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Guidelines" were produced and compiled in accordance with all pertinent U.S. Environmental 

Protection Agency (EPA) Good Laboratory Practices as set forth under the Federal Insecticide, 

Fungicide, and Rodenticide Act (U.S. EPA, 1989) and as accepted by the OECD Principles of 

Good Laboratory Practice (OECD, 1998) with the following exceptions: 

• While the test substances were characterized prior to use in this study, these 
characterizations were not performed in accordance with GLPs. 

• Routine food and water contaminant screening analyses were conducted at GeoLabs, Inc., 
Braintree, Massachusetts using standard U .S. EPA procedures and are considered facility 
records under Smithers Viscient's Standard Operating Procedures. Since the analyses 
were conducted following standard validated methods, this exception has no impact on 
the study results. 

• Iodide concentrations were also analyzed for this exposure on representative samples of 
the well water source and were conducted by Galbraith Laboratories, Inc., Knoxville, 
Tennessee by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). 

• The light meter used during the definitive test was past the calibration expiry date. 
Another light meter that was within the calibration date was used to verify the original 
measurements. Since the two measurements only differed by 15% of each other and the 
guideline does not require a light reading or provide a required range for light readings, 
this exception had no impact on the study results. 
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EXECUTIVE SUMMARY 

The 21-day short-term reproduction assay (OPPTS 890.1350) of 2-ethylhexyl paraben (99.8% 

purity) with fathead minnow (Pimephales promelas) was performed under flow-through 

conditions.  Spawning adult fish, four female and two male fish, based on secondary sexual 

characteristics, were placed in each of 4 replicate tanks.  Adult fish were exposed to a control 

and mean average concentrations of 9.7, 20, 53, and 110 µg/L.  The exposure was maintained for 

a period of 21 days.  Nominal test concentrations were 14, 35, 88, and 220 µg/L 2-ethylhexyl 

paraben.  

 

The following endpoints were evaluated for statistical differences: 

• Fecundity (number of eggs/female/day) 

• Fertilization success 

• Nuptial tubercle score 

• Blood plasma vitellogenin (VTG) concentration 

• Gonadal Somatic Index (GSI) 

• Weight (male and female) 

• Survival 

 

One other endpoint, plasma sex steroids, which is listed as optional in the OPPTS 890.1350 

guidelines, was required for data collection in this fish short-term reproduction assay (FSTRA) 

per sponsor direction.  As the guidelines suggest (pg. 21), tabulated data on biological 

observations of sex steroids are included in the results and in the data appendix.  However, 

because this endpoint often shows high variability between fish, the data were evaluated 

empirically and not statistically.  The sex steroid data are available for statistical analysis in the 

future. 

 

During the exposure period, the appearance of the fish, behavior, fecundity, and fertilization 

success were assessed daily.  At test termination, observations were made on the behavior and 

coloration of the fish.  The fish were then euthanized with tricaine methanesulfonate, measured 
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for standard length and wet weight, and observed for secondary sexual characteristics.  Blood 

samples were taken for plasma vitellogenin (VTG) and sex steroid analysis.  The gonads were 

removed and weighed for gonadal somatic index (GSI) determination and histological 

evaluation.  Tubercle scoring was also performed.  The thyroid was evaluated histologically.  

Fecundity in the control was 46 eggs/female/day; fertilization success was 99.7%.  

 

Notable observations were made with regards to coloration/banding.  One female was observed 

to have color bars present in replicate A of the control on exposure day 7; one female in 

replicate D of the 9.7 µg/L treatment level on exposure days 7 and 8; and one female in 

replicate A of the 53 µg/L treatment level on exposure days 9 through 20.  While color bars are 

primarily considered to be a secondary sexual characteristic for males, females can occasionally 

be observed to express color bars.  The color bars observed in females during this exposure were 

transient and did not exhibit a dose-dependent trend.  None of the female coloration observations 

described above were considered to be a result of exposure to 2-ethylhexyl paraben.  A female in 

replicate A of the 9.7 µg/L treatment level was inadvertently injured during aquarium cleaning 

on test day 20.  Therefore, the female mortality in this replicate on test day 21 was likely a result 

of this technician error and not treatment-related.  All fish found dead were macroscopically 

examined for presence of ovaries and were appropriately preserved.  Gonad and thyroid 

histopathology was not performed on the dead fish.  The results of the statistically evaluated 

endpoints, sex steroid plasma concentrations, and histopathology are presented below.   

 

Exposure to 2-ethylhexyl paraben did not result in any significant changes in male or female 

body weight, body length, fecundity, and fertility.  Exposure to 2-ethylhexyl paraben 

significantly increased male VTG plasma concentration (with and without outliers removed) at 

the 53 and 110 µg/L concentrations.  The induction of VTG in male fish is a well-established 

response to estrogen receptor agonists (Borgert et al., 2014).  Plasma VTG was not significantly 

increased in females.  Exposure to 2-ethylhexyl paraben appeared to increase male plasma 

concentrations of 17β-estradiol at the 110 µg/L concentration based on empirical evaluation, but 

data are highly variable.  
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Significant increases in male and female GSI occurred at the 110 µg/L treatment level (highest 

treatment level) in this study.  Increases in GSI have been linked to possible endocrine disruptor 

activity, and may be due to the presence of intravascular and interstitial fluid in the gonads of 

males and females.  However, the mechanisms underlying GSI responses are not well 

characterized and are not always specific (Borgert et al., 2014).   

 

Responses in secondary sexual characteristics such as tubercle scores in males also provide 

evidence of estrogenic activity (OECD, 2007).  In this study, exposure to 2-ethylhexyl paraben 

caused a slight, not statistically-significant, reduction in male tubercle scores at the 20 and 

53 µg/L treatment levels.   

 

Histopathological findings associated with 2-ethylhexyl paraben exposure occurred in the gonads 

of male and female fish and included: intravascular and interstitial proteinaceous fluid in the 

testes of the 53 and 110 µg/L treatment level males (minimal to mild), and in the ovaries of the 

110 µg/L treatment level females (mild); increased male testis stage scores, particularly in males 

of the 53 and 110 µg/L treatment levels; a dose-dependent increase in the prevalence of oocyte 

atresia in all treatment levels (minimal to moderate); a dose-dependent increase in the severity of 

oocyte atresia in the 53 and 110 µg/L treatment levels (minimal to moderate); decreased post-

ovulatory follicles in females of the 53 and 110 µg/L treatment levels; and shifts in ovarian stage 

scores in females, particularly in females of 53 and 110 µg/L treatment levels.  Although mean 

ovarian stage scores were comparable among females in the control and the treatment levels, 

there was a shift away from females in the spawning or recently spawned stages (i.e., stages 4.0, 

2.0, and 2.5) toward stages of oocyte maturation (i.e., stages 3.0 and 3.5).  There were no thyroid 

findings.  

 

The presence of proteinaceous intravascular and interstitial fluid in the gonads of male and 

female fathead minnows is consistent with increased hepatic VTG production as might be 

induced by substances with estrogenic activity.  A number of in vitro and in vivo studies have 

demonstrated estrogen-like effects in fish exposed to various parabens, including VTG induction 

(Pedersen et al., 2000; Inui et al., 2003; Yamamoto et al., 2011).  Although not specific for 
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enhanced estrogenic activity, increased oocyte (follicular) atresia is another commonly reported 

effect of xenoestrogen exposure (Dietrich and Krieger, 2009). 

Endpoints Mean Measured Concentration (µg/L) 
10 20 53 110 

D
ay

 2
1 

Combined Male and Female Survival - - - - 
Fecundity - - - - 

Fertilization Success - - - - 
Nuptial Tubercle Score - - - - 

Male Weight - - - - 
Male GSI - - - ↑ 

Female Weight - - - - 
Female GSI - - - ↑ 
Male VTG - - ↑ ↑a 

Female VTG - - - - 
Male Testosterone NDb NDb NDb NDb 
Male 17β-estradiol NDb NDb NDb ↑c 

Female Testosterone NDb NDb NDb NDb 
Female 17β-estradiol NDb NDb NDb NDb 

- Endpoint not statistically different from controls.  
↓ Statistical analysis determined endpoint to be significantly reduced (p ≤ 0.05) compared to the control. 
↑ Statistical analysis determined endpoint to be significantly increased (p ≤ 0.05) compared to the control. 
a Statistically significant increase based on three plasma samples in this treatment level.  However, the 
five remaining samples above detection limit (ADL) suggests a strong dose response at this endpoint.   
b No empirical difference from the control.  Statistical analysis was not required by protocol. 
c Increase in plasma concentration of 17β-estradiol based on empirical evaluation of treatment means and variation 
among replicates. 

Male Gonadal Staging NF NF F F 
Male Histopathology Findings NF NF F F 

Female Gonadal Staging NF NF F F 

Female Histopathology Findings NF NF F F 

Thyroid Histopathology Findings NF NF NF NF 
NF = No findings related to 2-ethylhexyl paraben exposure.   
F = Findings potentially related to 2-ethylhexyl paraben exposure.  See Section 3.2.13 for summary.  
 

CONCLUSION:   

Exposure to 2-ethylhexyl paraben caused treatment-related effects in males and females: 

histopathological findings in the gonads at the 53 and 110 µg/L treatment levels and increased 

GSI at the highest treatment level (110 µg/L), and increased plasma VTG in males.  Based on 

these results and the decision criteria in the FSTRA test guideline (OPPTS 890.1350), 

2-ethylhexyl paraben may be potentially active on the hypothalamic pituitary gonadal (HPG) 

axis.  
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The Guideline performance criteria were met, with these exceptions: a CV <20% is desired for 

the measured exposure concentrations and all groups were 38 to 46%.  While the analytical 

recoveries were variable over the length of the exposure, the desired concentration gradient was 

maintained at each sampling interval and no overlap in concentrations was observed.  Variability 

between replicates of the same concentration was maintained within approximately 20% at each 

interval.  The variability in the measured concentrations between intervals was likely related to 

the physical properties of the test substance (e.g., logKow > 5), which indicate a propensity for 

adsorption to the high amount of glass and silicone surface area in the test system as well as 

possible uptake by the adult fathead minnows.  The inherent aging of the biological exposure 

system (i.e., feeding, fish biomass, and microbial populations) also likely affected the recoveries 

of 2-ethylhexyl paraben in the aquaria samples.  

 

Additionally, temperature in replicate D of the 220 µg/L treatment level on test day 0 was 

outside 25 ± 1 °C criterion (26.7 °C).  This slight variation was immediately addressed on the 

same day and all temperatures were observed to be within the acceptable range prior to the 

addition of organisms.  Several deviations from the study protocol were recorded during the 

exposure and are presented in detail in Section 5.0.  These deviations did not impact the integrity 

or interpretation of the study. 

 

COMPLIANCE:  Signed and dated GLP and Quality Assurance statements were provided.  It 

was stated test substance characterization was not performed in accordance with Good 

Laboratory Practice Standards (GLPs). 
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TEST SUBSTANCE: 2-Ethylhexyl paraben, Lot No. VXGDC, CAS No. 5153-25-3, 

reported to have a purity of 99.8%, was received from Tokyo 
Chemical Industry America on 20 October 2015. 

 
DEFINITIVE 
TEST DATES:  22 September to 13 October 2016 
 
TEST ORGANISM: Pimephales promelas 
    Age at exposure initiation: approximately 20 weeks old 

Source:  Smithers Viscient culture 
 
DILUTION WATER: Laboratory well water: parameters presented here are 

measured weekly at a central source and demonstrate the 
acceptability of the dilution water for use (Table 1).  These 
parameters are measured in accordance with the study 
protocol and are maintained in the facility records. 

 pH: 6.8 to 7.4 
     Conductivity:  420 to 550 µS/cm 
     Total hardness as CaCO3: 64 to 84 mg/L 
    Total alkalinity as CaCO3: 18 to 24 mg/L 
 
TEST CONDITIONS: Results presented here represent the measurements from the 

exposure system during the definitive exposure: 
    Test duration:   21 days 
    Temperature range:  24 to 27 °C (see 

Protocol Deviations) 
    Dissolved oxygen range: 4.6 to 8.5 mg/L (see 

Protocol Deviations) 
    pH range:   6.8 to 7.5  
    Light intensity range:  52 to 69 footcandles 
       (560 to 740 lux) 
    Photoperiod:   Illumination of 16 hours light: 

8 hours dark 
 
NOMINAL TEST 
CONCENTRATIONS: 14, 35, 88, and 220 µg/L 
 
MEAN MEASURED  
CONCENTRATIONS: 9.7, 20, 53, and 110 µg/L 
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STATISTICALLY 
EVALUATED ENDPOINTS: 

• Fecundity (number of eggs/female/day) 
• Fertilization success 
• Nuptial tubercle score 
• Blood plasma vitellogenin (VTG) concentration 
• GSI (Gonadal Somatic Index) 
• Weight (male and female) 
• Survival  
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1.0 INTRODUCTION 

The purpose of this study was to assess the potential for 2-ethylhexyl paraben to interact with the 

endocrine system in fathead minnows (Pimephales promelas) exposed under flow-through 

conditions.  The endpoints evaluated were fecundity (number of eggs per female per 

reproductive day), fertilization success, secondary sex characteristics (nuptial tubercle score), 

blood plasma vitellogenin (VTG) concentrations, gonadal somatic index (GSI), weight, survival, 

blood plasma sex steroid (testosterone and 17β-estradiol), and histopathological findings.  The 

results of this study are based on mean measured concentrations of 2-ethylhexyl paraben. 

 

The study was initiated on 13 April 2016, the date the Study Director signed the protocol, and 

was completed on the day the Study Director signed the final report.  The experimental phase of 

the study was conducted from 22 September to 13 October 2016 at Smithers Viscient (SMV), 

located in Wareham, Massachusetts.  All raw data, the protocol, and the original final report 

produced during this study are stored in Smithers Viscient archives at the above location.  

Experimental Pathology Laboratories (EPL), Sterling, Virginia, performed the histopathology 

work.  Specimens associated with the histopathology including all slides produced during the 

histopathological analysis will be stored at EPL until study finalization.  After study finalization, 

all slides will be shipped to the Sponsor.   

 

2.0 MATERIALS AND METHODS 

2.1 Protocol 

The methodology used for the short-term assay is presented in the Smithers Viscient protocol 

entitled “Protocol for Conducting a Short-Term Reproduction Assay with Fathead Minnow 

(Pimephales promelas) Following OPPTS 890.1350 and OECD 229 Guidelines” (Appendix 1).  

The study protocol describes standard toxicity test procedures for a short-term assay with the 

fathead minnow (Pimephales promelas) based on the protocol developed by Ankley et al., 2001 

and meets the requirements of OPPTS Guideline 890.1350 (U.S. EPA, 2009) and OECD 

Guideline 229 (OECD, 2009) for the fish short-term reproduction assay. 
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2.2 Test Substance 

The test substance, 2-ethyl paraben, was received on 20 October 2015 from Tokyo Chemical 

Industry America, Montgomeryville, Pennsylvania.  The following information was provided: 

 

 Name: 2-ethyl paraben 
 Synonyms: 2-ethylhexyl paraben, 2-ethylhexyl 4-hydroxybenzoate  
 Lot No.: VXGDC 
 CAS No.: 5153-25-3 
 Purity: 99.8% 
 Expiration Date: Not Listed 
 

Upon receipt at Smithers Viscient, the test substance (SMV No. 7928) was stored at room 

temperature in a dark, ventilated cabinet in the original container.  Concentrations were adjusted 

for the purity of the test substance. 

 

2.3 Test Organism 

The fathead minnows (Pimephales promelas) used during this study (SMV Lot No. 16A061) 

were obtained from a laboratory supply of reproductively mature animals (approximately 

20 weeks old at the initiation of the pre-exposure period), in spawning condition. 

 

2.4 Feeding 

Prior to exposure initiation and throughout the exposure period (including the pre-exposure 

spawning qualification period), the fish were fed two feedings of frozen brine shrimp (e.g., 

3.0 mL) and one feeding of fish flake food (e.g., 2.5 mL) daily.  Prior to the use of a new lot of 

food, a representative sample of the food sources was analyzed for the presence of pesticides, 

PCBs, and toxic metals by GeoLabs, Inc., Braintree, Massachusetts.  Based on these analyses, 

which follow EPA SW-846 Test Methods for Evaluating Solid Waste, the food sources were 

considered to be of acceptable quality since all analyte concentrations were below levels of 

concern based on ASTM, 2005 (Appendix 2).  Food lots were screened for metals under the 

SW-846 Compendium methods of the 6000 and 7000 series (i.e., 6010B and 7470A) and 
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pesticides/PCBs were tested under the 8000 series (i.e., 8081A, 8082, and 8141A), as per the 

EPA Publication SW-846.   Fish were not fed during the 24-hour period prior to test termination. 

 

2.5 Dilution Water 

The dilution water used during this study consisted of a mixture of unadulterated water from an 

onsite 100-meter bedrock well and de-chlorinated Town of Wareham well water.  This mixture 

was pumped into a 5700-liter polyethylene tank that was continuously circulated through 

de-gassing chambers to ensure proper mixing and equilibration of dissolved gases with the 

laboratory atmosphere.   

 

During the study, water quality parameters of the dilution water were evaluated weekly at a 

central source.  This evaluation was performed to demonstrate the acceptability of the dilution 

water for use.  Weekly characterization of the well water established total hardness and alkalinity 

ranges as CaCO3 of 64 to 84 mg/L and 18 to 24 mg/L, respectively, a pH range of 6.8 to 7.4, and 

a conductivity range of 420 to 550 µS/cm.  These data are summarized in Table 1.  

Representative samples of the dilution water source were analyzed periodically for the presence 

of pesticides, PCBs, and toxic metals by GeoLabs, Inc., Braintree, Massachusetts.  None of these 

compounds were detected at concentrations considered toxic in any of the water samples 

analyzed, in agreement with ASTM (2005) standard practices.  Representative samples of the 

dilution water source were screened for metals under the SW-846 Compendium methods of the 

6000 and 7000 series (i.e., 6010B and 7470A) and pesticides/PCBs were tested under the 

8000 series (i.e., 8081A, 8082, and 8141A), as per the EPA Publication SW-846.  In addition, 

samples of the dilution water source were analyzed monthly for total organic carbon (TOC) 

concentration.  This analysis established a TOC concentration of 0.93 and 0.72 mg/L for the 

months of September and October 2016, respectively. 
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2.6 Test Conditions 

The vessels were positioned in two (upper and lower) water baths containing circulating water.  

The upper bath replicates A and B and the lower bath contained replicates C and D.  The system 

was designed to maintain the test solution temperatures at 25 ± 1 °C and dissolved oxygen 

concentrations at ≥60% of saturation.  Daily temperature measurements taken in the exposure 

system ranged from 24 to 27 °C (see Protocol Deviations).  Dissolved oxygen concentrations 

ranged from 4.6 to 8.5 mg/L (see Protocol Deviations).  Aeration was added to the system prior 

to initiation to raise and maintain appropriate dissolved oxygen  concentrations.  Aeration is 

often required to compensate for decreasing dissolved oxygen concentrations in exposures with 

adult, spawning fish.  The deviation in dissolved oxygen concentration (56.1%) in the 35 µg/L 

concentration replicate B tank occurred for a short time on test day 14 as a result of an aeration 

stone malfunction.  This issue was immediately addressed and dissolved oxygen re-measured at 

90.6% on the same day.  Illumination was provided by Sylvania Octron fluorescent bulbs 

centrally located above the test aquaria.  Sixteen hours of light at 52 to 69 footcandles (560 to 

740 lux) at the exposure solution surface was provided daily.  Light intensity was measured with 

a VWR traceable light meter.  The diluter system was enclosed with black polyethylene curtains 

to prevent disturbance of spawning and to minimize the interference of laboratory lighting with 

the intended photoperiod. 

 

2.7 Test Substance Concentrations 

Nominal concentrations for the short-term reproduction assay with fathead minnow (Pimephales 

promelas) were selected based on preliminary testing (Appendix 3) and in consultation with the 

Study Sponsor.  The nominal concentrations selected for the reproduction assay were 14, 35, 88, 

and 220 µg/L.  Specific details regarding the selection of these nominal test concentrations are 

outlined in Section 3.1. 
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2.8 Stock Preparation 

For this exposure, glass wool saturator columns were used to deliver 2-ethylhexyl paraben to the 

exposure system, similar to those described in Kahl, et al. 1999.  The glass columns were packed 

with glass wool, and then coated with the test substance.  The columns were designed to provide 

a constant flow of saturated aqueous solution (effluent) of 2-ethylhexyl paraben (6.0 mg/L) to the 

diluter system without the use of a carrier solvent.  Columns were constructed entirely of 

chemical inert materials (glass and Teflon).   

 

To construct the columns, each 60 (length) × 4.8 (diameter) centimeter column was firmly 

packed with glass wool, which approximated 15% of the total column volume.  This provided 

ample surface area inside the column for the exposure substance to adhere once the column 

preparation was complete.  After the column was packed, the end fittings were placed on the 

column.  All fittings used to enclose the column and to attach the column to the water source 

were composed of Teflon.   

 

To coat a column, approximately 15 grams of 2-ethylhexyl paraben was diluted with 50 mL of 

acetone, reagent grade (CAS No. 67-64-1).  This solution was slowly poured into the glass 

column.  After all of the solution was added, the column was attached to a vacuum pump.  The 

vacuum pump was used to draw the solution evenly throughout the column to uniformly coat the 

wool with the test substance and evaporate the remaining acetone.  After it had visually appeared 

that all of the glass wool was coated and all the solution was evaporated, the column was 

detached from the vacuum pump and attached to a FLUID Metering, Inc. (FMI) pump, which 

delivered a flow of dilution water through the column at 17 mL/min to the chemical’s mixing 

chamber.  The column output concentration was used to calculate the appropriate flow rate of the 

stock solution into the diluter system.  During the exposure, saturator columns were prepared and 

replaced on the exposure system approximately biweekly based on previous column stability 

data.   
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2.9 Exposure System 

The exposure system consisted of a modified 2-L intermittent-flow proportional diluter 

(Mount and Brungs, 1967) and a two-tiered water bath, consisting of an upper and a lower level 

water bath (one positioned over the other).  The exposure system was designed to provide 

four concentrations of the test substance and a control (absent of 2-ethylhexyl paraben) to 

four replicate exposure aquaria.  The upper bath contained replicates A and B and the lower bath 

contained replicates C and D.   

 

Prior to exposure initiation, an FMI pump was calibrated to deliver approximately 17 mL/min 

(i.e., 119 mL per cycle) of the 6.0 mg/L saturator column effluent to the diluter system's mixing 

chamber at each cycle (as described in Section 2.8).  This chamber also received 3.10 L of 

dilution water at each cycle for a total volume of 3.248 L.  The mixing chamber was positioned 

over a magnetic stir plate which aided in homogenization of the exposure solutions.   

 

Historical trends with studies that begin with actively spawning adult fathead minnows indicated 

that dissolved oxygen levels typically drop significantly soon after initiation (within 24 hours).  

Therefore, oil-free aeration was added to all aquaria with a regenerative blower and air stones 

during the pre-test period prior to initiation to avoid anoxic conditions during the test.  Analytical 

data during the pre-exposure period yielded all 2-ethylhexyl paraben treatment levels at 

approximately 55 to 65% of nominal concentrations as a result of the aeration.  The saturator 

column effluent flow rate to the mixing chamber was, therefore, intentionally increased to 

20 mL/min on day -1.  The increase in saturator column effluent flow rate was designed to dose 

the diluter mixing chamber at a slightly higher concentration than the highest nominal 

concentration (i.e., 270 µg/L vs. 220 µg/L) in order to more closely approximate nominal 

concentrations across the treatment range.  The slightly higher concentration of the mixing 

chamber solution was subsequently diluted by a constant factor of approximately 2.5 to provide 

the remaining nominal exposure concentrations (88, 35, and 14 µg/L).  On day 11 of exposure, 

the column effluent flow rate to the mixing chamber was intentionally increased again to 

26 mL/min (e.g., 186 mL/cycle) in order to more closely approximate nominal concentrations.  
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This modification was employed due to the observed recoveries of 2-ethylhexyl paraben in the 

day 7 aquaria samples, which ranged from 20 to 40% of nominal concentrations.  On day 18 of 

exposure, the stock delivery was intentionally increased once more to 31 mL/min (e.g., 

224 mL/cycle) due to the observed recoveries of 2-ethylhexyl paraben in the day 14 aquaria 

samples, which ranged from 20 to 40% of nominal concentrations.  The volume of dilution water 

delivery to the mixing chamber was adjusted from 3.10 L to 3.00 L to accommodate the day 18 

toxicant delivery modification.  While there were difficulties maintaining consistent recoveries 

of 2-ethylhexyl paraben throughout the exposure, corrective action was taken as soon as 

plausible following the pre-test analytical interval and test days 7 and 14.  The high variability in 

2-ethylhexyl paraben recovery was likely due to the physicochemical properties of the test 

substance (e.g., logKow > 5).  Risk of analytical variability is high when chemicals with 

properties similar to 2-ethylhexyl paraben are delivered to diluter systems with sexually 

dimorphic, actively spawning fish; the high amount of glass surface area creates high binding 

potential for the chemical to adsorb.  These adsorption rates are difficult to predict, and stock 

flow increases are typically performed conservatively in order to avoid potential dosing spikes.  

 

A set of control vessels was also established, which contained the same dilution water and was 

maintained under the same conditions as the treatment level vessels, but contained no 

2-ethylhexyl paraben. 

 

The exposure system and exposure aquaria were constructed of glass, silicone sealant, and nylon.  

Each 18-L test aquarium measured 39 × 20 × 25 cm (L × W × H) with a 13-cm high side drain 

that maintained a constant exposure solution volume of approximately 10 L.  Test aquaria were 

labeled to identify the nominal test substance concentration and designated replicate. 

 

Chemical cleaning of the diluter system and aquaria was performed prior to exposure initiation.  

During the 21-day study, exposure aquaria were brushed and siphoned at least twice per week to 

remove excess food and fecal matter.  At a minimum, the diluter mixing chamber, chemical 

cells, splitters, and delivery tubing were cleaned weekly. 
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Flow-splitting chambers were used between the diluter cells and the four replicate test vessels to 

promote mixing of the 2-ethylhexyl paraben solution and diluent water, and to equally split the 

test solution between the test vessels.  The flow-splitting chambers promoted further mixing of 

the chemically-dosed water and dilution water, and equally distributed the test solutions through 

glass delivery tubes to the replicate exposure aquaria.  During the test, 0.5 L per cycle of test 

solution was delivered to each aquarium at a rate of approximately 199 cycles per 24 hours.  This 

flow provided a turnover rate of 10 volume replacements every 24 hours, or a 90% replacement 

time of approximately 3 hours (Sprague, 1969).   

 

The exposure system was operating properly for eight days prior to exposure initiation to allow 

equilibration of the test substance in the diluter apparatus and exposure aquaria.  Analysis of 

exposure solutions for 2-ethylhexyl paraben was performed on test days 0 (exposure initiation), 

7, 14, and 21.   

 

2.10 Exposure Initiation 

 Pre-Exposure Phase 2.10.1

Prior to exposure initiation, the adult fish were housed in aquaria within a pre-exposure system to 

evaluate reproductive performance over a 16-day period. 

 

During the seven days prior to the pre-exposure, no mortality was observed in the population of 

fish used to initiate this study.  Fish did not receive treatment for disease in the two weeks prior 

to the spawning qualification period preceding the test, or during the exposure period.   

 

Water flowing to the pre-exposure system was from the same source as the dilution water used 

during the exposure.  Water quality parameters of the dilution water were evaluated weekly at a 

central source, according to the study protocol.  This evaluation was performed to demonstrate 

the acceptability of the dilution water for use and the results presented below are maintained as 

facility records.  The dilution water was characterized during the timeframe of the pre-exposure 
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period as having total hardness and total alkalinity ranges as calcium carbonate (CaCO3) of 70 to 

84 mg/L and 18 to 20 mg/L, respectively, a pH range of 6.6 to 7.1, and a conductivity range of 

450 to 550 µS/cm.  These data are summarized in Table 1.  Fish used during the definitive 

exposure were maintained under these conditions for 16 days prior to testing.  Water quality 

parameters (dissolved oxygen, temperature, and pH) were also measured daily in the pre-

exposure system.  As the primary purpose of the pre-exposure spawning period is to establish 

robust spawning groups, aeration was maintained in this system during the entire qualification.  

Therefore, the dissolved oxygen concentration presented here for the pre-exposure period are not 

a predictor of the concentrations that might be observed in the actual exposure system.  At the 

initiation of the pre-exposure, measurements were performed in each individual tank; tanks were 

rotated for evaluation for subsequent measurements.  Dissolved oxygen levels ranged from 78 to 

110% of saturation.  Daily measurements of temperature in the aquaria ranged from 24 to 26 °C, 

and pH measurements ranged from 6.8 to 7.3 (see Protocol Deviations).  The acceptable 

performance of the organisms during the pre-exposure period demonstrated that the water quality 

was appropriate for the survival and reproduction of fathead minnows.  All parameters reported 

in this section were during the pre-exposure spawning qualification period and do not reflect 

parameters during the definitive exposure. 

 

 Pre-Exposure System 2.10.2

The pre-exposure system was a two-tiered water bath, consisting of an upper and a lower level.  

The aquaria were divided between these two water baths and were constructed entirely of glass 

and silicone sealant.  Each 18-L test aquarium measured 39 × 20 × 25 cm with a 13-cm high side 

drain that maintained a constant exposure solution volume of approximately 10 L.  Each test 

aquarium contained three spawning substrates as described in Section 2.9.   

 

Four females and two males were impartially assigned to each of the 36 pre-exposure vessels 

16 days prior to exposure initiation.  Additional exposure chambers were set up during the 

pre-exposure phase to account for a potential lack of spawning in some chambers and/or 

mortality during this phase.  The pre-exposure phase was conducted under test conditions similar 
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to those used during the chemical exposure.  The animals were fed a measured amount of frozen 

brine shrimp twice daily (e.g., 3.0 mL) and once daily with fish flake food (e.g., 2.5 mL).  Each 

group was monitored daily for survival and active spawning, and fecundity data was collected.  

During this phase, suitability for testing was established when regular spawning occurred in each 

replicate chamber at least twice in the immediate 7-day period preceding exposure initiation and 

when an egg production rate of >15 eggs/female/day/replicate was achieved.   

 

 Selection and Weighing of Test Fish 2.10.3

Fish utilized in the pre-exposure system were approximately 20 weeks old.  All fish were 

sexually dimorphic and exhibited the appropriate secondary sexual characteristics.  Prior to 

adding fish to the pre-exposure system, subsamples of both male and female fish in the test 

population were weighed.  Weight measurements are presented in.  A representative sample of 

the male (N = 30) and female (N = 30) fish from the test population selected for the 2-ethylhexyl 

paraben exposure had a mean wet weight of 4.3 g (range 3.4 to 5.1 g, within ± 20% of the mean) 

and 2.8 g (range 2.2 to 3.3 g, within ± 20% of the mean), respectively.  All fish used in the 

pre-exposure were weighed to determine if their weight fell within the expected range for their 

respective sex. 

 

 Definitive Exposure 2.10.4

Once successful spawning was established during the pre-exposure phase, 20 spawn groups were 

added to the exposure system using a random block distribution, which divided fish into blocks 

based on spawning activity and then randomized the blocks to exposure vessels.  The exposure 

was maintained for a period of 21 days.  Each replicate tank contained four female and two male 

fish based on secondary sexual characteristics.   

 

During the exposure period, the appearance of the fish, behavior, fecundity, and fertilization 

success were assessed daily.  At test termination, observations were first made on the behavior 

and coloration of the fish.  The fish were then euthanized by transfer to a buffered solution of 

MS-222 (tricaine methanesulfonate), measured for standard length and wet weight, and observed 
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for secondary sexual characteristics.  Blood samples were taken for plasma VTG and sex steroid 

analysis.  The gonads were removed in-situ and weighed for GSI determination and histological 

analyses.  Fish carcasses were preserved for subsequent tubercle scoring.   

 

2.11 Test Monitoring 

 Water Quality Measurements 2.11.1

At exposure initiation and weekly thereafter, total hardness, total alkalinity, and conductivity 

were measured and recorded in one replicate of one treatment level and the control alternating 

between treatment levels and replicate vessels (A, B, and C) each week.  Dissolved oxygen, pH, 

and temperature were recorded in each concentration and control vessel at exposure initiation 

and subsequently in alternating replicates on a daily basis.  Test solution temperature was 

continuously monitored during the exposure period in the upper and lower water baths using 

Fisher Scientific and VWR minimum-maximum thermometers, respectively.  Dissolved oxygen 

concentrations and daily temperature were determined using a Yellow Springs Instrument (YSI) 

Model No. 550A dissolved oxygen meter/temperature probe.  The pH was measured using a YSI 

Model pH100A pH meter.  Total hardness concentrations presented in this report were measured 

by the EDTA titrimetric method, and total alkalinity concentrations were determined by 

potentiometric titration to an endpoint of pH 4.5 (APHA et al., 2005).  Conductivity was 

measured using a YSI Model Pro 30 conductivity meter.   

 

 Analytical Measurements 2.11.2

Prior to the start of the definitive exposure, samples from the column effluent, two replicates (A 

and C or B and D) of each treatment level and the control were collected and analyzed for 

2-ethylhexyl paraben concentration during two separate intervals.  Results of the pretest analyses 

were used to confirm that the diluter was functioning properly. 

 

Samples were removed at exposure initiation and weekly thereafter.  On test days 0 (exposure 

initiation) and 14, samples were removed from replicates C and D; and on test days 7 and 21, 
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samples were removed from replicates A and B.  The arithmetic mean concentration was 

calculated for each treatment.  The coefficient of variance (% CV) is the standard deviation 

divided by the mean measured concentration expressed as a percent.  Standard deviation is the 

square root of the variance.  All exposure samples were removed from the approximate midpoint 

of each aquarium using a pipette.  The saturator column effluent was also analyzed during the 

pre-test period and at each sampling interval during the exposure period.   

 

Three quality control (QC) samples were prepared and analyzed with each set of the study 

samples.  These QC samples were prepared in dilution water at concentrations similar to the 

treatment levels tested.  Results of the analyses of the QC samples were used to judge the 

precision and quality control maintained during the analysis of exposure solution samples. 

 

All exposure solutions and QC samples were analyzed for 2-ethylhexyl paraben using liquid 

chromatography with tandem mass spectrometry detection (LC-MS/MS) based on methodology 

validated at Smithers Viscient.  The method validation study was conducted in laboratory well 

water and established an average recovery of 111 ± 6.98% for 2-ethylhexyl paraben.  Defined 

limits for acceptance of quality control sample performance in subsequent studies were set at 

80.0 to 120%.  Analytical conditions and procedures used throughout the analysis of exposure 

solutions and QC samples during this study were similar to those used in the method validation 

study.  Processing procedures for the exposure solution samples and QC samples were the same 

as the procedures utilized during the method validation.  Additionally, the dosing procedures for 

QC samples were the same as the dosing procedures for the recovery samples during the method 

validation (Appendix 4). Samples from the exposure system were not dosed in the same manner 

as recovery samples.  A summary of the exact procedures used during this testing can be found 

in Appendix 5. 
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2.12 Endpoints and Observations 

 Survival 2.12.1

An assessment of survival was conducted daily throughout the exposure to provide a base for 

interpretation of reproductive output.  Fish were examined daily during the test, and any external 

abnormalities and mortalities were noted.  Dead fish were removed when observed and were not 

replaced.  Upon discovery, carcasses were dissected to macroscopically confirm presence of 

testis or ovaries, preserved overnight in Davidson’s Fixative, then rinsed with reagent grade 

alcohol and placed into a container with 10% neutral buffered formalin. 

 

 Appearance of Adults 2.12.2

Secondary sexual characteristics, e.g., body color (light or dark), coloration patterns, body shape, 

presence of dorsal nape pad, nuptial tubercles, and ovipositor were observed, when possible, and 

recorded daily as described by Ankley et al., 2001. 

 

 Behavior of Adults 2.12.3

Abnormal behavior (relative to the control), such as hyperventilation, loss of equilibration, 

uncoordinated swimming, atypical quiescence, lethargy, and feeding abstinence were noted daily 

during observations.  Alterations in behavior, particularly loss of territorial aggressiveness by 

males, were also noted. 

 

 Fecundity 2.12.4

Throughout the 21-day exposure period, egg production was determined daily.  Spawning 

substrates and spawning trays were removed and the number of eggs present were counted, 

recorded, and then assessed for fertilization success.  Fecundity is expressed as the number of 

eggs produced by surviving females per reproductive (test) day per replicate. 
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 Fertilization Success 2.12.5

Fertilization success was determined by evaluating the embryos under the appropriate 

magnification after being removed from the spawning substrate.  Embryos were considered 

fertile if undergoing late cleavage and were considered infertile if the eggs were opaque or clear 

with a white dot where the yolk had precipitated.  The fertility rate is expressed as the number of 

embryos divided by the number of eggs × 100. 

 

2.13 Test Termination 

At the conclusion of the exposure (day 21), all surviving fish were euthanized with a neutral 

buffered solution of MS-222 and separated by sex.  Observations were made on the presence of 

secondary sexual characteristics (i.e. fatpad, color bars, and papillae) and individual standard 

lengths and wet weights were determined.  Lengths were measured to the nearest 0.01 mm and 

wet weights to 0.10 mg.  As much blood as possible was then collected from the caudal 

artery/vein of each fish with a heparinized microhematocrit capillary tube.  Plasma was separated 

from the blood via centrifugation (approximately 5 minutes at 15,000 g) and stored with protease 

inhibitors at -75 °C to -85 °C until analyzed for VTG and sex steroids.   

 

 Nuptial Tubercle Scoring 2.13.1

The OPPTS Guideline 890.1350 (U.S. EPA, 2009) outlines a set of procedures for the evaluation 

of nuptial tubercle scoring (i.e. Appendix B, contained within the 890.1350 test guideline).  

Nuptial tubercles were counted, mapped, and scored on preserved fish according to these 

procedures (see Protocol Deviations).  Six specific areas were identified for assessment of 

tubercle presence and development.  A template was developed to map the location and quantity 

of tubercles present.  The tubercles were rated using a 1, 2, or 3 as follows:  1 = tubercles were 

present, 2 = tubercles are present and enlarged, and 3 = tubercles are present and pronounced. 
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The mapping regions were as follows: 

A. Tubercles located around the eye.  Mapped dorsal to ventral around anterior rim of 

eye.  There are commonly multiple tubercles in mature males and none present in 

control females. 

B. Tubercles located between nares (sensory canal pores).  These are normally present in 

pairs for control males at more elevated levels of development and they are not 

present in control females. 

C. Tubercles located immediately anterior to nares, parallel to mouth.  These are 

generally enlarged or pronounced in mature control males. 

D. Tubercles located parallel along the mouth line.  These are generally developed in 

control males and absent in control females. 

E. Tubercles located on lower jaw, close to the mouth, usually small and commonly in 

pairs.  These vary in control males. 

F. Tubercles located ventral to “E”.  They are commonly small and paired in control 

males. 

 

 Gonadal Somatic Index (GSI) and Histology 2.13.2

Gonads were removed from the fish by making an incision from the vent forward through the 

pelvic girdle to the opercula.  Gonads were fixed using Davidson's fixative to prevent autolysis 

and cellular deterioration before removal.  Gonads were transferred to tared tissue cassettes and 

weighed to the nearest 0.10 mg for calculation of the GSI.  Each fish carcass and cassette was 

placed into a labeled container of Davidson’s fixative.  After overnight fixing, the specimens 

were rinsed with alcohol and placed into a container of 10% neutral buffered formalin.  The 

specimens were shipped to Experimental Pathology Laboratories (EPL), Sterling, Virginia for 

histopathological analysis. 

 

 Sex Steroid Analysis 2.13.3

Per Study Sponsor direction, plasma concentrations of 17β-estradiol and testosterone were 

determined using liquid chromatography with mass spectrometry (LC-MS/MS) methodology 
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optimized for the relatively small sample volumes obtained from the fathead minnow.  The 

analytical methodology for sex steroid analysis was established prior to evaluation of sex 

steroids.  Since this endpoint often shows high variability between fish, and because it is listed as 

optional in the OPPTS 890.1350 guidelines, the sex steroid data were evaluated empirically and 

not statistically.  Due to the small volume of plasma available, priority was given to the analysis 

of 17β-estradiol for females and testosterone for males.  A summary of the exact processing and 

analysis procedures used during this testing can be found in Appendix 6.  If any analytical result 

was below the limit of quantification (LOQ), one-half of the LOQ was used for the calculation of 

the treatment mean values. 

 

 Vitellogenin (VTG) Analysis 2.13.4

Plasma samples were analyzed for VTG using an enzyme-linked immunosorbent assay (ELISA).  

The VTG ELISA kits were manufactured by BioSense Laboratories, Bergen, Norway.  The 

analysis was performed according to the instructions provided by BioSense Laboratories.  For 

the ELISA, monoclonal fathead minnow (Pimephales promelas) VTG antibody and purified 

VTG protein, also from the fathead minnow, were utilized.  The plasma samples were diluted 

three times prior to analysis (i.e., 1:50, 1:5000, and 1:500,000).   

 

Quality of the procedures was evaluated through the use of a standard curve which contained a 

minimum of 6 calibration standards expected to cover the range of the VTG results and a 

non-specific binding assay blank.  The assay blank is designed to determine background signal in 

the samples.  A fortified QC sample was prepared on each day of analysis by rehydrating a 

lyophilized VTG standard with culture male plasma and following the dilution scheme used for 

the test samples.  The batch of VTG standard used for this fortification was purchased 

independently from the batch utilized to create the standard curve as recommended by 

OPPTS (2009).  An unfortified subsample of the culture male plasma was also evaluated as a 

comparison.  The standard curve, all samples, and the QC’s were analyzed in duplicate.  The 

standard curve was considered to be acceptable if the correlation coefficient (R2) was greater 

than 0.99.  Based on the standard curve, a limit of quantification was calculated for each plate.  If 
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a sample resulted in a value below detectable limits, then one half the LOQ was used as the 

result for that sample in statistical analysis.  As part of the ELISA procedure, absorbance values 

at 450 nm were evaluated with a microtiter plate reader and used to calculate the concentration of 

VTG in each sample.   

 

2.14 Performance Criteria 

The following criteria are required for the exposure to be acceptable based on the study protocol: 

Performance Criteria (Expected Results) Expected Results 

Survival Survival of 90% or greater in controls.  Survival was 100% in the 
control. 

Fecundity  

Evidence that fish were actively spawning in all replicates prior to 
initiating the chemical exposure and in the control replicates during 

the test (e.g., spawning occurred at least every four days in each 
control replicate, or an average of at least 

15 eggs/female/day/replicate).  This exposure met all criteria listed 
here.  

Fertilization Success Control fertilization should be ≥95%.  Fertilization success was 99.4% 
for the control. 

Dissolved Oxygen 
Dissolved oxygen will be ≥60% of saturation.  During this exposure, 
dissolved oxygen levels ranged from 56 to 100% of saturation (see 

Protocol Deviations).   

Temperature 

Water temperature will not differ by more than 1 °C between test 
tanks at any one time during the exposure period and will be 

maintained within ± 1 °C of the 25 °C temperature.  This exposure did 
not meet all criteria listed here (see Protocol Deviations).   

Analytical Samples 

Measured exposure concentration CV values will not exceed 20% for 
all replicates.  During this exposure, CV values were 340, 44, 38, and 
46%, respectively, for the 9.7, 20, 53, and 110 µg/L mean measured 
concentrations.  Given the difficult nature of this material, the CV 

values are considered to be acceptable (see Section 3.2.2). 
 

2.15 Statistical Analyses 

A complete summary of the statistical analysis performed for this study is in Appendix 7.  

Statistical analyses were performed consistent with OPPTS Guideline 890.1350 

(U.S. EPA, 2009), OECD Guideline 229 (OECD, 2009), and the Task Order 14 QAPP (2015).   

 

Preliminary analyses (i.e., descriptive statistics such as means, standard errors, and percent 

coefficient of variation) were performed separately on continuous quantitative endpoints: 

fecundity, fertilization success, nuptial tubercle score, female/male VTG, female/male GSI, and 
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female/male body weight.  Concentration-response monotonicity was assessed visually via plots 

of replicate means and the group medians of the replicate means. 

 

To determine if significant differences in mortality existed between treatment groups, survival 

data were evaluated with the Cochran-Armitage test with survival results pooled across replicates 

within treatment or control group if data were considered to be monotonic.  If monotonicity was 

not observed, Fisher’s Exact test with a Bonferroni-Holm adjustment was performed.   

 

The treatment effect assessment was performed using data from the control group and the four 

treatment groups.  The treatment effect for nuptial tubercle score was determined using the 

Jonckheere-Terpstra test. For other continuous quantitative endpoints that followed a monotonic 

concentration-response, the Jonckheere-Terpstra test was applied in a step-down manner.  For 

endpoints that were not consistent with a monotonic concentration-response, the data were 

evaluated for normality (Shapiro-Wilk’s test) and homogeneity of variance (Levene’s test).  If a 

data set was found to have a non-normal distribution or a heterogeneous distribution of variance, 

a normalizing, variance stabilizing transformation was used.  If data sets were normally 

distributed with homogeneous variance following transformation, the data set was evaluated 

using Dunnett’s test.  If the data set was normally distributed with heterogeneous variance 

following data transformation, the Mann-Whitney-Wilcoxon test (with Bonferroni-Holm 

adjustment) was used to evaluate the data.  Where no normalizing transformation was found, the 

Mann-Whitney-Wilcoxon test with a Bonferroni-Holm adjustment to the p-values was used to 

evaluate the data sets. The Jonckheere-Terpstra test and Mann-Whitney-Wilcoxon test with a 

Bonferroni-Holm adjustment to the p-values were performed on replicate medians, and 

Dunnett’s test was performed on replicate means.  

 

Potential statistical outliers were assessed for all treatment and control data for all continuous 

quantitative endpoints.  An analysis of variance model was fit to the data separately for each 

endpoint.  Model residuals were estimated for each observation. If the residual value was greater 

than the median residual plus three times the residual interquartile range (i.e., the difference 

between the 75th and 25th percentiles), then the observed value was flagged as a potential 
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statistical outlier. Analyses were performed with and without the potential outliers. Analyses in 

this report present results using all data, while Appendix B contains the results when potential 

outliers were removed. 

 

The statistical analysis software package SAS (version 9.4) was used in all statistical analyses, 

with statistical significance assessed at the two-sided 0.05 level.   

 

3.0 RESULTS 

3.1 Preliminary Exposure 

A 96-hour range-finding acute exposure was conducted at Smithers-Viscient exposing fathead 

minnow under flow through conditions to nominal 2-ethylhexyl paraben concentrations of 0.062, 

0.19,0.56, 1.7, and 5.0 mg/L a control and solvent (triethylene glycol) control.  The results of the 

non-GLP preliminary exposure are presented in Appendix 3. 

 

3.2 Definitive Exposure 

Results and EPA-prescribed Data Entry Spreadsheet Templates (DESTs) are reported in 

Appendix 8 and Appendix 9, respectively. 

 

 Evaluation of Test Conditions 3.2.1

A summary of the water quality parameters measured during the 21-day exposure is presented in 

Table 2.  Dissolved oxygen levels ranged from 56 to 100% of saturation throughout the exposure 

period (see Protocol Deviations).  Daily measurements of temperature in the test aquaria and 

continuous temperature monitoring established that the exposure solution temperatures ranged 

from 24 to 27 °C in the upper and lower levels during the exposure period (see 

Protocol Deviations).  Iodide concentrations were also analyzed on samples removed at test 

initiation and test termination by Galbraith Laboratories, Inc., Knoxville, Tennessee.  Iodide 

samplings performed on the dilution water resulted in concentrations of 9.5 and 4.9 µg/L 



Smithers Viscient Study No. 13784.6120   Page 36 
 
(Appendix 10).  The acceptable performance of the control organisms demonstrated that the 

water quality was appropriate for the survival and reproduction of fathead minnows. 

 

 Analytical Results 3.2.2

The diluter system which prepared and delivered the test solutions to the exposure aquaria 

functioned properly during the pretest period and throughout the study.  Throughout the 

exposure, all exposure solutions were observed to be clear and colorless.  No undissolved test 

substance was observed in the diluter system.   

 

The results of the analysis of the exposure solutions for 2-ethylhexyl paraben during the in-life 

portion of the definitive study are presented in Table 3 and illustrated in Figure 1.  Results of the 

analyses established that the measured concentrations maintained the expected concentration 

gradient but were relatively variable.  Recoveries on day 7 were lower than expected, ranging 

from 22 to 40% of nominal concentrations.  While a direct cause cannot be established, this drop 

in recoveries may have been related to the additional biomass associated with actively spawning, 

adult fish that were not present in the system during the analytical pretest period.  Therefore, 

column effluent delivery was immediately adjusted on day 11 of exposure and recoveries were 

slightly closer to the desired nominal concentrations on day 14, ranging from 27 to 63%.  The 

toxicant delivery was adjusted again on day 18 (see Section 2.9 for more information) to avoid 

further concentration decline.  While the analytical recoveries were somewhat variable over the 

length of the exposure (with coefficients of variance (CV) ranging from 38 to 46%), the desired 

concentration gradient was maintained at each sampling interval and no overlap in 

concentrations was observed.  Variability between replicates of the same concentration was 

maintained within approximately 20% at each interval.  The variability in the measured 

concentrations between intervals was likely related to the physical properties of the test 

substance (e.g., logKow > 5), which indicates a propensity for adsorption to the high amount of 

glass and silicone surface area in the test system as well as possible uptake by the adult fathead 

minnows.  The inherent aging of the biological exposure system (i.e., feeding, fish biomass, and 

microbial populations) also likely affected the recoveries of 2-ethylhexyl paraben in the aquaria 
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samples.  Therefore, the higher than expected variability did not significantly impact the 

interpretation of the study results.  

 

Mean measured concentrations defined the treatment levels tested as 9.7, 20, 53, and 110 µg/L 

(69, 56, 60 and 50% of nominal concentrations, respectively).   

 

Analysis of the quality control samples resulted in measured concentrations that were consistent 

with the predetermined recovery range (Appendix 4) and ranged from 83.2 to 117% (N = 12) of 

the nominal fortified concentrations (6.25, 37.5, and 225 µg/L).  Based on these results, it was 

determined that the appropriate quality control was maintained during the analyses of the 

exposure solutions.   

 

 Biological Observations 3.2.3

Raw data for the definitive study is presented in (Appendix 8).  Treatment mean values in the 

report tables (Table 4 through Table 9) are the means of the four treatment replicates, with the 

exception of male tubercle score which is presented as the median values (Table 6).  No 

abnormal observations in behavior such as hyperventilation, uncoordinated swimming, atypical 

quiescence, and feeding abstinence were noted in any treatment levels tested during daily 

observations.   

 

 Survival 3.2.4

Percent survival following 21 days of exposure to 2-ethylhexyl paraben is presented in Table 4.  

Following 21 days of exposure, mean percent survival among male fish exposed to the control 

was 100%.  Mean percent survival among male fish exposed to all treatment levels tested (9.7, 

20, 53, and 110 µg/L) was 100% (Figure 2).  Statistical analysis was not required for this 

endpoint.  No dose-related trend was empirically determined.  

 

Mean percent survival among female fish exposed to the control was 100%.  Mean percent 

survival among female fish exposed to the 9.7, 20, 53, and 110 µg/L treatment levels was 88, 94, 
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94, and 100%, respectively (Figure 3).  Statistical analysis was not required for this endpoint.  

No dose-related trend was empirically determined.  A female in replicate A of the 9.7 µg/L 

treatment level was inadvertently injured during aquarium cleaning on test day 20.  Therefore, 

the female mortality in this replicate on test day 21 was likely a result of this technician error and 

not treatment-related.  All fish found dead were macroscopically examined for presence of 

ovaries and were appropriately preserved.  Gonad and thyroid histopathology was not performed 

on the dead fish. 

 

Mean percent survival among male and female fish combined exposed to the control was 100%.  

Mean percent survival among male and female fish exposed to the 9.7, 20, 53, and 110 µg/L 

treatment levels was 92, 96, 96, and 100%, respectively (Figure 4).  Statistical analysis (Fisher’s 

Exact Test with Bonferroni-Holm’s Adjustment) determined no significant reduction in mean 

percent survival among male and female fish combined in any of the treatment levels tested 

compared to the control (i.e., 100%).   

 

 Behavioral Appearance and Observations 3.2.5

Notable physiological observations were made with regards to coloration/banding.  One female 

was observed to have color bars present in replicate A of the control on exposure day 7; 

one female in replicate D of the 9.7 µg/L treatment level on exposure days 7 and 8; and 

one female in replicate A of the 53 µg/L treatment level on exposure days 9 through 20.  While 

color banding is considered to be a secondary sexual characteristic for male fish it is not 

uncommon to observe transient color banding in female fish.  This is not considered to be an 

effect of exposure to the test substance.  No abnormal secondary sexual characteristics 

(e.g., body color (light or dark), coloration patterns, body shape, size of dorsal nape pad) were 

observed in males.  No abnormal observations of ovipositor size in females were made during 

the exposure period or at study termination.  Normal male territorial behavior was observed daily 

in all replicates from all treatment levels and the control.   
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 Fertilization Success and Fecundity 3.2.6

A summary of the fertilization success and fecundity during this study is presented in Table 5 

and illustrated in Figure 5 and Figure 6, respectively.   

 

The mean percentage of fertilized eggs in the control was 99.4%.  The mean percentage of 

fertilized eggs in the 9.7, 20, 53, and 110 µg/L treatment levels was 99.5, 98.6, 99.5, and 99.4%, 

respectively (Figure 5).  Statistical analysis (Mann-Whitney-Wilcoxon’s Test with 

Bonferroni-Holm’s Adjustment) determined no significant reduction in the percentage of 

fertilized eggs among fish exposed to the any of the treatment levels tested when compared to 

control data (i.e., 99.4%).   

 

The mean number of eggs per female per reproductive day for the control was 48.  The mean 

number of eggs per female per reproductive day for the 9.7, 20, 53, and 110 µg/L treatment 

levels was 35, 41, 43, and 37, respectively (Figure 6).  Statistical analysis (Dunnett’s Multiple 

Comparison Test) determined no significant reduction in the mean number of eggs per female 

per reproductive day among fish exposed to the any of the treatment levels tested when 

compared to control data (i.e., 48 eggs per female per reproductive day).   

 

 Tubercle Scores 3.2.7

Tubercles were not observed in females at any concentration.  The median male tubercle scores 

are presented in Table 6.  The median tubercle score in the control was 22.  Median tubercle 

scores in the 9.7, 20, 53, and 110 µg/L treatment levels were 20, 16, 18, and 19, respectively 

(Figure 7).  Statistical analysis (Jonckheere-Terpstra’s Step-Down Test) determined no 

significant difference in median tubercle score in fish exposed to any of the treatment levels 

compared to the control data (i.e., 22).  
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 Weight Endpoints 3.2.8

The results for male and female body weights (wet weights) are presented in Table 6 and 

Table 7, respectively.   

 

The mean male wet weight in the control was 4.3577 g.  The mean male weight among fish 

exposed to the 9.7, 20, 53, and 110 µg/L treatment levels was 4.2063, 4.6273, 4.1175, and 

4.0573 g, respectively (Figure 8).  Statistical analysis (Dunnett’s Multiple Comparison Test) 

determined no significant difference in mean male weight in fish exposed to any of the treatment 

levels tested compared to the control data (i.e., 4.3577 g).   

 

The mean female wet weight in the control was 2.2539 g.  The mean female wet weight among 

fish exposed to the 9.7, 20, 53, and 110 µg/L treatment levels was 2.2986, 2.4256, 2.2726, and 

2.3553 g, respectively (Figure 9).  Statistical analysis (Jonckheere-Terpstra’s Step-Down Test) 

determined no significant difference in mean female wet weight in fish exposed to any of the 

treatment levels tested compared to the control data (i.e., 2.2539 g).   

 

 Length Results 3.2.9

Length data were not statistically analyzed as adult (i.e., sexually mature) fish were used to 

initiate this exposure. 

 

The mean male body length for fish exposed to the control was determined to be 53.39 mm.  

Mean male body length for fish exposed to the 9.7, 20, 53, and 110 µg/L treatment levels was 

53.28, 55.58, 52.03, and 51.89 mm, respectively (Figure 10).   

 

The mean female body length for fish exposed to the control was determined to be 45.10 mm.  

Mean female body length for fish exposed to the 9.7, 20, 53, and 110 µg/L treatment levels was 

46.15, 46.72, 45.85, and 46.21 mm, respectively (Figure 11).   
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 Gonadal Somatic Index (GSI) Endpoints 3.2.10

The results for male and female GSI are presented in Table 6 and Table 7, respectively.   

 

The mean male GSI in the control was 1.2%.  The mean male GSI among fish exposed to the 

9.7, 20, 53, and 110 µg/L treatment levels was 1.6, 1.3, 1.5, and 2.1%, respectively (Figure 12).  

Statistical analysis (Jonckheere-Terpstra’s Step-Down Test) determined a significant increase 

(p = 0.0053) in mean male GSI among fish exposed to the 110 µg/L treatment level when 

compared to the control data (i.e., 1.2%).   

 

The mean female GSI in the control was 15%.  The mean female GSI among fish exposed to the 

9.7, 20, 53, and 110 µg/L treatment levels was 13, 15, 17, and 18%, respectively (Figure 13).  

Statistical analysis (Jonckheere-Terpstra’s Step-Down Test) determined a significant increase 

(p = 0.0463) in mean female GSI among fish exposed to the 110 µg/L treatment level when 

compared to the control data (i.e., 15%).   

 

 Blood Plasma Vitellogenin (VTG) Concentration 3.2.11

All VTG results are presented in Appendix 8.  Potential outliers to the data set were evaluated 

and identified.  Five and seven data points (i.e., individual fish plasma concentrations) were 

identified as statistical outliers during analysis of male and female VTG, respectively.  However, 

since there was no significant difference in response between analyses with and without potential 

statistical outliers, all samples are being presented for both male and female VTG.  

 

Subsamples of unfortified control male plasma and fortified control male plasma were analyzed 

in two duplicate wells during each day of VTG analysis for QC analysis.  The mean quantity of 

VTG measured in the unfortified control male plasma samples was added to a known quantity of 

VTG added to the fortification samples to determine an expected concentration.  A standard 

concentration of 5.0 µg/mL was used for the lyophilized fortified sample of the QCs.  The 

fortification concentrations attained resulted in 98 to 152% of the expected fortified 

concentration.   
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The results for male VTG analysis are presented in Table 8.  The mean male VTG concentration 

in the control was 1.64 × 102 ng/mL.  The mean male VTG concentration in the 9.7, 20, 53, and 

110 µg/L treatment levels was 2.84 × 104, 1.29 × 104, 8.48 × 106, and 1.87 × 107 ng/mL, 

respectively (Figure 14).  Statistical analysis (Jonckheere-Terpstra’s Step-Down Test) 

determined a significant increase (p = 0.0015, 0.0001) in mean male VTG among fish exposed to 

the 53 and 110 µg/L treatment levels when compared to the control data (i.e., 1.64 × 102 ng/mL).  

All eight male plasma samples in the 53 and 110 µg/L treatment levels had elevated VTG 

concentrations.  However, five of the eight male plasma samples in the 110 µg/L treatment level 

were excluded from statistical analysis because they were above detectable limits at the 

maximum standard dilution.  Overall, means from the 53 and 110 µg/L treatment levels 

demonstrate a dose response when compared to the controls.  These data provide evidence that 

strong male VTG induction was observed in these treatment levels.  

 

The results for female VTG analysis are presented in Table 8.  The mean female VTG 

concentration in the control was 1.52 × 106 ng/mL.  The mean female VTG concentration in the 

9.7, 20, 53, and 110 µg/L treatment levels was 2.89 × 106, 4.19 × 106, 1.34 × 106, and 

1.94 × 106 ng/mL, respectively (Figure 15).  Statistical analysis (Dunnett’s Multiple Comparison 

Test) determined no significant difference in mean female VTG among fish exposed to any of 

the treatment levels tested compared to the control data (i.e., 1.52 × 106 ng/mL).   

 

 Sex Steroid Analysis 3.2.12

The results of the sex steroid analysis during this study are presented in Table 9 and Figure 16 

through Figure 19, respectively.  Since this endpoint often shows high variability between fish, 

the sex steroid data were evaluated empirically and not statistically.  The sex steroid data are 

available for statistical analysis in the future.  All steroid analyses were evaluated empirically 

and were not subject to statistical evaluation.  The results of the analyses are below. 
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3.2.12.1 Male Sex Steroid Analysis  

The mean male testosterone concentration in the control was 1.11 µg/L.  The mean male 

testosterone concentrations in the 9.7, 20, 53, and 110 µg/L treatment levels were 1.06, 2.30, 

1.76, and 2.55 µg/L, respectively (Figure 16).  No substantial differences in male testosterone 

plasma concentration were observed based on empirical evaluation.  

 

The mean male 17β-estradiol concentration in the control was 0.872 µg/L.  The mean male 

17β-estradiol concentrations in the 9.7, 20, 53, and 110 µg/L treatment levels were 0.257, 1.03, 

0.429, and 2.21 µg/L, respectively (Figure 17).  An increase in plasma concentration of 

17β-estradiol was observed based on empirical evaluation of the treatment and control means as 

well as variation among replicates.  However, no clear linear trend for sex steroids resulted from 

exposure to 2-ethylhexyl paraben. 

 

3.2.12.2 Female Sex Steroid Analysis  

The mean female testosterone concentration in the control was 8.56 µg/L.  The mean female 

testosterone concentrations in the 9.7, 20, 53, and 110 µg/L treatment levels were 2.37, 1.94, 

2.64, and 2.96 µg/L, respectively (Figure 18).  No substantial differences in female testosterone 

plasma concentration were observed based on empirical evaluation.   

 

The mean female 17β-estradiol concentration in the control was 16.2 µg/L.  The mean female 

17β-estradiol concentrations 9.7, 20, 53, and 110 µg/L treatment levels were 14.9, 7.73, 5.67, 

and 10.3 µg/L, respectively (Figure 19).  Female 17β-estradiol plasma concentration means at 

the 20, 53, and 110 µg/L treatment levels were lower than control means based on empirical 

evaluation.  However, no clear linear trend for sex steroids resulted from exposure to 

2-ethylhexyl paraben. 
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 Histopathology 3.2.13

Histopathology reports for this study are presented in Appendix 11.  It should be noted that the 

histology report is presented with nominal exposure concentrations which were updated to mean 

measured concentrations for presentation in this report.  Hematoxylin and eosin (H & E)-stained 

tissue-sections of testis, ovary, and thyroid were examined from control and 2-ethylhexyl 

paraben-exposed fathead minnows.  There were no test compound-related histopathological 

observations for the thyroid in this study.  The statistical report is presented in Appendix 7. A 

description of the statistical procedures is in Section 2.15. 

 

Findings associated with 2-ethylhexyl paraben exposure occurred in the gonads of male and 

female fish and included: intravascular and interstitial proteinaceous fluid in the testes of the 

53 and 110 µg/L treatment level males (minimal to mild), and in the ovaries of the 110 µg/L 

treatment level females (mild); increased male testis stage scores, particularly in males of the 

53 and 110 µg/L treatment levels; a dose-dependent increase in the prevalence of oocyte atresia 

in all treatment levels (minimal to moderate); a dose-dependent increase in the severity of oocyte 

atresia in the 53 and 110 µg/L treatment levels (minimal to moderate); decreased post-ovulatory 

follicles in females of the 53 and 110 µg/L treatment levels; and shifts in ovarian stage scores in 

females, particularly in females of 53 and 110 µg/L treatment levels.  Although mean ovarian 

stage scores were comparable among females in the control and the treatment levels, there was a 

shift away from females in the spawning or recently spawned stages (i.e., stages 4.0, 2.0, and 

2.5) toward stages of oocyte maturation (i.e., stages 3.0 and 3.5).  That shift is consistent with the 

decreased post-ovulatory follicles observed in females of the 53 and 110 µg/L treatment levels, 

because stage 3.0 and 3.5 ovaries typically contain few, if any, of those residual structures.  An 

unusual finding that was not related to test substance exposure was the presence of multiple 

testicular oocytes in the collecting ducts of a control male.  This finding is not expected to impact 

the results or interpretation of this study.  A rare background incidence of testicular oocytes has 

been reported in untreated fathead minnows and in other common test species such as Japanese 

medaka (Oryzias latipes), and the incidence can vary according to test facility (Grim et al., 2007 

and U.S. EPA, 2009).  For further details, see Appendix 11. 
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The relatively few additional histopathological diagnoses recorded in this study were background 

types of findings observed typically in fathead minnow gonads, and were present in comparable 

numbers of control and 2-ethylhexyl paraben-treated fish generally at low prevalence and 

severity; thus, none were considered to be treatment-related.  

 

Statistical analysis of the histopathology data using the RSCABS (Rao-Scott Cochran-Armitage 

by Slices) method was considered for this exposure, but in consultation with the Study Sponsor 

and the Study Director, it was not determined to be justified, based on the pathologist’s view of 

the quantity and nature of the histopathological findings. 

 

4.0 PERFORMANCE CRITERIA 

The following criteria are required for the exposure to be acceptable based on the study protocol: 

Performance Criteria (Expected Results) Expected Results 

Survival 
Survival of 90% or greater in controls.  Mean percent survival in the 

control was 100% for males, females, and male/female combined.  For 
further information, see Section 3.2.4 and Table 4.   

Fecundity  

Evidence that fish were actively spawning in all replicates prior to 
initiating the chemical exposure and in the control replicates during 
the test.  The mean number of eggs per female per reproductive day 

for the control was 48 and for the 9.7, 20, 53, and 110 µg/L treatment 
levels was35, 41, 43, and 37, respectively.  For further information, 

see Section 3.2.6 and Table 5.   

Fertilization Success 
Control fertilization should be ≥95%.  The mean percentage of 

fertilized eggs in the control was 99.4%.  For further information, see 
Section 3.2.6 and Table 5.   

Dissolved Oxygen 

Dissolved oxygen will be ≥60% of saturation.  During this exposure, 
dissolved oxygen levels ranged from 56 to 100% of saturation.  For 

further information, see Protocol Deviations, Section 3.2.1 and 
Table 2.   

Temperature 

Water temperature will not differ by more than 1 °C between test 
tanks at any one time during the exposure period and will be 

maintained within ± 1 °C of the 25 °C temperature.  This exposure did 
not meet all criteria listed here.  For further information, see 

Protocol Deviations, Section 3.2.1 and Table 2.   

Analytical Samples 

Measured exposure concentration CV values will not exceed 20% for 
all replicates.  During this exposure, CV values were 340, 44, 38, and 
46%, respectively, for the 9.7, 20, 53, and 110 µg/L mean measured 
concentrations.  Given the difficult nature of this material, the CV 

values are considered to be acceptable.  For further information, see 
Section 3.2.2 and Table 3.   
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5.0 PROTOCOL DEVIATIONS 

1. The protocol states that temperature, dissolved oxygen concentration, and pH will be 

measured in every aquarium on day 0 and in alternating replicates thereafter.  On 

20 September 2016 (pre-exposure day 14), a pH value of 1.14 was entered into the water 

quality data.  Based on all other pH values throughout the exposure period and historical 

water quality parameters of Smithers Viscient laboratory well water, this was likely a 

typographical error; a pH of 1.12 would have resulted in overt fish mortality.  However, 

the single aquarium pH value cannot be verified for that day since this error was removed 

from the data.  Since the fish did not display any lethal or sub-lethal effects in that tank, it 

can be reasonably concluded that the pH value was likely between 6.5 and 9.  Therefore, 

this deviation had did not have a negative impact on the results or interpretation of this 

study. 

 

2. The protocol states that nuptial tubercles will be counted, mapped, and scored according 

to methods recommended in OECD Guideline 229, Annex 5A (OECD, 2009) and 

OPPTS Guideline 890.1350, Appendix B (U.S. EPA, 2009).  All female fish were 

observed to have no tubercles based on biological observations; however, after 

termination tubercles were only counted, mapped and scored for the male fish.  Since all 

female fish were observed to have no tubercles on a daily basis throughout the exposure, 

this deviation did not have a negative impact on the results or interpretation of this study. 

 

3. The protocol states that total dissolved oxygen concentrations will be maintained at >60% 

of saturation during the exposure.  On test day 14 (6 October 2016), the 35 µg/L 

concentration replicate B tank had a dissolved oxygen level of 56.1% due to a 

malfunction with the aeration stone in the aquarium.  The aeration stone was, therefore, 

immediately replaced.  The dissolved oxygen level was re-measured later in the day and 

recorded as 90.6%.  As the dissolved oxygen level was only slightly out of range 

temporarily and the fish did not show any signs of stress or mortality, this deviation did 

not have a negative impact on the results or interpretation of this study. 
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4. The protocol states that water temperature will not differ by more than 1 °C between test 

tanks at any one time during the exposure period and will be maintained within ±1 °C of 

the 25 °C temperature.  On day 0, the 14 µg/L treatment level replicate A aquarium was 

measured at 24.4°C.  This temperature was >1°C different from several other aquaria.  

Also, the 220 µg/L treatment level replicate D aquarium was measured at 26.7 °C on 

day 0.  This measurement was >1 °C different from 25 °C.  Additional circulation pumps 

were placed in the water bath and the heaters were immediately reset to adjust the 

temperatures and equilibrate water flow within the bath.  All water quality measurements 

were then re-measured prior to the addition of organisms on day 0.  Since these 

deviations were temporary, corrective action was taken immediately, and the 

temperatures were adjusted prior to the addition of the organisms, these deviations did 

not have a negative impact the results or interpretation of this study. 

 

5. The protocol states that the measured exposure concentration CV will not exceed 20% for 

all replicates.  Concentration CV’s were 38 to 46%.  While the analytical recoveries were 

variable over the length of the exposure, the desired concentration gradient was 

maintained at each sampling interval and no overlap in concentrations was observed.  

Variability between replicates of the same concentration was maintained within 

approximately 20% at each interval.  The variability in the measured concentrations 

between intervals was likely related to the physical properties of the test substance 

(e.g., logKow > 5), which indicate a propensity for adsorption to the high amount of glass 

and silicone surface area in the test system as well as possible uptake by the adult fathead 

minnows.  The inherent aging of the biological exposure system (i.e., feeding, fish 

biomass, and microbial populations) also likely affected the recoveries of 

2-ethylhexyl paraben in the aquaria samples.  Risk of analytical variability is high when 

chemicals with properties similar to 2-ethylhexyl paraben are delivered to diluter systems 

with sexually dimorphic, actively spawning fish; the high amount of glass surface area 

creates high binding potential for the chemical to adsorb.  These adsorption rates are 

difficult to predict, and stock flow increases, which occurred as quickly as plausible 

during this study, are typically performed conservatively in order to avoid potential 
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dosing spikes.  Therefore, the higher than expected variability did not significantly 

impact the interpretation of the study results. 

 

6.0 DISCUSSION AND CONCLUSION 

As presented above, several deviations from the study protocol occurred during the conduct of 

this study.  None of these deviations had any impact of the integrity or interpretation of the 

exposure. The results of the statistical analyses, gonadal staging, and histopathology evaluation 

are presented below.   

Endpoints Mean Measured Concentration (µg/L) 
10 20 53 110 

D
ay

 2
1 

Combined Male and Female Survival - - - - 
Fecundity - - - - 

Fertilization Success - - - - 
Nuptial Tubercle Score - - - - 

Male Weight - - - - 
Male GSI - - - ↑ 

Female Weight - - - - 
Female GSI - - - ↑ 
Male VTG - - ↑ ↑a 

Female VTG - - - - 
Male Testosterone NDb NDb NDb NDb 
Male 17β-estradiol NDb NDb NDb ↑c 

Female Testosterone NDb NDb NDb NDb 
Female 17β-estradiol NDb NDb NDb NDb 

- Endpoint not statistically different from controls.  
↓ Statistical analysis determined endpoint to be significantly reduced (p ≤ 0.05) compared to the control. 
↑ Statistical analysis determined endpoint to be significantly increased (p ≤ 0.05) compared to the control. 
a Statistically significant increase based on three plasma samples in this treatment level.  However, the 
five remaining samples above detection limit (ADL) suggests a strong dose response at this endpoint. 
b No empirical difference from the control.  Statistical analysis was not required by protocol. 
c Increase in plasma concentration of 17β-estradiol based on empirical evaluation of treatment means and variation 
among replicates. 

Male Gonadal Staging NF NF F F 

Male Histopathology Findings NF NF F F 

Female Gonadal Staging NF NF F F 

Female Histopathology Findings NF NF F F 

Thyroid Histopathology Findings NF NF NF NF 
NF = No findings related to 2-ethylhexyl paraben exposure.   
F = Findings potentially related to 2-ethylhexyl paraben exposure.  See Section 3.2.13 for summary.  
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The 21-day short-term reproduction assay of 2-ethylhexyl paraben with fathead minnow 

(Pimephales promelas) was performed under flow-through conditions.  Adult fish were exposed 

to a control and mean measured concentrations of 9.7, 20, 53, and 110 µg/L.  Notable 

physiological observations were made with regards to coloration/banding.  One female was 

observed to have color bars present in replicate A of the control on exposure day 7; one female in 

replicate D of the 9.7 µg/L treatment level on exposure days 7 and 8; and one female in replicate 

A of the 53 µg/L treatment level on exposure days 9 through 20.  While color bars are primarily 

considered to be a secondary sexual characteristic for males, females can occasionally be 

observed to express color bars.  The color bars observed in females during this exposure were 

transient.  None of the observations described above were considered to be a result of exposure 

to 2-ethylhexyl paraben.  No other abnormal observations were made in regards to 

coloration/banding or behavior.  Fecundity in the control was 48 eggs/female/day; fertilization 

success was 99.7%.  Exposure to 2-ethylhexyl paraben slightly reduced nuptial tubercle scores in 

male fish at the 20 and 53 µg/L concentrations, but this difference was not statistically 

significant.  Exposure to 2-ethylhexyl paraben significantly increased male and female GSI at the 

110 µg/L concentration and male VTG plasma concentration (with and without outliers 

removed) at the 53 and 110 µg/L concentrations. Plasma VTG was not significantly increased in 

females.  Exposure to 2-ethylhexyl paraben also increased male plasma concentrations of 

17β-estradiol at the 110 µg/L concentration based on empirical evaluation.  

 

Histopathological findings associated with 2-ethylhexyl paraben exposure occurred in the gonads 

of male and female fish and included: intravascular and interstitial proteinaceous fluid in the 

testes of the 53 and 110 µg/L treatment level males (minimal to mild), and in the ovaries of the 

110 µg/L treatment level females (mild); increased male testis stage scores, particularly in males 

of the 53 and 110 µg/L treatment levels; a dose-dependent increase in the prevalence of oocyte 

atresia in all treatment levels (minimal to moderate); a dose-dependent increase in the severity of 

oocyte atresia in the 53 and 110 µg/L treatment levels (minimal to moderate); decreased 

post-ovulatory follicles in females of the 53 and 110 µg/L treatment levels; and shifts in ovarian 

stage scores in females, particularly in females of 53 and 110 µg/L treatment levels.  Although 

mean ovarian stage scores were comparable among females in the control and the treatment 
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levels, there was a shift away from females in the spawning or recently spawned stages 

(i.e., stages 4.0, 2.0, and 2.5) toward stages of oocyte maturation (i.e., stages 3.0 and 3.5).  There 

were no thyroid findings.  

 

The presence of proteinaceous intravascular and interstitial fluid in the gonads of male and 

female fathead minnows is consistent with increased hepatic VTG production as might be 

induced by substances with estrogenic activity.  A number of in vitro and in vivo studies have 

demonstrated estrogen-like effects in fish exposed to various parabens, including VTG induction 

(Pedersen et al., 2000; Inui et al., 2003; Yamamoto et al., 2011).  Although not specific for 

enhanced estrogenic activity, increased oocyte (follicular) atresia is another commonly reported 

effect of xenoestrogen exposure (Dietrich and Krieger, 2009). 

 

The histopathological findings in males and females stated above and increased male VTG in the 

53 and 110 µg/L treatment levels suggest 2-ethylhexyl paraben may have estrogenic activity.  

The induction of VTG in male fish is a well-established response to estrogen receptor agonists 

(Borgert et al., 2014).  Responses in secondary sexual characteristics such as tubercle scores in 

males also provide evidence of estrogenic activity (OECD, 2007).  Exposure to 2-ethylhexyl 

paraben caused a slight, not statistically-significant, reduction in male tubercle scores at the 20 

and 53 µg/L treatment levels.  Significant increases in male and female GSI occurred at the 

110 µg/L treatment level (highest treatment level) in this study.  Increases in GSI have been 

linked to possible endocrine disruptor activity; however, the mechanisms underlying these 

responses are not well characterized and are not always specific (Borgert et al., 2014).   

Exposure to 2-ethylhexyl paraben caused treatment-related effects in males and females: 

histopathological findings in the gonads at the 53 and 110 µg/L treatment levels and increased 

GSI at the highest treatment level (110 µg/L), and increased plasma VTG in males.  Based on 

these results and the decision criteria in the FSTRA test guideline (OPPTS 890.1350), 

2-ethylhexyl paraben may be potentially active on the hypothalamic pituitary gonadal (HPG) 

axis.  
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Table 1. Dilution water quality measurements during the pre-exposure 

period and 21-day exposure of fathead minnow (Pimephales 
promelas) to 2-ethylhexyl paraben. 

Test Phase Date 

Total 
Hardness 
(mg/L as 
CaCO3) 

Total Alkalinity 
(mg/L as CaCO3) 

pH Conductivity 
(µS/cm) 

Pre-exposure 
period 

1-Sep-16 70 19 7.1 450 
7-Sep-16 80 20 6.6 530 

15-Sep-16 78 18 6.9 510 
22-Sep-16 84 18 6.8 550 

21-day 
exposure 

22-Sep-16 84 18 6.8 550 
28-Sep-16 64 22 7.1 520 
5-Oct-16 72 23 7.1 530 

12-Oct-16 70 24 7.4 500 
19-Oct-16 76 21 7.3 420 

NOTE:  Measurements have been rounded to two significant figures. 
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Table 2. Water quality measurements during the 21-day exposure of fathead 

minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

Nominal 
Concentration 

(µg/L) 

Ranges 

Dissolved 
Oxygena Temperatureab 

(ºC) pHa 

Total 
Hardnessc 
(mg/L as 
CaCO3) 

Total 
Alkalinityc 
(mg/L as 
CaCO3) 

Conductivityc 
(µS/cm) 

mg/L % 
Saturation 

        
Control 5.9 - 8.3 71 - 100 25 - 26 7.0 - 7.5 68 - 88 20 - 26 490 - 710 

        
14 5.6 - 8.3 68 - 100 24 - 26 7.0 - 7.5 72 24 460 

        
35 4.6 - 8.5 56d - 100 25 - 26 6.8 - 7.5 72 24 530 

        
88 6.6 - 8.1 80 - 99 25 - 26 7.0 - 7.5 68 20 490 

        
220 6.8 - 8.4 82 - 100 25 - 27d 7.1 - 7.5 88 20 460 

        
a N = 25 
b Continuous temperature monitoring of the upper water bath (control replicate A) and the lower water bath (control 

replicate C) established a temperature range of 24 to 26 °C throughout the exposure period. 
c N = 4.  Samples were taken from one replicate of one treatment level and the control alternating between treatment levels 

and replicate vessels (A, B and C) at each sampling interval.  The control measurements represent a range of the 
three measurements.  All other values are discrete measurements.   

d Value was out of the required range.  See Protocol Deviations. 
 
NOTE:  Measurements have been rounded to two significant figures. 
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Table 3. Concentrations of 2-ethylhexyl paraben measured in the exposure 

solutions during the 21-day exposure of fathead minnow (Pimephales 
promelas) to 2-ethylhexyl paraben. 

Nominal 
Concentration 

(µg/L) 

Measured Concentration (µg/L) 
Percent 

of Nominal 
(%)a 

%CV 
Day 0 Day 7 Day 14 Day 21 

Mean Measured 
Concentration 

(SD)a 

        
Control < 1.1b < 1.0 < 1.4 < 1.1 NAc 

(NA) NA NA  < 1.1 < 1.0 < 1.4 < 1.1 
        

14 16 4.8 8.8 11 
9.7 

(3.8) 69 40  12 5.6 6.8 12 
Mean 14 5.2 7.8 12 

        
35 26 12 14 28 

20 
(8.7) 56 44  27 8.5 12 30 

Mean 26 10 13 29 
        

88 60 34 51 80 
53 

(20) 60 38  51 34 32 83 
Mean 55 34 41 81 

        
220 110 58 100 160 

110 
(50) 50 46  160 49 60 170 

Mean 140 54 80 167 
        

QCd#1 5.84 5.20 6.62 6.36    
6.25 (93.4) (83.2) (106) (102)    

        
QC #2 36.8 39.8 34.7 38.9    
37.5 (98.1) (106) (92.5) (104)    

        
QC #3 230 261 202 264    

225 (102) (116) (89.7) (117)    
        

a Mean measured concentration values, percent of nominal, and standard deviations (SD) were calculated using the actual 
analytical results and not the rounded values (two significant figures) presented in this table.  

b Concentrations expressed as less than values were below the method detection limit (MDL).  The MDL is dependent upon 
the lowest concentration calibration standard and the dilution factor of the controls. 

c NA = Not Applicable 
d QC = Quality Control sample.  Percent recovery for each QC sample is presented in parentheses.   
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Table 4. Survival at test termination of the 21-day exposure of fathead 

minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

Mean Measured 
Concentration 

(µg/L) 
Replicate 

Mean Male 
Survival 

(%) 

Mean Female 
Survival 

(%) 

Mean Male/Female 
Combined Survival 

(%) 
     

Control A 100 100 100 
 B 100 100 100 
 C 100 100 100 
 D 100 100 100 
 Mean (CVa) 100 (0) 100 (0) 100 (0) 
     

9.7 A 100 75 83 
 B 100 75 83 
 C 100 100 100 
 D 100 100 100 
 Mean (CV) 100 (0) 88 (17) 92 (11) 
     

20 A 100 75 83 
 B 100 100 100 
 C 100 100 100 
 D 100 100 100 
 Mean (CV) 100 (0) 94 (13) 96 (8.7) 
     

53 A 100 75 83 
 B 100 100 100 
 C 100 100 100 
 D 100 100 100 
 Mean (CV) 100 (0) 94 (13) 96 (8.7) 
     

110 A 100 100 100 
 B 100 100 100 
 C 100 100 100 
 D 100 100 100 
 Mean (CV) 100 (0) 100 (0) 100 (0) 

a CV = Coefficient of variation ((standard deviation/mean) × 100). 
 
 
NOTE:  Values presented in this table have been rounded to two significant figures.  All calculations were made 

using the actual (unrounded) data.   
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Table 5. Summary of fertilization success and fecundity during the 21-day 

exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl 
paraben. 

Mean Measured 
Concentration 

(µg/L) 
Replicate 

Mean Fertilization 
Success 

(% Fertilized) 

Mean Fecundity 
(Eggs/Female/Day) 

    
Control A 99.6 46 

 B 99.7 59 
 C 99.6 48 
 D 99.7 39 
 Mean (CVa) 99.4 (0.48) 48 (18) 
    

9.7 A 98.9 29 
 B 99.6 31 
 C 99.6 43 
 D 99.9 38 
 Mean (CV) 99.5 (0.43) 35 (19) 
    

20 A 97.9 43 
 B 99.7 47 
 C 99.5 32 
 D 97.5 44 
 Mean (CV) 98.6 (1.1) 41 (16) 

    
53 A 99.4 58 
 B 98.7 44 
 C 100.0 26 
 D 99.9 44 
 Mean (CV) 99.5 (0.58) 43 (30) 
    

110 A 99.6 38 
 B 99.6 42 
 C 99.2 29 
 D 99.4 38 
 Mean (CV) 99.4 (0.18) 37 (15) 

a CV = Coefficient of variation ((standard deviation/mean) × 100). 
 
NOTE:  Values presented in this table have been rounded.  All calculations were made using the actual (unrounded) 

data.   
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Table 6. Male termination endpoint summary during the 21-day exposure of 

fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

Mean Measured 
Concentration 

(µg/L) 
Replicate 

Median 
Tubercle 

Score 

Mean Wet Body 
Weight 

(g) 

Mean 
GSI 
(%)a 

     
Control A 23 4.3649 1.2 

 B 21 5.1055 0.83 
 C 25 4.5737 1.0 
 D 20 3.3869 1.6 
 Mean (CVb)c 22 (10.5) 4.3577 (16) 1.2 (29) 
       

9.7 A 18 4.0615 1.7 
 B 24 4.4244 1.4 
 C 14 4.1407 1.3 
 D 25 4.1985 1.9 
 Mean (CV) 20 (25) 4.2063 (3.7) 1.6 (18) 
       

20 A 17 4.6283 1.1 
 B 17 4.8946 1.7 
 C 14 4.8912 1.4 
 D 18 4.0952 1.1 
 Mean (CV) 16 (12) 4.6273 (8.1) 1.3 (23) 
       

53 A 18 4.0019 1.3 
 B 23 4.1957 1.6 
 C 19 4.4630 1.5 
 D 12 3.8095 1.6 
 Mean (CV) 18 (26) 4.1175 (6.8) 1.5 (8.7) 
       

110 A 22 4.0433 1.9 
 B 17 3.6927 2.3 
 C 20 4.5100 2.3 
 D 18 3.9832 1.9 
 Mean (CV) 19 (11) 4.0573 (8.3) 2.1c (11) 

a GSI = gonad weight/body weight × 100 
b CV = Coefficient of variation ((standard deviation/mean) × 100). 
c Mean (CV) is the mean of replicate means and CV is variation between means. 
d Significantly increased (p = 0.0053) compared to the control data, based on Jonckheere-Terpstra’s Step-Down 

Test. 
 
NOTE:  Tubercle scores and GSI values presented in this table have been rounded to two significant figures.  All 

calculations were made using the actual (unrounded) data.   
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Table 7. Female termination endpoint summary during the 21-day exposure 

of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

Mean Measured 
Concentration 

(µg/L) 
Replicate 

Mean Wet Body 
Weight 

(g) 

Mean 
GSI 
(%)a 

    
Control A 2.3213 14 

 B 2.3857 17 
 C 2.1192 14 
 D 2.1897 16 
 Mean (CVb) 2.2539 (5.4) 15 (10) 
     

9.7 A 1.9247 11 
 B 2.1512 13 
 C 2.6321 15 
 D 2.4864 15 
 Mean (CV) 2.2986 (14) 13 (15) 
     

20 A 2.5605 15 
 B 2.2418 15 
 C 2.2612 15 
 D 2.6390 14 
 Mean (CV) 2.4256 (8.4) 15 (4.4) 
     

53 A 2.3974 16 
 B 2.3069 21 
 C 2.0512 12 
 D 2.3348 18 
 Mean (CV) 2.2726 (6.7) 17 (22) 
    

110 A 2.2431 17 
 B 2.2678 20 
 C 2.3692 19 
 D 2.5413 16 
 Mean (CV) 2.3553 (5.8) 18c (10) 

a GSI = gonad weight/body weight × 100 
b CV = Coefficient of variation ((standard deviation/mean) × 100). 
c Significantly increased (p = 0.0463) compared to the control data, based on Jonckheere-Terpstra’s Step-Down 

Test. 
 
NOTE:  GSI values presented in this table have been rounded to two significant figures.  All calculations were made 

using the actual (unrounded) data.   
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Table 8. Results of VTG analysis using all data points (no outliers removed) 

during the 21-day exposure of fathead minnow (Pimephales 
promelas) to 2-ethylhexyl paraben. 

Mean Measured 
Concentration 

(µg/L) 
Replicate 

Mean Male VTG 
Concentration 

(ng/mL) 

Mean Female VTG 
Concentration 

(ng/mL) 

    
Control A 8.46 × 101 1.22 × 106 

 B 3.90 × 102 1.57 × 106 
 C 9.95 × 101 9.54 × 105 
 D 8.00 × 101 2.32 × 106 
 Mean (CVa) 1.64 × 102 (9.2 × 101) 1.52 × 106 (3.9 × 101) 
    

9.7 A 1.04 × 105 3.29 × 106 
 B 1.15 × 103 8.48 × 105 
 C 8.26 × 103 3.79 × 106 
 D 8.99 × 101 3.62 × 106 
 Mean (CV) 2.84 × 104 (1.78 × 102) 2.89 × 106 (4.8 × 101) 
    

20 A 1.75 × 103 9.18 × 105 
 B 4.07 × 104 1.96 × 106 
 C 9.07 × 103 1.08 × 107 
 D 5.20 × 101 3.05 × 106 
 Mean (CV) 1.29 × 104 (1.47 × 102) 4.19 × 106 (1.08 × 102) 
    

53 A 1.10 × 107 3.39 × 106 
 B 7.69 × 106 1.05 × 106 
 C 1.48 × 107 7.82 × 105 
 D 4.33 × 105 1.19 × 105 
 Mean (CV) 8.48 × 106c (7.2 × 101) 1.34 × 106 (1.07 × 102) 

    
110 A 2.42 × 107 5.95 × 105 

 B ADLb 1.04 × 106 
 C 1.33 × 107 3.30 × 106 
 D ADL 2.82 × 106 
 Mean (CV) 1.87 × 107c (4.1 × 101) 1.94 × 106 (6.8 × 101) 

a CV = Coefficient of variation ((standard deviation/mean) × 100). 
b ADL = Above Detectable Limit.  
c Significantly increased (p = 0.0015, 0.0001) compared to the control data, based on Jonckheere-Terpstra’s 

Step-Down Test.  Statistically significant increase based on three plasma samples in 110 µg/L treatment level.  
However, the five remaining samples above detection limit (ADL) suggests a strong dose response at this 
endpoint.  Study data provided in Appendix 8. 

 
NOTES: Values presented in this table have been rounded to three significant figures.  All calculations were made 

using the actual (unrounded) data.   
 
 VTG data were analyzed for potential outliers.  Statistical analyses on the data excluding the potential 

outliers were not different from the analyses with all data points.  Therefore, analysis including all data 
points is reported.  Variability in the VTG data is within the expected range.  
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Table 9. Results of the sex steroid analysis following the 21 day exposure of 

fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

Mean 
Measured 

Concentration 
(µg/L) 

Replicate 

Sex Steroid Concentration (µg/L)ab 

Male Female 

Testosterone 17β-Estradiol Testosterone 17β-Estradiol 

      
Control A 0.406 1.24 1.74 14.4 

 B 1.686 0.594 0.952 7.05 
 C 1.32 0.741 1.48 11.6 
 D 1.053 0.920 30.1 31.6 
 Mean (SD) 1.11 (0.539) 0.872 (0.276) 8.56 (14.3) 16.2 (10.7) 
      

9.7 A 0.515 0.327 1.17 10.2 
 B 1.66 0.511 2.47 16.8 
 C 1.11 0.065 2.67 22.4 
 D 0.950 0.126 3.17 10.2 
 Mean (SD) 1.06 (0.473) 0.257 (0.203) 2.37 (0.854) 14.9 (5.89) 
      

20 A 0.289 0.408 0.801 2.51 
 B 1.79 0.400 1.94 6.56 
 C 6.28 3.03 4.27 11.10 
 D 0.852 0.294 0.755 10.8 
 Mean (SD) 2.30 (2.72) 1.03 (1.33) 1.94 (1.65) 7.73 (4.05) 
      

53 A 2.60 0.097 3.76 9.66 
 B 0.261 0.172 1.73 2.12 
 C 1.99 0.217 0.833 3.39 
 D 2.20 1.23 4.23 7.54 
 Mean (SD) 1.76 (1.03) 0.429 (0.536) 2.64 (1.62) 5.68 (3.52) 
      

110 A 0.528 0.708 3.60 19.0 
 B 0.355 2.61 3.67 9.50 
 C 8.75 2.74 1.73 7.29 
 D 0.551 2.79 2.83 5.47 
 Mean (SD) 2.54 (4.14) 2.21 (1.01) 2.96 (0.90) 10.3 (6.02) 
      

a Mean measured values and standard deviations (SD) were calculated using the actual analytical results and not 
the rounded values (three significant figures) presented in this table.  

b The limit of quantitation (LOQ) changed from analysis to analysis.  Based on recommendations in the OECD 
document entitled “Guidance Document on Aquatic Toxicity Testing of Difficult Substances and Mixtures” 
(OECD, 2000), a value of one-half the LOQ was used for the analytical result for the determination of the 
measured concentration in treatment levels where the results were below the LOQ. 

 
NOTE: No empirical difference from the controls was observed for sex steroid analysis (estradiol or testosterone) 

at any treatment. 
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Figure 1. Relationship between nominal and mean measured concentrations 

during the 21-day exposure of fathead minnow (Pimephales 
promelas) to 2-ethylhexyl paraben. 
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Figure 2. Mean male survival during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 
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Figure 3. Mean female survival during the 21-day exposure of fathead 

minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE: Error bars represent the coefficient of variation.   
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Figure 4. Mean combined male and female survival during the 21-day 

exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl 
paraben. 

 
 

NOTE: Error bars represent the coefficient of variation.   
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Figure 5. Mean fertilization success (percentage of viable eggs) during the 

21-day exposure of fathead minnow (Pimephales promelas) to 
2-ethylhexyl paraben. 

 
 

NOTE: Error bars represent the coefficient of variation.   
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Figure 6. Mean fecundity (number of eggs per female per reproductive day) 

during the 21-day exposure of fathead minnow (Pimephales 
promelas) to 2-ethylhexyl paraben.  

 
 

NOTE: Error bars represent the coefficient of variation.   
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Figure 7. Median male tubercle score during the 21-day exposure of fathead 

minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE: Error bars represent the coefficient of variation. 
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Figure 8. Mean male weight during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE: Error bars represent the coefficient of variation.   
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Figure 9. Mean female weight during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE: Error bars represent the coefficient of variation. 
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Figure 10. Mean male length during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE: Length data were not statistically analyzed as adult (i.e., sexually mature) fish were 
used to initiate this exposure. 
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Figure 11. Mean female length during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE: Length data were not statistically analyzed as adult (i.e., sexually mature) fish were 
used to initiate this exposure. 
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Figure 12. Mean male GSI during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

*Significantly increased compared to the control data, based on Jonckheere-Terpstra’s 
Step-Down Test. 

 

NOTE: Error bars represent the coefficient of variation. 
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Figure 13. Mean female GSI during the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

*Significantly increased compared to the control data, based on Jonckheere-Terpstra’s 
Step-Down Test. 

 

NOTE: Error bars represent the coefficient of variation. 
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Figure 14. Mean male VTG concentration using all data points (no outliers 

removed)during the 21-day exposure of fathead minnow 
(Pimephales promelas) to 2-ethylhexyl paraben. 

 
* Significantly increased compared to the control data, based on Jonckheere-Terpstra’s 

Step-Down Test.  Statistically significant increase based on three plasma samples in 110 µg/L 
treatment level.  However, the five remaining samples above detection limit (ADL) suggests a 
strong dose response at this endpoint.  Study data provided in Appendix 8. 
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Figure 15. Mean female VTG concentration using all data points (no outliers 

removed)during the 21-day exposure of fathead minnow 
(Pimephales promelas) to 2-ethylhexyl paraben. 
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Figure 16. Male testosterone concentration following the 21-day exposure of 

fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

 
 
NOTE:  Error bars represent the standard deviation.   
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Figure 17. Male 17β-estradiol concentration following the 21-day exposure of 

fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

 
 
NOTE:  Error bars represent the standard deviation.   
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Figure 18. Female testosterone concentration following 21-day exposure of 

fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

 
 

NOTE:  Error bars represent the standard deviation.   
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Figure 19. Female 17β-estradiol concentration following the 21-day exposure of 

fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben. 

 
 
NOTE:  Error bars represent the standard deviation.   
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APPENDIX 1 – STUDY PROTOCOL 
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APPENDIX 2 – FOOD ANALYSIS 
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APPENDIX 3 – PRELIMINARY EXPOSURE AND STUDY DATA 
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Prior to initiating the definitive exposure, a 96-hour range-finding acute exposure was conducted 

at Smithers Viscient exposing fathead minnow under flow-through conditions to nominal 

2-ethylhexyl paraben concentrations of 0.062, 0.19, 0.56, 1.7, and 5.0 mg/L, a negative control 

and solvent (triethylene glycol) control.  These levels were chosen based on available medaka 

toxicity data provided by the Study Sponsor.  Two replicate aquaria containing a total of 

six fathead minnows (two males, four females) each were established for each treatment level 

and control.  Following 96 hours of exposure, cumulative percent mortality of 92 and 100% was 

observed among fathead minnows exposed to the 1.7 and 5.0 mg/L nominal treatment levels, 

respectively.  No mortality or sub-lethal effects were observed for all remaining treatment levels 

(0.062, 0.19, and 0.56 mg/L) or controls.  A non-linear regression analysis was performed to 

calculate an LC50 concentration which was determined to be approximately 1.1 mg/L.  

Applicable test guidelines recommend a high concentration of 1/3 of the LC50 value for 

definitive tests (U.S. EPA, 2009). However, based on the steep dose response in the range-finder 

test and lethal/sub-lethal responses at 1/3 of the LC50 value in other definitive studies with this 

test design, a high concentration of 1/5 of the 2-ethylhexyl paraben LC50 value (220 µg/L) was 

chosen for the definitive exposure.  Based on these results and in consultation with the Study 

Sponsor, nominal concentrations of 14, 35, 88, and 220 µg/L and a control were selected for the 

definitive exposure.   
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Study #:13784.6120
Summary of mortality and sublethal observations of P. promelas to 2-ethyl paraben over 96 hours under flow-through conditions

Nominal
Concentration Replicate

(mg/L) Mortality Sublethal1 Mortality Sublethal1 Mortality Sublethal1 Mortality Sublethal1

A 6 0 0 0 0 0 0 0 0

B 6 0 0 0 0 0 0 0 0

A 6 0 0 0 0 0 0 0 0

B 6 0 0 0 0 0 0 0 0

A 6 0 0 0 0 0 0 0 0

B 6 0 0 0 0 0 0 0 0

A 6 0 0 0 0 0 0 0 0

B 6 0 0 0 0 0 0 0 0

A 6 0 0 0 0 0 0 0 0

B 6 0 0 0 0 0 0 0 0

A 6 3 3 5 1 5 1 5 1

B 6 6 0 6 0 6 0 6 0

A 6 6 0 6 0 6 0 6 0

B 6 6 0 6 0 6 0 6 0

1 = sublethal effects were lethargy and fish on bottom of test vessel.

96 Hour72 Hour48 Hour24 Hour

L = lethargic; PL = partial loss of equilibrium; CL = complete loss of equilibrium; B = at bottom of test vessel; S = at solution’s surface;              

  D = dark; - = none

Number of 
fish added

Cumulative Mortality and SubLethal Effects

Control

Solvent Control

0.062

0.19

0.56

1.7

5.0

Nominal
Concentration

(mg/L)
Control 12 0% 0% 0% 0%

Solvent Control 12 0% 0% 0% 0%
0.062 12 0% 0% 0% 0%
0.19 12 0% 0% 0% 0%
0.56 12 0% 0% 0% 0%
1.7 12 75% 92% 92% 92%
5.0 12 100% 100% 100% 100%

Based on nominal  concentrations:
NOEC: 0.56 mg/L
LC50: 1.1 mg/L
lowest concentration producing 100% mortality: 5.0 mg/L

Table 2. Summary of percent mortality of of P. promelas  exposed to 2-ethyl paraben 
over 96 hours under flowthrough conditions

Total Number 
of fish added 96 Hour72 Hour48 Hour24 Hour

Cumulative Percent Mortality
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APPENDIX 4 – ANALYTICAL METHODOLOGY 
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SUMMARY 

Methodology was validated (17 March 2016) to quantify the amount of 2-ethyl paraben present 

in recovery samples prepared in freshwater.  Recovery samples were initially diluted with 

acetonitrile to a concentration of 20/80 acetonitrile/freshwater (v/v).  The mid- and high-level 

recovery samples were further diluted into the calibration standard range with 

20/80 acetonitrile/freshwater (v/v).  All recovery samples were analyzed by liquid 

chromatography with mass spectrometry detection (LC-MS/MS). 

 

The method was validated by fortification of freshwater with 2-ethyl paraben at concentrations 

of 0.200, 125, and 10,000 µg/L.  Recoveries averaged 111 ± 6.98%, with a limit of quantitation 

(LOQ) of 0.135 µg/L.  Defined limits for acceptance of quality control sample performance in 

subsequent studies were set at 80 to 120%. 

 

EXPERIMENTAL 

Equipment 

1.  Instrument: AB MDS Sciex 4000 mass spectrometer equipped with an AB 
MDS Sciex ESI Turbo V source 

  Shimadzu LC-20AD binary pumps 
  Shimadzu 20AD/DGU-20A3 vacuum degasser 
  Shimadzu 20AD/DGU-20A5R vacuum degasser 
  Shimadzu 20AD/SIL-20ACHT autosampler 
  Shimadzu CTO-20AC column oven 
  Shimadzu CBM-20A Communications bus  
  Analyst version 1.4.2 software for data acquisition 
2.  Balance: Mettler Toledo XS205 
3.  Laboratory equipment: Volumetric flasks, graduated cylinders, disposable glass pipets, 

positive displacement pipets, autosampler vials with split caps, 
and amber glass bottles with Teflon®-lined caps 

 

Reagents 

1. Purified reagent water: prepared from a Millipore MilliQ® Direct 8 water 
purification system (meets ASTM Type II requirements) 

2. Acetonitrile: EMD, reagent grade 
3. Methanol:  EMD, reagent grade 
4. Dimethyl sulfoxide: Fisher, reagent grade 
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5. 0.1% Formic Acid in Water: Fisher, reagent grade 
6. 0.1% Formic Acid in Acetonitrile: Fisher, reagent grade 
 
Test Substance 

The test substance, 2-ethyl paraben, was received on 20 October 2015 from Tokyo Chemical 

Industry America, Montgomeryville, Pennsylvania.  The following information was provided: 

 

 Name: 2-ethyl paraben  
 Synonyms: 2-ethylhexyl paraben, 2-ethylhexyl 4-hydroxybenzoate  
 Lot No.: VXGDC 
 CAS No.: 5153-25-3 
 Purity: 99.8% 
 Expiration Date: Not Listed 
 

Upon receipt at Smithers Viscient, the test substance (SMV No. 7928) was stored at room 

temperature in a dark, ventilated cabinet in the original container.  Concentrations were adjusted 

for the purity of the test substance. 

 
PROCEDURES 

Liquid Reagent and Mobile Phase Preparation 

A 20/80 acetonitrile/freshwater (v/v) liquid reagent solution was typically prepared by 

combining 40 mL of acetonitrile and 160 mL of freshwater.  The solution was mixed well using 

a stir bar and stir plate for five minutes. 

 

A 30/30/40 acetonitrile/methanol/dimethyl sulfoxide (v/v/v) liquid reagent autosampler wash 

solution was typically prepared by combining 1500 mL of acetonitrile with 1500 mL of methanol 

and 2000 mL of dimethyl sulfoxide.  The solution was mixed well prior to use. 
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Preparation of Stock Solutions 

Primary stock solutions were typically prepared as described in the table below: 

Primary 
Stock ID 

Amount 
Weighed (g), 
Net Weight 

Amount 
Weighed (g), as 

Active Ingredient 

Stock 
Solvent 

Final 
Volume 

(mL) 

Primary Stock 
Concentration 

(mg/L) 
Primary Stock Use 

7928C 0.0501 0.0500 

Acetonitrile 

50.0 1000 Secondary stock 
solutions 

7928D 0.0503 0.0502 50.0 1000 
High-level recovery 

samples and secondary 
stock solutions 

 

Secondary stock solutions were typically prepared as described in the table below: 

Fortifying 
Stock ID 

Fortifying 
Stock 

Concentration 
(mg/L) 

Volume of 
Fortification 

(mL) 

Final 
Volume 

(mL) 

Stock 
Solvent Stock ID 

Stock 
Concentration 

(mg/L) 
Stock Use 

7928C 1000 5.00 50.0 

Acetonitrile 

7928C-2 100 Sub-stock 
solution 

7928D 1000 5.00 50.0 7928D-2 100 

Mid-level 
recovery 

samples and 
sub-stock 
solution 

 

Sub-stock solutions were typically prepared as described in the table below: 

Fortifying 
Stock ID 

Fortifying 
Stock 

Concentration 
(mg/L) 

Volume of 
Fortification 

(mL) 

Final 
Volume 

(mL) 

Stock 
Solvent Stock ID 

Stock 
Concentration 

(µg/L) 
Stock Use 

7928C-2 100 0.0500 50.0 
Acetonitrile 

Ana Stk 1 100 Calibration standards 

7928D-2 100 0.0500 50.0 Tech Stk 1 100 Low-level recovery 
samples 

 

All primary and secondary stock solutions were stored refrigerated (2 to 8 ºC) in amber glass 

bottles fitted with Teflon®-lined caps.  Sub-stock solutions were prepared fresh on the day of use 

and discarded after use. 
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Preparation of Calibration Standards 

Calibration standards were prepared in 20/80 acetonitrile/freshwater (v/v) by fortifying with the 

100 µg/L sub-stock solution to yield concentrations of 0.100, 0.250, 0.500, 1.00, 1.50, and 

2.00 µg/L.   

 

Sample Fortification and Preparation 

Preparation of Recovery Samples: 

Recovery samples were prepared by fortifying freshwater with the test substance to obtain 

concentrations of 0.200, 125, and 10,000 µg/L.  Each concentration level was produced in 

triplicate.  In addition, three samples were left unfortified to serve as controls and were diluted in 

the same fashion as the low-level recovery samples.  The preparation procedure is outlined in the 

table below. 

 

Sample 
ID 

Stock 
Concentration 

(mg/L) 

Fortification 
Volume 

(mL) 

Final Volume 
(mL) 

Fortified 
Concentration 

(µg/L) 
Control 

A, B & C NAa NA 16.0 0.00 

Low 
A, B & C 0.100 0.0320 16.0 0.200 

Mid 
A, B & C 100 0.0200 16.0 125 

High 
A, B & C 1000 0.160 16.0 10,000 

a NA = Not Applicable 

 
Dilution of Samples: 

To minimize the potential for losses of the test substance during processing, the aqueous test 

samples were not sub-sampled prior to dilution.  The first dilution with acetonitrile was 

performed by the addition of acetonitrile to the entire volume of the aqueous sample in the 

container in which it was fortified to a final composition of 20/80 acetonitrile/freshwater (v/v).  

The mid- and high-level recovery samples were subsequently diluted into the calibration 

standard range with 20/80 acetonitrile/freshwater (v/v).  The dilution procedure is outlined in the 

table below. 
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Sample 
ID 

Fortified 
Concentration 

(µg/L) 

Sample 
Volume 

(mL) 

Final 
Volumea 

(mL) 

Sample 
Volume 

(mL) 

Final 
Volumeb 

(mL) 

Sample 
Volume 

(mL) 

Final 
Volumeb 

(mL) 

Dilution 
Factor 

Control 
A, B & C 0.00 16.0 20.0 NAc NA NA NA 1.25 

Low 
A, B & C 0.200 16.0 20.0 NA NA NA NA 1.25 

Mid 
A, B & C 125 16.0 20.0 0.125 10.0 NA NA 100 

High 
A, B & C 10,000 16.0 20.0 0.300 10.0 0.0500 10.0 8330 

a Diluted with 100% acetonitrile. 
b Diluted with 20/80 acetonitrile/freshwater (v/v). 
c NA = Not Applicable 
 

ANALYSIS 

Instrumental Conditions 

The LC-MS/MS analysis was conducted using the following instrumental conditions: 

 

 LC parameters: 
Column: XBridge C18, 2.5 µm, 2.1 mm × 50 mm 

 Mobile Phase 1: 0.1% formic acid in water 
 Mobile Phase 2: 0.1% formic acid in acetonitrile 
 Gradient: Time Flow rate Solvent Solvent 

    (min.) (mL/min.) A (%) B (%) 
   0.01 0.350 60.0 40.0 
   0.50 0.350 60.0 40.0 
   4.00 0.350 0.0 100 
   5.00 0.350 0.0 100 
   5.10 0.350 60.0 40.0 
   6.10 0.350 60.0 40.0 
  Run time: 6.10 minutes 
  Injector Rinse solvent: 30/30/40 acetonitrile/methanol/dimethyl sulfoxide 
 Column temperature: 40˚C 
 Sample temperature: 5˚C 
 Injection volume: 100 µL 
 Retention Time: Approximately 3.5 minutes 
 
 MS parameters: 
 Instrument:  AB MDS Sciex 4000 mass spectrometer 
 Ionization Mode: Positive (+) ESI 
 Ion Spray Voltage:  5000 V 
 Scan type:  MRM 
 Q1/Q3 Masses:  251.30/139.20 amu  
 Dwell Time:  250 milliseconds 
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 Source Temperature:  500ºC 
 Curtain Gas: 20.00 
 Ion Source – Gas 1 / Gas 2:  30.0 / 80.0 
 Collision Gas:   8.00 
 Collision Energy: 9.00 
 Collision Cell Entrance Potential:  4.00 
 Collision Cell Exit Potential:  11.00 
 Declustering Potential:  35.00 
 

Preparation of Standard Curve 

Two sets of calibration standards were analyzed with each recovery sample set; one set prior to 

analysis of the recovery samples and the second set immediately following the analysis of the 

recovery samples.  Injection of recovery samples and calibration standards onto the 

chromatographic system was performed by programmed automated injection. 

 

CALCULATIONS 

A calibration curve was constructed by plotting the analyte concentration (µg/L) in the 

calibration standards against the peak area of the calibration standards.  The equation of the line 

(equation 1) was algebraically manipulated to give equation 2.  The concentration of the test 

substance within each recovery sample was determined using the regression coefficients from the 

quadratic equation, the peak area of the recovery sample, and the dilution factor.  Equations 2 

and 3 were then used to calculate measured concentrations and analytical results. 

 

 

where: 

y = detector response (peak area) for analyte 
a, b, and c = regression constants 

DC (x) = detected concentration (µg/L) in the sample 
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C = constant c minus the peak area; C = (c - y) 
DF = dilution factor (the final sample volume divided by the original 

sample volume) 
A = concentration of the analyte in the original sample  

 

The limit of quantitation (LOQ) was calculated using the following equation: 

 

 

 

 

 
where: 

AreaLS  = mean detector response (peak area) of the low concentration 
calibration standard (two injections) 

a, b, c = regression constants 
C = regression constant; C = (c - AreaLS) 

LOQINST  = limit of quantitation on the instrument 
DFCTRL = dilution factor of the control samples (smallest dilution factor used) 

LOQ  = limit of quantitation reported for the analysis 
 

RESULTS AND DISCUSSION 

The mean recovery was 111% with a standard deviation of 6.98%.  The limit of quantitation was 

0.135 µg/L.  The LOQ will vary from one analysis interval to another, since it is dependent upon 

the regression of the calibration standards, the peak area of the low standards, and dilution factor 

of the controls.  These parameters, while relatively constant, do vary somewhat among runs and 

produce small variations in the LOQ.  Defined limits for acceptance of quality control sample 

performance in subsequent studies were set at 80 to 120%. 

 

Analytical results for the recovery of 2-ethyl paraben from freshwater are presented in Table 1A.  

Representative chromatograms from the analysis of a calibration standard, recovery sample, and 

a control sample are presented in Figure 1A through Figure 3A, respectively.  A typical 

regression analysis for 2-ethyl paraben is presented in Figure 4A. 
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Table 1A. Analytical results for the recovery of 2-ethyl paraben in freshwater 

during the method validation. 

Sample 
ID 

Fortified Concentration 
(µg/L) 

Dilution 
Factor 

Analytical Result 
(µg/L) 

Percent 
of Fortified 

(%) 

Control A 0.00 1.25 < 0.135a NAb 

Control B 0.00 1.25 < 0.135 NA 
Control C 0.00 1.25 < 0.135 NA 

     
Low A 0.200 1.25 0.231 116 
Low B 0.200 1.25 0.238 119 
Low C 0.200 1.25 0.232 116 

  Mean: 0.234 117 
  SD: 0.00400 2.00 
  % CV: 1.71 1.71 
     

Mid A 125 100 126 101 
Mid B 125 100 127 102 
Mid C 125 100 137 110 

  Mean: 130 104 
  SD: 6.12 4.90 
  % CV: 4.71 4.71 
     

High A 10,000 8330 11,800 118 
High B 10,000 8330 11,000 110 
High C 10,000 8330 10,600 106 

  Mean: 11,100 111 
  SD: 627 6.27 
  % CV: 5.63 5.63 
     
   Overall Mean: 111 
   Overall SD: 6.98 
   % CV: 6.30 
   N: 9 
     

a Concentrations expressed as less than values were below the limit of quantitation (LOQ).  The LOQ for each 
analysis is dependent upon the regression, the area of the low standards and the dilution factor of the controls.  
The limit of quantitation for the method validation was 0.135 µg/L. 

b NA = Not Applicable 
 
NOTE: Results were calculated using the actual analytical (unrounded) results and not the rounded values 

presented in this table. 
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Figure 1A. Representative chromatogram of a 1.50 µg/L calibration standard 

during the method validation with 2-ethyl paraben. 
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Figure 2A. Representative chromatogram of 125 µg/L recovery sample during 

the method validation with 2-ethyl paraben. 
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Figure 3A. Representative chromatogram of a control sample during the 

method validation with 2-ethyl paraben. 

 
 

 
NOTE: There is no peak present at the retention time of 2-ethyl paraben.  2-Ethyl paraben is ordinarily detected at a 

retention time of approximately 3.5 minutes.   
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Figure 4A. A typical regression analysis for the calibration standards used to 

quantitate 2-ethyl paraben in the recovery samples. 

 
 
 

Polynomial Regression Analysis 
R² = 0.99732 

y = -2292.5x2 + 49,167x + 1161.3 
 

Standard Standard 

Concentration Response 
µg/L Area 
0.100 3995.0 
0.250 12087 
0.500 21639 
1.00 44832 
1.50 70897 
2.00 86013 

0.100 4281.0 
0.250 10464 
0.500 22935 
1.00 43130 
1.50 69167 
2.00 87992 
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APPENDIX 5 – 2-ETHYL PARABEN TESTING SUMMARY 
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ANALYTICAL SUMMARY 
This appendix is a summary of the exact analytical procedures used during this testing.  The 
procedures detailed here are those that are used for a specific interval (day 14 for this summary) 
of this study and are considered representative of those that were used for all intervals during the 
testing.  These procedures are based on the methodology determined during the method 
validation (Appendix 4). 
 
PROCEDURES 
Preparation of Liquid Reagents and Mobile Phases  
The volumes of reagents and mobile phases are representative of those prepared during testing 
but may not reflect the exact quantities at each interval.  Volumes may be changed; however the 
proportions must remain the same. 
 
A 20/80 acetonitrile/laboratory well water (v/v) liquid reagent solution was typically prepared by 
combining 100 mL of acetonitrile and 400 mL of laboratory well water.  The solution was mixed 
well using a stir bar and stir plate for five minutes. 
 
A 30/30/40 acetonitrile/methanol/purified reagent water (v/v/v) autosampler needle wash 
solution was typically prepared by combining 1500 mL of acetonitrile, 1500 mL of methanol, 
and 2000 mL of purified reagent water. 
 

Preparation of Stock Solutions 
Primary stock solutions were typically prepared as described in the table below: 

Primary 
Stock ID 

Amount 
Weighed (g), 
Net Weight 

Amount 
Weighed (g), as 

Active Ingredient  

Stock 
Solvent 

Final 
Volume 

(mL) 

Primary Stock 
Concentration 

(mg/L) 
Primary Stock Use 

7928AC 0.0503 0.0502 Acetonitrile 50.0 1000 Secondary stock 
solutions 

7928AB 0.0503 0.0502 Acetonitrile 50.0 1000 Secondary stock 
solutions 

 

Secondary stock solutions were typically prepared as described in the table below: 

Fortifying 
Stock ID 

Fortifying 
Stock 

Concentration 
(mg/L) 

Volume of 
Fortification 

(mL) 

Final 
Volume 

(mL) 
Stock Solvent Stock ID 

Stock 
Concentration 

(mg/L) 
Stock Use 

7928AC 1000 0.500 50.0 Acetonitrile 7928AC-1 10.0 Quality control 
samples 

7928AC 1000 5.00 50.0 Acetonitrile 7928AC-2 100 Sub-stock 
solutions 

7928AB 1000 5.00 50.0 Acetonitrile 7928AB-2 100 Sub-stock 
solutions 
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Sub-stock solutions were prepared as per the table below: 

Fortifying 
Stock ID 

Fortifying 
Stock 

Concentration 
(mg/L) 

Volume of 
Fortification 

(mL) 

Final 
Volume 

(mL) 
Stock Solvent Stock ID 

Stock 
Concentration 

(mg/L) 
Stock Use 

7928AC-2 100 0.100 10.0 Acetonitrile Tech Stk 1 1.00 Quality control samples 

7928AB-2 100 0.0500 50.0 Acetonitrile Ana Stk 1 0.100 Calibration standards 

 

All primary and secondary stock solutions were stored refrigerated (2 to 8 ºC) in amber glass 
bottles fitted with Teflon-lined caps.  Sub-stock solutions were prepared fresh daily and 
discarded after use. 
 
Preparation of Calibration Standards 
Calibration standards were prepared in 20/80 acetonitrile/laboratory well water (v/v) by 
fortifying with the 100 µg/L primary stock solution to yield concentrations of 0.100, 0.250, 
0.500, 1.00, 1.50, 2.00 µg/L. 
 
QC Sample Preparation 
The QC preparation listed below is representative of those prepared during testing but may not 
reflect the exact dosing volume and stock concentration at each interval.  These may be changed; 
however, the proportions must remain the same. 
 
The QC samples were prepared by fortifying laboratory well water with 2-ehtylhexyl paraben to 
obtain concentrations of 6.25, 37.5, and 225 µg/L.  The preparation procedure is outlined in the 
table below. 

Sample ID Stock Concentration 
(mg/L) 

Fortification 
Volume 

(mL) 

Final Volume 
(mL) 

Fortified 
Concentration 

(µg/L) 

QC 1 1.00 0.100 16.0 6.25 

QC 2 10.0 0.0600 16.0 37.5 

QC 3 10.0 0.360 16.0 225 

 
Exposure Solution and QC Sample Processing 
To minimize the potential for losses of the test substance during processing, the aqueous test 
samples were taken from the exposure solutions and directly transferred to disposable glass vials 
containing 100% acetonitrile (to a final composition of 20/80 acetonitrile/laboratory well water, 
v/v) according to the table below.  QC samples were diluted in a similar fashion as the test 
samples by the addition of an exact volume of 100% acetonitrile to the aqueous QC samples.  
Samples were subsequently diluted into the calibration standard range as needed with 
20/80 acetonitrile/laboratory well water (v/v) prior to analysis.  The dilution procedure is 
outlined in the table below: 
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Nominal 
Concentration 

(mg/L) 

Sample 
Volume 

(mL) 

Final 
Volume 
(mL)a 

Sample 
Volume 

(mL) 

Final 
Volume 
(mL)b 

Sample 
Volume 

(mL) 

Final 
Volume 
(mL)b 

Dilution 
Factor 

0.00 16.0 20.0 1.00 10.0 NAc NA 12.5 
14 16.0 20.0 1.00 10.0 NA NA 12.5 
35 16.0 20.0 0.400 10.0 NA NA 31.3 
88 16.0 20.0 0.160 10.0 NA NA 78.1 

220 16.0 20.0 0.0650 10.0 NA NA 192 
0.00 16.0 20.0 1.00 10.0 NA NA 12.5 
14 16.0 20.0 1.00 10.0 NA NA 12.5 
35 16.0 20.0 0.400 10.0 NA NA 31.3 
88 16.0 20.0 0.160 10.0 NA NA 78.1 

220 16.0 20.0 0.0650 10.0 NA NA 192 
6000 16.0 20.0 0.150 10.0 0.175 10.0 4760 
6.25 16.0 20.0 1.00 10.0 NA NA 12.5 
37.5 16.0 20.0 0.400 10.0 NA NA 31.3 
225 16.0 20.0 0.0650 10.0 NA NA 192 

a Diluted with acetonitrile 
b Diluted with 20/80 acetonitrile/laboratory well water (v/v) 
c
 NA = Not Applicable 
 
ANALYSIS 
Instrumental Conditions 
 
LC parameters: 

Column: Waters XBridge C18, 2.5 µm, 2.1 mm × 50 mm 
 Mobile Phase A: 0.1% formic acid in water 
 Mobile Phase B: 0.1% formic acid in acetonitrile 
 Gradient: Time Flow rate Solvent Solvent 

    (min.) (mL/min.) A (%) B (%)  
   0.01 0.350 60.0 40.0 
   0.50 0.350 60.0 40.0 
   4.00 0.350 0.0 100 
   5.00 0.350 0.0 100 
   5.10 0.350 60.0 40.0 
   6.10 0.350 60.0 40.0 
  Run time: 6.1 minutes 
  Injector Rinse solvent: 30/30/40 acetonitrile/methanol/purified reagent water 

(v/v/v) 
 Column temperature: 40 °C 
 Sample temperature: 5 °C 
 Injection volume: 100 µL 
 Retention Time: Approximately 3.5 minutes 
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 MS parameters: 
 Instrument:  Sciex API 4000 mass spectrometer 
 Ionization Mode: Negative (-) ESI 
 Scan type:  MRM 
  

 Primary 
Transition 

Q1/Q3 Masses: 251.3/139.2 amu 
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APPENDIX 6 – TESTING SUMMARY – SEX STEROID ANALYSIS 
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ANALYTICAL SUMMARY 
This appendix is a summary of the analytical procedures used during this testing for the sex 
steroid analysis.  The procedures detailed here are those that are used for a specific interval of 
this study and are considered representative of those that were used for all intervals during the 
testing.  These procedures follow the methodology determined during the method validation 
(DeVellis, 2017). 
 
PROCEDURES 
Preparation of Liquid Reagents and Mobile Phases 
The volumes of reagents and mobile phases are representative of those prepared during testing 
but may not reflect the exact quantities at each interval.  Volumes may be changed; however the 
proportions must remain the same. 
 
A 10 mM sodium carbonate in purified reagent water solution was prepared by dissolving 
0.00529 g of sodium carbonate in 50.0 mL of purified reagent water.  An aliquot of 100 µL of 
0.1 N sodium hydroxide was added to the solution to ensure that it was sufficiently basic.  The 
solution was then mixed thoroughly using a vortex mixer. 
 
A dansyl chloride solution was prepared by dissolving 0.0598 g of dansyl chloride in 20.0 mL of 
acetonitrile.  The solution was then mixed thoroughly using a vortex mixer. 
 
A 30/30/40 acetonitrile/methanol/purified reagent water (v/v/v) autosampler wash solution was 
prepared by combining 1500 mL of acetonitrile, 1500 mL of methanol, and 2000 mL of purified 
reagent water.  The solution was mixed well before use. 
 
Test Substances and Internal Standards 

Test Substances 
The test substance, testosterone, was received on 16 May 2016 from Sigma-Aldrich, St. Louis, 
Missouri.  The following information was provided: 
 
 Name: testosterone 
 Batch No.: SLBJ9044V 
 CAS No.: 58-22-0 
 Purity: 100% 
 Retest Date: March 2017 
 
Upon receipt at Smithers Viscient, the test substance (SMV No. 8266) was stored at room 
temperature in the original container in a locked safe.  Concentrations were not adjusted for the 
purity of the test substance.  This sample was used to prepare calibration standards and recovery 
samples during the sex steroid analysis. 
 
The test substance, estradiol, was received on 18 May 2016 from Sigma-Aldrich Inc., Allentown, 
Pennsylvania.  The following information was provided: 
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 Name: estradiol 
 Batch No.: SLBP6339V 
 CAS No.: 50-28-2 
 Purity: 99.2%  
 Retest Date: October 2018 
 
Upon receipt at Smithers Viscient, the test substance (SMV No. 8283) was stored at room 
temperature in a dark, ventilated cabinet in the original container.  Concentrations were adjusted 
for the purity of the test substance.  This sample was used to prepare calibration standards and 
recovery samples during the sex steroid analysis. 
 
Determination of stability and characterization, verification of the test substance identity, 
maintenance of records on the test substances, and archival of a sample of the test substances are 
the responsibility of the Study Sponsor. 
 
Internal Standards 
The internal standard, testosterone-d3, was received on 16 May 2016 from Sigma-Aldrich, 
St. Louis, Missouri.  The following information was provided: 
 
 Name: testosterone-d3 
 Batch No.: 103M4039V 
 CAS No.: 77546-39-5 
 Purity: 100% 
 Retest Date: June 2017 
 
Upon receipt at Smithers Viscient, the internal standard (SMV No. 8267) was stored at room 
temperature in the original container in a locked safe.  Concentrations were not adjusted for the 
purity of the internal standard.   
 
The internal standard, estradiol-d3, was received on 25 May 2016 from Sigma-Aldrich, Belfonte, 
Pennsylvania.  The following information was provided: 
 
 Name: estradiol-d3 
 Lot No.: LC20990V 
 CAS No.: 79037-37-9 
 Purity: 99% 
 Expiration Date: May 2019 
 
Upon receipt at Smithers Viscient, the internal standard (SMV No. 8292) was stored at room 
temperature in a dark, ventilated cabinet in the original container.  Concentrations were adjusted 
for the purity of the internal standard.   
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Preparation of Stock Solutions 
Primary stock solutions were typically prepared as described in the table below: 

Primary 
Stock ID 

Amount 
Weighed (g),  
Net Weight 

Amount 
Weighed (g), as 

Active Ingredient  

Stock 
Solvent 

Final 
Volume 

(mL) 

Primary Stock 
Concentration 

(mg/L) 
Primary Stock Use 

Test Substance 

8266D 0.0502 0.0502 Acetonitrile 50.0 1000 Secondary Stock 
Solution 

8283D 0.0252 0.0250 Acetonitrile 25.0 1000 Secondary Stock 
Solution 

Internal Standard 

8267A 0.0100 0.0100 Acetonitrile 10.0 1000 Secondary Stock 
Solution 

8292A 0.01010 0.01000 Acetonitrile 10.0 1000 Secondary Stock 
Solution 

 

Secondary stock solutions were typically prepared as described in the table below: 

Fortifying 
Stock ID 

Fortifying Stock 
Concentration 

(mg/L) 

Volume of 
Fortification 

(mL) 

Final 
Volume 

(mL) 

Stock 
Solvent Stock ID 

Stock 
Concentration 

(mg/L) 
Stock Use 

Test Substance 

8266D 1000 0.500 50.0 Acetonitrile 8266D-1 10.0 Sub-stock solution 

8283D 1000 0.500 50.0 Acetonitrile 8283D-1 10.0 Sub-stock solution 

Internal Standard 

8267A 1000 0.500 50.0 Acetonitrile 8267A-1 10.0 Sub-stock solution 

8292A 1000 0.500 50.0 Acetonitrile 8292A-1 10.0 Sub-stock solution 
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Sub-stock solutions were typically prepared as described in the table below: 

Fortifying 
Stock ID 

Fortifying 
Stock 

Concentration 
(mg/L) 

Volume of 
Fortification 

(mL) 

Final 
Volume 

(mL) 

Stock 
Solvent Stock ID 

Stock 
Concentration 

(mg/L) 
Stock Use 

Test Substance 

8266D-1 10.0 1.00 
10.0 Acetonitrile Mixed Stk 1 1.00 

Sub-stock solution, 
calibration standards,  

and QC samples 8283D-1 10.0 1.00 

Mixed Stk 1 1.00 0.100 10.0 Acetonitrile Mixed Stk 2 0.0100 Calibration standards 
and QC samples 

Internal Standard 

8267A-1 10.0 0.0100 
100 Acetonitrile IS Stk 0.00100 

Diluent for recovery 
samples and 

calibration standards 
during derivatization 8292A-1 10.0 0.0100 

 

All primary and secondary stock solutions were stored refrigerated (2 to 8 °C) in amber glass 
bottles fitted with Teflon-lined caps.  Sub-stock solutions were prepared fresh daily and 
discarded after use. 
 
Preparation of Calibration Standards 
Calibration standards were prepared in charcoal:dextran stripped fetal bovine serum by fortifying 
with the 10.0 µg/L sub-stock solution to yield concentrations of 0.100, 0.125, 0.200, 0.350, 
0.500, 0.750, 1.00, and 2.50 µg/L, and by fortifying with the 1000 µg/L sub-stock solution to 
yield concentrations of 5.00, 10.0, 20.0, and 50.0 µg/L. 
 
QC Sample Preparation 
The QC samples were prepared in charcoal:dextran stripped fetal bovine serum at concentrations 
of 0.150, 3.00, and 12.5 µg/L for testosterone and at concentrations of 0.300, 3.00, and 12.5 µg/L 
for estradiol.  The preparation procedure is outlined in the table below. 

Sample ID 
Stock  

Concentration 
(mg/L) 

Fortification 
Volume 

(mL) 

Final  
Volume 

(mL) 

Fortified 
Concentration 

(µg/L) 
QC T1a 0.0100 0.0150 1.00 0.150 

QC E1b 0.0100 0.0300 1.00 0.300 

QC 2c 0.0100 0.300 1.00 3.00 

QC 3c 1.00 0.0125 1.00 12.5 
a For quantitation of testosterone. 
b For quantitation of estradiol. 
c For quantitation of both testosterone and estradiol.  
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Derivatization of Samples 

The calibration standards, plasma samples from the exposure, and QC samples were loaded into 
individual micro-centrifuge tubes.  The reagents listed in the table below were added sequentially 
from left to right as they appear on the table.  The sodium carbonate solution was added last, 
which marked the beginning of derivatization reaction.  The solutions were heated at 60 °C for 
approximately 20 minutes.  Following heating, the solutions were allowed to cool to room 
temperature.  The entire contents of each centrifuge tube was transferred to a 350-µL, 0.2-µm 
Bio-inert 96-well filter plate with an attached 340-µL polypropylene V-shaped 96-well microtiter 
plate.  The filter plate and the 96-well microtiter plate was centrifuged at 4400 rpm for 
20 minutes in order to filter the derivitized samples prior to transfer to the mass spectrometer for 
analysis.  After centrifugation, the filter plate was discarded, and the 96-well microtiter plate 
containing the test samples was sealed with a silicone/PTFE preslit injectable cap mat.  Reagents 
were added to each micro-centrifuge tube as outlined in the table below.   

Sample 
ID 

Nominal 
Concentration 

(µg/L) 

Dansyl 
Chloride 

(mL) 

Aprotinin  
(mL) 

IS Stk 
(mL) 

Sample  
Volume  

(mL) 

Na2CO3  
(mL) 

Reagent Water Blank 0.00 NAa NA NA 0.200 NA 

Std 1 0.100 0.150 NA 0.0600 0.0300 0.0600 

Std 2 0.125 0.150 NA 0.0600 0.0300 0.0600 

Std 3 0.200 0.150 NA 0.0600 0.0300 0.0600 

Std 4 0.350 0.150 NA 0.0600 0.0300 0.0600 

Std 5 0.500 0.150 NA 0.0600 0.0300 0.0600 

Std 6 0.750 0.150 NA 0.0600 0.0300 0.0600 

Std 7 1.00 0.150 NA 0.0600 0.0300 0.0600 

Std 8 2.50 0.150 NA 0.0600 0.0300 0.0600 

Std 9 5.00 0.150 NA 0.0600 0.0300 0.0600 

Std 10 10.0 0.150 NA 0.0600 0.0300 0.0600 

Std 11 20.0 0.150 NA 0.0600 0.0300 0.0600 

Std 12 50.0 0.150 NA 0.0600 0.0300 0.0600 

QC T1 0.150 0.150 0.0300 0.0600 0.0300 0.0600 

QC E1 0.300 0.150 0.0300 0.0600 0.0300 0.0600 

QC 2 3.00 0.150 0.0300 0.0600 0.0300 0.0600 

QC 3 12.5 0.150 0.0300 0.0600 0.0300 0.0600 

Samplesb Unknown 0.0500 NA 0.0200 Entire Sample 0.0200 
a NA = Not Applicable 
b All plasma samples from the exposure were processed in the same manner as detailed in the table above. 
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ANALYSIS 
The exact instrumentation and injection volume listed below are representative of the analytical 
instrument used during testing (e.g., MDS Sciex API 5000 mass spectrometer, etc.) but may not 
reflect the exact instrument and injection volume at each interval.  All other instrumental 
conditions listed below remained consistent over the duration of the exposure. 
 
Instrumental Conditions 
 
 LC parameters: 

Column: Agilent Poroshell 120 EC-C8, 2.7 µm, 3.0 × 50 mm 
 Mobile Phase A: 0.1% formic acid in water 
 Mobile Phase B: 0.1% formic acid in acetonitrile 
 Gradient: Time Flow rate Solvent Solvent 

    (min.) (mL/min.) A (%) B (%) 
   0.01 0.650 80.0 20.0 
   1.00 0.650 80.0 20.0 
   5.50 0.650 0.00 100 
   8.00 0.650 0.00 100 
   8.50 0.650 80.0 20.0 
 Run time: 10 minutes 
 Autosampler Wash Solvent: 30/30/40 acetonitrile/methanol/purified reagent water 

(v/v/v) 
 Column temperature: 30 °C 
 Sample temperature: 5 °C 
 Injection volume: 45 µL 
 Retention Times: approximately 3.5 minutes (testosterone) 
  approximately 5.1 minutes (estradiol) 
 
 MS parameters: 
 Instrument: MDS Sciex API 5000 mass spectrometer 
 Ionization Mode: Positive (+) ESI 
 Scan type: MRM 
 

Test Substance: testosterone testosterone-d3 estradiol estradiol-d3 

Q1/Q3 Masses (amu): 289.50/97.00 292.50/97.20 506.20/171.30 509.20/171.00 
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Representative Raw Data 
Representative chromatograms from the analysis of a calibration standard, a control sample, and 
an exposure sample can be found in the following figures.  It should be noted that the peak area 
and the retention time are the only raw data that are retrieved from the chromatograms.  Some of 
the titles included in the chromatogram are specific to the software and may not have the same 
definition as those in the study.  The unique sample identification serves to identify the sample 
type.  
 

Due to the complex matrix, an internal standard was required for this analysis.  The ratio of the 
analyte peak area and the deuterated internal standard was plotted in the calibration curve and 
used to quantify the exposure samples.  Using this procedure, any impact to the analyte of 
interest (e.g., degradation, metabolism, complexing, catabolism, analyte 
suppression/enhancement, chelating, etc.) would be reflected in the performance of the internal 
standard.  In some cases, the peak of the internal standard is not as prominent as would be 
expected, likely due to suppression by the matrix.  Due to the use of the ratio of the analyte peak 
to the peak of the internal standard, this does not impact the quantification of the analyte of 
interest.  
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Calibration standard, 1.00 µg/L 

Testosterone 

 
Testosterone-d3 
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Calibration standard, 1.00 µg/L 

Estradiol 

 
Estradiol-d3 
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Control exposure sample (male fish) 

Testosterone 

 
Testosterone-d3 
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Control exposure sample (female fish) 

Testosterone 

 
Testosterone-d3 

 



Smithers Viscient Study No. 13784.6120   Page 151 
 
Control exposure sample (male fish) 

Estradiol 

 
Estradiol-d3 
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Control exposure sample (female fish) 

Estradiol 

 
Estradiol-d3 
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0.014 µg/L (nominal) sample (male fish) 

Testosterone 

 
Testosterone-d3 
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0.014 µg/L (nominal) sample (female fish) 

Testosterone 

 
Testosterone-d3 
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0.014 µg/L (nominal) sample (male fish) 

Estradiol 

 
Estradiol-d3 
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0.014 µg/L (nominal) sample (female fish) 

Estradiol 

 
Estradiol-d3 
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APPENDIX 7 – STATISTICAL ANALYSIS 
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APPENDIX 8 – STUDY DATA 
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Water quality measurements during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 
 

  

mg/L %  of Saturation

Control 5.89 - 8.34 71.4 - 101 25 - 26 7.0 - 7.5 68 - 88 20 - 26 490 - 710

14 5.56 - 8.25 67.5 - 99.9 24 - 26 7.0 - 7.5 72 24 460

35 4.63 - 8.47 56.1 - 103 25 - 26 6.8 - 7.5 72 24 530

88 6.64 - 8.14 79.9 - 99.3 25 - 26 7.0 - 7.5 68 20 490

220 6.76 - 8.43 82.0 - 102 25 - 27 7.1 - 7.5 88 20 460

Continuous temperature monitoring of both the upper and lower water bath established a temperature range of 24.4 to 26 ºC throughout the exposure period.

Nominal 
Concentration 

(µg/L)

Ranges
Dissolved Oxygen

Temperature (°C) pH
Total Hardness 

(mg/L as CaCO3)
Total Alkalinity 

(mg/L as CaCO3)
Conductivity 

(µS/cm)
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Pre-exposure spawning summary for the exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben  

Day 1 2 3 4 5 6 
Spawning 
Group ID 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

1 160 1 270 1 145 1 156 1 66 3 52 1 
2 41 2 541 2 0 0 404 2 92 2 0 0 
3 103 1 231 2 206 2 86 1 116 1 99 1 
4 0 0 89 1 0 0 127 2 86 2 0 0 
5 209 1 92 1 0 0 585 2 32 1 0 0 
6 287 2 140 2 194 1 436 2 111 2 128 1 
7 0 0 250 2 0 0 111 1 161 1 67 1 
8 0 0 39 2 0 0 98 1 97 2 23 1 
9 0 0 366 2 159 1 76 1 230 1 38 1 
10 0 0 408 1 0 0 213 1 301 1 0 0 
11 0 0 46 1 198 1 220 1 73 1 130 1 
12 225 2 235 1 174 1 0 0 365 2 0 0 
13 225 1 246 1 0 0 622 2 0 0 451 2 
14 0 0 21 1 462 2 149 2 84 2 0 0 
15 0 0 16 1 59 3 0 0 127 1 0 0 
16 0 0 178 1 181 1 162 1 97 1 141 1 
17 96 1 227 2 0 0 90 1 113 2 105 1 
18 42 1 262 2 278 2 46 1 201 2 36 1 
19 0 0 0 0 54 1 0 0 30 1 44 2 
20 0 0 103 2 331 2 0 0 167 2 49 1 
21 0 0 323 1 160 2 88 1 382 2 0 0 
22 212 1 340 2 225 2 232 2 57 1 77 1 
23 136 2 344 2 208 1 75 1 198 2 31 1 
24 0 0 396 3 42 2 336 1 269 2 0 0 
25 0 0 408 2 0 0 0 0 202 2 118 1 
26 0 0 336 2 0 0 22 1 130 2 156 1 
27 0 0 260 2 262 2 132 1 244 1 0 0 
28 157 2 0 0 319 2 61 1 50 1 202 2 
29 298 1 362 2 167 2 161 2 106 1 0 0 
30 0 0 305 1 0 0 103 1 71 1 226 1 
31 312 1 444 2 0 0 289 1 392 2 59 2 
32 0 0 36 1 395 2 64 2 201 2 0 0 
33 0 0 72 1 169 2 303 2 17 1 92 1 
34 78 1 104 2 222 2 35 1 243 2 17 1 
35 199 2 40 1 38 1 207 1 83 1 0 0 
36 0 0 643 3 105 2 74 1 115 2 20 1 
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Pre-exposure spawning summary for the exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben (continued) 

Day 7 8 9 10 11 12 
Spawning 
Group ID 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

1 136 1 74 1 73 1 268 2 247 1 578 1 
2 388 2 0 0 98 1 149 2 198 2 614 2 
3 0 0 0 0 121 1 158 1 360 2 444 2 
4 271 1 260 1 0 0 0 0 0 0 192 1 
5 308 1 213 1 0 0 225 1 0 0 296 3 
6 189 1 197 1 0 0 504 1 260 1 664 2 
7 72 1 39 1 155 1 108 1 0 0 118 1 
8 121 1 56 1 67 1 162 1 0 0 317 2 
9 92 1 91 2 138 1 0 0 150 2 289 2 
10 197 2 319 1 0 0 341 2 211 2 15 1 
11 159 2 107 1 243 2 171 1 0 0 555 1 
12 0 0 48 1 357 2 0 0 244 2 352 1 
13 239 1 103 1 0 0 336 2 62 2 160 1 
14 115 1 68 1 158 2 144 1 128 2 309 1 
15 22 1 135 1 218 3 0 0 0 0 571 2 
16 59 1 0 0 191 1 92 1 78 1 244 1 
17 107 1 85 1 0 0 225 2 0 0 0 0 
18 112 1 0 0 323 1 0 0 84 1 193 1 
19 28 1 0 0 142 1 63 1 32 2 311 2 
20 211 1 44 1 161 1 117 1 19 1 607 2 
21 49 1 213 1 237 3 274 2 0 0 307 1 
22 160 1 0 0 286 2 298 1 0 0 638 2 
23 76 1 56 1 175 1 209 2 0 0 585 2 
24 0 0 149 1 93 1 166 1 0 0 521 2 
25 0 0 102 1 108 1 0 0 94 1 347 2 
26 131 1 0 0 249 1 126 1 0 0 713 2 
27 150 2 188 1 167 2 66 2 218 1 313 1 
28 0 0 65 1 76 1 319 1 0 0 357 1 
29 73 1 204 2 35 1 107 1 0 0 70 1 
30 118 1 114 1 0 0 68 1 38 1 429 2 
31 149 1 302 1 211 1 93 1 115 1 696 1 
32 107 1 112 1 63 1 162 1 310 2 4 1 
33 0 0 19 1 154 1 124 1 145 1 0 0 
34 38 1 234 1 58 2 180 2 206 1 335 1 
35 0 0 96 1 59 2 0 0 0 0 828 2 
36 88 2 105 2 290 1 261 2 0 0 217 1 
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Pre-exposure spawning summary for the exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben (continued) 

Day 13 14 15 16 Pre Exposure Totals 

Spawning 
Group ID 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns 

# of 
Eggs 

# of 
Spawns Eggs/Female/Day Total # of 

Spawns 

# Spawns 
in Last 7 

Days 

Criteria 
Met 

1 389 1 41 1 197 1 278 1 48.9 19 8 YES 
2 275 1 256 2 158 1 215 1 53.6 22 11 YES 
3 0 0 132 1 365 1 0 0 37.8 16 7 YES 
4 0 0 107 1 142 1 166 1 22.5 11 4 YES 
5 697 2 0 0 174 2 477 2 51.7 17 10 YES 
6 215 1 119 1 271 1 109 1 59.8 20 8 YES 
7 0 0 0 0 320 2 182 1 24.7 13 5 YES 
8 178 1 148 2 198 1 72 1 24.6 17 8 YES 
9 0 0 92 1 235 2 0 0 30.6 17 7 YES 
10 305 1 181 1 0 0 361 1 44.6 14 8 YES 
11 378 2 151 2 130 2 325 1 45.1 19 9 YES 
12 402 1 278 1 179 1 271 1 48.9 16 7 YES 
13 511 1 0 0 234 2 32 1 50.3 17 9 YES 
14 107 1 306 2 185 1 228 2 38.5 21 10 YES 
15 152 1 0 0 333 3 0 0 25.5 16 6 YES 
16 219 2 0 0 270 2 55 1 30.7 15 8 YES 
17 115 1 134 1 0 0 347 2 25.7 15 6 YES 
18 0 0 0 0 0 0 40 1 25.3 14 3 YES 
19 192 2 0 0 215 1 78 1 18.6 15 9 YES 
20 271 1 0 0 410 2 0 0 38.9 17 7 YES 
21 482 2 0 0 138 1 437 2 48.3 19 8 YES 
22 351 2 0 0 363 1 197 2 53.7 20 8 YES 
23 109 1 246 1 452 2 28 1 45.8 21 9 YES 
24 78 1 0 0 297 2 0 0 36.7 16 6 YES 
25 92 1 171 1 63 1 0 0 26.6 13 6 YES 
26 197 1 0 0 0 0 340 2 37.5 14 6 YES 
27 230 1 266 2 251 1 276 2 47.2 21 10 YES 
28 381 1 143 1 173 1 23 1 36.3 16 6 YES 
29 297 1 0 0 161 2 218 1 35.3 18 6 YES 
30 214 1 177 2 246 1 203 2 36.1 16 10 YES 
31 319 1 190 1 184 1 16 1 58.9 18 7 YES 
32 478 1 217 1 0 0 0 0 33.6 16 6 YES 
33 0 0 143 1 0 0 0 0 19.3 12 3 YES 
34 501 1 176 2 228 2 142 1 43.7 23 10 YES 
35 0 0 134 1 126 2 0 0 28.3 14 5 YES 
36 108 1 251 2 349 2 197 1 44.1 23 9 YES 
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Biological Observation Key for the Following Observation Tables 

Fish Appearance Observation Key 

Def = Deformed 
Fish  

BL = Bloated 
Fish DF = Dead Fish DRK = Dark Fish FP = Fatpad 

Present LF = Live Fish CB= Color Bars 
Present PP = Papillae Present TP = Tubercles Present 

 

Fish Behavior Observation Key 

AS = Fish At Surface 
CLE = Fish With 
Complete Loss Of 

Equilibrium 

ERR = Erratic 
Movement 

TA = Territorial 
Aggression LETH = Lethargic LTA = Loss Of Territorial 

Aggressiveness N = None  

PLE = Fish With Partial Loss 
Of Equilibrium  RA = Rapid Respiration OB = On Bottom NA = Not Applicable         
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 

C
on

tr
ol

 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 239 216 93 0 123 62 26 113 527 37 

# of Infertile Eggs NA 0 0 0 0 2 0 2 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 137 258 179 221 161 88 234 167 626 590 

# of Infertile Eggs NA 0 0 0 0 0 0 0 2 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 115 303 206 447 191 0 360 165 0 75 

# of Infertile Eggs NA 0 0 0 3 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 158 66 217 84 180 201 0 16 476 0 

# of Infertile Eggs NA 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

11 12 13 14 15 16 17 18 19 20 21 

C
on

tr
ol

 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 331 209 0 110 360 0 115 286 223 463 290 

# of Infertile Eggs 0 2 0 0 0 0 0 5 1 3 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 0 308 394 0 322 602 0 109 404 0 197 

# of Infertile Eggs 0 0 2 0 0 3 0 0 6 0 2 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 376 0 173 196 202 31 210 98 250 376 218 

# of Infertile Eggs 8 0 2 0 0 0 1 0 0 1 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 608 0 0 291 150 87 133 53 248 0 306 

# of Infertile Eggs 3 0 0 0 0 0 0 0 0 0 3 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 

14
 µ

g/
L 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 343 133 176 0 0 0 97 270 151 0 

# of Infertile Eggs NA 7 1 0 0 0 0 0 0 15 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 71 190 182 105 0 0 142 0 71 128 

# of Infertile Eggs NA 5 1 1 1 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 159 348 0 278 357 0 0 88 26 402 

# of Infertile Eggs NA 0 5 0 1 0 0 0 0 0 1 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 311 0 53 215 135 197 153 332 0 

# of Infertile Eggs NA 0 0 0 0 0 0 2 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

11 12 13 14 15 16 17 18 19 20 21 

14
 µ

g/
L 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 3 

# of Eggs 116 0 27 46 0 112 25 207 336 4 272 

# of Infertile Eggs 0 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 3 3 3 3 3 3 3 3 3 3 3 

# of Eggs 0 327 0 0 242 79 0 413 145 0 107 

# of Infertile Eggs 0 0 0 0 0 0 0 0 0 0 1 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 402 215 300 82 98 12 442 0 179 221 263 

# of Infertile Eggs 1 0 0 0 0 0 1 0 0 2 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 400 0 284 74 0 0 351 160 0 436 77 

# of Infertile Eggs 0 0 0 0 0 0 0 2 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 

35
 µ

g/
L 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 3 3 3 3 3 3 3 

# of Eggs NA 154 0 0 503 0 0 329 0 210 268 

# of Infertile Eggs NA 0 0 0 52 0 0 3 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 106 142 289 418 0 0 239 200 0 687 

# of Infertile Eggs NA 0 0 1 3 0 0 0 2 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 89 135 169 452 203 0 0 67 125 209 

# of Infertile Eggs NA 0 0 4 5 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 232 220 147 213 278 167 29 343 0 

# of Infertile Eggs NA 0 4 42 14 0 12 6 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

11 12 13 14 15 16 17 18 19 20 21 

35
 µ

g/
L 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 3 3 3 3 3 3 3 3 3 3 3 

# of Eggs 168 0 245 435 0 0 0 0 0 272 174 

# of Infertile Eggs 0 0 0 0 0 0 0 0 0 1 2 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 200 0 0 0 121 42 337 320 201 251 401 

# of Infertile Eggs 0 0 0 0 0 0 2 2 0 0 2 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 307 0 0 0 0 216 0 273 343 0 79 

# of Infertile Eggs 0 0 0 0 0 2 0 2 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 147 497 127 37 305 59 283 140 0 67 371 

# of Infertile Eggs 0 0 0 0 0 0 0 0 0 0 5 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 

88
 µ

g/
L 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 3 3 3 3 3 3 3 

# of Eggs NA 0 0 126 157 0 97 291 25 345 338 

# of Infertile Eggs NA 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 208 0 350 0 178 288 28 434 256 

# of Infertile Eggs NA 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 224 359 0 0 0 66 23 0 457 0 

# of Infertile Eggs NA 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 306 169 170 226 191 69 178 276 307 

# of Infertile Eggs NA 0 0 1 0 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

11 12 13 14 15 16 17 18 19 20 21 

88
 µ

g/
L 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 3 3 3 3 3 3 3 3 3 3 3 

# of Eggs 151 292 0 0 108 81 225 203 179 635 401 

# of Infertile Eggs 0 0 0 0 0 1 2 3 0 1 6 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 210 256 109 0 245 0 48 246 629 164 71 

# of Infertile Eggs 0 12 0 0 19 0 0 0 7 0 4 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 0 509 0 0 299 0 27 186 0 0 58 

# of Infertile Eggs 0 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 0 411 407 97 225 197 0 259 197 0 0 

# of Infertile Eggs 0 0 0 0 0 1 0 0 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 

22
0 

µg
/L

 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 50 62 271 0 77 270 0 129 227 0 

# of Infertile Eggs NA 0 2 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 0 0 337 143 150 208 256 207 452 

# of Infertile Eggs NA 0 0 0 0 0 0 2 5 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 196 188 405 309 0 71 218 0 0 

# of Infertile Eggs NA 0 2 0 5 12 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs NA 0 251 324 10 0 178 210 311 481 0 

# of Infertile Eggs NA 0 0 9 3 0 0 0 0 0 0 

# of Undiscernible Eggs NA 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Observation 

Exposure Day 

11 12 13 14 15 16 17 18 19 20 21 

22
0 

µg
/L

 

A 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 396 357 0 191 156 169 317 114 42 213 192 

# of Infertile Eggs 1 0 0 5 0 3 2 0 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

B 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 318 359 121 392 0 71 115 0 107 301 0 

# of Infertile Eggs 0 0 0 0 0 0 0 0 2 6 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

C 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 321 0 0 151 207 42 196 0 0 138 0 

# of Infertile Eggs 0 0 0 0 0 0 0 0 0 0 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 

D 

# of Surviving Males 2 2 2 2 2 2 2 2 2 2 2 
# of Surviving Females 4 4 4 4 4 4 4 4 4 4 4 

# of Eggs 702 0 341 0 0 0 102 122 0 107 88 

# of Infertile Eggs 0 0 0 0 0 0 3 0 0 2 0 

# of Undiscernible Eggs 0 0 0 0 0 0 0 0 0 0 0 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

C
on

tr
ol

 

A 

CB 
PRESENT 

Males 2 2 2 2 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

B 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

C
on

tr
ol

 

C 

CB 
PRESENT 

Males 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

D 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

14
 µ

g/
L 

A 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

B 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

14
 µ

g/
L 

C 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

D 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
 
  



Smithers Viscient Study No. 13784.6120   Page 203 
 
Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

35
 µ

g/
L 

A 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

B 

CB 
PRESENT 

Males 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

35
 µ

g/
L 

C 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

D 

CB 
PRESENT 

Males 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

88
 µ

g/
L 

A 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

B 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

88
 µ

g/
L 

C 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

D 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

22
0 

µg
/L

 

A 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

B 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Daily exposure observations during the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Rep Observation 

Exposure Day 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

22
0 

µg
/L

 

C 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 

D 

CB 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FP 
PRESENT 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TA 
OBSERVED 

Males 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Females 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

BEHAVIOR 
OBS 

Males N N N N N N N N N N N N N N N N N N N N N N 

Females N N N N N N N N N N N N N N N N N N N N N N 
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Day 21 Termination Measurements for the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

 

Nominal 
Concentration Replicate Gender Sample ID 

Total 
Length 
(mm) 

Wet 
Weight (g) 

Gonad 
Weight (g) 

Tubercle 
Score GSI (%) 

Gonad 
Type 

(O or T) 

Ovipositor 
Present?  

(X = present) 

C
on

tr
ol

 

A 

M 5AM1 51.41 4.5377 0.0744 21 1.6396 T  
M 5AM2 48.63 4.1920 0.0287 25 0.6846 T  
F 5AF1 45.46 2.1604 0.2044 0 9.4612 O X 
F 5AF2 47.37 2.4371 0.4160 0 17.0695 O X 
F 5AF3 50.26 2.8440 0.4466 0 15.7032 O X 
F 5AF4 41.57 1.8435 0.2375 0 12.8831 O X 

B 

M 5BM1 58.88 4.9410 0.0288 20 0.5829 T  
M 5BM2 57.93 5.2699 0.0563 21 1.0683 T  
F 5BF1 43.83 2.4587 0.3195 0 12.9947 O X 
F 5BF2 40.92 2.2568 0.5403 0 23.9410 O X 
F 5BF3 47.17 2.2036 0.2892 0 13.1240 O X 
F 5BF4 49.71 2.6235 0.4357 0 16.6076 O X 

C 

M 5CM1 59.76 5.0419 0.0373 20 0.7398 T  
M 5CM2 53.11 4.1054 0.0552 29 1.3446 T  
F 5CF1 40.37 1.9731 0.3614 0 18.3164 O X 
F 5CF2 42.34 1.7432 0.1892 0 10.8536 O X 
F 5CF3 47.65 2.4997 0.2222 0 8.8891 O X 
F 5CF4 45.01 2.2606 0.3926 0 17.3671 O X 

D 

M 5DM1 47.65 3.4066 0.0561 23 1.6468 T  
M 5DM2 49.77 3.3671 0.0548 16 1.6275 T  
F 5DF1 47.81 2.3741 0.2838 0 11.9540 O X 
F 5DF2 43.16 1.9845 0.3862 0 19.4608 O X 
F 5DF3 45.15 2.5674 0.5241 0 20.4136 O X 
F 5DF4 43.83 1.8327 0.2524 0 13.7720 O X 
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Day 21 Termination Measurements for the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Gender Sample ID 

Total 
Length 
(mm) 

Wet 
Weight (g) 

Gonad 
Weight (g) 

Tubercle 
Score GSI (%) 

Gonad 
Type 

(O or T) 

Ovipositor 
Present?  

(X = present) 

14
 µ

g/
L 

A 

M 4AM1 55.76 4.1621 0.0554 17 1.3311 T  
M 4AM2 53.74 3.9609 0.0803 19 2.0273 T  
F 4AF1 49.99 2.3406 0.2171 0 9.2754 O X 
F 4AF2 41.19 1.7958 0.2197 0 12.2341 O X 
F 4AF3 44.11 1.6376 0.1857 0 11.3398 O X 
F 4AF4 NA NA NA 0 NA O  

B 

M 4BM1 49.56 3.9205 0.0521 23 1.3289 T  
M 4BM2 54.29 4.9282 0.0710 25 1.4407 T  
F 4BF1 44.95 2.1113 0.2690 0 12.7410 O X 
F 4BF2 43.80 1.9412 0.3299 0 16.9946 O X 
F 4BF3 49.51 2.4012 0.1923 0 8.0085 O X 
F 4BF4 NA NA NA 0 NA O  

C 

M 4CM1 58.23 4.3830 0.0634 14 1.4465 T  
M 4CM2 52.70 3.8984 0.0445 14 1.1415 T  
F 4CF1 46.09 2.5041 0.3809 0 15.2111 O X 
F 4CF2 48.01 2.5120 0.3582 0 14.2596 O X 
F 4CF3 46.99 2.6631 0.3497 0 13.1313 O X 
F 4CF4 48.38 2.8492 0.4713 0 16.5415 O X 

D 

M 4DM1 55.44 4.7729 0.0974 27 2.0407 T  
M 4DM2 46.48 3.6240 0.0653 20 1.8019 T  
F 4DF1 45.77 2.1854 0.2632 0 12.0436 O X 
F 4DF2 44.89 2.5644 0.4231 0 16.4990 O X 
F 4DF3 45.68 2.4140 0.3706 0 15.3521 O X 
F 4DF4 47.82 2.7817 0.4504 0 16.1915 O X 
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Day 21 Termination Measurements for the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 
 

Nominal 
Concentration Replicate Gender Sample ID 

Total 
Length 
(mm) 

Wet 
Weight (g) 

Gonad 
Weight (g) 

Tubercle 
Score GSI (%) 

Gonad 
Type 

(O or T) 

Ovipositor 
Present?  

(X = present) 

35
 µ

g/
L 

A 

M 3AM1 54.90 4.5971 0.0360 19 0.7831 T  
M 3AM2 57.78 4.6594 0.0694 15 1.4895 T  
F 3AF1 47.83 2.4145 0.2368 0 9.8074 O X 
F 3AF2 48.53 2.8164 0.3012 0 10.6945 O X 
F 3AF3 44.86 2.4505 0.5682 0 23.1871 O X 
F 3AF4 NA NA NA 0 NA O  

B 

M 3BM1 61.33 5.6141 0.1019 20 1.8151 T  
M 3BM2 54.23 4.1750 0.0679 14 1.6263 T  
F 3BF1 45.81 2.6944 0.4758 0 17.6588 O X 
F 3BF2 44.86 2.2435 0.3663 0 16.3272 O X 
F 3BF3 45.58 2.0859 0.2935 0 14.0707 O X 
F 3BF4 43.76 1.9435 0.2638 0 13.5734 O X 

C 

M 3CM1 57.00 5.3589 0.0722 8 1.3473 T  
M 3CM2 52.68 4.4235 0.0678 19 1.5327 T  
F 3CF1 47.04 2.3914 0.4469 0 18.6878 O X 
F 3CF2 48.31 1.9548 0.2342 0 11.9808 O X 
F 3CF3 46.96 2.5294 0.4614 0 18.2415 O X 
F 3CF4 46.06 2.1693 0.2522 0 11.6259 O X 

D 

M 3DM1 54.06 4.0024 0.0342 16 0.8545 T  
M 3DM2 52.67 4.1880 0.0533 20 1.2727 T  
F 3DF1 51.11 2.9943 0.5077 0 16.9555 O X 
F 3DF2 46.33 2.5638 0.3415 0 13.3201 O X 
F 3DF3 47.96 2.6335 0.3666 0 13.9206 O X 
F 3DF4 45.49 2.3644 0.2727 0 11.5336 O X 
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Day 21 Termination Measurements for the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 
 

Nominal 
Concentration Replicate Gender Sample ID 

Total 
Length 
(mm) 

Wet 
Weight (g) 

Gonad 
Weight (g) 

Tubercle 
Score GSI (%) 

Gonad 
Type 

(O or T) 

Ovipositor 
Present?  

(X = present) 

88
 µ

g/
L 

A 

M 2AM1 50.79 4.1689 0.0380 11 0.9115 T  
M 2AM2 49.36 3.8348 0.0664 24 1.7315 T  
F 2AF1 46.16 2.3670 0.2696 0 11.3899 O X 
F 2AF2 47.11 2.4651 0.4406 0 17.8735 O X 
F 2AF3 45.17 2.3602 0.4627 0 19.6043 O X 
F 2AF4 NA NA NA 0 NA O  

B 

M 2BM1 48.31 3.7593 0.0480 23 1.2768 T  
M 2BM2 51.11 4.6320 0.0865 23 1.8674 T  
F 2BF1 49.02 2.5697 0.4313 0 16.7841 O X 
F 2BF2 46.83 2.3529 0.5533 0 23.5157 O X 
F 2BF3 44.70 2.1494 0.4544 0 21.1408 O X 

NA 2BF4 44.50 2.1557 0.4701 0 21.8073 O X 

C 

M 2CM1 54.89 4.6935 0.0686 23 1.4616 T  
M 2CM2 56.41 4.2325 0.0670 14 1.5830 T  
F 2CF1 45.20 1.8338 0.0398 0 2.1704 O X 
F 2CF2 47.81 2.3384 0.3467 0 14.8264 O X 
F 2CF3 43.77 1.8674 0.1938 0 10.3781 O X 
F 2CF4 45.13 2.1651 0.4527 0 20.9090 O X 

D 

M 2DM1 54.74 3.7342 0.0416 18 1.1140 T  
M 2DM2 50.64 3.8848 0.0827 6 2.1288 T  
F 2DF1 43.42 2.1732 0.2671 0 12.2906 O X 
F 2DF2 45.43 2.4197 0.4156 0 17.1757 O X 
F 2DF3 46.93 2.4475 0.6135 0 25.0664 O X 
F 2DF4 46.22 2.2989 0.4258 0 18.5219 O X 
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Day 21 Termination Measurements for the 21-day exposure of fathead minnow (Pimephales promelas) to 2-ethylhexyl paraben 

Nominal 
Concentration Replicate Gender Sample ID Total Length 

(mm) 
Wet Weight 

(g) 
Gonad 

Weight (g) 
Tubercle 

Score GSI (%) 

Gonad 
Type 
(O or 

T) 

Ovipositor 
Present?  

(X = 
present) 

22
0 

µg
/L

 

A 

M 1AM1 53.51 4.3592 0.0918 22 2.1059 T  
M 1AM2 49.78 3.7273 0.0603 21 1.6178 T  
F 1AF1 46.26 2.1602 0.3427 0 15.8643 O X 
F 1AF2 46.42 2.4051 0.3526 0 14.6605 O X 
F 1AF3 44.55 2.0396 0.2865 0 14.0469 O X 
F 1AF4 46.23 2.3674 0.5629 0 23.7771 O X 

B 

M 1BM1 50.17 3.6827 0.0694 17 1.8845 T  
M 1BM2 50.12 3.7027 0.0982 17 2.6521 T  
F 1BF1 45.60 2.4362 0.4380 0 17.9788 O X 
F 1BF2 44.22 2.0507 0.4246 0 20.7051 O X 
F 1BF3 46.78 2.5791 0.5437 0 21.0810 O X 
F 1BF4 44.39 2.0051 0.3980 0 19.8494 O X 

C 

M 1CM1 57.02 4.7427 0.1022 23 2.1549 T  
M 1CM2 51.11 4.2773 0.1001 16 2.3403 T  
F 1CF1 47.08 2.6389 0.4931 0 18.6858 O X 
F 1CF2 47.36 2.2358 0.3416 0 15.2786 O X 
F 1CF3 45.99 2.6148 0.5432 0 20.7741 O X 
F 1CF4 44.47 1.9874 0.3903 0 19.6387 O X 

D 

M 1DM1 51.10 4.0646 0.0704 18 1.7320 T  
M 1DM2 52.33 3.9018 0.0773 17 1.9811 T  
F 1DF1 47.57 2.3165 0.2271 0 9.8036 O X 
F 1DF2 43.91 2.1282 0.3902 0 18.3347 O X 
F 1DF3 46.55 2.7065 0.5565 0 20.5616 O X 
F 1DF4 51.94 3.0139 0.4282 0 14.2075 O X 
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MALES % FEMALES %
ng/mL reduction SD ng/mL reduction SD

5A 85 1225000
5B 390 1573924
5C 99 954283
5D 80 2322224
TOTAL AVERAGE: 164 NA 151 1518858 NA 592600

4A 104060 3287348
4B 1155 848469
4C 8263 3788502
4D 90 3617512
TOTAL AVERAGE: 28392 -17262.43% 50576 2885458 -89.98% 1373831

3A 1753 918261
3B 40704 1957802
3C 9075 10818131
3D 52 3052624
TOTAL AVERAGE: 12896 -7786.09% 18947 4186704 -175.65% 4506021

2A 11045548 3390670
2B 7690001 1054948
2C 14750057 782436
2D 433403 119277
TOTAL AVERAGE: 8479752 -5185487.92% 6090087 1336833 11.98% 1424489

1A 24186650 595388
1B ADL 1043657
1C 13278152 3298270
1D ADL 2817815
TOTAL AVERAGE: 18732401 -11455248.21% 7713473 1938782 -27.65% 1319958

                  
            

0.018

0.0072

0.0029

VTG Averages by Sex and Concentration All Samples

  Control

0.0012
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MALES % FEMALES %
ng/mL reduction SD ng/mL reduction SD

5A 85 1225000
5B 239 1573924
5C 99 954283
5D 80 2322224
TOTAL AVERAGE: 126 NA 76 1518858 NA 592600

4A 7457 3287348
4B 1155 848469
4C 8263 3863420
4D 90 3617512
TOTAL AVERAGE: 4241 -3272.53% 4214 2904187 -91.21% 1390654

3A 1753 1376675
3B 10686 1957802
3C 9075 10818131
3D 52 3052624
TOTAL AVERAGE: 5391 -4187.12% 5271 4301308 -183.19% 4399761

2A 11045548 3390670
2B 7690001 1054948
2C 14750057 782436
2D 433403 119277
TOTAL AVERAGE: 8479752 -6742846.16% 6090087 1336833 11.98% 1424489

1A 24186650 595388
1B ADL 1043657
1C 13278152 3298270
1D ADL 3757084
TOTAL AVERAGE: 18732401 -14895568.04% 7713473 2173600 -43.11% 1585332

0.018

0.0072

0.0029

VTG Averages by Sex and Concentration Excluding Outliers

  Control

0.0012
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QC's

Applicable 
Plate Un/Fortified Dilution Factor Mean Result SD CV

Replicate A Replicate B Replicate A Replicate B
5.753 5.96 50 288 298 293 7 2.5%
BDL BDL 5000 BDL BDL NA NA NA
BDL BDL 500000 BDL BDL NA NA NA
ADL ADL 50 ADL ADL NA NA NA

15.048 15.321 5000 75240 76605 75923 965 1.3%
0.134 0.186 500000 67000 93000 80000 18385 23.0%
7.812 8.005 50 391 400 395 7 1.7%
BDL BDL 5000 BDL BDL NA NA NA
BDL BDL 5000 BDL BDL NA NA NA
ADL ADL 50 ADL ADL NA NA NA

12.580 12.234 5000 62900 61170 62035 1223 2.0%
BDL 0.12 500000 NA 60000 60000 NA NA
4.915 5.471 50 246 274 260 20 7.6%
BDL 0.018 5000 BDL 90 90 NA NA
BDL BDL 500000 BDL NA NA NA NA
ADL ADL 50 BDL BDL NA NA NA
9.762 9.856 5000 48810 49280 49045 332 0.7%
BDL 0.018 500000 BDL 9000 9000 NA NA

For all analysis: Mean  (ng/mL) SD CV
Unfortified 316 8 3%
Fortified 49667 840 2%
Fortification spike 50000

Expected fortified concentration 50316
Percent recovery of fortification standard 99%

Conc x Dil Factor  (ng/mL)

11-011017 Unfortified

Fortified

Conc Reading

04-010517
Unfortified

Fortified

03-010417 Unfortified

Fortified
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Determination of ½ the LOQ during VTG analysis for the 21-day exposure of fathead minnow 

(Pimephales promelas) to 2-ethylhexyl paraben 

 

Plate Lowest Usable Concentration Mean multiplied by 1/2 of the LOQ
# result from Standard Curve Lowest Dilution Factor

(ng/mL) (1:50)
01-010417 0.063

0.078
Mean: 0.071 3.53 1.763E+00

02-010417 0.346
0.309

Mean: 0.328 16.38 8.188E+00

03-010417 0.186
0.180

Mean: 0.183 9.15 4.575E+00

04-010517 0.419
0.374

Mean: 0.397 19.83 9.913E+00

05-010517 0.061
0.071

Mean: 0.066 3.30 1.650E+00

06-010517 0.976
0.909

Mean: 0.943 47.13 2.356E+01

07-010517 0.082
0.100

Mean: 0.091 4.55 2.275E+00

08-011017 0.099
0.061

Mean: 0.080 4.00 2.000E+00

09-011017 0.058
0.058

Mean: 0.058 2.90 1.450E+00

10-011017 0.429
0.404

Mean: 0.417 20.83 1.041E+01

11-011017 0.444
0.364

Mean: 0.404 20.20 1.010E+01
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APPENDIX 9 – EPA-PRESCRIBED DATA ENTRY SPREADSHEET 

TEMPLATES (DESTS) 
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APPENDIX 10 – IODIDE ANALYSIS 
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APPENDIX 11 – HISTOPATHOLOGY 
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