed for each

treatment group during the study period.
[mg/L, milligram per liter; °C, degree Celsius; pre, preexposure]

Control 50 mg/L 100 mg/L
Time DO Temp DO Temp DO Temp
H pH pH
(mglt)  (°C) (mg/lt)  (°C) (mg/lt)  (°C)
6.59 16.2 6.64 16.2 6.69 16.2
Pre  7.15-7.19 7.16-7.18 7.06-7.18
(0.06) (0.0) (0.03) (0.0 (0.09) (0.0
6.32 16.8 6.51 16.8 6.54 16.9
1 7.07-7.08 7.04-7.06 6.42-6.61
(0.01) (0.0 (0.04) (0.0 (0.09) (0.0
5.38 17.7 5.83 17.8 5.76 17.9
6  6.98-7.00 6.99-7.00 6.97-6.99
(0.09) (0.1) (0.03) (0.2 (0.04) (0.2)
4.85 18.1 5.48 18.0 5.42 18.2
8  6.94-6.97 6.92-6.94 6.93
(0.14) (0.0 (0.04) (0.2) (0.07) (0.2)
4.18 18.4 4.38 18.4 4.15 18.4
12 6.45-6.71 6.72-6.82 6.83-6.86
(0.08) (0.2) (0.14) (0.2) (0.09) (0.2)
3.27 18.5 0.63 18.5 0.16 18.6
18  6.99-7.02 6.77-6.80 6.63-6.66
(0.13) (0.1) (0.14) (0.2) (0.01) (0.2)
2.71 18.6 0.04 18.7 0.03 18.7
24  6.90-6.99 6.39-6.42 6.05-6.13
(0.19) (0.1) (0.00) (0.2) (0.00) (0.2)

Table 4. Mean (standard deviation) alkalinity, hardness, conductivity, total ammonia

nitrogen (TAN), and un-ionized ammonia (NH3) observed during the exposure period.
[mg/L, milligram per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Alkalinity Hardness Conductivity TAN NH3

Treatment
group (mg/L)* (mg/L)* (uSlem) (mg NHs-N/L) (mglL)
Control 42 52 103 0.25 <0.01
(0) 2 2 (0.01) (<0.01)
43 53 111 0.07 <0.01
50 mg/L ) ) (0) (0.01) (<0.01)
44 53 115 0.07 <0.01
omelt M ) (0.02) (<0.01)

! Reported as calcium carbonate (CaCO5).
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Table 5.  Mean (standard deviation) exposure concentration for each treatment group
throughout the exposure period.

[mg/L, milligram per liter; ND, not detectable/below detection limit]

Treatment Time (hours)
group 1 6 12 18 24
5.0
Control ND ND ND ND
(5.1)
72.6 49.0 72.5 51.9 51.2
50 mg/L
(3.7) (4.1) (12.6) (2.9) (3.7)
127.3 99.3 104.9 95.0 95.7
100 mg/L
(11.6) (3.1) (7.9) (3.1) (4.6)
Conclusions

Regardless of species, the application of Zequanox up to the maximum approved open-water
application concentration of 100 mg/L (as active ingredient) for up three times the maximum approved
open-water exposure duration (24 hours; the maximum approved open-water exposure duration is
8 hours) did not reduce the survival of the unionid mussels (p > 0.98). The results of this study indicate
that exposure of up to 100 mg of SDP active ingredient/L for up to 24 hours is unlikely to reduce the
survival of subadult or adult unionid mussels. Dissolved oxygen suppression was observed in treated
tanks after 12 hours of exposure; however, the maximum approved exposure duration for open-water

application is 8 hours.
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Appendix 1. Study Protocol With Data Forms

Number  Report
Item Description of Page
Pages  Number

[tem
Number

Protocol: “Safety of Spray Dried Powder (SDP) Formulated Pseudomonas fluorescens
1 strain CL 145A (Zequanox) Exposure to Sub-Adult Unionid Mussels During 32 14
Simulated Open Water Treatments”

2 Amendment 1 Revision of Study Protocol, Study # AEH-13-PSEUDO-06 12 46
3 Test Chemical Stock Preparation Datasheet 1 58
4 Alkalinity Datasheet 1 59
5 Conductivity and Hardness Datasheet 1 60
6 Water Quality Datasheet 1 61
7 Mussel Histology Samples Datasheet 1 62
8 Plain Pocketbook Survival Assessment 5 63
9 Hickorynut Survival Assessment 5 68
10 Washboard Survival Assessment 5 73
11 Higgins Eye Survival Assessment 5 78
12 Fatmucket Survival Assessment 5 83
13 Threeridge Survival Assessment 5 88
14 Wabash Pigtoe Survival Assessment 5 93
15 Native Mussel Lengths Datasheet (version 1) 1 98
16 Native Mussel Lengths Datasheet (version 2; revised) 1 99
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Reviewed by:
iy | Wiefor
Mark P. Gaikowski, M.A.  Date Michael D. Jawson, Ph.D. "Date
Supervisory Biologist Center Director

Approved by:

“Yuli3

ames/A. Luoma, B.A. "Date
Study Director

File Folder: 3

Page 1 of 32

ltemn Number: 1

14



STUDY NO. AEH-13-PSEUDO-06

TABLE OF CONTENTS

3.1 Proposed initiation ..ot e r e
3.2 Bohedule Of EVBNES ..o e et e e e eee et
3.3 Proposed completion date ..........ocecoi et
4. STUDY DESIGN ... e e et e v aett et
4.1 General DescriPlioN ...ttt e e vetee e e s eereee e eeres
4.2 Experimental Design ........ccoco et e et
5. STUDY PROCGEDURES ...ttt sttt eeaeeenen s e e
5.1 TeSt ANIMAIS . oo ettt r e e e e st e
BT DESCIIPTION ... e et
BT AR e e e
BT 12 SEXu ittt e e e bttt et ettt eenees
5113 SPECIES .vei it e e
5.1.2 NUMber of @nimalS. ... et e eee et e e e e
5.1.3 Source of @niMals ...........coccooo it
5.1.4 INCIUSION CrIEIIA . ....iiiveti e et
B5.1.5 AccliMation............coooiiiii e e s
5.1.6 Disfribution {0 expasure replicates..........couvee e
B.1.7 FEAING oot e e e et
5.2 Water Chemlistry ......ooooiii et et e e
5.2.1 DisSOVEU OXYOEI .uveiiviiiiiiit i ieei ettt e o e eee et ereeeee s
5.2.2 TeMPEIATUIE c.vvviiiectiiiit it

5.2.5 ALKAINILY. ..o e
5.2.6 CONUCHIVIEY ..ottt et e
5.2.7 AIMMONIB.ciii ittt iieie s ettt ee s et e et e et s esaata e e e re et e ereesee e
8.3 DISPOSEl . .cv e vcriiiiisircit e ettt
5.4 Study facillies ..o e e
541 Tastfacllity.......cccorir i e e e
5411 Test Location ... e,
5.4.1.2 EXPOSUNE SYSIEIM . ..uiiiieiiie it ittt sttt e e e ee e ere s v anee s
B.4.1.3 ABTALION 1o e et ettt

Page 2 of 32

15



STUDY NO. AEH-13-PSEUDQ-06

G418 LIGIEING .. oveerriei et 10
5.5 OBSEIVALIONS .....ootiei e e e e 10
5.5.7 MOMAILY ... e e e 10
5.6 Treatment administration ... 10
B.6.1 TrealMeNt ... e et e 10
5.6.2 Route of administration ... e vv e 10
5.6.3 Concentrafion verifiCation ..o oo e, 10
B, DATAANALYSIS . e et ee s 10
6.1 EXPeriMental UMMt ..... ..o i e et see e e e e e e e e s 10
6.2 Number of exposures and replicates................ccoooe oo 10
6.3 Statistical Methodology ...........cccooivi ittt 10
6.4 Statistical SIgNIfICANCE...........ceeeiiii e e e, 11
6.5 Otherdata analySeS........ccovi e e e 11
7o PERSONNEL.....oo e et eveen et e e eee e ee e e 11
T SIUAY DIFECIOT ..o ettt 11
T4 ADUFESS . vttt 11
T2 COMACE .o e e ettt raa e 11
7.1.3 Training and EXPEMHENCE .. vvviiiiiiiiees et et 11
7.2 Other personnel involved in study.............oooeei e, 11
8. DISPOSITION/STORAGE ......coooiici ittt es 11
8.1 StUAY ROCOMS .....eiiiiiiii et vt ettt er e e e e e e e e e et eneee e 1"
9. AMENDMENT/DEVIATIONS TO THE PROTOQCOL. ....ooooveieeeee e 1
9.1 Protocol amendments ... e 11
9.2 Protocol deviations. ... e e 1
10. INVESTIGATIONAL TEST ARTICLE. ........oooeeeecee e e e, 12
10,1 Test SUBSIANCE............ e e 12
10.1.1 ChemiCal NAME ..o ettt et 12
10.1.2 Trade NAME. ..o e e, 12
10.1.3 Active INGredientS. ... e 12
TOT B SOUICE .cee e e e eee et e eee et et e e eeeeen e 12
015 LOUNUMDBET . e et e v 12
10.1.8 EXPiralion Date .......oooiiii et 12
10.1.7 Storage during StUAY ..o et 12
018 Safely. . e 12
11, ADVERSE EVENTS ...ttt s e vt vntennn s 12
12. BIOSECURITY PROCEDURES ........ooooiereiee et 12
13. STANDARD OPERATING PROCEDURES.. ... .. e, 12
T4, REFERENCES ...ttt ettt e vene e n e e e ee e 13
15, APPENDIX .. e et et et e e e 15
161 Appendix 1T HACCP Plan ... e 15
Page 3 of 32

16
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1. INTRCDUCTION

Native freshwater mussel populations of North America were historically considered the most
diverse in the world with about 297 recognized taxa consisting of 281 species and 15
subspecies (Williams et al., 1993). Mussels are largely sedentary in nature, relying on
movement of host fish during glochidial attachment as means of transport. They are thus
particularly vulnerable tc a variety of anthropogenic influences including habitat degradation and
alteration, pollution and overharvest. A Nature Conservancy survey (Master, 1990) found 55%
of North America’s mussels as extinct or imperiled compared to 7% of terrestrial species, even
though terrestrial species traditionally receive far greater attention. Projections in 1999 (Ricciadi
and Rasmussen, 1999) suggested that at least 127 imperiled mussel species will be lost in the
next 100 years — a conservative extinction rate of 6.4% per decade given it did not take into
account extirpations caused by invasive dreissenid mussels (zebra mussel Dreissena
polymorpha and quagga mussel D. bugensis).

Concerns for native mussels in the Southeast are pctentially even greater given that only 25%
of the 269 species historically present are reported as stable compared to the 13% presumed
extinct and the 28, 14 and 18% listed, respectively, as endangered, threatened or of special
concern. (Neves et al., 1997}

Many unionid mussefs in North America were imperiled prior to epizoic colonization by zebra
and quaqga mussels though the introduction of dreissenid mussels have dramatically
heightened concerns for the conlinued survival of native mussels. Zebra mussels were reported
to be responsible for the extirpation of unionids from waters in Europe as early as 1937
{Sebestyen, 1937}. Severe declines in unionid abundance in Europe {Karatayev and Burlakova,
1995; Burlakova, 1998) and North America (Haag et al., 1993; Nalepa, 1994; Ricciardi et al.,
1996) have since been well documented in the literature.

The 1973 Endangered Species Act (ESA) brought forth the need to recognize, protect and
recover rare mussels in the United States. The United States Fish and Wildlife Service
(USFWS) develops recovery plans for threatened and endangered species which utilize a range
of tools to promote recovery of the species including restoring and acquiring critical habitat,
removing introduced or invasive species and captive propagation and release into historic
ranges.

Biologists at the New York State Museum (NYSM) Field Research Labaratory have been
researching dreissenid mussel control techniques since 1991. They discovered that cel|
components of a strain of common bacterium isolated from soils (Pseudomonas fluorescens [Pr-
CL145A]) are capable of causing mortality when ingested by dreissenid mussels by degrading
the epithelial celis lining the dreissenid digestive system. The NYSM also demonstrated that that
efficacy for F--CL145A to induce dreissenid mussel mortality was retained when using dead vs.
live cells.

Marrene Bio Innovations (MBI; Davis, CA) has deveioped a dead cell, spray dried formulation
{SDP) of this bacterium called Zequanox®. Zeguanox® is currently registered with the USEPA
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for use within closed systems such as power generaling plant cooling systems. The NYSM,
USFWS (Genoa NFH) and United States Geological Survey's (USGS) Upper Midwest
Environmental Sciences Center (UMESC) were awarded a grant from the US Environmental
Protection Agency Great Lakes Restoraticn Initiative entitled “Safe Drejssena Control: Promise
for Unionid Restoration”. The goal of this grant is to determine the suitability of this product for
limited open water zebra musse! control applications including treatment of native mussel
propagation cages or native mussel beds. Reference to any specific commercial products,
process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute
or imply its endorsement, recommendation, or favoring by the United States government.
Throughout the remainder of this document the formulated P~CL145A product (Zequanox®) will
be referred to as sprayed dried powder (SDP).

Naturally occurring surface waters may be unigque in their chemical and biological properties
which may aiter the effects of applied control agents such as SDP. The research to be
completed according 1o this protocol will assess the non-target animal impacts of SDP exposure
on sub-adult unionid mussels during simulated open water treatments. The sxposures will be
conducted in a mobile laboratory supplied with filtered river water. The exposures will simulate
anticipated open water treatment concentrations and duration while allowing for replication
treatment groups and control of ireated water.

2. PROTOCOL OBJECTIVE

To assess the non-target animal impacis of SDP exposure on sub-adult unionid mussels
during simulated open water treatments.

3. STUDY SCHEDULE

3.1 Proposed initiation: April 2013
3.2 Schedule of events: A proposed schedule of events is provided in Table 1.
3.3 Proposed completion date: December 2013

Table 1. Proposed Schedule of Events

Date Activity
April 2013-May 2013 SDP field exposures
May 2013-June 2013 Post exposure assessment
December 2013 final report submission

4. STUDY DESIGN

4.1  General Description
Up to seven species (Table 2) of sub-adult unionid mussels will be exposed to one of
two treatment concentrations of SDP in the UMESC mobile wet laboratory. The wet
laboratory will be position stream-side in one of two locations (northern and southern) in
the Upper Mississippi River system. The exposures will utilize river water to mimic in situ
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4.2

treatrnent but allow the capture of treated effluent water for dispesal. The mussels will
be held in the river for approximately 30-d post exposure prior to evaluation for treatment
related effects. Samples will be collected from no less than 1-2 species for histological
examination {o determine sub-lethal treatment related effects.

Table 2. Unionid musse! species that may be evaluated for formulated
Pseudomonas fluorescens strain CL-1454 (SDP) exposure effects.

Common hame Scientific name
Fatmucket Lampsilis siliquoidea
Hickorynut Obhavaria olivaria
Higgins eye Lampsiiis higginsii

Mucket Aclinonalas ligamentina
Plain pocketbook L.ampsilis cardium
Threeridge Amblema plicata

Wabash Pigtoe Fusconaia flava

Washboard Megalonaias nervosa

Experimental Design

Major study activities are summarized in Figure 1.

To restrict the movement of test animals (sub-adult unionid mussels) within the Upper
Mississippi River System, a northern and southern testing location will be utilized and
only mussels cultured or collected from the surrounding watershed will be used in the
appropriate exposure trial. The testing locations will be the St. Croix River near
Stillwater, MN (northern) and the Black River, directly adjacent to the UMESC campus
{southern).

The tests will be conducted in the UMESC mobile wet labaratory. The exposures will be
conducted in nine 350 L cylindrical fiberglass tanks and each tank will be supplied with a
washed sand substrate and flowing 200 m filtered river water (= 1 tank exchangerh).
The water flow will be interrupted during the exposure period. The 350 L fiberglass tanks
will be the exposure chamber replicates and they will be the experimental unit.
Sub-adult native mussel test animals will be provided from Genoa National Fish
Hatchery propagation stocks or wild collected from the Upper Mississippi River.
Individual mussels will be uniquely tagged or marked and assigned to an exposure
chamber replicate according to a randomized distribution scheme. Up to 135 native
mussels (15 per replicate x 9 replicates) of each species will be randomly placed in each
exposure chamber. Up to 4 species will be distributed to each exposure chamber
replicate and exposed concurrently. If insufficient numbers of a particular species are
available for testing, then the number of animals in each exposure chamber replicate
may be reduced (e.g. from 15 to 10 animals) or the 50 mg/L A l. treatment group may be
excluded for that species. Deviations from the target number of test animals (15) for
each exposure chamber replicate/species will be documented in the study records.
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Native mussels will be subjected to one of three treatments levels, 1) a non-exposed
control group, 2) @ 50 mg/L A, treatment group, and 3) a 100 mg/L A.[. treatment group.
There will be 3 repiicates exposure chambers per treatment levels. Treatment leve! will
be assigned to each replicate according to a randomized assignment scheme.

An appropriate amount of a freshly prepared SDP stock solution will be added and
thoroughly mixed into the water within each exposure chamber replicate. The SDP
concentration, temperature, dissolved oxygen, pH and conductivity will be monitored in
each exposure chamber replicate.

Immediately following the 8-h exposure period, the SDP treaied water will be drained
from the exposure chambers, the exposure chambers will be rinsed with and refilled with
clean river water, The SDP treated water and rinsate will be collected in frame tanks for
disposal. Water flow will be restored to the exposure chambers until the mussels are
transferred to wire mesh holding cages {~ 0.9 m long x 0.6 m wide x 0.45 m high; either
1.27-cm or 0.635-cm, dependent on animal size) for a posi-exposure evaluation phase.
The holding cages containing mussels and a washed sand substrate will be placed in
the river for approximately 30-d post exposure prior to evaluating the mussels for
treatment related mortality. Representative treatment level sample specimens will be
collected during the mortality assessment from at least 1-2 species. The samples will be
subjected to histological examination to determine sub-lethal treatment related effects as
permitted by funding.

Figure 1. Flow chart of major study activities for each test location

Set up mabile laboratory and water systems, collect, consolidate, tag and measure sub-adult unionid test
animals.

I3

<

el

Randomly distribute test animals 1o the exposure chamber replicates (15 per species per replicate x 9
replicates). Randomly assign treatment level (control, 50 or 100 mg A.l./L} to each exposure chamber
replicate. Perform pre-exposure water quality (tem;:lﬁrflature, dissolved oxygen, pH, conductivity, hardness and
alkalinity).

o
Initiate SDP exposures (8-h duration, static) = 12-h after test animal placement in exposure chambers.
Monitor SDP concentration, temperature, dissolved oxygen, pH and conductivity in each exposure chamber
replicate.

Drain, rinse, refilf and restore water flow to each exposure chamber réplicate at the termination of the
treatment period. Treated water and rinsate will be collected for disposal.

E

L

Place holding cages confaining mussels in the river for approximately 30-d post exposure then evaluate the
mussels for treatment related mortality. Collect treatment level sample specimens from 1-2 species for
histological examination to determine sub-lethal treatment related effects.

1R

dak

Decontaminated all equipment prior to removal from the test site
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5. STUDY PROCEDURES

5.1

5.2

Test Animals

5.1.1 Description
5.1.1.1 Age — Native mussels < 3 yrs

5.1.1.2 Sex — Test animals will be used without regard to sex.
51.1.3  Species —see table 2

51.2

514
5.1.5

Number of animals: Approximately 135 native mussels of each species will be
used (9 replicates x 15 mussels each = 135). If 135 mussels are not available,
the number of animals in each replicate may be reduced to 10 and/or the spacies
may be excluded from the low treatment level (50 mg/L A.l.). The number of test
animals planned is consistent with the objective of the study and contemporary
scientific standards.

Source of animals: Test animals will be provided from Genca National Fish
Hatchery production stocks or wild collected animals from the Upper Mississippi
River. Collection of animals will be conducted by Genoa National Fish Hatchery
mussel biologists.

Inclusion criterion: Native mussels in apparent good health will be used.
Acclimation: Mussels will be acclimated to treatment conditions for =12-h prior to
exposure initiation.

5.1.6 Distribution to treatment replicates: Up to 15 uniquely identified and measured

517

mussels will be distributed fo each exposure replicate according to a
predetermined randomization scheme. Five mussels will be placed in each
expasure replicate in each distribution round. Three distribution rounds will be
completed for each species.

Feeding: No supplemental feed wili be offered throughout the acclimation,
exposure and post-exposure holding periods.

Water Chemistry

521

522

Dissolved oxygen: Dissolved oxygen will be measured and recorded in each
exposure chamber replicate during the acclimation, exposure and post-exposure
holding periods. Dissolved oxygen will be measured and recorded at least once
during the pre- and post-exposure pericds and at least twice during the exposure
period with the last measurement observed = 30 minutes prior to exposure
termination (UMESC SOP AEH 394 or equivalent).

Temperature: Temperature will be measured and recorded in each exposure
chamber replicate during the acclimation, exposure and post-exposure holding
periods. Temperature will be measured and recorded at least once during the
pre- and post-exposure periods and at least twice during the exposure period
with the last measurement observed < 30 minutes prior to exposure termination.
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5.2.3 pH: pH will be measured and recorded in each exposure chamber replicate

524

525

5286

527

during the acclimation, exposure and post-expasure holding periods. pH will be
measured and recorded at least once during the pre- and post-expasure periods
and at least twice during the exposure with the {ast measurement observed < 20
minutes prior to exposure termination (UMESC SOP AEH 335 or equivalent).

Hardness: Hardness will be measured and recorded pricr 1o exposure initiation
on the filtered water supply (UMESC SOP AEH 712).

Alkalinity: Alkalinity will be measured and recorded prior to exposure initiation on
the filtered water supply (UMESC SOP AEH 706},

Conductivity: Conductivity will be measured and recorded prior to exposure
initiation on the filtered water supply (UMESC SOP AEH 188 or eguivalent).

Ammonia: Samples for total ammonia-nitrogen will be collected at the
termination of the exposure period for each exposure replicate.  Ammonia
samples will be filtered through a 0.45 micron syringe filter, acidified (~pH 2.5)
with sulfuric acid and then stored al ~4°C until analyzed by the UMESC Long
Term Resources Monitoring (LTRM) Water Quality Laboratory using the
automated phenate method.

5.3 Disposal: All live mussels at the conclusion of the mortality assessment that are not
subjected to histological examination will be returned to the custody of the Genca NFH.

5.4 Study facilities
5.4.1 Test Facility
U.S. Geological Survey, Upper Midwest Environmental Sciences Center
Mobile Research Laboratory
2630 Fanta Reed Rd
La Crosse, Wisconsin 54603
5.4.1.1 Test location: Black River; La Crosse, WI; and St. Croix River;

541.2

5413

54.1.4

Stillwater, MN.
Exposure system: The test system consists of nine 76.2 cm diameter x 91.4 cm
deep fiberglass circular exposure tanks in two rows of 4 or 5 tanks. The tanks
are supplied surface water through a pump, filter and headbox system. Each
exposure tank will be supplied 3-5 cm of wash sand for substrate and flowing
200 pm filtered river water (= 1 tank exchange/h). The water flow will be
interrupted during the exposure peried. Each tank will be uniguely identified to
allow for identification treatment type and replicate number. Coding procedures
will be documented in the study records.

Aeration: Supplemental aeration will not be supplied during the acelimation, SDP
exposures and the post exposure abservation periods.

Water supply: Filtered (200 pmy} river water will be supplied continuously
(~5 L/min) to achieve a ~ tank-volume exchangerh during the pre- and post-
exposure periods. Water supply will be interrupted during the SDP exposures.
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5.4.1.5 Water discharge: Untreated water will be returned to the water supply source.
SDP treated water will be collected for dispesal as required by DNR regulation.
5.4.1.6 Lighting: Overhead lighting will be provided during the exposure period. Light

intensity will be measured using a Milwaukee photometer (AEH SOP 308 or
equivalent) and recorded in the study records.

5.5 Observations

5.

5.1 Mortality:

Unionid mussels that are gapping and do not respond to tactile stimuli by shell closure
will be coded as a mortaltty. Unionid mussels that have closed shells {closed shells
will be gently pried to assure that the anterior adductor muscle contraction is holding
the shell closed) or respond to tactile stimuli by shell closure will be coded as alive.

5.6 Treatment administration
5.6.1 Treatment: Each treatment will consist of three SDP concentrations {ie: 0 [control], 50

mg/L A.l. or 100 mg/L A.L) with a single 8-h exposure duration. All treatmeant
concenirations will have three replicate exposure chambers. A minimum of 10 and a
maximum of 15 unionid mussels of each species will be placed in each exposure
chamber replicate. Up 1o 4 species will be used in each treatment.

5.6.2 Route of administration; Exposures will be initiated by addition of an appropriate

amount of a SDP stock solution.  The tank will be gently mixed to achieve a uniform
distribution of test material.

5.6.3 Concentration verification: Concentration will be determined spectrophctometrically.

A standard curve will be prepared using a known mass of SDP. The absorbance of
exposure solutiens will be compared 1o the standard curve to determine the exposure
concentration. Absorbance will be determined using a Barnstsad/Thermolyne
Corporation Model: Turnsr SP-83C Plus Beckman specirophotometer (UMESC SOP
AEH 302).

6. DATA ANALYSIS

8.1

Experimental unit: The experimentat unit will be the exposure chamber replicate.

6.2 Number of exposures and replicates: There will be a total of 3 treatment levels (0

6.3

[contral], 50 and 100 mg SDP/L) and 1 treatment duration (8-h). There will be a total of 3
independent exposures chambers for each treatment level which will serve as the
replicates. All treatment levels, replicates, and up to 4 species will be run concurrently.

Statistical methodology

Survival data will be analyzed using a generalized linear mixed model (SAS PROC
GLIMMIX). In every analysis, the exposure will be treated as the experimental unit. The
change in proportion of survivors will be analyzed using a generalized linear mixed
model where the distribution is binomial and the link used is the logit function.

If a significant effect of treatment is identified then pairwise comparison tests will be
completed to compare each freatment group to the control group using unadjusted least
squares means.
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6.4 Statistical significance: Statistical significance will be declared at p < 0.05,

6.5 Other data analyses: Statistical methods for other study data collected will include
simple statistics such as the calculation of means, standard deviations and coefficients

of variation. The statistical procedures used will be described in detail in the final study
report.

7. PERSONNEL

7.1 Study Director: James A. Luoma, B.A.

7.1.1 Address: Upper Midwast Environmental Sciences Center, US Geological Survey,
2630 Fania Reed Rd., [.a Crosse, Wisconsin 54603

7.1.2 Contact: Tel: (608) 781-6391, Fax: (608) 783-8066; jluoma@usgs.gov
7.1.3 Training and experience; CV on file at UMESC.

7.2 Other personnel involved in study: Technical staff involved in the study will be identified
in the study raw data to include study function. UMESC technical staff iraining and
experience will be documented in CVs included in the study raw data.

8. DISPOSITION/STORAGE

8.1 Study Records: All data generated in the study will be recorded in bound laboratory
notebocks, electronic files or kept in file folders. All data sheets, file folders, laboratory
notebocks and computer disks will be encoded with the study number when the data
are generated. Raw data, laboratory notebcoks and electronic files (including a CD-
ROM containing the annofated SAS program used for the statistical analysis, the data
files, SAS log and SAS output files) generated by UMESC and contract laboratory
reports will be filed in the UMESC archives (SOP No. GEN 007) of the Upper Midwest
Environmental Sciences Center, La Crosse Wisconsin, before the final report is signed
by the Study Director. The final report will then be signed and archived.

9. AMENDMENT/DEVIATIONS TO THE PROTOCOL

9.1 Protocol amendments: A signed copy of the Study Protocol will be retained on-site.
Proposed amendiments to the protocol shall be brought to the attention of UMESC
Management. When the Study Director and Management agree verbally, the study can
proceed with the change. As soon as possible, the Study Director will then prepare a
written protocol amendment that is signed by the Study Directar and Branch Chief.
The amendment then becomes an official part of the protocol.

9.2 Protocol deviations: All deviations from this approved protocol will be documented and
reviewed by the Study Director. The Study Director will make a judgment on the impact
of the deviations. The Study Director will notify Management, as soon as possible, of
any deviations to the protocol, including their impact on the study.
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10. INVESTIGATIONAL TEST ARTICLE

10.1 Test Substance(s): Pseudomonas fluorescens strain CL145A {PF-CL1454), SDP
formulation

10.1.1  Chemical name: Pseudomonas fluorescens strain CL145A (PFCL145A)

10.1.2 Trade name: Zequanox

10.1.3 Active ingredients: Pseudomonas fluorescens strain CL145A (Pf-CL145A), 50%

active ingredient (A.l.) by weight.

10.1.4 Source: Matrone Bio Innovations (MBI); Davis, CA

10.1.5 Lot number: Lot number(s) will be included in the test chemical log books, lab
notebook, and study files.

10.1.6 Expiration date: As determined by the manufacturer. An aliquot of each lot
tested will be returned to the NYSM ar MBI at the conclusion of exposures for
post-exposure zebra mussel bioassay tests (the standard testing protocol ta
assess Pseudomonas fluorescens [PF-CL145A] formulation activity). Results of
these confirmation bioassays will be used to validate the retention of activity of
the Pseudomonas fluorescens (PF-CL145A) SDP and will be included in the
study flles when available,

10.1.7 Storage during study: The test chemical will be stored refrigerated. Test
material will be transported in a cooler with ice packs to maintain proper storage
temperature (4-10 °C)

10.1.8 Safety: A NIOSH approved respirator will be used when preparing stock

solutions to aveid inhalation. Protective eyewear, gloves and lab coats will be
worn at all times when working with the test substance.

11. ADVERSE EVENTS

Any adverse event will be recorded in the study logbook and the Study Director will be
nofified.

12. BIOSECURITY PROCEDURES

All personnel involved in the study will review the UMESC biasecurity (UMESC SOP APP
075) and project HACCP plans. Testing will be conducted in a field setting. All equipment
will be thoroughly cleaned and disinfected prior to return to UMESC. Wasta generated will
be placed in plastic garbage bags and disposed of in accordance with local and state
regulations. See Appendix 1 for the HACCP plan for this project.

13. STANDARD OPERATING PROCEDURES

A complete list of the standard operating proscedures used in the study will be included in the
study guide. The follow SOP’s were cited in this protocoi;

Page 12 of 32

25



STUDY NO. AEH-13-PSEUDO-06

UMESC S8OP APP 075 - Procedures to Minimize the Risk of Transfer of Pathogens and
Invasive Species

UMESC SOP AEH 188 — Accumet Portable Waterproof Conductivity meter Model| #
AP75

UMESC SOP AEM 302 — Instrument Operating Procedure: Barnstead/Thermolyne
Corporation Model: Turner SP-830 Plus Beckman spectrophotometer Serial #
1365070560781

UMESC SOP AEH 308 - Instrument Operating Procedure: Milwaukee light meter, model
SM7000

UMESC SOP AEH 335 — Beckman Portable pH/mV Meter, Model 250

UMESC SOP AEH 394 — YSI Handheld Dissolved Oxvgen Meter, Model 55/12FT,
Serials 94C17261 & 97F0837AG

UMESC SOP AEH 706 — Determination of Total Alkalinity by the Titrimetric (pH 4.5)
Method

UMESC SOP AEH 712 — Determination of Total Hardness
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15. APPENDIX

15.1 Appendix 1: HACCP PLAN for the study Safety of Formulated Pseudomonas
fluorescens strain CL145A (Zequanox) exposure to Sub-Adult Unionid Mussels

Step 1 — Activity Description

Facility: US Geological Survey-Upper Midwest Environmental Sciences
Center

Site: Various — 5t. Croix River; Stillwater, W
UMR, Harpers Ferry, IA

Site Coordinator: Jim Luoma

Site Manager: Mark Gaikowski

Address: 2630 Fanta Reed Road
La Crosse W, 54601

Phone: 608-781-6322

Activity: Safety of Fermulated Pseudomonas fluorescens strain
CL145A (Zequanox) exposure to Sub-Adult Unionid Mussels

Project Dascription

The objective of this study is to assess the non-target animal impacts of SDP exposure on sub-adult unionid mussels during simulated open ]

water treatments.

Step 2 - Potential Hazards: Spacies which may potentially be moved/introduced

Vertabrates:

Multiple species of freshwater fish, eggs and gametes found in the Upper Mississippi River (UMR]) Basin.

Invertebrates:

Zebra mussel (Dreissenda polymorpha)

Asian clam (Corbicula fluminea)

Multiple uther endemic species found in the UMR Basin

Plants:
Multiple endemic species found in the UMR Basin

Other biologicals {disease, pathogen, parasite):

Largernouth Bass Virus

Spring Viremia of Carp Virus

Bluegill Virus

Infectious Pancreatic Necrosis Virus

Viral Hemorrhagic Septicemia

Furunculosis Aeromonas safmonicida

Enteric Redmouth Disease Yersinia ruckeri

Bacterial Kidney Disease Renibacterium saimoninarum
Other Assorted parasites/pathogens found in the UMR Basin

Other:

NA
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Step 3 — Flow Dlagram

Flow dlagram outlining sequential tasks 1o completa actlvity/project

[ Task 1 | Exposure test siles identified and equipment deployed ]
L

[ Task 2 [ sub-adult mussels are obtained from Gonoa NFH propagation cages or wild collected, tagzed and measured ]
!

[ Task 3 | Mative mussels are placed in_exposures chambers and acclimated to test conditions .
L

| Task 4 | Native mussels are exposed to test article for §-h ]
s

[ Task 5 | Treatment is terminated, treated water is disposed of and_mussels are placed in holding cages for 30-d
}

[ Task 6 | Equipment is decontaminated and returned to UMESC |
l

[ Task7 | Mussels are removed from holding cages and assessed for survival |
1
Task 8 | Samples of mussels ara collected for histolngy and the remaining returned to the custody of the Genoa NFH |
L

| Task 9 | All remaining equipment and cages are decontaminated and returned to UMESC }

I 1 2 3 P 5 6

Tasks Patentlal hazards Are any potential Justify evaluation for What control Is this task a critical
[from HACCP Step 3 | Identiflad In HACCP hazards probabie? column 3 measures can be contrel point?
- Flow Diagram} Step 2 (yes/no) applied to prevent {yes/no)
undesirable results?

Task 1 Vertebrates yes Surface water Assure the thorough no

Exposure test sites
identified and
equipment deployed

contains multiple
vertebrate species

decontamination all
equipment with
steam,
chemesterilants, or
other approved
methods prior to
rermoval from locetion,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to sct
up and repeat
decontamination If
warranted.
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Invertebrates

yes

Surface water
contains multiple
invertcbrate species
include AlS

Assure the thorough
decontamination all
eguipment with
steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
he done kefore
cquipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted,

no

Plants

yes

Surface water
contains multiple
plant species
Including AlS

Assure the thorough
decontamination all
equipment with
steam,
chemosterilants, or
other approved
methods prior t¢
removal frem location,
unless impragtical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior o set
up and repaat
decontamination if
warranted.

no
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Others

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontaminatlon all
equipment with
steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decentamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted, Do not
proceed if any fish
disease outbreak {i.e.:
YHS) is documented in
the waterbody

yes

Task 2

Sub-adult mussels
are obtained from
Genoa NFH
prapagation cages ar
wild collected, tagged
and measured

Vertebrates

yes

Surface water
contains multipke
vertebrate species

Assure the thorough
decontamination all
equipment including
all patentially
wetted surfaces with
steam,
chemosterilants, ar
other approved
methods prior to
removal from
location, unless
impractical, then
deconlamination
shall be done as
soon as possible and
must be done before
equipment is
deployed again.
Inspect all
equipment prior to
set up and repeat
decontamination if

warranted,

no
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Invertebrates

yes

Surface water
contains multiple
invertebrate species
and may Include AIS

Assure the thorough
decontamination all
equipment including
all potentially
watted surfaces with
steam,
chemosterilants, or
other approved
methods prior to
removal from
location, unless
impractical, then
decontamination
shall be done as
soon as possikle and
must be done before
equipment is
deployed again.
Inspect al!
equipment prior to
set up and repeat
decontamination 'f
warranted.

ng

 Plants

Surface water
contains multiple
plant species and
may include AlS

Assure the thorough
decontamination all
equipment including
all potentially
wetted surfaces with
steam,
chemosterilants, ar
other appraved
methods prior to
removal from
location, unless
impractical, then
decentamination
shall be done as
soon as possible and

must be done before

eqguipment is
deployed again.
Inspect all
equipment prior to
set up and repeat
decontamination if
warranted.

no
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Others

Surface water has
potential to transfer
fish diseases

chemesterilants, or
other approved
methods prior to
removal from
location, unless
impractical, then
decontamination
shall be done as
soon as possible angd
must be tlone before
equipment is
deployed again.
Inspect all
equipment prior to
set up and repeat
decontamination if
warranted. Do not
proceed if any fish
disease outbreal
(i.e.: VHS)is
documented in the
waterhody

Assure the thorough | no
decontamination all
equipment including
all potentially
wetted surfaces with
steam,

Task 3

Native mussels are
placed in exposures
chambers and
acclimated te {est
canditions

Vertebrates

Surface water contains
multiple vertebrate
species

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontaminatlon
shall be dene as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted,

no
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Ihvertebrates

yes

Surface water contains
multiple inveriebrate
species and may
include AIS

Assure the thorough
decontamination all
eqguipment including all
patentially wetted
surfaces wilth steam,

" chemosterilants, or

other approved
methods prior to
remaval from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deploved
again. Inspect all
equipment prior Lo set
up and repeat
decontamination if
warranted.

no

Plants

yes

Surface water contains
multiple plant species
and may include AIS

Assure the therough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
he done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted,

no
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Others

yes

Surface water has
potentfal to transfer
fish diseases

Assure the therough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methaods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted,

Task 4

Mussels are exposed
to test article for 8-h

Vertebrates

yes

Surface water contains
multiple vertabrate
species

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
ba done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeatl
decontamination if
warranted,

No
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Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AIS

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
remaval from lecation,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
eguipment prior lo set
up and repeat
decentamination If
warranted.

No

Plants

yes

Surface water contains
multiple plant species
and may include AIS

Assure the thorough
decontamination all
equipment including alt
petentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall ha done as soon
as possible and must
be done bafore
equipment is deployed
again. Inspect all
eguipment prior to set
up and repeat
decontamination if
warrahted,

No
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Others

ves

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemaosterilants, or
other approved
metheds prier to
removal from location,
unless impracticai,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
eguipment prior to set
up and repeat
decontamination if
warranted.

No

Task5

Treatment is
terminated, treated
water is disposed of
and mussels are
placed in holding
cages for 30-d

Vertebrates

yes.

Surface water contains
multiple vertebrate
species

Assure the thorough
decontamination all
equipment including all
petentially wetted
surfaces with steam,
chemesterilants, or
other approved
methods prior to
removal from location,
unless Impractical,
then decontamination
shall be done as soon
as possible and must
be done hefore
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted.

No
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Invertebrates

Surface water contains
multiple invertebrate
species and may
include AIS

Assure the thorough
decontamination all
equipment including al)
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
reroval from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted.

No

Plants

Surface water contains
multiple plant species
and may include AiS

“Assure the thorough

decontamination ali
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from Jocatian,
unlass impractical,
then decentamination
shall be done as soon
as possible and must
be done befare
equipment is deployed
again. Inspect all
equipment prior te set
up and tepeat
decentamination if
warranted.
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Others

yes

Surface water has
potential ta transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal fram location,
unless impractical,
then decontamination
shall be done as scon
as possible and must
te done before
eguipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
wadrranted.

Task 6

Equipment is
decentaminated and
returned to UMESC

Vertebrates

yes

Surface water contains
multiple vertebrate
species

Physical ramoval of all
visible vertebrates.
Assure the therough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

Yes

Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AIS

Physicat removal of all
visible invertebrates.
Assure the therough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed

. again.

Yes
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Plants

Surface water contains
multiple plant species
and may include AIS

Physical removal of all
visibie plants. Assure
the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
rermoval from location,
unless impractical,
then decontamination
shali be done as soon
as possible and must
be done before
equipment is deployed
agdin,

Yes

Others

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as sooh
as possible and must
he done before
equipment is deployed
again.

Task 7

Mussels are removed
from the holding
cages and assessed for
survival

Vertehrates

yes

Surface water contains
multiple vertebrate
species

Assure tha thorough
decontamination all
equipment including all
internal and external
petentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall ba done as soon
as possible and must
be done before
equipment is deployed
again.

no
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Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AIS

Assure the thorough
decontamination all
equipment including all
internal and external
potentlally wetted
surfaces with steam,
chemosterllants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
a5 possible and must
be done before
equipment is deployed
again.

no

Plants

| Others

yes

yes

Surface water contains
multiple plant species
and may include AIS

Assure the thorough
decontamination all
eguiprnent including al]
internal and external
potentiaily wetted
surfaces with steam,
chemesterilants, or
other approved
metheds prior to
removal from location,
unless impractical,
then decontaminalinn
shalk be done as soon
as possible and must
be done before
equipment is deployed
again.

na

surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prio to
removal from locaticn,
unless impractical,
then decontamination
shall be dane as soon
as possible and must
be done befere
equipment is deployed
again.

ne
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Task &

Samples of mussels
are collected for
histology and the
remaining returned to
the custody of the
Genoa NFH

Vertehrates

yes

Surface water contatns.

multiple vertebrate
species

Assure the thorough
decontamination all
equipment including afl
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless Impractical,
then decontamination
shall he done as soon
as possible and must
be done before
equipment is deployed
again,

no

Invertebrates

yes

Plants

yes

Surface water contains
multiple invertebrate
species and may
include AIS

Assure the thorough
decontamination all
equipment including all
internal and external
peotentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

no

Surface water contains
multiple plant species
and may include AIS

Assure the thorough
decontamination all
eguipment including all
internal and external
potentially wetted
surfaces with steam,
chemoaosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontaminatlon
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

ne
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Others

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
remaoval from location,
unless impractical,
then decontamination
shall be done as soen
as possikle and must
be done before
equipment Is deployed
again.

no

Task 9

All remaining
equipment and cages
are decontaminated
and returned to
UMESC

Vertebrates

yes

Surface water contains
multiple vertebrate
species

Physical remuoval of all
visible vertebrates.
Assure the thorough
decontamination all
eguipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
olher approved
methods prior to
removal frem location,
unless impractical,
then decontamination
shall be done as sooh
as possible and must
ke done befere
equipment is deployed
aga Physical removal of
all visible vertebrates.
Assure the thorough
decontamination all
equipment including all
internal and external
peotentially wetied
surfaces with steam,
chemosterilants, or
other approved
methaods prior to
ramoval from location,
unless impractical,
then decontamination
shall ke done as scon
as passible and must
ke done before
equipment is deployed
again.

Yes
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Invertebrates

Surface water contains
multiple invertebrate
species and may
include AlS

" Physical removal of all

visible invertebrates.
Assure the thorcugh
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with stean,
chemosterilants, or
other approved
methods prior Lo
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possikle and must
be done before
equipment is depioyed
again.

Yes

Plants

yes

Surface water contains
multiple plant species
and may include AlS

Others

Surface water has
potential to transfer
fish diseases

Physical removal of all
visible plants. Assure
Lhe thorough
decontaminatlon all
equipment including all
Internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall e done as soon
as possible and must
be done before
equipment is deployed
dagain.

Yes

Assure the thorough
decontamination all
equipment including alt
internal and external
patentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unfess impraciical,
then decontamination
shall be done as soon
as possible and must
be done before
equipmant is deployed
again.

yes
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HACCP Plan Form
{all CCP's or “yes’s” from column 6 of HACCP Step 4 — Hazard Analysis Worlsheet)
Monitoring
Critlcal Evaluaticn & s .
Control Slgniftcant Limits for each Corrective upporting
. What How Frequenty Who Documentation
Paint Hazard(s) Control Measure Actlon(s) (iFany)
{ccp) {if needed)
Tasks 1, 2, Transfer of Transfer of Equipment | Mechanical Prior to Supervisor and staff | Racords in log
3,6,7,8%9 endemic and vertcbrates, disinfection |cleaning/remo| equipment |Technicians| are responsible for books all
AlS including invertebrates, val, pressure | arrival, upon | flead field methodical procedures used
vertebrates, plants and washing, deployment, | superviser |decontamination using for
invertebrates, | pathogens must steam prior to established decontamnination
plants and not occur. All cleaning, movement procedures.
pathogens equipment must chempsterifant| from location Corrective actions
be thoraughly or ather or asap reguired to complete
inspected and approved decontamination must
disinfected as methods. be performed prior to
soon as possible any equipment
and inspected mavement from test
and/for re- location or as saon as
decontaminated feasible.
prior to setup at Decontamination and
new location. inspection must be
completed asap
Fagillty: Activity:

Upper Midwest Environmental Sciences Center

Efficacy of Pseudomonas fluorescens (PFCL145A) SDP far
Mobile Research Laboratory

controlling zebra mussels within field exposures

Address: ]
2630 Fanta Reed Road, La Crosse, WI54601
Signatura: . Date:

HACCP Plan was followed.

Fila Folder:
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY
Biolegical Resources Division
Upper Midwest Environmental Sciences Center
2630 Fania Reed Road
La Crosse, Wisconsin 54603

Date: May 13, 2013
To: The Record Study Number AEH-13-PSEUDQ-06

Subject: Amendment 1- Amendment to the study number AEH-13-PSEUDC-06 entitled
“Safety of Spray Dried Powder (SDP) Formulated Pseudomonas fluorescens strain
CL145A (Zequanox) Exposure to Sub-Adult Unionid Mussels During Simulated Open
Water Treatments”

Revision of Study Protocol, Study # AEH-13-PSEUDO-06 is proposed as detailed on
page 2 of this amendment. Revised text is indicated in bold.

This amendment 1) eliminates the St. Croix River (Stillwater, MN) test location, 2) adds
up to 5 additional test animals per test replicate, and 3) adds a 24-h exposure duration
to evaluate the effects of an extended duration exposure.

Reviewed by:
oy T
Mark P. Gaikowski, M.A. Date Michael Jawson, Ph.D. /Déte
Supervisory Biologist Center Director, UMESC
Aquatic Ecosystem Health,
UMESC'

Approved by:

5 s s

JAmes A Luoma, B.A. Date
Study Director, UMESC

' UMESC: U.S. Geological Survey, Upper Midwest Environmental Sciences Center

Fite Folder: _>

Study# AEH-13-PSEUDO-068  Amendment #1 Page 1 of 12

item Number; __ 2
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This amendment eliminates the St. Croix River test location and adds a 24-h exposure
duration to evaluate the effects of an extended duration exposure. When possible, up
to 45 additional test animals per species will be added to increase the sample size. All
species and treatment durations will be exposed concurrently with test animal removal
at the prescribed exposure duration.

All changes te the protocol text are listed in bold.

CURRENT TEXT:

4. STUDY DESIGN

41

4.2

General Description

Up to seven species (Table 2) of sub-adult unionid mussels will be exposed to
one of two treatment concentrations of SDP in the UMESC mobile wet
laboratory. The wet laboratory will be position stream-side in one of two
locations (northern and southemn) in the Upper Mississippi River system. The
exposures will utilize river water to mimic in situ treatment but allow the capture
of treated effluent water for disposal. The mussels will be held in the river for
approximately 30-d post exposure prior to evaluation for treatment related
effects. Samples will be collected from no less than 1-2 species for histological
examination tc determine sub-lethal treatment related effects.

Table 2. Unionid mussel species that may be evaluated for formulated
Pseudormonas fluorescens strain CL-145A (SDP) exposure effects.
Common name Scientific name
Fatmucket Lampsilis siliquoidea
Hickorynut Obovaria olivaria
Higgins aye Lampsifis higginsii
Mucket Actinonaias ligamentina
Plain pocketbook Lampsifis cardium
Threeridge Amblema plicata
Wabash Pigtoe Fusconaia flava
Washboard Megalonajas nervosa

Experimental Design

Major study activities are summarized in Figure 1.

To restrict the movement of test animals (sub-adult unionid mussels) within the
Upper Mississippi River System, a northern and southern testing location will be
utilized and only mussels cultured or collected from the surrounding watershed
will be used in the appropriate exposure trial. The testing locations will be the St.
Croix River near Stillwater, MN (northern) and the Black River, directly adjacent
to the UMESC campus (southern).

The tests will be conducted in the UMESC mobile wet laboratory. The exposures
will be conducted in nine 350 L cylindrical fiberglass tanks and each tank will be
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supplied with a washed sand substrate and flowing 200 um filtered river water (2
1 tank exchange/h). The water flow will be interrupted during the exposure
period. The 350 L fiberglass tanks will be the exposure chamber replicates and
they will be the experimental unit.

Sub-adult native mussel test animals will be provided from Genoa National Fish
Hatchery propagation stocks or wild collected from the Upper Mississippi River.
Individual mussels will be uniquely tagged or marked and assigned to an
exposure chamber replicate according to a randomized distribution scheme. Up
to 135 native mussels (15 per replicate x 9 replicates) of each species will be
randomly placed in each exposure chamber. Up to 4 species will be distributed
to each exposure chamber replicate and exposed concurrently. If insufficient
numbers of a particular species are available for testing, then the number of
animals in each exposure chamber replicate may be reduced (e.g. from 15 to 10
animals) or the 50 mg/L. A.l. treatment group may be excluded for that species.
Deviations from the target number of test animals (15) for each exposure
chamber replicate/species will be documented in the study records.

Native mussels will be subjected to one of three treatments levels, 1) a non-

- exposed control group, 2) a 50 mg/L A.l. treatment group, and 3) a 100 mg/L A.l.
treatment group. There will be 3 replicates exposure chambers per treatment
levels. Treatment level will be assigned to each replicate according fo a
randomized assignment scheme.

An appropriate amount of a freshly prepared SDP stock solution will be added
and thoroughly mixed into the water within each exposure chamber replicate.
The SDP concentration, temperature, dissolved oxygen, pH and conductivity will
be menitored in each exposure chamber replicate.

Immediately following the 8-h exposure period, the SDP treated water will be
drained from the exposure chambers, the exposure chambers will be rinsed with
and refilled with clean river water. The SDP treated water and rinsate will be
collected in frame tanks for disposal. Water flow will be restored to the exposure
chambers until the mussels are transferred to wire mesh holding cages (~ 0.9 m
long x 0.6 m wide x 0.45 m high; either 1.27-cm or 0.635-cm, dependent on
animal size) for a post-exposure evaluafion phase. The holding cages containing
mussels and a washed sand substrate will be placed in the river for
approximately 30-d post exposure prior to evaluating the mussels for treatment
related mortality. Representative treatment level sample specimens will be
collected during the mortality assessment from at least 1-2 species. The samples
will be subjected to histological examination to determine sub-lethal treatment
related effects as permitted by funding.

5. STUDY PROCEDURES

5.1 Test Animals
5.1.1 Description
51.1.1 Age— Native mussels < 3 yrs
5.1.1.2 Sex - Test animals will be used without regard to sex.
5.1.1.3 Species —see table 2

Study# AEH-13-PSEUDO-06  Amendment #1 Page 3 of 12
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Figure 1. Flow chart of major study activities for each test location

Set up mobile laboratory and water systams, collect, consclidate, tag and measure sub-adult unionid test
animals.

Randomly distribuls test animals to the exposure chamber replicates (15 psr spacies perreplicata x 9
replicates). Randomly assign treatment level (control, 50 or 100 mg A.LIL) to each exposure chambar
replicate. Perform pre-exposure water quality (femperature, dissolved oxygen, pH, conductivity, hardness and
alkalinity).

1

J

Initiate SDP exposures (8-h duration, static) = 12-h after testanimat placement in exposure chambers,
Moniter 80P concentration, temperature, dissolvad olxygen, pH and conductivity in each exposure chamber
replicate.

Drain, rinse, refill and restore water flow to each exposure chamber replicate at the termination of the
treatment peried. Treated water and rinsate will be collected for disposal.

Place holding cages containing mussels in the river for approximately 30-d post exposure then evaluate the
mussals for reatment refated mortality. Collect treatment level sample specimens from 1-2 species for
histological examination to detarmine sub-lathal treabment related offects.

Decontaminatad all equipment prior to remaoval from the testsite

5.1.2 Number of animals: Approximately 135 native mussels of each species will
be used (9 replicates x 15 mussels each = 135). If 135 mussels are not
available, the number of animals in each replicate may be reduced to 10
and/or the species may be excluded from the low treatment level (50 mg/L
A.l). The number of test animals planned is censistent with the objective of
the study and contemporary scientific standards.

5.1.3 Source of animals: Test animals will be provided from Genoa National Fish
Hatchery preduction stocks or wild collected animals from the Upper
Mississippi River. Collection of animals will be conducted by Geneca
National Fish Hatchery mussel biologists. '

5.1.4 Inclusion criterion: Native mussels in apparent good health will be used.

5.1.5 Acclimation: Mussels will be acclimated to treatment conditions for 212-h
prior to exposure initiation.

5.1.6 Distribution to treatment replicaies: Up to 15 uniquely identified and
measured mussels will be distributed to each exposure replicate according
to a predetermined randomization scheme. Five mussels will be placed in
each exposure replicate in each distribution round. Three distribution
rcunds will be completed for each species.

5.1.7 Feeding: No supplemental feed will be offered throughout the acclimation,
exposure and post-exposture holding periods.

5.2 Woater Chemistry
5.2.1 Dissolved oxygen: Dissolved oxygen will be measured and recorded in
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each exposure chamber replicate during the acclimation, exposure and
post-exposure holding periods. Dissolved oxygen will be measured and
recorded at least once during the pre- and post-exposure periods and at
least twice during the exposure period with the last measurement
observed s 30 minutes prior to exposure termination (UMESC SOP AEH
394 or eguivalent).

5.2.2 Temperature: Temperature will be measured and recorded in each
exposure chamber replicate during the acclimation, exposure and post-
exposure holding periods. Temperature will be measured and recorded at
least once during the pre- and post-exposure periods and at least twice
during the exposure period with the fast measurement cbserved < 30
minutes prior to exposure termination.

5.2.3 pH: pH will be measured and recorded in each exposure chamber
replicate during the acclimation, exposure and post-exposure holding
periods. pH will be measured and recorded at least once during the pre-
and post-exposure periods and at least twice during the exposure with the
last measurement observed < 30 minutes prior to exposure termination
(UMESC SOP AEH 335 or equivalent).

5.2.4 Hardness: Hardness will be measured and recorded prior to exposure
initiation on the filtered water supply (UMESC SOP AEH 712).

5.2.5 Alkalinity: Alkalinity will be measured and recorded prior to exposure
initiation on the filtered water supply (UMESC SOP AEH 706).

5.2.6 Conductivity: Conductivity will be measured and recorded prior to
exposure initfation on the filtered water supply {UMESC SOP AEH 188 or
equivalent).

527 Ammonia: Samples for tofal ammonia-nitrogen will be collected at the
termination of the exposure period for each exposure replicate.

Ammonia samples will be filtered through a 0.45 micron syringe filter,
acidified (~pH 2.5) with sulfuric acid and then stored at ~4°C until
analyzed by the UMESC Long Term Resources Monitoring (LTRM) Water
Quality Laboratory using the automated phenate method.

5.3 Disposal: All live mussels at the conclusion of the mortality assessment that are not
subjected to histological examination will be returned to the custody of the Genoa
NFH.

5.4 Study facilities

5.4.1 Test Facility
U.S. Geological Survey, Upper Midwest Enviranmental Sciences Genter

Mobile Research Laboratory
2630 Fanta Reed Rd
La Crosse, Wisconsin 54603
5.4.1.1 Test locaticn: Black River; La Crosse, WI; and St. Croix River,
Stillwater, MN.,
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5.4.1.2 Exposure system: The test system consists of nine 76.2 cm diameter x
91.4 cm deep fiberglass circular exposure tanks in two rows of 4 or 5
tanks. The tanks are supplied surface water through a pump, filter and
headbox system. Each exposure tank will be supplied 3-5 ¢cm of wash
sand for substrate and flowing 200 pm filtered river water (= 1 tank
exchange/h). The water flow will be interrupted during the exposure
period. Each tank will be uniquely identified to allow for identification
treatment type and replicate number. Coding procedures will be
documented in the study records.

5.4.1.3 Aeration: Supplemental aeration will not be supplied during the
acclimation, SDP exposures and the post exposure observation periods.

5.4.1.4 Water supply: Filtered (200 pm) river water will be supplied continuously
(~5 L/min) to achieve a ~ tank-volume exchangerh during the pre- and
post-exposure periods. YWater supply will be interrupted during the SDP
eXposures,

5.4.1.5 Water discharge: Untreated water will be returned to the water supply
source. SDP treated water will be collected for disposal as required by
DNR regulation.

5.4.1.6 Lighting: Overhead lighting will be provided during the exposure period.
Light intensity will be measured using a Milwaukee photometer (AEH SOP
308 or equivalent) and recorded in the study records.
5.5 Observations
5.5.1 Mortality:

Unionid mussels that are gapping and do not respond to tactile stimuli by shell

closure will be coded as a mortality. Unionid mussels that have closed shells

(closed shells will be gently pried to assure that the anterior adductor muscle

contraction is holding the shell closed) or respond to tactile stimuli by shell

closure will be coded as alive.

5.6 Treatment administration

5.6.1 Treatment: Each treatment will consist of three SDP concentrations (ie: 0
[control], 50 mg/L A.L. or 100 mg/L A.l.} with a single 8-h exposure duration.
All treatment concentrations will have three replicate exposure chambers. A
minimum of 10 and a maximum of 15 unionid mussels of each species will be
placed in each expasure chamber replicate. Up to 4 species will be used in
each treatment.

5.6.2 Route of administraticn: Exposures will be initiated by addition of an
appropriate amount of a SDP stock solution. The tank will be gently mixed to
achieve a uniform distribution of test material.

5.6.3 Concentration verification: Concentration will be determined
spectrophotometrically. A standard curve will be prepared using a known
mass of SDP. The absorbance of exposure schutions will be compared to the
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standard curve to determine the exposure concentration. Absorbance will be
determined using a Barnstead/Thermolyne Corporation Model: Turner SP-830
Plus Beckman spectrophotemeter (UMESC SOP AEH 302).

6. DATA ANALYSIS

8.1 Experimental unit: The experimental unit will be the exposure chamber replicate.

8.2 Number of exposures and replicates: There will be a total of 3 treatment levels (0
[control], 50 and 100 mg SDP/L) and 1 treatment duration (8-h). There will be a total of 3
independent exposuras chambers for each treatment level which will serve as the
replicates. All treatment levels, replicates, and up to 4 species will be run concurrently.

REVISED TEXT:

4. STUDY DESIGN

4.1 General Description
Up to seven species (Table 2) of sub-adult unionid mussels will be exposed to
one of two freatment cancentrations of SDP in the UMESC mobile wet
laboratory, The wet laboratory will be position stream-side along the Black
River, adjacent to UMESC property. The exposures will utilize river water to
mimic in situ treatment but allow the capture of treated effluent water for disposal.
The mussels will be held in the river for approximately 30-d post exposure prior
to evaluation for treatment related effects. Samples wil! be collected from no less
than 1-2 species for histological examination to determine sub-lethal treatment
related effects.

Table 2. Unionid mussel species that may be avaluated for formulated
Pseudomonas fluorescens strain CL-145A (SDP) exposure effects.

Common name Scientific name
Fatmucket Lampsilis siliquoidea
Hickorynut Obovaria olivaria
Higgins eye Lampsilis higginsii

Mucket Actinonaias ligamentina
Plain pocketbook Lampsilis cardium
Threeridge Amblema plicata

Wabash Pigtoe Fusconaia flava

Washboard Megalonaias nervosa

‘4.2 Experimental Design

Major study activities are summarized in Figure 1.

Animals reared in the St. Croix River will be coliected from propagation
cages by Genoa NFH personnel and temporarily held at the Genoa NFH
prior to testing. Only mussels cultured or collected from the Upper
Mississippi River system will be used in the exposure trial. The testing
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location will be the Black River, directly adjacent to the UMESC campus.
The tests will be conducted in the UMESC mobile wet laboratory. The exposures
will be conducted in nine 350 L c¢ylindrical fiberglass tanks and each tank will be
supplied with a washed sand substrate and flowing 200 pm filtered river water

(= 1 tank exchange/h). The water flow will be interrupted during the exposure
period. The 350 L fiberglass tanks will be the exposure chamber replicates and
they will be the experimental unit.

Sub-adult native mussel test animals will be provided from Genoa National Fish
Hatchery propagation stocks or wild collected from the Upper Mississippi River.
Individual mussels will be uniguely tagged or marked and assigned to an
exposure chamber replicate according to a randomized distribution scheme. Up
to 180 native mussels (20 per replicate x 9 replicates) of each species will be
randomly placed in each exposure chamber. Up to 7 species will be distributed
to each exposure chamber replicate and exposed concurrently, [If insufficient
numbers of a particular species are available for testing, then the number of
animals in each exposure chamber replicate and duration may be reduced
(e.g. from 10 to § animals) cor the 50 mg/L A.l. treatment group or 24-h
exposure duration may be excluded for that species. Deviations from the
target number of test animals for each exposure chamber replicate/species

(ie: N = 20) will be documented in the study records.

Native mussels will be subjected to one of three treatments levels, 1) a non-
expased control group, 2) a 50 mg/L A.l. treatment group, and 3) a 100 mg/L ALl
treatment group.

Additionally, each treatment level replicate will include an 8-h exposure and
24-h exposure duration. There will be 3 replicates exposure chambers per
treatment levels. Treatment level will be assigned to each replicate according to
a randomized assignment scheme. An appropriate amount of a freshly prepared
SDP stock solution will be added and thoroughly mixed into the water within each
exposure chamber replicate. The SDP concentration, temperature, dissolved
oxygen, pH and conductivity will be monitored in each exposure chamber
replicate.

Following the 8-h and 24-h exposure periods a basket containing a pre-
determined number of mussels (i.e: 10 per species, depending on
availability) will be removed and transferred to wire mesh holding cages
(~0.9 m long x 0.6 m wide x 0.45 m high; either 1.27-cm or 0.635-cm,
dependent on animal size) for a post-exposure evaluation phase.

The holding cages containing mussels and a washed sand substrate will be
placed in the river for approximately 30-d post exposure prior to evaluating the
mussels for treatment related mortality. Representative treatment level sample
specimens will be collected during the mortality assessment from at least 1-2
species. The samples will be subjected to histological examinaticn to determine
sub-lethal treatment related effects as permitted by funding.
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Figure 1. Flow chart of major study activities for each test location

Set up mobile laboratory and water systems, collect, consofidate, tag and measura sub-adult unionid test
animals.

replicate. Perform pre-exposure water quality {temperature, dissolved oxygen, pH, conductivity, hardness and

Randomly distribule test aniimals to the exposurs chamber replicates (20 per species perreplicate x 9
replicates). Randomly assign traatmant lavel (control, 50 or 100 mg A.LIL) to each exposure chambar

alkalinity).

/

-

chambers, Monitor SDF concentration, temperaturs, dissalvad oxygen, pH and conductivity in sach exposure

-
Inftiate SDP exposures (8-h and 24-h duration, static) = 12-h after test animal placemeantin exposure

chamber replicate.

Retnave test animals from each treatment replicate at the termination of sach treatmant pariod. Treated
water and rinsate wil: ba collected for disposal.

Place halding cages containing mussels in the river for approximataly 30-d post exposure then evaluate the
mussels for freatment related monality. Collect treatment leval semple specimens from 1-2 species for
histological examination to determine sub-lethal reatment related sffects.

Oecontaminated all aquipment prior fo removal from the test site

5.

STUDY PROCEDURES

5.1 Test Animals

5.1.1 Description
51.11 Age - Native mussels < 3 yrs
51.1.2 Sex- Testanimals will be used without regard to sex.
51.1.3 Species —see table 2
5.1.2 Number of animals: Up to 180 native mussels of each species will be used
(9 replicates x 20 mussels each = 180). If 180 mussels are not available,
the number of animals in each replicate may be reduced to 5 andfor the
species may be excluded from the low treatment level (50 mg/L A.l.) or the
extended treatment duration. The number of test animals planned is
consistent with the objective of the study and contemporary scientific
standards. |
5.1.3 Source of animals: Test animals will be provided from Genoa National Fish
Hatchery production stocks or wild collected animals from the Upper
Mississippi River. Collection of animals will be conducted by Genoa
National Fish Hatchery mussel biclogists.
5.1.4 Inclusicn criterion: Native mussels in apparent good health will be used.
5.1.5 Acclimation; Mussels will be acclimated to treatment conditions for =12-h
prior to exposure initiation.
5.1.6 Distribution to treatment replicates: Up to 20 uniquely identified and
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measured mussels will be distributed to each exposure replicate according
to a predetermined randomization scheme, Five mussels will be placed in
each exposure replicate in each distribution round. Up to four distribution
rounds will be completed for each species.

5.1.7 Feeding: No supplemental feed will be offered throughout the acclimation,
exposure and post-exposure holding periods.

5.2 Water Chemistry

5.2.1 Dissolved oxygen: Dissolved oxygen will be measured and recorded in
each exposure chamber replicate during the acclimation, exposure and
post-exposure holding periods. Dissolved oxygen will be measured and
recorded at least once during the pre- and post-exposure periods and at
teast twice during the exposure period with the last measurement
observed = 30 minutes prior to exposure termination (UMESC SOP AEH
394 or equivalent).

5.2.2 Temperature: Temperature will be measured and recorded in each
_exposure chamber replicate during the acclimation, exposure and post-
exposure holding periods. Temperature will be measured and recorded at
least once during the pre- and post-exposure periods and at least twice
during the exposure period with the last measurement observed < 30
minutes prior to exposure termination.

5.2.3 pH: pH will be measured and recorded in each exposure chamber
replicate during the acclimation, exposure and post-exposure holding
periods. pH will be measured and recorded at least once during the pre-
and post-exposure periods and at least twice during the exposure with the
last measurement observed = 30 minutes prior to exposure termination
(UMESC SOP AEH 335 or equivalent).

5.2.4 Hardness: Hardness will be measured and recorded prior to exposure
initiation on the filtered water supply (UMESC SQOP AEH 712).

5.2.5 Alkalinity: Alkalinity will be measured and recorded prior to exposure
initiation on the filtered water supply (UMESC SOP AEH 706).

526 Conductivity: Conductivity will be measured and recorded prior to
exposure initiation on the filtered water supply (UMESC SOP AEH 188 or
equivalent).

5.2.7 Ammonia: Samples for total ammonia-nitrogen will be collected at the
termination of each exposure period for each exposure replicate.
Ammenia samples will be filtered through a 0.45 micron syringe filter,
acidified (~pH 2.5) with sulfuric acid and then stored at ~4°C until
analyzed by the UMESC Long Term Resources Monitoring (LTRM) Water
Quality Laboratory using the automated phenate method.

5.3 Disposal: All live mussels at the conclusion of the mortality assessment that are not
subjected to histological examination will be returned to the custody of the Genoa
NFH.

5.4 Study facilities
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5.4.1 Test Facility
U.S. Geological Survey, Upper Midwest Environmental Sciences Center

Mobkile Research Laboratory
2630 Fanta Reed Rd
La Crosse, Wisconsin 54603
5.4.1.1 Test location: Black River; La Crosse, WI
54.1.2 Exposure system: The test system consists of nine 76.2 cm diameter x
91.4 cm deep fiberglass circular exposure tanks in two rows of 4 or 5
tanks. The tanks are supplied surface water through a pump, filter and
headbox system. Each exposure tank will be supplied 3-5 cm of wash
sand for substrate and flowing 200 pm filtered river water (2 1 tank
exchange/h). The water flow will be interrupted during the exposure
period. Each tank will be uniquely identified to allow for identification
treatment type and replicate number. Coding procedures will be
documented in the study records,

5.4.1.3 Aeration: Supplemental aeration will not be supplied during the
acclimation, SDP exposures and the post exposure observation periods.

5.4.1.4 Water supply: Filtered (200 um) river water will be supplied continuously
(~5 L/min) to achieve a ~ tank-volume exchange/h during the pre- and
post-exposure periods. Water supply wilf be interrupted during the SDP
exposures.

5.4.1.5 Water discharge: Untreated water will be returned to the water supply
source. SDP treated water will be collected for disposal as required by
DNR regulation.

5.4.1.6 Lighting: Overhead lighting will be provided during the exposure period.
Light intensity will be measured using a Milwaukee photometer (AEH SOP
308 or equivalent) and recorded in the study records.
55 Observations
5.5.1 Mortality:
Unionid mussels that are gapping and do not respond to tactile stimuli by shell
closure will be coded as a mortality. Unionid mussels that have closed shells
(closed shells will be gently pried to assure that the antetior adductor muscle
contraction is holding the shell clased) or respond to tactile stimuli by shell
closure will be coded as alive.
5.6 Treatment administration
5.8.1 Treatment: Each treatment will consist of three SDP concentrations (ie: 0
[control], 50 mg/L A.l. or 100 mg/l- A.l.) with exposure durations of 8-h and
24-h. All treatment concentrations and durations will have three replicate
exposure chambers. A minimum of 3 and a maximum of 10 unionid
mussels of each species will be placed in each exposure chamber
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replicate for each exposure duration. Up to 7 species will be used in each
treatment.

6.6.2 Route of administration: Exposures will be initiated by addition of an
appropriate amount of a SDP stock solution. The tank will be gently mixed to
achieve a uniform distribution of test material.

5.6,3 Concentration verification: Concentration will be determined
spectrophotometrically. A standard curve will be prepared using a known
mass of SDP. The absarbance of exposure solutions will be compared to the
standard curve to determine the exposure concentration. Absorbance will be
determined using a Barnstead/Thermolyne Corpeoration Model: Turner SP-830
Plus Beckman spectrophotometer (UMESC SOP AEH 302).

6. DATA ANALYSIS

6.1 Experimental unit: The experimental unit will be the exposure chamber replicate.

6.2 Number of exposures and replicates: There will be a total of 3 treatment levels
(0 [control], 50 and 100 mg SDP/L) and 2 treatment duration (8-h and 24-h).
There will be a total of 3 independent exposures chambers for each treatment
levellexposure duration which will serve as the replicates. All treatment levels,
replicates, exposure durations and up to 7 species will be run concurrently.
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Study Number: AEH-13-PSEUDO-06 Reviewed by: Date:
File Folder: Lab boak/pgs: Verified by: Date:

Test Chemical Stock Preparation

Test Chemical: Pseudomonas flurcescens strain 1454
Test Chemical Lot #: 401P12163C and 401P12164C Mix Date Rec'd: 7-AUG-12  Exp. Date: 21-JUN-12
Test Location: Instruments Used:

Weights of Chemical Samples:

Sample ID Sample Weight Comments Date Initials

NOTE: Chemical samples to be stored refrigerated until used for stock preparation.

Stock Solution Preparation:

Dilution Dilution Exposure
Sampfe ID Use posu

Dat Inltial
Volume {mL) Time Time ale nals

ltem Number: _\__

. b
File Folder: __|b Page_|  of |
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Study Number AEH-13-PSEUDO-06

Reviewed by:

Date:

Verified by:

Date:

Exposure Date:

Test Chemical: Pf-CL145A SDP

Instruments:
Lot Number: 401P12163C and 401P12164C Mix

Test Location:

Alkalinity

Sample Location Initial pH

Initial Temp | mLof0.02N Multiplication Factor Alkalinity*
{°c} H,50, P {mg/L CaCO,)

Sample Time

Date

Initials

10

10

10

10

10

10

10

10

10

: Alkalinity in mg/L CaC03 = (mL 0.02N H2504 usad) x {Multiplication Factor of 10)

Alkalinity Sample volume = 100 mL

Comments:

-ltem Number

File Folder
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Study Number AEH-13-PSEUDC-06

Reviewed by:
verified by:

Date:

Date:

Exposure Date:
[Test Chemical: Pf-CL145A SDP

Instruments:

Lot Number: 401P12163Cand 401P12164C Mix

Test Location:

Conductivity and Hardness

Sample Lacation Conductivity {pS/cm)

mLof 0.01 M Multiplication
EDTA Factor

Hardness®
{mg/LCacoy,}

Sample Time

Date

Initials

20

20

29

20

20

20

20

20

26

"Hardness in me/L CaC0; = (mL of 0.01 M Na,EDTA titrant added to the sample) x {multiplication factor of 20).

Hardness Samgle volume = 50 mL

Comments:

Item Number: 5

of

\

Page

b
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Study Number: AEH-13-PSEUDO-06 Reviewed by: Date:
Fi'e Folder: Lab book/pgs: Verified by: Date!
Water Quality

Expasure Start Time/Date:

Test Chemical:

Pf-CL145A SDP

Test Location:

[Tank Volume (L):

Sampling Time:

Lot Number: 401P12163C and 401P12164C Mix

Instruments Used:

Exposure Tank| Treatment Dissolved H Temperature Time Date/Initials
D Level (mg/L} || Oxygen {mg/L} P (°C)
Light Measurefment Date/Initials
Measurement Location
Comments:
ltem Number: U‘
File Folder: |
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Study Number: AEH-13-PSEUDO-06

File Folder:

Lab book/pgs:

Reviewed by:
Verified by:

Date:

Date:

Mussel Histology Samples

Exposure Start Time/Date:
Pf-CL145A SDP

Test Chemical:

Test Location:
Lot Number: 401P12163C and 401P12164C Mix

Container | Exposure | Treatment Sampling Mussel Number of
Number Tank Level (mg/L} Time Species Tag ID Cassettes Date Initials
Comments:
_Itern Number: _§_,__
File Folder: __ b
Page \ of _|
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Study Number: AEH-13-PSEUDO-06 Reviewed by: Date:

File Folder: Lab book/pgs: Verifled by: Date:

Native Mussel Lengths

Exposure Date: Test Location:
Test Chemical: Pf-CL145A SDP Lot #: 401P12163C and 401P12164C Mix
Glue Shell
T
::l):i?:; m::sbzrr NuT;ier Coal‘gr Dot Length Comments Date/Initials
{Y/N) || (mm} :

ltem Number: 13

File Folder: | b
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Study Number: AEH-13-PSEUDQ-06 Reviewed by: Date:

Flle Folder: Lab book/pgs: Verified by: Date: o
Native Mussel Lengths
Exposure Date: Test Location:
Test Chemical: PI-CL145A SDP Lot #: 401P12163C and 401P12164C Mix
Shell
Mussel || Mussel Tag Tag
L . \ .
specles | Number | Number | Color (enr‘\rgr;c)h Tank ID [Sampling Time Date/Initials

tem Number: 14
File Folder: _|b Page_]  of |
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Appendix 2. Deviations From the Study Protocol

Number  Report

[tem .
Number [tem Description of Page
Pages  Number
Deviation #1 — Native mussels recovered from tanks/equipment after the termination
1 : . 1 101
of the assigned treatment period
2 Deviation #2 — Native mussels not recovered after 30 day holding period 1 102
3 Deviation #3 — Native mussel used in exposure >3 years of age 1 103
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United States Department of the Interior

U.S. GECLOGICAL SURVEY
Biological Resources Division
Upper Midwest Environmental Sciences Center
2630 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM
Date: January 29, 2014
To:  The Record of Study Number AEH-13-PSEUDO-08

Subject: Daviation 1 to study AEH-13-PSEUDQ-06 “Safety of Spray Dried Powder (SDP) Formulated
Pseudomonas fluorescens strain CL145A (Zequanox) Exposure to Sub-Adult Unicnid Mussels During
Simulated Open Water Treatments”

Deviation #1 — Native mussels recovered from tanks/equipment after the termination of the assigned
treatment period

After exposure termination, the tanks were emptied for cleaning and two mussels were found buried in the
sediment of their respective tanks, Mussel A296 (L. cardium; 100 mg/L 24-h treatment group) from Tank 2
and mussel B089 (L. higginsfi; 0 mg/L 24-h treatment group) from Tank 8 were recovered alive and placed
into the appropriate replicate wire mesh holding cage for the post-exposure period. Both mussels were alive
upon assessment at the conclusion of the 30 day post-exposure holding period.

Upon study breakdown mussel B150 (L. higginsii; 50mg/L 8-h treatment group) from Tank 4 was discovered
in a corner of retention basket used to contain the mussels during the treatment. The retention basket had
been removed from study tank 4 for ~16 h before the mussel was discovered alive and placed into a wire
mesh holding cage for the post-exposure period. During the survival assessment (June 26-27, 2013) mussel
B150 was originally thought to have been unrecovered, however, mussel B150 was recovered alive in the
wire mesh holding cage housing the test animals from 50 mg/L 24-h treatment group during the post-
exposure holding period.

There are no adverse impacts as a result of this deviation as all animals were recovered alive at the
termination of the post-exposure holding period and there are sufficient numbers of other test animals from
the affected treatment groups te perform statistical analyses.

N ).
tend Dat

Jeremy K. Wise, B.S,
Bio. Science Tech. il, UMESC

Veigy

A Daté
Ja( es A. Luoma, B.A.
Study Director, UMESC
cc: UMESC QAU File Folder: 3
Page 1 of 1
item Number; 3
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY
Biological Resources Division
Upper Midwest Environmental Sciences Center
2630 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM
Date: January 29, 2014
To: The Record of Study Number AEH-13-PSEU DO-06

Subject: Deviation 2 to study AEH-13-PSEUDO-06 “Safety of Spray Dried Powder (SDP) Formulated
Pseudomonas fiuorescens strain CL145A (Zequanox) Exposure to Sub-Adult Unionid Mussels During
Simulated Open Water Treatments”

Deviation #2 — Native mussels not recovered after 20 day holding pariod

During the native mussel survival assessment conducted after 30 day holding period, five mussels from
3 treatment groups and 4 replicates were not recovered from the wire mesh holding cages. The
unrecovered mussels species, corresponding tag numbers, treatment group and treatment replicate
{i.e. tank) are identified in table 1.

Table 1. Mussels not recovered during survival assessment.

Tag Treatment Treatment
Species number group Tank
L. cardium A193 100 mg/L 24h 2
L. cardium A1 50 mg/L 24 3
L. higginsii BO&1 0 mg/l 24h 5
L. higginsii B117 50 my/l. 24h 6 i
0. olivaria D010 100 mg/L 24h 2 ]

These mussels are identified as unrecovered in the study records and if they are used in the statistical
analysis they will be treated conservatively as mortalities.

No adverse impacts are anlicipated as a result of this deviation. Any impacts to the study as a result of this

deviation will be addressed in the final report.
F /277
Itte by Date
Jeremy K. Wise, B.S.
J ngﬁ'{/i
ate

Bio. Science Tech. ll, UMESC

Ap ovedby
Jafmes A. Luoma, B.A.
Study Director, UMESC

cc: UMESC QAU File Folder: 3

item Number: L‘[

Page 1 of 1
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United States Departmant of the Interior

U.S. GEOLOGICAL SURVEY
‘ Biological Resources Division
Upper Midwest Environmental Sciences Center
2630 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM
Date: March 7, 2014
To.  The Record of Study Number AEH-13-PSEUDO-08

Subject: Deviation 3 to study AEH-13-PSEUDO-06 “Safety of Spray Dried Powder (SDP) Formulailed
Fseudomonas fluorescens strain CL145A (Zequanox) Exposure to Sub-Adult Unionid Mussels During

Simulated Open Water Treatments”

Deviation #3 — Native mussel >3 years of age

Wabash pigtoe (Fusconaia flava) and threeridge (Amblema plicata) mussels used in study were wild
collected on May 10, 2013 from the Upper Mississippl River (RM 670.5), at Black Hawk Park, Vernon
County, Wisconsin by Genoa Naticnal Fish Hatchery Biologist. Akhough not confirmed, the age of these
mussels appeared to be greater than three years old and many appeared to be sexually mature individuals.
These mussels would be more appropriately classified as adult specimens and not sub-adult specimens.

No adverse impacts are anticipated as a result of this deviation. Any impacts to the study as a result of this
deviation will be addressed in the final report.

OFURLIY

Date

Jeremy K. Wise, B.S.
Bi j ch. I, UMESC

3/7/1,#{
Apbrovediby Date
mes A. Luoma, B.A.

Study Director, UMESC

cc: UMESC QAU

hem Numiber: —

Page 1 of 1 File Fomr_’

'ﬂ\e&:bk SN OFMAS I
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Appendix 3. Randomization Assignments

item o Number  Report
Number [tem Description of Page
Pages  Number
1 SAS generated random assignment of treatment to experimental tanks. 5 105
2 SAS generated random assignment of mussels to test tanks/time sections. 6 110
3 Hickorynut assignment to treatment tanks 1 116
4 Washboard assignment to treatment tanks 1 117
5 Higgins eye assignment to treatment tanks 1 118
6 Fatmucket assignment to treatment tanks 1 129
7 Threeridge assignment to treatment tanks 1 120
8 Wabash Pigtoe assignment to treatment tanks 1 121
9 Plain Pocketbook assignment to treatment tanks 1 122
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Effects of Psuedomonas fluorescens (Pf-CL1454) to subadult/adult unionid mussei species

AEH-13-PSUEDO-06

Random assignment of treatment to experimental tanks

Black River, LaCrosse, Wl

Obs | biock !

1

©, W N G bW N

1
1
1

1
1

1.

X

k
5
7
6!
3
4
2
9
1

0.06424

:0.1670¢9

0.22183

030198
10.41943

0.72009
0.78188
0.87611

0.86355

- tankn

Tan‘k.8
Tank 5
Tank 7 .
Tank &

fTank 3
‘Tank 4

Tank 2
Tank @
Tank 1

trt
control
control
control
50

50

50

100
100
100

/’I../
Analysis performed by J. Luoma SAS version 9.3 07:36 28MAY 13 j

ltem Number; |
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/**i\"k******k**\\'******k*****w****************:******t******************

*  8tudy Number : AEH-13-PSUEDC-06

*  Study Director: Jim Lucma o

* date created : May 28, 2013 - JAL M

* Verified by: (Date: ) page ____ of
* Random allocation of treatment to tank.sas

***********iz**k***k*****i“k****ﬁ************************k*********'ﬁ'***/

DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OQUTPUT;

FOOTNOTE?1 'Analysis performed by J. Luoma SAS version ' &SYSVER &SYSTIME &SYSDATE;
options /*1s=85 ps=40 formdlim='-' */ pagenc = 1 nocenter nodate nosource2;

/*Random assignment of treatment to experimental tanks*/
/*AEH- PSEUDO-06; Subadult/adult mussels; Black River, LaCrosse, WI*/
data MUS;
do block = 1 to 1 by 1;
do tank = 1 to 9 by 1;
X = ranuni{-1};
output;
end;
end;
run;
data MUSZ; set MUS;
if block = 1 and tank = 1 then tankn = 'Tank 1';
if block = 1 and tank = 2 then tankn = 'Tank 2';
if block = 1 and tank = 3 then tankn = 'Tank 3';
if block = 1 and tank = 4 then tankn = 'Tank 4';
if block = 1 ang tank = & then tankn = 'Tank 5';
if block = 1 and tank = 6 then tankn = 'Tank 6';
if block = 1 and tank = 7 then tankn = 'Tank 7';
if block = 1 and tank = 8 ‘then tankn = 'Tank 8';
if block = 1 and tank = 9 then tankn = 'Tapk 9';

if block = 2 and tank = 1 then tankn = 'Tank 1';
if block = 2 and tank = 2 then tankn = 'Tank 2';
if block = 2 and tank = 3 then tankn = 'Tank 3';
if block = 2 and tank = 4 then tankn = 'Tank 4';
if block = 2 and tank = & then tankn = 'Tank 5 ;
if block = 2 and tank = 6 then tankn = 'Tank 6';
if block = 2 and tank = 7 then tankn = 'Tank 7';
if block = 2 and tank = 8 then tankn = 'Tank 8';
if block = 2 and tank = 9 then tankn = 'Tank 8';

if block = 3 and tank = 1 then tankn = 'Tank 1';
if block = 3 and tank = 2 then tankn = 'Tank 2';
if block = 8 and tank = 3 then tankn = 'Tank 3';
if block = 3 and tank = 4 then tankn = 'Tank 4'; AEH-13-PSEUDO-06
if block = 3 and tank = 5 then tankn = 'Tank 5 ;
if block = 3 and tank = & then tankn = 'Tank 6';
if block = 3 and tank = 7 then tankn = 'Tank 7';
if block = 3 and tank = 8 then tankn = 'Tank 8';
if block = 3 and tank = ¢ then tankn = 'Tank 8'; Page 7 of S

run;
proc sort data=MUSZ;
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by x;
run;

data assign_trt_MUS; set MUSZ;

if _n_ =1 then trt = 'control';

if _n_ = 2 then trt = 'control’;
if _n_ = 3 then trt = 'control';
if _n_ = 4 then trt = '50';

if n_ =& then trt = '50';

if n_ = 6 then trt = '50';

if _n_ = 7 then trt = '100"';
if _n_ = 8 then trt = '100';
if _n_ = 9 then trt = '100';
run;
proc print data= assign_trt_MUS;

titlel h=2 'Effects of Psuedomonas flucrescens (PT-CLT145A}
title2 h=1.5 'AEH-13-PSUEDOC-06"';

to subadult/adult unionid mussel species';

titled h=1 'Random assignment of treatment to experimental tanks';
title4 h=1 'Black River, LaCrosse, WI';
run;
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4 * date created : May 28, 2013 - JAL Shu/

5 * Vverified by: (Date: ¥ page of
6 * Random allccation of treatment to tank.sas

7 *'k'kfc'k***********‘k****************************************************/
8 DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND QUTPUT;

9

10 FOOTNOTE1 'Analysis performed by J. Luoma SAS version ' &SYSVER &SYSTIME &SYSDATE;
WARNING: The FOOTNOTE statement is ambiguous due to invalid options or ungueted text.
11

12  options /*1s=85 ps=40 formdlim='-' */ pageno = 1 nocenter nodate nosource2;

13

14 /*Random assignment of treatment to experimental tanks*/

15 /*AEH-PSEUDO-06; Subaduli/adult mussels; Black River, LaCrosse, WI*/

16  data MUS;

17 do block = 1 to 1 by 1;

18 do tank = 1 to @ by 1;

19 X = ranuni{-1};
20 output;

21 end;

22 end;

23 run;

NOTE: The data set WORK.MUS has 9 observations and 3 variables.
NOTE: DATA statement used (Total process time):

real time 0.10 seconds

cpu time 0.01 seconds

24 data MUSZ2; set MUS;
25 if block = 1 and tank = 1 then tankn = 'Tank 1°;

26 if block = 1 and tank = 2 then tankn = 'Tank 2°';

27 if block = 1 and tank = 3 then tankn = 'Tank 3';

28 if block = 1 and tank = 4 then tankn = 'Tank 4';

29 if block = 1 and tank = 5 then tankn = 'Tank 5';

30 if block = 1 and tank = 6 then tankn = 'Tank 6';

31 if block = 1 and tank = 7 then tankn = 'Tank 7';

32 if bleck = 1 and tank = 8 then tankn = 'Tank 8';

33 if block = 1 and tank = 9 then tankn = "Tank 9';

34

36 if bleck = 2 and tank = 1 then tankn = 'Tank 1';

36 if block = 2 and tank = 2 then tankn = 'Tank 2';

37 i block = 2 and tank = 3 then tankn = 'Tank 3';

38 if block = 2 and tank = 4 then tankn = 'Tank 4';

39 if block = 2 and tank = 5 then tankn = 'Tank 5';

40 if block = 2 and tank = 6 then tankn = 'Tank 6';

41 if block = 2 and tank = 7 then tankn = 'Tank 7';

42 if block = 2 and tank = 8 then tankn = 'Tank 8';

43 if blogck = 2 and tank = 9 then tankn = 'Tank 9 ; AEH-13-PSEUDO-06
44

45 if block = 3 and tank = 1 then tankn = 'Tank 1';

46 if block = 3 and tank = 2 then tankn = 'Tank 2';

47 if block = 3 and tank = 8 then tankn = 'Tank 3°'; ﬂ e
48 if block = 3 and tank = 4 then tankn = 'Tank 4'; Page o
49 iT block = 3 and tank = 5 then tankn = 'Tank &';

50 if block = 3 and tank = 6 then tankn = 'Tank B';

51 if block = 3 and tank = 7 then tankn = 'Tank 7';
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52
53
54
55

NOTE:
NOTE:
NOTE:

56
&Y
58

NOTE:
NOTE:
NOTE:

59
BO
61
g2
83
64
656
66
87
68
g9
70

NOTE:
NOTE:
NOTE:

71
NOTE
72
72 !
73
74
75
76

NOTE:
NOTE:

if block = 8 and tank = 8 then tankn
if block = 3 and tank = 8 then tankn

run;

There were 9 observations read from the data set WORK.MUS.
The data set WORK.MUS2 has 2@ observations and 4 variables.
DATA statement used (Total process time):

real time 0.03 seconds
cpu time 0.03 seconds

proc sort data=MuUSs2;
by x;

run;

There were 9 observations read from the data set WORK.MUSZ2,
The data set WORK.MUSZ2 has 9 cbservations and 4 variables.
PACCEDURE SORT used (Total process time):

real time 0.03 seconds
cpu time 0.00 seconds

data assign_tri_MUS; set MUS2;
if _n_ =1 then trt = 'control';
if _n_= 2 then trt = 'control';

if n_ =8 then trt = 'control';

if _n_ = 4 then trt = '50';
if n_ =5 then trt = '50"';
if _n_ = 6 then trt = '50';
if n_ =7 then trt = '"100';
it _n_ =8 then trt = '100';
if _n_ = @ then trt = '100';
run;

[ -

There were 9 observations read from the data set WORK.MUS2.
The data set WORK.ASSIGN_TRT_MUS has 9 observations and & variables.
DATA statement used (Total process time):

real time 0.01 seconds
cpu time 0.01 seconds

proc print data= assign_trt_MUS;

Wreiting HTML Body file: sashtml.htm

titlel h=2 ‘Effects of Psuedomonas fluorescens (PF-CL145A) to subadult/adult unionid mussel

species’';
title2 h=1.5 'AEH-13-PSUEDO-06';

titled h=1 'Random assignment of treatment to experimental tanks';
title4 h=1 'Black River, LaCrosse, WI';

AEH-13-PSEUDO-08

run;

_ Fr#_ )4
There were 9 observations read from the data set WORK.ASSIGN TRT_MUS, ltem No. |
PROGEDURE PRINT wused (Total process time): pg,g-“ Sf'gr

real time 0.67 seconds
cpu time 0.29 secaonds
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/***********i***#**w**w***k******************************k*k**********

*  Study Number : AEH-13-PSUEDO-06

*  8tudy Director: Jim Luoma

* date created : MAY 27, 2013 - JAQ;V/
* date revised : MAY 27, 2013 - JaLY

*  Verified by: (Date: ) page _ of
* Randem allocation of glochidia to tank.sas
k**k****k***ik******#*******k******k************************x***k****/

DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;

FOOTNOTE1 'Analysis performed by J. Luoma SAS version ' &SYSVER &SYSTIME &SYSDATE;
cptions /*1s=85 ps=40 formdlim='-‘ */ pageno = 1 nocenter nodate nosource2;

/*Random distribution of mussels to experimental tanks*/
/* tanks 1 to 9 = time 1 = 8h; time 2 = 24h
round = distribution rounds 1 to 4, place one group of up to 5 mussels of each species per tank/tin

/*******************k**********************k****************w****************************************i

/*Subadult/adult mussel tests*/
data mussel;
do round = 1 to 2 by 1;
do time = 1 to 2 by 1;
do tank = 1 to 9 by 1;
X = ranuni(-1);
output;
end;
end;
end;
run;
data musseldist; set mussel;
if time = 1 then _time_ = '8h';
if time = 2 then _time_ = '24h';

if time = 1 and tank = 1 then tankn = 'Tank 1-8h ';
if time = 1 and tank = 2 then tankn = 'Tank 2-8h ';
if time = 1 and tank = 3 then tankn = 'Tank 3-8h *;
if time = 1 and tank = 4 then tankn = 'Tank 4-8h ';
if time = 1 and tank = 5 then tankn = 'Tank 5-8h ';
if time = 1 and tank = & then tankn = 'Tank 6-8h ';
if time = 1 and tank = 7 then tankn = 'Tank 7-8h ';
if time = 1 and tank = 8 then tankn = 'Tank 8-8h ';
if time = 1 and tank = @ then tankn = 'Tank 9-8h ';

if time = 2 and tank = 1 then tankp = 'Tank 1-24h';
if time = 2 and tank = 2 then tankn = 'Tank 2-24h';
if time = 2 and tank = 3 then tankn = 'Tank 3-24h';
if time = 2 and tank = 4 then tankn = 'Tank 4-24h’';
if time = 2 and tank = 5 then tankn = 'Tank 5-24h'; AEH-13-PSEUDO-06
if time = 2 and tank = 6 then tankn = 'Tank 6-24h';
it time = 2 and tank = 7 then tankn = 'Tank 7-24h';

if time = 2 and tank = 8 then tankn = 'Tank 8-24h'; v 0
if time = 2 and tank = 9 then tankn = 'Tank 9-24h'; Page‘AQ,B of X
run; whit>
; ookl
proc sort data= musseldist; (D\"IWW:B?({:\;%{@,QOH
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by round Xx;
run;
proc print data = musseldist;
titlel h=2 'Effects of Psuedomonas fluorescens (PT-CL145A) to subadult/adult mussels';
title2 h=1.5 'AEH-13-PSUEDD-06';
title3d h=1 'Random assignment of mussels to test tanks/time sections';
title4 h=1 'Gombined species/time exposures-Black River, LaCrosse, WI';
run;

AEH-13-PSEUDO-06

| 0 0
Page A of Lo
© VJW‘.‘B ?wat Y\umbirs
o 3

LR o
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5 * date revised @ MAY 27, 2013 - JAL 5&‘

8 * Verified by: (Date: ) page __ of
7

8

* Random allocation of glochidia to tank.sas
*k************************k************ﬁk***********k*k**************/
9 DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;
10
11 FOOTNOTE1 'Analysis performed by J. Luoma 8AS version ' &SYSVER &SYSTIME &SYSDATE;
WARNING: The FOOTNOTE statement is ambiguous due to invalid options or unguoted text.
12
13 options /*1s=85 ps=40 formdlim='-' */ pageno = 1 nocenter nodate hosource2;
14
15 /*Random distribution of mussels to experimental tanks*/
16 /% tanks 1 to @ = time 1 = 8h; time 2 = 24h

17 round = distribution rounds 1 to 4, place one group of up to 5 mussels of each specles per
17 '  tank/time section */

18

19 /***********************x***t******k*****z*k****i*k*k*kk*****t*kt*k****************k*********
19 | ****1****/

20

21 /*Subadult/adult mussel tests*/
22 data mussel;
23 do round = 1 to 2 by 1;

24 do time = 1 to 2 by 1;
25 do tank = t to 9 by ft;
26 X = ranuni(-1};

27 output;

28 end;

29 end;

30 end;

31 run;

NOTE: The data set WORK.MUSSEL has 36 observations and 4 variables.
NOTE: DATA statement used (Total process time):

real time . 0.01 seconds

cpu time 0.01 seconds

32 data musseldist; set mussel;

33 if time = 1 then _time_ = '8h';

34 if time = 2 then _time_ = '24h’';

35

36 if time = 1 and tank = 1 then tankn = 'Tank 1-8h ';

37 if time = 1 and tank = 2 then tankn = 'Tank 2-8h ';

38 if time = 1 and tank = 3 then tankn = 'Tank 3-8h ';

39 if time = 1 and tank = 4 then tankn = 'Tank 4-8h ';

40 if time = 1 and tank = 5 then tankn = 'Tank 5-8h '

41 if time = 1 and tank = 8 then tankn = 'Tank 6-8h 'j;

42 if time = 1 and tank = 7 then tankn = 'Tank 7-8h ';

43 if time = 1 and tank = 8 then tankn = 'Tank 8-8h '; AEH_‘ES‘PSEUDO'OG
44 if time = 1t and tank = 9 then tankn = 'Tank 9-8h ';

45

46 if time = 2 and tank = 1 then tankn = 'Tank 1-24h'; ¢) 0]

47 if time = 2 and tank = 2 ‘then tankn = 'Tank 2-24h'; Page ‘)f/( of ’?b
48 if time = 2 and tank = 8 then tankn = 'Tank 3-24h'; [ Uvﬂﬂj sl Nombiry
49 if time = 2 and tank = 4 then tankn = 'Tank 4-24h ; A Qbﬁ E_9q1

B0 if time = 2 and tank = 5 then tankn = 'Tank 5-24h';
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54
55

NOTE:
NOTE :
NOTE:

56
57
58

NOTE:
NOTE:
NOTE:

59
NQTE:
60
61
62
63
54

NOTE:
NOTE:

if time = 2 and tank = 6 then tankn = 'Tank 6-24h';
if time = 2 and tank = 7 then tankn = 'Tapk 7-24h°;
if time = 2 and tank = 8 then tankn = 'Tank 8-24h';
if time = 2 and tank = 9 then tankn = 'Tank 9-24h';
run;

There were 36 observations read from the data set WORK.MUSSEL.
The data set WORK.MUSSELDIST has 36 observations and 6 variables.
DATA statement used (Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

proc sort data= musseldist;
by round x;
run;

There were 36 observations read from the data set WORK.MUSSELDIST.
The data set WORK.MUSSELDIST has 36 observations and 8 variahles.
PROCEDURE SORT used (Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

proc print data = musseldist;

Writing HTWML Beody file: sashtml.htm

titlel h=2 'Effects of Psuedomonas fluorescens (Pf-CL145A) to subadult/adult mussels';
title2 h=1.5 'AEH-13-PSUEDQ-06';

titled h=1 'Random assignment of mussels to test tanks/time sections';

title4 h=1 'Combined species/time exposures-Black River, LaCrosse, WI';

run;

There were 36 observations read from the data set WORK.MUSSELDIST.
PROCEDURE PRINT used (Total process time):

real time 0.35 seconds

cpu time 0.24 seconds

AEH-13-PSEUDO-06

FF# 1Y

——

ltem No. .
Pg Ut 39@_
et vslnbery
Oy (1 93hpRan
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Appendix 4. Test Article Information

item Number  Report
Item Description of Page
Number
Pages  Number
1 Material Safety Data Sheet: Zequanox® 2 124
2 MBI-401 SDP (lot # 401P12163C) Test Article: Certificate of Analysis 1 126
3 MBI-401 SDP (lot # 401P12164C) Test Article: Certificate of Analysis 1 127
4 MBI-401 SDP (lots # 401P12163C and 401P121164C) Test Article: Packing List 1 128
USPS (shipped to James Luoma 08/06/2012)
5 Test Article Stock Preparation 1 129
6 New York State Museum Post-Exposure Product Validation Assay 2 130
7 Copy of test article log book [MBI-401 SDP]; lot number 401P12163C and 5 132

401P12164C (Received mixed in Containers) Container 5 of 6
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Marrone”

&
3 A L]
L4 Bio Innovations
CERTIFICATL OF ANALYSIS
Name of Procuct: MBI-401 SDP
Active Ingredient: 100% Pseudomenas fluorescens strain CL145A cells and spent
: ’ fermentation media o
Percent Active Ingredient:  50% by weight
Viable Cfu/g: l . 0 cfu/g. Pseudomonas flitorescens strain CL145A
Lot Number: 401P12163C
Muss&_al Bioassay: Pass
Appearance: Tan powder
. Storage Conditions: - - —— 4 2C;protected-from Hight— - -ermommomm = m -

Date of Manufacture: 21 June 2012
Expiration Date: 21 June 2013 .
1 hereby certify that the above information is true and correct.
Quality Control: " Date; 01 August 2012

Tamara Nicholson, Quality Control Supervisor

2121 Second Street, Suite B-107 . Davis, CA 95618 . Phone: 530-750-2800

FF# 8
7
AEH-13-PSEUDO-06 ‘.-f.‘;“‘ ’Noi of 7
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Name of Product:

Active Ingredient:

Percent Active Ingredient:

Viable Cfu/g:

Lot Number:

Mussel Bioassay:
Appearance:

Storage Conditions:
Date of Manufacture:

Expiration Date:

CERTIFICATE OF ANALYSIS

MBI-401 SDP

100% Pseudomonas fluorescens strain CL145A cells and spent
fermentation media ‘

50% by weight
0 efu/g Pseudomonas fluorescens sfrain CL145A
401P12164C
Pass
Tan powder
A °C,v-pﬁct%ted‘ feoun Hight
21 June 2012

21 June 2013

I hereby certify that the above information is true and correct.

Quality Control:

Tamara Nicholson,

Date; 01 August 2012

2121 Second Street, Snite B-107 s Davis, CA 95618 =  Phone: 530-750-2800

FF# &
AEH-13-PSEUDO-06 RemNo. _2
Pg_2z of_2
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THE STATE EDUCATION DEPARTMENT / OFFICE OF CULTURAL EDUCATION

New York State Museum Field Research Laboratory
Ny = 51 Fish Hatchery Road
N Cambridge, NY 12816
Tel. 518-677-8245
Fax 518-677-5236
E-mall; dmayer@mail.nysed.qov

PACKING LIST
DATE OF SHIPMENT - 2012/08/06

Ship from: Ship To:

Denise Mayer Jim Luoma

New York State Museum USGS UMESC -

Field Research Laboratory 2630 Fanta Reed Road
51 Fish Hatchery Road _ La Crosse, Wi 54603

Cambridge, NY 12816

Shipping Method: UPS Next Day Air
Required by: 2012/08/07

ltem Description:

MBI-401 SDP Lot # 401 P12163C and 401P12164C Mix in six containers of approximately 0.5
Kg each (total weight 3 Kg}:

Packaged by D. Mayer.
Shipped on ice. Store at 4°C, protected from light.

Manufactured: 06-21-2012
Expiration date 06-21-2013

AEH-13-PSEUDO-06 FR# 2

128




Study Number; AEH-13-PSEUDO-06 Reviewed by ,}BU pate: 2/ 13 [zoﬂ
Zile Folder: ___% Lab book/pgs: Eﬂ‘oﬁ' ! 5 verified by: _ F4= Date: ﬂtﬂf?lt%
Test Chemical Stock Preparation o0 ‘{mf‘z‘f@ o
Test Chemical: Pseudornonas fluroescens strain 145A v ‘{fv\;:i“
Test Chemical Lot #: 401P12163C and 401P12164C Mix Date Rec'd: 7-AUG-12 _ Exp. Date: 21-UN-12

Test Location: Black River Lo Leassa WT Instruments Used: M-DHQV Toledo Pladoso- S %{{A{o)‘éﬂ’ ‘
Sarforivs LU {oPos 5],,\)‘4&7%04?1”‘
Sralveuy Livop S donoskdo

Weights of Chemical Samples:

Sample ID Sample Weight Comments Date Initials
Sthck #{ 3500 g |
Clule #2 jgio A
Shoek 3 35 vo
Stock #{ 70.02
Sloek#5~ 70.02
‘S-J‘W/k— H#{ % D
fora Ly peaf A L0003\ 4 .
fraly heal#2 9.000%7 N> | pr

Ly heaFe

NOTE: Chemical samples to be stored refrigerated until used for stock preparation.

Stock Solution Preparation:
“Dilution Pilution

Exposure

Sample tD Volome () Time Use A Date Initials

fha |\fh'&¢1 ¥ By 0930  |Sandad cvrve | Ol HArhhs | fay
Sdock 44 0924 | “Tauk L | Oh g8 Hay)3| bLiv
Slock £5 0943 | Taule Z_ | Oh 2-7 Moy jis D0e)
Blocke # & 0952 | Tank 9 loh  aamesss| e
Sl 2 1000 Tankt S | ON |ty s Drd
ol * L (008 |Tank A |6h  lamerd Dre] .
Sty cfr %3 100 | Zank ¢ |oh 1/Megsq DL scd
M g0 QX000 | Stovkad dhek-| 10h |94ty | Lo

@ww:n} frve. Shesl L be 2000 [ AAHIH

item Number: 7

AEH-13-PSEUDO-06 File Folder: 8 j 1_

Page of
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NYSM Post-Trcatment Product Validation Assay
MBI-401 SDP 401P12163C and 401P12164C Mix
(USGS Study #AEH-13-PSEUDOQ-06 Sub-adult unionids)

Date product received from USGS: 2013/06/19
Date of start of test: 2013/06/20

BACKGROUND: As standard protocol for the USEPA project, each time a batch of Zequanox
product is used in a test a UMESC, a portion of the product is bioassayed by the NYSM to validate
toxicity post-treatment.
e MBI-401 SDP 401P12163C and 401712164C Mix
o USGS Study #AEH-13-PSEUDO-06; Sub-adult unionids

PURPOSE: Post-test product validation of MBI-401 SDP 401P12163C and 401P12164C Mix from
USGS-UMESC,

MATERIALS AND METHODS:

Preparation of product for lesiing:

Product was shipped under cold conditions and held in the laboratory refrigerator at 4°C until use.
Within 30 min of treatment application, prepare each at treatment stock of each MBI-401 formulated
product:

MBI-401 SDP 401P12163C and 401P12164C Mix (SDP — 50% active ingredient): 3 g of the
pewder from each sample was added slowly to a beaker with dilution water with stirring on a stir plate
for even suspension and then the tofal volume was adjusted to 30 ml with dilution water. The
suspension was fransferred to a 50 ml centrifuge and stored in refrigerator until ready to use, The
suspension, when cvenly dispersed was 100 mg product/ml or 50 mg a.i./ml. For 200 ppm a.i.
treatments in testing jars, 2 ml were added to each testing jar (500 mt).

Cambridge CF (Standard for Positive Controls):

As an efficacy standard, we used P/~CL145A killed CF that was maintained at -80°C (Cambridge CF).
Since its production in 2005, this matcrial has been valuable as a reference standard. The Cambridge
CF was produced in 2005 {2005-0027) in 100-L baiches 10, 11 and 12 and E-beamed to kill the cells.
The solutien, at 110 mg/ml dry weight, is stored in 1 cm thick sheets m the Cambridge ultrafreezer at
-80°C. A section of the sheet was broken off and weighed to determine volume (ca. 1 g— 1 ml).

For this bioassay, a positive control suspensien was produced on 06/18/2012 from the frozen blocks
described above and dispensed into multiple 50-ml centrifuge tubes for single-use treatment of
bioassays. The dry weight of the material was 68.15 mg/ml; therefore 1.5 ml was added to each testing
jar to treat at 200 ppm.

Mussel collections:

Mussels were scraped from substrates (rocks) in the field and brought back to the lab in coclers, The
same day mussels were carefully examined and placed into testing jars and allowed to atlach overnight
at ambient laboratory temperature {ca. 20°C).

" Itam Number: 5

AEH-13-PSEUDO-06 . /! >
File Folder o of
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2013-0012 MBI-401 SDP 401P12163C and 64C Mix Post-lest Validation -2-
Mussel collection and handling: *

Species Collection site Collection date Date in lab (20°C) Picked for test
Zebra Hedges Lake 06/19/2013 06/19/2013 06/19/2013
mussels | (Washington Counly)

Experimental design:
For validation of efficacy the following treatments will be set up:
Zebra musscls (25 musscls/ar):
3 — Untreated Con
trol (A, B, C)
3 - 200 ppm (a.1.) Cambridge CF Positive Control (PLCL145A killed cells) {A, B, C)
3 —200 ppm (a.i.) 401P12163C and 401P12164C Mixed {A, B, C)
Total of 9 testing jars,

Testing jar bicassay protocol;

On the day prior to trcatment (06/19/2013) mussels were carefully examined and 25 mussels placed
into each testing jar containing ca. 100 ml aerated hard water and allowed to attach overnight. The
next morning {06/20/2013), unattached mussels were removed and replaced with attached mussels
from an extra glass Potri dish. Water was replaced with 500 ml fresh acrated hard water.

After at least one hour, the treatment was applied. The optical density of each jar was measured in
duplicate {Ageo um Genesys Spectrophotometer).

Afier 24 hr of treatment, mussel mortality was checked and mussels were transferred to square plastic
dishes with fresh aerated hard water. Mortality was checked and recorded each day with water
replacements, for an additional 7 days (8 days total). On the final day of mortality checks, 20 mussels
were measured from the untreated controls using a caliper.

Results:

Mussel length: Zebra mussels 17.67 +3.15 mm.

Optical density of treatments:
Treatment | Mean (+8D) OD (Aggo ) |
Unireated Control ~0.001+0.002 |
Cambridge CF (Positive Contral) 0.202 £ 0.004
MBI-401 SDP 401P12163C and 401P12164C Mixed 0.220 + 0.005

Zebra mussel mortality: Mussels were treated in triplicate testing jars (500 ml) at 20°C for 24 hr and
mortality was recorded for a total of 10 days.

i Mean % mortality
Treatment +SD)
Untreated Control 0.0 = 0.0%
N Cambridge CI' (Positive Control) 100.0:L 0.0%
MBI-401 SDP 401P12163C and 401P12164C Mixed 98.7+2.3%

MBI-401 SDP 401P12163C and 401P12164C Mixed PASSEID the post-test bioassay validation
(98% mortality). Untreated control mortality was 0%.

g “item Number: __5@_
AEH-13-PSEUDO-06 File Folder: _©

Page 7 of 2
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CHEMICAL LOG BOOK

MBI-401 SDP

Marrone Bio Innovations
Davis, California

LOT NUMBERS:
401P12163C
and
401P12164C
(Received Mixed in Containers)

Container 5 of 6

AEH-13-PSEUDO-06 Item Number: 1

File Folder: | % Page_| ot 5
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SIGNATURE PAGE

All persornel making an entry in this log must fill out the form below in accordance with SOP GEN 003.

PRINTED NAME SIGNATURE INITIALS DATE

ow Lwele e Fiay 04 i )
J

|

"This Use and Maintenance Log Book has been inspected and found to be in compliance with SOP GEN 009,

} e
Inspected and sealed on_sCrvarsnr 7 ey b s
./ Date ~7 Quality Assurance Unit

item Number: I

Page , __of _H

AEH-13-PSEUDO-06 File Folder: | €
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QﬁiG,NAt SOP No, GEN 012.3
- : Page 5 of 7

FYorm GEN 012.3a
Pape | of |
TEST CHEMICAL DATA FORM

Test Chemical (Chemical Name} M B0} SDF

Ciicle one; @ Control Article

Trade Name of Test Chemical (Synonyms) F £-08 JHSPA 'ﬁ?—qu'aa)c

Source of Test Chemical (Manufacturer) ﬁ.fimrvw, ?mb Ihivathoss
Storage Location Q&/Q)an}\w
Date Received pf-fruter 1) Y~ Date Opened QOMAQ';O\EJ Expiration Date A i 2013

{W (5 years unless otherwise stated)

fo3L o

b
Test Chemical Lot Number ng TOTRL Purity of Chemigal @gw_ B

Amount of Test Chemical Available or Received (if known) _~% Sha

Initial Mass (with.cover on) of Test Chemical and Container @Q- Hoc
)

Characterization of Test Chemical: Color | Ay
- Physica! State: liquid _ solid

Solid Form: powderX_ orystal _ pellet __

Chemical Abstract Service Number |/ j i) )

Manufacturer Certificate of Analysis Yes & No

Additional Comments about the Test Chemical:

® Recaived rmiged ._G-am Ponolactrer, L OAWaI)

Sample Placed in Archives: Yes _ No A (Entries should also be made on Form GEN 012.h)
Archive Location Material Safety Data Sheet Available: Yes R No

Signature of Study Director or designee initiating Test Chernical Use Log and date:

Signature Date 84 &y |12

ltem Number: l

AEH-13- ’ File Folder: 1§
13-PSEUDO-06 bage 3 o 5

————
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SOP No. GEN 012.3

mmwmmﬁﬁw Page 6 of 7

Form GEN 012.3b

Page 1 of 1
TEST CHEMICAL USE LOG
Test Chemical: - Manufacturer: Lotor Bach# 4aiPRQKkic . .
Mbi-torade Merrove Bio [nviovations Geif 1 kot ¢ M1 o)
A B c D E 1 F G
Injtial mass of test . Mass of test %
chemical & chemical & @)
container with comtainer after nnw
cap/ lid on Amount removed 3595,_, with Study Number Purpose and Other Comments Date Initials %
cap/hid on o
&) -
() , =
€4 _._u.n_
1 * . . * *Archived Sample e <
Ne dest (hemical pladd M avehivet— — MhuG . | Froo
. T oo - p . , i LGV, .
50462 367 503,92 Nere Crechct Qﬁﬁfﬁw e NP IOMBRIY | Freo
—— i T
) . Ly o . . : (i j
so9ee | D500 [ d6BAF  ren sesen B Shek 9180 si-abutt det Mppy | P
i i~ e . 24 mu N 5 . r_\J
He596 | 35500 4339 TR S0 Shork $2 8 sb medot ey | MM | s N
- Q
PRy 2 O _ p i j _ il .
L339k | 3500 39595 men-i poaupesd] Sk 4 3 b s, alv it &1 Hliiss i
- , - 3 : - S PPy . ) . g
39¢95 | FO BIF TR her--FenF |Shock §Y B subaditt st |24y i
- - -~ » —~ 2 — ) . . ) e
32592 . A 35857 Aer-13-Ps0duny | stel 85 10 subaduit fet | 2aman s | fpey %w
J0.ed EERS Preto3 P | Sk 86 Sub-adulp Tsh |2y e
- i i . o - Iy~ L ,.J _ ,mbx_. H . ;
o1 2. 600 F 56 5 AEH-13-FSEuDecr (SRS Lol H ek Dy i
I565] | Zoco3y | FAGL  mmiipadeos gl ey Hprrs
* =The first entry should be the test chemical sample placed in the Chemical Archives. Follow GENO011. 5
1 = The initial mass is also entered oni Form GEN 012.a. e o
A. The mass of the test chemical and its container will be determined using a balance that has been verified to be accurate (SOP GEN013). — m
B. The test chemical removed from the container will be placed into a tared vessel. .. P4
C. After the test chemjcal has been removed from the container, determine the mass of the container and its contents (with cap/lid cn). 5 £
Gy STAG nOmber . Showd e BEHAZ- N ST AU BT .IM 2
Wi, &@Muﬂ_ugvi?j& w
2
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ORIGINAL s

Form GEN 012 3¢
Page  of
TEST CHEMICAL USE LOG
Test Chemical: i Manufacturer: , Lotor Bawh#: £0j@i3/h3s _..A A
MBi~qo1 sDF Aavwye B lnpedung Hoid i3 jede X - &
A B C s} E F G 0
5
Initial mass of Mass of test =z
) chemical & m
test chemical & conminer after =
container with : i
cap/ lid on Amount removed nnwwﬁw Hﬂr Study Number Purpose and Other Comments Date Initials
(2 (@ (@
Ty 3} LY iy ; N ase s . |
i§4.53 .76 (1404 PEH-13-Poibecl |ais tor (VTS Sz | P |
:ws ‘e
B
B
[=]
w
°
e
. L
B
L
®
o
[
o
©0
Y
O
(]
A. The mass of the test chemica} and its contziner will be determined using a balance that has been verified to be accurate (SOF GEN 013). ﬁ
B. The test chemical removed from the container will be placed into a tared vessel. W
C. After the test chemical has been removed from the container, determine the mass of the container and its contents {with cap/lid on). -
I
Lel
<
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Appendix 5. Test Animal Information

item Number  Report

Number Item Description Pa%fes NE?ngbeer
1 Email from GNFH: Origin of Test Organisms 2 138
2 Native Mussel Lengths — Data Summary 1 140
3 Plain Pocketbook (L. cardium) Length Summary 1 141
4 Hickorynut (O. olivaria) Length Summary 1 142
5 Washboard (M. nervosa) Length Summary 1 143
6 Higgins Eye (L. higginsii) Length Summary 1 144
7 Fatmucket (L. siliquoidea) Length Summary 1 145
8 Threeridge (A. plicata) Length Summary 1 146
9 Wabash Pigtoe (F. flava) Length Summary 1 147

10 Histological Examination of native mussel test organisms — Summary 6 148
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6/24113 DEPARTMENT OF THE INTERIOR Mai| - mussel info

Yaney, Keoy Cklveberflusys gow

L
mussel info
Luoma, James <jluoma@usgs.gov> Thu, May 23, 2013 at 12:54 PM
To: Kerry Weber <klweber@usgs.gov>
fyi

--------- Forwarded message —~-——

From: Eckert, Nathan <nathan_eckert@fws.gov>
Date: Thu, May 23, 2013 at 12:50 PM

Subject: Re: mussel info

To: "Luoma, James" <jluoma@usas.gov>

OK, Here Gees.

Washboard —- Sac River, Caplinger Mills, Cedar County of Missouri, Collected fall 2010 Transfermed in February
of 2011, reared in buckets at Missouri State U. up to 3mm and then in floating upwellers at the KC Zoo untii
transfer to Genoa on 5/17/13 [

-Threeridge/Wabash Pigloe — Cellected from the Mississippi River @ Blackhawk Park, Vernon County W1 on
510413,

Hickorynut — lowa River at Hills, Johnson County, IA. Collected Spring 2010, cultured in cages on the St. Croix
River summer 10, 11, "12. Retrieved from the cages 5/13/13

Fatmucket -- St. Croix River, W|, Collected Spring 2010, cultured in cages on the St. Croix River summer "0,
11, "12. Retrieved from the cages 5/13/13

Higgins' Eye — St. Croix River, Hudson, WI. Collected 4/29/11. Cultured in cages cn the St. Croix River Summer
"11 & "12. Retrieved from the cages 5/13/13

Plain pocketbook -~ Mississippi River, likely PdC, Collected Spring 2010. Juveniles recovered in the lab and held
in bucket system through Spring "11. Mussels cultured in MARS trailer Summer "11/12 held over winter at GNFH
in pond water.

| realize that some detail is lacking here. That said a few of these species wers propagated prior to my arrival at
GNFH. The hatchery records say that a "Luoma” was part of the infestations.

Nathan
[Quoted text hidden]

AEH-13-PSEUDO-06
90-0an3asd-¢i-Hav

Nathan L Eckert . ‘}
Mussel Biclog)st . File Folder:

Genoa-NatEonél’%sr-’hiq%t‘éﬁg h
55631 State Hwy 35-shio™ ol
Genoa, W1 54632

608-689-2605
) W 9089

hitps:/imail.g oog le.comimall/wo/?ui=281k=6291 c0DdM8nvew=pl&search=Inbox&msg=13ed287 188Ta7521 ftem Number; .......f',L..__ 12

Page_ T of 2
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5124113 DEPARTMENT OF THE INTERIOR Mail - mussd info

James A. Luoma

Research Fisherles Biologist

AEH

Upper Midwest Envronmental Sciences Center
2630 Fanta Reed Rd

LaCrosse, WI 54603

Office {608)781-8391

Cell (608)799-1723

%
AEH-13-PSEUDO-06 .2, 5%
abilod i3 B roug. e aFERH
W% £3°1 &
T . ltem Number: ¥ 1
v anst File Folder: =3
Page Z of 2
: :wgmuw mell _
hitps:/#mail gaogieraivmail /WG fui= 2&ik=6291c0Cdfd8riew= ptasearch=i nboxfmsg=13ed2871887a7521 o
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Study Number: AEH-13-PSEURO-06 Action Date Inttials

Electronic Logbook (Pages 5-5) Greated.... 11212014 KW i

Data Source: "Native Mussel Length® File Folder: 11a-11¢ Reviseth.. | #/24/2014|KLw L’
Reviewed... [ 24wt | pw/
certifted....| j20 | e

“le Name: k\AEH-13-PSEUDO0-05\Data\Date Summaries\[AEH-13-PSEUDO-06 Natlve Mussel Length Data.xlsxjNatlve Mussel Length Coversheet

Native Mussel Length Data

Test Article: Pseudomonas fluorescens Pf-CL 1454 [SDP); lot #: 401P12163C and 401P12164C Mix
Test Location: Black River, La Crosse, Wl

Fxposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013

Fllename(s)

IVAER-13-PSEUDC-06\Data\Data Summaries\[AEH-13-PSEUDO-06 Native Mussel Length Data.xIsx]PPB Length Summary
I\AEH-13-PSEUDC-06\Data\Data Summarles\[AEH-13-PSEUDO-06 Native Mussel Length Data.x|sx]HIC Length Summary

IVAEN-13-PSEUDC-06\Data\Data Surnmaries\[AEH-13-PSEUDCG-06 Native Mussel Length Data.xisx]WAS Length Summary
J\AEH-13- PSEUDO-06\Data\Data Summarles\[AEH-13-PSEUDC-06 Natlve Mussel Length Data,xlsx)HGE Length Summary
INAEH-13-PSEUDQ-06\Data\Data Surmmaies\[AEH-13-PSEUDC-06 Native Mussel Langth Data.xIsxJFAM Leng:h Sumimary
I:\AEH-13-PSEUDO-06'Data\Data Summaries\[AEH-13-PSEUDO-06 Native Mussel Langth Data.x|sxJTHR Length Summary
I:\AEH-13-PSEUDO-06\Data\Data Summaries\[AEH-13- PSEUD0-06 Native Mussel Length Data.xIsx}PIG Length Summary

Test Organisms:

Common name, scientific name, three |etter abbreviation
Plain Pocketkooi, Laimpsilis cardium, PPB

Hickorynut, Cbovaria ofivaria, HIC

Washboard, Megalopaias nervosa, WAS

Higgins Eye, Lampsilis higginsh, HGE

Fatmucket, Lampsilis siliquoidea , FAM

Threeridge, Amblema plicatq, THR

Wabash Pigtoe, Fusconaio flave, PIG

Mean d ] Test Anirnal Length (mmj}
PPE HIC WAS HGE FAM THR PG
Mean 39,21 30,92 44,03 23.77 57.04 63.18 5107
{so) {4.16) (2.18} {3.76) {2.27) 4.77) (8.30 (8.00}
MIN 27.35 21.33 35.21 17.81 42,27 43,80 33.82
MAX 48.05 3715 56.97 28.97 68.73 88.56 73.65

Data Explanation;

Mussed Specles: Three letter code abbreviations

N: total individuals of given species,

Lengths: langth {mm) of mussel as measured parallel to hinge

Data Anomalies and Devlations:
NONE )

Statistical Analysls

Mean Length: Meaniength of Individuals w'thin mussel species,

Standard Deviatlen: Standard deviation of all lengths within mussel specles population.
Minimurn Length: Minirmum length within population of mussel species.

Maxlmum Length: Maximum length witin population of mussel specles.

File Folder __| |
Itern Number__ |
Page I of |
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Study Number: AEH-13-PSEUDO-06 Action Date tnitlals

Electrenic Log (pages 10-11) Created...... 5/7/2013|KLW s

Data Source: "Mussel Histology Samples” File Folder 7 Revised.. 4/23/2014 |KLW \WV"

Reviewed..‘. FEhi Y Vi

Certified.... [Fed~ i | Ji—

File Name: \AEH-13-PSEUDQ-06\Data\Data Surninar es\[AEH-13-PSEUDO-06 Mussel Histology Surmmary.xlsx Native Mussel Histology Cover

Histology Summary

Test Article: Pseudomonas fluorescens Pf-CL 1454 {SDP); lot #: 401P12163C and 401P12164C Mix
Test Location: Black River, La Crosse, Wi

Exposure Date: 5/25/2013

Assessment Dates: 6/26-27/2013

Filenamefs]

INAEH-13-PSEUDQ-06\Data\Data Summaries\[AEH-13-PSEL DO-06 Mussel Histology Summary xlsx]PPB Histology
INAEH-13-PSEUDQ-06\Data\Data Summaries\[AEH-13-PSELDO-06 Mussel Histology Summary xlsx]HIC Histalogy
INAEH-13-PSEUDO-06\Data\Data Summarlas\[AEH-13-PSELDO-06 Mussel Histology Summary.xlsx]FAM Histology
IAAEH-13-PSEUDO-06\Data\Data Summaries\[AEH-13-PSELDO-06 Mussel Histology Summary xIsx]THR Histology
INAEH-13-PSEUDO-06\Data\Data Summarias\[AEH-13-PSELDO-06 Mussel Histology Summary xlsx]PIG Histology

Test Organisms:

Common name, sclentific name, three letter abbreviation
Plain Pocketbook, Lampsilis cardium, PPB

Hickarynut, Gbovaria ofivaria, HIC

Fatmucket, Lampsiifs siliquoldea, FAM

Threeridge, Ambiema plicata, THR

\Wabash Pigtoe, Fusconaia flave, PIG

Data Explanation:
Three mussels of each species, excluding WAS and HGE, originating fram each test tank and exposure duration were sampled for

histologlcal examination 28 days post-exposure. A total of 54 mussels (3 per test tank x 9 test tanks x 2 exposure durations) of each
species were sampled.

Species (Three Letter Abbreviation)

Test Tank #: 1-9

Treatment Group: Control (O mg/L), 50 mg/L, anc 100 mg/L

Exposure Duratior: 8 Hour or 24 Hour

Tag ID: Letter Prefix and code number (i.e. A123)

Number of Cassettes: Total number of cassettes used to contain an individual mussel tissue for histological examination.

Container Number: Storage container where individual mussel histology cassette is located.

Data Ancmalies and Deviations:
NONE

File Folder "‘}_

Item Number__3
Pags of b
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Study Number: AEH-13-PSEUDO-06 Test Article; Psewudomonas fluorescens Pf-CL 1454 [SDP)
Electronic Log (pages 16-11) Test Article lot #: 401P12163C and 401P12164C Mix
Data Source: "Mussel Histology $amples" File Folder 7 Exposure Date: 5/29/2013 Assessment Dates: 6/26-27/2013

Plain Pocketbook (L. cardium ) Histology

Mussel Treatment Exposure Nurnber of Container
Test Tank Group Tag ID
Species Duration Cassattes Number
{mg/1L)
A204 N 2
8 AZ70 1 2
A300 1 3
! 100 A284 1 10
24 A189 1 11
A313 1 11
A269 : 1 5
8 A28 1 5
2 100 A311 1 6
A256 1 13
24 A335 1 14
A274 1 15
A183 1 2
8 A250 1 3
3 50 A340 1 3
A233, 1 11
24 A341 i 12
A323 1 12
A200 1 5
8 A329 1 6
4 50 A1 1 6
A265 1 13
24 A181 1 13
A208 1 15
A279 1 2
) AZRT7 1 3
PPB 5 CONTROL A% 1 3
AZ51 1 11
24 A275 i 11
A197 1 12
A236 1 8
8 £219 1 9
6 50 A333 1 9
A203 1 17
24 A314 1 17
Al82 1 18
A258 1 6
8 A297 1 &
7 CONTROL Azs7 1 &
A305 1 12
24 Al95 1 15
A376 1 15
AZ45 1 8
H ABSR 1 g
AZ53 1 8 |
8 CONTROL e i 3 :
24 AT 1 18
AZ6E 1 18
AZ28 1 7
] A196 1 5
o 100 A280 1 9
AZ06 1 18
24 A315 1 18 |
A260 1 18

Page 52 of i’-?
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Study Number: AEH-13-PSEUDO-06 Test Article; Pseudomonas fluorescens Pf-CL 145A (SDP)
Electronic Log (pages 10-11 ) Test Article lot #: 401P12163C and 431P12164C Mix
Data Source: "Mussel Histology Samplas' File Folder 7 Exposure Date: 5/29/2013 Assessment Dates: 6/26-27/2013

Hickorynut [0. elivaria ) Histology Samples

Mussel Treatmant Exposure Number of Container
Test Tank Group N Tag ID
Specias Duration Cassettes Number
{mg/L)

Doov 1 1

8 D028 1 2

D172 1 3

t 100 D137 1 11
24 £100 1 11

DOED 1 12

D13 1 4

2 0162 1 6

2 100 Dieg 1 i}
0019 1 13

24 D063 1 14

D166 1 14

PRk 1 1

B D005 1 1

D073 1 2

3 0 D035 1 10
24 D056 1 10

D021 1 11

0006 1 4

8 D054 1 3

D128 1 6

4 50 D148 1 13
24 D018 1 13

D122 1 13

0053 1 2

8 D012 1 2

D092 1 2

HIC 5 CONTROL BT T el
24 D20 1 11

D062 1 12

D111 1 7

8 0130 1 8

6 5 Dos7 1 9
D185 1 18

24 00%1 1 18

D178 1 18

D183 1 4

8 pool 1 4

DOss 1 4

7 CONTROL Dias i i3
24 D117 1 13

D083 1 13

) D164 % 7

8 D176 1 8

D142 1 8
& CONTRQL Die7 i ie
24 Doo2 1 18
D127 1 18

D060 1 7

8 poge 1 9

3 100 D145 1 k]
Do40 1 18

24 noss 1 18

D105 1 18

Page ii of (.’:
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Study Number: AEH-13-PSEUDD-06 Test Article: Pseudomonas fluorescens Pf-CL 145A (SDP)
Electronic Log (pages 10-11) Test Article lot #: 401P12163C and 401P12164C Mix
Data Sourca: "Mussel llistology Samples" Flle Folder 7 Exposure Date: 5/25/2013 Assessment Dates: 6/25-27/2013

Threeridge (A. plicata YHistology Samples

Mussel Treatment Exposure Number of Container
Test Tank Group Tag D
Species Duration Cassettes Number
{mg/L)
co73 1 1
8 052 1 1
. 100 €170 1 1
€053 2 10
24 co2a 1 10
€059 1 10
079 1 4
& 023 1 4
2 100 €113 1 4
C125 1 13
24 C134 1 14
€003 2 15
€087 1 1
8 C158 1 2
€045 1 2
3 50 174 1 10
24 €003 1 11
€133 1 4
06/ 1 4
- o074 1 5
4 50 €121 2 14
<18 1 14
24 €053 2 15
cag3 L 1
111 1 i
2 co43 L 2
€081 1 10
THR 5 CONTROL ot T T
24 co11 1 10
€021 1 11
co8s 1 [
g8 Co89 1 8
6 o €167 2 g
077 1 16
24 c171 1 17
€181 1 17
Cu36 1 4
8 Ca65 1 4
7 CONTROL €057 2 —
€146 1 14
24 €044 1 14
€027 2 15
049" 2 7
8 L0830 2 8
€038 1 9
8 CONTROL pe . iE
24 €151 1 15
070 1 17
€050 1 7
g €048 1 8
€013 1 9
° 100 €119 1 16
24 C115 1 16
€075 1 17
How b
Page of M
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Study Namber; AEH-13-PSEUDO-06 Test Article: Fseudamonas fluorescens Pf-CL 145A (SDP)
Electronic Log (pages 10-11) Test Article lot #: 401P12163C and 401P12164C Mix
Data Source: "Mussel Histology Samples" Flle Folder 7 Bxposurc Date: 5/28/2013 Assessment Detes: 6/26-27/2013

Fatmucket (L. sifiquoidea) Histology Samples

Musse! Test Tank Tr;ar:)n::nt Exposure TagID Number of Container
Spedies Duration Cassettes Number
{mg/L)
D270 1 1
8 D269 1 2
1 100 p310 1
D203 1 10
24 D264 1 1
D335 1 12
D326 1 5
8 D265 1 8
3 100 D256 1 6
D319 i 13
24 D267 1 13
D299 1 13
D300 1 1
8 D332 1 2
D211 1 3
3 56 n283 1 11
24 D232 1 12
D351 i 12
B D215 1 5
8 D309 1 5
4 50 D349 1 5
D289 1 13
24 D337 1 15
n278 1 15
D327 1 1
8 D2g% 1 1
FAM 5 CONTROL D14 1 3
D358 1 11
24 n297 1 12
D286 1 12
D322 1 7
8 D249 1 7
D320 1 9
6 50 1366 1 17
24 D342 1 17
D195 1 17
D268 1 4
8 0344 1 5
D182 1 6
7 CONTROL GEFr i 7y
2 D200 1 15
D295 1 15
D238 1 9
8 D360 1 g
D314 1 9
8 CONTROL Sa5e 7 i
24 D331 1 14
D341 1 18
D252 1 8
] D245 1 )
g 100 D219 1 g
D312 1 16
24 D187 1 17
D275 1 17

Page g of (a
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Study Number: AEH-13-PSEU DO-C6 Test Article; Pseudomonas fluorescens Pf-CL 145A (SDP)
Electroric Log (pages 10-11 ) Test Article lot #: 401P12163C and 401P12164C Mix
Data Source: "Mussel Histology Samples" File Folcer 7 Exposure Date: 5/29/2013 Assessment Dates: 6/26-27/2013

Wabash Pigtoe (F. flava ) Histology Samples

Mussel Treatment Exposure Number of Container
Spacles Test Tank Group Duratlon Tag ID Cassettes Number
(mg/L)
B179 1 1
8 B251 1 2
B272 1 2
. 100 B303 1 10
24 B256 1 10
B273 1 11
B20& 1 4
8 B19% 1i 3
B210 1 5
2 100 B184 1 13
24 B207 2 14
B250 1 14
B203 1 1
8 B270 1 3
B222 1 3
3 50 B186 1 10
24 B163 1 12
B261 1 12
} 294 1 5
8 B236 1 S
B231 1 &
4 50 8183 1 13
24 B178 1 13
B215 1 15
BL64 1 2
8 B25g 1 2
8244 1 3
PIG 5 CONTROL B35E i 0
24 n249 1 11
B182 1 12
B243 1 7
8 B198 1 8
3241 1 9
6 30 3302 1 16
24 8173 1 17
3286 1 17
B274 1 5
8 B282 1 5
B227 1 3
7 CONTROL 7oL T i
24 B190 1 15
B268 1 15
B287 1 7
8 B258 1 8
B296 1 ]
8 LONTROL BigH T e
24 B288 1 16
B202 1 17
B226 1 7
8 8247 1 7
B304 1 9
9 100 B180 1 16
24 B300 1 17
5234 1 18
-l
Flle Folder _ii
ltem humber,
Page L? of_{p
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Appendix 6. Water Quality

item Number  Report
N Item Description of Page
umber
Pages  Number
1 Water Chemistry — Data Summary (Preexposure and exposure) 4 155
2 Ammonia — Data Summary 3 159
3 Report of Analysis — Ammonia Report from Water Quality Laboratory at UMESC 1 162
4 Data Logger (HOBO) 30 day Temperature Summary — Data Summary 4 163
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tudy Number: AEH-13-PSEUDO-06 Actlen Date Initials

Electronic loghaok {pages: 10) Created,... | 6/11/2014 |KLw 4
File Folder: 10 Revised...... | 4/24/2014 [KLw st
Forms: Alka inity, Hardness and Conductivity, Water Quality Reviewed... |4 A{eH [ YA

certified.. [JLfjrfpu] Sa~

Flle Name: I'\AEH-13-PSEUDO-CE\Data\Data Summaries\[AEH-13-PSEUCO-05 Native Mussel Water Chem. xIsx]Pre-Exposure Water Chem,

Pre-Exposure Water Chemistry

Test Article: Pseudomonas fluorescens Pf-CL 145A (SDP); lot #: 401P12163C and 401P12164C Mix
Test Locatlon: Black River, La Crosse, Wi

Exposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013

Test Organlsms:

Common name, scientific name, three fetter abbreviation
Plain Pocketbook, Lampsills cardium, PPB

Hickorynut, Obovaria ofivari, HIC

Washhoard, Megalonaias nervosa, WAS

Higgins Eye, Lampsilis higginsii, HGE

Fatmucket, Lampsilis siliquoides, FAM

Threeridge, Amblema plicate , THR

Wabash Pigtoe, Fusconaia flava, PIG

Data Explanation:
Pre-Exposure Water Chemistry - Dissolved oxygen, pH, and temperature were measured prior to exposure Initiation in all test tanks.

Alkalinity, hardness, and conductivity were measured in water samples collected from the head-boxes. (Head-box 1 suppbed test
tanks 1-5; hcad-box 2 supplied test tank 6-9.)

Data anomalles and deviatlons
NONE

Flle Folder IO

ltem Number___|

Page | of q
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Study Number: AEH-13-PSEUDO-06
Electronic logbocok (pages: 8-10)
File Folder: 10

Forms: Alkalinity, Hardness and Conductivity, Water Quality

Pre-Exposure Water Chemistry

Test Article: Pseudomones fluorescens Pf-CL 1454 [SDP)
Lot #; 401P12163C and 401P12164C (Mixed from MBI}

Exposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013

Page Q of L

156

Treatment Group DO Tem
{mg/L) Test Tank pH {mg/L) (.c)p
5 /.19 6.b7 16.2
o 7 7.15 6.56 16.2
8 7.16 6.54 16.2
Mean N/A 6.59 16.2
{5D) N/A {0.06) (0.0)
3 7.16 6,67 162
50 4 7.18 6.65 162
) 4] 7.17 6.60 16.2
Mean N/A 6.64 16.2
(sp) N/A {0.63) 10.0}
1 7.06 6,77 163
100 2 7.18 6.73 16.2
9 7.17 6.56 16.2
Mean N/A £.68 16.2
{SD) N/A {0.03) 0.0
Grand Mean N/A 6.64 16.2
tsn) N/A {0.04) {0.0)
MIN 7.06 6.54 16.2
MAX 7.19 6.77 16.3
Headbox Alkalinity Hardness Conductivity
Number {mg/L as CaC0s)  (mg/L as CaCOy) {pS}
1 47 62 103.2
2 42 52 106.6




Study Number: AEH-13-PSEUDO-06 Actlon Date Inltlals

Electrenic logbook [pages: 8-10) Created.... 6/11/2013 [KLW Pt

File Folder: 10 Revised..... | 4/24/2014 {KLW yar”

Forms: Alkalinlzy, Hardness and Conductivity, Weter Quality Reviewed... J2 M EYas ] Fone

Certifted.. [JLfeff | sn™

File Name: I:\AEH-13-PSEUDQ-06\Pata\Dats Summaries\[AEH-13-PSEUCC-06 Native Mussel Water Chem.xlsx]Exposure Water Chem,

Exposure Period Water Chemistry

Test Artlcle: Pseudomonuos fiuorescens Pf-CL 145A (SDP); lot #: 401P12163C and 401P12164C Mix
Test Location: Black River, La Crosse, Wi

Exposure Date: 5/29/2013

Assassmert Dates: 6/26-27/2013

Test Crganisms:

Common name, sclentiflc name, three letter abbreviation
Plain Pocketbook, Lampsilis cordium, PPB

Hickorynut, Obovaria ofivaria, H C

Washboard, Megalonalas nervosa, WAS

Higgins Eye, Lampsiilis higginsli, HGE

Fatmucket, Lempsiils siilquolded, FAM

Threeridge, Amblema phicata, THR

Wabash Pigtoe, Fusconaia flava, PIG

Data Explanatlon:
Exposure Perlod Water Chemistry- Dissolved oxygen, pH, anc temperature were measured and recorded at 1, 6, §, 12, 18, and 24h, Water samples
were collected from all test tanks to measure alkalinity, hardress, and conductivity 3 hours after treatment administration.

Data apomalies and deviations
NONE

Page ?) af Lr
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Study Number: AEH-13-PSE_DO-06 Action Date Initials

Electronic Log [Page 8) Created.... | 1/18/2014[1kw fiw
TAN Data Source: LTRMP Report (File Folder 10) Revisedu... | 4/25/2014|KLW ¥
pH and Temperature Date Source: File Folder 10; 24h Water Quality Reviewed.. | JGhoe-14 [y

Certified... [1the fru [3gw

File Name: [:\AFH-13-PSEUDO-06\Data\Data Summarles\[AZH-13-PSEUDQ-06 Ammonia Data.xlsx)Ammonla Coversheet

Total Nitrogen and Un-ionized Ammonia

Test Article: Pseudomonas flucrescens P-CL 145A (5DP); lot #: 401P12163C and 401P12164C Mix
Test Location: Black Rlver, La Crosse, Wi

Exposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013

Data Explanation:

1) Water samples were collected at 24h immediately prior to exposure termination from each exposure tank, filtered {0.45
pm), acidified with sulfuric actd and stored at 4°C until analyzed for total ammonia nitrogen {TAN} content using the
Automated Phenate Method (Standard Methods for the Examination of Water and Wastewater, 21st Editlon, 2005) on a

Technicon Autoanalyzer Il by the UMESC water quzlity laboratory,
?2) The un-ionlzed ammonia fractions were calculated using the sample pH and temperature measured at the time of sample

collaction according to the formula 'n Emerson et al. {1975).

Data Anomalies and Deviations:
NONE

File Folder jo
Item Number 7%

Page l of
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Water Quality Laboratory
Upper Midwest Environmental Sciences Center
Sample Description: 3 mL acidified exposure water (0.45 pm filtrated) UsGSs
Study #: AEH-13-PSEUDO-06 . 2630 Fanta Reed Road
La Crossc, W1 54603
Upper Midwest Environmental Sciences Center
attn: James Luoma Analyzing Date:06/13/2013
2630 Fanta Reed Road Report Date; 06/19/2013
La Crosse, Wi54603

REPORT OF ANALYSIS
Sample Code Results {Total Ammonia Nitrogen, mg NHa-N/L)
BRT24HT1C100 0.089
BRT24HT2C1C0 Q.07
BRT24HT3C50 0.071
BRT24HT4C50 0.067
BRT24HT5CO 0.242
BRT24HT6C50 0.059
BRT24HT7C0O 0.258
BRT24HTBCO 0.255
BRT24HTSCL00 0.039

USGS
Water Quality Laboratory
Laboratory Director

Xiaoli Yuan l

ltem Number: 1Y

ER1E E R TV P *

fre Focer: [0 e

Page__ 1 of 1
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Stucy Namber: AEH-13-PSFUDO-06

Electronic Log: N/A

Cata Solirce! Temperature Logger sutputs: INAEH-13-PSEUDO-06\Data\HOBO Data
Forms: NfA

File Folder: 10

Flle Name: |NAEH-13-PSEUDO-06\Data'\Data Summa ries\[AEH-13-PSUEDQ-06 30 Day Terp Logger Summary,xlsx|Data Logger Coversheet

Action Date Initials
Created....| L/31j201% [ikW [
Revised..... | 4/25/2014 [KIW
Reviewed.. | IGRPEA T P/
Certified.. | fefitfiy [ Jo—

HOBO Data Logger Post-Exposure Temperature Summary

Test Article: Pseudomonas fluoreseens Pf-CL 145A (SDP)

Lot #: 401P12263C and 401P12164C (Recelved mixed from MBI)
Test Locatton: Black River, La Crosse, W

Exposure Date; 5/28/2013

Assessment Dates: 6/26-27/2013

Data Logger 1 Serlal number: 10020139
Data Logger 2 Serlal numbe-: 10350145
Data Logger 3 Serlal numbe+; 210020134
Data Logger 4 Serlal number: 20020138
Data Logger 5 Serfal number: 20020141

Data Explanation:

Date: Date of temperature data collaction, 5/30/2013-6/27/2013

Time: Specific time assoclated with Individual temperature data point. Gathered dally at 0000, 06CQ, 1200, and 1800h.
Data Logger #: All temperature data points recorded by speclfic data lagger over 30 day holding perlod,

Mean and Standard Daviation; Mean temperature and standard deviation of temperatures recorded from all five data loggers from 2 given day,

Data anomalies and deviations

Temperatures recorded on 5/30/2013 and at 12:00:00 on 6/27/2013 were omitted from data analysis as some data loggers were not sttuated in water when data

po'nts were logged. Retalning these data polnts would skew mean temperatura,

Past-exposure Temperature Summary
Date Mean (8]
5/31/2013 18.01 (0.72)
6/1/2013 20.42 (0.09)
8/2/2013 20.08 (0.32)
6/312013 ‘810 (0.25)
8/4/2013 19.51 (0,34}
6/6/2013 18.15 {0.25)
6/612013 17.41 {0.18)
B/712013 16.89 {0.23)
g/8f2013 18.57 {077
8/612013 18,26 {0.60)
8/10/2013 18.02 (0.18)
6/11/2013 19.83 (0.38)
6/12/2013 20,21 (0.38)
811312013 20.76 (0.56)
8/14/2013 21.94 (o.44)
6/15/2013 22,39 (0.39)
6/16/2013 23.12 (0.63)
6/17/2013 24.43 (0.41)
6/18/2013 25.00 (0.28)
6/19/2013 2376 (0.64)
6/20/2013 24.08 (0.65)
6/21/2013 24.12 0.35)
6/22/2013 24.03 (0.37)
6/2312013 23.80 0.30}
6424/2013 24.0% (0.11)
8/25/2013 23.63 (0.19)
6/28/2013 24,45 0.82)
6/27/2013 24.85 {0.12)
File Folder ’U

I
Item humber, l!f
Page | of

163




Study Number: AEH-13-PSEUDC-06 Test Article: Pseudomonas fluorescens Pf-CL 145A (SDP)

Electronle logbook: N/A Lot #: 401P12163C and 401P12164C {(Mixed from MBI}
Data Source: Fite Folder 10 Exposure Date: 5/29/2013 Assessmert Dates: 6/26-27/2013
Forms: N/A

Fle Name: 1:\AEF-13-PSEUDO-0B\Data\Uata Summarles\[A£H-13-PSUEDD-06 30 Day Temp Logger Summary.xlsk)Data Logger All Data

Post-Exposure Temperature Summary

{ala Loggsr Number .

Date Time ! l 2 I 3 | 4 ] 5 Mean

Temperature {"C) (STD)
05/30/13 12:00:00' 24,448 23,773 18,806 25.222' 24 448
18:00:00! 18.045! 17.650! 17.950° 18,140 17,855'

00:00:00 18,331 18.236 18.331 18,426 18.235 19.01

gsfsqs UB:00:00 18.521 18.521 18,521 18,618 16,331 0.72}
12:00:00 19.092 18.082 19.092 19,187 18.996
18:00:00 20.138 20.138 20.138 20.234 20.043

00:00:00 20.424 20.329 20.329 20.519 20.329 20.42

08/01/13 06:00:00 20.424 20424 20.424 20,424 20,234 {0.09)
12:00.00 20,424 20.424 20.424 20.5619 20,329
18:00:00 20.519 20.424 20,515 20.815 20.329

00:00:00 20,519 20,519 20,518 20.815 20.424 20,05

c6/0213 06:00:00 20.138 20,138 20,138 20,234 20.043 (©.32)
12:00:00 18.853 19.758 19.758 19.948 19.758
18:00:00 19.758 19758 19.758 19.853 19.567

00:00:00 19,6687 18472 19.472 16,667 18,377 19.10

06/03/13 06:00:00 18.092 15.092 19,092 19,187 18,901 (0.25)
12:00:00 18,995 18.907 18.901 18,996 18.808
16:00:00 18,901 18.90" 18.901 18.996 18.808

00oQ:00 | 19.662 19.472 19.567 20.138 19,758 19.51

06/04713 08:00:00 19.662 19.662 19.758 20,138 19,753 (0.34)
12:00:00 19.567 19.472 18.472 19.662 18,377
18:00:00 19.092 16.996 18.906 19.002 18.601

00:00:00 18.618 18.521 18,5621 18,616 18.426 18,15

06/06/°3 06:00:00 18.236 18.140 18.140 18.236 18.045 (0.25)
412:00:00 18.045 17.650 17.950 18.04% 17,855
18:00:00 17.950 17.850 17.950 18.045 17.856

00:00:00 17.665 17,665 17.665 17.760 17.570 17.41

nsfogra 060000 17,475 17.879 17.379 17.475 17.284 f0.15)
12:00:00 17.379 17.379 17.379 17.478 17,284
18:00:00 17.284 17.188 17.188 17.284 17.094

00:00:00 17.094 16.999 16.999 17.094 16.903 16.89

0807113 06:00:00 15,713 16.713 16,713 16.808 16.623 {0.23)
12:00:00 16.713 16.618 16.713 16.808 16.618
18:00:00 17.189 17.084 17.094 17.378 17.094

00:00:00 18.331 18,226 18,331 18.426 18.238 18,57

05/08/13 08:00:00 18.236 18,140 18,140 18.236 18.045 (6.77)
12:00:00 17.950 17.760 17,858 18.236 17.950
18:00:00 19.853 18.567 19.758 20,234 19,853

00:00:00 18.711 18.806 18.998 19.472 18.898 18.25

08/09113 06:00:00 18.521 18.616 18.616 18.711 18.521 {0.60)
12:00:00 17.570 17.475 17478 17.570 17.370
18;00:00 17.950 17.855 17 950 18.140 17,855

"Temperatures from these time points not used in mean and standard deviation calculation as musse! holding cages may not have

been submerged when data was recorded.
A
Page (9 of !
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Study Number: AEH-13-PSEUDO-06 Test Article: Pseudomonas fluorescens Pf-CL 1454 (SDP)

Electronic logbook: N/A Lot #: 401P12163C and 401P12164C {Mixed from MBI}
Cata Source: Flle Folder 10 Exposura Date: 5/29/2013 Assessment Dates: 6/26-27/2013
Forirs: N/A

Flle Name! 1)\AFH-13-PSEUDO-06\Data\Data Summaries\[AEH-13-PSUEDOD-06 30 Day Temp Logger Summary.xlsx|Data Logger All Data

| Data Logger Numbelr
. 1 2 I 3 4 | 5 Mean
Dats Time Temporature ('C) ) (STD)

00:00:00 18.045 18,045 18,045 18140 17.950 18.02
0B/10/13 06:00:00 17.855 17.760 17.85% 17.950 17.665 {0.18)

12:00:00 17.950 17.950 17.950 18.045 17.855

18:00:00 18.236 16.236 18.238 18.426 18.140

00:00:00 19.472 19.377 18.472 19.758 19.377 19.53
081113 06:00:00 19.682 19.567 19.758 18948 19.682 (0.36)

12:00:00 18.906 18.996 18.996 19.282 18.808

18:00:00 16.853 19.853 19.853 20.138 19.853

00:00:00 20.043 19,948 19,848 20138 19,853 20,21
08/12/13 06:00.00 20.234 20,234 20234 20.329 20.138 (0.38)

12:00:00 19.948 19.853 19.853 20.043 18,758

18:00:00 20.615 20.329 20.519 21.378 20.805

00:00:00 20.519 20.424 20,519 20.710 20.424 20.76
06713113 06:00:00 20,234 20.043 20.138 20.329 20.043 (0.86)

12:00:00 20,138 20,043 20.043 20,615 20.138

18:00:00 | 22,142 21,760 21.856 22,812 22,333

00:00:00 21.851 21.760 21.855 23238 21.951 21.94
0814113 06,00.00 21664 21.569 21.560 21.664 21,473 (0.44)

12:00:00 21684 21.569 21.569 21.760 21473

18;00:00 22,429 22,420 22,525 23.100 22,525

00:00:00 22621 22.621 22,621 23.004 22,525 22,39
D65y UE00:00 22,238 22238 22.238 22,333 22,018 {0.39)

12:00:00 21.855 21.858 21.885 21.851 21.760

18:00:00 22.812 22717 22,717 23.004 22717

00:00;00 23.004 22,808 22.908 23,004 22.812 23.12
08116113 08:00:00 22.621 22.525 22.525 22,621 22,429 0.63)

12:00:00 22,908 22.812 22812 23,004 22,717

18:00:00 24.158 24,158 24158 24.448 23,868

00:00:00 24.931 24931 24831 25.028 24,835 24.43
08H7H3 06:00:00 24.158 24.158 24,158 24 258 24.062 {0.41)

12:00:00 23.966 23,869 23.966 24.062 23369

18:00:00 24.545 24,545 24,641 25,128 24 545

00;00;00 25.319 25,222 25222 25318 25125 25.00
06/18/13 06:00:00 24,641 24,545 24644 24.641 24,448 {0.25)

12:00:00 25,028 24.934 25,028 26,319 24.931

18:00:00 26,125 26.078 25.125 25.416 24,931

00:00:00 24,158 24158 24.158 24,255 24 062 23.75
08/19/13 06:00:00 23100 23.004 23.004 23.004 22908 {0.64)

42:00.00 23.388 23,202 23,262 23,388 23./96

16:00.00 24845 24.545 24,545 24.835 24 448

000100 24.062 24,158 24,255 24,448 24082 24,08
020/ 050000 23.388 23,388 22,388 23.388 23,198 10.65)

12:00:00 23773 23677 238677 23773 23.581

18:00,00 25,125 25.028 25.028 25.222 24.931

00:00:00 24,545 24.545 24 545 24,641 24,448 24,12
0621118 06;00:00 24258 24,265 24,255 24,351 24,158 {0.35)

12:00:00 23677 23.581 23.581 23.877 23.484

18:00:00 24,062 24.062 24.062 24.158 23,986

"Temperatures from these time polints not used In mean and standard davlation calcuiation as mussel holding cages may not have
been subrnerged when data was recorded, L
Page 7’) of l
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Hectronic logbook: N/A Lot #: 401P12163C ance 401P12164C {Mixed fram MBI}

Oata Source: File Folder 10 Exposure Date: 5/28/2013 Assessment Dates: 6/26-27/2013
Forms: N/A

File Name: I\AEH-13-PSEUDG-06\Data\Pata Summariesy[AEH-13-PSUEDO-06 30 Day Temp Logger Summary.xisk]Datz Logger All Data

Data Logger Number

Date | Time ! ‘ z I 2 I 4 I 5 Mean

Temperaiure (G} {STD)

P0;00:00 24,361 24,351 24.351 ’ 24 448 24,266 24,03

0822113 06:00:00 23.773 23773 23.773 23773 23.577 {0.37)
12:00:00 23.677 23,581 23.581 23,677 23.484
18:00:00 24.448 24.351 24.448 24,545 24.351

00:00:00 24.258 24.255 24,255 24.351 24.158 23.80

06123113 06:00:00 23.484 23.484 23.484 23.484 23,282 0.30)
12:00:00 23.773 23,677 28,773 23.773 23.581
16:00:00 23.773 23.773 23.778 23.869 23.877

00:00:00 24.158 24,158 24.158 24,188 23,966 24.C5

062413 06:00.00 23.966 23.869 23.9686 23.066 23773 {0.11;
12,00:00 24.158 24,062 24.062 24158 23.856
18:00:00 24,158 24.062 24.062 24,1568 23.988

00.00:00 23.986 23.869 23.868 23966 23.773 23.63

0B/25/13 06:00:00 23.677 23.581 23.877 23677 23,484 {0.19)
12:00:00 23.484 23,484 23484 23484 23.292
18:00:00 23.581 23.484 23.484 23,5889 23.388

00:00:00 23.773 23773 23773 23 966 23.677 2445

0612613 06:00:00 23.773 23.677 23.677 23.889 23.581 (0.82)
12:00:00 24.545 24,931 24.158 25902 24,258
18:00:00 25.61C 2553 25,513 25610 25.513

00:00:00 26,028 24,931 24.931 25,028 24.836 24.85

068/27113  06:00:00 24,835 24,738 24,738 24.835 24,641 {0.12)
12:00:00' 26.488' 25222 26.781" 26.9771 25,028'

" Temperatures from thess time polnts not used In mean and standard deviation calculation as rmussal helding cages may not have
been submerged when data was recorced.

File Foider _ Y@

ltem Number__ V&

Page_ Y  of 4
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Appendix 7. Spectrophotometric Summary, SAS Program,
Output and Log

Number  Report

Nlljtr?qnt: or Item Description Pa%fes NSﬁwgt?er
1 Spectrophotometric Data — Data Summary with SAS output 18 168
2 SAS program; Exposure Concentration Analysis 2 186
3 SAS log; Exposure Concentration Analysis 5 188
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Study Number: AEH-13-PSEUDO-C6 Action Date Initia’s

Electronic Log {Pages 7-9) /4172013 kuw A"

Flle Folder; 12 472572014 [KLW Fam/
Data Source: DUBJ0 spectrophotometer output (dated: May 29, 2013 to May 30, 2013) Reviewed... )5]1?0,[1 1

Certified.... _|JFJL I [Sa~

Spectrophotometric Data

Test Article: Preudomonas fluorescens Pf -Gl 1454 (SDP); lat : 401P12163C and 401P12164C Mix
Test Location; Black Rlver, La Crosse, Wi

Exposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013

Data Expianation:
1} Absorbance {660 nm) of water samples was measured ona DUSOD spectrophotometer {S/N 8003098},
2) Triplicata standard dilutlons of 25, 50, 100 and 200 mg/L were created from a 2,000 mg/L (A.L) reference stock solution {Analvtical Stock 1) for developing a linear

regrassion. A second set of 25, 50, 100 and 200 mg/L standard check dilutlons were created trom a second 2,000 mg/L {A.L) refarence stock so Lt'on {Analytical Stock 2) for

linear curve verification.
3} Data codes usad within SAS
tank=Tank ID {1 through 9)
thero=theorelica concentration
time= sample time {0, 6, 12, 18, and 24 hours)
blank= indicates blank with filtered river water {r}, or water from an untreated control tank {c)
abs= measured abserhance of sample
cone= known concertrations (finear regression standards used)
4} Information that Is nat relevass ta a sample (.e., enclosure ID for standards) or that will be caloulated by SAS (i.e., predicted concentrativn for standard checks and
samples}is denoted by a " for input tnto 5AS,

Data Analysis:
1) A linear regiession was completed i $AS ustng the absorbance values of 3 replicate dilutions of 25, 50, 100rand 200 mg/L test article

2) Standard checks and expasure concentralions wese predicted In SAS using the linear regression
3) The following mean exp. ations were determined in SAS!
3a) Mean concentrations for each 'ndividual tank at each sampling time,
3h) Mean concentrations of each treatmenl level, control © mg/L, 50 mg/L and 100 mg/1, at all sampling times.
3c) Mean concentratior of each treatment level and duration (8 hour treatment and 24 hour treatment],
ad) 5td Dev = Standard deviation {population) of each freatment for all time points.

Flle nanes;
Spectrophotometric Data for 5AS Input
IVAEH-13-PSEUDO-05\Datak Data Summaries\[AEH-13-PSEUBO-06 Spectrophotomatric Data.xlsx)SAS import

SAS Program/fCode
1:\AEH-13-PSEUDO-08\Statistical analysis\Exposure Cancentration\Treatment Concentratian Program File

SAS5 Log
INAEH-13-PSEUDC-06\Statistical analysls\Exposure Concentration\Treamment Concentration Log File

SAS Qutput
L\AEH-13-PSEL S0-06\statlstical analysis\txposure Concentration\Treatment Concentration Results File

Data Anomalies and Deviations:

1) The finear curve and assoclaled ca.culeted concentrations created with the DUROG Spectrophotomeler were not used in data analysis. All repo-ted exposure

concentrations were d n SAS by 1 to 2 linear regression curve createc from the absorbance values {650 nmjof known cohcentrations [50, 100, 200 and

300 mg/L) of test art'cle gathered by the DUSDD spectraphotometer, Linear reg-esslon equations {Appendix |, iem 1) were fit using the $A% Proc Reg protedure. Standard
check and exposure sample concentrations were predicted fram the regression analysls {Appendix G, ltem 1h The Proc Means procedure was uscd to determine the mean
exposure concentration of indlvidual test tanks and treatment groups {Aspendix G, Item 1), Alt ations are reported as active ingredlent,

) Tanks 3, 4 and 5 were measurec twice for absorbance at 8 h. Initial absorkances appearad ta be high. To verlfy the absorbances, the samples were re-run, The second
set of absarhances were still high, which may be due to sediment disturbance/turbidity caused by & b mussel ramoval, Both sets of absorbances we-e averaged for the
analysls,

File Folder |5

Izery Number__{ _
Page | __of (¥
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Study Number: AEH-13-PSEUDO-C6 Test Artlcle: Psevdomonus fluorascens Pf-CL 143A (SDP)
Electronlc Log {Pages 7-9) Lot #: 401P12163C and 401P12164C (Mixed from MBI}

Flle Folder: 12 Exposure Date: 5/29/2013  Assessment Dates; 6/26-27/2013
Data Source: DUSOY spectrophotometer output (dated: May 29, 2013 to May 30, 2013}

Spectrophotometric Data

Linear Regression Triplicate Standard

§ Sample Absorbance (660 nm)
€1D Conc {mg/L}
. Rep 1 Rep 2 Rep3

0 -0,0002 0.0004 -0,0008
25 0.0331 0.0324 0.0324
50 0.0689 0.0671 0.0666
100 0.1274 0.1264 0.144%9
200 0.2558 0.2562 0.2543

Exposure Standard Checks

ST Cone (ma/Ly Standard Set #1 {Abs 660 nm} | Standard Set #2 (Abs 560 nm)
Oh Bh 12h Std 1 12h Std 2 18h 24h
0 nfa 0.0082 0.0013 nfa -0.0031 -0.0055
25 0.0301 Q.0358 0.0315 0.0478 0.0289 0.0475
50 0.0656 0.0686 0.0619 0,0772 0.0652 0.0626
100 0.1238 0.1365 00875 . 0,141% 0.1219 0,1192
200 0.2481 0.2453 0.1566 02731 0,2370 0.2172

Exposure Cancantrations

. Exposure Target Sample Absorbance {660 mm}
Tank Number
(me/L) 1h sh 1zh 18h 24h

1 100 0.1508 0.1287 21303 0.2271 0.1289
2 100 0.1630 0.125L (1303 0.1237 0.1177
3 50 0.0937 0.0587 0,0878° 0.0649 0.0629
q 50 0.0999 £.0558 0.1139° 0.0723 0.0694
5 0 0.0016 0.0004 0,0140° -0.0024 0.0031
G 50 00906 0.0590 0.0829 0.0675 0.0708
7 0 0.0003 -0.0005 0.0012 -0.0069 -0.0001
8 0 0,0008 0.0002 0.0087 -0.0037 -0.0055
9 100 0.1804 0.1329 0.1477 (1193 01262

"Initial tank absorbance (0.0946) and secand absorbance (2.0808) measurements were averaged for the analysls,
" Initlal tank absarbance (0.1187) and second abserbance (0.1072) measureiments were averaged for the analysts.

% Initlal tank absorbance {0.0161) and second absorbance (0.0118) measurements were averaged for the analysis,

Page 52 of!S

169



tank thero time blank abs conc

0 0 r 00002 0,0000

25 0 r 0.0331  25.0000

50 0 r 0.0689  50.0000

100 0 r 0.1274  100.000C

200 0 r 0.2558  200.0000 AEH-13-PSEUDO-06

0 a r 0.0004  0.0000

25 0 r 0.0324 250000

50 0 r 0.0871  50.0000

100 0 r 0.1264  100.0000

200 0 r 0.2562  200.0000

0 0 r -0.0006  0.0000

25 0 r 0.0344  25.0000

50 0 r 0.0666 50,0000

100 0 r 0.1449  100.0000

200 0 r 0.2543  200.0000

25 0 r 0.0301

50 0 r 0.0656

100 0 r 0,1238

200 0 r 0.2481

0 6 c 0.0082

25 6 c 0.0358

50 6 c 0.0696

100 6 c 0.1365

200 6 c 0.2453

0 12 r 0.0013

25 12 Y 0.0315

50 12 r 0.0619

100 12 r 0.0875

200 12 r 0.1566

25 12 r 0.0479

50 12 r 0.0772

100 12 r 0.1415

200 12 r 0.2731

0 18 c -0.0031

25 18 c 0.0389

50 18 c 0.0652

100 18 c 0.1219

200 18 ¢ 0.2370

0 24 ¢ -0.0056

25 24 ¢ 0.0475

50 24 ¢ 0.0626

100 24 c £.1192

200 24 c 0.2172

100 1 r 01508 .
2 100 1 r 0.,1630 ) Page 3 of %
3 50 1 r 0.0937
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0.0999
0.0016
0.0906
0.0003
0.0008
0.1804
0.1287
0.1251
0.0587
0.0658
0.0004
0.0690
-0.0005
0.0002
0.1329
0.1303
0.1303
0.0878
0.1130
0.0140
0.0829
0.0012
0.0087
0.1477
0.1271
0.1237
0.0649
0.0723
-0.0024
0.0675
-0.0069
-0.0037
0.1193
0.1289
0.1177
0.0619
0.0694
0.0031
0.0708
-0.0001
-0.0055
0.1262
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SAS Cutput : Page 1 of 14

Standard Curve Linear Regression AEH-13-PSEUDO-06
Subadult Mussels-Spestrophotometer Data Analysis

Sty # AEH-13-pseuwdo-08
SAS v, 8.4 Analysie completien date: 19 Desember 2044 Annlysis prepared byt KLW
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Peformed by K Weber SAS version 9.4 9.4 16:06 10DEC14 W’
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SAS Output

Page 2 of 14

AEH-13-PSEUDO-06

Standard Curve Linear Regression

Subadult Musse|s-Spectrophotometar Data Analysis
Study ¥ AEH-13-pseudo-08
SAS Y, 9.4 Analysis pletion date: 10 0 2014 Analysis proparod by: KLW

The REG Procedure
Model: MODEL1
Dependent Varlable: conc cone

Mumher of Obsewations Read R 88

g Number of Observations Used 161

Numher of Obssrvations with Missing Values 73

7 Analysis of Variaﬁc'a
: : Sum of,  Mean
: Saurce DF . Squares E Square F Value: Pr>F |

Model 1. 7ab23)  74823| 548445 <0001 |
Error 13 177 35508 13 64270
. Corrected Tota! 75000

'RootMSE | 269360 R-Squaro | 0.9976 |
; Dependent Mean 75 00000 'Ad] R-5q | 0.9975
: Coeff Var g, 92430 i ;

Parameter Est!mates E

: ! Parameter ‘Sianda !
§Varlab|e i Label iDF Estimate Error tVaIue{Pr>|t|;

?Inierceptilntercept 1é 144976, 140541 -1, 03{03211

abs  abe 1] 78164163} 1056459 7406 <000t

|

Perfarmed by K.Waber SAS version 9.4 3.4 1805 10DEC14 W

Page ?0

of {5
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SAS Output

Residual

Residual

Pereant

Page 3 of 14

AEH-13-PSEUDO-06
Standard Curve Lingar Regression
Subadult Mussels-Spectrophotometer Data Analysis
Study #f AEH-3-psauda-06
SAS v, 0.4 Analysin completion date: 10 Docomber 2044 Analysie prapared by: KLW
The REG Procedure
Model: MODEL1
Dependent Variable: conc cong
Fit Diagnosties for conc
B g a 2 2
g v 8 g 8 8 )
o £l - 8 R O1g 8
Y E a E 2
g- 3 g
™ 4 B4
¥ a4
8 £ -
10 -
8- 8
@ a9 o
1 T T T y L * T T 1 1 T
0 50 100 150 200 n 50 o0 150 200 040 045 023 0325
Prodicted) Value Pradicted Value Leverage
- 200 - ug
§- e
4o 150 - 04 -
on S
9- bt @ yd 2 03+
c £ 100+ »o x
5 e = - S0z
S .. ﬁ/, g o
g o 11 -
1 o [ B/ 00 TR P Ly
[ 2l "y ey T T ¥ ¥ k)
20 - ] 1 z o 50 1CC 150 200 0 5 12 L1
Quantile Fredictee Value Ohservation
Fit-fean Resldual
B0
o2
40 - :Ohservations 18
a0 " ‘Paranwte s 2.
= iError OF 13
20 - L B IR MSE 13043
50 o R-8quae 08976’
- : Adj R-Square 013975
0.t \ : H
T ¥ il 1 T T T ! T T
05 45 18 78 00 U4 08 00 DA D8
Resldual Proportion Less
Page /’} of 18
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SAS Qutput Page 4 of 14

AEH-13-PSEUDO-0E

Residuals for ¢onc

L] e}
2 L]
s}
[+] <] @
o
0
4 o
o
o
w
=
=
5 5-
o4
ELE
[e]
0.0 0.1 0.2
ahs
Fit Plot for cone
: | Olservations 15,
| Paremeters 2-
Pg Eftrar OF 13
© 3 MSE 13643
H

R-Square 0.5976"
Adi R-Squere §.9975

i T T

0.0 0.4 02
abs
wnesnse FIt @ 6% Gonfidence Limils - -~ -~ 98% Prediction Limits :

Performed by K Weber SAS version 8.4 8.4 16:05 100EC14 AN

Page % Of __'_.8_._.
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SAS Output Page 5ol 14

AEH-13-PSEUDO-06

Data file with predicted concentrations from the linear regression
Data lines with conc listed are the standards used t¢ create the regression
Data lines without cone listed are standard checks {no tank listed} or samples (tank listed)

. Obs i tank ! thero | time | btank abs | conc | predicted_ppm
‘ ’ Y ' 1,606

198,464
Ay
23875

50,908
 gras0
198,807

1919

25439 |

50,608 |
111810
g7z

05.317
102,476
116.422
125,968
7%
" 7eem (

b

" ie0.287

oo @ e e ® 0 e e®

. 99.148
‘e 96,334

o 44.433

. 1137

file L/ ALL-13-PSEUDQ-06/Statistical%20analysis/BExposure%s20Concentration/sasht.,.  12/10/2014
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SAS Qutput Page 6 of 14

ABM-13-PSEUDO-06

52.484

-1.641
EES
B 102430

Y
=

=T - TN B -
o

DD DD
23

58,893 |
106.153

8

113,989 ;

3873
28,956
40813

93832
183799
oreor|
esam
aeam0
55,083

3326

) 51.31:
2.7 0, 18 ¢ -6.843

73'8 0 8¢

Lt Page [0 of 1§
801
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SAS Output Page 7 of 14

AEH-13-PSEUDO-06

2. 100 24'¢ oMz, 90.649
Cs2s s 20 oostel o aoem)
83i4 . 50 24:¢ 0.0694 52796
CBais o 246 000M . o973l
“wle T Thl s Tame 53890
87 . 0 24¢ 00001 .. 188
87i86 . 0 24 00085 . ,.,_37492
sl 1000 24c oz . 97193

Performed by K. Weaber 8AS version 9.4 9.4 16:05 1ODEC14\Q\N
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SAS Output l Page 8 of 14
AEH-13-PSEUDO-08

Mean treatment concentration by tank for the entire exposure period
Individual tank means

The MEANS Procedure

tank=1
Analysis Varlable predlcted_ppm Predlcted :
Value of cone. i

: Lower 95% L Upper 95;‘/»
 Mea td Dev i CL for MeanI CL for Mean | i

L1026 7.7687; 93.0000 ' 112.3;

tank=2

Analysm Varlable predicted ppm Predlcted w
Value of conc i

1

Lowerss%; Uppergs%"
Mean | Std Dev CLforMean CLforMean;

101 7 14 0090 84‘30‘]2 . 119. 1

tank=3
Analysis Variable : predicted _ppm Predicl;ed
Valug of cone

| Lower 95% : Upper 85%
Mean i 8td Dev | GL for Mean | CL for Mean

550227 126038,  40.2730 ,

tank=4
Analysls Varlahle preducted ppm Predlcted .
Value of cone

Lower 95% Upper 95%
Mean Std Dav ; CL for Mean | GL for Mean

48 7942 24 3745 3 18.5202 72.0591

tank=5

Analyms Vaﬂab!a predlclerﬁ ppm Predlcted‘
Value of cong

f E Lowar 95% Upper 95%
Mean Std Dov CL for Mean CL for Mean

‘I 4592 5 6177 —5 4860 8.4645

tank=6

Analysis Variable : predicted_ppm Predicted !
Value of conc 5

; % Lower 95% | Upper 95% :
Mean ! Std Dev § CL for WMean | L. for Mean l

58,0801 7,9032. 482669 078932

Page _|2 of 1§

tank=7T

Analysis Varlable : predicted_ppm Predicted ;

file:///1./ALH-13-PSEUDO-06/Statistical¥a20analysis/Exposure%:20Concentration/sasht...  12/10/2014
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SAS Output Page 9 of 14

AEH-13-PSEUDO-06

Value of conc

Lower 895% ’ Upper 85%
§td Dev : CL for Mean | CL. for Mean |

64 0.7846 |

| Analysis Varlable : predicted_ppm Predicted ;
‘ Value of cong !

| Lower 95% | Upper 95% |
Mean | Std Dev | GL for Mean | CL for Mean |

12153 450541 69212 44907 |

tank=9
: Aﬁélyéls Variable : predicted_ppm Predicted
Value of conc

: Lower 96% | Upper 956% |
Wean ; Std Dev | CL for Mean; CL for Mean |

108,01 18.9552. 854602 1325

Performed by K.Weber SAS version 9.4 9.4 16:05 1ODEC14W

Page )5 of 18
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SAS Qutput

Page 10 of 14

Mean treatment concentration by treatment group at each sampling time
(replicate tanks combined for each sample time)

The MEANS Procedure

thero=0 time=1

'Analysm Varlable predicted ppm Predicted
Va!ue of cone

| S Lower 95% Upper 95%
Mean | Std Dev ! CL for Mean { CL. for Mean !

-0.7463 0 0.5126: -2.0195°¢ 0.5270

thero=0 time=6

Analy3|s Variabkz predlcted ppm Predicted
Value of conc i

: Lower 95% | Upper 95% |
;. Mean | Std Dev | GL for Mean | CL. for Mean !

-2 3413; -0.5061

thero=0 time=12
. Analysis Variable : predlctéd ppm Predicted |
\-'alue of conc i

Lower 95% Upper 95% |
Mean Std [Jev CL for Mean CL for M |
5 5850 5 8425 -8 9255

thero=0 time=18

Analysns Varlable predlctsd ppm Predlcted
Value of cong

Lower 95% Upper 95%
Mean Sid Dev CL for Mean ; GL. for Maan

—4 8369 1 8102 93336 : <0.3401

thero=0 time=24

Analysis Vanable predic&ed ppm Predictecl
Value of cong

;‘ ; Lower 95% § Upper 95%
Mean Std Dev CL for Mean CL for Mean

2 1011 3"9?5 ‘05410 63388

thero=50 time=1
Anatysls Vanabie predlcted_ppm Predlcted
Value of conc

| i Lowsr 95% | Upper 95%
Mean | $td Dav CL 1or Mean CL for Mean

j“72‘59?8_ 97013, 6340311 817824

thero=60 time=g

: Analysis Varlable : predicted_ppm Predicted '

Page H

of

AEH-13-PSEUDC-08

L&
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SAS Qutput Page 11 of 14

ABM-13-PSEUDO-06

Value of cone )
; Lowsr 95° Upper 95%

Std E)evﬁ GL for Mean
' 7302

thero=50 time=12

Analysns Variable predlr.ted ppm Predlcted
Value of conc !

ot e e s e e e+ IORPR— H

| [ Lower 96% Upper;é;%i
Mean Std Dev CLforMean CLforMean;
46.6733 32.2558‘ -33‘4545‘ 126.8 !

thero=50 time=18

r

Analysls Varsable predicted ppm Pred}cted ;
Value of cone

! Lower 95% ‘ Upper 95% t
Mean 5td Dav 5 CL for Mean CL for Mean |

51 8843 2.9344 ; 44 5949 59.1736

thero=50 time=24

S'I 2068 3 7407

thero=100 time=1
Analysls Varzabla predlcted ppm Predlcted !
Value of conc

: Lower 85% I U;Jper 95%
. Mean | 8td Dov CL for Mean CL for Mean

©127.3 116276 98 4280 156.2

}
l
|
i
l

thero=100 time=6

Analysis Variable ; predicted_ppm Predicted
Valua of conc |

| Lower 95% | Upper 96% :
Mean Std Dev | CL for Mean : Cl. for Mean | ;

99 3038 3.0514 i 91.7237 ¢ 106‘95

thero=100 time=12

Analysis Varlable prodicled ppm Predlcted i
Value of tonc

e
: | Lower 96% | Upper 95% :
Mean Std Dev | CL for Mean | CL. for Mean |

104 9 7 8523 B8b6.4255 124.4:

thero=100 tme=18 Page 15 of _[§

Analysis Varlable ; predicted_ppm Predicted

le://1:/ AEH-13-PSEUDO-06/Statistical¥e20analysis/Exposure%20Concentration/sasht...  12/10/2014
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SAS Output

Value of conc ‘[

! Lower 95% i Upper Qofo i
Mean Std Dev | GL for M-a CL for Mean

949?88 30887 67, 3&54 {62.6'

thero=100 time=24

Analysns Varlable predmted ppm Predlcted i
Value of conc
f T Lower 95% | | Upper 95%

Mean Sld Dev CL for Mean ] CL for Mean i
95 6822 4 5686 84 333 ; 107 0

-

Performed by K.Weber SAS version 9.4 §.4 16:05 10DE014\N/

Page 12 of 14

AEM-13-PSEUDO-08
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SAS Qutput

Mean treatment concentration by treatment group

{replicate tanks combined)
The MEANS Procedure

thero=Q

Analysis Varlabie predlcfad_ppm Predicted I
Val ue of cong

Mean Std DGV

0 7046 4.4402 :

i Lower 95% Upper o5% | i
L for I\.’Iean CL for Meaﬂ |

-3 1635 1 7543

fhero=50
Analysts Varlable predicted ppm Predicied '
Value of CORG :

i Lower 95% | ‘ Upper 6% |
| ior Mean | | CL for M

45.5122 83

{
i
i
i

Mean Std Dev

54 2557 15 8057 !

thero=100
Analysls Var}ahle predlcted ppm Predicted
Value of conc

! 1 Lower 95% Upper 95/n |
Mean Std Dev i CL for Mean CL for Mean ;

104 4 13,6820 : 96‘8650 112.0;

Performed by K Weber SAS version 9.4 0.4 16:05 10DECH4 w

Page 13 of 14

AEH-13-PSEUDO-06
Page 17 of 1%
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SAS Output

Page 14 of 14

AEH-13-PSEUDO-05

Mean concentration for standard checks for all exposure sampling times

The MEANS Procedure

there=0
Analysls Variable predlcted ppm Predlc‘ced,
Valun of conc |

T wLowar 95% Upper 96% |
~ Mean | Std Dev CL for Mean | CL for Mean |

1 4651' | 305347 45066 16963

thero=25
AnaIySIS Varlable predlcted ppm Predlcted |
Value of conc

[ Lower 85% | | Upper 95% |
Maan Std Dnv CL for Mean CL for MeanE

28 7345 6 CWD 22 4202 35 049‘1

thero=50

Analysfs Variab!e predrcted ppm Predicted !
Vafue of cenc ;

! ; Lower 95% | Upper 95% | i
Mean Std Dev CL for Mean | CL for Mean |

50 9333 4 4405 46.2732 55.5933 i

thero=100

Analysls Variable : predlcted_ppm Predirzted
Value of conc

o ‘ 1 L.ower 95% | | Upper 95%
Mean | Std Devi CL for Mean i CL for Mean .

93,7021 ; 1 14,7852 78.1755 : 109.2

thero=200

Analysis Varlable predlcted ppm Predlcted |
Value of cone

‘ T Lower 95% i Uppar 95% i
Mean . Std Dav CL for Mean i CL for Mean

178.0 31.3018 ‘145 2108

Parformead by K. Waber SAS version 9.4 8.4 16:05 1GDEC14W

file:///1:/ AEH-13-PSEUDO-06/Statistical %20analysis/Exposure%20Concentration/sasht. ..
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ods html close; /= close previous */;

ods html; /* open new */;

ods graphics on;

Ot 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;

AEH-13-PSEUDO-08

FOOTNOTE1 'Performed by K.Weber SAS version 9.4' &SYSVER &SYSTIME &SYSDATE;
options 1s=97 ps=54 formdlim='-' pagenc = 1 nocenter nodate nosource2;

title1l 'Standard Curve Linear Regression';

title2 'Subadult Mussels-Spectrophotometer Data Analysis';

title3 h=1 'Study # AEH-13-pseudo-06';

title4 h=t 'SAS v. 9.4 Analysis completion date: 10 December 2014 Analysis prepared by: KLW';

/k*t****k*********k****k*k**k**tt*********tt****ﬁ

* 8AS ver 9.4 Analysis prepared by: KLW \DT)ELQOP{

* Analysis completion date: 10 December 2014 *
********k*****************k*k*********k*********/

data Zeq; set PseudoO6.subspec;
run;

proc sert;

by tank time ; run;

run;
proc gplot data= zeq;
plot abs * conc;

run;

/***************k*******************R***********#**********k*****************************************!

* This procedure creates a linear regression equation using the triplicate 25, 50, 100 and 200 mg/L si
* readings as measured onh the DU-800 spectrophotometer
* This linear regression equation will be used to predict the sample concentrations for all the sample

* by using the absorbance measured with the linear regression equation created
*f************************w**************************************************************************i

proc reg data = zeq;

model conc = abs [edf;

output out=output_out p=predicted_ppm;
run;

proc sort;

by time tank;

[*****This prints the output data file that was imported in for analysis + the predicted values from i
Title1l "Data fTile with predicted concentrations from the linear regression";

Title?2 "Data lines with conc listed are the standards used to create the regression”;

Title3 “Data lines without conc listed are standard checks (no tank listed) or samples (tank Llisted)"

proc print data=output_out;
run;
data zeq2; set output_out;

fr¥*xxxxuxri+*Thig deletes the standards from the data set so the means are calculated on the tank san

if tank = "." then delete; \1>

run; File Folder: Item Number: 2 Page | of 7}
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prec sort data = zeq2;
by tank; AEH-13-PSEUDO-06

run;

j********k********ﬂ#****w***********k*******************************r***************************kw**ﬁi

* This procedure produces the mean concentrations for each treatment replicate (tank)over all exposur

* i.e. It gives the mean concentration of each treatment tank over the entire exposure period
*

AR AM AT A AR IR R IR A RN IR R IR AR AT R IR I A R kR A A AT R R R RN AR AR AR LRI h Tk N R A hr kb kb ded bk khxk kmwk kWi

title1 "Mean treatment concentration by tank for the entire exposure period®;
title2 'Individual tank means"';

proc means data = zeq2 mean std lclm uclm fw=8;

by tank;

var predicted_ppm;

run;

proc sort;

by there time;

j**********k***********ik*#*******#*************k**w********************w****************************1

* This procedure produces the mean concentrations for each treatment group by sampling time
* 1i.e. It gives the mean concentration of the three control, 50 ppm, and 100 ppm treatments

* at each sample time over the entire exposure
[ EEE TR R EE LRSS RS SRR R LR ERASERARSER SRS SR RS RN S REER RSN RS ERR L EREREREERERRR RS RR RS RN SRR SRR TS EEENE]

title1 "Mean treatment concentration by treatment group at each sampling time®;
title2 "{replicate tanks combined for each sample time)";

proc means data = zeqg2 mean std leclm uclm Tw=8;

by thero time;

var predicted_ppm;

run;

titlel "Mean treatwent concentration by treatment group";
title2 "(replicate tanks combined)";

proc means data = zeq2 meap std 1clm uclm fw=8,
by thero;

var predicted_ppm;

run;

data zeq3; set output_out;
if conc » 1 then delete;
if tank > 0,5 then delete;
run;

proc sort;

by thero;
f************w**w****************k*****************w***********ﬁ***kw********************W***********i
* This procedure produces the mean concentrations for the standard checks for all time periocds

* 1.e. It gives the mean conc. of the 50ppm, 100ppm, and 200ppm standard checks at 1, 6, 12, 18 and
AR KRR AR AR TR AR AR KR ER AR A AN AR A AR AR A AR R R AR A AR AR AR A AR AN SRR A AR K AR AT A AR R AR KRR ARk a kA kR kv kb kA kW kW
title "Mesan concentration for standard checks for all exposure sampling times";

proc means data = zeg3 mean std Llclm uclm fw=8;
by thero;

var predicted_ppm;

run; .
quit; '{/V: ¢l) 0\ File Folder: |0 Item Number, __ o)
\

run;

Page _ & of X
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4
7]
4]

DM 'LOG; GLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;

FOOTNOTET 'Performed by K.Weber SAS version 9.4' BSYSVER &SYSTIME &SYSDATE;

WARNMING: The FODTNOTE statement is ambiguous due to invalid options or unquoted text.

7
g

10
11
12
13

14
15
16
17
18
19
20
21

NOTE
NOTE:
NOTE:

22
23

NOTE
NOTE:
NOTE:

24
25
26
27
28

NOTE:
NOTE:

29
30
30 |
31

31 1
32

32 |
33
33

options ls=97 ps=54 formdlim='-' pagenc = 1 nocenter nodate nosource2;

title! 'Standard Curve Linear Regression‘; AEH-13-PSEUDO-06
title2 'Subadult Mussels-Spectrophotometer Data Analysis';

titled h=1 Study # AEH-13-pseudo-08';

titled4 h=1 SAS v. 9.4 Analysis completion date: 10 December 2014 Analysis prepared by:
KLW'

/k*********x********************i**k********i****

* SAS ver 9.4 Analysis prepared by: KLW *

* Analysis completion date: 10 December 2014  #
***************k*****w*********ﬁ*k*k************/

data Zeq; set Pseudo06,subspec;
run;

There were 88 observations read from the data set PSEUDOOB.SUBSPEC,
The data set WORK.ZEQ has 88 observations and 8 variables.
DATA statement used (Total process time):

real time 0.03 seconds
cpit time 0.01 seconds
proc sort;

by tank time ; run;

There were 88 observations read from the data set WORK.ZEQ.
The data set WORK.ZEQ has 88 observations and 6 variables.
PAOCEDURE SORT used {Total process time}:

real time 0.00 seconds .

cpu time 0.00 seconds File Folder:_,_;’)__
tem Number: 3

run;

proc gplot data= zeq; Page_L_Of 5

plot abs * conc;

run;

758 observation{s) contained a MISSING value for the abs * conc request.
32534 bytes written to I:\AEH-13-PSEUDO-06\Statistical analysis\Exposure
Concentration\gplot.pnyg.

/k************w********kt*****k*******ﬁr*x*t*************************ﬂnk***k*tik***t*******k
IEEEFERE LR EE S SRR R AR SRR EEEREEREEEREEELEERE]

* This procedure creates a linsar regression equation using the triplicate 25, 50, 100 and
200 mg/L standards and the absorbance *

* pgadings as measured on the DU-B0O spectrophotometer
*

* This linear regression eguation will be used te predict the sample concentrations for all
the samples and standard checks in the study *
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34
34 !
35
35 |
36

NOTE:
NOTE :

a7
38
39
40

‘NOTE:
NOTE

41
42
43
44
44 |
45
46
47
47 |
.48

NOTE:
NOTE:
NOTE:

49
50

NOTE:

NOTE

51
52
53

54

* by using the absorbance measured with the linear regression equation created

. *
LR SRR RS A EES RSt SRR AR LR RS ERRREEEEEERE AR RS EES RS REREEEEEEESEEEELERE AR RS E

***********************k*********************l

There were 88 observations read from the data sel WORK.ZEQ. AEH*‘IS—PSEUDO-DG
PROCEDURE GPLOT used (Total process time):

real time 0,37 seconds

cpu tine 0.21 seconds

proc reg data = zeq;

model conc = ahs jedf;

output out=output_out p=predicted_ppn;
run;

The data set WORK.OUTPUT CUT has 88 observations and 7 variables.
PROGEDURE REG used (Total process time):

real time 2.93 seconds
cpu time 0.59 seconds
prec sort;

by time tank;

[*****Thig prints the output data file that was imported in for analysis + the predicted
values Trom the regression*#wsxsxxdky

Titlel "Data file with predicted concentrations from the linear regression”;

Title2 "Data lines with conc listed are the standards used to create the regression";

Title3 "Data lines without conc listed are standard checks (no tank listed) or samples (tank
listed)}";

There were 88 observations read from the data set WORK.CUTPUT_OUT.
The data set WORK.OUTPUT_OQUT has 88 observations and 7 variables.
PROCEDURE SORT used (Total process Lime):

real time G.01 seconds

cpu time 0.01 seconds

proc print datasoutput_out;
run;

There were 88 observations read fTrom the data set WORK.OUTPUT_OUT.
PROGEDURE PRINT used {Total process time):
real time 0.04 seconds

¢pu time 0.03 seconds
Page o of 5

data zeqg2; set output_out;

frarkrxwnwrinsxThis deletes the standards from the data set so the means are calculated on
the tank Samples Only************/
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55
56

NOTE
NOTE:
NOTE:

57
58
59

NOTE :
NOTE:
NOTE:

60
61

62
62 |
83
63 !
64

65

66
67
68
69
70
71

NOTE :
NOTE:

72
73
74
75
75 !
76
76 !
77
77 )
78

if tank = "." then delete;

run;

There were 88 observations read from the data set WORK.QUTPUT_OUT.

The data set WORK.ZEQ2 has 45 observations and 7 variables.

DATA statement used {Total process time): .

real time 0.01 seconds AEH-13-PSEUDO-06
cpu time 0.01 seconds

proc sort data = zeq2;
by tank;
run;

There were 45 observations read from the data set WORK.ZEQ2.
The data set WORK.ZEQZ2 has 45 observations and 7 variables.
PHOCEDURE SORT used (Total procsss time}:

real time 0.00 saconds

cpu time 0.00 seconds

/*t*********kt***k**k******#************************k******ﬂ********************************

I3 R LR R T R R R R SR AR RS RS R R R RS R R E RS

* This procedure produces the mean concentrations for each treatment replicate (tank)over

all exposure sampling times ¥
* i.e. It gives the mean concentration cf each treatment tank over the entire exposure
peried *

x
x
AR E R A AR R R LR R E R R R AR A AR AR A e A R AR AN R T R R AR AT AR AR R AT A KX IR AK A X AN AR R T ARNFAF AR AN I NI ANARFR AN T AR Y
**i**k*********k**k*k******k**************w**/
titlel "Mean treatment concentration by tank for the entire exposure period’;
title2 "Individual tank means";
proc means data = zeq? mean std lclm uclm fw=8;

by tank;

var predicted_ppm;

run;

There were 45 observations read from the data set WORK.ZEQ2.
PROCEDURE MEANS used (Total process time):

real time .07 seconds

cpu time 0.04 seconds

Page 3 o 5

proc sort;
by thero time;

/***********k*******************k*********k***ﬂ*********k****k******ﬂ#**********************

T RH KA EKRARKRRXRNKR AR ARARR AR R AR AR RFARAN

* This procedure produces the mean ceoncentrations for each treatment group by sampling time

*

* ji,e. It gives the mean concentration of tne three control, 50 ppm, and 100 ppm treatments
*

* at each sample time over the entire exposure
*
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79 IS AR RS E R RS AR LT ER SRR R AR R R SRR SIS IR SRS EEEEEEE AR EARARRE R L EEEET ]

79 | *************************************/

g0
81 titlel "Mean treatment concentration by treatment group at each sampling time";
82 title2 "(replicate tanks combined for each sample time)";

NOTE: There were 45 observations read from the data set WORK.ZEQZ.
NOTE: The data set WORK.ZEQ2 has 45 ohservations and 7 variables.
NOTE: PROCEDURE SQRT used {(Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

AEH-13-PSEUDO-06

83 proc means data = zeq2 mean std lclm uclm fw=8;
84 by thero time;

85  var predicted_ppm;

88 run;

NOTE: There were 45 ohservations read from the data set WORK,ZEQ2,
NOTE; PROCEDURE MEANS used (Total process time):

real time 0.67 seconds

cpu time Q.03 seconds

87

88 title1 "Mean treatment concentration by treatment group";
89  title2 "(replicate tanks combined)";

90 :

91 proc meang data = zeqz2 mean std lelm uclm Tw=8;

92 by thero;

g3 var predicted_ppm;

94  run;

NOTE: There were 45 observations read Trom the data sst WORK.ZEQ2,
NOTE: PROGEDURE MEANS used (Total process time):

real time 0.06 seconds

cpu time 0.03 seconds

95

96 data zeqg3; set output_out;
97 if gonc > 1 then delete;
98 if tank > 0.5 then delete;
99  run;

NOTE: Character values have been converted to numeric values at the places given by;
{Line):(Golumny. '
98:4 '

NOTE: There were 88 observations read from the data set WORBK, QUTPUT_OUT,

NOTE: The data set WORK.ZEQZ has 31 obsarvations and 7 variables.

NOTE: DATA gtatement used (Total process time):
real time 0.01 seconds

cpu time 0.01 seconds Page LJ of 5

100 proc sort;
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101
102
102!
103
103!
104
1041
105
106!
106

NOTE:
NOTE:
NOTE :

107
108
108
110

NOTE:
NOTE ;

111
112

by thero;

/‘k'ﬁﬁ**‘lﬂ****‘k**k***********************it1(**ﬁi‘***k'k***'l‘****f(******************************k***

LR R R LSS EEEE R RS LSS

* This procedure produces the mean cohcentrations for the standard checks for all time
periods *

* i.e. It gives the mean cenc. of the &0ppm, 100ppm, and 200ppm standard checks at 1, 6,
12, 18 and 24h *

LEE RS AR AL PR R L EEFREEE LS SRR LRSS EE SRS AN ELE AL A RN EEAEERESESEREL RS EELTEFEREEEELELEEERT IR TR TY

*Wt****ﬂt*kwf(****t**/

title "Mean concentration for standard checks for all exposure sampling times";

There were 31 observations read from the data set WORK.ZEQS.

The data set WORK.ZEQ3Z has 31 observations and 7 variables. AEH-13-PSEUDO-06
PROCEDURE SORT used (Total process timej:

real time 0.00 segconds

cpu time 0.01 seconds

proc means data = zeg3 mean std lclm uclm fw=8;
by thero;

var predicted_ppm;

run;

There were 31 ohservations read from the ¢data set WORK.ZEQS.
PROCEDURE MEANS used (Total process {ime):

real time Q.07 seconds
cpu time 0.03 seconds
quit;

run;

Fllo Folder; | >

Item Number:

Page 5 of 5
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Appendix 8. Statistical Analysis Including SAS Programs,
Outputs and Logs for Survival and Treatment Concentration

item Number  Report

Number Item Description Pa%fes Niﬁwgt?er
1 SAS program for native mussel survival 2 194
2 SAS log for native mussel survival 3 196
3 SAS output for native mussel survival 38 199
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DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;
" FOQTNOTE1 ‘Performed by K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE;
options 1s=97 ps=84 formdlim='-' pageno = i nogenter nedate nosource2; AEH-13-PSEUD0-08

titlet n=1.5 'Statistical analysis of unionid mussel suvival after’;
title? h=1.5 'exposure to various concentrations and durations of PT-CL145A';
title3 h=1.5 'SAS v. 9.4 Analysis completion date: 10 December 2014 Analysis prepared by: KLW';

/*************#******k**k****************k***i*1jﬁd i
144

Lol
* SAS ver 9.4 Analysis prepared by: KLW \d‘)t L ﬂ

* Analysis completion date: 10 December 2014 *
***********************************************x*/

/?«k*t#*i«****k******k**t**k***k****************************************k*********k**t*****#t*t********!

* Variable Names:
* sps = Unionid mussel species code ID
* gone = goncentration (in mg/L}
0 = control, no zequanox added

50 = 50 mg/L active ingredient

100 = 100 mg/L active ingredient
time = exposure duration (either 8 or 24 h)
tank = tank number (1 through 9 with each tank centaining the same number of 8 and 24 hour animals
tot = total number of animals in the tank for that duration (recovered at assessment)
* dead = number of animals dead at 30-d post exposure assessment
* unrec = numbar of animals not recovered during the assessment
* tdead number of dead + number of unrecovered

® conca = reformated concentration C = control, A = 50 mg/l, B = 100 mg/L
kx****************k*********k**w********k**k**tk******k*********k****k****************************k**1

* * X F o
I

*

[

data mussel; set Pseudo06.Survivaldata;
petsury = {tot-t_dead)/tot*100;

petmort = t_dead/tot*100;

run;

proc sort data=mussel; by sps time conc; run;
proc print data=musssl; title4 h=1 'all data'; run;
proc means data = mussel mean std lclm uclm fTw=8;
by sps;
class cone time;
var pctsurv petmort;
run;
Title 'Pro Glimmix Analysis of survival and interactions of species, exposure duration and exposure ot
proc glimmix data = mussel;
titled 'Native Unionid Survival';
class sps time conc;
model t dead/tot = sps|time|conc / d = bin link = logit noint s or;
lsmeans sps /pdiff cl ilink or;
lsmeans time fpdiff cl ilink or;
lsmeans conc/pdiff cl ilink or;

Lsmeans sps*time /pdiff ¢l ilink or; FF# }f)
lsmeans sps*conc /pdiff cl ilink or; Item No.
lemeans time*conc /pdiff cl ilink or; Pg_1 of

Lsmeans sps*tims=conc /pdiff ¢l ilink or;
random _residual_;
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run;
\V‘\\’,:)O g/'}o\“\
AEH-13-PSEUDOW06

FE# 15

Iltem No. |

Pg_Q of g
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58
59
60

DM 'LOG; CLEAR; OUTPUT, CLEAR;'; * CLEAR LOG AND OUTPUT;

FOOTNOTE1 'Ferformed by K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE;

WARNING: The FOOTNOTE statement is ambiguous due to invalid options or ungquoted text.

&1
62
63
64
65
66
66 |
67
68
69
70
71
72
73
73 |
74
74 !
75
75 !
78
76 |
77
77 !
78
78 |
79
79 !
80
8¢ |
81
a1 |
g2
g2 !
83
83 |
84
84 !
85
85 !
86
86 |
87
87 |
88
a9
o0
91
92

NOTE :
NOTE:
NOTE !

options 1s=87 ps=54 fcormdlim='-' pageno = 1 nocenter nodate nosource2;

titlel h=1.5 'Statistical analysis of unionid mussel suvival after';

title2 h=1.5 'exposure to various concentrations and durations of Pf-CL145A';

titled h=1.5 'SAS v. 9.4 Analysis completion date: 10 December 2014 Analysis prepared
by: KLW';

f*t*****************t*#*k************************)\d‘ysuawﬂ
* 8AS ver 9.4 Analysis prepared by: KLW
* Analysis completion date: 10 December 2014 * AEH“13’PSEUD0.05

***********t*********k********w*****************k/

/*k****kw*************«****k*t**i******************w***********************k****************

LR EE RS SE

* Yariable Names:
*

* gps = Unionid mussel species code ID
*

* gonc = concentration (in mg/L)
®

* 0 = control, nc zeguanox added
&

* 50 = 50 mg/L active ingredient
&

* 100 = 100 mg/L active ingredient

*

* time = exposure duration {either 8 or 24 h}
*x
* tank = tank number (1 through 9 with each tank containing the same number of 8 and 24 hour

animals *
* tot = total number of animals in the tank for that duration (recovered at assessment)
*

* dead = number of animals dead at 30-d post exposure assessment
*

* ynrec = number of animals not recovered during the assessment
*

number of dead + number of unrecovered
*

+ gonca = reformated concentratien G = contrel, A = 50 mg/l, B = 100 mg/L
N .

* tdead

*********************k*****i*x*k******************#**********************x********k********k

t****#*t*****/

data mussel; set Pseudo06.Survivaldata; FF# ]5
petsury = (tot-t_dead)/tot*100; tem NO.__Q___
petmort = t_dead/tot*100; Pg of > __
run;

There ware 126 observations read from the data set PSEUDOOE . SURVIVALDATA.
The data set WORK.MUSSEL has 126 observations and 10 variables.
DATA statement used (Total process time):
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real time 0.01 seconds
cpu time 0.01 seconds

a3
94  proc sorit data=mussel; by sps time conc; run;

NOTE: There were 126 observations read from the data sel WORK.MUSSEL.
NOTE: The data set WORK.MUSSEL has 126 observations and 10 variables.
NOTE: PROCEDURE SORT used (Total process time}:

real time 0.00 seconds

cpu time 0.00 seconds
AEH-13-PSEUDO-06

95 proc print data=mussel; titled4 h=1 'all data'; run;
NOTE: Writing HTML Body file: sashtmlt.htm
NOTE: There were 126 observaticns read from the data set WORK,MUSSEL.
NOTE: PROCEDURE PRINT used (Totsl process time):
regl time 2.03 seconds
cpu time 0.56 seconds

96 proc means data = mussel mean std lclm uclm Tw=8;
97 by sps;

98 class conc time;

g9 var pctsurv pctmort;

100 run;

NOTE: There were 126 abservations read from the data set WORK.MUSSEL.
NOTE: PROCEDURE MEANS used (Total process time):

real time. 0.10 seconds

cpu time 0.07 seconds

101 Title 'Pro Glimmix Analysis of survival and interactions of species, exposure duration and
1011 exposure concentration';

102 proc glimmix data = mussel;

103 titled4 ‘Native Unionid Survival';

104 class sps time conc;

105 model t_dead/tot = sps|time|conc / d = bin link = logit noint s or;
108 lsmeans sps [pdiff cl ilink or;

107 lsmeans time /pdiff cl ilink or;

108 lsmeans conc/pdiff ¢l ilink or;

109 lsmeans sps*time /pdiff ¢l ilink or;

110 lsmeans sps*conc fpdiff ¢l ilink or;

111 lsmeans time*conc /pdiff cl ilink or;

112 lsmeans sps*time*conc /pdiff ¢l ilink or; Page & of 3
113 random _residual_;

114 run;

NOTE: The model dees not contain an intercept. Columns of X are scaled only and not centered.
MOTE: Convergence criterion (ABSGCONV=G.00001) satisfied.
NOTE: PROCEDURE GLIMMIX used {Total process time):
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real time .18 seconds
cpu time .96 saconds

AEH-13-PSEUDO-06
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SAS Qutput Page 1 of 38

Btatlstical analysis of unlonid museed suvival after

oxposure fe varicus corcentraticns and durations of PLGL1464

BAS v, 0.4 Analysls eanpiction data: 10 December 2014 Analysls prepared by: KUA
nil data

| dead ﬂﬁ?énZT_dead petsury | petmort

0 100,000 | 00000
"o 100,000 0.0060
400,000 _
100:000| 00000
01100000 0

160,000
)1100.000 0.000
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o o loiw @
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" oi100.000; 0.0000
o} 100060 0.0000°
¢ 100000} ©0.0000
11 a7 500 ; 125000
011000007 0.0000
01100.000] 0.0000
© 741 8y 500 12.5000
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0i1a0.000] 0.0000
“ai100.000 0.0000°
" olito0.000f 0.0000 FF#\4
-
-2

@bk @it Nt DN
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iolojio alo o:oicic'c. 0 o oo

0.0000 ¢
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file«//C:/Users/klweber/ AppData/Local/Temp/1/SAS%20Temporary%20Files/_TD3400 ... 12/10/2014
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SAS Output Page 2 of 38

¢} 100,000 ;
¢ 100.000
0{100.000; 0.0000 |

6} 100,000 0.0000
“ot100.000] 00000
"¢} 100.000] 0.0000°
"1 86000 { 10.0000
1 106,000 1
100,000 0.0000
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100.00& | 00000
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file://iC Usersikiweber/AppData/Local/ Temp/ 1/SAS%20Temporary%20Files/_TD3400_... 12/10/2014

200



SAS Output

97 THR

9% THR 100 -

JosiTHR | g0
1001 24,

T WAS.

Parfermed by K. Weber SAS version 9.4 18:18 1005014“({\;-*J

100

] 01100600
98 THR @ 100

100 THR :  ©0F 2 0’ 100,000

" 01100.000
st i
01100000 O

10 WAS 0

00.000 |

0:100.C00° 0.000
0;100.000° 0.000

07100000
0100000}

100.000 :
100.000

100.000

100.000f 0,
100.000 ¢ 0.
100.000

0
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0
0
o
Q
" o)100000
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¢
0
0
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10G.000
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i
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Page 3 of 38

AEH-13-PSEUDO-06

ﬁ]c:///C:/Users/klweber/AppDala/'LocaI/Tempfl/SAS%?_OTcmporary%ZOFiles/_TD34007... 12/10/2014
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SAS Output

Page 4 of 38

Slatistloal analysls of unloid mussol suvivel after

exposure to varlaus concentrations and durotiony of PLGLI4BA

A3 V. 0,4 Analysis completion data: 10 Dacambey 2014 Anaiyals prapared Ly: KLW
afl data

The MEANS Procedure

sps=FAM

, | i ! i : Lower 95% | Upper 96%
s cane i time | N Obs - Varlable ;. Mea CL for Meani CL for Mean
0, 8 3 potsurv  109.0: i :
*petmort oi : g
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ipc!moﬂ . 0 ai
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24‘: 3 petsury
: i petmort

3 petsury

petmo
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g ‘ i T 'L'e;&,e'rss%l “Upper 95%
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; 72186+ 137611 22,0044
50 : . ‘
Trro0ss 1138

721800  -13.7811 22,0944
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Appendix 9. Survival Assessment Summary

item Number  Report
Item Description of Page
Number
Pages  Number
1 Mortality Data 4 238
2 Plain Pocketbook (L. cardium) Mortality Summary 1 242
3 Hickorynut (O. olivaria) Mortality Summary 1 243
4 Washboard (M. nervosa) Mortality Summary 1 244
5 Higgins Eye (L. higginsii) Mortality Summary 1 245
6 Fatmucket (L. siliquoidea) Mortality Summary 1 246
7 Threeridge (A. plicata) Mortality Summary 1 247
8 Wabash Pigtoe (F. flava) Mortality Summary 1 248
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Study Number: AEH-13-PSEUDQ-06

E ectronic Log {Page 10)

Flle Folder: 12a-12g

Data Source: Natlve Mussel Survival Assessment

IXVAEH-13-PSEUDC-06\Data\Data Subimatles\|AEH-13-PSEUDO-06 Natlve Mussel Mortality summary.xlsx)Vussel Mortallty Cover

Actlon

Date

Initials

1/24/2014

4/25/2014

KLW

JKW[AN
M

ey

VAt

finfib

A

Mortality Data

Test Article: Pseudemencs fivarescens Pf-CL 145A (SD?); lot # A01PI2163C and 401P12164< Mix
Test .acation: Black River, La Crasse, Wi

Exposure Date: 5/25/2013

Assasernant Nates: 6f26-27/2013

Fllenamels}

1AAEH-13-PSEUDD-05\Data\Data Summarfes\[AZH-£3-PSEUDO-06 Natlve Musse| Mortailty Summay.xlsc)P2B Mortallty Sumirary
IAAEA-13-PSEUDO-06\Data\Dats Summanies\[AEH-13-PSEUDO-06 Matlve Musse| Mortality Summiary.xlsxHIC Martality Surimary
INAE--13-PSEUDO-06\Data\Data Summaras\JAEH-13-PSEUDO-0E Nativa Musse| Mortality Summary.xlsk]WAS Mortality Summary
JAAEH-13-PSEUDO-0G\Dsta\Data Summarles\fAEH-13-PSEUDO-0G Natlve Musse! vortalily Summary.xisx)HGE Mortality Summary
INAE - 13-PSEUND-06\Nata\Dats Summares\[AEH-13-PSEUD0-06 Natlve M.assel Mortality Surmmary.xisxjrAM nMortality Summary
IAAEH-13-PSEUDO-08\ Data\Data Summarfes\[AEK-13-PSEUDO- 06 Nativa Massel Mortality Surnmary.xisx]THR Mortality Summary
I:\AEH-13-PSEUDO-06\ Data\Dala Summarles\[AEH-13-PSEUDO-06 Yative Massel Mortality Summary.isk]PiG Mortality Slirmimary

Mortality/unrecovered Summary

Common namc, sclentific, three letter Treatment  Duratlon  TagiD Bead/
abbreviation Group Unrecovered
Plaln packetbook, L, caralinn, PPB 106 “ it v
o 50 24 AlsL v
Hickarynut, 0. olivaria, HIC 400 24 DO1G U
Washboard, M, nervosa, WAS 50 8 ADO2 D
o 24 BOS1 U
H'ggins eye, L. higginsi, HGE SDG 2; Eﬂ; g
100 24 8048 5]
Fatmucket, L. silfquoidea, FAM N/A N/A N/A N/A
Threer'vge, A plfcata, THR NiA A N/A NAA
Wabash pigtae, F, flova, Fi N/A NZA N/A N

Data Explanation?
1) Data columng
Species: three letier code abbreviation as llsted above
Treatment Group:! Cantrol 0 mg/L, 50 mg/L, 100 mg/L
Exposure Duration: 8 hour exposure or 24 hour exposure duration
Test Tank #: 1.9
N: number of native mussels I tang
Dead: number of mortalities tha: occurred durlng 30 day holding perlod
Unrecovered: number of mussels not recoveted after treatment or after 30 day holding period
% Survival= Percent survival cf rative mussels in a glven test group. ((N-dead)/N)*100
2} Data codes usec within SAS
sps— three letter cote abbreviations as listed above
conc= theoretical concentration
time= exposure duration {8h or 24h}
tank= Test Tank # 1-9
tot= Total russels of specles of given exposure durztion In test tank
dead= number of mortalities
unreg=number of unrecovered mussels
T dead= sum of unrecovered mussels and mortalities

Filo namess
Spectrophotometric Date for SAS Input
INAEH-13-PSEUDO-06\Data\Data Summaries\[AEH-13-PSEUDOD-0E Native Mussel Mortality Summary.xlsx}SAS
SAS Program/Code
I:\AEH-13-PSEUDC-DB\Statistical analysis\Survival Program File
5AS Log
I\AEH-13-PSELIDC-DB\Statistical analysiskSurvival Log File
5AS Qutput
IAAEH-13-PSEUDC-06\Slatistical analysis\Survival Results File

Dats Anomalies and Deviations:
All unrecovered mussels were treated as mortzlities in statistical analysls.

Flle Folder, i )
ltem Mumber.
Page | ,nf,f't,i?
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time tank tot dead unrec T dead

conc

AEH-13-PSEUDO-06
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AEH-13-PSEUDO-06

0

24
24
24
24
24
24
24
24
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Study Number: AEH-13-PSEUDO-36

Mussel species: Plain Pocketbook {Lampsifis cardhim )

Eieclronic Log (Page 10)
Flle Folder 12a

Test Article: Pseudomonas fluorescens Pf-CL 145A [SDP)
Artlcle Ict #: 401P12163C and 401P12164C Mix
Exposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013
L-fL ~/ L}

Plain Pocketbook (L. cardium ) Mortality Summary

Specles GI;E:T::;;L) zﬁ-:::: Ta;k N Dead Unrecovered % Survival

5 9 D 0 000
2 7 9 0 0 100.0
8 9 0 0 100.0
Mean/total NfA 27 0 0 100.0

Cantrol (0) sSD N/A 0.0 oo G0 0.0
5 9 0 0 100.0
24 7 9 0 0 100.0
8 9 ' 8 100.0
Mean/total N/A 27 0 0 100.0

3D N/A 0.0 bo 0.0 0.0
3 9 0 0 100.0
8 4 9 0 0 100.0
| 6 9 0 0 100.0
I ean/lotal N/A 27 0 0 100.0

PP8 50 SR N/A 0.0 0.0 0.0 0.0
3 g Q 1 88.9
24 4 9 0 o] 00.0
6 9 0 o] 200.0

Mean/total N/A 27 [} 1 96.3

SO N/A 0.0 0.0 C.5 52
1 9 0 0 00.0
8 2 9 0 0 200.0
9 9 [ 0 2000
Mean/total N/A 27 [1] 0 ~00.0

100 50 N/A 0.0 0.0 0.0 0.0
z 9 0 0 100.0

24 2 9 0 1 88.9
9 9 0 0 100.0

Mean/total N/A 27 0 1 96.3

St N/A 0.0 0.0 0.3 52

File Folder l !_l&,
ltern Number___{
Pags | of |
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Study Number: AEH-13-PSEUDO-C6

Mussel spacias: Hickorynut {Qbovaria ofivaria)
Electronic Log (Page 10)

File Folder 12b

Test Article: Pseudomonas fluarescens Pf-CL 145A (SDP)
Article ot #: 401P12163C and 401P12154C Mix
Exposure Date: 5/29/2013

Assessment Dates: £/26-27/201

Hickorynut {O. oflvaria}l Mortality Summary }L-[La/(/l

243

Specles G:;E:T:gn;l.) ?ul:_:‘;:g: Ta#nk N Dead Unrecovered % Survival

3 10 2 C 100.0
8 7 10 o] C 100.0
8 10 0 Q 100.0
Mean/ftotal N/ 30 0 a 100.0

Control {0) sD N/A 0.0 0.0 0.0 0.0
5 10 0 0 100.0
24 7 10 o] ¢ 1000
8 10 0 8] 100.0
Mean/total N/A 30 0 [« 100.0

sD NFA 0.0 0.0 0.0 0.0
3 10 o] 0 100.0
8 4 10 4] 0 100.0
6 10 1] 0 100.0
Mean/total NfA 30 o] 0 100.0

HIC 50 S0 N/A 0.0 joX1] Q.0 00
3 10 0 0 100.0
24 4 10 0 0 100.0
6 10 0 0 100.0
'M.ean/total N7A 30 0 0 100,0

| sSb N/A 0.0 2.0 .0 0.0
1 10 0 0 100.0
8 2 10 0 0 100.0
g 0 0 0 1000
Mean/total N/A 30 0 0 100.0

100 5D N/A 0.0 0.0 .o 0.0
1 10 0 0 100.0

24 2 10 [¢] 1 90.0
9 10 o 0 100.0

Mean/total N/A 30 0 1 96,7

D NJA 0.0 0.0 0.5 4.7

File Folder ];;2 l“\
ttern Number
Page ) of |



Study Number: AER-13-PSEUDQ-06 Test Article: Pseudomonas fluorescens PF-CL 1454 (SDP)
Mussel specles; Washboard (Megalonaias nervosa ) Article ot #; 401P12163C and 401P12164C Mix
Electronic Log (Page 10) Exposure Date: 5/29/2013

Flle Folder 12¢ Assessment Dates: 6/26-27/2013

Washboard {M. nervosa} Mortality Summary )L--i‘ i
Treatment Exposure Tank
Specles Group [meiL) Duration M N Dead Unrecovered % Survival
5 10 0 Q 100.0
8 7 10 0 0 1co.0
8 10 0 o] 100.0
Mean/total N/A 30 o] 0 100.0
Control {0) 5D N/A 0.0 0.0 0.0 0.0
1 5 10 o] Q 100.0
! 2 7 10 0 0 100.0
8 10 o] 0 100.0
Mean/total N/A 30 0 0 100.0
50 N/A 0.0 0.0 0.0 0.0
3 10 o] [ 100.0
8 4 10 1 c 90.0
4 10 o] Q 100.0
Mean/ftotal N/A 30 1 ] 56.7
WAS 50 sD NfA 0.0 0.5 0.0 4.7
3 10 o] o] 160.0
24 4 10 o] c 100.0
6 10 o] [ 100.0
Mean/total NfA 30 0 [¢] 1000
' N/A 0.0 0.0 0.0 0.0
1 10 0 c 100.0
B 2 10 o] 0 100.0
9 10 0 0 100.0
Mean/tatal N/A 30 0 ¢l 100.0
100 so N/A 0.0 0.0 0.0 0.0
1 10 0 0 100.0
24 2 10 0 0 1060.0
9 10 [¢] 0 100.0
I ean/total N/A 30 0 0 100.0
SD N/A 0.0 0.0 0.0 0.0

File Folder Ir)' [

Item Number,

Page l of ‘
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Study Mumber: AEH-13-PSEUDRO-06 Test Article: Pseudomonas flucrescens Pf-CL 145A (SDP)

Mussel specles: Hlgg'ns Eve {Lampsilis higginsil) Article ot # 401P12163C and 401P12164C Mix
Electronic Log (Page 10) Exposure Date: 5/29/2013
File Folder 12d Assessment Dates: 6/26-2772013]

Higgins Eye (L. higginsii) Mortality Summary JL - "/17

Species s::i;tr:;;u :E:l:’r::::: Ta; k N Dead Unrecovered % Survival
5 8 0 o} 100.0
8 7 8 o} 9] 100.0
8 g 1 e 85

Mean/ftotal N/A 24 1 o] 95.8

Control (0) s N/A 0.0 0.3 0.0 5.9
5 8 ol 1 87.5
24 7 8 J o 100.0
8 B 0 0 100.0

Meanftotal N/A 24 0 1 95.8

SD N/A 0.0 0.0 2.5 5.9
' 3 8 Q C 100.0
B 4 g o} c 100.0
[ 8 0 o] 100.0
Mean/total N/A 24 0 0 100.0

HGE 50 5D NFA 0.0 0.0 0.0 0.0
3 8 0 Q 100.0
24 4 8 0 0 100.¢

G 8 0 1 87.5

Mean/total N/A 4 0 1 95,8

sp N/A 0.0 0.0 0.5 5.9
1 8 0O Q 100.0
8 2 8 O 0 100.0
: 9 2 o 0 100.0
Mean/total N/A 24 o] Q 100.0

100 sp N/A 0.0 0.0 0.0 0.0
1 8 Q [¢] 100.0
24 2 8 o] o] 100.0

9 8 1 o] 875

Mean/total N/A 24 1 [ 95.8

SD N/A 0.0 0.5 0.0 5.9

File Folder t‘l’}
Item Number
Page I of l
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Study Number: AEH-13-PSELDO-06

Mussel species: Fatmucket (Lampsilis sifiquoidea )

Electronic Log (Page 1C)
Flle Folder 12e

Test Article: Pseudomonas fluorescens Pf-CL 145A (SDP)
Article lot #: 40LP12163C and 401P12164C Mix
Exposure Date: 5/29/2013

Assessment Dates: 6/26-27/2013

Fatmuclet (L. siliguoidea) Mortality Summary A Y|

Specles Grt:i:ln:g':’tu |E)x|i Z:::: Ta#nk N Dead Unrecovered % Survival

5 10 0 o] 100.0
8 7 10 0 0 100.0
8 10 o 0 100.0
Mean/total N/A 30 o} 4] 100.0

Control (0} N/A 0.0 0.0 0.0 0L
5 10 o [} 1000
24 7 10 0 0 100.0
8 10 0 0 100.0
Mean/total N/A 30 0 0 100.0

N/A 0.0 0.0 0.0 0.0
3 10 0 0 1000
8 4 10 Q o] 100.0
& 10 0 0 100.0
Mean/total N/A 30 0 0 100.0

FAM 50 N/A 0.0 0.0 2.0 0.0
3 10 Q ¢] 100.0
24 4 10 0 0 100.0
6 10 -0 0 100.0
Mean/total N/A 30 0 0 100.0

NSA 0.0 0.0 0.0 0.0
1 10 0 ¥ 100.0
8 2 10 0 o] 100.0
9 1o 0 01000
Mean/total N/A 30 0 o] 100.¢

100 N/A 00 0.0 0.0 0.0
1 10 0 0 100.C
29 2 10 o o 100.¢
9 10 0 o} 100.¢
Mean/total N/A 3¢ 4 0 100.C

N/A 0.0 0.0 0.0 0.0

File Folder J[QL
ltem Namber !
Page } of _ |
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Study Number: AEH-13-PSEUDO-05

Mussel species: Threeridge [Amblemo plicate )
Electronic Log (Page 10)

File Folder 12f

Test Arlicle: Pseudamonas fluorescens Pf-CL 1454 (SDP)
Artlcle |ot #: 401LP12163C and 401P12164C Mix
Exposure Date: 5/29/2013

Assessment Dates! 6/26-27/2013

Threeridge (A. plicata} Mortality Summary pi-it-Y
Treatment Exposure Tank
Species Group (ma/L) Duratlan & N Dead Unrecovered % Survival
5 10 0 0 100,0
8 7 10 0 0 1000
3 10 o 0 100.0
Mean/total N/A 30 0 0 100.0
Cantrol (Q) SD N/A 06 0.0 0.0 0.0
5 10 v] 0 1000
24 7 10 o] 0 1000
8 10 o 0 100.0
Mezn/total N/A 30 0 0 100.0
SD N/A 0.0 0.0 0.0 0.0
3 10 0 ] 100.0
8 4 10 0 0 100.0
6 10 0 0 100.0
Mesan/tatal N/A 30 0 0 1000
THR 50 SD N/A Q.0 0.0 2.0 0.0
3 10 0 0 100.0
24 4 10 0 v} 1000
6 10 0 0 1000
Mean/total N/A 30 0 0 100,0
sD N/A 0.0 0.0 0.0 0.0
1 i0 0 v} 1000
8 2 10 0 M 100,0
i 9 10 0 o 100.0
Mean/total N/A 30 0 o 100.0
100 5D N/A 0.0 0.0 0.0 0.0
1 10 0 M 1000
24 2 10 4] )] 100.0
g 10 0 o 1000 |
Mean/total N/A 30 0 0 100.0
SD N/A 0.0 0.0 0.0 0.0

File Folder IQ i

Iter Number,
Page
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Study Numker: AEH-13-PSEUDO-06 Test Article: Pseudomonas fluorescens Pf-CL 1454 (SDP)

Mussel species: Wabash Pigtoe (Fusconala fava) Article lot #: 401P12163C and 401P12164C Mix

Electranic Log (Page 10} Exposure Date: 5/29/2013

Fla Folder 12g Assessment Dates: 6/26-27/2013 . I‘T
nf

Wabash Pigtoe (F. flava ) Mortality Summary

Specles GI;:T:;;L) Ex:)r:st::: TT" N Dead Unrecovered % Survival

5 8 o] 0 160.0
8 7 8 o e 100.0
8 8 9] [ 100.0
Mean/total N/A 24 0 4 100.0

Control (0) SD N/A 0.0 0.0 Q.0 0.0
5 8 o] 0 100.0
24 7 8 ] 0 100,0
8 8 0 0 100.0
Mean/total N/A 24 0 0 100.0

sp /A 0.0 0.0 0.0 0.0
3 8 o] 0 100.0
8 4 B 0 0 100.0
G 8 [¥] 0 100.0
Mean/tatal N/A 24 1] 0 100.0

FIG 50 SD N/A 0.0 0.0 0.0 o0ge
3 B 0 0 100.0
24 4 8 0 0 100.0
6 B 0 0 100.0
NMean/total NfA 24 0 0 100.0

sD N/A 0.0 0.0 o 0.0
' 1 8 3} 0 100.0
8 2 8 4] 0 100.0
s 8 0 o} 100.0
Mean/total N/A 24 0 0 100.0

100 3D N/A 0.0 0.0 C.0 0.0
1 8 0 0 100.0
24 2 B 4] o] 100.0
——s 8 o 0 100.0
Mean/total N/A 24 0 o} 100.0

SD N/A 0.0 0.0 0.0 0.0

File Folder ‘ ?;.3}
Item Number.
Page i of |
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