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1.0 Introduction 

The U.S. Environmental Protection Agency has implemented an Endocrine Disruptor Screening 

Program (EDSP) comprised of a battery of Tier 1 screening assays and Tier 2 tests.  One of the 

Tier 1 assays under development is a fish short-term reproduction assay designed to detect 

substances that may affect the hypothalamic-pituitary-gonadal (HPG) axis, including estrogenic 

and androgenic pathways, of fish.  It is thought that the inclusion of this fish assay in Tier 1 is 

important because estrogenic and androgenic controls on reproduction and development in fish 

may differ significantly enough from those of higher vertebrates such that mammalian screening 

methods may not identify potential EDCs in this important class of animals.  As an example, 

dihydrotestosterone is a potent androgen in mammals, but 11-ketotestosterone is generally the 

more prevalent androgen in fish.  Further, given that endocrine-active chemicals in the 

environment appear to be impacting fish populations, this class of animals is a logical focal point 

for screening and testing. 

 

An inter-laboratory study was undertaken that examined the reproducibility of a fish short-term 

reproduction assay designed to detect HPG-active chemicals.  Three independent laboratories 

evaluated a standardized protocol of the assay using the same five chemicals.  All of the work 

supporting these studies was conducted in accordance with Good Laboratory Practice (GLP) 

procedures. RTI International (RTI) is responsible for overall inter-laboratory study 

management, ensuring that the work of all three independent laboratories is high quality and 

delivered on schedule. The RTI Team includes Springborn Smithers Laboratories (Lead 

Laboratory, SSL, identified in this summary report as Lab B), Wildlife International, Ltd. (WLI, 

identified as Lab A), and Bayer CropScience, LP (BCS, identified as Lab C), and a single 

laboratory chosen to conduct the histopathological evaluation of the gonads, Integrated 

Laboratory Systems, Inc (ILS). RTI conducted analysis of the plasma hormones.  

 

This report will summarize the results of each of the individual studies conducted at the three 

laboratories, and evaluate the robustness of specific endpoints in the assay. Additionally, 

difficulties and potential resolutions associated with conducting the assay will be discussed. 

Individual reports for each exposure have been prepared by each laboratory and are available 
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separately. These reports include full details on the exposures including methods, exposure 

analysis, and biochemical analysis, a complete description of the statistical analysis and 

discussion of the results of the non-histopathology data and a full description of the 

histopathology results and conclusions. 

 

1.1 Protocol 

This study was conducted according to the procedures outlined in the Quality Assurance Project 

Plan (QAPP) for EPA Contract Number EP-W-06-026.  The study protocol describes a short-

term test with the fathead minnow (Pimephales promelas) that considers reproductive fitness as 

an integrated measure of toxicant exposure.  It also enables measurement of a suite of 

histological and biochemical endpoints that reflect effects associated with [anti-] estrogens and 

androgens and chemicals that affect sex steroid production.  The test described in the protocol is 

an extension of existing standard practice for conducting a short-term reproduction test with 

fathead minnow (Ankley et al., 2001). 

 

1.2 Test Substances 

Five test substances were used to evaluate the fish short-term reproduction assay. Prochloraz, 4-

t-octylphenol, ketoconazole and vinclozolin were tested at the same three exposure levels by 

each laboratory. Sodium dodecyl sulfate (SDS) was selected as a negative control with only one 

exposure level, which was different between the laboratories. The SDS exposure was run in 

conjunction with the vinclozolin exposure. 

 

1.2.1 ID, mode of action 

Prochloraz and ketoconazole are azole-based fungicides that inhibit the synthesis of ergosterol, a 

vital component of the fungal cell membrane. Prochloraz and ketoconazole both can inhibit sex 

steroid synthesis in vertebrates including the fathead minnow (Ankley et al. 2005; 2007).  

Prochloraz also may act as an androgen receptor antagonist. 
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Vinclozolin is a dicarboximide fungicide that affects DNA synthesis and lipid metabolism. 

Several metabolites of vinclozolin act as androgen receptor antagonists in rats and fish 

(Martinovic et al. in press). 

 

4-t-Octylphenol is an alkylphenol often used as the backbone for alkylphneol ethoxylate 

industrial surfactants. Octylphenol is an estrogen receptor agonist and has been shown to 

influence the reproductive system in male fish. 

 

SDS was chosen as a toxic “negative” chemical due to its well-described toxicity to fish due to 

its membrane disturbance activity. 

 

 

1.3 Delivery 

Laboratory B evaluated stock solution preparation techniques and exposure conditions for each 

test substance prior to Laboratories A and C beginning work with the same test substance. This 

practice was followed in an effort to resolve major issues regarding functional water solubility, 

stability and reliability of the delivery techniques before all of the laboratories began conducting 

the exposure. Although co-solvent free delivery of test substance is preferred, the many methods 

available to deliver co-solvent free test substance are test substance specific and require 

laboratory-to-laboratory adjustments. Three general co-solvent free techniques and one co-

solvent technique were employed to deliver the test substances to the exposure systems in the 

inter-laboratory comparison. Even though these techniques were well described and were 

evaluated before the initiation of an exposure, the three laboratories experienced some 

difficulties in producing consistent stock solution concentrations and maintaining exposure levels 

with some of the test substance.  

 

Laboratory B prepared the prochloraz stock solution using a chemical coating procedure. The 

prochloraz was first dissolved in acetone. The prochloraz solution was then added to a carboy, 

which had been placed on a rolling mill set at low speed.  A constant, moderate flow of nitrogen 

was applied to evaporate the acetone leaving the prochloraz coated on the side walls of the 
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carboy. Dilution water was added to the carboy continuously at a rate of 10 mL/minute. 

Following the overnight equilibration period, the solution was engaged on the diluter system.  

 

Laboratory B had difficulties maintaining exposure concentrations that were a result of variable 

stock solution concentrations. The procedure for stock solution preparation was changed prior to 

Laboratories A and C beginning their exposures. Laboratories A and C prepared the prochloraz 

stock solutions in Erlenmeyer flasks to achieve a desired stock concentration of 20 mg a.i./L.  

The use of Erlenmeyer flasks aided in mixing and allowed for sonication of the solutions. The 

solutions were covered with a black tarpaulin and allowed to stir on a stir plate overnight.  

Following stirring, the stock solutions were sonicated for approximately 20 minutes prior to use. 

 

In all cases, the prochloraz stock solutions were prepared as needed throughout the exposures. 

The stock solutions were delivered to the diluter systems through calibrated pumps and mixed 

with dilution water to prepare the three exposure solutions 

 

4-t-Octylphenol stock solutions were prepared by mixing a measured mass of the test substance 

with a known volume of triethylene glycol (TEG). The stock solutions contained no visible 

undissolved test substance. Stock solutions were prepared and engaged on the exposure system 

as needed. The stock solutions were delivered to the diluter systems through calibrated pumps 

and mixed with dilution water to prepare the three exposure solutions. Separate injections of 

TEG equalized the solvent load across the solvent control and all 4-t-octylphenol test levels via 

the flow dynamics of the diluter.  The solvent load in each exposure vessel excluding the dilution 

water control was approximately 50 µL/L. 

 

Ketoconazole stock solutions were prepared by mixing a measured mass of test substance with a 

known volume of dilution water using a laboratory mixer until solutions were observed to be 

clear and colorless with no visible undissolved test substance (typically overnight). The stock 

solutions were prepared as needed throughout the exposures. The stock solutions were delivered 

to the diluter systems through calibrated pumps and mixed with dilution water to prepare the 

three exposure solutions. 
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Vinclozolin stock solutions were prepared in acetone as needed throughout the exposures.  This 

solution was added to stainless steel columns (2.5 x 30 cm) packed with glass wool. The acetone 

was evaporated by vacuum resulting in columns loaded with 5 grams of vinclozolin. Water was 

then slowly pumped over the wool through the column at a rate of 40 ml/minute. The flow from 

the columns was mixed with dilution water in the diluter systems to prepare the three exposure 

solutions. 

 

Sodium dodecyl sulfate (SDS) stock solutions were prepared by mixing a measured mass of the 

test substance with a known volume of dilution water. The stock solutions were prepared as 

needed throughout the exposures. The stock solutions were delivered to the diluter systems 

through calibrated pumps and mixed with dilution water to prepare the three exposure solutions. 

 

2.0 Methods 

The methods that were followed for the fish short-term reproduction assay inter-laboratory 

comparison are summarized in Table 1 through Table 4, compared by compound for each of the 

three laboratories.  The full protocol employed by each of the laboratories is included in the 

attachments. 

 

3.0 Results – Comparison across laboratories by test substance 

3.1.1 Prochloraz 

3.1.1.1 Exposure levels 

Nominal concentrations for the prochloraz exposures were 20, 100 and 300 µg/L. The table 

below summarizes the mean measured prochloraz concentrations from the three laboratories. 

 Mean Measured Concentration (µg/L) 

Nominal Concentration 20 100 300 

Laboratory A 16 77 220 

Laboratory B 15 83 230 

Laboratory C 23 90 270 
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The mean measured concentrations ranged from 75 to 112% of the nominal levels.  Measured 

concentrations at Laboratories A and C remained relatively constant throughout the exposure 

period. Measured concentrations a Laboratory B exceeded nominal concentrations on day 0, 

dropped considerably (4 to 5 times lower than day 0 at their lowest levels) on days 7, 9 and 13, 

before recovering to day 0 levels on day 21. 

 

3.1.1.2 Sensitive endpoints (Table 5) 

Effects from prochloraz exposure were concentration-dependent and most extensive in the high 

treatment group.  The only endpoints not affected from the prochloraz exposure in at least one 

laboratory were male and female survival, male vitellogenin concentration, male testosterone 

concentration, male body weight, male length and percent fertile embryos. 

 

Tubercle score was the only male endpoint affected at the highest exposure level at all three 

laboratories. It was also affected in the mid treatment level at Laboratories A and C. Tubercle 

count and fatpad score were affected at the highest exposure level in Laboratories A and B and 

Laboratories B and C, respectively. Gonad weight and GSI were significantly increased at the 

highest exposure level in Laboratories B and C and at the mid exposure level at Laboratory C. 

The fatpad index was the most sensitive endpoint with significant reductions seen at all three 

treatment levels, however, this effect was only observed at Laboratory B. 

 

Reductions in fecundity at the highest prochloraz test concentration were observed by all three 

laboratories.  Laboratories B and C measured significant decreases in female vitellogenin 

concentrations at the two highest treatment levels, with Laboratory C also measuring significant 

reductions at the lowest treatment level.  Decreases in female vitellogenin were not observed in 

Laboratory A even though fecundity was significantly reduced. The sex ratios throughout the 

exposure levels in Laboratory A were skewed toward male fish in a proportion greater than 2:4. 

This was due to miss-sexed  females (males without prominent secondary sexcharacteristics) at 

initiation of the pre-exposure period that ended up being identified as male fish at the end of the 

exposure. Control fecundity was also lowest in the Laboratory A exposure, however neither the 
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skewed ratio nor the relatively low fecundity impacted the ability of the exposure to detect 

differences in fecundity at the high exposure level just as in Laboratories B and C.   

 

Laboratories B and C measured significant decreases in female beta-estradiol concentrations at 

the highest treatment level, with Laboratory B measuring significant reductions at all three 

treatment levels. Laboratory A did not observe a significant dose trend in decreased beta-

estradiol concentrations, but observed an overall significant difference in beta-estradiol 

concentrations with the lowest levels observed in the mid and high treatment levels. Female GSI 

was significantly larger at the mid and high treatment levels in Laboratory B, while significant 

increases in growth endpoints and gonadal weight were observed in the high treatment level. 

There was an empirical increased female GSI response in fish exposed at Laboratory A, which 

corroborates the GSI increases observed by Laboratory B. However, there was not a statistically 

significant dose response, only a global response. 

 

3.1.1.3 Histopathology (Table 6) 

The majority of male testes from all three laboratories were in stage 2 across all prochloraz 

treatment levels with the exception of the high treatment level from Laboratory C where the 

majority of the testes were at stage 3. The majority of female ovaries from all three laboratories 

were stage 3. 

 

Significant treatment-related testicular degeneration was observed at the highest treatment level 

from Laboratories A and B, with possible treatment-related effects also observed from 

Laboratory C. These observations were also evident in the mid prochloraz treatment level from 

the male fish exposed at Laboratories B and C. In addition, male fish from Laboratory B had 

increased proportion of spermatogonia and increased proportion of interstitial cells when 

exposed to the high and mid concentrations of prochloraz. 

 

Increased oocyte atresia was observed in the female fish at the mid and high exposures from 

Laboratory A and all three treatment levels from Laboratory B. In addition the female fish from 

Laboratory B had decreased post-ovulatory follicles at the mid and high prochloraz treatment 
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levels. No treatment related lesions were observed in the females exposed at Laboratory C. This 

may have been due the presence of microsporidian spores observed in some of these fish. 

 

3.1.1.4 Conclusions 

Prochloraz is an androgen antagonist that acts via two mechanisms: (a) inhibition of steroid 

(including testosterone) synthesis, and (b) direct antagonism of the androgen receptor. However, 

testosterone levels were not observed to decrease in male fish at any treatment level at any 

laboratory in this study. The effects on male fish were characterized as increased gonad weight 

and GSI, increased testicular degeneration and decreases in secondary sex characteristics, 

including both the tubercles and fatpads. The greatest incidence of effects was seen at the highest 

exposure concentration with incidence decreasing with decreasing exposure concentrations. 

Reduction in tubercle score appeared to be the most robust endpoint, being observed by all three 

laboratories at the highest treatment level and two of the three laboratories at the mid treatment 

level. Fatpad index was the most sensitive (effects seen at the lowest exposure concentrations) 

endpoint with significant decreases found at all three exposure levels, but in only one laboratory. 

 

Female fecundity was reduced at the highest prochloraz treatment level. Increased oocyte atresia 

was present in the fish from two of the three laboratories at the mid and high treatment levels. 

Significant reductions in beta-estradiol concentration and significant reduction in female 

vitellogenin concentrations observed at all three treatment levels by one or two of the 

laboratories suggest that prochloraz exposure may impact fecundity via inhibition of egg yolk 

protein production.  

 

The presence of microsporidian spores in the ovaries from fish exposed at Laboratory C did not 

impact vitellogenin production or fecundity of the female fish. Control vitellogenin 

concentrations were similar across all three laboratories and Laboratory C control fecundity was 

over 30 eggs/female/day or about six times higher than the other two laboratories. 

 

3.1.2 4-t-Octylphenol 

3.1.2.1 Exposure levels 
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Nominal concentrations for the 4-t-octylphenol exposures were 1.0, 50 and 150 µg/L. The table 

below summarizes the mean measured 4-t-octylphenol concentrations from the three 

laboratories.  

 Mean Measured Concentration (µg/L) 

Nominal Concentration 1.0 50 150 

Laboratory A 0.57 37 120 

Laboratory B 0.58 31 98 

Laboratory C 0.84 42 120 

The mean measured concentrations ranged from 57 to 84% of the nominal levels. Measured 

concentrations from the three laboratories were generally highest on day 0 and generally greater 

than 70% of nominal concentrations. Concentrations generally decreased by day 7 and remained 

relatively constant with recoveries generally ranging between 50 and 70% of nominal 

concentrations at Laboratories A and B and generally greater than 70% of nominal 

concentrations at Laboratory C.  

 

3.1.2.2 Sensitive endpoints (Table 7) 

Male endpoints affected by 4-t-octlyphenol exposures based on statistical analysis included 

plasma vitellogenin, testosterone concentration, gonad weight, tubercle count and score, fatpad 

index, score and weight. Female endpoints significantly affected included plasma vitellogenin, 

beta-estradiol concentration, body weight, gonad weights, GSI, eggs/female, fertile eggs/female, 

percent fertile eggs/female and spawns/female. Laboratory A also saw a survival effect 

(decrease) at the high treatment level. 

 

An increase in male plasma vitellogenin concentration was the most sensitive endpoint in all 

three laboratories, observed in both the mid and high test concentration, with Laboratory C also 

seeing significant increases in the low exposure. A decrease in testosterone concentration was 

observed in all three laboratories at the highest treatment level, by two of the three laboratories in 

the mid treatment level and one of the laboratories in the low treatment level. Reduced tubercle 

count and score were also observed by all three laboratories in the high exposure, with 

Laboratories A and C also seeing a reduced tubercle score in the mid exposure. Additionally, 
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Laboratory A found fatpad weight and index effects at the high exposure and significant effects 

at all three exposure levels for fatpad score. 

 

Most of the effects seen in the female fish were confined to the high test concentration. A 

decreased number of spawns was the only endpoint affected in all three laboratories. The number 

of eggs, the number of fertile eggs and the percent of fertile eggs per female were also 

significantly reduced in the female fish exposed at laboratories A and B. The overall fecundity 

was noticeably greater in the Laboratory C exposure relative to both the Laboratories A and B 

exposures. Yet, the number of fecundity effects was greater in the Laboratories A and B 

exposures.  Due to mortality and some miss–sexed female fish that ended up being male fish, the 

sex ratios in the Laboratory A and C exposures were skewed from the 2:4 ratio of the protocol. 

As seen in the prochloraz exposure, the screening assay experimental design is robust enough to 

compensate for some skewing of sex ratios and still detect effects in fecundity. 

 

A decrease in gonad weight and GSI was observed by Laboratory A and a decrease in female 

body weight was observed by Laboratory C. Laboratory A saw an increase in vitellogenin 

concentration at both the mid and high concentrations while Laboratory C saw a decrease in 

beta-estradiol concentration at the high test concentration. 

 

The co-solvent TEG delivered at 50 µL/L was used by all three laboratories for the 4-t-

octylphenol exposure. Some unexplained differences between control and solvent control 

endpoints were observed in the sex steroid and vitellogenin concentrations. Laboratory A saw 

significantly higher male testosterone concentrations in the solvent control fish, while Laboratory 

C saw a significantly lower testosterone concentration in the solvent control male fish. 

Laboratory A also observed significantly higher beta-estradiol concentrations in the solvent 

control female fish. Laboratory B found female vitellogenin concentration was significantly 

lower in the solvent control females versus the control females.  

 

3.1.2.3 Histopathology (Table 8) 



Page 15 

The majority of male testes from all three laboratories were in stage 2 across all octylphenol test 

concentrations. The majority of female ovaries from all three laboratories were stage 3, except 

for the females in the high exposure concentration from Laboratory A where the staging ranged 

from 0 to 3. 

 

Non-treatment related granulomatous inflammation in both the testicular and ovarian tissue of 

fish from Laboratory C confounded the interpretation of the potential effects of exposure to 4-t-

ocytlphenol. Microsporidian spores were observed in one male fish. It is possible that the 

granulomatous inflammation was attributable to undetected Microsporidia. 

 

Male histopathology results indicated an increased proportion of interstitial cells in the male 

testis and an altered proportion of spermatocytes or spermatids that was treatment related at all 

three 4-t-octylphenol treatment concentrations. No testis ova were observed in any of the male 

fish exposed at the three laboratories. 

 

Female histopathology results indicated increased oocyte atresia in Laboratories A and B at the 

highest test concentration. This effect carried through all three treatment levels for the female 

fish exposed in Laboratory A.  

 

3.1.2.4 Conclusions 

4-t-Octylphenol is an estrogen receptor agonist. Consistent with other estrogen mimics, 4-t-

octylphenol induced vitellogenin production in male fish.  Octylphenol also significantly reduced 

testosterone levels in the male fish. Consistent with the feminization, increased testicular 

degeneration was observed and secondary sexual characteristics in males were reduced. 

Reductions in tubercle counts and scores were found at all three laboratories. Fatpad weight, 

score and index also were reduced in the male fish in one laboratory. Vitellogenin induction and 

testosterone decreases were observed at the mid and high treatment concentrations, while 

impacts on secondary sex characteristics were mostly evident at only the highest treatment level. 

Testicular degeneration was detected from all three laboratories at least at the highest treatment 

concentration. Testis ova have been observed in male fish exposed to estrogen agonists. 
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However, no testis ova were observed in any of the male fish exposed to 4-t-octylphenol. This 

may be a function of exposure time or potency of 4-t-octylphenol. 

 

Fecundity and fertility effects were found at the highest 4-t-octylpheonol test concentration. The 

screening assay also demonstrated its ruggedness for detecting fecundity effects. Sex ratios were 

skewed from the 2:4 ratio in exposures A and C due to some mortality and some mis-sexed fish. 

In spite of the altered sex ratios, fecundity affects were still detected in both exposures at the 

highest test concentration. The screening assay is not designed to determine if the effects on 

fecundity and fertility are a result of chemical impacts on males or females. Regardless of the 

cause, however, effects on male secondary sex characteristics were correlated with increased 

ooctye atresia, decreases in fecundity and embryo fertility of female fish exposed under the same 

conditions.  

 

The presence of granulomatous inflammation lesions in the testes from fish exposed at 

Laboratory C did not impact the effects on vitellogenin induction, decreased testosterone levels 

and decreased secondary sex characteristics. The male fish from all three laboratories had very 

similar responses to 4-t-ocytlyphenol exposure. As in the prochloraz exposure, the fecundity of 

the female control fish at Laboratory C was not impact by granulomatous inflammation lesions. 

Laboratory C control fecundity was nearly 30 eggs/female/day or about three to six times higher 

than the other two laboratories. Thus if the presence of Microsporidia was responsible for the 

granulomatous inflammation lesions, the screening assay was still robust enough to provide 

acceptable control performance and to detect effects in both male and female fish exposed to 4-t-

octyphenol.   

 

3.1.3 Ketoconazole 

3.1.3.1 Exposure levels 

Nominal concentrations for the ketoconazole exposures were 25, 100 and 400 µg/L. The table 

below summarizes the mean measured ketoconazole concentrations from the three laboratories. 
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 Mean Measured Concentration (µg/L) 

Nominal Concentration 25 100 400 

Laboratory A 20 74 290 

Laboratory B 18 81 320 

Laboratory C 16 75 240 

 

The mean measured concentrations ranged from 60 to 81% of the nominal levels.  Measured 

concentrations at all three laboratories were generally near nominal concentrations on day 0. 

Measured concentrations dropped during the mid part of the exposure in all three laboratories 

and typically increased slightly by the end of the exposure.   

 

3.1.3.2 Sensitive endpoints (Table 9) 

Male endpoints impacted by ketoconazole exposures included gonad weight, GSI, and tubercle 

score.  Female endpoints affected included vitellogenin concentration, gonad weight, GSI and 

spawns per day.  

 

An increase in male GSI was detected in the high ketoconazole exposure in all three laboratories. 

Increased male GSI  at the mid ketoconazole exposure were also detected at Laboratories B and 

C. Male gonad weight increases were detected in the high ketoconazole exposure at Laboratories 

B and C and in the mid exposure at Laboratory B. 

 

Female GSI increased in the high ketoconazole exposure at Laboratories B and C and in the mid 

exposure at Laboratory B. Laboratory B also detected an increase in female gonad weight at the 

high ketoconazole exposure and a decrease in the number of spawns. Laboratory A measured 

decreases in vitellogenin concentration in the high and low exposure levels. The vitellogenin 

concentration in the mid exposure level also was less than the control concentration, but not 

statistically so.  

 

3.1.3.3 Histopathology (Table 10) 
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The majority of male testes from Laboratories B and C were in stage 2 across all ketoconazole 

treatment levels. The majority of male testes from Laboratory A were in either stage 2 or 3. The 

majority of female ovaries from all three laboratories were stage 3. 

 

Male histopathology results indicated an increased proportion of interstitial cells in the male 

testis that was treatment related at all three ketoconazole test concentrations in fish from all three 

laboratories. In addition, increased testicular degeneration was observed in the male fish exposed 

at Laboratory A.  

 

Female histopathology results indicated an increased incidence of oocyte atresia with increasing 

exposure concentration from Laboratories A and B, in spite of the presence of microsporidian 

spores. No treatment-related lesions were observed in the female fish from Laboratory C. 

Incidence levels of oocyte atresia were greater in control fish. 

 

3.1.3.4 Conclusions 

Ketoconazole has been found to inhibit gonadal testosterone synthesis in males. Increased male 

GSI, increased testes weight and increased proportion of interstitial cells in the testis appear to be 

consistent with a compensatory response to reduced testosterone synthesis (Ankley et al.  2007). 

However, there were no significant decreases observed in the testosterone levels from the male 

plasma at any treatment level. Increased male GSI and increased proportion of interstitial cells in 

the male testis were the most robust endpoints, being observed at all three laboratories. Increased 

male GSI was the most sensitive quantitative endpoint being observed by two of the three 

laboratories at the mid ketoconazole exposure level. However, the mode of action of 

ketoconazole was defined by the testicular tissue degeneration. 

 

Ketoconazole exposure increased oocyte atresia, increased female GSI, increased gonad weight 

and reduced the number of spawns in fathead minnows. However these effects were only 

observed by one or two laboratories. Microsporidian spores were observed in ovaries of fish 

from Laboratories A and B. Oocyte atresia related to ketoconazole exposure was able to be 

distinguished from any impact due to the presence of the Microsporidia. Although control 
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fecundity was less than 15 eggs/female/day in all three laboratories, there was no correlation 

between the presence of Microsporidia and fecundity.  Somewhat low fecundity in the control 

exposures also did not impact the evaluation of the fecundity endpoint, since most of the 

treatments had fecundity levels greater than the control levels. 

 

3.1.4 Vinclozolin 

3.1.4.1 Exposure levels 

Nominal concentrations for the vinclozolin exposures were 100, 300 and 900 µg/L. The table 

below summarizes the mean measured vinclozolin concentrations from the three laboratories. 

 

 Mean Measured Concentration (µg/L) 

Nominal Concentration 100 300 900 

Laboratory A 75 280 830 

Laboratory B 150 370 1200 

Laboratory C 84 270 760 

 

The mean measured concentrations ranged from 75 to 150% of the nominal levels.   

Measured concentrations at Laboratory A ranged between 73 and 83% of nominal concentrations 

and increased through day 14 where they remained near nominal concentrations for the 

remainder of the exposure. Some intermediate measurements at the low and mid concentrations 

between days 11 and 21 suggest that the measured concentrations could vary day to day but the 

variability between replicates was negligible. Measured concentrations at Laboratory B ranged 

between 80 and 89% of the nominal concentrations and increased through day 14 to 160 to 190% 

of the nominal concentrations before decreasing slightly by day 21. Measured concentrations at 

Laboratory C started near nominal concentrations (86 to 93% of nominal concentrations) on day 

0, increasing slightly on day 7 and dropping slightly below the day 0 measurements throughout 

the rest of the exposure.  

 

3.1.4.2 Sensitive endpoints (Table 11) 
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All three laboratories saw a number of significant effects at the high vinclozolin test 

concentration in both the male and female fish. In addition, Laboratory B saw these effects carry 

through the mid exposure for the females and through the low exposure for the males.  

 

Tubercle score was significantly reduced in male fish at the highest treatment level in all three 

laboratories. Tubercle count was significantly reduced in male fish at this same treatment level in 

Laboratories A and B and empirically reduced in the fish exposed at Laboratory C. The male fish 

exposed at Laboratory B had reduced tubercle counts and scores at all three vinclozolin treatment 

levels. Fadpad weight and fatpad index were also significantly reduced in all three treatment 

levels from fish exposed by Laboratory B. Fatpad score was significantly decreased in the high 

treatment level in Laboratory B. Male gonad weight and GSI were significantly increased in the 

highest treatment level from Laboratory C and all three treatment levels from Laboratory B. The 

male fish from Laboratory B had significantly reduced testosterone levels in the highest 

treatment level, which may be due to the higher (~1.5 times higher) mean measured 

concentration of vinclozolin. The male fish exposed at the mid and high vinclozolin treatment 

levels from Laboratory C also had significantly increased vitellogenin levels. 

 

Fecundity was significantly reduced in the high vinclozolin concentration in all three laboratories 

and continued into the mid treatment level in Laboratory B. The effects seen in the mid treatment 

level at Laboratory B may be partially explained by the fact that the mean measured exposure 

concentrations were noticeably higher than those measured in Laboratories A and C. Decreased 

levels of beta-estradiol were also observed from the female fish exposed to the mid and high 

treatment levels in Laboratory B. Significant increases in gonad weight were observed in the 

female fish exposed at Laboratories B and C, with an increase in GSI also observed at laboratory 

C. Increased length and body weight were observed in the female fish exposed to the mid and 

high treatment levels at Laboratory B. Increased vitellogenin levels were measured from the mid 

and high treatment levels in the female fish exposed at Laboratory C. 

 

3.1.4.3 Histopathology (Table 12) 
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The majority of male testes from all three laboratories were in stage 2 across all vinclozolin 

treatment levels, with the exception of the high treatment level from Laboratory A, where the 

majority of the testes were at stage 3. The majority of female ovaries from all three laboratories 

were stage 3 with the exception of the low treatment level from Laboratory C where the majority 

of the female ovaries were either stage 2 or 3. 

 

Granulomatous inflammation in the testicular and ovarian tissues from Laboratory C confounded 

the evaluation of vinclozolin exposure to the fish exposed by Laboratory C. The evaluation of 

oocyte atresia in the fish exposed by Laboratory A was also confounded by the presence of 

microsporidian spores and the associated granulomatous inflammation.  

 

Male histopathology results from Laboratories A and B indicated an increased proportion of 

spermatogonia, increased testicular degeneration and an increased proportion of interstitial cells 

in the male testis. There were also an altered proportion of spermatocytes or spermatids that was 

treatment related at all three vinclozolin test concentrations. 

 

Potential increased oocyte atresia was observed in female fish exposed to vinclozolin from all 

three laboratories. However, the female fish from Laboratory B were the only ones that could be 

correlated with vinclozolin exposure due to the presence of microsporidian spores in the fish 

from the other two laboratories.  

 

 

3.1.4.4 Conclusions 

Studies in rats and fish indicate that metabolites of vinclozolin are androgen receptor antagonists.  

In the present analysis, results support this MOA.  Male secondary sex characteristics, testicular 

degeneration and male gonad weight and GSI were the most robust and sensitive endpoints. At 

higher exposures, testosterone levels in male fish may have also been a robust endpoint. Tubercle 

score was significantly reduced in males exposed to the highest vinclozolin treatment at all three 

laboratories. Tubercle count was reduced in two of the three laboratories in the high exposure 

and empirically reduced in Laboratory C. Male gonad weight and GSI were significantly 
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increased and increased incidence of testicular degeneration was observed in the male fish 

exposed to the high treatment level at two of the three laboratories. The presence of 

granulomatous inflammation in the testicular tissues of the fish from Laboratory C did not 

impact the effects of vinclozolin exposure on other endpoints (e.g., GSI, gonad weight and 

tubercle score). Only Laboratory C measured significant increases in male vitellogenin 

concentrations at the mid and high vinclozolin treatment levels. 

 

Fecundity effects were found at the highest vinclozolin exposure in all three laboratories and the 

mid exposure level at Laboratory B. The screening assay is not designed to determine if the 

effects in fecundity were a result of chemical effects on males or females. Regardless of the 

cause, effects in male secondary sex characteristics were correlated with decreases in fecundity 

of female fish exposed under the same conditions. Female gonad weight was significantly 

increased in fish exposed at the high treatment level from two of the three laboratories and at the 

mid treatment level in one of the laboratories. GSI was also increased in the high exposure at one 

of the laboratories. Similar to the male exposure, female vitellogenin concentrations were 

significantly greater in the mid and high treatment levels from fish exposed at Laboratory C. The 

presence of Microsporidia and the associated granulomatous inflammation confounded the 

evaluation of oocyte atresia in two of the three laboratory exposures (Laboratories A and C). 

However, the presence of microspridian spores in the ovarian tissue did not impact control 

performance fecundity as Laboratories’ A and C control fecundity exceeded Laboratory B. The 

presence of microsporidian spores also did not impact the ability of the assay to detect significant 

differences between control and treatment level fecundity performance. 

 

3.1.5 SDS 

3.1.5.1 Exposure level 

The nominal concentration for the SDS exposures ranged from 2 to 14 mg/L at the three 

laboratories. SDS toxicity could in part be a function of water hardness, thus each laboratory 

conducted acute testing with SDS to assist in choosing a nominal exposure concentration. 

Laboratory B conducted the first exposure using 14 mg/L as a nominal exposure concentration. 

Even though Laboratory B could not maintain nominal concentrations, they still saw significant 
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reductions in reproduction. Laboratories A and C selected much lower nominal concentrations 

recognizing that measured exposure levels would be lower than the selected nominal 

concentration. The table below summarizes the mean measured SDS concentrations from the 

three laboratories. 

 

 Laboratory A Laboratory B Laboratory C 

Nominal Concentration (mg/L) 2 14 2 

Mean Measured Concentration (mg/L) 0.27 <0.44-13 0.62 

 

Rapid microbial degradation of SDS resulted in relatively low and often variable recoveries from 

the three laboratories.  The nominal SDS concentration at Laboratory A was 2.0 mg/L. The mean 

measured concentration was 0.27 mg/L. The SDS exposure on Day 0 and through Day 7 was 

approximately 0.4 mg/L and then decreased to 0.1 mg/L on day 14 and decreased further to 0.05 

mg/L by day 21. The nominal SDS concentration at Laboratory B was 14 mg/L. SDS recoveries 

were variable at Laboratory B and dropped below the limit of quantitation on day 7, thus a mean 

measured concentration was not calculated. However, an estimate of the mean exposure 

concentration is about 4.5 mg/L. The SDS exposure was 13 mg/L on day 0, dropping to <0.44 

mg/L on day 7, increasing slightly to 0.79 mg/L on day 14 and increasing further to 3.6 mg/L on 

day 21. The nominal SDS concentration at Laboratory C was 2.0 mg/L. The mean measured 

concentration was 0.62 mg/L or 31% of the nominal level. At Laboratory C the SDS 

concentrations again started relatively high at approximately 0.76 mg/L, dropped to 0.39 mg/L 

on day 7, increased to 0.85 mg/L on day 14 and then dropping on day 21 to 0.46 mg/L. 

 

3.1.5.2 Sensitive endpoints (Table 13) 

The results from the SDS exposure varied according to the exposure levels maintained by each 

laboratory. Laboratory A had the lowest mean measured concentrations, with testicular 

degeneration and oocyte atresia being the only effects observed in the exposure. Laboratory B 

had the highest exposure levels and saw an increase in basal endpoints (length, body weight, 

organ weight) in both the males and females, increases in testicular degeneration and oocyte 

atresia, and a decrease in fecundity endpoints. Laboratory C had a mean exposure about twice as 
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high as Laboratory A and about seven times lower than Laboratory B. They reported effects on 

the male fatpad and increased vitellogenin concentration in both the male and female fish. 

Granulomatous inflammation in the testicular and ovarian tissues from Laboratory C confounded 

the evaluation of SDS exposure to the fish exposed by Laboratory C. 

 

3.1.5.3 Histopathology (Table 14) 

The majority of male testes from two of the three laboratories were in stage 2 while the male 

testes from the third laboratory were at stage 1. The majority of female ovaries from two of the 

three laboratories were stage 3 while the female ovaries from the third laboratory were either 

stage 2 or 3. 

 

Histopathology results from Laboratories A and B showed increased proportion of 

spermatogonia, increased testicular degeneration, increased proportion of interstitial cells, altered 

proportions of spermatocytes or spermatids in males, and increased oocyte atresia in females. 

 

3.1.5.4 Conclusions 

SDS proved to be a difficult substance and may have been a poor choice for a reference 

compound due to its instability in water even under flow-through exposure conditions. The 

results from the SDS exposure were additionally complicated by two significant factors: a single 

dose (thus no evaluation of a dose response was possible) and the single exposure levels were not 

consistent among the three laboratories. The effects seen in the SDS exposure were correlated 

with the mean exposure concentration tested, therefore drawing conclusions regarding the 

reproducibility of the assay and the suitability of SDS as a positive control is not possible. 

Laboratory B had the highest exposure concentration and saw the most effects centering around 

gonad degeneration (testicular degeneration and oocyte atresia), gonad weight and GSI, as well 

as reductions in fecundity.   Laboratory A had the lowest exposure and only saw effects 

centering on gonadal degeneration; both testicular degeneration and increased oocyte atresia. 

Laboratory C’s exposure fell between those of Laboratories A and B. They found fatpad effects, 

and increased vitellogenin concentrations in both male and female fish. Although comparisons 

among laboratories can not be made in the SDS exposure, effects such as testicular degeneration, 
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oocyte atresia, increased GSI (biological compensation for endocrine disruption, Ankley et al, 

2007), decreases in fatpad endpoints and vitellogenin induction in males (although relative small 

induction) suggest that SDS may affect the endocrine system in fathead minnows. 

 

3.2 Comparison by sensitive endpoints 

3.2.1 Basal endpoints 

Basal endpoints include fish length and weight, gonad weight and GSI.  On several occasions 

throughout this study, one of the laboratories observed an effect on body length or whole body 

weight. However, these endpoints were never robust or sensitive. Increases in male gonad weight 

and GSI were observed in each of the prochloraz, ketoconazole, and vinclozolin exposures. 

Increased male GSI was the defining effect in the ketoconazole exposure. An increase in female 

gonad weight and GSI was also observed in each of the three fungicide tests, although the effects 

were not as commonly observed in males. A significant decrease in male and female gonad 

weight and/or GSI was detected by at least one laboratory in the octylphenol exposure. All of the 

significant effects observed at each laboratory for the basal endpoints were in agreement with 

each other.  Male and female GSI comparison figures are presented in Figure 1 and Figure 2. 

 

3.2.2 Fecundity endpoints 

Fecundity endpoint figures are presented in Figure 3 through Figure 5.  Fecundity endpoints 

(number of eggs, percent of fertile embryos, and number of spawns) were significantly reduced 

at the high treatment level of two of the three fungicide exposures, but generally not seen with 

ketoconazole. The fecundity endpoints were also significantly reduced in the highest treatment 

level of the octylphenol exposure. In addition the percent of fertile embryos was significantly 

reduced by 4-tert-octylphenol.  The number of spawns per female per day endpoint had more 

significant effects than the number of eggs per female endpoint and the percentage of fertile 

embryos end point.  

 

Fecundity endpoints are typically variable. The actual measurements of the fecundity endpoints 

may have differed between laboratories but the measurements within a laboratory and within an 
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exposure were consistent enough to see significant dose responses rather than just presence or 

absence of spawning.  The cumulative number of eggs collected over the pre-exposure and 

exposure periods are presented in Figure 6 through Figure 10.  This is best demonstrated in the 

Laboratory A prochloraz exposure. The control performance for all three fecundity endpoints 

(number of eggs, number of embryos and number of spawns) was low in two replicates and 

completely shut down in a third replicate. Nevertheless, a trend of statistical differences was 

detected at the high exposure level.  This improved consistency and reduced variability is likely 

due to selecting spawning cohorts with demonstrated spawning performance during the pre-

exposure period.   

 

This assay is not designed to determine if the fecundity endpoint effects are a result of male or 

female performance. However, the following observations were made. The only decrease in 

percent fertile embryos occurred in the octyphenol exposure, which is an estrogen agonist, 

suggesting that the potential feminization of the males could have affected fertility rate. The one 

fungicide exposure (ketoconazole) that did not affect secondary male sex characteristics also 

resulted in almost no significant reductions in fecundity endpoints. 

 

3.2.3 Secondary male sex characteristics 

Tubercle and fatpad endpoints were significantly decreased when an effect was observed. Effects 

were observed in two of the three anti-androgenic exposures (prochloraz, ketoconazole, and 

vinclozalin) and the one estrogenic exposure (octylphenol). Tubercle count and/or score were the 

more robust effect, observed most often. Reductions in these endpoints were observed by each 

laboratory and when the reductions were not significant, there was still evidence of a dose-

responsive relationship among treatment levels. The fatpad weights, scores and indices were not 

as robust, but often more were more sensitive with effects observed by at least one laboratory at 

all three exposure levels. Significant effects observed for the fatpad endpoints were typically 

observed by only one laboratory when they were present. They also were typically affected at all 

three treatment levels. Even though male fish with visible fatpads were selected to initiate the 

pre-exposure period, the fatpad endpoints may be more difficult to measure with the relatively 

young male fathead minnows used in these exposures. However, it appears that if there is 
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adequate fatpad development in a population of male fish, these endpoints are less variable and  

can be very sensitive. 

 

3.2.4 Biochemical endpoints 

Male blood plasma vitellogenin concentration (Figure 13) was a sensitive and robust endpoint in 

the estrogen mimic exposure (octylphenol). Significant increases were seen by all three 

laboratories at the mid and high treatment levels and by one laboratory at the lowest exposure 

level. There was considerable variability in the measurements between the laboratories at the 

detection limit levels of the procedure. However, the presence of vitellogenin induction in male 

fish can increase blood plasma vitellogenin levels by orders of magnitude making the variability 

at the detection limit irrelevant. 

 

Significant decreases in female blood plasma vitellogenin (Figure 14) were observed by two of 

the three laboratories in the prochloraz exposure. The third laboratory recorded the empirically 

highest vitellogenin concentrations at the highest treatment level which is contrary to the 

observations by the other two laboratories. One laboratory measured significant decreases in 

vitellogenin concentration in the ketoconazole exposure, but this may be due to the relatively 

high levels of vitellogenin in the control fish rather than an effect of the ketoconazole exposure.  

One laboratory (Laboratory A) measured a significant increase in vitellogenin concentration 

during the 4-tert-octyphenol exposure. Laboratory B also measured increased vitellogenin 

production from females in the high exposure. Relative to the control fish the increase was also 

in excess of an order of magnitude; however, the increase was not statistically significant and 

was not as empirically as high as those measured by Laboratory A. It is apparent that female 

blood plasma vitellogenin concentrations are also quite variable and may not be a robust 

endpoint. 

 

Laboratory C observed increased vitellogenin effects in both males and females exposed to the 

mid and high vinclozolin treatment levels and the SDS treatment level. Since both treatments 

were compared against the same controls, it is possible that the effects were relative to low 

control concentrations of blood plasma vitellogenin. For example, the male vitellogenin 
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concentrations at the affected treatment levels are only about one order of magnitude greater than 

the control values. This is compared to three or four orders of magnitude increases in 

vitellogenin levels in the 4-tert-octylphenol exposure.  Thus, it is not clear if this could be a 

procedural issue or just coincidence.  

 

Only one significant decrease in male testosterone concentration was observed by one laboratory 

in the three fungicide exposures (Figure 15).  This is contrasted by a significant decrease in male 

testosterone measured by all three laboratories at the high treatment level, two of the three 

laboratories at the mid treatment level and one laboratory at the low treatment level in the 4-tert-

octylphenol exposure.  

 

Beta-estradiol (Figure 16) was significantly reduced in the prochloraz exposure. This effect was 

observed by two of the laboratories, with one of the laboratories measuring the effect through the 

lowest treatment level. During the octylphenol exposure, beta-estradiol was significantly reduced 

at the high treatment level at one laboratory. There was also an empirical dose-response 

reduction among the octylphenol  treatment levels observed by the other two laboratories. One 

laboratory also observed significant reductions in beta-estradiol concentration in the vinclozolin 

exposure. 

 

Beta-estradiol may be a more sensitive sex steroid endpoint than testosterone. However, both sex 

steroid endpoints appear to be effectively sensitive when there is a clear inhibition mechanism. 

 

3.2.5 Histopathology 

Differences in the degeneration of testicular tissue could be distinguished between control and 

treatment fish. In addition, the differences were often observed to be dose dependent. Testicular 

degeneration was characterized by increased proportion of spermatogonia, altered proportion of 

spermatocytes or spermatids and increased proportion of interstitial cells. When these 

observations were made, they were typically present throughout the treatment range. Testis ova 

have been reported in male fish exposed to estrogen-mimicking compounds. No testis ova were 
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observed in any of the male fish from the octylphenol exposure. Testis ova were observed in 

only two male fish from the entire inter-laboratory comparison.  

 

Testes of fish from two of the exposures (Laboratory C, octylphenol and vinclozolin) exhibited 

granulomatous inflammation at a high enough frequency to confound the evaluation of 

treatment-related effects. In the octylphenol exposure, mirosporidian spores were observed in 

one of the male fish. Granulomatous infiltrates can be caused by a variety of factors such as 

environmental contaminants in the water, foreign materials, or aftermath of a necrotic process. In 

other exposures from the inter-laboratory comparison, granulaomatous inflammation was 

attributed to basophilic foreign material or testicular degeneration. Granulaomatous infiltrates 

were more of a confounding factor in the ovarian tissue. 

 

Increased oocyte atresia was the major dose-related observation made from the female gonads. 

Granulomatous inflammation was also commonly observed; however, it was often not dose 

dependent, and confounded interpretation of potential dose related effects in the ovarian tissues 

in five exposures (33% of the exposures). As in the testes, granulomatous infiltrates can be 

caused by a variety of factors such as environmental contaminants in the water, foreign 

materials, or aftermath of a necrotic process. In some cases granulomatous inflammation 

appeared to be in response to egg debris in the oviduct. In three of the five exposures were 

confounded by the presence of granulomatous inflammation, microsporidian spores were 

observed in the population. Thus in some cases microsporidian spores could be present in the 

tissues, but not observed and still cause effects. It was also noted that in some females, 

microsporidian spores were observed and they were not associated with gramulomatous 

inflammation or oocyte atresia. 

 

Half of the fish populations (6 out of 12) used in the inter-laboratory comparison were found to 

have microsporidian spores present in the gonadal tissues. The incidence rate was typically 

confined to female fish and ovarian tissues. In one of the six populations, the Microsporidan 

spores were only observed in one male fish. Microsporidian spores were present in at least one 

population of fish from each laboratory. The morphology of the microspordian spores was 

consistent with Pleistophora sp. At no point did the presence of microsporidian spores appear to 
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affect fecundity or vitellogenin endpoints, which is consistent with the findings of Ruehl-Fehlert 

et al (2005). 

 

4.0 Discussion and Conclusions 

The measured concentrations from the high treatment level in four of the exposures ranged 

within 20 to 35% among the three laboratories. This variation in exposure levels did not impact 

the interpretation of the results among the three laboratories. Thus the fish short-term 

reproduction assay has some built-in robustness regarding moderate differences in exposure 

concentrations. However, when exposure concentrations varied by greater than 40% (SDS 

exposure) the fish short-term reproduction assay, like any other aquatic toxicity test, can provide 

highly variable results.  

 

The age of the fish used during an exposure typically ranged from 23 to 26 weeks between the 

three laboratories. However, during the ketoconaozle exposure the age of the fish ranged from 25 

to 35 weeks, with no significant differences in response. Thus, the assay is robust enough to 

compensate for differences in ages of fish of up to 10 weeks. The fish short-term reproduction 

assay can also compensate for the typical differences in water quality that exists between 

laboratories. 

 

In all cases where statistically significant effects were observed by two or more of the 

laboratories in a specific exposure, the results always corroborated each other and never 

contradicted each other. In one case (female vitellogenin concentration) a statistically significant 

decrease observed by two laboratories appeared to be contradicted by an empirical increase in 

the endpoint observed in the third laboratory.  

 

The inter-laboratory comparison demonstrated the strengths of many of the fish short-term 

reproduction assay endpoints. Since there is no single definitive endpoint for endocrine 

disruption, it is important to include a number of relevant endpoints that will assist in the 

interpretation of the results for identifying chemicals with the potential to affect the endocrine 

system when looking at a complex whole organism model. GSI was a sensitive endpoint in the 
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anti-androgen exposures and significant increases in male GSI in these exposures demonstrates 

possible biological compensation first reported by Ankley et al (2007) with ketoconazole.  

 

Fecundity and fertility endpoints were robust endpoints even when the fecundity criterion of 15 

eggs/female/day was not met. It appears that control fecundity rates of approximately 5 

eggs/female/day consistently detected effects in the exposures. The robustness of the fecundity 

endpoint is likely a result of the 2 male: 4 female sex ratio per replicate and use of proven 

spawners as determined by the pre-exposure monitoring period used to qualify replicates for 

inclusion in the exposure phase of the study. The 2 male: 4 female sex ratio also provides a 

buffer for some expected mortality and/or mis-sexed fish. Generally, the number of spawns per 

female per day was slightly more robust than the number of eggs per female per day and the 

number of fertile embryos per female per day across the laboratories in this study.  
 

The presence of nuptial tubercles was the most robust male secondary sex characteristic 

endpoint. Fatpad endpoints, when present, were typically affected at all treatment levels and thus 

potentially more sensitive than the tubercle endpoints. The fatpad endpoints may be more robust, 

if slightly older fish are used in the exposures. However using only older males would require 

the use of two fish populations, one for the males and one for the females. Using an older single 

fish population may confound the fecundity endpoints in an effort to enhance fatpad endpoints. It 

is important at a minimum to only select male fish with developed fatpads for the pre-exposure 

spawning period. 

 

Fathead minnow blood plasma is very limited particularly from the female fish. Thus 

biochemical endpoints derived from blood plasma analysis have to be prioritized. Vitellogenin is 

relatively easy to analyze with commercially available kits. However, there is considerable 

variability in the vitellogenin measurement and large differences between controls and 

treatments are needed to see significant differences as occurs in induced males, but not so readily 

in females.  Sex steroid analysis may be more definitive analyses for mode of action 

determination and a more sensitive endpoint when there are effects. However, commercially 

reliable assays for measuring testosterone and estradiol in fish plasma are not currently available. 

Thus more skill is required in measuring the sex steroids. 
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Testicular degeneration was a sensitive and pertinent histological endpoint for male fish.  It was 

also the defining endpoint in the ketoconazole exposure. Testicular degeneration was 

characterized by increased proportion of spermatogonia, altered proportion of spermatocytes or 

spermatids and increased proportion of interstitial cells. Increased oocyte atresia was the major 

dose related observation made from the female gonads and was a sensitive endpoint when 

present.    

 

Granulomatous inflammation was also a commonly observed lesion in both the testicular and 

ovarian tissues. However, granulomatous infiltrates can be caused by a variety of factors such as 

environmental contaminants in the water, foreign materials or aftermath of a necrotic process. 

Because granulomatous inflammation can suggest more diffuse systemic processes, it can 

confound the potential affects of dose related exposures. Granulomatous inflammation 

confounded observations on testes in three exposures (Laboratory C, octlyphenol, vinclozolin 

and SDS) and on ovaries in five exposures (Laboratory A, vinclozolin, Laboraotry C, 

octlyhpenol, ketoconazole, vincolozolin and SDS).  In four of the exposures confounded by the 

presence of granulomatous inflammation, microsporidian spores were observed in the population 

(Laboratory A, vinclozolin, Laboratory C, octylphenol males and females, vinclozolin). Half of 

the fish populations (6 out of 12) used in the inter-laboratory comparison were found to have 

microsporidian spores present in the gonadal tissues. The incidence rate was typically confined 

to female fish and ovarian tissue. Microsporidian spores were present in at least one population 

of fish from each laboratory. The morphology of the microspordian spores was consistent with 

Pleistophora sp. At no point did the presence of microsporidian spores appear to affect fecundity 

or vitellogenin endpoints.  

 

The use of a co-solvent (TEG) in the octylphenol exposure resulted in sporadic differences 

between control and solvent control endpoints. Interestingly, all of the differences centered on 

biochemical endpoints. There was no correlation between increases or decreases of these 

endpoints relative to the presence or absence of the co-solvent. Thus it is more likely that the 

differences observed between control and solvent control endpoints are due to chance. There 

were also three global effects (prochloraz Laboratory A male length, ketoconazole Laboratory C 
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male length, vinclozolin Laboratory C tubercle count) that were not a result of exposure based on 

the absence of an apparent dose response. However, if co-solvents can be avoided it would be 

recommended not to use co-solvents as they complicate the experimental design. 

 

The effects seen in the SDS exposure were correlated with the mean exposure concentration 

tested, therefore drawing conclusions regarding the reproducibility of the assay and the 

suitability of SDS as a negative control is not possible. Although comparisons between 

laboratories can not be made in the SDS exposure, effects such as testicular degeneration, oocyte 

atresia, increased GSI (biological compensation for endocrine disruption), decreases in fatpad 

endpoints and vitellogenin induction in males (although relatively small induction) suggest that 

SDS may affect the endocrine system in fathead minnows. 
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Table 1. Experimental design for the assay method in all laboratories for 
prochloraz. 

Parameter Assay Protocol 
 Protocol Recommendation Lab A Lab B Lab C 
Test species: 
Fathead minnow age (months) 

 
4.5-6 months old 

23 weeks 
(5.4 months) 

25 weeks old  
(5.8 months) 

26 weeks 
6 months 

Fish husbandry conditions: 
Temperature Range (ºC) 
D.O. Range (mg/L) 
Photo period (h light:h dark) 
Light Intensity (lux) 

 
25ºC ± 1 

>5.0 
16 h light: 8 h dark 

540 to 1080 

 
24.1 – 25.1 
6.6 – 8.1 

16 h light: 8 h dark 
-- 

 
23 to 25 

5.12 to 7.17 
16 h light: 8 h dark 

917 

 
23.9 to 25.7 

>5.0 
16 h light: 8 h dark 

560 - 926 
Pre-exposure evaluation 
Duration (days) 

minimum of 14 days 22 days 14 days 14 

Dilution water 
Total Alkalinity (mg/L as 
CaCO3) 
Total organic carbon (mg/L) 
Unionized Ammonia (mg/L) 

Clean, surface, well or 
reconstituted water 

>20 
≤5 
≤ 35 

Laboratory well water 
180 – 182 

 
<1.0 

0.0 as total ammonia 

Laboratory well 
water 

 
22 to 25 

0.30 to 0.34 
0.178 mg/L 

(measured as total 
ammonia) 

Laboratory processed 
(mixed spring /R.O) 

29 to 47 
<5.0 

<0.001 mg/L (measured as 
unionized ammonia) 

Test chamber size 
Volume (L) 
Dimensions (cm)  

 
18 to 20 L 

40 x 20 x 20 cm 

 
19L 

39x20x25 cm. 

 
20 L 

39 x 20 x 25 cm 

 
22 L 

34.3 x 21.6 x 30.5 cm 
Test volume (L) 10 to 12 L ~12 L 11 L 12 L 

(34.3 x 21.6 x 16 cm) 
# Exchanges/day (tank volume 
exchanges) 

6 tank  volume exchanges 6 6.1 tank  volume 
exchanges 

6 tank volume exchanges 

Flow rate (l/h) 2.7 L / hr ~3.0 L/hr 2.8 L / hr 3.0 L / hr 
# Concentration / chemical 3 3 3 3 
# Replicates: 4 4 4 4 
Weight of each fish   NS NS NS NS 
# Fish/vessel (females/males) 4 females and 2 males 4 females and 2 males 4 females and 2 males 4 females and 2 males 
Total # fish/concentration 4 adult females and 2 adult 

males per replicate = 24 
fish total per exposure 
rate.  (96 fish per test 
chemical) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per exposure 
rate. (96 fish per test 
chemical) 

4 adult females and 2 
adult males per 
replicate = 24 fish 
total per exposure 
rate.  (96 fish per test 
chemical) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per exposure 
rate.  (96 fish per test 
chemical) 

Feeding regime Frozen brine shrimp, twice 
a day 

Frozen brine shrimp, 
twice a day 

 Frozen brine shrimp twice 
daily first 7 days of pre-

exposure, rest of study live 
brine shrimp twice daily 

# Controls 
Dilution water control 
Solvent control 

1 Dilution water control or 
a solvent control added if 
a solvent used 

 
1 
0 

 
1 
0 

 
1 
0 

# Fish/control vessel 
(females/males) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per control.  (96 
fish per test chemical) 

4 adult females and 2 
adult males per replicate 
= 24 fish total per 
exposure rate.  (96 fish 
per test chemical) 

4 adult females and 2 
adult males per 
replicate = 24 fish 
total per control.  (96 
fish per test 
chemical) 

4 adult females and 2 adult 
males per replicate = 
24 fish total per control.  
(96 fish per test chemical) 

Photo period (h light:h dark) 16 h light : 8 h dark 16 h ligt: 8 h dark 16 h light : 8 h dark 16 h light : 8 h dark 
Temperature range (ºC) 25ºC ± 1 24.8 – 25.8 24 to 25 ºC 24.1 to 25.5 
Light intensity (lux) 540 to 1080 552 - 714 618 to 981 596 - 773 
Aeration: (yes or no) None unless D.O. <4.9 

mg/L 
None yes (initiated on test 

day 10) 
Yes ( added on day 8) 

pH range 6.5 - 9.0 8.0 – 8.2 6.8 to 7.6 7.5 – 8.1 
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Table 2. Experimental design for the assay method in all laboratories for 4-
octylphenol. 

Parameter Assay Protocol 
 Protocol Recommendation Lab A Lab B Lab C 
Test species: 
Fathead minnow age (months) 

 
4.5-6 months old 

~24 weeks 
(~5.6 months) 

25 weeks old  
(5.8 months) 

24 weeks 
5 months 

Fish husbandry conditions: 
Temperature Range (ºC) 
D.O. Range (mg/L) 
Photo period (h light:h dark) 
Light Intensity (lux) 

 
25ºC ± 1 

>5.0 
16 h light: 8 h dark 

540 to 1080 

 
24.0 – 25.1 
6.8 – 8.1 

16 h light: 8 h dark 
-- 

 
23 to 25 

5.61 to 6.60 
16 h light: 8 h dark 

619 

 
23.9 to 25.6 

>5.0 
16 h light: 8 h dark 

549 - 893 
Pre-exposure evaluation 
Duration (days) 

minimum of 14 days 15 days 22 days 14 

Dilution water 
 
Total Alkalinity (mg/L as 
CaCO3) 
Total organic carbon (mg/L) 
Unionized Ammonia (mg/L) 

Clean, surface, well or 
reconstituted water 

>20 
≤5 
≤ 35 

Laboratory well 
water 

 
182 – 184 

<1.0 
<0.25 

Laboratory well water 
 

20 to 23  
0.30 to 0.58 

0.178 mg/L (measured 
as total ammonia) 

Laboratory processed 
(mixed spring /R.O) 

44 to 49 
<5.0 

<0.001 mg/L (measured 
as unionized ammonia) 

Test chamber size 
Volume (L) 
Dimensions (cm)  

 
18 to 20 L 

40 x 20 x 20 cm 

 
19 L 

39x20x25 cm 

 
20 L 

39 x 20 x 25 cm 

 
22 L 

34.3 x 21.6 x 30.5 cm 
Test volume (L) 10 to 12 L ~10 L 11 L 12 L 

(34.3 x 21.6 x 16 cm) 
# Exchanges/day (tank volume 
exchanges) 

6 tank  volume exchanges 6 6 tank  volume 
exchanges 

6 tank volume 
exchanges 

Flow rate (l/h) 2.7 L / hr ~2.5 L / hr 2.75 L / hr 3.0 L / hr 
# Concentration / chemical 3 3 3 3 
# Replicates: 4 4 4 4 
Weight of each fish   NS NS NS NS 
# Fish/vessel (females/males) 4 females and 2 males 4 females and 2 

males 
4 females and 2 males 4 females and 2 males 

Total # fish/concentration 4 adult females and 2 adult 
males per replicate = 24 
fish total per exposure 
rate.  (96 fish per test 
chemical) 

 

4 adult females and 
2 adult males per 
replicate = 24 fish 
total per exposure 
rate.  (96 fish per 
test chemical) 

4 adult females and 2 
adult males per replicate 
= 24 fish total per 
exposure rate.  (96 fish 
per test chemical) 

 

4 adult females and 2 
adult males per replicate 

= 24 fish total per 
exposure rate.  (120 fish 

per test chemical) 
 

Feeding regime Frozen brine shrimp, twice 
a day 

Frozen brine 
shrimp, twice a day 

 Live brine shrimp, twice 
a day 

# Controls 
Dilution water control 
Solvent control 

1 Dilution water control or 
a solvent control added if 

a solvent used 

 
1 
1 

 
1 
1 

 
1 
1 

# Fish/control vessel 
(females/males) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per control.  (96 
fish per test chemical) 

4 adult females and 
2 adult males per 
replicate = 24 fish 
total per control.  
(96 fish per test 
chemical) 

4 adult females and 2 
adult males per replicate 

= 24 fish total per 
control.  (96 fish per test 

chemical) 

4 adult females and 2 
adult males per replicate 

= 24 fish total per 
control.  (120 fish per 

test chemical) 

Photo period (h light:h dark) 16 h light : 8 h dark 16 h light:8 h dark 16 h light : 8 h dark 16 h light : 8 h dark 
Temperature range (ºC) 25ºC ± 1 24.5 – 25.4 24 to 25 ºC 22.7 to 26.0 
Light intensity (lux) 540 to 1080 632 – 776 551 to 962 568 - 844 
Aeration: (yes or no) None unless D.O. <4.9 

mg/L 
None yes (initiated on test 

day 11) 
Yes ( added on day 7) 

pH range 6.5 - 9.0 8.0 – 8.2 6.9 to 7.6 7.7 – 8.2 
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Table 3. Experimental design for the assay method in all laboratories for 
ketoconazole. 

Parameter Assay Protocol 
 Protocol Recommendation Lab A Lab B Lab C 
Test species: 
Fathead minnow age (months) 

 
4.5-6 months old 

~25 weeks 
(~5.8 months) 

35 weeks old 
(8.2 months) 

26 weeks 
6 months 

Fish husbandry conditions: 
Temperature Range (ºC) 
D.O. Range (mg/L) 
Photo period (h light:h dark) 
Light Intensity (lux) 

 
25ºC ± 1 

>5.0 
16 h light: 8 h dark 

540 to 1080 

 
24.4 – 25.6 
6.2 – 8.2 

16 h light: 8 h dark 
-- 

 
22 to 24 

4.42 to 8.93 
16 h light: 8 h dark 

556 

 
24.0 to 26.0 

>5.0 
16 h light: 8 h dark 

581 - 926 
Pre-exposure evaluation 
Duration (days) 

minimum of 14 days 16 days 22 days 14 

Dilution water 
 
Total Alkalinity (mg/L as 
CaCO3) 
Total organic carbon (mg/L) 
Unionized Ammonia (mg/L) 

Clean, surface, well or 
reconstituted water 

>20 
≤5 
≤ 35 

Laboratory well 
water 

182 – 184 
 

<1.0 
<0.25 

Laboratory well water 
 

21 to 23 
0.48 to 0.58 

0.178 mg/L (measured 
as total ammonia) 

Laboratory processed 
(mixed spring /R.O) 

32 to 49 
<5.0 

<0.001 mg/L (measured 
as unionized ammonia) 

Test chamber size 
Volume (L) 
Dimensions (cm)  

 
18 to 20 L 

40 x 20 x 20 cm 

 
19 L 

39x20x25 cm 

 
20 L 

39 x 20 x 25 cm 

 
22 L 

34.3 x 21.6 x 30.5 cm 
Test volume (L) 10 to 12 L ~11 L 11 L 12 L  

 (34.3 x 21.6 x 16 cm) 
# Exchanges/day (tank volume 
exchanges) 

6 tank  volume exchanges 6 6 tank  volume 
exchanges 

6 tank volume 
exchanges 

Flow rate (l/h) 2.7 L / hr ~2.75 L/hr 2.8 L / hr 3.0 L / hr 
# Concentration / chemical 3 3 3 3 
# Replicates: 4 4 4 4 
Weight of each fish   NS NS NS NS 
# Fish/vessel (females/males) 4 females and 2 males 4 females, 2 males 4 females and 2 males 4 females and 2 males 
Total # fish/concentration 4 adult females and 2 adult 

males per replicate = 24 
fish total per exposure 
rate.  (96 fish per test 
chemical) 

 

4 adult females and 2 
adult males per 
replicate = 24 fish 
total per exposure 
rate.  (96 fish per test 
chemical 

4 adult females and 2 
adult males per replicate 
= 24 fish total per 
exposure rate.  (96 fish 
per test chemical) 

 

4 adult females and 2 
adult males per replicate 
= 24 fish total per 
exposure rate.  (96 fish 
per test chemical) 

 
Feeding regime Frozen brine shrimp, twice 

a day 
Frozen brine shrimp, 

twice a day 
 Live brine shrimp twice 

a day, one day of 
exposure fed Tetramin 

flakes twice 
# Controls 
Dilution water control 
Solvent control 

1 Dilution water control or 
a solvent control added if 

a solvent used 

1 
0 

 
1 
0 

 
1 
0 

# Fish/control vessel 
(females/males) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per control.  (96 
fish per test chemical) 

4 adult females and 2 
adult males per 
replicate = 24 fish 
total per control.  (96 
fish per test 
chemical) 

4 adult females and 2 
adult males per replicate 

= 24 fish total per 
control.  (96 fish per test 

chemical) 

4 adult females and 2 
adult males per replicate 

= 24 fish total per 
control.  (96 fish per 

test chemical) 

Photo period (h light:h dark) 16 h light : 8 h dark 16 h light: 8 h dark 16 h light : 8 h dark 16 h light : 8 h dark 
Temperature range (ºC) 25ºC ± 1 24.3 – 25.8 25 ºC 24.1 to 25.9 
Light intensity (lux) 540 to 1080 383 - 658 576 to 963 630 - 775 
Aeration: (yes or no) None unless D.O. <4.9 

mg/L 
None yes (initiated on test 

day 10) 
Yes ( added on day 6) 

pH range 6.5 - 9.0 8.0 – 8.3 6.8 to 7.5 7.7 – 8.1 
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Table 4. Experimental design for the assay method in all laboratories for 
vinclozolin & sodium dodecyl sulfate (SDS). 

Parameter Assay Protocol 
 Protocol Recommendation Lab A Lab B Lab C 
Test species: 
Fathead minnow age (months) 

 
4.5-6 months old 

23 weeks 
(5.4 months) 

25 weeks old  
(5.8 months) 

26 weeks 
6 months 

Fish husbandry conditions: 
Temperature Range (ºC) 
D.O. Range (mg/L) 
Photo period (h light:h dark) 
Light Intensity (lux) 

 
25ºC ± 1 

>5.0 
16 h light: 8 h dark 

540 to 1080 

 
24.1 – 25.1 
6.6 – 8.1 

16 h light: 8 h dark 
-- 

 
23 to 25 

5.12 to 7.17 
16 h light: 8 h dark 

917 

 
23.9 to 25.7 

>5.0 
16 h light: 8 h dark 

560 - 926 
Pre-exposure evaluation 
Duration (days) 

minimum of 14 days 22 days 14 days 14 

Dilution water 
Total Alkalinity (mg/L as 
CaCO3) 
Total organic carbon (mg/L) 
Unionized Ammonia (mg/L) 

Clean, surface, well or 
reconstituted water 

>20 
≤5 
≤ 35 

Laboratory well water 
180 – 182 

 
<1.0 

0.0 as total ammonia 

Laboratory well 
water 

 
22 to 25 

0.30 to 0.34 
0.178 mg/L 

(measured as total 
ammonia) 

Laboratory processed 
(mixed spring /R.O) 

29 to 47 
<5.0 

<0.001 mg/L (measured as 
unionized ammonia) 

Test chamber size 
Volume (L) 
Dimensions (cm)  

 
18 to 20 L 

40 x 20 x 20 cm 

 
19L 

39x20x25 cm. 

 
20 L 

39 x 20 x 25 cm 

 
22 L 

34.3 x 21.6 x 30.5 cm 
Test volume (L) 10 to 12 L ~12 L 11 L 12 L 

(34.3 x 21.6 x 16 cm) 
# Exchanges/day (tank volume 
exchanges) 

6 tank  volume exchanges 6 6.1 tank  volume 
exchanges 

6 tank volume exchanges 

Flow rate (l/h) 2.7 L / hr ~3.0 L/hr 2.8 L / hr 3.0 L / hr 
# Concentration / chemical 3 3 3 3 
# Replicates: 4 4 4 4 
Weight of each fish   NS NS NS NS 
# Fish/vessel (females/males) 4 females and 2 males 4 females and 2 males 4 females and 2 males 4 females and 2 males 
Total # fish/concentration 4 adult females and 2 adult 

males per replicate = 24 
fish total per exposure 
rate.  (96 fish per test 
chemical) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per exposure 
rate. (96 fish per test 
chemical) 

4 adult females and 2 
adult males per 
replicate = 24 fish 
total per exposure 
rate.  (96 fish per test 
chemical) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per exposure 
rate.  (96 fish per test 
chemical) 

Feeding regime Frozen brine shrimp, twice 
a day 

Frozen brine shrimp, 
twice a day 

 Frozen brine shrimp twice 
daily first 7 days of pre-

exposure, rest of study live 
brine shrimp twice daily 

# Controls 
Dilution water control 
Solvent control 

1 Dilution water control or 
a solvent control added if 
a solvent used 

 
1 
0 

 
1 
0 

 
1 
0 

# Fish/control vessel 
(females/males) 

4 adult females and 2 adult 
males per replicate = 24 
fish total per control.  (96 
fish per test chemical) 

4 adult females and 2 
adult males per replicate 
= 24 fish total per 
exposure rate.  (96 fish 
per test chemical) 

4 adult females and 2 
adult males per 
replicate = 24 fish 
total per control.  (96 
fish per test 
chemical) 

4 adult females and 2 adult 
males per replicate = 
24 fish total per control.  
(96 fish per test chemical) 

Photo period (h light:h dark) 16 h light : 8 h dark 16 h ligt: 8 h dark 16 h light : 8 h dark 16 h light : 8 h dark 
Temperature range (ºC) 25ºC ± 1 24.8 – 25.8 24 to 25 ºC 24.1 to 25.5 
Light intensity (lux) 540 to 1080 552 - 714 618 to 981 596 - 773 
Aeration: (yes or no) None unless D.O. <4.9 

mg/L 
None yes (initiated on test 

day 10) 
Yes ( added on day 8) 

pH range 6.5 - 9.0 8.0 – 8.2 6.8 to 7.6 7.5 – 8.1 
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Table 5. Summary of prochloraz quantitative results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (20) Mid (100) High (300) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Male histopathologya   ↑  ↑ ↑ ↑ ↑ ↑ 

VTG          

Testosterone          

Length          

Weight          

Gonad Weight      ↑  ↑ ↑ 

GSI      ↑  ↑ ↑ 

Tubercle Score    ↓  ↓ ↓ ↓ ↓ 

Tubercle Count       ↓ ↓  

Fatpad Weight     ↓   ↓  

Fatpad Score     ↓   ↓ ↓ 

Fatpad Index  ↓   ↓   ↓  

Survival (% M&F)          

 Females 

Female histopathologya  ↑  ↑ ↑  ↑ ↑  

VTG   ↓  ↓ ↓  ↓ ↓ 

Beta-Estradiol  ↓   ↓  Globalb ↓ ↓ 

Length        ↑  

Weight        ↑  

Gonad Weight     ↑   ↑  

GSI       Globalc ↑  

Eggs/Female/Day       ↓ ↓ ↓ 

# Fertile Eggs/Female/Day       ↓ ↓ ↓ 

Spawns/Female/Day       ↓ ↓ ↓ 

% of Fertile Eggs          
a Greater histopathology detail is presented in Table 6 
b Beta Estradiol Global effect – greatest difference between control and mid 
c GSI Global effect – greatest difference between low and control Legend 

↑ significant increase 
↓ significant decrease
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Table 6. Summary of prochloraz histopathology results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (20) Mid (100) High (300) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Increased proportion of 
spermatogonia 

  ↑  ▲ ↑  ▲  

Increased testicular 
degeneration 

  ↑  ▲ ↑ ▲ ▲ ↑ 

Increased proportion of 
interstitial cells 

  ↑  ▲ ↑  ▲  

Presence of testis-ova          

Decreased proportion of 
spermatogonia 

        ↑ 

Increased interstitial or 
vascular proteinaceous 
fluid 

         

Asynchronous gonad 
development 

         

Altered proportions of 
spermatocytes or 
spermatids 

  ↑       

Granulomatous 
inflammation 

         

Gonadal staging 2 2 2 2 2 2 2 2 3 

 Female 

Increased oocyte atresia  ▲  ▲ ▲  ▲ ▲  

Perifollicular cell 
hyperplasia/hypertrophy 

         

Decreased yolk 
formation 

         

Interstitial fibrosis          

Egg debris in the 
oviduct 

         

Granulomatous 
inflammation 

         

Decreased post-
ovulatory follicles 

   ▲   ▲   

Gonadal staging 3 3 3 3 3 3 3 3 3 

Lab C microsporidian spheres in female 
Legend 
↑ increase 
↓ decrease 
▲ greater incidence 
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Table 7. Summary of 4-t-octylphenol quantitative results. 

Endpoint Exposure Level (measured range in µg/L) 
 Low (1.0) Mid (50) High (150) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Male histopathologya  ↑ ↑  ↑ ↑  ↑ ↑ ↑ 

VTG   ↑ ↑ ↑ ↑ ↑ ↑ ↑ 

Testosterone ↓   ↓  ↓ ↓ ↓ ↓ 

Length          

Weight          

Gonad Weight       ↓   

GSI          

Tubercle Score    ↓  ↓ ↓ ↓ ↓ 

Tubercle Count       ↓ ↓ ↓ 

Fatpad Weight       ↓   

Fatpad Score ↓   ↓   ↓   

Fatpad Index       ↓   

Survival (% M&F)       ↓   

 Females 

Female histopathologya  ↑   ↑   ↑ ↑  

VTG    ↑   ↑   

Beta-Estradiol         ↓ 

Length          

Weight         ↓ 

Gonad Weight       ↓   

GSI       ↓   

Eggs/Female/Day       ↓ ↓  

# Fertile Eggs/Female/Day       ↓ ↓  

Spawns/Female/Day       ↓ ↓ ↓ 

% of Fertile Eggs       ↓ ↓  
a Greater histopathology detail is presented in Table 8 
Lab A – male testosterone and female beta estradiol, solvent control was greater than control 

Legend 
↑ significant increase 
↓ significant decrease 

Lab B – female vitellogenin, solvent control was less than control 
Lab C – male testosterone, solvent control was less than control 
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Table 8. Summary of 4-t-octylphenol histopathology results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (1.0) Mid (50) High (150) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Increased proportion of 
spermatogonia 

▲ ▲  ▲ ▲  ▲ ▲ ▲ 

Increased testicular 
degeneration 

   ↑   ↑   

Increased proportion of 
interstitial cells 

         

Presence of testis-ova          

Decreased proportion of 
spermatogonia 

        ↑ 

Increased interstitial or 
vascular proteinaceous 
fluid 

         

Asynchronous gonad 
development 

         

Altered proportions of 
spermatocytes or 
spermatids 

▲   ▲ ▲  ▲ ▲  

Granulomatous 
inflammation 

   ↑   ↑   

Gonadal staging 2 2 2 2 2 2 2 2 2 

 Females 

Increased oocyte atresia ▲   ▲   ▲ ▲  

Perifollicular cell 
hyperplasia/hypertrophy 

         

Decreased yolk 
formation 

         

Interstitial fibrosis          

Egg debris in the 
oviduct 

         

Granulomatous 
inflammation 

         

Decreased post-
ovulatory follicles 

         

Gonadal staging 3 3 3 3 3 3 0-3 3 3 

Lab C microsporidian spheres in female 
Legend 
↑ increase 
↓ decrease 
▲ greater incidence 

Lab C inconclusive  
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Table 9. Summary of ketoconazole quantitative results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (25) Mid (100) High (400) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Male histopathologya  ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ 

VTG          

Testosterone          

Length         Globalb 

Weight          

Gonad Weight     ↑   ↑ ↑ 

GSI     ↑ ↑ ↑ ↑ ↑ 

Tubercle Score        ↓  

Tubercle Count          

Fatpad Weight          

Fatpad Score          

Fatpad Index          

Survival (% M&F)          

 Females 

Female histopathologya  ↑       ↑  

VTG ↓      ↓   

Beta-Estradiol          

Length          

Weight          

Gonad Weight        ↑  

GSI      ↑  ↑ ↑ 

Eggs/Female/Day          

# Fertile Eggs/Female/Day          

Spawns/Female/Day        ↓  

% of Fertile Eggs          

a Greater histopathology detail is presented in Table 10 
b Global effect – greatest difference between mid and control.  

Legend 
↑ significant increase 
↓ significant decrease
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Table 10. Summary of ketoconazole histopathology results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (25) Mid (100) High (400) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Increased proportion of 
spermatogonia 

         

Increased testicular 
degeneration 

▲   ▲   ▲   

Increased proportion of 
interstitial cells 

▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ 

Presence of testis-ova          

Decreased proportion of 
spermatogonia 

         

Increased interstitial or 
vascular proteinaceous 
fluid 

         

Asynchronous gonad 
development 

         

Altered proportions of 
spermatocytes or 
spermatids 

         

Granulomatous 
inflammation 

         

Gonadal staging 2-3 2 2 2-3 2 2 2-3 2 2 

 Female 

Increased oocyte atresia ▲ ▲  ▲ ▲  ▲ ▲  

Perifollicular cell 
hyperplasia/hypertrophy 

         

Decreased yolk 
formation 

         

Interstitial fibrosis          

Egg debris in the 
oviduct 

         

Granulomatous 
inflammation 

         

Decreased post-
ovulatory follicles 

         

Gonadal staging 3 3 3 3 3 3 3 3 3 

 Legend 
↑ increase 
↓ decrease 
▲ greater incidence 
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Table 11. Summary of vinclozolin quantitative results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (100) Mid (300) High (900) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Male histopathologya  ↑ ↑  ↑ ↑  ↑ ↑  

VTG      ↑   ↑ 

Testosterone        ↓  

Length          

Weight          

Gonad Weight  ↑   ↑   ↑ ↑ 

GSI  ↑   ↑   ↑ ↑ 

Tubercle Score  ↓   ↓  ↓ ↓ ↓ 

Tubercle Count     ↓  ↓ ↓ Globalb 

Fatpad Weight  ↓   ↓   ↓  

Fatpad Score        ↓  

Fatpad Index  ↓   ↓   ↓  

Survival (% M&F)          

 Females 

Female histopathologya         ↑  

VTG      ↑   ↑ 

Beta-Estradiol     ↓   ↓  

Length     ↑   ↑  

Weight     ↑   ↑  

Gonad Weight     ↑   ↑ ↑ 

GSI         ↑ 

Eggs/Female/Day     ↓  ↓ ↓ ↓ 

# Fertile Eggs/Female/Day     ↓  ↓ ↓ ↓ 

Spawns/Female/Day     ↓  ↓ ↓ ↓ 

% of Fertile Eggs          

a Greater histopathology detail is presented in Table 12 
b Global effect – greatest difference between mid and high.  

Legend 
↑ significant increase 
↓ significant decrease

High treatment level is empirically less than the control 
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Table 12. Summary of vinclozolin histopathology results. 

 
Endpoint Exposure Level (measured range in µg/L) 
 Low (100) Mid (300) High (900) 
 Lab A Lab B Lab C Lab A Lab B Lab C Lab A Lab B Lab C 
 Males 

Increased proportion of 
spermatogonia 

▲ ▲  ▲ ▲  ▲ ▲  

Increased testicular 
degeneration 

▲ ▲  ▲   ▲ ▲  

Increased proportion of 
interstitial cells 

▲ ▲  ▲ ▲  ▲ ▲  

Presence of testis-ova          

Decreased proportion of 
spermatogonia 

         

Increased interstitial or 
vascular proteinaceous 
fluid 

         

Asynchronous gonad 
development 

         

Altered proportions of 
spermatocytes or 
spermatids 

▲ ▲  ▲ ▲  ▲ ▲  

Granulomatous 
inflammation 

         

Gonadal staging 2 2 2 2 2 2 3 2 2 

 Female 

Increased oocyte atresia        ▲  

Perifollicular cell 
hyperplasia/hypertrophy 

       ↑  

Decreased yolk 
formation 

         

Interstitial fibrosis        ↑  

Egg debris in the 
oviduct 

         

Granulomatous 
inflammation 

↑      ↑   

Decreased post-
ovulatory follicles 

         

Gonadal staging 3 3 2-3 3 3 3 3 3 3 

Lab A microsporidian spheres in female 
Lab C microsporidian spheres in female   Legend 

↑ increase 
↓ decrease 
▲ greater incidence 

Lab C inconclusive 
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Table 13. Summary of SDS quantitative results. 

 
Endpoint Exposure Level (measured range in mg/L) 
 2 - 14 mg/L 
 Lab A Lab B Lab C 
 Males 

Male histopathologya  ↑ ↑  

VTG   ↑ 

Testosterone    

Length  ↑  

Weight    

Gonad Weight  ↑  

GSI  ↑  

Tubercle Score    

Tubercle Count    

Fatpad Weight   ↓ 

Fatpad Score   ↓ 

Fatpad Index   ↓ 

Survival (% M&F)    

 Females 

Female histopathologya  ↑ ↑  

VTG   ↑ 

Beta-Estradiol    

Length    

Weight  ↑  

Gonad Weight  ↑  

GSI  ↑  

Eggs/Female/Day  ↓  

# Fertile Eggs/Female/Day  ↓  

Spawns/Female/Day  ↓  

% of Fertile Eggs    
a Greater histopathology detail is presented in Table 14 

Legend 
↑ significant increase 
↓ significant decrease
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Table 14. Summary of SDS histopathology results. 

 
Endpoint Exposure Level (measured range in mg/L) 
 2 - 14 mg/L 
 Lab A Lab B Lab C 
 Males 

Increased proportion of spermatogonia ▲ ▲  

Increased testicular degeneration ▲ ▲  

Increased proportion of interstitial cells ▲ ↑  

Presence of testis-ova    

Decreased proportion of spermatogonia    

Increased interstitial or vascular proteinaceous 
fluid 

   

Asynchronous gonad development    

Altered proportions of spermatocytes or 
spermatids 

▲ ▲  

Granulomatous inflammation    

Gonadal staging 2 2 1 

 Female 

Increased oocyte atresia ▲ ▲  

Perifollicular cell hyperplasia/hypertrophy    

Decreased yolk formation    

Interstitial fibrosis    

Egg debris in the oviduct    

Granulomatous inflammation    

Decreased post-ovulatory follicles    

Gonadal staging 3 3 2-3 

 
 Legend 

↑ increase 
↓ decrease 
▲ greater incidence 
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Figure 1. Male GSI comparisons (error bars represent treatment level CV) 
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Figure 2. Female GSI comparisons (error bars represent treatment level CV) 
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Figure 3. Eggs/Female/Day comparisons (error bars represent treatment level CV) 
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Figure 4. Spawns/Female/Day comparisons (error bars represent treatment level 
CV) 
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Figure 5. Percent fertile embryo comparisons (error bars represent treatment level 
CV)  
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Figure 6. The cumulative number of eggs collected over the pre-exposure and 
exposure periods for the prochloraz exposure. 
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Figure 7. The cumulative number of eggs collected over the pre-exposure and 
exposure periods for the octylphenol exposure. 
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Figure 8. The cumulative number of eggs collected over the pre-exposure and 
exposure periods for the ketoconazole exposure. 
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Figure 9. The cumulative number of eggs collected over the pre-exposure and 
exposure periods for the vinclozolin exposure. 
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Figure 10. The cumulative number of eggs collected over the pre-exposure and 
exposure periods for the SDS exposure. 
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Figure 11. Tubercle score comparisons (error bars represent treatment level CV) 
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Figure 12. Fatpad index comparisons (error bars represent treatment level CV) 
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Figure 13. Male vitellogenin comparisons (error bars represent treatment level CV) 
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Figure 14. Female vitellogenin comparisons (error bars represent treatment level 
CV) 
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Figure 15. Testosterone comparisons (error bars represent treatment level CV) 
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Figure 16. Beta Estradiol comparisons (error bars represent treatment level CV) 
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