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This supplemental file contains information regarding the data quality evaluation results relevant to the analysis of envi-
ronmental hazard for the Environmental Hazard Assessment for Diethylhexyl Phthalate (DEHP). EPA conducted data quality
evaluation based on author-reported descriptions and results; additional analyses (e.g., statistical analyses performed during
data integration into the risk evaluation) potentially conducted by EPA are not contained in this supplemental file. EPA used
the TSCA systematic review process described in the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations
for Chemical Substances (also referred to as 2021 Draft Systematic Review Protocol’). Any updated steps in the systematic
review process since the publication of the 2021 Draft Systematic Review Protocol are described in the Risk Evaluation for
Diethylhexyl Phthalate (DEHP) — Systematic Review Protocol.

Separate data quality evaluation forms were used for different organisms as described in the PECO statement in Appendix
H.5.11 of the 2021 Draft Systematic Review Protocol. Each health outcome was evaluated independently within a given refer-
ence; therefore, each reference may have more than one overall quality determination (OQD) to more appropriately reflect the
quality of each health outcome and the respective hazard endpoints as described by the study authors. Some data evaluation
forms have general additional comments presented adjacent to the OQD to add further context. No OQD is determined for each
reference as a whole, if it contains data from more than one evidence stream. The study details and respective endpoints are
organized by first the relevant habitat (i.e., aquatic vs. terrestrial), then taxa categories (e.g., vertebrates, invertebrates, vegeta-
tion) followed by taxonomic groups (e.g., fish, amphibian, mammalian, avian, worms, vascular plants), individual species, and
finally exposure duration and health outcome (e.g., mortality) categories relevant to the endpoint being evaluated.
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HERO ID: 1249842 Table
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Study Citation: Jordan, J., Zare, A., Jackson, L. J., Habibi, H. R., Weljie, A. M. (2012). Environmental contaminant mixtures at ambient concentrations invoke a metabolic
stress response in goldfish not predicted from exposure to individual compounds alone. Journal of Proteome Research 11(2):1133-1143.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Not Applicable (e.g., fungi or algae studies) or Not Reported
Health Outcome: Mechanistic-Cell signaling/function-Endocrine toxicity-Liver toxicology-Reproductive/Teratogenic-Nutritional and Metabolic
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 1249842
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity Low The DEHP was identified by name only.
Metric 2: Test Substance Source Low The source of the DEHP was reported to be Sigma Aldrich, but it was not reported to be
analytically verified.
Metric 3: Test Substance Purity Low The purity/grade of the DEHP was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported the use of a concurrent negative control in which the vehicle
solvent, DMSO, was used at the same concentration as the exposure.
Metric 5: Negative Control Response High Table 1 provides P-values for every treatment-to-treatment comparison for male livers
and gonads; this includes the comparison between DEHP and the control. Figure 1
presents control response on the metabolic profiles of the liver and the gonads. Figure
S4A provided heatmaps of control based z-scores of VIP>1 metabolites for both the
liver and the gonad.
Metric 6: Randomized Allocation Low It was not reported how the goldfish were allocated to each tank. However, it was re-
ported that each treatment group was randomly assigned to each tank to avoid bias.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low Study authors reported the test substances were added to the water every 24h after the
Preparation tanks were drained to approximately 10% volume and then refilled with fresh water.
Therefore the fish were exposed to declining concentrations of contaminants throughout
each day of the study. Study authors also reported actual concentrations of the chemicals
were not measured over time. A flow rate of 300mL/min of carbon-filtered City of Cal-
gary water passed through each tank.
Metric 8: Consistency of Exposure Low The size of the test chambers was not reported, though holding/storage tanks were re-
Administration ported to be 49L. It was unclear if these were the same tanks used in the study. All fish
were held at 17C. However, study authors admitted that the fish were exposed to declin-
ing chemical concentrations over a 24h period until the solution was renewed. These test
concentrations were not measured over time creating concern regarding the consistency
of the study.
Metric 9: Measurement of Test Substance Low Study authors reported that the test chemicals were not measured over time in the study
Concentration and that the test chemicals would decline over a 24h period.
Metric 10: Exposure Duration and Frequency High The exposure duration was reported to be 10d. This appeared adequate to see a re-

sponse.

Continued on next page ...
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...continued from previous page

Study Citation: Jordan, J., Zare, A., Jackson, L. J., Habibi, H. R., Weljie, A. M. (2012). Environmental contaminant mixtures at ambient concentrations invoke a metabolic
stress response in goldfish not predicted from exposure to individual compounds alone. Journal of Proteome Research 11(2):1133-1143.

Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Not Applicable (e.g., fungi or algae studies) or Not Reported

Health Outcome: Mechanistic-Cell signaling/function-Endocrine toxicity-Liver toxicology-Reproductive/Teratogenic-Nutritional and Metabolic

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 1249842

Domain Metric Rating Comments
Metric 11: Number of Exposure Groups/ N/A There was only one exposure level, as the goal of the study was to compare the response
Spacing of Exposure Levels of different test chemicals to each other and a control as well as to a mixture of the test
substances.

Metric 12: Testing at or Below Solubility Limit High The DEHP exposure concentration was below the water solubility limit, and DMSO was

used a vehicle solvent. An appropriate solvent control was used.
Domain 4: Test Organism

Metric 13: Test Organism Characteristics Medium The goldfish were reported to be from Aquatic Imports in Calgary, Alberta, Canada. The
age of the goldfish was not reported, though they were reported to be ~10cm long and
30g in weight.

Metric 14: Acclimatization and Pretreatment High The fish were reported to be acclimated for 72h prior to the start of the study.

Conditions
Metric 15: Number of Organisms and Low Study authors reported there were 20 fish per exposure aquaria. Only the male goldfish
Replicates per Group were used for this study, and there were 6-8 males in each tank. 6 males were used for
assessment for each chemical. The treatment aquaria were not replicated due to practical
limitations.
Domain 5: Outcome Assessment

Metric 16: Adequacy of Test Conditions Low The goldfish were fed daily for the duration of the holding and study period. They were
held at 17C in 49L tanks for the acclimation period with 16-18 fish per tank. There were
20 fish in each exposure aquaria, but the size of the exposure aquaria was not reported.
Carbon-filtered City of Calgary water was used in the study, but water quality parame-
ters were not reported.

Metric 17: Outcome Assessment Methodology High The outcome assessment methodology addressed or reported the intended outcome of
interest. H NMR was used to assess various changes in metabolite levels due to DEHP
exposure in the male goldfish liver and gonads relative to the controls.

Metric 18: Consistency of Outcome High Details of the outcome assessment protocol were reported, and outcomes were assessed

Assessment consistently across study groups. Detailed description of the metabolite extraction and H
MNR spectroscopy were provided. Analysis methods of the data were also described in
detail.
Domain 6: Confounding / Variable Control
Metric 19: Confounding Variables in Test Low More information on the actual study environmental conditions is needed, though the
Design and Procedures goldfish were reported to be acclimated to test conditions.
Metric 20: Outcomes Unrelated to Exposure Medium There was no information in the study to suggest differences among groups in animal

attrition or health outcomes unrelated to exposure.

Continued on next page ...
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...continued from previous page

Study Citation: Jordan, J., Zare, A., Jackson, L. J., Habibi, H. R., Weljie, A. M. (2012). Environmental contaminant mixtures at ambient concentrations invoke a metabolic
stress response in goldfish not predicted from exposure to individual compounds alone. Journal of Proteome Research 11(2):1133-1143.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Not Applicable (e.g., fungi or algae studies) or Not Reported
Health Outcome: Mechanistic-Cell signaling/function-Endocrine toxicity-Liver toxicology-Reproductive/Teratogenic-Nutritional and Metabolic
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 1249842
Domain Metric Rating Comments
Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods High Detailed description of the data analysis was provided in 3 sections in the paper, "H
NMR Data Analysis,” ”Statistical Analysis,” and “Pathway Analysis.”
Metric 22: Reporting of Data High O-PLS-DA analysis score plots were provided for treatment and control outcomes in
Fig 1 as well as in Fig S3. Z-score plots on the effect of DEHP on each metabolite in
comparison to the control was provided in Fig. S2. DEHP heatmaps in comparison to
the control were provided in Fig. S4. Fig S5 B provides the SUS plots, and metabolite
pathways affected by the treatments are provided in Fig S6. The effect on Canonical
pathways is provided in Fig S7. Metabolic disturbances based on metabolites and their
superpathways is are provided in Fig 3. Canonical pathways and biological pathways
that were affected by the exposure are provided in Fig. 4.
Metric 23: Explanation of Unexpected Outcomes High The study authors did not report any unexpected outcomes.

Additional Comments:  This evaluation was on the effect of DEHP on the metabolic profiles of male goldfish livers and testis. H NMR was used to assess metabolite identification
and quantification. Mechanistic outcomes for metabolism, liver, reproduction, and endocrine were selected as the outcomes of interest.

Overall Quality Determination Medium
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Study Citation: Golshan, M., Hatef, A., Socha, M., Milla, S., Butts, I. A., Carnevali, O., Rodina, M., Sokotowska-Mikotajczyk, M., Fontaine, P., Linhart, O., Alavi, S. M.
(2015). Di-(2-ethylhexyl)-phthalate disrupts pituitary and testicular hormonal functions to reduce sperm quality in mature goldfish. Aquatic Toxicology
163:16-26.

Duration: Overall Duration: > 21 days; Exposure Duration: > 21 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Adult

Health Outcome: Reproductive/Teratogenic

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 2966358

Domain Metric Rating Comments

Domain 1: Test Substance

Metric 1: Test Substance Identity Low The chemical was only identified by name. CASRN, structure, or other chemical de-
scriptors were not provided.
Metric 2: Test Substance Source Low The test source was not reported, and the substance identity was not analytically verified
by the performing laboratory.

Metric 3: Test Substance Purity Low The purity of DEHP was not reported.

Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using appropriate concurrent negative and solvent control groups.
Metric 5: Negative Control Response High The biological responses of the negative control groups was adequate.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.

Domain 3: Exposure Characterization

Metric 7: Experimental System/Test Media High
Preparation

Metric 8: Consistency of Exposure High
Administration

Metric 9: Measurement of Test Substance Low
Concentration

Metric 10: Exposure Duration and Frequency High

Metric 11: Number of Exposure Groups/ Medium
Spacing of Exposure Levels

Metric 12: Testing at or Below Solubility Limit High

The experimental system and the methods for preparation of the test media were de-
scribed in adequate detail.

Exposures were administered consistently across study groups.
Exposure concentrations were not measured.

The duration of the exposure and/or exposure frequency were reported and appropriate
for the study type.
The number of exposure groups and the spacing of exposure levels were adequate.

Exposure concentrations were at or below the water solubility limit.

Domain 4: Test Organism

Metric 13: Test Organism Characteristics Medium

Metric 14: Acclimatization and Pretreatment High
Conditions

Metric 15: Number of Organisms and Low

Replicates per Group

There were uncertainties about the source of the test organisms.
The test organisms were acclimatized to test conditions.

The numbers of test organisms and replicates were lower than the typical number.

Domain 5: Outcome Assessment

Continued on next page...
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...continued from previous page

Study Citation: Golshan, M., Hatef, A., Socha, M., Milla, S., Butts, I. A., Carnevali, O., Rodina, M., Sokotowska-Mikotajczyk, M., Fontaine, P., Linhart, O., Alavi, S. M.
(2015). Di-(2-ethylhexyl)-phthalate disrupts pituitary and testicular hormonal functions to reduce sperm quality in mature goldfish. Aquatic Toxicology
Duration: %)6\/36}1231 2D61.1ration: > 21 days; Exposure Duration: > 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Adult
Health Outcome: Reproductive/Teratogenic
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2966358
Domain Metric Rating Comments
Metric 16: Adequacy of Test Conditions High Environmental conditions of the test system were conducive to the maintenance of or-
ganism health.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.
Metric 18: Consistency of Outcome High The outcome assessment methodology reported the intended outcome of interest.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High The statistical methods were adequately described.
Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  None

Overall Quality Determination High
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Study Citation:

Golshan, M., Hatef, A., Socha, M., Milla, S., Butts, I. A., Carnevali, O., Rodina, M., Sokotowska-Mikotajczyk, M., Fontaine, P., Linhart, O., Alavi, S. M.

(2015). Di-(2-ethylhexyl)-phthalate disrupts pituitary and testicular hormonal functions to reduce sperm quality in mature goldfish. Aquatic Toxicology

163:16-26.
Duration:

Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Carassius auratus; Adult
Mechanistic-Biomarkers (exposure and effect)-Cell signaling/function-Genotox (including DNA repair)

Overall Duration: > 21 days; Exposure Duration: > 21 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2966358
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name.
Metric 2: Test Substance Source High The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity Low The purity and/or grade of the test substance were not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using appropriate concurrent negative and solvent control groups.
Metric 5: Negative Control Response High The biological responses of the negative control groups were adequate.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media High The experimental system and the methods for preparation of the test media were de-
Preparation scribed in adequate detail.
Metric 8: Consistency of Exposure High Exposures were administered consistently across study groups.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of the exposure and/or exposure frequency were reported and appropriate
for the study type.
Metric 11: Number of Exposure Groups/ Medium  The number of exposure groups and the spacing of exposure levels were adequate.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Medium  There were uncertainties about the source of the test organisms.
Metric 14: Acclimatization and Pretreatment High The test organisms were acclimatized to test conditions.
Conditions
Metric 15: Number of Organisms and Low The numbers of test organisms and replicates were lower than the typical number.
Replicates per Group
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions High Environmental conditions of the test system were conducive to the maintenance of or-
ganism health.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.

Continued on next page ...
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...continued from previous page

Study Citation: Golshan, M., Hatef, A., Socha, M., Milla, S., Butts, I. A., Carnevali, O., Rodina, M., Sokotowska-Mikotajczyk, M., Fontaine, P., Linhart, O., Alavi, S. M.
(2015). Di-(2-ethylhexyl)-phthalate disrupts pituitary and testicular hormonal functions to reduce sperm quality in mature goldfish. Aquatic Toxicology

Duration: %)6\/36.1‘12[?1 2D61.1ration: > 21 days; Exposure Duration: > 21 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Adult

Health Outcome: Mechanistic-Biomarkers (exposure and effect)-Cell signaling/function-Genotox (including DNA repair)

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 2966358

Domain Metric Rating Comments
Metric 18: Consistency of Outcome High The outcome assessment methodology reported the intended outcome of interest.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High The statistical methods were adequately described.
Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  None

Overall Quality Determination High
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Study Citation:

Golshan, M., Hatef, A., Socha, M., Milla, S., Butts, I. A., Carnevali, O., Rodina, M., Sokotowska-Mikotajczyk, M., Fontaine, P., Linhart, O., Alavi, S. M.

(2015). Di-(2-ethylhexyl)-phthalate disrupts pituitary and testicular hormonal functions to reduce sperm quality in mature goldfish. Aquatic Toxicology

163:16-26.
Duration:

Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Overall Duration: > 21 days; Exposure Duration: > 21 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Vertebrate; Fish; Carassius auratus; Adult
Development/Growth

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2966358
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity Low The chemical was only identified by name. CASRN, structure, or other chemical de-
scriptors were not provided.
Metric 2: Test Substance Source Low The test source was not reported, and the substance identity was not analytically verified
by the performing laboratory.
Metric 3: Test Substance Purity Low The purity of DEHP was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using appropriate concurrent negative and solvent control groups.
Metric 5: Negative Control Response High The biological responses of the negative control groups were adequate.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media High The experimental system and the methods for preparation of the test media were de-
Preparation scribed in adequate detail.
Metric 8: Consistency of Exposure High Exposures were administered consistently across study groups.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of exposure and/or exposure frequency were reported and appropriate for
the study type.
Metric 11: Number of Exposure Groups/ Medium  The number of exposure groups and the spacing of exposure levels were adequate.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Medium  There were uncertainties about the source of the test organisms.
Metric 14: Acclimatization and Pretreatment High The test organisms were acclimatized to test conditions.
Conditions
Metric 15: Number of Organisms and Low The numbers of test organisms and replicates were lower than the typical number.
Replicates per Group
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions High Environmental conditions of the test system were conducive to the maintenance of or-

ganism health.

Continued on next page ...
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...continued from previous page

Study Citation: Golshan, M., Hatef, A., Socha, M., Milla, S., Butts, I. A., Carnevali, O., Rodina, M., Sokotowska-Mikotajczyk, M., Fontaine, P., Linhart, O., Alavi, S. M.
(2015). Di-(2-ethylhexyl)-phthalate disrupts pituitary and testicular hormonal functions to reduce sperm quality in mature goldfish. Aquatic Toxicology
Duration: %)6\/36}1231 2D61.1ration: > 21 days; Exposure Duration: > 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Adult
Health Outcome: Development/Growth
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2966358
Domain Metric Rating Comments
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.
Metric 18: Consistency of Outcome High The outcome assessment methodology reported the intended outcome of interest.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High The statistical methods were adequately described.

Metric 22: Reporting of Data Medium  Brief results were described in the text. Data for the development/growth parameters are
included in supplemental material that was not part of this pdf.

Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  This evaluation is for the Development/Growth parameters (total length, body mass, GSI, and HSI) assessed.

Overall Quality Determination High
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Study Citation: Pfuderer, P, Janzen, S., T, R.W., , J. R. (1975). The identification of phthalic acid esters in the tissues of cyprinodont fish and their activity as heart rate
depressors. Environmental Research 9(3):215-223.
Duration: Overall Duration: Not-reported; Exposure Duration: Not-reported
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Juvenile
Health Outcome: Cardiovascular
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 1333101
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity Low The chemical was identified by name only.
Metric 2: Test Substance Source Low The source was not reported.
Metric 3: Test Substance Purity Low The purity and/or grade of test substance were not reported.
Domain 2: Test Design
Metric 4: Negative Controls Uninformative A concurrent negative control group was not included.
Metric 5: Negative Control Response Low The biological response of the negative control groups was not reported.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The study provided only limited details on the measures taken to appropriately prepare
Preparation the test concentrations. The cited reference for methods (Francis et al., 1975) was un-
available, therefore, this metric score reflects the amount of details provided in the study
being reviewed.
Metric 8: Consistency of Exposure Uninformative It was reported that a sonicated emulsion was used for exposure, and exposure admin-
Administration istration cannot be administered consistently across test organisms/study groups using
emulsions.
Metric 9: Measurement of Test Substance Uninformative Exposure concentrations were not measured, and nominal values are highly uncertain
Concentration due to the nature of the test substance.
Metric 10: Exposure Duration and Frequency Uninformative The duration of exposure and/or exposure frequency were not reported.
Metric 11: Number of Exposure Groups/ Uninformative No information is provided on the number of exposure groups and the spacing of ex-
Spacing of Exposure Levels posure levels. It was reported "no concentration of DEHP tried was effective,” and the
concentrations specified on Fig 6 are not legible.
Metric 12: Testing at or Below Solubility Limit Low An emulsion was used so there is a high probability it exceeds solubility.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source of the test animals was not reported.
Metric 14: Acclimatization and Pretreatment Low The study did not report whether test organisms were acclimatized.
Conditions
Metric 15: Number of Organisms and Low The number of test organisms and/or replicates were not reported. The figure on heart
Replicates per Group rate activity (Fig 6) showed only the response of an individual fish. The cited reference

for methods (Francis et al., 1975) was unavailable, therefore this metric score reflects the
amount of details provided in the study being reviewed.

Continued on next page ...
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...continued from previous page

Study Citation: Pfuderer, P, Janzen, S., T, R.W., , J. R. (1975). The identification of phthalic acid esters in the tissues of cyprinodont fish and their activity as heart rate
depressors. Environmental Research 9(3):215-223.
Duration: Overall Duration: Not-reported; Exposure Duration: Not-reported
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Carassius auratus; Juvenile
Health Outcome: Cardiovascular
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 1333101
Domain Metric Rating Comments

Domain 5: Outcome Assessment

Metric 16: Adequacy of Test Conditions Low Another cited methodology needed to assess this metric was unavailable, therefore this
metric score reflects the amount of details provided in the study being reviewed.
Metric 17: Outcome Assessment Methodology Low The outcome assessment methodology was not clearly reported. The cited reference for

methods (Francis et al., 1975) was unavailable, therefore, this metric score reflects the
amount of details provided in the study being reviewed.

Metric 18: Consistency of Outcome Low Details regarding the execution of the study protocol for outcome assessment were
Assessment not reported. The cited reference for methods (Francis et al., 1975) was unavailable,
therefore, this metric score reflects the amount of details provided in the study being
reviewed.

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium There was no information in the study to suggest differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods Uninformative Statistical analysis was not conducted.

Metric 22: Reporting of Data Low Data for exposure-related findings were not shown, but the results were described in the
text.

Metric 23: Explanation of Unexpected Outcomes Low The study did not report any measures of variability (e.g., SE, SD, confidence intervals)
or sufficient information to determine if excessive variability or unexpected outcomes
occurred.

Additional Comments:  Overall, a poorly designed and poorly written study. Negative control group was not reported. Details of the experimental system, test media preparation,
exposure concentrations, duration of exposure were not provided. It was reported that a sonicated emulsion was used for exposure. Mean heart rate data
was not provided for DEHP, and the figure that shows the heart rate activity of one individual fish was of poor resolution. The cited reference for methods
was not available at the time of review

Overall Quality Determination Uninformative

Page 31 of 968



Diethylhexyl Phthalate

Environmental Hazard Evaluation

HERO ID: 4829324 Table

:1of4

Study Citation: Adeogun, A. O, Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in
African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and
Pharmacology 213:7-18.
Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Clarias gariepinus; Juvenile
Health Outcome: Development/Growth
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name and CAS#.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity High The chemical purity was reported as 99%.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent negative control group.
Metric 5: Negative Control Response High The biological response of the negative control group was suitable.
Metric 6: Randomized Allocation Medium  The study reported that organisms were randomly allocated into study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Medium  Reporting omissions were unlikely to have a substantial impact on results.
Preparation
Metric 8: Consistency of Exposure Medium  Reporting omissions were unlikely to have a substantial impact on results.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of exposure was reported and appropriate for the study type.
Metric 11: Number of Exposure Groups/ High The number of exposure groups and the spacing of exposure levels were suitable for a
Spacing of Exposure Levels dose response.
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The test organisms were adequately described and were obtained from a reliable source.
Metric 14: Acclimatization and Pretreatment Medium  All pretreatment conditions were the same for the control and the exposed organisms,
Conditions although few details were provided.
Metric 15: Number of Organisms and Medium  The numbers of test organisms and replicates were reported and sufficient to character-
Rep]icates per Group ize toxicological effects.
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Medium  Environmental conditions of the test system were acceptable for the maintenance of

organism health, although few details were provided.

Continued on next page ...
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...continued from previous page

Study Citation: Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in
African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and
Pharmacology 213:7-18.

Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Clarias gariepinus; Juvenile
Health Outcome: Development/Growth
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.
Metric 18: Consistency of Outcome High Outcomes were assessed consistently across study groups.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical methods were adequately described.
Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  None

Overall Quality Determination High
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Study Citation:

Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in

African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and
Pharmacology 213:7-18.

Duration:
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Clarias gariepinus; Juvenile
Mechanistic-Biomarkers (exposure and effect)-Genotox (including DNA repair)

Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name and CAS#.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity High The chemical purity was reported as 99%.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent negative control group.
Metric 5: Negative Control Response High The biological response of the negative control group was suitable.
Metric 6: Randomized Allocation Medium  The study reported that organisms were randomly allocated into study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Medium  Reporting omissions were unlikely to have a substantial impact on results.
Preparation
Metric 8: Consistency of Exposure Medium  Reporting omissions were unlikely to have a substantial impact on results.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of exposure was reported and appropriate for the study type.
Metric 11: Number of Exposure Groups/ High The number of exposure groups and the spacing of exposure levels were suitable for a
Spacing of Exposure Levels dose response.
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The test organisms were adequately described and were obtained from a reliable source.
Metric 14: Acclimatization and Pretreatment Medium  All pretreatment conditions were the same for control and exposed organisms, although
Conditions few details were provided.
Metric 15: Number of Organisms and Medium  The numbers of test organisms and replicates were reported and sufficient to character-
Replicates per Group ize toxicological effects.
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Medium  The environmental conditions of the test system were acceptable for the maintenance of
organism health, although few details were provided.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.
Metric 18: Consistency of Outcome High Outcomes were assessed consistently across study groups.

Assessment

Continued on next page ...
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...continued from previous page

Study Citation: Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in
African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and
Pharmacology 213:7-18.

Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Clarias gariepinus; Juvenile
Health Outcome: Mechanistic-Biomarkers (exposure and effect)-Genotox (including DNA repair)
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical methods were adequately described.
Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  None

Overall Quality Determination High
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Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in

African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and

Study Citation:
Pharmacology 213:7-18.
Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Clarias gariepinus; Juvenile
Reproductive/Teratogenic

Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name and CAS#.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity High The chemical purity was reported as 99%.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent negative control group.
Metric 5: Negative Control Response High The biological response of the negative control group was suitable.
Metric 6: Randomized Allocation Medium  The study reported that organisms were randomly allocated into study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Medium  Reporting omissions were unlikely to have a substantial impact on results.
Preparation
Metric 8: Consistency of Exposure Medium  Reporting omissions were unlikely to have a substantial impact on results.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of the exposure was reported and appropriate for the study type.
Metric 11: Number of Exposure Groups/ High The number of exposure groups and the spacing of exposure levels were suitable for a
Spacing of Exposure Levels dose response.
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The test organisms were adequately described and were obtained from a reliable source.
Metric 14: Acclimatization and Pretreatment Medium  All pretreatment conditions were the same for the control and the exposed organisms,
Conditions although few details were provided.
Metric 15: Number of Organisms and Medium  The numbers of test organisms and replicates were reported and sufficient to character-
Replicates per Group ize toxicological effects.
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Medium  The environmental conditions of the test system were acceptable for the maintenance of
organism health, although few details were provided.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.
Metric 18: Consistency of Outcome High Outcomes were assessed consistently across study groups.

Assessment

Continued on next page ...
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Study Citation: Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in
African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and
Pharmacology 213:7-18.

Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Clarias gariepinus; Juvenile
Health Outcome: Reproductive/Teratogenic
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical methods were adequately described.
Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  None

Overall Quality Determination High
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Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in

African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and

Study Citation:
Pharmacology 213:7-18.
Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Clarias gariepinus; Juvenile
ADME (biotransformation)

Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 4829324
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name and CAS#.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity High The chemical purity was reported as 99%.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent negative control group.
Metric 5: Negative Control Response Low The biological response of the negative control group was not reported.
Metric 6: Randomized Allocation Medium The study reported that organisms were randomly allocated into study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Medium Reporting omissions were unlikely to have a substantial impact on results.
Preparation
Metric 8: Consistency of Exposure Medium Reporting omissions were unlikely to have a substantial impact on results.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured other than in tissue.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of exposure was reported and appropriate for the study type.
Metric 11: Number of Exposure Groups/ High The number of exposure groups and the spacing of exposure levels were suitable for a
Spacing of Exposure Levels dose response.
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The test organisms were adequately described and were obtained from a reliable source.
Metric 14: Acclimatization and Pretreatment Medium All pretreatment conditions were the same for the control and the exposed organisms,
Conditions although few details were provided.
Metric 15: Number of Organisms and Medium The numbers of test organisms and replicates were reported and sufficient to character-
Replicates per Group ize toxicological effects.
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Medium Environmental conditions of the test system were acceptable for the maintenance of
organism health, although few details were provided.
Metric 17: Outcome Assessment Methodology Low The outcome assessment methodology was not clearly reported.

Continued on next page...
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Study Citation: Adeogun, A. O., Ibor, O. R., Imiuwa, M. E., Omogbemi, E. D., Chukwuka, A. V., Omiwole, R. A., Arukwe, A. (2018). Endocrine disruptor responses in
African sharptooth catfish (Clarias gariepinus) exposed to di-(2-ethylhexyl)-phthalate. Comparative Biochemistry and Physiology - Part C: Toxicology and
Pharmacology 213:7-18.

Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Clarias gariepinus; Juvenile

Health Outcome: ADME (biotransformation)

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 4829324

Domain Metric Rating Comments
Metric 18: Consistency of Outcome Low Details regarding the execution of the study protocol for outcome assessment were lim-
Assessment ited.

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures

Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods Uninformative Statistical analysis was not conducted.
Metric 22: Reporting of Data Low Data for exposure-related findings were not reported for each treatment and control

group.

Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  None

Overall Quality Determination Uninformative
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Study Citation:

Arukwe, A., Ibor, O. R., Adeogun, A. O. (2017). Biphasic modulation of neuro- and interrenal steroidogenesis in juvenile African sharptooth catfish

(Clarias gariepinus) exposed to waterborne di-(2-ethylhexyl) phthalate. General and Comparative Endrocrinology 254:22-37.

Duration:
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Clarius gariepinus; Juvenile
ADME (biotransformation)

Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5494023

Domain Metric Rating Comments
Domain 1: Test Substance

Metric 1: Test Substance Identity High The DEHP was identified by CASRN.

Metric 2: Test Substance Source High The source of the DEHP was reported to be from Tokyo Chemical Industry in Japan, and
it was verified by GC-MSD.

Metric 3: Test Substance Purity High The DEHP purity was reported to be 99%.

Domain 2: Test Design

Metric 4: Negative Controls High Study authors reported the use of a concurrent negative control in which ethanol was
used. Ethanol was the reported vehicle solvent in the treatments.

Metric 5: Negative Control Response High The negative control response was reported and adequate for the outcomes of interest.
The negative control responses can be found in the text in section 3.1.

Metric 6: Randomized Allocation Medium It was reported the fish were randomly allocated into 10 120L tanks with 60L of dechlo-
rinated tap water with 50 fish per exposure group.

Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media High The system was reported to be a static renewal system with the test medium renewed
Preparation every third day for the duration of the study. The stock solution was prepared by dissolv-
ing 10mL of DEHP in 90mL of ethanol to get 109.5g/L. DEHP. Test concentrations were
prepared through serial dilutions with dechlorinated tap water.

Metric 8: Consistency of Exposure High All exposures were in 120L tanks with 50 fish per tank. Each tank had 60L of test solu-

Administration tion that was diluted with dechlorinated tap water. All tests were conducted at 24C.

Metric 9: Measurement of Test Substance Low It was not reported if the exposure concentrations were measured at any point in the

Concentration study.
Metric 10: Exposure Duration and Frequency High The study duration was reported to be 14 days. This was adequate to observe a response.
Metric 11: Number of Exposure Groups/ High There were 4 exposure groups. The spacing was adequate to see a response in DEHP
Spacing of Exposure Levels accumulation in the liver according to dose.

Metric 12: Testing at or Below Solubility Limit High The highest concentration tested was above the water solubility limit of DEHP. How-
ever, ethanol was used as a vehicle solvent, and the solvent control results were ade-
quate.

Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The C. gariepinus were reported to be from the hatchery unit of the Aquaculture Depart-

ment at the University of Ibadan. They were reported to be fingerlings that were 4 weeks
old.

Continued on next page ...
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Study Citation:

Arukwe, A., Ibor, O. R., Adeogun, A. O. (2017). Biphasic modulation of neuro- and interrenal steroidogenesis in juvenile African sharptooth catfish

(Clarias gariepinus) exposed to waterborne di-(2-ethylhexyl) phthalate. General and Comparative Endrocrinology 254:22-37.

Duration:
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Clarius gariepinus; Juvenile
ADME (biotransformation)

Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5494023
Domain Metric Rating Comments
Metric 14: Acclimatization and Pretreatment High The fish were reported to be acclimated to test conditions for 2 weeks prior to the start
Conditions of the study.
Metric 15: Number of Organisms and Low It was reported that there were 50 fish per test chamber. However, there were only 2
Replicates per Group replicates for each exposure concentration.
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Medium  The fish were held at 24C with a pH of 7 and a DO of 3mg/L. A natural photoperiod was
reported to be used, but was not specified. The fish were fed twice daily throughout the
experiment. Other properties of the test water were not reported.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology addressed or reported the intended outcome of
interest—-DEHP accumulation in the liver of treated fish.
Metric 18: Consistency of Outcome High Details of the outcome assessment protocol were reported, and outcomes were assessed
Assessment consistently across study groups. EPA DIN 19742 was cited for the methodology for
determining tissue levels. This method used was gas chromatography/mass selective
detector for assessment.
Domain 6: Confounding / Variable Control
Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions
Design and Procedures or other factors that could influence the outcome assessment.
Metric 20: Outcomes Unrelated to Exposure Medium  There was no information in the study to suggest differences among groups in animal
attrition or health outcomes unrelated to exposure.
Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods High All data were presented as +- mean standard deviation and were analyzed using Prism
GraphPad 5. Significant differences between the solvent control and exposure groups
were performed using one-way ANOVA. Statistical differences were analyzed using
Tukey’s Multiple Comparison Test.
Metric 22: Reporting of Data Low Results were presented in the text for the exposure and the control responses in section
3.1
Metric 23: Explanation of Unexpected Outcomes Low Variability was not reported for the DEHP accumulation in the liver.

Additional Comments:

This portion of the evaluation was on the accumulation of DEHP in the liver after 14 days of exposure. ADME was selected as the outcome of interest.

Overall Quality Determination

High
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Study Citation:

Arukwe, A., Ibor, O. R., Adeogun, A. O. (2017). Biphasic modulation of neuro- and interrenal steroidogenesis in juvenile African sharptooth catfish

(Clarias gariepinus) exposed to waterborne di-(2-ethylhexyl) phthalate. General and Comparative Endrocrinology 254:22-37.

Duration:
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Clarius gariepinus; Juvenile
Mechanistic-Cell signaling/function-Endocrine toxicity-Neurotoxicology

Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5494023
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The DEHP was identified by CASRN.
Metric 2: Test Substance Source High The source of the DEHP was reported to be from Tokyo Chemical Industry in Japan, and
it was verified by GC-MSD.
Metric 3: Test Substance Purity High The DEHP purity was reported to be 99%.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported the use of a concurrent negative control in which ethanol was
used. Ethanol was the reported vehicle solvent in the treatments.
Metric 5: Negative Control Response High The negative control response was reported and adequate for the outcomes of interest.
The negative control responses can be found in Figures 2-10.
Metric 6: Randomized Allocation Medium It was reported the fish were randomly allocated into 10 120L tanks with 60L of dechlo-
rinated tap water with 50 fish per exposure group.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media High The system was reported to be a static renewal system with the test medium renewed
Preparation every third day for the duration of the study. The stock solution was prepared by dissolv-
ing 10mL of DEHP in 90mL of ethanol to get 109.5g/L. DEHP. Test concentrations were
prepared through serial dilutions with dechlorinated tap water.
Metric 8: Consistency of Exposure High All exposures were in 120L tanks with 50 fish per tank. Each tank had 60L of test solu-
Administration tion that was diluted with dechlorinated tap water. All tests were conducted at 24C.
Metric 9: Measurement of Test Substance Low It was not reported if the exposure concentrations were measured at any point in the
Concentration study.
Metric 10: Exposure Duration and Frequency High The study duration was reported to be 14 days. This was adequate to observe a response.
Metric 11: Number of Exposure Groups/ High There were 4 exposure groups. The spacing was adequate to see a biphasic response.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit High The highest concentration tested was above the water solubility limit of DEHP. How-
ever, ethanol was used as a vehicle solvent, and the solvent control results were ade-
quate.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The C. gariepinus were reported to be from the hatchery unit of the Aquaculture Depart-
ment at the University of Ibadan. They were reported to be fingerlings that were 4 weeks
old.
Metric 14: Acclimatization and Pretreatment High The fish were reported to be acclimated to test conditions for 2 weeks prior to the start

Conditions

of the study.
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Study Citation: Arukwe, A., Ibor, O. R., Adeogun, A. O. (2017). Biphasic modulation of neuro- and interrenal steroidogenesis in juvenile African sharptooth catfish
(Clarias gariepinus) exposed to waterborne di-(2-ethylhexyl) phthalate. General and Comparative Endrocrinology 254:22-37.

Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Clarius gariepinus; Juvenile

Health Outcome: Mechanistic-Cell signaling/function-Endocrine toxicity-Neurotoxicology

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 5494023

Domain Metric Rating Comments
Metric 15: Number of Organisms and Low It was reported that there were 50 fish per test chamber. However, there were only 2
Replicates per Group replicates for each exposure concentration.

Domain 5: Outcome Assessment

Metric 16: Adequacy of Test Conditions Medium  The fish were held at 24C with a pH of 7 and a DO of 3mg/L. A natural photoperiod was
reported to be used, but was not specified. The fish were fed twice daily throughout the
experiment. Other properties of the test water were not reported.

Metric 17: Outcome Assessment Methodology High The outcome assessment methodology addressed or reported the intended outcome of
interest—the gene expression of acute steroidogenic pathways in the brain and kidneys,
as well as hormone levels.

Metric 18: Consistency of Outcome High Details of the outcome assessment protocol were reported, and outcomes were assessed

Assessment consistently across study groups. Fish were sampled on days 3, 7, and 14, and head kid-
ney and brain samples were harvested and snap frozen in liquid nitrogen and preserved
at -80C until processing. Real-time PCR was used for gene expression analysis. Steroid
hormone analysis was performed using EIA kits. Immunochemical analysis was per-
formed according to Bradford (1976).

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions
Design and Procedures or other factors that could influence the outcome assessment.
Metric 20: Outcomes Unrelated to Exposure Medium  There was no information in the study to suggest differences among groups in animal

attrition or health outcomes unrelated to exposure.

Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods High All data were presented as +- mean standard deviation and were analyzed using Prism
GraphPad 5. Significant differences between the solvent control and exposure groups
were performed using one-way ANOVA. Statistical differences were analyzed using
Tukey’s Multiple Comparison Test.

Metric 22: Reporting of Data High Data for the exposure and the control responses were reported in Figures 2-10 and dis-
played the biphasic response. Table 2 displayed hormone concentrations.
Metric 23: Explanation of Unexpected Outcomes High Study authors did not report any unexpected outcomes. Variation was reported in the

figures and the tables.

Additional Comments:  This portion of the evaluation was on the effect of DEHP on gene expression of the steroidogenic pathways of the kidney head and the brain. Several genes
in these pathways were measured and a biphasic response was observed. Samples were taken on days 3, 7, and 14. Hormone levels were also assessed.
Mechanistic outcomes for neurotoxicity, endocrine toxicity, and cell signaling and function were chosen as the outcomes of interest.

Continued on next page...
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Study Citation: Arukwe, A., Ibor, O. R., Adeogun, A. O. (2017). Biphasic modulation of neuro- and interrenal steroidogenesis in juvenile African sharptooth catfish
(Clarias gariepinus) exposed to waterborne di-(2-ethylhexyl) phthalate. General and Comparative Endrocrinology 254:22-37.
Duration: Overall Duration: 11 - 21 days; Exposure Duration: 11 - 21 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Clarius gariepinus; Juvenile
Health Outcome: Mechanistic-Cell signaling/function-Endocrine toxicity-Neurotoxicology
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5494023
Domain Metric Rating Comments

Overall Quality Determination High
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Adams, W. J., Biddinger, G. R., Robillard, K. A., Gorsuch, J. W. (1995). A summary of the acute toxicity of 14 phthalate esters to representative aquatic

Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Study Citation:

organisms. Environmental Toxicology and Chemistry 14(9):1569-1574.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route,
Media, Path:

Taxa, Species, Age:
Health Outcome:

Vertebrate; Fish; Cyprinodon variegatus; Juvenile
Mortality

Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 1321996; Linked HERO ID(s): 1321996, 1316224

Domain Metric Rating Comments
Domain 1: Test Substance

Metric 1: Test Substance Identity Low The test substance nomenclature was reported without a CASRN.

Metric 2: Test Substance Source Low The test substance was reported as provided by the manufacturer from commercially
available batches. The manufacture name and batch number not provided. No analytical
data was reported.

Metric 3: Test Substance Purity High There was at least 95% purity.

Domain 2: Test Design

Metric 4: Negative Controls High A negative control was reported.

Metric 5: Negative Control Response High The control response was acceptable.

Metric 6: Randomized Allocation Low The allocation method was not reported.

Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Medium  The experimental system was well described. However, the headspace or the measures
Preparation taken to prevent volatilization were not reported.
Metric 8: Consistency of Exposure High The exposure administration was consistent across groups.
Administration
Metric 9: Measurement of Test Substance Medium  Sample extracts were analyzed by gas chromatography at the start and the end of test. In
Concentration static studies, final test concentrations frequently were 50% of the initial concentrations.
Loss of the phthalate esters was thought to be principally due to adsorption to the test
vessels.
Metric 10: Exposure Duration and Frequency High The duration and the frequency of the exposure were appropriate for the test.
Metric 11: Number of Exposure Groups/ High The exposure levels were appropriate. A range finding test was performed.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit High The test performed was at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source was not reported.
Metric 14: Acclimatization and Pretreatment High An appropriate acclimation period for the test was reported.
Conditions
Metric 15: Number of Organisms and Medium  Each test was performed using duplicate test concentrations with 10 organisms per test

Replicates per Group

vessel.

Domain 5: Outcome Assessment

Continued on next page...
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Study Citation: Adams, W. J., Biddinger, G. R., Robillard, K. A., Gorsuch, J. W. (1995). A summary of the acute toxicity of 14 phthalate esters to representative aquatic
organisms. Environmental Toxicology and Chemistry 14(9):1569-1574.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Cyprinodon variegatus; Juvenile
Health Outcome: Mortality
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 1321996; Linked HERO ID(s): 1321996, 1316224
Domain Metric Rating Comments
Metric 16: Adequacy of Test Conditions High Environmental conditions were appropriate for the test.
Metric 17: Outcome Assessment Methodology High The intended outcomes were reported.
Metric 18: Consistency of Outcome High The outcome assessment was consistent across groups.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High Environmental conditions were consistent across groups.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure Medium  There were no reported differences between groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical methods were performed and described.
Metric 22: Reporting of Data Medium  Only treatment endpoints were reported.
Metric 23: Explanation of Unexpected Outcomes High No unexpected outcomes were reported.

Additional Comments:  None

Overall Quality Determination High

Page 46 of 968



Diethylhexyl Phthalate

Environmental Hazard Evaluation

HERO ID: 5554274 Table

:1ofl

Study Citation: Shi, Y., Lu, J., Wang, Y., Wang, S. (2016). Reference gene validation for quantification of gene expression during final oocyte maturation induced by

diethylstilbestrol and di-(2-ethylhexyl)-phthalate in common carp. Journal of Environmental Sciences 46:47-54.

Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Cell Culture Media; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact
Media, Path: uptake route)
Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Not Applicable (e.g., fungi or algae studies) or Not Reported
Health Outcome: Mechanistic-Reproductive/Teratogenic
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5554274
Domain Metric Rating Comments
Domain 1: Test Substance

Metric 1: Test Substance Identity Low Just the chemical name was provided.

Metric 2: Test Substance Source Low There was no analytical verification information provided for the test DEHP. The source
was listed as TCI, Tokyo.

Metric 3: Test Substance Purity Low The purity of the DEHP used in the test was not reported.

Domain 2: Test Design

Metric 4: Negative Controls High A control group was used in this test.

Metric 5: Negative Control Response Medium Control responses (threshold cycles) were shown in the expression variability of ref-
erence genes Fig. 2. However, it was not mentioned in the study whether those values
shown were representative of an adequate control response.

Metric 6: Randomized Allocation Low Authors did not report how oocytes were allocated into test exposures.

Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low There is very minimal information on how the test substance was prepared and the
Preparation oocyte exposure. DEHP is not very water soluble, but there was no mention of whether
a solvent was used to get it into test solution. There were a couple studies referenced
in the methods section of this paper, and one of those papers said they used EtOH as a
solvent to get DEHP into the test solutions. The paper did not report any measured test
concentrations.

Metric 8: Consistency of Exposure Medium The paper does not indicate if there is a difference in exposure administration between

Administration the control and treatment groups. For the oocyte chemical exposure, there was no infor-
mation given on environmental conditions or details on the exposure vessels used, so it
is unclear whether there could have been inconsistencies in these aspects of the study.
The molecular analyses methods seemed to be administered consistently for all samples.

Metric 9: Measurement of Test Substance Low The test concentrations of DEHP used in the incubation of oocytes were not specifically

Concentration reported. It was mentioned in the methods section that 0.1, 1, and 5 u mol/L DEHP were
the concentrations used for the exposure groups.

Metric 10: Exposure Duration and Frequency High The incubation duration seemed appropriate based on the results obtained. In the meth-

ods section this paper referenced a couple other papers doing similar studies with DEHP.
Specific results for relative expression level per timepoint (hours after incubation) were
not shown for DEHP.

Continued on next page ...
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Study Citation: Shi, Y., Lu, J., Wang, Y., Wang, S. (2016). Reference gene validation for quantification of gene expression during final oocyte maturation induced by
diethylstilbestrol and di-(2-ethylhexyl)-phthalate in common carp. Journal of Environmental Sciences 46:47-54.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Cell Culture Media; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact
Media, Path: uptake route)
Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Not Applicable (e.g., fungi or algae studies) or Not Reported
Health Outcome: Mechanistic-Reproductive/Teratogenic
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5554274
Domain Metric Rating Comments
Metric 11: Number of Exposure Groups/ N/A The methods section indicated three concentrations of DEHP used in the exposure.
Spacing of Exposure Levels There was no further mention or showing of data for concentration specific results. Incu-
bating oocytes to different concentrations seemed irrelevant to the molecular analyses of
interest.
Metric 12: Testing at or Below Solubility Limit Low It is unclear from the text in the methods section whether a solvent was used to get
DEHP into solution for the different concentration exposures.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Medium The study reported that gravid adult female common carp were obtained from a local
aquatic market in Xiamen. No information was given on what water source they were
harvested in. These fish oocytes were removed for use in the exposure study.
Metric 14: Acclimatization and Pretreatment Low Study authors did not mention specific pre-treatment conditions for the oocytes other
Conditions than saying once they were removed from the fish, they were then incubated in Cort-
land’s solution, and the pH was adjusted to 7.4.
Metric 15: Number of Organisms and Medium Each experimental sample was amplified in triplicate. The Ct values (per reference
Replicates per Group gene) determined by qPCR were based off of an n=15.
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Low Not much was mentioned on the environmental conditions during the incubation period
of oocytes in DEHP concentrations. Oocytes were incubated in Cortland’s solution
containing streptomycin and penicillin and various nutrients. The cDNA synthesized
after the RNA extraction was stored at -20C until use in the gPCR. The qPCR was run
under appropriate conditions to get absolute expression value (threshold cycles) results.
Metric 17: Outcome Assessment Methodology High The methods to extract RNA from the exposed oocytes and then synthesize cDNA from
that were adequately described. The primer design was sufficient and the qPCR analyses
were adequate to obtain the expression profiles of the reference genes.
Metric 18: Consistency of Outcome High There was no information in the study to indicate any differences in molecular analyses
Assessment among control and treatment groups.
Domain 6: Confounding / Variable Control
Metric 19: Confounding Variables in Test Low There was not enough information on environmental conditions throughout the incu-
Design and Procedures bation period for the oocytes to say whether there were any confounding variables or
differences between treatment groups.
Metric 20: Outcomes Unrelated to Exposure Medium There was no information in the study to suggest differences among treatment groups.

Domain 7: Data Presentation and Analysis

Continued on next page ...
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Study Citation: Shi, Y., Lu, J., Wang, Y., Wang, S. (2016). Reference gene validation for quantification of gene expression during final oocyte maturation induced by
diethylstilbestrol and di-(2-ethylhexyl)-phthalate in common carp. Journal of Environmental Sciences 46:47-54.

Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)

Exposure Route, Aquatic (freshwater); Cell Culture Media; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact

Media, Path: uptake route)

Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Not Applicable (e.g., fungi or algae studies) or Not Reported

Health Outcome: Mechanistic-Reproductive/Teratogenic

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 5554274

Domain Metric Rating Comments

Metric 21: Statistical Methods High The study reported using SPSS 20.0 software for statistical analysis. One-way ANOVA

was used to compare relative expression levels and Tukey’s post-hoc was used for com-
parisons against zero hour.

Metric 22: Reporting of Data Medium All primer pairs generated specific amplicons which was shown in Fig. 1a. One single
peak was obtained in each melting curve analysis, which confirmed the specific ampli-
fication of primers (Fig. 1b). The expression of each candidate reference gene showing
their Ct values for DEHP is displayed in Fig. 2b. In the results section it was not specifi-
cally stated whether the data shown in Fig. 2b was from all timepoints combined and/or
whether it was showing a combination of all three treatment concentrations. For DEHP
results, there was not data shown for expression levels per treatment concentration or per
timepoint sampled.

Metric 23: Explanation of Unexpected Outcomes High Results were adequately described, and the data that was shown included measures of
variability.

Additional Comments:

This evaluation is for a mechanistic study looking at a reproductive/teratogenic outcome. This study used oocytes from female common carp for the
chemical exposure and then extracted cDNA from those exposure samples to run molecular analyses. The goal of this study was to determine the most
stable reference gene to assess final oocyte maturation when exposed to DEHP. Based on the results of four different softwares, gapdh was the most stable
gene when final oocyte maturation was induced by DEHP. The paper gave adequate details on the molecular analyses ran and the results obtained, but it
lacked information regarding test substance preparation and the oocyte DEHP exposure.

Overall Quality Determination Medium
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Study Citation: Zhao, X., Gao, Y., Qi, M. (2014). Toxicity of phthalate esters exposure to carp (Cyprinus carpio) and antioxidant response by biomarker. Ecotoxicology
23(4):626-632.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Adult
Health Outcome: Mortality
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2510817
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity High The chemical grade was reported as analytical.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent solvent control group.
Metric 5: Negative Control Response Low The biological response of the negative control groups was not reported.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The study provided only limited details on the measures taken to appropriately prepare
Preparation the test concentrations.
Metric 8: Consistency of Exposure Low Few details of the exposure administration were reported.
Administration
Metric 9: Measurement of Test Substance Low The exposure concentrations were not measured or measurements were not reported.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of exposure was reported and appropriate for the study type.
Metric 11: Number of Exposure Groups/ Low Spacing was not reported.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit Low The reported LC50 from this study was 37.9 mg/L for DEHP. The solubility listed in the
Final Scope for this compound is 0.27 mg/L.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Medium There are minor reservations about the choice of the source of the test organisms.
Metric 14: Acclimatization and Pretreatment Low The study did not report whether the test organisms were acclimatized.
Conditions
Metric 15: Number of Organisms and Low The numbers of test organisms and replicates were lower than the typical number.
Replicates per Group
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Low Reporting of the environmental conditions was not sufficiently reported to evaluate if
they adequate.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.

Continued on next page ...
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Study Citation: Zhao, X., Gao, Y., Qi, M. (2014). Toxicity of phthalate esters exposure to carp (Cyprinus carpio) and antioxidant response by biomarker. Ecotoxicology
23(4):626-632.

Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Adult

Health Outcome: Mortality

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 2510817

Domain Metric Rating Comments
Metric 18: Consistency of Outcome Medium Few details regarding the execution of the study protocol for outcome assessment were
Assessment reported.

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods Low Statistical analysis was performed but not described adequately.
Metric 22: Reporting of Data Low Data for exposure-related findings were not shown for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  The reported LC50 from this study was 37.9 mg/L for DEHP. The solubility listed in the Final Scope for this compound is 0.27 mg/L.

Overall Quality Determination Medium
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Study Citation: Zhao, X., Gao, Y., Qi, M. (2014). Toxicity of phthalate esters exposure to carp (Cyprinus carpio) and antioxidant response by biomarker. Ecotoxicology
23(4):626-632.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Adult
Health Outcome: Mechanistic-Biomarkers (exposure and effect)
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2510817
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity High The chemical grade was reported as analytical.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent solvent control group.
Metric 5: Negative Control Response High The biological response of the negative control group was reported and adequate.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The study provided only limited details on the measures taken to appropriately prepare
Preparation the test concentrations.
Metric 8: Consistency of Exposure Low Few details of the exposure administration were reported.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured or measurements were not reported.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of the exposure was reported and appropriate for a dose response.
Metric 11: Number of Exposure Groups/ Medium The number of exposure groups and the spacing of exposure levels were adequate for a
Spacing of Exposure Levels dose response.
Metric 12: Testing at or Below Solubility Limit Low All treatment concentrations (3.8, 7.59, and 18.9 mg/L) exceeded the solubility of DEHP
listed in the final scope at 0.27 mg/L.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Medium There are minor reservations about the choice of the source of the test organisms.
Metric 14: Acclimatization and Pretreatment Low The study did not report whether the test organisms were acclimatized.
Conditions
Metric 15: Number of Organisms and Low The numbers of test organisms and replicates were lower than the typical number.
Replicates per Group
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Low Reporting of the environmental conditions was not sufficiently reported to evaluate if
they were adequate.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.

Continued on next page ...
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Study Citation: Zhao, X., Gao, Y., Qi, M. (2014). Toxicity of phthalate esters exposure to carp (Cyprinus carpio) and antioxidant response by biomarker. Ecotoxicology
23(4):626-632.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Cyprinus carpio; Adult
Health Outcome: Mechanistic-Biomarkers (exposure and effect)
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2510817
Domain Metric Rating Comments
Metric 18: Consistency of Outcome Medium Few details regarding the execution of the study protocol for outcome assessment were
Assessment reported.
Domain 6: Confounding / Variable Control
Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.
Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods Low Statistical analysis was performed but not described adequately.
Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.
Additional Comments:  None

Overall Quality Determination

Medium
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Study Citation: Chen, X., Xu, S., Tan, T, Lee, S. T.,, Cheng, S. H., Lee, F., EW,, Xu, L., S.J., Ho, K. C. (2014). Toxicity and estrogenic endocrine disrupting activity of
phthalates and their mixtures. International Journal of Environmental Research and Public Health 11(3):3156-3168.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; AB Strain; Embryo
Health Outcome: Mortality
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2298079
Domain Metric Rating Comments
Domain 1: Test Substance

Metric 1: Test Substance Identity High The CAS numbers and structures for BBP, DBP, DEHP, DIDP, and DINP are reported.

Metric 2: Test Substance Source High The sources were listed.

Metric 3: Test Substance Purity Low The purity/grade were not reported.

Domain 2: Test Design

Metric 4: Negative Controls High Both a blank control and solvent control were used in the acute bioassays.

Metric 5: Negative Control Response Low Survival of the controls were not reported.

Metric 6: Randomized Allocation Low Random allocation was not reported.

Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low Dilution of the test substance into medium was not well described (unclear if embryo
Preparation rearing medium was utilized), and the test substance was not renewed over a 72 hr pe-
riod.
Metric 8: Consistency of Exposure Medium Exposures appear to have been administered consistently.
Administration
Metric 9: Measurement of Test Substance Low Concentrations are reported as nominal.
Concentration

Metric 10: Exposure Duration and Frequency Medium Acute exposures were 72-hr for the embryos, which is slightly shorter than the standard
96-hour acute bioassay.

Metric 11: Number of Exposure Groups/ High Authors reported conducting exposures at 9 concentrations: 500, 100, 50, 10, 1.5, 0.6,

Spacing of Exposure Levels 0.3, 0.06, and 0.01 mg/L.

Metric 12: Testing at or Below Solubility Limit Low Several concentrations were above estimated solubility limits, including 3-4 treatment
concentrations (BBP, DBP) or 7 concentrations (DEHP, DIDP, and DINP). Methanol
was utilized to improve solubility.

Domain 4: Test Organism

Metric 13: Test Organism Characteristics High The source and the strain were reported, and the husbandry methods were adequately
described.

Metric 14: Acclimatization and Pretreatment Low An acclimation period was not reported.

Conditions
Metric 15: Number of Organisms and Medium Each concentration was represented by 20 embryos (1 embryo per well).

Replicates per Group

Continued on next page ...
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Study Citation: Chen, X., Xu, S., Tan, T., Lee, S. T., Cheng, S. H., Lee, F, EW., Xu, L., S.J., Ho, K. C. (2014). Toxicity and estrogenic endocrine disrupting activity of
phthalates and their mixtures. International Journal of Environmental Research and Public Health 11(3):3156-3168.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; AB Strain; Embryo
Health Outcome: Mortality
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 2298079
Domain Metric Rating Comments
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Low The 24 well plates were described but lacked details on water conditions (or use of
embryo rearing medium) and temperature.
Metric 17: Outcome Assessment Methodology Low It was not reported how mortality was determined in the embryos.
Metric 18: Consistency of Outcome High The outcome assessment appeared to be consistently conducted across treatment and
Assessment control groups at 72 hr post treatment.

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions or other non-treatment-related factors across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium Nothing was reported to indicate that animal health or attrition interfered with the bioas-
say.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods Low There were no details on LC50 estimation methods.

Metric 22: Reporting of Data Low The authors report LC50 values for BBP and DBP (and LC50 not attained for DEHP,
DINP, and DIDP). Mortality was not reported for each treatment group or for the con-
trols.

Metric 23: Explanation of Unexpected Outcomes Low No measures of variability were reported.

Additional Comments: None

Overall Quality Determination Medium
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Kinch, C. D., Kurrasch, D. M., Habibi, H. R. (2016). Adverse morphological development in embryonic zebrafish exposed to environmental concentrations

Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Study Citation:

of contaminants individually and in mixture. Aquatic Toxicology 175:286-298.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route,
Media, Path:

Taxa, Species, Age:

Vertebrate; Fish; Danio rerio; Wild Type, long tail; Embryo

Health Outcome: Development/Growth
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 3350278
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name and CAS#.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity Low The purity and/or grade of the test substance were not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported using an appropriate concurrent negative control group.
Metric 5: Negative Control Response High The biological response of the negative control group was suitable.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media High The experimental system and the methods for preparation of the test media were de-
Preparation scribed in adequate detail.
Metric 8: Consistency of Exposure High The exposures were administered consistently across study groups.
Administration
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration
Metric 10: Exposure Duration and Frequency High The duration of exposure and/or exposure frequency were reported and appropriate for
the study type.
Metric 11: Number of Exposure Groups/ N/A Only one concentration was tested.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics High The test organisms were adequately described and were obtained from a reliable source.
Metric 14: Acclimatization and Pretreatment High All pretreatment conditions were the same for control and exposed organisms.
Conditions
Metric 15: Number of Organisms and Low The number of organisms varied. It was unclear if replicates were used
Replicates per Group
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions High Environmental conditions of the test system were conducive to the maintenance of or-
ganism health.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.

Continued on next page ...
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Study Citation: Kinch, C. D., Kurrasch, D. M., Habibi, H. R. (2016). Adverse morphological development in embryonic zebrafish exposed to environmental concentrations
of contaminants individually and in mixture. Aquatic Toxicology 175:286-298.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Wild Type, long tail; Embryo
Health Outcome: Development/Growth
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 3350278
Domain Metric Rating Comments
Metric 18: Consistency of Outcome High Outcomes were assessed consistently across study groups.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures
Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical methods (including any calculations or data transformations) were clearly
described.

Metric 22: Reporting of Data High Data for exposure-related findings were presented for each treatment and control group.

Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  Results from mixtures were also reported.

Overall Quality Determination High
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Study Citation: Kinch, C. D., Kurrasch, D. M., Habibi, H. R. (2016). Adverse morphological development in embryonic zebrafish exposed to environmental concentrations
of contaminants individually and in mixture. Aquatic Toxicology 175:286-298.

Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Wild Type, long tail; Embryo

Health Outcome: Mortality

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 3350278

Domain Metric Rating Comments

Domain 1: Test Substance
Metric 1: Test Substance Identity High The chemical was identified by name and CAS#.
Metric 2: Test Substance Source Low The test substance identity was not analytically verified by the performing laboratory.
Metric 3: Test Substance Purity Low The purity and/or grade of the test substance were not reported.

Domain 2: Test Design

Metric 4: Negative Controls High Study authors reported using an appropriate concurrent negative control group.
Metric 5: Negative Control Response Low The biological response of the negative control group was not reported.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.

Domain 3: Exposure Characterization

Metric 7: Experimental System/Test Media High The experimental system and the methods for preparation of the test media were de-
Preparation scribed in adequate detail.

Metric 8: Consistency of Exposure High The exposures were administered consistently across study groups.
Administration

Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured.
Concentration

Metric 10: Exposure Duration and Frequency High The duration of exposure and/or exposure frequency were reported and appropriate for

the study type.

Metric 11: Number of Exposure Groups/ N/A Only one concentration was tested.
Spacing of Exposure Levels

Metric 12: Testing at or Below Solubility Limit High Exposure concentrations were at or below the water solubility limit.

Domain 4: Test Organism

Metric 13: Test Organism Characteristics High The test organisms were adequately described and were obtained from a reliable source.
Metric 14: Acclimatization and Pretreatment High All pretreatment conditions were the same for control and exposed organisms.

) Conditions )
Metric 15: Number of Organisms and Low The number of organisms varied. It was unclear if replicates were used.

Replicates per Group

Domain 5: Outcome Assessment

Metric 16: Adequacy of Test Conditions High Environmental conditions of the test system were conducive to the maintenance of or-
ganism health.
Metric 17: Outcome Assessment Methodology High The outcome assessment methodology reported the intended outcome of interest.
Metric 18: Consistency of Outcome High Outcomes were assessed consistently across study groups.
Assessment

Continued on next page ...
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Study Citation: Kinch, C. D., Kurrasch, D. M., Habibi, H. R. (2016). Adverse morphological development in embryonic zebrafish exposed to environmental concentrations
of contaminants individually and in mixture. Aquatic Toxicology 175:286-298.

Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Wild Type, long tail; Embryo

Health Outcome: Mortality

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 3350278

Domain Metric Rating Comments

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test High There were no reported differences among the study groups in environmental conditions.
Design and Procedures

Metric 20: Outcomes Unrelated to Exposure High There were no differences among groups.

Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods Uninformative Statistical analysis was not conducted.
Metric 22: Reporting of Data Low Data for exposure-related findings were not shown for each treatment and control group.
Metric 23: Explanation of Unexpected Outcomes High There were no unexpected outcomes.

Additional Comments:  Results from mixtures were also reported.

Overall Quality Determination Uninformative
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W., Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.
Duration: Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Cardiovascular
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High Chemicals were identified by CASRN.
Metric 2: Test Substance Source High Chemicals were purchased from Sigma-Aldrich Beijing.
Metric 3: Test Substance Purity Low Purity was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Controls with 0.1% DMSO were used.
Metric 5: Negative Control Response Low Mortality in controls was approximately 10%.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The test system was not described in any detail, and no further citation was given for
Preparation preparation of test substances. Methods mention six-well plates with 5 mL solution per
well, and six exposure concentrations per chemical. It can be inferred that the exposure
was conducted in these well plates, but no details are given.
Metric 8: Consistency of Exposure Low Details were not reported. It is not stated whether test substances were renewed during
Administration the study period or when dosing was performed.
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured, and it is not stated whether test solutions
Concentration were renewed over the course of the exposure. Based on the hydrolysis, photodegrada-
tion, and other degradation pathways of the phthalates, this is likely to have a substantial
impact on results.
Metric 10: Exposure Duration and Frequency Medium The exposure duration was 7 days; frequency of dosing was not reported, but it can be
inferred that no renewal of test substance took place.
Metric 11: Number of Exposure Groups/ High Six doses at a wide range of concentrations were chosen for each phthalate.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit Uninformative Exposures were well above the solubility limit for DEHP, 3 pg/L.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source of test animals was not reported.
Metric 14: Acclimatization and Pretreatment Low Acclimatization was not mentioned; embryos were transferred directly to plates at the
Conditions beginning of the experiment.
Metric 15: Number of Organisms and Medium Five embryos per concentration were tested in triplicate, for a total of fifteen per concen-
Replicates per Group tration.

Continued on next page ...
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Study Citation:
Chemosphere 246:125808.
Duration:
Exposure Route,
Media, Path:

Overall Duration: 0 - 4 days (0-96h); Exposure Duration: 0 - 4 days (0-96h)
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Cardiovascular
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Low Reporting of housing and experimental conditions was not reported beyond the mention
of six-well plates. Photoperiod, temperature, feeding, and other water quality character-
istics were not mentioned.
Metric 17: Outcome Assessment Methodology High Heart rate was assessed using a recording from a Nikon stereomicroscope.
Metric 18: Consistency of Outcome High There was no evidence of outcomes assessed differently across exposure groups.
Assessment
Domain 6: Confounding / Variable Control
Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions or other non-treatment-related factors across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium Outcomes unrelated to exposure were not reported.
Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods High Statistical analysis was performed via T-test in SPSS, with normality confirmed by
Kolmogorov-Smirnov.
Metric 22: Reporting of Data High Outcomes were reported for each exposure group.
Metric 23: Explanation of Unexpected Outcomes High Unexplained outcomes were not reported.
Additional Comments:  None
Overall Quality Determination Uninformative
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W., Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Mortality
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High Chemicals were identified by CASRN.
Metric 2: Test Substance Source Low Chemicals were purchased from Sigma-Aldrich Beijing, but it was not reported if they
were analytically verified.
Metric 3: Test Substance Purity Low Purity was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Controls with 0.1% DMSO were used.
Metric 5: Negative Control Response Low Mortality in controls was approximately 10%.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The test system was not described in any detail, and no further citation was given for
Preparation preparation of test substances. Methods mention six-well plates with 5 mL solution per
well, and six exposure concentrations per chemical. It can be inferred that the exposure
was conducted in these well plates, but no details are given.
Metric 8: Consistency of Exposure Low Details were not reported. It is not stated whether test substances were renewed during
Administration the study period or when dosing was performed.
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured, and it is not stated whether test solutions
Concentration were renewed over the course of the exposure. Based on the hydrolysis, photodegrada-
tion, and other degradation pathways of the phthalates, this is likely to have a substantial
impact on results.
Metric 10: Exposure Duration and Frequency Medium The exposure duration was 7 days; frequency of dosing was not reported, but it can be
inferred that no renewal of test substance took place.
Metric 11: Number of Exposure Groups/ High Six doses at a wide range of concentrations were chosen for each phthalate.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit Uninformative Test concentrations were far above the solubility limit for DEHP (3 ug/L).
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source of test animals was not reported.
Metric 14: Acclimatization and Pretreatment Low Acclimatization was not mentioned; embryos were transferred directly to plates at the

Conditions

beginning of the experiment.
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.

Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo

Health Outcome: Mortality

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 5932877

Domain Metric Rating Comments
Metric 15: Number of Organisms and Medium Five embryos per concentration were tested in triplicate, for a total of fifteen per concen-
Replicates per Group tration. There were 30 fertilized eggs per six-well plate with SmL of test solution.

Domain 5: Outcome Assessment
Metric 16: Adequacy of Test Conditions Low Reporting of housing and experimental conditions was not reported beyond the mention
of six-well plates. Photoperiod, temperature, feeding, and other water quality character-
istics were not mentioned.

Metric 17: Outcome Assessment Methodology High Mortality was assessed via microscopy.
Metric 18: Consistency of Outcome High There was no evidence of outcomes assessed differently across exposure groups.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions or other non-treatment-related factors across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium Outcomes unrelated to exposure were not reported.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical analysis was performed via T-test in SPSS, with normality confirmed by
Kolmogorov-Smirnov.

Metric 22: Reporting of Data High Outcomes were reported for each exposure group.

Metric 23: Explanation of Unexpected Outcomes Low Measures of variability were not reported for this outcome (mean only).

Additional Comments:  This evaluation is for the effect of DEHP on embryo mortality after seven days of exposure. This portion of the evaluation received an unacceptable rating
due to the test concentrations being well above the water solubility limit.

Overall Quality Determination Uninformative
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Development/Growth
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High Chemicals were identified by CASRN.
Metric 2: Test Substance Source Low Chemicals were purchased from Sigma-Aldrich Beijing, but it was not reported if they
were analytically verified.
Metric 3: Test Substance Purity Low Purity was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Controls with 0.1% DMSO were used.
Metric 5: Negative Control Response Low Mortality in controls was approximately 10%.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The test system was not described in any detail, and no further citation was given for
Preparation preparation of test substances. Methods mention six-well plates with 5 mL solution per
well, and six exposure concentrations per chemical. It can be inferred that the exposure
was conducted in these well plates, but no details are given.
Metric 8: Consistency of Exposure Low Details were not reported. It is not stated whether test substances were renewed during
Administration the study period or when dosing was performed.
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured, and it is not stated whether test solutions
Concentration were renewed over the course of the exposure. Based on the hydrolysis, photodegrada-
tion, and other degradation pathways of the phthalates, this is likely to have a substantial
impact on results.
Metric 10: Exposure Duration and Frequency Medium The exposure duration was 7 days; frequency of dosing was not reported, but it can be
inferred that no renewal of test substance took place.
Metric 11: Number of Exposure Groups/ High Six doses at a wide range of concentrations were chosen for each phthalate.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit Uninformative Exposure was well above the solubility limit for DEHP, 3 pg/L.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source of test animals was not reported.
Metric 14: Acclimatization and Pretreatment Low Acclimatization was not mentioned; embryos were transferred directly to plates at the
Conditions beginning of the experiment.
Metric 15: Number of Organisms and Medium Five embryos per concentration were tested in triplicate, for a total of fifteen per concen-
Replicates per Group tration. There were 30 fertilized eggs per six-well plate with SmL of test solution.

Domain 5: Outcome Assessment

Continued on next page...
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.

Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo

Health Outcome: Development/Growth

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 5932877

Domain Metric Rating Comments

Metric 16: Adequacy of Test Conditions Low Reporting of housing and experimental conditions was not reported beyond the mention

of six-well plates. Photoperiod, temperature, feeding, and other water quality character-
istics were not mentioned.

Metric 17: Outcome Assessment Methodology Uninformative The reported outcome was “malformations”, but only partial examples of what the au-
thors mean by this are given in the text. Bent spine and pericardial edema are given as
examples, but the text says that At 96 hpf stage, all zebrafish larvae exposed to PAEs
showed different defects” without elaboration. The rate of deformed fish is given in Fig.
5, but no detail is given on which deformations are counted and what methodology was
used to identify deformed fish. Further, it seems for DBP and BBP that dead fish were
counted in this measurement, regardless of when in the study they died. Exposures with
100% mortality are shown in the table of malformations, at the same 7-d outcome as-
sessment period. This lack of clarity renders this outcome unacceptable.

Metric 18: Consistency of Outcome High There was no evidence of outcomes assessed differently across exposure groups.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions or other non-treatment-related factors across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium Outcomes unrelated to exposure were not reported.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical analysis was performed via T-test in SPSS, with normality confirmed by
Kolmogorov-Smirnov.

Metric 22: Reporting of Data High Outcomes were reported for each exposure group.
Metric 23: Explanation of Unexpected Outcomes Low Measures of variability were not reported for this outcome (mean only).

Additional Comments:  This evaluation is for the effect of DEHP on embryo development after seven days of exposure. This portion of the study received an unacceptable
rating because the outcome assessment was unclear (See Metric 17 for detailed description) and because the test concentrations were well above the water
solubility limit for DEHP.

Overall Quality Determination Uninformative
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Behavioral
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High Chemicals were identified by CASRN.
Metric 2: Test Substance Source Low Chemicals were purchased from Sigma-Aldrich Beijing, but it was not reported if they
were analytically verified.
Metric 3: Test Substance Purity Low Purity was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Controls with 0.1% DMSO were used.
Metric 5: Negative Control Response Low Mortality in controls was approximately 10%.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The test system was not described in any detail, and no further citation was given for
Preparation preparation of test substances. Methods mention six-well plates with 5 mL solution per
well, and six exposure concentrations per chemical. It can be inferred that the exposure
was conducted in these well plates, but no details are given.
Metric 8: Consistency of Exposure Low Details were not reported. It is not stated whether test substances were renewed during
Administration the study period or when dosing was performed.
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured, and it is not stated whether test solutions
Concentration were renewed over the course of the exposure. Based on the hydrolysis, photodegrada-
tion, and other degradation pathways of the phthalates, this is likely to have a substantial
impact on results.
Metric 10: Exposure Duration and Frequency Medium The exposure duration was 7 days; frequency of dosing was not reported, but it can be
inferred that no renewal of test substance took place.
Metric 11: Number of Exposure Groups/ High Six doses at a wide range of concentrations were chosen for each phthalate.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit Uninformative Exposures were well above the solubility limit for DEHP, 3 pg/L.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source of test animals was not reported.
Metric 14: Acclimatization and Pretreatment Low Acclimatization was not mentioned; embryos were transferred directly to plates at the
Conditions beginning of the experiment.
Metric 15: Number of Organisms and Medium Five embryos per concentration were tested in triplicate, for a total of fifteen per concen-
Replicates per Group tration. There were 30 fertilized eggs per six-well plate with SmL of test solution.

Domain 5: Outcome Assessment
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.

Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days

Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Media, Path:

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo

Health Outcome: Behavioral

Chemical: Di-ethylhexyl phthalate (DEHP)

HERO ID: 5932877

Domain Metric Rating Comments

Metric 16: Adequacy of Test Conditions Low Reporting of housing and experimental conditions was not reported beyond the mention

of six-well plates. Photoperiod, temperature, feeding, and other water quality character-
istics were not mentioned.

Metric 17: Outcome Assessment Methodology High Movement rate (behavior) was assessed using a recording from a Nikon stereomicro-
scope.
Metric 18: Consistency of Outcome High There was no evidence of outcomes assessed differently across exposure groups.
Assessment

Domain 6: Confounding / Variable Control

Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions or other non-treatment-related factors across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium Outcomes unrelated to exposure were not reported.

Domain 7: Data Presentation and Analysis

Metric 21: Statistical Methods High Statistical analysis was performed via T-test in SPSS, with normality confirmed by
Kolmogorov-Smirnov.

Metric 22: Reporting of Data High Outcomes were reported for each exposure group.

Metric 23: Explanation of Unexpected Outcomes High Unexplained outcomes were not reported.

Additional Comments:  This evaluation is for behavior outcomes in embryos after exposure to DEHP. These were measured in terms of movement after the exposure. These
assessments were conducted at 24hpf. This evaluation received an unacceptable rating due to exposure concentrations being well above the water solubility
limit

Overall Quality Determination Uninformative
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Study Citation: Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.
Chemosphere 246:125808.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Mechanistic-Cell signaling/function
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity High Chemicals were identified by CASRN.
Metric 2: Test Substance Source Low Chemicals were purchased from Sigma-Aldrich Beijing, but it was not reported if they
were analytically verified.
Metric 3: Test Substance Purity Low Purity was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Controls with 0.1% DMSO were used.
Metric 5: Negative Control Response Low Controls mortality was approximately 10%.
Metric 6: Randomized Allocation Low Researchers did not report how organisms were allocated to study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The test system was not described in any detail, and no further citation was given for
Preparation preparation of test substances. Methods mention six-well plates with 5 mL solution per
well, and six exposure concentrations per chemical. It can be inferred that the exposure
was conducted in these well plates, but no details are given.
Metric 8: Consistency of Exposure Low Details were not reported. It is not stated whether test substances were renewed during
Administration the study period or when dosing was performed.
Metric 9: Measurement of Test Substance Low Exposure concentrations were not measured, and it is not stated whether test solutions
Concentration were renewed over the course of the exposure. Based on the hydrolysis, photodegrada-
tion, and other degradation pathways of the phthalates, this is likely to have a substantial
impact on results.
Metric 10: Exposure Duration and Frequency Medium The exposure duration was 7 days; frequency of dosing was not reported, but it can be
inferred that no renewal of test substance took place.
Metric 11: Number of Exposure Groups/ N/A Only one concentration was used for the gene expression study.
Spacing of Exposure Levels
Metric 12: Testing at or Below Solubility Limit Uninformative The exposure was well above the solubility limit for DEHP, 3 pg/L.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Low The source of test animals was not reported.
Metric 14: Acclimatization and Pretreatment Low Acclimatization was not mentioned; embryos were transferred directly to plates at the
Conditions beginning of the experiment.
Metric 15: Number of Organisms and Low Only one test concentration was used for the gene expression test, meaning that 5 em-
Replicates per Group bryos were used.

Domain 5: Outcome Assessment
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Study Citation:
Chemosphere 246:125808.
Duration:

Exposure Route,
Media, Path:

Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)

Pu, S. Y, Hamid, N., Ren, Y. W, Pei, D. S. (2020). Effects of phthalate acid esters on zebrafish larvae: Development and skeletal morphogenesis.

Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Mechanistic-Cell signaling/function
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 5932877
Domain Metric Rating Comments
Metric 16: Adequacy of Test Conditions Low Reporting of housing and experimental conditions was not reported beyond the mention
of six-well plates. Photoperiod, temperature, feeding, and other water quality character-
istics were not mentioned.
Metric 17: Outcome Assessment Methodology High Gene expression was quantified using qRT-PCR.
Metric 18: Consistency of Outcome High There was no evidence of outcomes assessed differently across exposure groups.
Assessment
Domain 6: Confounding / Variable Control
Metric 19: Confounding Variables in Test Low The study did not provide enough information to allow a comparison of environmental
Design and Procedures conditions or other non-treatment-related factors across study groups.
Metric 20: Outcomes Unrelated to Exposure Medium Outcomes unrelated to exposure were not reported.
Domain 7: Data Presentation and Analysis
Metric 21: Statistical Methods Uninformative Statistical analysis was not performed, and no data allowing analysis was provided for
the gene expression tests.
Metric 22: Reporting of Data High Outcomes were reported for each exposure group.
Metric 23: Explanation of Unexpected Outcomes Low Measures of variability were not reported for this outcome (mean only).

Additional Comments:  This evaluation was for the gene expression assessment performed on zebrafish embryos after exposure to DEHP. This portion of the evaluation received
an unacceptable rating due to lack of statistical analysis and because the test concentrations of DEHP were well above the water solubility limit.

Overall Quality Determination

Uninformative
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Study Citation: Thomas, D. G., Shankaran, H., Truong, L., Tanguay, R. L., Waters, K. M. (2019). Time-dependent behavioral data from zebrafish reveals novel signatures
of chemical toxicity using point of departure analysis. Computational Toxicology 9:50-60.
Duration: Overall Duration: 4 - 10 days; Exposure Duration: 4 - 10 days
Exposure Route, Aquatic (freshwater); Water; Not determined by study authors (i.e., chemical of interest in exposure water, but unable to determine exact uptake route)
Media, Path:
Taxa, Species, Age: Vertebrate; Fish; Danio rerio; Embryo
Health Outcome: Mortality
Chemical: Di-ethylhexyl phthalate (DEHP)
HERO ID: 8635978
Domain Metric Rating Comments
Domain 1: Test Substance
Metric 1: Test Substance Identity Low The test substance was identified by name only.
Metric 2: Test Substance Source Low The source of the test substance was not reported, nor was it reported to be analytically
verified.
Metric 3: Test Substance Purity Low The purity was not reported.
Domain 2: Test Design
Metric 4: Negative Controls High Study authors reported the use of and appropriate concurrent negative control.
Metric 5: Negative Control Response Low The negative control response was not reported.
Metric 6: Randomized Allocation Low It was not reported how the embryos were allocated into study groups.
Domain 3: Exposure Characterization
Metric 7: Experimental System/Test Media Low The experimental system was not reported in great detail, nor was the preparation of the
Preparation test solutions.
Metric 8: Consistency of Exposure Low Little details of the exposure administration were reported.
Administration
Metric 9: Measurement of Test Substance Low It was not reported if the test concentrations were measured at any point.
Concentration
Metric 10: Exposure Duration and Frequency High The study duration was reported to be up 120hpf. Samples were also taken at 24hpf.
This was adequate to observe the outcomes of interest.
Metric 11: Number of Exposure Groups/ High It was reported there were five test concentrations that increased by a factor of 10. There
Spacing of Exposure Levels were two replicates per test concentration.
Metric 12: Testing at or Below Solubility Limit High Test concentrations were below the water solubility limit.
Domain 4: Test Organism
Metric 13: Test Organism Characteristics Medium It was reported that zebrafish were raised at Oregon State University Sinnhuber Aquatic
Laboratory in Corvallis, OR. It is unclear if the zebrafish were obtained from another lab
and raised solely for this study, or if they were cultured at the facility long term.
Metric 14: Acclimatization and Pretreatment Low It was not reported if zebrafish were acclimated at any point.
Conditions
Metric 15: Number of Organisms and Medium There were 32 total embryos exposed to each test concentration split into two replicates.
Replicates per Group

Domain 5: Outcome Assessment
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Study Citation: Thomas, D. G., Shankaran, H., Truong, L., Tanguay, R. L., Waters, K. M. (2019). Time-dependent behavioral data from zebrafish reveals novel signatures
of chemic