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2. EXECUTIVE SUMMARY 

Guidelines: U.S. EPA, Endocrine Disruptor Screening Program Test Guidelines, 
OPPTS 890.1100 Amphibian Metamorphosis (Frog) (3). 

  
Nominal Test 

Concentrations: 
 
100.0, 33.0, 10.9, 3.6 μg/L 2-Ethylhexyl 4-Hydroxybenzoate (2-
EHHB), dilution water control  

  
 

Mean Measured Test 
Concentrations: 

 
 

Replicate Mean CV (%):  

 
 
62.0, 25.0, 10.3, 4.58 μg/L 2-EHHB, <0.208 μg/L 2-EHHB detected 
in dilution water control (MQL=0.208 μg/L) 
 
6, 2, 3, 13, NA (<MQL) (Appendix E) 
 

  
Age of Test 
Organisms: NF stage 51 

  
Source of 

Test Organisms: 
 
Frog larvae were from breeding of adults cultured at FEL. Adult 
frogs were originally obtained from Xenopus 1 (Dexter, MI). 

 

2.1. Method 

Under the guidance of a sponsor-approved Quality Assurance Project Plan (QAPP) (1), in 
compliance with United States Environmental Protection Agency, (FIFRA), Good Laboratory 
Practice Standards, Title 40 Code of Federal Regulations Part 160 (effective October 16, 1989) 
(2) with exceptions noted (page 2), and based EPA Test Guidelines OPPTS 890.1100 (3) using 
four test concentrations and a control, an Amphibian Metamorphosis (Frog) Assay using 2-
ethylhexyl 4-hydroxybenzoate [2-EHHB] was performed.  The in-life exposure phase of the 
study was initiated on February 5, 2016 and concluded February 26, 2016.  In the conduct of the 
present study, FEL relied on internal SOPs, per the GLP regulations and documented QAU 
practices subject to sponsor and other government audit.  These SOPs are not available to the 
public.  Randomly selected NF stage 51 larvae were exposed to four test concentrations and a 
dilution water control and were evaluated in quadruplicate, with 20 organisms per replicate.  
Once larvae were placed in the exposure system, mortality observations were made.  On study 
day (SD) 7, developmental stage, hind limb length, and wet weight were determined on larvae 
randomly selected (5/replicate), euthanized, and preserved for possible histology.  The test was 
terminated on day 21, at which time all test animals were staged, measured, weighed, and 
visually observed for dysmorphology. Euthanized larvae were randomly selected (5/replicate) 
and preserved for possible histology.  Temperature was measured daily; and pH, DO, and light 
intensity (lux) were measured three times per week.  Total hardness and alkalinity of water were 
measured in the control and one replicate of the highest concentration once per week. 
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On SD 0, healthy and normal looking tadpoles of the stock population were pooled in a 
single vessel containing an appropriate volume of dilution water.  Once the staging was 
completed, the larvae were randomly distributed to exposure treatment tanks until each tank 
contained 20 larvae. Each treatment tank was then inspected for animals with abnormal 
appearance (e.g., injuries, abnormal swimming behavior, etc.). Overtly unhealthy tadpoles were 
removed from the treatment tanks and replaced with larvae newly selected from the pooling tank.  
Five randomly selected stage 51 pre-exposed tadpoles were humanely euthanized in 150 to 200 
mg/L buffered 3-aminobenzoic acid ethyl ester (MS-222) and preserved to verify stage upon in-
life test setup.  On SD 7, 5 randomly chosen tadpoles per replicate were removed from each test 
tank and humanely euthanized in 150 to 200 mg/L MS-222, appropriately buffered with sodium 
bicarbonate.  Tadpoles were rinsed in water and blotted dry, followed by body weight 
determination to the nearest mg.  Hind limb length and snout-to-vent length (SVL), along with 
developmental stage (using a binocular dissection microscope), were determined for each 
tadpole.  At test termination (SD 21), the remaining tadpoles were removed from the test tanks 
and humanely euthanized in 150 to 200 mg/L MS-222, appropriately buffered with sodium 
bicarbonate.  Tadpoles were rinsed in water and blotted dry, followed by body weight 
determination to the nearest mg.  Developmental stage, hind limb length, and SVL were 
measured for each tadpole. 

 
All larvae were then placed in Davidson’s fixative for 48 to 72 hours as whole body 

samples for histological assessments.  Larvae were rinsed in dechlorinated tap water and 
preserved in 10% (w/v) neutral buffered formalin (NBF).   For histopathology, a total of 5 
tadpoles were sampled from each replicate tank. Since follicular cell height is stage dependent, 
the most appropriate sampling approach for histological analyses was to use stage-matched 
individuals, when possible.  Animals selected for histopathology (n=5 from each replicate) were 
matched to the median stage of the controls (pooled replicates) whenever possible.  If replicate 
tanks with more than five larvae at the appropriate stage existed, then five larvae were randomly 
selected.  If replicate tanks with fewer than five larvae at the appropriate stage existed, randomly 
selected individuals from the next lower or upper developmental stage were sampled to reach a 
total sample size of five larvae per replicate.  The decision to sample additional larvae from 
either the next lower or upper developmental stage was made based on an overall evaluation of 
the stage distribution in the control and chemical treatments.  If the test article induced 
retardation of development, additional larvae were sampled from the next lower stage.  
Alternatively, if the chemical treatment was associated with an acceleration of development, then 
additional larvae were sampled from the next upper stage.  

2.2. Results and Conclusions 

 
 Results of present study met the performance criteria established for the OPPTS 

890.1100 Amphibian Metamorphosis Assay (3) and were considered valid (Table 
16). The following decision logic was applied to the present study to determine if 
2-EHHB affected thyroid activity.   
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 No significant differences between the median developmental stage or normalized 
HLL between the control and the treatments were observed on exposure day 7 or 
at the conclusion of the study.   

 Asynchronous development was not noted in the control or treatments during the 
conduct of the study.   

 Although mild to moderate histopathological lesions were observed in the control 
and the 2-EHHB treatments, there was no clear relationship between test article 
concentration and response.    

 Larvae exposed to 2-EHHB in the 33 and 100 μg/L 2-EHHB treatments weighed 
significantly more than the controls both at study day (SD) 7 and 21 (conclusion).  
Thus, 2-EHHB appeared to impact growth (weight).   

 No effect of 2-EHHB exposure on SVL at either study day was observed.   

 No impact on hind limb length (HLL) was noted in any of the 2-EHHB treatments 
based on SVL-normalized HLL, although unnormalized HLL at SD 7 in larvae in 
the 100 µg/L 2-EHHB treatment was significantly greater than the control 
(Jonckheere-Terpstra test, p=0.0355).  In contrast, there was as an impact on HLL 
observed at SD 21 (conclusion).  

 No significant effects on behavior or signs of overt toxicity were noted. 

 Using the decision criteria in the AMA test guideline (OCSPP 890.1100), 2-
EHHB does not appear to affect amphibian metamorphosis or affect the thyroid 
axis directly based on the endpoints measured at the concentrations tested. 
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3. INTRODUCTION 

FEL was contracted by Battelle Memorial Institute to perform the Amphibian 
Metamorphosis (Frog) Assay under EPA Test Guidelines OPPTS 890.1100 (3) using 2-
ethylhexyl 4-hydroxybenzoate [2-EHHB] (test substance) as directed by USEPA Task Order 
(TO) 14 under USEPA/Battelle Memorial Institute contract EP-W-11-063.  This study was 
conducted in accordance under the guidance of a sponsor-approved Quality Assurance Project 
Plan (QAPP) (1); in compliance with United States Environmental Protection Agency, (FIFRA), 
Good Laboratory Practice Standards, Title 40 Code of Federal Regulations Part 160 (effective 
October 16, 1989) (2) with exceptions noted (page 2).  The present study was performed under 
the FEL Quality Assurance Management Plan (QAMP) (4); relevant facility standard operating 
procedures (SOPs); and the following Study Protocol No. BATT01-3, prepared for FEL Study 
No. BATT01-00388 and associated protocol amendments, with the exceptions of deviations 
noted (Appendix A).  In the conduct of the present study, FEL relied on internal SOPs, per the 
GLP regulations and documented QAU practices subject to sponsor and other government 
audit.  These SOPs are not available to the public.  The in-life exposure phase of the study was 
initiated on February 5, 2016 and concluded February 26, 2016. 

 
An amphibian metamorphosis assay was performed in which Nieuwkoop and Faber (NF) 

(5) stage 51 Xenopus laevis larvae were exposed to different concentrations of the test substance 
for 21-days.  The full in-life phase schedule is provided in Table 1.  In contrast to that specified 
in EPA Test Guidelines OPPTS 890.1100 (3), which require testing of three independent 
concentrations of test substance, the general experimental design entailed exposing tadpoles to 4 
different concentrations of the test chemical and dilution water control.  Each test chemical 
concentration and dilution water control was comprised of 4 replicates tanks (experimental unit) 
containing 20 organisms per replicate tank.  The treatment tanks were randomly assigned to a 
position in the exposure system in order to account for possible variations in temperature and 
light intensity.  The primary endpoints were hind limb length (HLL), body length (snout to vent 
length [SVL]), developmental stage, wet weight, thyroid histology, and daily mortality. 

4. STUDY PERSONNEL 

 Dr. Vincent Brown, Battelle Memorial Institute – Study Monitor 
 Dr. Douglas Fort, FEL – Study Director 
 Ms. Deanne Fort, FEL – Manager, In-life study facility 
 Mr. Michael Mathis, FEL – QAU Manager 
 Dr. Tom Leak, ABC Laboratories, Inc. – Principal Investigator (PI), analytical 

chemistry 
 Dr. Jeffrey Wolf, Experimental Pathology Laboratories (EPL), Inc. – PI, 

histopathology 
 Mr. Kevin Todhunter, FEL – Technician 
 Ms. Alex Oppenborn, FEL – Technician 
 Ms. Jennifer Staines, FEL – Technician 
 Ms. Franchesca Rollerson, FEL – Technician 
 Mr. Troy Fort, FEL – Technician  
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5. ANIMAL WELFARE ACT COMPLIANCE 

This study complied with all applicable sections of the Final Rules of the Animal Welfare 
Act regulations (9 CFR).  The Sponsor should make particular note of the following: 

 
 The Sponsor signature on the protocol documented for the Study Director the Sponsor’s 

assurance that the study described in this protocol does not unnecessarily duplicate 
previous experiments. 

 
 Whenever possible, procedures used in this study were designed to avoid or minimize 

discomfort, distress or pain to animals. All methods were described in the study protocol 
or in written laboratory standard operating procedures. 

 By design, this study killed and/or resulted in the pain and distress of test organisms. 
Euthanasia of test organisms prior to completion of the test would interfere with study 
objectives.  Upon completion of the test all distressed amphibians were painlessly 
euthanized in a timely manner. 

 Methods of euthanasia used during this study were in conformance with the above 
referenced regulation and were consistent with EPA Test Guidelines OPPTS 890.1100 
(3). 

6. MATERIALS AND METHODS  

6.1. Test Substance 

2-EHHB (TCI America, Portland, OR, lot number 7CZZO, expiration date and re-test 
date not provided, 99.3% (HPLC) with 98.0% minimum specification (w/w) pure [w/w] per 
Certificate of Analysis produced by TCI America) was received from TCI America (Appendix 
B).   Physicochemical information is provided below: 

 
Name: 

IUPAC Name: 
2-ethylhexyl 4-hydroxybenzoate 
2-ethylhexyl 4-hydroxybenzoate 
 

Structure: 

 
 
 

Phase/Color: liquid, colorless, pale yellow  
Specific Gravity: 1.04 g/mL at 25°C 

Solubility (water): 6.0 mg/L at 25°C 
Boiling Point: 270.0°C  
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Synonyms: 2-ethylhexylparaben, 4-hydroxybenzoic acid 2-
ethylhexyl ester, 4-hydroxybenzoic acid octyl 
ester, octyl 4-hydroxybenzoate, octylparaben 

CAS number: 5153-25-3 
Molecular formula: C15H22O3 
Molecular weight: 250.3 g/mole 

 
Due to limited water solubility, a solid phase saturator column was used to maximize 2-

EHHB concentrations in water and was used to prepare a master stock solution ultimately used 
to prepare each test concentration.  The solid phase saturator columns were prepared by FEL.  
The test substance was stored in the chemical repository at room temperature (RT) while not in 
use as recommended by the Certificate of Analysis supplied by TCI America.  The definitive test 
concentrations to be used were determined by a range-finding study designed to identify the 
concentration of test chemical that causes lethality and morbidity.   
 

 Dilution and Laboratory Control Water 

Dechlorinated (charcoal-filtered) tap water was used as the dilution water for this study. 
The dechlorinated laboratory water was prepared by passing tap water through a 4-filter system; 
a multimedia filter to remove suspended solids in the feed water; a 10-inch pre-treatment filter (5 
m) to remove any additional solids; a 3.6 ft3 activated virgin carbon treatment filter to remove 
chlorine, ammonia, and higher molecular weight organics; and a 5 μm polishing filter to remove 
any carbon particles from the carbon treatment phase. The dechlorinated tap water also served as 
the laboratory control water.  Facility water quality characteristics of the laboratory water were 
monitored bimonthly for pH, dissolved oxygen (DO), conductivity, hardness, alkalinity, 
ammonia, residual oxidants; and at least annually for iodide (I-), polyaromatic hydrocarbons 
(PAHs), pesticides, and metals.  The culture water was most recently analyzed for pesticides, 
PAHs, and metals on February 1, 2016, and all water quality measurements cited above met the 
U.S. EPA criteria for aquatic toxicity test culture/dilution water.   

 
Sufficient iodine (I-) needs to be available to the larvae through a combination of aqueous 

and dietary sources for the thyroid gland to synthesize thyroid hormones to support normal 
metamorphosis.  Based on previous work (3), the amphibian metamorphosis assay has been 
demonstrated to work well when test water I- concentrations ranged between 0.5 and 10 µg/L.  I- 
was measured in facility dilution and during the study using ion-selective electrode (ISE) 
analysis in accordance with facility SOP.  I- levels in the dilution water fell within the acceptable 
range (see section 7.2. Water Quality Measurements and Test System Performance).  Thus, no I- 
supplementation was necessary.   

6.2. Test System 

The test system was the African Clawed Frog (Xenopus laevis), from which NF stage 51 
larvae were used in the metamorphosis assay (3).  Xenopus laevis is a well-studied laboratory 
animal that exhibits ease of use in the laboratory, rapid development, and simplicity of 
observation due to transparency during embryo-larval development (6).  In addition, Xenopus 
laevis is routinely cultured in laboratories worldwide and is easily obtainable through commercial 
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suppliers. Reproduction can be easily induced in this species throughout the year using human 
chorionic gonadotropin (hCG) injections and the resultant larvae can be routinely reared to selected 
developmental stages in large numbers to permit the use of stage-specific test protocols.   It was also 
the test organism required in the OPPTS 890.1100 test guideline (3). 

 Origin, Handling and Feeding 

The X. laevis larvae used for this study were obtained from an in-house culture 
(originally purchased from Xenopus I, Dexter, MI) where adults were injected with human 
chorionic gonadotropin (hCG) to induce reproduction.  Details for adult frog care and breeding, 
specific to FEL, but consistent with OPPTS 890.1100 test guideline (3), are found in facility 
SOPs.  Fertilized egg collection was performed as described in ASTM E1439-98 (6) and OPPTS 
890.1100 Amphibian Metamorphosis (Frog) test guideline (3).  All tadpoles that were used as 
test organisms were derived from the same clutch (spawn).  In addition, 2 to 3 clutches were 
collected to evaluate the quality of the spawns and determine which produced the highest quality 
larvae for the initiation of the study.  Embryos were cultured at 22ºC  1º for 4 days to allow for 
hatching and development to NF stage 45/46, at which time they were randomly divided into 
groups of approximately 200 and maintained in tanks containing 50 L of culture (dilution) water.  
For the present study (BATT01-00388), this culture yielded a population density of 4 larvae/L 
and was maintained at a constant flow rate (50 mL/minute) and water temperature (22º  1ºC) 
until they reached developmental NF stage 51 within 12 -17 days. 
 

Tadpoles were fed Sera Micron (Sera GmbH, Heinsberg, Germany) throughout the pre-
exposure period (after NF stage 45/46) and during the entire test period of 21 days.  Sera 
Micron, a commercially available tadpole food that has been shown to support proper growth 
and development of X. laevis tadpoles, is a fine particulate that stays suspended in the water 
column for a long period of time.  Therefore, the total daily amount of food was divided into 
smaller portions and fed twice daily, except on weekends.  Initially, 300 mg Sera Micron® per 
tank was fed twice per day (total = 600 mg/d) for the first 4 days of exposure.  During the course 
of the study, the total daily food ration increased according to the rations specified in Table 2.  
Feeding frequency was twice per day on Monday through Friday, and once per day at twice the 
weekday volume on weekends.  Sera Micron® was fed as a stock solution (density of 60 mg/mL 
dilution water).  The Sera Micron® stock solution was freshly prepared every other day.   

6.3. Exposure System 

The route of exposure was aqueous, which was the most appropriate method for aquatic 
organisms and readily water soluble test materials.  A flow-through diluter system (Benoit Mini-
Diluter; ECT, Superior, WI) was used in the performance of the amphibian metamorphosis assay 
exposure.  The system contained water-contact components of glass (aquaria), stainless steel 
(diluter housing and water bath), and Teflon (tubing responsible for test material delivery).  
Exposure tanks were glass aquaria (with approximate measurements of 22.5 x 14.0 x 16.5 cm 
deep) equipped with standpipes that result in an actual tank volume of 4.0 L and minimum water 
depth of 10 to 15 cm.  Each dilution cell within the head box of the diluter was labeled with 
color-coded laboratory tape with the test concentration.  The replicate splitter cell and aquaria 
delivery tubing were labeled with the same color tape as the appropriate dilution cell and the 
replicate for each test concentration.  Each aquarium was labeled with identical tape color and 



BATT01-00388 FEL 
 

Page 14 of 252 

specifically denoted test concentration and replicate.  Test system calibration was checked prior 
to study start, weekly during the study, and at test termination.  The system was capable of 
supporting up to 5 exposure concentrations and a control, with up to 4 replicates per treatment.  
The flow rate to each tank was 25 mL/min, which provides a complete volume replacement 
every 2.7 h.  Fluorescent lighting was used to provide a photoperiod of 12 h light and 12 h dark 
at an intensity that ranged from 600 to 2,000 lux (lumens/m2) at the water surface.  Water 
temperature was maintained at 22º ± 1°C, pH maintained between 6.5 to 8.5, and the dissolved 
oxygen (DO) concentration > 3.5 mg/L (> 40% of the air saturation) in each test tank.  2-EHHB 
feed stock was prepared and pumped to the master mixing cell of the diluter using continuous 
flow dual solid-liquid saturator columns in which ca. 10 g of 2-EHHB was loaded on each 
column in acetone.  The acetone was evacuated prior to use using a vacuum pump and 2-3 week 
continuous column flushing during the equilibration phase.  The columns were plumbed in series 
and dechlorinated tap water was pumped through the columns at a rate of ca. 4 mL/min. to 
produce one stock solution pumped into the master mixing cell of the diluter.  The columns were 
equilibrated for at least two weeks prior to use and equilibration was noted by the production of a 
consistent stock concentration.  Since the stock was produced by the saturator columns, the 
nominal concentration is estimated based on solubility and diluter operation (flows) were based 
strictly on measured stock concentrations.  Diluter operation was based on stock concentration 
based on PD=HCxDD/SC, where PD is pump delivery rate, HC is high test concentration, DD is 
the diluter delivery rate (volume), and SC is the stock concentration. 

 
Temperatures were measured daily; and pH, DO, and light intensity (lux) were measured 

three times per week.  Total hardness and alkalinity were measured in the control and one 
replicate of the highest concentration once per week.  Test solution from each replicate tank at 
each concentration was sampled for chemical analysis during the equilibration phase, on SD 0, 7, 
14, and 21 at test termination.  Thus, during the in-life study 4 sets of samples were analyzed.  In 
addition, stock solutions were collected for analysis at each weekly sampling point.  Duplicate 
samples representing a split of the original samples were collected in the event of sample loss 
during shipment or analysis; or if confirmatory analyses were warranted based on result as 
determined by the Study Director.  Duplicate samples were stored 4ºC (1-9 ºC).  At each 
sampling point, 20 mL of sample was collected from each replicate of the control and treatments, 
and placed in 40 mL VOC vial.  Twenty mL of methanol was added to each sample for 
extraction.  The vials were sealed with appropriate caps and tightly sealed for shipment to EAG 
Laboratories.  

 Test Substance Analyses - EAG Laboratories Test Site (Columbia, MO) 

Test substance analysis of the diluter test solutions and stock solutions was performed by 
EAG Laboratories (Columbia, MO).  The analytical measurement method (7) for test substance 
determined by the chemical laboratory in conjunction with the Study Director and Study Monitor 
was performed in accordance with procedures and SOPs in place at EAG Laboratories and in 
accordance with method validation performed at EAG Laboratories.   Complete details of the 
methods used and analysis of test substance in samples submitted from the study are provided in 
Appendix C. 
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 Test Animal Selection 

When a sufficient number of the pre-exposure population reached developmental stage 
51 (14 to 17 d post-hatch), larvae were transferred to a pooling tank containing dilution water.    
All larvae used in the in-life study were from the same clutch of offspring.  Individual larvae 
were randomly removed from the pooling tank by scooping with a small strainer.  Animals were 
carefully handled during this transfer in order to minimize handling stress and to avoid any 
injury. 
 

The developmental stage of the animals was determined using a binocular dissection 
microscope.  The primary developmental landmark for selecting stage 51 organisms was hind 
limb morphology (3).  The morphological characteristics of the hind limbs was examined under 
the microscope.  The morphological appearance of the hind limbs at stage 51 differed markedly 
from the limb morphology at stages 50 and 52, making it possible to correctly distinguish the 
different stages of the larvae. 
 

Animals that met the stage criteria were transferred to a holding tank containing 100% 
dilution water.  The selected larvae were randomly distributed to exposure treatment tanks 
(including the control) containing 4.0 L of treatment solution until each tank contained 20 larvae 
(5 larvae/L density).  Each treatment tank was then inspected for animals with abnormal 
appearance (e.g., injuries, abnormal swimming behavior, etc.).  Overtly unhealthy looking 
tadpoles were removed from the treatment tanks and replaced with larvae newly selected from 
the holding tank.  Treatment tanks were labeled with the study, treatment, and replicate 
identification at a minimum.  The treatment tanks were randomly assigned to a position in the 
exposure system in order to account for possible variations in temperature and light intensity.   

6.4. Study Design and Additional Experimental Conditions 

The randomly selected NF stage 51 larvae were exposed to 4 test concentrations and a 
dilution water control.  Each test concentration and control were evaluated in quadruplicate, with 
20 organisms per replicate.  Once larvae were placed in the exposure system, mortality 
observations were made daily and any dead larvae were immediately removed.  On d 7, body 
length (SVL), developmental stage, hind limb length, and wet weight were determined on larvae 
randomly selected (5/replicate), euthanized, and preserved for possible histology.  The test was 
terminated on SD 21, at which time all test animals were staged (NF), measured (cm), weighed 
(g), and visually observed for dysmorphology. Euthanized larvae were randomly selected 
(5/replicate) and preserved for possible histology.  Critical test parameters and experimental 
conditions for the in-life study are presented in Table 3. 

 

 Day 0 Test Initiation and Sample Collection 

On SD 0, healthy and normal looking tadpoles of the stock population were pooled in a 
single vessel containing an appropriate volume of dilution water.  For developmental stage 
determination, tadpoles were individually removed from the pooling tank using a small net or 
strainer and transferred to a transparent measurement chamber containing dilution water.  No 
anesthesia was used.  Animals were carefully handled during this transfer to minimize handling 
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stress and to avoid injury.  The developmental stage of the animals was determined using a 
binocular dissection microscope.  
 

Tadpoles that met the stage criteria described above in the protocol were held in a tank of 
clean culture water until the staging process was completed. Once the staging was completed, the 
larvae were randomly distributed to exposure treatment tanks until each tank contained 20 larvae. 
Each treatment tank was then inspected for animals with abnormal appearance (e.g., injuries, 
abnormal swimming behavior, etc.). Overtly unhealthy tadpoles were removed from the 
treatment tanks and replaced with larvae newly selected from the pooling tank.  Five randomly 
selected stage 51 pre-exposed tadpoles were humanely euthanized in 200 mg/L buffered MS-222 
and preserved to verify stage upon in-life test setup.   

 

 Day 7 Measurements and Sample Collection 

On day 7 of the study, 5 tadpoles per replicate were randomly chosen, removed from 
each test tank and humanely euthanized in 150 to 200 mg/L MS-222, appropriately buffered with 
sodium bicarbonate to achieve pH 7.  Tadpoles were rinsed in water and blotted dry, followed by 
body weight determination to the nearest mg.  Hind limb length and SVL, along with 
developmental stage (using a binocular dissection microscope), were determined for each 
tadpole. 

 Day 21 Measurements 

At test termination (day 21), the remaining tadpoles were removed from the test tanks 
and humanely euthanized in 150 to 200 mg/L MS-222, appropriately buffered with sodium 
bicarbonate to achieve pH 7.  Tadpoles were rinsed in water and blotted dry, followed by body 
weight determination to the nearest mg.  Developmental stage, hind limb length, wet body 
weight, and SVL were measured for each tadpole. 

 
All larvae were then placed in Davidson’s fixative for 48 to 72 hours as whole body 

samples for histological assessments.  Larvae were then rinsed in dechlorinated tap water and 
preserved in 10% (w/v) neutral buffered formalin (NBF).   For histopathology, a total of 5 
tadpoles were sampled from each replicate tank. Since follicular cell height is stage dependent, 
the most appropriate sampling approach for histological analyses was to use stage-matched 
individuals, when possible.  Animals selected for histopathology (n=5 from each replicate) were 
matched to the median stage of the controls (pooled replicates) whenever possible.  If replicate 
tanks with more than five larvae at the appropriate stage existed, then 5 larvae were randomly 
selected.  If replicate tanks with fewer than five larvae at the appropriate stage existed, randomly 
selected individuals from the next lower or upper developmental stage were sampled to reach a 
total sample size of five larvae per replicate.  The decision to sample additional larvae from 
either the next lower or upper developmental stage was made based on an overall evaluation of 
the stage distribution in the control and chemical treatments.  If the test substance induced 
retardation of development, additional larvae were sampled from the next lower stage.  
Alternatively, if the chemical treatment was associated with an acceleration of development, then 
additional larvae were sampled from the next upper stage. 



BATT01-00388 FEL 
 

Page 17 of 252 

6.5. Observations 

Test data and daily observations were recorded in the study records.  Study records 
included study tracking sheets, test information sheets, study calendars identifying major events, 
study logs for recording detailed observations and comments, daily mortality and developmental 
stage data sheets, and test termination data sheets.  The primary endpoints of the metamorphosis 
assay were mortality, developmental stage (NF), hind limb length, snout-vent length (SVL), wet 
body weight, and thyroid histology.  Gross morphology (physical appearance at test takedown) 
was a secondary endpoint.  During the 21-day exposure phase, determination of selected 
endpoints was performed on SD 7 and day 21. Table 4 provides an overview of the measurement 
endpoints and the corresponding observation time points. 

 Mortality 

All test tanks were checked daily for dead tadpoles and the numbers were recorded for 
each tank. Dead animals were removed from the test tank as soon as observed.   

 Developmental Stage 

The developmental stages of X. laevis tadpoles were determined by using the staging 
criteria of Nieuwkoop and Faber (5).  Developmental stage data were used to determine if 
development was accelerated, asynchronous, delayed, or unaffected. Acceleration or delay of 
development was determined by making a comparison between the median stage achieved by the 
control and treated groups. Asynchronous development was reported when the tissues examined 
were not malformed or abnormal, but the relative timing of the morphogenesis or development 
of different tissues was disrupted within a single tadpole. Developmental stage data were 
reported at SD 7 and in-life test termination (SD 21). 

 Hind Limb Length 

Hind limb development is typically used qualitatively in the determination of 
developmental stage, but was also used in this study as a quantitative endpoint.  All length 
measurements (millimeters) were based on digital photographs of the surviving organisms from 
each treatment.  For consistency, hind limb length was measured on the left hind limb. Hind limb 
length was evaluated both at SD 7 and at in-life test termination (SD 21). 

 Body Length (SVL) 

SVL was the first of two endpoints used to assess tadpole growth.  SVL (millimeters) was 
used to help assess generalized toxicity of the test substance.  All length measurements were 
based on digital photographs of the surviving organisms from each treatment.  SVL was 
evaluated both at SD 7 and at in-life test termination (SD 21). 

 Wet Body Weight 

Determinations of wet body weight were used to assess possible effects of test substance 
on the growth rate of tadpoles in treatment groups relative to the control group.  Wet weight 
measurements were performed on organisms euthanized for collection of SD 7 endpoints and on 
surviving organisms on in-life SD 21 at test termination. 
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 Thyroid Gland Histopathology 

While developmental stage and hind limb length were important endpoints to evaluate 
exposure-related changes in metamorphic development, developmental delay cannot, by itself, 
be considered a diagnostic indicator of anti-thyroidal activity.  Some changes can only be 
observed based on routine histopathological analysis.   

 
EPL, under direction of the sponsor, will perform the tissue preparation and histology in 

accordance with appropriate facility guidance documents (SOPs) and the relevant guidance 
documents on histology for the AMA (3,8).  In accordance with USEPA (3) and OECD 
guidelines (8), the paraffin blocks were not be sealed as per Wolf (2015) (9).  Following the 
conclusion of exposure (SD 21), FEL sent 5 stage-matched NBF preserved larvae per replicate 
(20 per treatment or control) to EPL via overnight courier for histopathological processing and 
analyses.  

 
Histological evaluation of the thyroid included, but was not limited to:  thyroid gland 

hypertrophy/atrophy, follicular cell hypertrophy, follicular cell hyperplasia, and as additional 
qualitative criteria: follicular lumen area, colloid quality and follicular cell height/shape Severity 
grading will be reported in accordance with USEPA and OECD guidelines (3,8).  Overt and 
significant changes in apical endpoints indicating developmental acceleration or asynchrony 
could preclude the necessity to perform histopathological analysis of the thyroid glands. 
However, absence of overt morphological changes or evidence of developmental delay warrant 
histological analyses. 

6.6. Additional Observations 

All cases of abnormal behavior (e.g. uncoordinated swimming, hyperventilation, atypical 
quiescence, non-feeding, etc.) and grossly visible malformations were recorded in the study 
records and included in the final study report. 

6.7. Data Analysis and Statistics 

All data were tabulated in data entry spreadsheet templates (DEST) by FEL.  The DESTs 
were then used by FEL to prepare the final report.  The histopathology report (EPL, Sterling, 
VA), raw data (DEST), and statistical report (Battelle) are provided in Appendices D through F, 
respectively.  In an effort to present the most realistic estimation of exposure concentrations, 
analytical chemistry analysis results of duplicate analytical samples were averaged with the 
original sample result and both the individual results and average were reported in the DESTs.  
In the event a result from an original sample or its duplicate was found to be an outlier as defined 
as being outside the interquartile range (IQR), both results were included in the DEST, but the 
outlier (either original or duplicate) was not used in the analysis of the mean measured 
concentration used to estimate exposure concentration in the report.   Outliers were determined 
by (Q1 – 1.5*IQR) and (Q3 + 1.5*IQR), where IQR was the interquartile difference defined as 
Q3 minus Q1.  In the event both the original and duplicate were found to be outside the bounds 
of the IQR, the original and duplicate results were averaged and reported.  Statistical analyses of 
the data were performed by Battelle and were consistent with the OPPTS 890.1100 test guideline 
(3), the TO 14 QAPP (1), and generally followed procedures described in the document Current 
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Approaches in the Statistical Analysis of Ecotoxicity Data: A Guidance to Application (10).  For 
all continuous quantitative endpoints (HLL, SVL, wet weight) that followed a monotonic 
concentration-response, the Jonckheere-Terpstra test was applied in step-down manner to 
establish significant treatment effects.   For continuous endpoints that were not consistent with a 
monotonic concentration-response, the data were evaluated for normality (Shapiro-Wilk’s test) 
and homogeneity (Levene’s test).  If the data sets are normally distributed with heterogeneous 
variance following data transformation, the Tamhane-Dunnett, (T3 test) or the Mann-Whitney-
Wilcoxon U test with a Bonferroni-Holm adjustment to the p-values was used to evaluate the 
data. Where no normalizing transformation can be found, the Mann-Whitney-Wilcoxon U test 
using a Bonferroni-Holm adjustment to the p-values was used to evaluate the data sets.  A test 
termed RSCABS (Rao-Scott Cochran Armitage by Slices) that uses a step-down Rao-Scott 
adjusted Cochran-Armitage trend test on each level of severity in a histopathology response was 
used to evaluate histopathology data (11). 

 
A significant treatment effect for developmental stage was determined on the replicate 

median values using the Jonckheere-Terpstra or Mann-Whitney U test with a Bonferroni-Holm 
adjustment to the p-values.  Concentration-response monotonicity was assessed visually from the 
replicate and treatment medians or means.  The statistical significance of all tests indicated was 
assessed at p = 0.05.  

7.   RESULTS 

7.1. Range-Finding Test 

The range-finding study was conducted separately (FEL Study No. BATT01-00385) and 
was not required to be GLP-compliant.  Based on range-finding, the maximum tolerable 
concentration (MTC) (1) was determined to be 100 µg/L (Appendix G).  The test concentration 
series was 1x, 0.33x, 0.11x, and 0.04x, where x is the MTC value.  Therefore, the sponsor-
approved test concentrations were 100.0, 33.0, 10.9, and 3.6 µg/L. 

7.2. Water Quality Measurements and Test System Performance 

Results of water quality measurements and test system performance are presented in 
Table 5.  I- levels in the dilution water were measured on Study Day (SD) 0 and 21 (in-life 
conclusion) of the 00389 study and contained 9.3 (±0.03) and 9.2 (±0.05) µg/L I-, respectively, 
which fell within the acceptable range.  All physicochemical water quality parameters in study 
were within acceptable ranges (Table 5). 

7.3. Confirmation of Test Concentrations 

Nominal 2-EHHB concentrations selected for the Amphibian Metamorphosis Assay 
study were 0.0 (control), 3.6, 10.9, 33.0, and 100 µg/L.  The dilution water control solutions 
showed no detectable levels of 2-EHHB with the exception of SD 0, replicate D, which had trace 
levels (0.210 µg/L) (Table 6).  Since time interval between sample collection events was 
consistent throughout study, the mean measured concentration represented an accurate 
estimation of exposure concentration.  Because a continuous stock solution was prepared using 
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solid-liquid phase saturator columns, stock concentrations varied somewhat during the course of 
the study.  However, since these concentrations were used to adjust stock pump flow to the 
diluter master mixing cell, impact on test solution concentrations was minimal.  The mean 
measured concentration represented the average of each data point from SD 0, 7, 14, and 21 for 
each replicate (A-D, represents intra-replicate mean) of the control and each treatment per 
facility SOP.  IQRs determined for the 0.0 (control), 3.6, 10.9, 33.0, and 100 µg/L 2-EHHB 
treatments were 0.104-0.104, -4.75-12.2, -10.7-28.3, -9.70-55.9, and -34.7-157 µg/L 2-EHHB, 
respectively.  Based on IQR analysis of the control and each treatment group, 0.0 µg/L replicate 
D duplicate sample from Study Week (SW) 0 was considered an outlier (Appendix E).  The 
corresponding mean measured concentrations in the definitive study were <0.208 (control), 4.58, 
10.3, 25.0, and 62.0 μg/L 2-EHHB (Table 7).  Lower test substance recovery was noted in the 
two highest test concentrations, potentially due to the complexity of the environment within each 
replicate tank regardless of a high-level attention to water quality maintenance and diluter 
performance. In some cases, variability in analytical measurement was noted with duplicate 
samples.  The coefficient of variation (CV) [(Standard deviation/mean)100] was based on the 
standard deviation of the four replicate means (n=4) for the control and the four replicate means 
(n=4) for each treatment per facility SOP.  The CVs of the intra-replicate means of the measured 
test concentrations for the 3.6, 10.9, 33.0, and 100 µg/L treatments were 13%, 3%, 2%, and 6%, 
respectively; which were acceptable based on the criteria establish in the test guidance (3) and 
protocol BATT01-3 for study BATT01-00388.   

7.4. Mortality 

Test organism survival during the study is presented in Table 8.  No mortality was 
observed during the study.  Since all larvae survived during the study, no statistical analyses 
were performed.  

7.5. Development 

 Developmental Stage 

Larval developmental stages on SD 7 and 21 are provided in Table 8.  The median 
developmental stage on exposure SD 7 was 54 for the control and each treatment, as well as all 
replicates of all treatments.  At test conclusion (day 21), the median developmental stage for the 
control ranged from 59 in replicate B to 58 in the remaining replicates.  The median 
developmental stage for the <0.208 (control), 3.6, 10.9, 33, and 100 μg/L 2-EHHB treatments 
were 58, 58, 58, 59, and 59, respectively.  The IQR and the number of different stages occurring 
(in parentheses) for each treatment and the control on SD 7, was 54 (1).  At the conclusion of the 
study, the IQR values for the control and each treatment concentration were 58 to 59 (2).  The 
median developmental stage attained at SD 7 was not evaluated statistically, since all larvae were 
recorded as NF stage 54.  The median developmental stage attained at SD 21 in the 100 μg/L 2-
EHHB treatment was not significantly different from the control (Jonckheere-Terpstra test, 
p=0.1962), and this test was thus not performed on the remaining lower treatments.  No signs of 
asynchronous development were noted. 
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 Hind Limb Development 

Larval hind limb development results for SD 7 and SD 21 are provided in Table 9.  SVL 
results (Table 10) was used to normalize hind limb length and is presented in Table 11.  On 
exposure day 7, the mean normalized HLLs were each 0.10 in the control and each treatment 
with the exception of 3.6 μg/L 2-EHHB, which was 0.12.  At test termination (SD 21), the mean 
normalized HLLs were 0.24, 0.36, 0.34, 0.38, and 0.35 in the control, 3.6, 10.9, 33, and 100 μg/L 
2-EHHB treatments.  Normalized HLL in each of the 2-EHHB treatments were not significantly 
different than the control at SD 7 or SD 21 (test termination) (Mann-Whitney Wilcoxon U test 
with Bonferroni-Holm adjustment, p>0.05). 

7.6. Growth 

 Snout-Vent Length (SVL) 

The effect of 2-EHHB exposure on SVL is provided in Table 10.  SVL, one of two 
measures of larval growth, ranged from 15.5 mm in the control to 16.3 mm in the 100 μg/L 2-
EHHB treatment on exposure day 7.  At exposure day 21, SVL ranged from 27.3 mm in the 
control to 28.4 mm in the 3.6 μg/L 2-EHHB treatment.  SVLs measured in each of the treatments 
on SD 7 or 21 were not significantly different from the control (Dunnett’s test, p>0.05 for SD 7, 
and Mann-Whitney Wilcoxon U test with Bonferroni-Holm adjustment, p>0.05 for SD 21).    

 Body Weight  

The effect of 2-EHHB exposure on body weight is provided in Table 12.  Body weight, 
the second measure of larval growth, ranged from 0.2061 g in the control to 0.3131 g in the 100 
μg/L 2-EHHB treatment on exposure day 7.  At exposure day 21, body weight ranged from 
1.1260 g in the control to 1.6426 g in the 33 μg/L 2-EHHB treatment.  Body weights measured 
on SD 7 in the 33 and 100 μg/L 2-EHHB treatments were significantly greater than the control 
(Jonckheere-Terpstra test, p=0.0399 and 0.0079, respectively).  Body weights measured on SD 
21 in the 33 and 100 μg/L 2-EHHB treatments were significantly greater than the control 
(Jonckheere-Terpstra test, p=0.0196 and 0.0053, respectively).   

7.7. Thyroid Gland Histopathology 

The results of histopathological evaluation of the thyroid glands are provided in Tables 
13 and 14.  The histopathology report (EPL, Sterling, VA) is provided in Appendix D.   There 
were two histopathological findings recorded in this study: follicular cell hypertrophy and 
follicular cell hyperplasia.  “The former was characterized by a relative increase in the 
proportion of follicular epithelial cells that exhibited increased cell height (i.e., columnar shape 
relative to cuboidal), and the latter by a proportional increase in stratification, crowding, or 
papillary in-folding of follicular epithelial cells.” (EPL, see Appendix D).   The rationale for 
this response is that anuran metamorphosis is considered to be a thyroid-dependent process; 
therefore, basal levels of follicular cell hypertrophy and hyperplasia are anticipated findings in 
control frogs at the developmental stage at which they were sacrificed in the study (i.e., median 
Stage 59). Larvae preparing for metamorphic climax (NF stage 61) require a large surge of 
thyroid hormone to initiate the final cascade of metamorphic processes, including resorption of 
the tail.  This process significantly taxes the thyroid during the assay, which results in follicular 
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hypertrophy and in some cases hyperplasia.   This stress diminishes at stage 62 as metamorphic 
climax proceeds.   

“There were slight, non-dose-responsive increases in the incidence and/or severity of 
follicular cell hypertrophy (mild to moderate), and in the incidence of follicular cell hyperplasia 
(mild), in some treated groups compared to controls; however, these relative differences were 
too insubstantial to conclude that they represented treatment effects.” (EPL, see Appendix D).   
The control thyroid histopathology was acceptable in the present study, and histopathological 
findings in the thyroid gland were not significantly more prevalent or severe in 2-EHHB treated 
frogs as compared to controls.   

7.8. Clinical Signs of Toxicity 

Clinical signs of toxicity were not observed during the conduct of the present study 
(Table 15). 

8. DISCUSSION 

8.1. Performance Criteria and Validity 

Performance of the present study and the relationship to the performance criteria and test 
validity established in protocol BATT01-3 and study guidance document (3) are provided in 
Table 16.  The coefficients of variation (CV, expressed as %) for the measured test 
concentrations between each replicate for the control or each treatment concentration at a given 
measurement point (study day 0, 7, 14, and 21) and overall were <20%.  Control mortality was 
<10% in each replicate of the control.  The median developmental stage of the control was >57.  
The interquartile range (10th and 90th percentile) for the control was <4.  The range of pH 
measured in the control and treatments was between 6.5 and 8.5, the temperature in the study 
was maintained at 22±1ºC, and the inter-replicate range in temperature was maintained at ≤0.5 
ºC.  None of the test concentrations demonstrated overt toxicity and none of the test 
concentrations including the control had compromised replicates.   In summary, the present 
study met all performance criteria established for the OPPTS 890.1100 Amphibian 
Metamorphosis Assay (3) (Table 16).  Further, the present study met all validity criteria for a 
test article that does not have thyroid axis activity. 

9. ASSESSMENT OF THE AMPHIBIAN METAMORPHOSIS ASSAY RESULTS 

Results of present study met the performance criteria established for the OPPTS 
890.1100 Amphibian Metamorphosis Assay (3) and were considered valid (Table 16). The 
following decision logic was applied to the present study to determine if 2-EHHB affected 
thyroid activity.   

 No significant differences between the median developmental stage or normalized 
HLL between the control and the treatments were observed on exposure day 7 or 
at the conclusion of the study.   
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 Asynchronous development was not noted in the control or treatments during the 
conduct of the study.   

 Although mild to moderate histopathological lesions were observed in the control 
and the 2-EHHB treatments, there was no clear relationship between test article 
concentration and response.   “The stimulus for both follicular cell hypertrophy 
and hyperplasia in larvae (from the control or the various treatments) is increased 
circulating levels of thyroid stimulating hormone (TSH) (Tietge et al., 2010) 1, 
concentrations of which are highest in the X. laevis pituitary between Nieuwkoop 
and Faber (NF) stages 58-62 (Korte et al., 2011) 2.   For reasons that are not yet 
completely clear, the rapid elevation in TSH that is associated with metamorphic 
climax occurs despite a concomitant rise in circulating thyroid hormones (TH), 
which would otherwise be expected to suppress pituitary TSH production via the 
classic hypothalamus-pituitary-thyroid (HPT) negative feedback mechanism 
(Buckbinder and Brown, 1993; Sternberg et al., 2011)3.  Following metamorphic 
climax (e.g., NF stage 66), levels of TSH and TH decrease, at which point the 
histological appearance of the thyroid glands becomes more quiescent (Grim et 
al., 2009)4.” 

 Larvae exposed to 2-EHHB in the 33 and 100 μg/L 2-EHHB treatments weighed 
significantly more than the controls both at study day (SD) 7 and 21 (conclusion).  
Thus, 2-EHHB appeared to impact growth (weight).   

 No effect of 2-EHHB exposure on SVL at either study day was observed.   

 No impact on hind limb length (HLL) was noted in any of the 2-EHHB treatments 
based on SVL-normalized HLL, although unnormalized HLL at SD 7 in larvae in 
the 100 µg/L 2-EHHB treatment was significantly greater than the control 
(Jonckheere-Terpstra test, p=0.0355).  In contrast, there was as an impact on HLL 
observed at SD 21 (conclusion).  

 No significant effects on behavior or signs of overt toxicity were noted. 

                                                      
1 Tietge JE, Butterworth BC, Haselman JT, Holcombe GW, Hornung MW, Korte JJ, Kosian PA, Wolfe M, Degitz 
SJ. (2010). Early temporal effects of three thyroid hormone synthesis inhibitors in Xenopus laevis. Aquat. Toxicol., 
98:44-50. 
2 Korte JJ, Sternberg RM, Serrano JA, Thoemke KR, Moen SM, Lillegard KE, Hornung MW, Tietge JE, Degitz SJ. 
(2011). Thyroid-stimulating hormone (TSH): measurement of intracellular, secreted, and circulating hormone in 
Xenopus laevis and Xenopus tropicalis. Gen. Comp. Endocrinol.,171:319-325. 
3 Buckbinder L, Brown DD. (1993).  Expression of the Xenopus laevis prolactin and thyrotropin genes during 
metamorphosis.  Proc. Natl. Acad. Sci. U S A, 90:3820-3824 and Sternberg RM, Thoemke KR, Korte JJ, Moen SM, 
Olson JM, Korte L, Tietge JE, Degitz SJ Jr.  (2011).  Control of pituitary thyroid-stimulating hormone synthesis and 
secretion by thyroid hormones during Xenopus metamorphosis.  Gen Comp Endocrinol, 173:428-437. 
4 Grim KC, Wolfe M, Braunbeck T, Iguchi T, Ohta Y, Tooi O, Touart L, Wolf DC, Tietge J. (2009). Thyroid 
Histopathology Assessments for the Amphibian Metamorphosis Assay to Detect Thyroid-active Substances.   
Toxicol. Pathol., 37(4):415-424. 
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10.   CONCLUSIONS 

Results from the USEPA OPPTS 890.1100 Amphibian Metamorphosis Assay (3) 
indicated that growth (weight) was impacted by 2-EHHB exposure relative to the control.  
However, the significance of increases in body weight at SD 7 and SD 21 following exposure to 
2-EHHB at 33 and 100 μg/L cannot be deduced from this study. No treatment-related effects on 
thyroid-mediated development were noted during the study.  There were no significant 
histopathologic findings in the thyroid related to 2-EHHB exposure in this study.  Using the 
decision criteria in the AMA test guideline (OCSPP 890.1100), 2-EHHB does not appear to 
affect amphibian metamorphosis or affect the thyroid axis directly based on the endpoints 
measured at the concentrations tested.   

11. SAMPLE HANDLING AND CUSTODY 

All samples received, generated during the course of testing, and submitted to EAG 
Laboratories (Columbia, MO) and EPL (Sterling, VA) in this study were accompanied by an 
appropriately signed chain of custody and handled in accordance with facility SOPs.  Samples 
were entered into a sample check-in logbook and assigned a unique sample tracking number.  
Each sample was also properly labeled with its assigned sample tracking number.  Sets of test 
solution samples collected by FEL were preserved as described by EAG Laboratories (Columbia, 
MO) and shipped to EAG Laboratories by commercial carrier.  Whole body tissue samples 
collected at the conclusion of the in-life phase were shipped to EPL (Sterling, VA) via 
commercial carrier.  Samples, when not in use, were properly preserved and stored, based on 
sample matrix. 

12.   RECORD MAINTENANCE AND ARCHIVAL 

Test facility-related records (personnel training, equipment calibration and maintenance, 
storage temperature records, etc.) were retained at the Test Facility. No records were disposed of 
without the authorization of the Sponsor.  The records were organized and included an index. 

 
Certified exact copies of the original raw data, derived data (DEST), QA reports, study 

guidance documents, correspondence, and draft and final reports were electronically maintained 
at the In-life test facility in accordance with facility SOPs until study finalization.  All original 
raw data and the original Final Study Report were kept in designated file cabinets located in a 
secured file room at the Test Facility.  After final approval of all reports and conclusion of the 
study, all electronic files will be transferred to compact discs (CDs) and verified as exact copies 
of the original.  Copies of the electronic disc and the Final Study Report will be sent to the 
Sponsor.  Immediately following finalization of the final report, all original handwritten raw 
data, original raw data files, the original Final Study Report, protocol and protocol amendments 
associated with the study will be maintained in the archive at FEL until shipped to the archive 
location below per facility SOP.  In addition, all EPL-generated histology data records will be 
shipped to the Sponsor for archiving.  Original raw analytical data and original analytical reports 
from EAG Laboratories (Columbia, MO) will be sent to the Sponsor for archiving.  The archive 
location is: 
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Battelle Memorial Institute 
505 King Avenue 
Columbus, OH  43201-2696 
Attn:  Vincent J. Brown, Ph.D. 
614-424-5928 
brownv@battelle.org 

13.   SPECIMENS ARCHIVAL 

The preserved test specimens were labeled and stored at FEL until study finalization in 
accordance with facility SOPs.  Per Sponsor mandated exception, following study finalization, 
specimens remaining at FEL, and embedded tissues or specimens maintained by EPL will be 
disposed of in accordance with QMP, QAPP, and respective facility SOPs.  All slides produced 
during the histopathological analyses will be stored at EPL until study finalization.  After study 
finalization, all slides were shipped to the sponsor at the address below.   

 
Sharlene R. Matten, Ph.D. 
Senior Biologist, US EPA 
Exposure Assessment Coordination and Policy Division 
Office of Science Coordination and Policy 
1200 Pennsylvania Ave., N.W., Mail Code 7203M 
Washington, D.C. 20460 
Tel: 202-564-0130 
e-mail: matten.sharlene@epa.gov   

14.   TEST SUBSTANCE WASTE DISPOSAL 

Disposal of waste material generated by the study was performed in accordance with 
those requirements provided in the Material Safety Data Sheets (MSDS) and facility SOPs.  The 
test substance were returned to the Sponsor in accordance with those requirements provided in 
the facility SOPs. 

15. STUDY PROTOCOL ADHERENCE 

The study was performed in accordance with Study Protocol No. BATT01-3 (Appendix 
A).  There were nine amendments to and two deviations from the Study Protocol (Appendix A). 
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Table 1 In-life Phase Schedule 

 
Study Phase Study Day Study Activity 

Range-Finding ---  Range Finding (5,6) 

Main Study 
Pre-Exposure 

PE -1 
 Breed X. laevis 
 Calibrate diluter (salt water) 

PE 0 

 Sort / count test embryos 
 Prepare test substance stock solution 
 Collect / store test substance stock  
 Start diluter equilibration with test substance 

PE 2  Collect test solution samples / ship test substance 
stock and test solutions to ABC (EAG) Labs 

PE 6  Breed back-up X. laevis 

PE 7  Sort / count back-up test embryos 

PE 12-16  X. laevis larvae should be at NF stage 51 

Main Study 
Exposure 

E 0 
 Introduce test larvae to exposure system 
 Collect test solution samples / ship test substance 

stock and test solutions to ABC (EAG) Labs 

E 7 

 Collect test solution samples / ship test substance 
stock and test solutions to ABC (EAG) Labs 

 Collect / fix tissue specimens required for day 7 
endpoints 

E 14  Collect test solution samples / ship test substance 
stock and test solutions to ABC (EAG) Labs 

E 21 

 Test takedown 
 Collect test solution samples / ship test substance 

stock and test solutions to ABC (EAG) Labs 
 Collect/fix tissue specimens for all test 

termination endpoints 
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Table 2 Sera Micron Feeding Rate for Tadpoles during In-Life Phase of AMA using Flow-
Through Conditions 

Study 
Day 

Food Ration  
(mg Sera Micron/animal/day) 

0 - 4 30 

5 - 7 40 

8 - 10 50 

11 - 14 70 

15 - 21 80 
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Table 3 Experimental Conditions for In-Life Study 

Test substance 2-ethylhexyl 4-hydroxybenzoate 

Test System (species) Xenopus laevis Larvae 

Initial Larval Stage NF Stage 51 

Exposure Period 21 d 

Larvae Selection Criteria Developmental Stage and Optional Total Length 

Test Chemical Concentration (µg/L) 0.0 (control), 3.6, 10.9, 33.0, and 100.0 

Exposure System Flow-Through Mini-Diluter 

Exposure Route Abiotic Exposure via Culture Media 

Flow-Rate 25 mL/min 

Primary Endpoints / Determination Days 

Mortality Daily 

Developmental Stage Study Days 7 and 21 

Hind Limb Length Study Days 7 and 21 

Snout-Vent Length Study Days 7 and 21 

Wet Body Weight Study Days 7 and 21 

Thyroid Histology Study Day 21 

Additional Observations Morphology/Behavior Study Days 7  and 21 

Dilution Water / Laboratory Control Dechlorinated Tap Water (charcoal-filtered) 

Larval Density 20 Larvae / Test Vessel (5 / L) 

Test Solution / Test Vessel 4 L (10-15 cm water height) 

Replication 4 Replicates / Test Concentration and Control 

Acceptable Mortality Rate in Controls ≤10% 

Thyroid Fixation 

Number Fixed 5 / Replicate (randomly selected, stage matched) 

Region Head 

Fixation Fluid Davidson’s Fixative 

Feeding 
Food Sera Micron  

Frequency / Amount Twice daily / see Table 2 

Lighting 
Photoperiod 12 h Light : 12 h dark 

Intensity 600 to 2,000 lux (Measured at Water Surface) 

Water Temperature 22º  1ºC 

pH 6.5 – 8.5 

Dissolved Oxygen (DO) Concentration >3.5 mg/L (>40% Air Saturation) 

Analytical Chemistry Sample Schedule 
Equilibration phase and 4 Events (d 0, d 21, and 2 events 
between d 0 and d 21) 
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Table 4  Observation Time Points for Endpoints 

Endpoints: Daily 
Study Day 

7 
Study Day 

21 
Primary1:    

Mortality ●   
Developmental Stage  ● ● 
Hind Limb Length  ● ● 
Snout-Vent Length  ● ● 
Wet Body Weight  ● ● 
Thyroid Gland Histology   ● 

Secondary:    

Gross Morphology  ● ● 

 

                                                      
1 Statistical evaluation will be considered for each of the primary endpoints. 
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Table 5 Summary of Water Quality Characteristics in the Test System 

Parameter 
Treatment 

(μg/L) 
Replicate Minimum Maximum 

Measurement 
Interval 

pH 
(s.u.) 

0.0 

A 7.2 8.1 3x Weekly 
B 7.3 8.1 3x Weekly 
C 7.3 7.9 3x Weekly 
D 7.3 7.9 3x Weekly 

3.6 

A 7.4 7.9 3x Weekly 
B 7.5 7.9 3x Weekly 
C 7.5 7.9 3x Weekly 
D 7.6 7.9 3x Weekly 

10.9 

A 7.5 7.9 3x Weekly 
B 7.4 7.9 3x Weekly 
C 7.4 7.8 3x Weekly 
D 7.5 7.8 3x Weekly 

33.0 

A 7.5 7.9 3x Weekly 
B 7.5 7.9 3x Weekly 
C 7.5 7.9 3x Weekly 
D 7.5 7.9 3x Weekly 

100 

A 7.5 7.9 3x Weekly 
B 7.5 8.0 3x Weekly 
C 7.4 8.0 3x Weekly 
D 7.5 8.0 3x Weekly 

Dissolved 
oxygen (mg/L) 

0.0 

A 6.8 8.3 3x Weekly 
B 6.9 8.0 3x Weekly 
C 6.2 8.1 3x Weekly 
D 6.4 7.8 3x Weekly 

3.6 

A 5.5 7.7 3x Weekly 
B 5.6 7.6 3x Weekly 
C 4.9 7.9 3x Weekly 
D 4.2 7.6 3x Weekly 

10.9 

A 4.8 8.1 3x Weekly 
B 5.3 7.9 3x Weekly 
C 5.4 7.7 3x Weekly 
D 5.9 8.0 3x Weekly 

33.0 

A 4.6 7.7 3x Weekly 
B 5.4 7.8 3x Weekly 
C 5.4 7.7 3x Weekly 
D 5.8 7.7 3x Weekly 

100 

A 5.6 7.6 3x Weekly 
B 5.9 7.5 3x Weekly 
C 5.4 7.6 3x Weekly 
D 5.4 7.6 3x Weekly 
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Table 5 (continued) 
Summary of Water Quality Characteristics in the Test System 

 

Parameter 
Treatment 

(μg/L) 
Replicate Minimum Maximum 

Measurement 
Interval 

Temperature 
(ºC) 

0.00 

A 22.3 22.6 Daily 
B 22.3 22.8 Daily 
C 22.3 22.7 Daily 
D 22.3 22.7 Daily 

3.6 

A 22.3 22.8 Daily 
B 22.3 22.7 Daily 
C 22.3 22.7 Daily 
D 22.3 22.7 Daily 

10.9 

A 22.3 22.7 Daily 
B 22.3 22.7 Daily 
C 22.3 22.7 Daily 
D 22.3 22.7 Daily 

33.0 

A 22.3 22.7 Daily 
B 22.3 22.7 Daily 
C 22.3 22.7 Daily 
D 22.4 22.7 Daily 

100 

A 22.3 22.7 Daily 
B 22.3 22.7 Daily 
C 22.3 22.7 Daily 
D 22.3 22.7 Daily 

Light Intensity1 
(lux) 

0.00 

A 631 818 3x Weekly 
B 632 769 3x Weekly 
C 615 851 3x Weekly 
D 603 912 3x Weekly 

3.6 

A 654 912 3x Weekly 
B 664 901 3x Weekly 
C 661 923 3x Weekly 
D 642 854 3x Weekly 

10.9 

A 615 812 3x Weekly 
B 631 831 3x Weekly 
C 602 894 3x Weekly 
D 613 883 3x Weekly 

33.0 

A 615 796 3x Weekly 
B 638 823 3x Weekly 
C 638 852 3x Weekly 
D 605 832 3x Weekly 

100 

A 615 813 3x Weekly 
B 645 812 3x Weekly 
C 641 825 3x Weekly 
D 614 816 3x Weekly 

  

                                                      
1 Measured at water level. 
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Table 5 (continued) 
Summary of Water Quality Characteristics in the Test System 

 

Parameter 
Treatment 

(μg/L) 
Minimum Maximum 

Measurement 
Interval 

Total 
Hardness 
(mg/L as 
CaCO3) 

0.0 128 140 1x Weekly 

100 128 148 1x Weekly 

Alkalinity 
(mg/L as 
CaCO3) 

0.0 48 68 1x Weekly 

100 52 72 1x Weekly 

Iodide (μg/L) N/A 9.2 9.3 
2x during 

study 

Ammonia1 
(μg/L) 

N/A <0.06 <0.06 
2x during 

study 

Chlorine 
(μg/L) 

N/A <0.05 <0.05 
2x during 

study 

 
  

                                                      
1 Expressed as nitrogen. 
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Table 6 Summary of Treatment Concentrations in the AMA with 2-EHHB  

Study 
Day 

Nominal 
Concentration 

(μg/L) 
Replicate 

Sample 
ID1 

Measured 
Concentration2 

(μg/L) 

CV3 
(%) 

0 

0.0 

A 034 <MQL 

--- 
B 035 <MQL 
C 036 <MQL 
D 037 <MQL 

3.6 

A 038 3.63 

2.3 
B 039 3.58 
C 040 3.60 
D 041 3.77 

10.9 

A 042 9.04 

6.4 
B 043 8.66 
C 044 9.52 
D 045 10.0 

33.0 

A 046 22.8 

5.7 
B 047 22.3 
C 048 25.3 
D 049 22.8 

100 

A 050 60.0 

13.3 
B 051 59.2 
C 052 78.2 
D 053 66.6 

7 

0.0 

A 162 <MQL 

--- 
B 163 <MQL 
C 164 <MQL 
D 165 <MQL 

3.6 

A 166 4.47 

19.4 
B 167 7.28 
C 168 6.04 
D 169 5.94 

10.9 

A 170 13.3 

6.4 
B 171 14.7 
C 172 12.6 
D 173 13.5 

33.0 

A 174 35.4 

7.5 
B 175 30.5 
C 176 31.0 
D 177 30.5 

100 

A 178 83.3 

4.6 
B 179 86.5 
C 180 87.1 
D 181 78.6 

                                                      
1 Results are based on values reported in the DEST, Analytical & Water Quality tab (Appendix E). 
2 Minimum Quantitation Level (MQL) = 0.208 μg/L. 
3 Coefficient of variation = (Standard deviation / mean)100.  Represents inter-replicate CV at each sampling point. 
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Table 6 (continued) Summary of Treatment Concentrations in the AMA with 2-EHHB  
 

Study 
Day 

Nominal 
Concentration 

(μg/L) 
Replicate 

Sample 
ID1 

Measured 
Concentration2 

(μg/L) 

CV3 
(%) 

14 

0.0 

A 187 <MQL 

--- 
B 188 <MQL 
C 189 <MQL 
D 190 <MQL 

3.6 

A 191 5.08 

19.8 
B 192 8.05 
C 193 5.86 
D 194 6.50 

10.9 

A 195 14.9 

12.8 
B 196 10.9 
C 197 12.9 
D 198 13.6 

33.0 

A 199 26.8 

7.5 
B 200 28.9 
C 201 31.6 
D 202 31.2 

100 

A 203 51.3 

7.9 
B 204 58.3 
C 205 62.3 
D 206 57.0 

21 

0.0 

A 511 <MQL 

--- 
B 512 <MQL 
C 513 <MQL 
D 514 <MQL 

3.6 

A 515 2.42 

3.4 
B 516 2.31 
C 517 2.27 
D 518 2.43 

10.9 

A 519 5.19 

3.3 
B 520 5.37 
C 521 5.24 
D 522 4.95 

33.0 

A 523 14.6 

5.6 
B 524 16.4 
C 525 14.7 
D 526 15.8 

100 

A 527 41.5 

2.5 
B 528 41.1 
C 529 41.2 
D 530 39.2 

                                                      
1 Results are based on values reported in the DEST, Analytical & Water Quality tab (Appendix E). 
2 Minimum Quantitation Level (MQL) = 0.208 μg/L. 
3 Coefficient of variation = (Standard deviation / mean)100.  Represents inter-replicate CV at each sampling point. 
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 Table 7. Summary of Mean Measured Concentrations in the AMA with 2-EHHB 

 

Study Day 
Nominal 

Concentration 
(μg/L) 

Mean 
Measured 

Concentration 
(μg/L) 1 

CV2 
(%) 

Mean 
Measured 

Concentrations 

0.0 <MQL3 --- 

3.6 4.58 13 

10.9 10.3 3 

33.0 25.0 2 

100 62.0 6 
  

                                                      
1 Since time interval between sample collection events was consistent throughout study, the mean measured 
concentration represents an accurate estimation of exposure concentration.  The mean measured concentration 
represents the average of each data point from SD 0, 7, 14, and 21 for each replicate (A-D) of the control and each 
treatment per facility SOP. 
2 Coefficient of variation = (Standard deviation / mean)100.  Standard deviation of the mean of four replicates (n=4) 
for the control and each treatment divided by the mean of the mean measured concentrations of each replicate per 
facility SOP.  Designated as intra-replicate mean CV used in assessment variability of estimated exposure 
concentration and test acceptability. 
3 Minimum Quantitation Level (MQL) = 0.208 μg/L. 



BATT01-00388 FEL 

Page 38 of 252 

Table 8 Effect of 2-EHHB Exposure on Mortality and Developmental Stage1 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) Replicate 

Mortality 
(Study Day 7) 

Mortality 
(Study Day 21) 

NF Stage 
(Study Day 7) 

NF Stage 
(Study Day 21) 

Jonckheere
-Terpstra 
Test on 

Day 21 NF 
Stage 

(p-value) 

N Dead N Dead N Median IQR2 N Median IQR 

0.0 
[<MQL] 

A 20 0 15 0 5 54 54-54 15 58 58-58 

 
B 20 0 15 0 5 54 54-54 15 59 58-59 
C 20 0 15 0 5 54 54-54 15 58 58-59 
D 20 0 15 0 5 54 54-54 15 58 58-59 

Overall 80 0 60 0 20 54 54-54 60 58 58-59 

3.6 
[4.58] 

A 20 0 15 0 5 54 54-54 15 58 58-59 

NP3 
B 20 0 15 0 5 54 54-54 15 58 58-59 
C 20 0 15 0 5 54 54-54 15 58 57-59 
D 20 0 15 0 5 54 54-54 15 59 58-59 

Overall 80 0 60 0 20 54 54-54 60 58 58-59 

10.9 
[10.3] 

A 20 0 15 0 5 54 54-54 15 58 58-59 

NP 
B 20 0 15 0 5 54 54-54 15 58 57-59 
C 20 0 15 0 5 54 54-54 15 58 58-59 
D 20 0 15 0 5 54 54-54 15 58 57-59 

Overall 80 0 60 0 20 54 54-54 60 58 58-59 

33 
[25.0] 

A 20 0 15 0 5 54 54-54 15 59 58-59 

NP 
B 20 0 15 0 5 54 54-54 15 59 58-59 
C 20 0 15 0 5 54 54-54 15 59 58-59 
D 20 0 15 0 5 54 54-54 15 58 58-59 

Overall 80 0 60 0 20 54 54-54 60 59 58-59 

100 
[62.0] 

A 20 0 15 0 5 54 54-54 15 59 58-59 

0.1962 
B 20 0 15 0 5 54 54-54 15 59 58-59 
C 20 0 15 0 5 54 54-54 15 58 58-59 
D 20 0 15 0 5 54 54-54 15 58 58-59 

Overall 80 0 60 0 20 54 54-54 60 59 58-59 

 
  

                                                      
1 Jonckheere-Terpstra tests were conducted on NF stage Day 21 replicate median values in a stepdown fashion at the 
0.05 level (2-sided).  The test was not conducted for SD 7 since all tadpoles were recorded as NF stage 54 on Day 7. 
2 Interquartile range, 10th to 90th percentiles. 
3 Jonckheere-Terpstra step-down test was not performed since the highest treatment group at 100 µg/L was not 
statistically significant at p=0.05.  NP=not performed. 
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Table 9 Effect of 2-EHHB Exposure on Hind Limb Length (mm) on Study Days 7 and 21 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) Replicate 

Hind Limb Length (mm) Study Day 7 Hind Limb Length (mm) Study Day 21 

N 
Replicate 

Mean 
Mean SEM1 

CV 
(%)2 

N 
Replicate 

Mean 
Mean SEM 

CV 
(%) 

0.0 
[<MQL] 

A 5 1.80 

1.66 0.06 7.16 

15 6.18 

6.83 0.23 6.60 
B 5 1.62 15 6.87 
C 5 1.52 15 7.06 
D 5 1.70 15 7.19 

3.6 
[4.58] 

A 5 1.70 

1.86 0.12 12.81 

15 10.87 

10.39 1.41 27.13 
B 5 1.94 15 11.92 
C 5 1.64 15 6.29 
D 5 2.16 15 12.50 

10.9 
[10.3] 

A 5 1.82 

1.73 0.12 13.57 

15 9.23 

8.83 0.59 13.43 
B 5 1.90 15 9.67 
C 5 1.80 15 9.35 
D 5 1.38 15 7.07 

33 
[25.0] 

A 5 1.82 

1.81 0.05 5.52 

15 11.97 

10.51 0.88 16.80 
B 5 1.94 15 9.69 
C 5 1.78 15 11.96 
D 5 1.70 15 8.41 

100 
[61.9] 

A 5 1.88 

2.023 0.08 8.24 

15 10.47 

9.72 0.36 7.48 
B 5 2.04 15 10.10 
C 5 1.90 15 9.50 
D 5 2.24 15 8.81 

                                                      
1 Standard error of the mean 
2 Coefficient of variation = (standard deviation / mean) × 100 
3 Significantly greater than control (Jonckheere-Terpstra test, p=0.0180).  
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Table 10 Effect of 2-EHHB Exposure on Snout-to-Vent Length (mm) on Study Days 7 and 21 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) Replicate 

Snout-to-Vent Length (mm) Study Day 7 Snout-to-Vent Length (mm) Study Day 21 

N 
Replicate 

Mean 
Mean SEM1 

CV 
(%)2 

N 
Replicate 

Mean 
Mean SEM CV (%) 

0.0 
[<MQL] 

A 5 15.44 

15.48 0.28 3.62 

15 25.34 

27.32 0.71 5.21 
B 5 15.70 15 27.28 
C 5 14.72 15 28.56 
D 5 16.04 15 28.11 

3.6 
[4.58] 

A 5 13.74 

14.40 0.62 8.59 

15 30.53 

28.36 1.09 7.66 
B 5 14.24 15 29.57 
C 5 13.42 15 25.61 
D 5 16.18 15 27.71 

10.9 
[10.3] 

A 5 14.44 

14.04 0.63 8.97 

15 27.07 

25.88 0.46 3.59 
B 5 14.06 15 25.55 
C 5 15.32 15 26.04 
D 5 12.32 15 24.85 

33 
[25.0] 

A 5 15.38 

14.97 0.49 6.61 

15 26.54 

27.67 0.41 2.97 
B 5 15.88 15 28.25 
C 5 15.04 15 28.30 
D 5 13.58 15 27.57 

100 
[61.9] 

A 5 16.34 

16.30 0.24 2.89 

15 27.49 

27.90 0.30 2.13 
B 5 16.68 15 27.64 
C 5 15.62 15 27.70 
D 5 16.54 15 28.79 

  

                                                      
1 Standard error of the mean 
2 Coefficient of variation = (standard deviation / mean) × 100 
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Table 11 Effect of 2-EHHB Exposure on Normalized Hind Limb Length (ratio of HLL:SVL) 
on Study Days 7 and 21 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) Replicate 

Normalized Hind Limb Length 
(ratio of HLL:SVL) 

Study Day 7 

Normalized Hind Limb Length 
(ratio of HLL:SVL) 

Study Day 21 

N 
Replicate 

Mean 
Mean SEM1 

CV 
(%)2 

N 
Replicate 

Mean 
Mean SEM 

CV 
(%) 

0.0 
[<MQL] 

A 5 0.10 

0.10 0.00 0.00 

15 0.25 

0.24 0.00 1.58 
B 5 0.10 15 0.24 
C 5 0.10 15 0.24 
D 5 0.10 15 0.25 

3.6 
[4.58] 

A 5 0.12 

0.12 0.01 8.70 

15 0.35 

0.36 0.04 23.67 
B 5 0.12 15 0.40 
C 5 0.10 15 0.25 
D 5 0.12 15 0.45 

10.9 
[10.3] 

A 5 0.10 

0.10 0.00 0.00 

15 0.33 

0.34 0.02 12.58 
B 5 0.10 15 0.38 
C 5 0.10 15 0.35 
D 5 0.10 15 0.28 

33 
[25.0] 

A 5 0.10 

0.10 0.00 0.00 

15 0.46 

0.38 0.04 20.10 
B 5 0.10 15 0.33 
C 5 0.10 15 0.42 
D 5 0.10 15 0.30 

100 
[61.9] 

A 5 0.10 

0.10 0.00 0.00 

15 0.38 

0.35 0.02 9.81 
B 5 0.10 15 0.36 
C 5 0.10 15 0.35 
D 5 0.10 15 0.30 

                                                      
1 Standard error of the mean 
2 Coefficient of variation = (standard deviation / mean) × 100 
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Table 12 Effect of 2-EHHB Exposure on Wet Body Weight (g) on Study Days 7 and 21 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) Replicate 

Body Weight (g) Study Day 7 Body Weight (g) Study Day 21 

N 
Replicate 

Mean 
Mean SEM1 

CV 
(%)2 

N 
Replicate 

Mean 
Mean SEM CV (%) 

0.0 
[<MQL] 

A 5 0.2070 

0.2061 0.0080 7.7446 

15 0.9296 

1.1260 0.0716 12.7242 
B 5 0.2142 15 1.1100 
C 5 0.1834 15 1.2427 
D 5 0.2196 15 1.2216 

3.6 
[4.58] 

A 5 0.2440 

0.2638 0.0303 22.9956 

15 1.6203 

1.4581 0.1845 25.3048 
B 5 0.2398 15 1.4865 
C 5 0.2182 15 0.9367 
D 5 0.3532 15 1.7889 

10.9 
[10.3] 

A 5 0.2596 

0.2531 0.0296 23.3964 

15 1.4731 

1.3281 0.0643 9.6833 
B 5 0.2462 15 1.3003 
C 5 0.3254 15 1.3719 
D 5 0.1810 15 1.1672 

33 
[25.0] 

A 5 0.3248 

0.29113 0.0274 18.8170 

15 1.4983 

1.64264 0.0598 7.2788 
B 5 0.3286 15 1.6669 
C 5 0.2996 15 1.7871 
D 5 0.2112 15 1.6182 

100 
[61.9] 

A 5 0.3234 

0.31315 0.0218 13.9443 

15 1.5794 

1.62846 0.0222 2.7267 
B 5 0.3544 15 1.6057 
C 5 0.3230 15 1.6499 
D 5 0.2514 15 1.6787 

 
  

                                                      
1 Standard error of the mean 
2 Coefficient of variation = (standard deviation / mean) × 100 
3 Significantly greater than control (Jonckheere-Terpstra test, p=0.0399) 
4 Significantly greater than control (Jonckheere-Terpstra test, p=0.0196) 
5 Significantly greater than control (Jonckheere-Terpstra test, p=0.0079) 
6 Significantly greater than control (Jonckheere-Terpstra test, p=0.0053) 
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Table 13 Summary of Histopathologic Findings for Follicular Cell Hypertrophy 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) 

Replicate 

Mild1 Moderate2 

No. Findings/ 
No. in Group 

Proportion 
No. Findings/ 
No. in Group 

Proportion 

0.0 
[<MQL] 

A 2/5 0.40 0/5 0.00 
B 3/5 0.60 0/5 0.00 
C 1/5 0.20 0/5 0.00 
D 4/5 0.80 0/5 0.00 

Overall 10/20 0.50 0/20 0.00 

3.6 
[4.58] 

A 3/5 0.60 0/5 0.00 
B 0/5 0.00 0/5 0.00 
C 1/5 0.20 0/5 0.00 
D 2/5 0.40 1/5 0.20 

Overall 6/20 0.30 1/20 0.05 

10.9 
[10.3] 

A 4/43 1.00 0/43 0.00 
B 4/5 0.80 0/5 0.00 
C 2/5 0.40 0/5 0.00 
D 3/5 0.60 0/5 0.00 

Overall 13/191 0.68 0/193 0.00 

33 
[25.0] 

A 2/5 0.40 0/5 0.00 
B 2/5 0.40 0/5 0.00 
C 4/5 0.80 1/5 0.20 
D 4/5 0.80 0/5 0.00 

Overall 12/20 0.60 1/20 0.05 

100 
[61.9] 

A 3/5 0.60 0/5 0.00 
B 3/5 0.60 1/5 0.20 
C 1/5 0.20 0/5 0.00 
D 4/5 0.80 0/5 0.00 

Overall 11/20 0.55 1/20 0.05 
  

                                                      
1 No significant difference between treatments and control (RSCABS, p=0.1501). 
2 No significant difference between treatments and control (RSCABS, p=0.2025). 
3 Thyroid gland tissue was not recovered from one tadpole in replicate A of treatment group 10.9 µg/L 
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Table 14 Summary of Histopathologic Findings for Follicular Cell Hyperplasia 

Treatment 
[Mean 

Measured 
Conc.] 
(µg/L) 

Replicate 

Mild1 

No. Findings/ 
No. in Group 

Proportion 

0.0 
[<MQL] 

A 0/5 0.00 
B 0/5 0.00 
C 0/5 0.00 
D 1/5 0.20 

Overall 1/20 0.05 

3.6 
[4.58] 

A 0/5 0.00 
B 0/5 0.00 
C 0/5 0.00 
D 1/5 0.20 

Overall 1/20 0.05 

10.9 
[10.3] 

A 0/42 0.00 
B 0/5 0.00 
C 0/5 0.00 
D 0/5 0.00 

Overall 0/192 0.00 

33 
[25.0] 

A 0/5 0.00 
B 0/5 0.00 
C 1/5 0.20 
D 2/5 0.40 

Overall 3/20 0.15 

100 
[61.9] 

A 0/5 0.00 
B 1/5 0.20 
C 1/5 0.20 
D 0/5 0.00 

Overall 2/20 0.10 
  

                                                      
1 No significant difference between treatments and control (RSCABS, p=0.1553). 
2 Thyroid gland tissue was not recovered from one tadpole in replicate A of treatment group 10.9 µg/L. 
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Table 15 Clinical Signs of Toxicity in Xenopus laevis 

Treatment 
[Mean Measured Conc.] 

(µg/L) 
Replicate 

Clinical Signs1 

Type n Incidence 

0.0 
[<MQL] 

A None 15 0 

B None 15 0 

C None 15 0 

D None 15 0 

3.6 
[4.58] 

A None 15 0 

B None 15 0 

C None 15 0 

D None 15 0 

10.9 
[10.3] 

A None 15 0 

B None 15 0 

C None 15 0 

D None 15 0 

33 
[25.0] 

A None 15 0 

B None 15 0 

C None 15 0 

D None 15 0 

100 
[61.9] 

A None 15 0 

B None 15 0 

C None 15 0 

D None 15 0 

 
  

                                                      
1 Includes abnormal swimming behavior, lethargy, loss of equilibrium, curvature of the spine (e.g., “bent tail”), other 
malformations, and lesions. 
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Table 16 General Test Performance Criteria1 

Criterion Acceptable Limits Criteria Passed 

Test concentrations 
≤20 % CV of measured test 

concentration2  

Control mortality 
≤ 10 % in any replicate of the 

control  

Minimum median control 
developmental stage at test 

termination 
57  

Range of control developmental 
stages 

≤ 4 for the 10th and 90th 
percentile  

DO ≥ 40 % of air saturation   

pH 6.5 – 8.5  

Water temperature 
22 ± 1°C with inter-replicate 

variability ≤ 0.5°C  

Test concentrations without 
overt toxicity (excluding 

control) 
≥ 2  

 
 

  

                                                      
1 Based on Protocol BATT01-3 for study BATT01-00388. 
2 CVs of the intra-replicate means of the measured test concentrations. 



BATT01-00388 FEL 

Page 47 of 252 

 
 

  
PROTOCOL, PROTOCOL AMENDMENTS, AND PROTOCOL DEVIATIONS  



BATT01-00388 FEL 

Page 48 of 252 

 



BATT01-00388 FEL 

Page 49 of 252 

 



BATT01-00388 FEL 

Page 50 of 252 

 



BATT01-00388 FEL 

Page 51 of 252 

 



BATT01-00388 FEL 

Page 52 of 252 

 



BATT01-00388 FEL 

Page 53 of 252 

 



BATT01-00388 FEL 

Page 54 of 252 

 



BATT01-00388 FEL 

Page 55 of 252 

 



BATT01-00388 FEL 

Page 56 of 252 

 



BATT01-00388 FEL 

Page 57 of 252 

 



BATT01-00388 FEL 

Page 58 of 252 

 



BATT01-00388 FEL 

Page 59 of 252 

 



BATT01-00388 FEL 

Page 60 of 252 

 



BATT01-00388 FEL 

Page 61 of 252 

 



BATT01-00388 FEL 

Page 62 of 252 

 



BATT01-00388 FEL 

Page 63 of 252 

 



BATT01-00388 FEL 

Page 64 of 252 

 



BATT01-00388 FEL 

Page 65 of 252 

 



BATT01-00388 FEL 

Page 66 of 252 

 



BATT01-00388 FEL 

Page 67 of 252 

 



BATT01-00388 FEL 

Page 68 of 252 

 



BATT01-00388 FEL 

Page 69 of 252 

 



BATT01-00388 FEL 

Page 70 of 252 

 



BATT01-00388 FEL 

Page 71 of 252 

 



BATT01-00388 FEL 

Page 72 of 252 

 



BATT01-00388 FEL 

Page 73 of 252 

 



BATT01-00388 FEL 

Page 74 of 252 

 



BATT01-00388 FEL 

Page 75 of 252 

 



BATT01-00388 FEL 

Page 76 of 252 

 



BATT01-00388 FEL 

Page 77 of 252 

 



BATT01-00388 FEL 

Page 78 of 252 

 



BATT01-00388 FEL 

Page 79 of 252 

 



BATT01-00388 FEL 

Page 80 of 252 

 



BATT01-00388 FEL 

Page 81 of 252 

 



BATT01-00388 FEL 

Page 82 of 252 

 



BATT01-00388 FEL 

Page 83 of 252 

 



BATT01-00388 FEL 

Page 84 of 252 

 
  



BATT01-00388 FEL 

Page 85 of 252 

 



BATT01-00388 FEL 

Page 86 of 252 

 
  



BATT01-00388 FEL 

Page 87 of 252 



BATT01-00388 FEL 

Page 88 of 252 



BATT01-00388 FEL 

Page 89 of 252 



BATT01-00388 FEL 

Page 90 of 252 

 
  



BATT01-00388 FEL 

Page 91 of 252 

 



BATT01-00388 FEL 

Page 92 of 252 

 
  



BATT01-00388 FEL 

Page 93 of 252 

 



BATT01-00388 FEL 

Page 94 of 252 

 



BATT01-00388 FEL 

Page 95 of 252 

 

  
CERTIFICATE OF ANALYSIS 

  



BATT01-00388 FEL 

Page 96 of 252 

 



BATT01-00388 FEL 

Page 97 of 252 

 

  
EAG LABORATORIES (COLUMBIA, MO) ANALYTICAL REPORT 

  



BATT01-00388 FEL 

AMENDED Page 98 of 252 



BATT01-00388 FEL 

AMENDED Page 99 of 252 



BATT01-00388 FEL 

AMENDED Page 100 of 252 



BATT01-00388 FEL 

AMENDED Page 101 of 252 



BATT01-00388 FEL 

AMENDED Page 102 of 252 



BATT01-00388 FEL 

AMENDED Page 103 of 252 



BATT01-00388 FEL 

AMENDED Page 104 of 252 



BATT01-00388 FEL 

AMENDED Page 105 of 252 



BATT01-00388 FEL 

AMENDED Page 106 of 252 



BATT01-00388 FEL 

AMENDED Page 107 of 252 



BATT01-00388 FEL 

AMENDED Page 108 of 252 



BATT01-00388 FEL 

AMENDED Page 109 of 252 



BATT01-00388 FEL 

AMENDED Page 110 of 252 



BATT01-00388 FEL 

AMENDED Page 111 of 252 



BATT01-00388 FEL 

AMENDED Page 112 of 252 



BATT01-00388 FEL 

AMENDED Page 113 of 252 



BATT01-00388 FEL 

AMENDED Page 114 of 252 



BATT01-00388 FEL 

AMENDED Page 115 of 252 



BATT01-00388 FEL 

AMENDED Page 116 of 252 



BATT01-00388 FEL 

AMENDED Page 117 of 252 



BATT01-00388 FEL 

AMENDED Page 118 of 252 



BATT01-00388 FEL 

AMENDED Page 119 of 252 



BATT01-00388 FEL 

AMENDED Page 120 of 252 



BATT01-00388 FEL 

AMENDED Page 121 of 252 



BATT01-00388 FEL 

AMENDED Page 122 of 252 



BATT01-00388 FEL 

AMENDED Page 123 of 252 



BATT01-00388 FEL 

AMENDED Page 124 of 252 



BATT01-00388 FEL 

AMENDED Page 125 of 252 



BATT01-00388 FEL 

AMENDED Page 126 of 252 



BATT01-00388 FEL 

AMENDED Page 127 of 252 



BATT01-00388 FEL 

AMENDED Page 128 of 252 



BATT01-00388 FEL 

AMENDED Page 129 of 252 



BATT01-00388 FEL 

AMENDED Page 130 of 252 



BATT01-00388 FEL 

AMENDED Page 131 of 252 



BATT01-00388 FEL 

AMENDED Page 132 of 252 



BATT01-00388 FEL 

AMENDED Page 133 of 252 



BATT01-00388 FEL 

AMENDED Page 134 of 252 



BATT01-00388 FEL 

AMENDED Page 135 of 252 



BATT01-00388 FEL 

AMENDED Page 136 of 252 



BATT01-00388 FEL 

AMENDED Page 137 of 252 



BATT01-00388 FEL 

AMENDED Page 138 of 252 



BATT01-00388 FEL 

AMENDED Page 139 of 252 



BATT01-00388 FEL 

AMENDED Page 140 of 252 



BATT01-00388 FEL 

AMENDED Page 141 of 252 



BATT01-00388 FEL 

AMENDED Page 142 of 252 

  



BATT01-00388 FEL 

Page 143 of 252 

 

  
EPL PATHOLOGY REPORT 

  



BATT01-00388 FEL 

Page 144 of 252 



BATT01-00388 FEL 

Page 145 of 252 



BATT01-00388 FEL 

Page 146 of 252 



BATT01-00388 FEL 

Page 147 of 252 



BATT01-00388 FEL 

Page 148 of 252 



BATT01-00388 FEL 

Page 149 of 252 



BATT01-00388 FEL 

Page 150 of 252 



BATT01-00388 FEL 

Page 151 of 252 



BATT01-00388 FEL 

Page 152 of 252 



BATT01-00388 FEL 

Page 153 of 252 



BATT01-00388 FEL 

Page 154 of 252 



BATT01-00388 FEL 

Page 155 of 252 



BATT01-00388 FEL 

Page 156 of 252 



BATT01-00388 FEL 

Page 157 of 252 



BATT01-00388 FEL 

Page 158 of 252 



BATT01-00388 FEL 

Page 159 of 252 



BATT01-00388 FEL 

Page 160 of 252 



BATT01-00388 FEL 

Page 161 of 252 

 



BATT01-00388 FEL 

Page 162 of 252 

 

  
RAW DATA SUMMARY - 

DATA ENTRY SPREADSHEET TEMPLATES (DESTs) 



BATT01-00388 FEL 

 

Page 163 of 252 



BATT01-00388 FEL 

 

Page 164 of 252 



BATT01-00388 FEL 

 

Page 165 of 252 



BATT01-00388 FEL 

 

Page 166 of 252 



BATT01-00388 FEL 

 

Page 167 of 252 



BATT01-00388 FEL 

 

Page 168 of 252 



BATT01-00388 FEL 

 

Page 169 of 252 



BATT01-00388 FEL 

 

Page 170 of 252 



BATT01-00388 FEL 

 

Page 171 of 252 



BATT01-00388 FEL 

 

Page 172 of 252 



BATT01-00388 FEL 

 

Page 173 of 252 



BATT01-00388 FEL 

 

Page 174 of 252 



BATT01-00388 FEL 

 

Page 175 of 252 



BATT01-00388 FEL 

 

Page 176 of 252 



BATT01-00388 FEL 

 

Page 177 of 252 



BATT01-00388 FEL 

 

Page 178 of 252 



BATT01-00388 FEL 

 

Page 179 of 252 



BATT01-00388 FEL 

 

Page 180 of 252 



BATT01-00388 FEL 

 

Page 181 of 252 



BATT01-00388 FEL 

 

Page 182 of 252 



BATT01-00388 FEL 

 

Page 183 of 252 



BATT01-00388 FEL 

 

Page 184 of 252 



BATT01-00388 FEL 

 

Page 185 of 252 



BATT01-00388 FEL 

 

Page 186 of 252 



BATT01-00388 FEL 

 

Page 187 of 252 



BATT01-00388 FEL 

 

Page 188 of 252 



BATT01-00388 FEL 

 

Page 189 of 252 



BATT01-00388 FEL 

 

Page 190 of 252 



BATT01-00388 FEL 

 

Page 191 of 252 



BATT01-00388 FEL 

 

Page 192 of 252 



BATT01-00388 FEL 

 

Page 193 of 252 



BATT01-00388 FEL 

 

Page 194 of 252 



BATT01-00388 FEL 

 

Page 195 of 252 



BATT01-00388 FEL 

 

Page 196 of 252 



BATT01-00388 FEL 

 

Page 197 of 252 



BATT01-00388 FEL 

 

Page 198 of 252 



BATT01-00388 FEL 

 

Page 199 of 252 



BATT01-00388 FEL 

 

Page 200 of 252 



BATT01-00388 FEL 

 

Page 201 of 252 



BATT01-00388 FEL 

 

Page 202 of 252 



BATT01-00388 FEL 

 

Page 203 of 252 



BATT01-00388 FEL 

 

Page 204 of 252 



BATT01-00388 FEL 

 

Page 205 of 252 



BATT01-00388 FEL 

 

Page 206 of 252 



BATT01-00388 FEL 

 

Page 207 of 252 



BATT01-00388 FEL 

 

Page 208 of 252 



BATT01-00388 FEL 

 

Page 209 of 252 

 
  



BATT01-00388 FEL 

 

Page 210 of 252 



BATT01-00388 FEL 

 

Page 211 of 252 

 



BATT01-00388 FEL 

 

Page 212 of 252 

 

  
BATTELLE STATISTICAL ANALYSIS REPORT 

  



BATT01-00388 FEL 

 

Page 213 of 252 



BATT01-00388 FEL 

 

Page 214 of 252 



BATT01-00388 FEL 

 

Page 215 of 252 



BATT01-00388 FEL 

 

Page 216 of 252 



BATT01-00388 FEL 

 

Page 217 of 252 



BATT01-00388 FEL 

 

Page 218 of 252 



BATT01-00388 FEL 

 

Page 219 of 252 



BATT01-00388 FEL 

 

Page 220 of 252 



BATT01-00388 FEL 

 

Page 221 of 252 



BATT01-00388 FEL 

 

Page 222 of 252 



BATT01-00388 FEL 

 

Page 223 of 252 



BATT01-00388 FEL 

 

Page 224 of 252 



BATT01-00388 FEL 

 

Page 225 of 252 



BATT01-00388 FEL 

 

Page 226 of 252 



BATT01-00388 FEL 

 

Page 227 of 252 



BATT01-00388 FEL 

 

Page 228 of 252 



BATT01-00388 FEL 

 

Page 229 of 252 



BATT01-00388 FEL 

 

Page 230 of 252 



BATT01-00388 FEL 

 

Page 231 of 252 



BATT01-00388 FEL 

 

Page 232 of 252 



BATT01-00388 FEL 

 

Page 233 of 252 



BATT01-00388 FEL 

 

Page 234 of 252 



BATT01-00388 FEL 

 

Page 235 of 252 



BATT01-00388 FEL 

 

Page 236 of 252 



BATT01-00388 FEL 

 

Page 237 of 252 



BATT01-00388 FEL 

 

Page 238 of 252 



BATT01-00388 FEL 

 

Page 239 of 252 



BATT01-00388 FEL 

 

Page 240 of 252 



BATT01-00388 FEL 

 

Page 241 of 252 



BATT01-00388 FEL 

 

Page 242 of 252 



BATT01-00388 FEL 

 

Page 243 of 252 



BATT01-00388 FEL 

 

Page 244 of 252 



BATT01-00388 FEL 

 

Page 245 of 252 



BATT01-00388 FEL 

 

Page 246 of 252 



BATT01-00388 FEL 

 

Page 247 of 252 

 



BATT01-00388 FEL 

 

Page 248 of 252 

 

  
RANGE-FINDING DATA (RANGE-FINDING STUDIES WERE NOT PERFORMED IN A 

GLP-COMPLIANT MANNER PER EXCEPTION NOTED IN SECTION 1) 
 

  



BATT01-00388 FEL 

 

Page 249 of 252 

 
  



BATT01-00388 FEL 

 

Page 250 of 252 

 

  



BATT01-00388 FEL 

 

AMENDED Page 251 of 252 

 

  
REPORT AMENDMENTS 

 
  



BATT01-00388 FEL 

 

AMENDED Page 252 of 252 

 


