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SUBJECT: Response to Comments by the Office of Environmental Health Hazard Assessment 
on DPR’s 2021 Draft Risk Characterization Document for Fipronil 

Background 

At the request of the Department of Pesticide Regulation (DPR), the Office of Environmental 
Health Hazard Assessment (OEHHA) reviewed the January 2021 Draft Risk Characterization 
Document (RCD) for Fipronil. OEHHA was asked to respond to a series of charge questions 
covering the hazard identification, exposure assessment, risk characterization, and worker and 
home user margins of exposure, and provided comments to DPR on May 13, 2021. 

This memorandum summarizes DPR’s responses to OEHHA’s comments on the draft RCD in an 
itemized fashion and is divided into the following sections: Detailed Comments; Response to 
Charge Statements; and Other Comments. Corresponding revisions were also made to the final 
RCD and its appendices as appropriate. Responses specific to the exposure assessment (other 
than dietary exposure assessment) are detailed in a separate memorandum. 

Note that references cited in this memorandum are specific to OEHHA comments or DPR’s 
response, and not necessarily duplications of those in the draft or final RCD. Likewise, every 
effort has been made to ensure that any references to tables found in the draft or final RCD are 
clear. Tables specific to this memorandum are numbered independently of the RCD. All 
OEHHA comments in this memorandum are direct quotes from the documents, which can be 
found at 
https://oehha.ca.gov/media/downloads/pesticides/document/fipronilcomments051321.pdf. 

https://oehha.ca.gov/media/downloads/pesticides/document/fipronilcomments051321.pdf
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OEHHA Detailed Comments – Toxicity Evaluation and Risk Assessment 

1. Non-cancer Toxicity Evaluation and Point of Departure Determination 
a. Pharmacokinetics 
OEHHA Comment: The absorption, distribution, metabolism, and excretion of fipronil are 
adequately addressed in the draft RCD …  

DPR Response: Comments on this point are noted. 

b. General Approaches 
OEHHA Comment: The draft RCD derives critical toxicity endpoints for only the parent 
compound fipronil; OEHHA agrees that PODs based on the parent compound will be protective 
of the major metabolites as well. There is also limited information regarding the toxicity of 
fipronil through the dermal and inhalation routes, but the available data suggest these routes are 
not more toxic than the oral route. For this reason, OEHHA agrees with the use of the oral PODs 
to assess inhalation and dermal exposure pathways. 

DPR Response: Comments on this point are noted. 

c. Acute Toxicity 
OEHHA Comment: The draft RCD selected the acute neurotoxicity study reported by Hughes 
(1997) as the critical study and the decreased hindlimb splay reported in male rats 7 hours post-
dosing via oral gavage as the critical endpoint. The study NOAEL was 2.5 mg/kg-day with a 
Lowest-Observed-Adverse-Effect Level (LOAEL) of 7.5 mg/kg-day. The NOAEL was also 
based on decreased weight gain and food consumption in females during week 1 following 
treatment. DPR used Benchmark Dose (BMD) modeling with a 10% benchmark response 
(BMDL10) and derived a critical acute POD of 0.87 mg/kg-day. The critical acute POD is higher 
than other potential acute PODs discussed in the draft, but DPR’s rationale for chosing [sic] the 
study over others included less uncertainty in the dose range between the NOAEL and LOAEL, 
the relevance of the critical effect to human health, and uncertainties in the other studies that 
limited their utility for acute POD derivation. OEHHA concurs with DPR’s use of BMD 
modeling for this dataset, as BMD modeling can overcome some of the limitations of the 
NOAEL/LOAEL approach, and male rats exhibited a dose-dependent but non-statistically 
significant decrease in hindlimb splay at the study NOAEL. The draft RCD cites more 
confidence in this study over other potential PODs in large part due to it being amenable to BMD 
modeling. However, as discussed in the following paragraphs, OEHHA does not agree with the 
acute POD selected … 

An acute neurotoxicity study in rats (Gill et al., 1993) with a similar study design showed a 
lower NOAEL of 0.5 mg/kg-day for the same endpoint. The draft RCD cited the 10-fold 
difference between the NOAEL and LOAEL as a source of uncertainty and reasoning for not 
using this lower value to derive an acute POD. However, it should be noted that there are 
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uncertainties in the study design and NOAELs in both the Hughes (1997) and Gill (1993) studies 
because they might not have captured the peak effects of the treatment. Based on the Time Of 
Peak Effects (TOPE) probe study conducted by Gill (1993), at 50 and 80 mg/kg, neurotoxic 
effects were observed as early as 2 hours post dosing, with convulsions and tremors readily 
apparent at 4-5 hours post dosing. In a similar TOPE study conducted by Hughes (1997), at 25 
mg/kg, neurotoxic effects were seen at 4 hours post dosing. It is possible that for both studies, 
neurotoxicity testing using a functional observation battery (FOB) at 7 hours post-dosing might 
have missed the most severe effects … 

DPR Response: DPR did not use the Gill (1993) study to establish a critical acute POD for 
the following reasons: 
1. Because of the study design dose selection, the no observed effect level (NOEL) of 0.5 

mg/kg-day was 10-fold lower than the lowest observed effect level (LOEL), which was 
based on neurobehavioral signs (decreased hindlimb splay, rearing and approach 
response). Therefore, the true NOEL could be closer to the LOEL of 5 mg/kg/day. BMD 
modeling is preferred over the traditional NOEL/LOEL approach to establishing points of 
departure (PODs), especially when a large gap exists between the NOEL and LOEL. 
However, a statistically acceptable Benchmark Dose (BMD) model could not be 
identified for hindlimb splay data from the Gill study.  

2. The dose gap in Gill (1993) triggered the second acute neurotoxicity study by Hughes 
(1997). This study featured more closely spaced doses and confirmed that hindlimb splay 
was the most sensitive endpoint. While non-significant variations in hindlimb splay were 
observed at the NOEL in both studies (0.5 mg/kg in Gill, 2.5 mg/kg in Hughes), 
modeling the Hughes dataset incorporated the effects at the study NOEL and generated a 
statistically acceptable BMDL. 

3. The experimentally determined time to peak effect (TOPE) of 7 hours from both studies 
was based on the highest incidence of neurobehavioral changes (convulsions, chewing, 
licking and wet anogenital region). The Appraisal section of the draft RCD detailed the 
uncertainty regarding TOPE for hindlimb splay, specifically that the TOPE may have 
occurred at a different time than that for convulsions. Nevertheless, DPR selected Hughes 
(1997) as the most reliable study for the critical acute POD among the available studies 
with acute and short-term effects. 

OEHHA Comment, continued: In a chronic oral study, Aughton (1993) observed significantly 
decreased thyroid hormone thyroxine (T4) levels after one week of fipronil exposure at 0.06 
mg/kg-day in male rats and 1.6 mg/kg-day in female rats, with NOAELs of 0.02 mg/kg-day and 
0.08 mg/kg-day for males and females, respectively. In addition to lower T4 levels, convulsions 
were observed in three males in the 0.06 mg/kg-day dose group during the first few weeks of 
treatment. There was discussion in the draft RCD surrounding the decision not to use this dataset 
to derive an acute POD, which includes the NOAEL being higher in females, and the reasoning 
that short-term changes in thyroid hormone levels are not likely deleterious to adults. OEHHA 
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disagrees with these statements. Placental transfer of maternal thyroid hormones is critical in 
early embryonic development and up until maturation of the fetal thyroid gland. A decrease in 
maternal serum T4 even for a short period can have detrimental effect on the neurodevelopment 
of the fetus (OEHHA, 2015; Miranda and Sousa, 2018). If decreased serum T4 were selected as 
the critical endpoint, an acute oral POD of 0.02 mg/kg-day or 0.08 mg/kg-day could be 
determined. 

DPR Response: Convulsions were observed in the Aughton (1993) study in males at 0.06 
mg/kg/day during weeks 23, 61 and 69. DPR considers these exposure durations to be 
subchronic. Other studies indicate that convulsions typically occur above 1 mg/kg/day 
following acute exposures (2–3 mg/kg/day in dogs following oral administration, 4.8 
mg/kg/day in rats following inhalation administration, and 50 mg/kg/day in rats following 
oral administration) (Holmes, 1992; Gill et al., 1993; Holmes, 1993; Adamo-Trigiani, 1999). 
In the acute oral neurotoxicity study by Gill, hindlimb splay was a more sensitive endpoint 
than convulsions (POD of 0.5 mg/kg/day for splay compared to 50 mg/kg/day for 
convulsions). Doses up to 25 mg/kg/day did not result in convulsions in the Hughes study 
(Gill et al., 1993; Hughes, 1997). Acute neurotoxic effects have also been also observed in 
rodents at higher dose levels (5-25 mg/kg/day) (Freeborn et al., 2015; Maeda et al., 2021). 

The thyroxine (T4) reductions observed in male and female CD rats after one week of 
exposure (NOEL/LOEL = 0.02/0.06 and 0.08/1.6 mg/kg-day, respectively) were not selected 
as the critical effect (Aughton, 1993). The 20-fold gap between the observed NOEL and 
LOEL, however, leaves the possibility that the true NOEL could have been higher in female 
rats than what was documented in the study. Reduced T4 levels in pregnant females, even for 
short periods of time, may result in developmental effects in the unborn child. However, 
thyroid dependent developmental toxicity is less likely in humans because of the presence of 
thyroid binding globulin which buffers fluctuations in circulating T4 levels. 

OEHHA Comment, continued: The importance of protecting the fetus and developing neonatal 
brain is highlighted by a comparative thyroid assay (CTA) in pregnant rats and their offspring 
reported by Coder (2019). The study showed dosing at the LOAEL of 1 mg/kg-day fipronil in 
pregnant female rats had a non-significant effect on T4 in the dams at gestational day 20 yet 
caused a statistically significant 19% reduction in T4 in their fetuses at the same time point. The 
NOAEL for T4 effects in the fetus equated to a maternal dose of 0.3 mg/kg-day. This shows the 
rat fetus is more susceptible to thyroid hormone disruption caused by fipronil than the dam, and 
there is a potential hazard to the fetus at the LOAEL of 1 mg/kg-day which is close to the acute 
POD of 0.87 mg/kg-day. 

The draft RCD cites uncertainty in the thyroid hormone measurements from this study as a basis 
for not considering it for POD selection, based on an ion ratio analysis requested by US EPA. 
However, the toxicological significance of the findings of this study are supported by statements 
in the draft RCD, stating that the changes in measured thyroid hormone levels following 
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treatment with fipronil in the CTA study were consistent with effects measured in similar dose 
groups in other animal toxicity studies, that many of the failed samples were just outside of the 
tolerable range for the ion ratio analysis, and the accompanying effects on thyroid weight and 
histopathology at higher doses in the study suggested that changes in thyroid hormone levels 
were representative of potential physiological or pathological change. While the draft RCD used 
the ion ration analysis to “preclude the use of the acute results from the CTA to derive a 
quantitative acute POD,” this approach is inconsistent with US EPA who selected NOAELs for 
thyroid hormone disruption from Coder (2019) for both maternal (0.3 mg/kg-day) and offspring 
(1 mg/kg-day) as critical PODs for short and intermediate term assessments, depending on the 
population being assessed. 

DPR Response: T4 levels in GD 20 fetuses as a percentage of controls were 100%, 84%, 
92%, 81%*, and 70%** at 0, 0.1, 0.3, 1 and 3 mg/kg-day, respectively (Coder, 2019). 
Comparable T4 levels in GD 20 dams were 100%, 89%, 111%, 91% and 72%** (*, **p < 
0.05, 0.01 respectively). While DPR assigned a lower fetal than maternal LOEL (as reflected 
by the statistically significant 19% T4 reduction at 1 mg/kg-day), the data did not clearly 
demonstrate increased fetal T4 sensitivity to fipronil. 

With respect to the ion ratio determinations, DPR concluded that the T4 findings in the 
comparative thyroid assay were not reliable for quantitative use. As discussed in the draft 
RCD, 286 of 855 T4 measurements (33%) were outside the ion ratio tolerance established by 
the authors, with the number of failed measurements in different exposure groups ranging 
from 0 to 88.2%. Nonetheless, the changes in thyroid weight and histopathology in dams and 
pups at 1 and 3 mg/kg/day were likely due to disrupted thyroid homeostasis. All considered, 
the comparative thyroid assay data can be evidence of a general sensitivity in the 0.3 – 3 
mg/kg-day range. It is worth noting that the US Environmental Protection Agency (US EPA) 
set maternal and fetal NOAELs at 0.3 and 1 mg/kg-day, respectively, which is opposite of 
DPR’s designations. US EPA did not consider increased fetal susceptibility as an effect of 
fipronil exposure. In fact, US EPA also reduced the toxicodynamic portion of the default 
intraspecies uncertainty factor from 10 to 3, citing  unique sensitivity in adult rats to thyroid 
hormone perturbations compared to juvenile rats and humans (US EPA, 2020). 

Because of the similarity of the Coder (2019) fetal NOEL of 0.3 mg/kg-day and DPR’s 
critical acute BMDL value derived from Hughes (1997), DPR’s values combined with the 
appropriate intrahuman uncertainty factors would protect fetuses from any temporal fetal T4 
reductions. 

OEHHA Comment, continued: A teratology study in rabbits showed a decrease in maternal 
body weight gain within two days of treatment, with a NOAEL of 0.1 mg/kg-day (King, 1990). 
While the effect at 0.1 mg/kg-day was not statistically significant, it still represented a 33% 
reduction in body weight gain at that dose. The higher doses, at 0.2 mg/kg-day, 0.5 mg/kg-day, 
and 1.0 mg/kg-day, all caused statistically significant reductions in body weight gain over the 
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first 2 days of fipronil treatment. Maternal T4 was not measured in this study. While no 
teratogenicity from fipronil exposure was observed in the fetuses in this study, decrements in 
body weight gain in the pregnant dam suggest pregnancy may be an especially susceptible life 
stage to fipronil toxicity. Furthermore, severe effects on maternal body weight during pregnancy 
could lead to adverse developmental or neurodevelopmental effects of offspring. 

DPR Response: DPR ultimately concluded that the bodyweight data from the King (1990) 
rabbit developmental toxicity study was unreliable for critical endpoint determination. First, 
deficits in maternal bodyweight gain during gestation, while consistently significant by 
pairwise comparison did not show a clear dose dependence, particularly at 0.1 and 0.2 
mg/kg-day. In addition, bodyweight gains in any dose group did not exceed 10% of the total 
bodyweight of the does over the entire exposure period (gestation day (GD) 6–20). Control 
animals weighed 3.95 grams on GD 6 and 4.25 grams on GD 20 (a 7.6% increase). The 
equivalent values at the high dose were 3.89 grams and 3.98 grams, respectively (a 2.3% 
increase). The toxicological significance of such small differences is unclear. The gestational 
bodyweight gain deficits were likely due to changes in food consumption over the exposure 
period. This was particularly evident at the two highest doses, where the deficits gained 
pairwise significance over GD 13–19 (see Table 20 in the draft RCD). Nonetheless, the 
toxicological significance of slight effects on bodyweight gain associated with reduced food 
consumption is unclear, especially since no developmental effects were noted at any dose 
level in this study. 

OEHHA Comment, continued: …OEHHA suggests including the results from the 
developmental neurotoxicity (DNT) study in rats (Mandella, 1995) when considering the health 
protectiveness of the acute oral POD. The study derived a NOAEL for developmental 
neurotoxicity of 0.05 mg/kg-day and a LOAEL of 0.9 mg/kg-day. Even though a repeated 
exposure protocol was used in the study, we cannot be certain that the developmental 
neurotoxicity observed in the offspring was not caused by a single or short-term exposure on a 
sensitive day (whichever day that may have been during the prenatal or lactation periods) for the 
observed outcomes. Because the acute oral POD of 0.87 mg/kg-day is so close to the LOAEL of 
0.9 mg/kg-day, there is a concern that the POD is not sufficiently health protective … 

DPR Response: The developmental NOEL/LOEL of 0.05/0.9 mg/kg-day in the Mandella 
(1995) study were based on decreased pup bodyweights, delayed preputial separation, and 
decreased maximum startle response. These effects are likely indicative of developmental 
toxicity, especially since they occurred at doses lower than the maternal toxicity endpoints 
(maternal NOEL/LOEL = 0.9/15 mg/kg-day). However, due to the extended exposure period 
of 25 days (GD 6 through lactation day 10), these were neither acute nor short-term in nature. 

The delayed preputial separation was likely related to the reduced body weights of the male 
pups, and thus required repeated exposures (see page 117 of the draft RCD). Decreased 
maximum startle response may also be a function of fetal growth status, although this is less 
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supported. BMD analysis of the pup bodyweight data generated a BMDL05 of 0.334 
mg/kg/day, a value closer to the LOEL of 0.9 mg/kg-day and much higher than the study 
NOEL of 0.05 mg/kg-day. Any pup effect dependent on bodyweight decrements would likely 
require repeated exposures. DPR attempted to calculate BMDL values for other endpoints in 
this study. The startle response and preputial separation did not result in reliable models, and 
female pup brain weights on post-natal day (PND) 11 resulted in a BMDL similar to that for 
reduced pup bodyweight. Finally, the 18-fold dose gap between the developmental NOEL 
and LOEL places additional uncertainty into the NOEL determination. 

To summarize, DPR considered the Mandella developmental NOEL to be relevant to 
subchronic scenarios. The critical subchronic endpoint of 0.02 mg/kg-day based on decreased 
T4 and convulsions in rats (Aughton, 1993) is expected to be protective of the developmental 
endpoints indicated by Mandella. 

d. Subchronic and Chronic Toxicity 
OEHHA Comment: OEHHA agrees that this critical POD is appropriate and health protective 
for assessing both subchronic and chronic exposures to fipronil. 

DPR Response: Comments on this point are noted. 

e. Reproductive and Developmental Toxicity 
OEHHA Comment: The developmental study database for fipronil includes teratology studies 
in rats and rabbits, a developmental neurotoxicity (DNT) study in rats, and the CTA assay in 
pregnant rats. In general, OEHHA agrees with the interpretation of the major effects of these 
studies. However, OEHHA suggests that all developmental toxicity studies (including DNT) and 
the CTA assay (Coder, 2019) be considered quantitatively for acute and subchronic PODs, as we 
have outlined in the acute toxicity section (II.A.1.c) of this report. This is supported by section 
VII.A.5. of the draft fipronil RCD, where it is clearly stated that even short duration deficits in 
thyroid hormone during specific times in development can cause irreversible brain damage, and 
that damagingly low levels of thyroid hormone in the neonate can be associated with maternal 
levels appearing in the normal range (Bernal, 2015 and OEHHA, 2015, as cited in DPR, 2020). 

DPR Response: Short duration deficits in thyroid hormone levels during development may 
present serious hazards to the fetus. However, both the subchronic and chronic risk 
evaluations are based on measurements of T4 reductions in male rats at 0.06 mg/kg/day, 
resulting in NOELs of 0.02 mg/kg/day for both exposure durations (Aughton, 1993). These 
NOELs are lower than any of the PODs established in the developmental toxicity studies. 
However, DPR did not base the acute/short term POD on this value or on other values 
derived from developmental studies for reasons detailed in above responses. 

1. Genotoxicity 
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OEHHA Comment: OEHHA disagrees with the conclusion in the draft RCD that fipronil is not 
genotoxic. There are five in vivo studies that showed fipronil was genotoxic in mammals (four 
included in the draft RCD and one additional study identified by OEHHA below) causing DNA 
strand breaks, and some of the studies showed positive results in chromosomal aberration or 
micronuclei tests (Appendix I). In other in vivo studies, the chemical was also shown to be 
genotoxic in other species, such as bird, fish, and fruit fly. 

In many in vitro test systems, fipronil caused DNA damage, DNA alterations, chromosomal 
aberration, micronuclei, and other chromosomal effects (Appendix 1). In particular, fipronil 
induced DNA strand breaks and chromosomal damage in human peripheral blood lymphocytes 
and laryngeal mucosal cells. These positive studies in primary human cells are important per 
IARC’s Preamble, which states that in evaluating mechanistic data for carcinogenicity, “[s]tudies 
in exposed humans and in human primary cells or tissues that incorporate end-points relevant to 
key characteristics of carcinogens are emphasized when available.” OEHHA found that no 
cytotoxicity or presence of oxidative stress markers were reported in most of these studies at the 
lowest doses that indicated positive results for genotoxicity. A summary table of the in vivo and 
in vitro genotoxicity tests as listed in the draft RCD and OEHHA’s interpretation of them is 
included in Appendix 1 of this report. Using the weight of evidence approach, OEHHA 
determined there is evidence to show fipronil is genotoxic. 

DPR Response: DPR reviewed all published studies with genotoxic endpoints and updated 
the genotoxicity section of the final RCD. Analysis of the five genotoxicity studies 
mentioned by OEHHA are described below. Three of the 5 studies were excluded because 
they lacked information on the purity of the test compound, used formulated pesticides, or 
used improper controls (de Oliveira et al., 2012; Girgis and Yassa, 2013; Lovinskaya et al., 
2016). The remaining two studies (Khan et al., 2015; Badgujar et al., 2016) provided 
evidence that fipronil induced DNA damage and clastogenicity in rats and mice in the 
presence of oxidative stress and/or apoptosis (Khan et al., 2015). However, DPR noted 
methodological deficiencies in these studies that limited the reliability of their overall 
conclusions. Evaluation of each study is detailed below. 

1. de Oliviera et al., (2012). DPR excluded this study from the weight of evidence analysis 
for genotoxicity because: 

a. The test compound was an 80% fipronil-formulated product and therefore 
contained 20% other ingredients that were not identified or tested separately for 
genotoxicity. 

b. Instead of using the solvent of the formulation as a negative control, the study’s
control animals were treated only with water.  

c. Deaths or animals in an agonal state were not mentioned in the study, despite the 
use of doses at 100%, 50% and 30% of the stated LD50. 

d. The descriptions of the methods and the results raise concerns. For example, the
incidence of clouds, also called ghost cells observed in Comet assays was not 
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indicated, despite recommendations for Comet assay reporting (Kumaravel et al.,
2009). 

2. Girgis and Yassa (2013). DPR excluded this study from the weight of evidence analysis 
for genotoxicity because: 

a. The test compound appeared to be a fipronil-formulated product with unknown 
percent purity. The identities and respective concentrations of other chemicals in 
the product were not described. 

b. The history of the product (including storage and preparation of dosing solutions) 
was not described. 

c. The description of the test animals and study conduct is inadequate. No 
information was provided concerning the age of rats, vehicle and method of 
administration, or whether the negative control was treated with the vehicle. 

d. The descriptions of the methods used for the cytogenetic analyses and 
micronuclei assays are inadequate. For example, references cited for the assays do 
not describe the nonfluorescent staining method indicated by the report's 
photograph of bone marrow cells. In addition, the micronucleus data raise 
concerns: the negative-control values are significantly greater than would be 
expected; and the maximum incidence occurred at 96 h post dosing whereas 
typically the maximum occurs at ~48 h post dosing following a single exposure to 
many known genotoxicants (US EPA, 2012b). 

e. The research was published in a journal dedicated to ecological research, which 
may not follow existing genotoxicity testing standards. 

3. Khan et al., (2015). This study met DPR’s minimum data acceptance criteria. A decrease 
in sperm density, motility, viability, and acrosome integrity and a change in sperm 
morphology was reported in rats after 28 consecutive days of fipronil administration via 
gavage. Reactive oxygen species and lipid peroxidation occurred at all doses. It should be 
noted that this study was not designed to test fipronil’s mutagenic potential to somatic 
cells in the testis, because spermatozoa were studied. However, it may provide evidence 
of reproductive toxicity (details are described in the Reproductive Studies Published in 
Literature section of the draft and final RCDs). The investigators proposed that fipronil 
caused male reproductive toxicity through oxidative stress-induced DNA damage and 
apoptosis in spermatozoa. This was based on assays showing formation of ROS and lipid 
peroxidation, and Annexin V binding as a measure of apoptosis in spermatozoa. DPR has 
concerns regarding the reliability of the study results because the Comet assay lacked a 
positive control, testicular histology did not appear to follow standard protocols (e.g., US 
EPA or OECD guidance), and because background rates or incidences of DNA breakage 
in spermatozoa were not noted as a natural phenomenon.  

4. Badgujar et al., (2016). This study met DPR’s minimum data acceptance criteria. Rats 
and mice were exposed once by gavage to fipronil in corn oil and sacrificed 24 hours 
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later. Fipronil was positive in two species and in both sexes for clastogenicity: 1) 
induction of micronucleus formation in bone-marrow erythrocytes in mice; 2) cytogenetic 
changes in rat bone-marrow cells; and 3) DNA damage in WBCs in peripheral blood of 
rats (increased tail length in Comet assay). The clastogenicity occurred in the absence of 
significant cytotoxicity in the bone-marrow micronucleus assay. In the rat study, 
cytotoxicity was not investigated. Overall, this study did not show that fipronil acts 
directly on DNA, rather that DNA damage was mediated through oxidative stress (based 
on the finding that pretreatment with vitamin E decreased fipronil-induced cytogenic and 
DNA damage in both rats and mice). DPR has concerns regarding the reliability of this 
study, including the indicated small gavage volume (approximately 20–25 µL per 
mouse). Such small gavage volume may not deliver reliably the intended dose. In 
addition, the effects on the mitotic index were not investigated and the data for 
chromosomal aberrations were provided graphically in a pooled form and not by the 
individual categories of aberrations, which prevented more informative analysis of 
individual results.  

5. Lovinskaya et al., (2016). DPR excluded this study from the weight of evidence analysis 
for genotoxicity because the test material appeared to be a formulated product for which 
the fipronil concentration was not stated and the identities and respective concentrations 
of other chemicals in the product were not indicated, and water was used as a vehicle 
with no mention of solvents. 

OEHHA Comment, continued: OEHHA identified several additional genotoxicity studies that 
are not in the draft RCD through a quick review of the literature. They are listed below. We 
suggest a thorough search to identify any additional genotoxicity studies be performed. 

DPR Response: DPR reviewed all published studies with genotoxic endpoints including the 
studies identified by OEHHA, screened each study for appropriateness for use in human 
health risk assessment, and updated the genotoxicity section of the final RCD accordingly. 
Most of the publications cited by OEHHA used atypical test species (e.g., birds, fish, plants) 
that limited their utility for determination of genotoxicity for human health risk assessment. 
In addition, these studies had other deficiencies, such as not identifying the percent active 
ingredient and vehicle, not having appropriate controls, or testing commercial products that 
contained unidentified ingredients not tested separately or collectively for genotoxicity. None 
of the studies identified by OEHHA could be used in the weight of evidence for genotoxicity. 
The specific reasons for excluding each study are detailed below: 

• Girgis and Yassa (2013). The investigators used a relevant test system (rats), 
however, the test material appeared to be a formulated product for which the fipronil 
concentration was not stated and the identities and respective concentrations of other 
chemicals in the product, including the vehicle were not described. 
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• Mohammed et al., (2016). In addition to using an atypical test organism (Japanese 
quails), the control group in this study received only water, which was not an 
appropriate control for the treated groups that received 20% fipronil formulation.  

• Ardeshir et al., (2019). This study used Caspian white fish, which is not a relevant 
test species for human health risk assessment and used ground water as a control. 

• de Castilhos Ghisi Nde et al., (2011). In addition to using an atypical test organism
(Caspian white fish), this study used a 9% fipronil formulation without proper 
formulation controls.  

• Karaismailoglu (2017). The test species was onion and the test material appeared to 
be a formulated product for which the fipronil concentration was not stated and the 
identities and respective concentrations of other chemicals in the product, including 
the vehicle were not described. 

• Ucar et al., (2021). In addition to the test species (rainbow trout), and the test 
material appeared to be a formulated product for which the fipronil concentration was 
not stated and the identities and respective concentrations of other chemicals in the 
product were not described. 

• Ziliotto et al., (2017). A 9.8% fipronil formulation was used without a vehicle control 
(untreated dogs were the only controls) and the identities and respective 
concentrations of other chemicals in the product were not described. In addition, the 
formulation also contained methoprene, a growth regulator used as an insecticide 
which could confound the results. Finally, authors stated that the results are negative. 

2. Mechanistic Data 
OEHHA Comment: OEHHA suggests that the analysis of data for fipronil in ToxCast/Tox21 
be updated. The draft RCD states that fipronil is active in 134 of 667 high-throughput screening 
assays in ToxCast mostly associated with metabolism, elimination, inflammation, cell cycle 
regulation, and fatty liver disease. However, as of March 25, 2021, fipronil is active in 292/957 
ToxCast/Tox21 assays. The present data include active assays for DNA binding and other 
important biological endpoints. These mechanistic data should be reviewed and added to the 
weight of evidence in determining the carcinogenicity of fipronil. 

DPR Response: DPR revised the fipronil ToxCast analysis with the latest version of the 
CompTox Dashboard. This analysis has been updated in the final RCD. Regarding ToxCast, 
fipronil was active in DNA binding assays that showed altered binding of transcription 
factors to DNA. These assays do not measure covalent binding to DNA, which would be 
indicative of mutagenicity. Therefore, the DNA binding assays in ToxCast did not show 
evidence of direct fipronil-DNA reactivity. Assays related to mutagenicity were positive only 
at exposure concentrations 2.5- to 7.2-times higher than the cytotoxic limit (AC50 > 11.72 
µM) for fipronil. 

3. Carcinogenicity 
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OEHHA Comment: OEHHA reviewed the cancer bioassay in rats (Aughton, 1993) and found 
fipronil caused thyroid follicular cell adenomas and carcinomas in male and female rats. 
OEHHA disagrees with the draft RCD that these tumors are not likely relevant to humans and 
can be evaluated using a threshold approach. The guidance from IARC (1999) discusses the 
induction of follicular cell tumors in rodents through various mechanisms (e.g., genotoxicity, 
thyroid hormone imbalance). Specifically, IARC noted all the following criteria must be met for 
identifying a chemical as causing thyroid follicular-cell neoplasia in rats ‘solely through 
hormonal imbalance. 

• There is a lack of genotoxic activity (agent and/or metabolite) based on an overall
evaluation of in-vitro and in-vivo data. 

• The presence of hormone imbalance has been demonstrated under the conditions of the
carcinogenicity assay. 

• The mechanism whereby the agent leads to hormone imbalance has been defined.’

As discussed in the genotoxicity section, OEHHA has determined that fipronil is genotoxic and 
this finding makes the first criterion not fulfilled. It is possible that multiple mechanisms are 
operative in the induction of thyroid tumors by fipronil, including genotoxic mechanisms, such 
as chromosomal changes, as well as mechanisms resulting in disruption of the hypothalamus-
pituitary-thyroid axis. This possibility is strengthened by the observation of liver hepatocellular 
carcinomas in male mice in other cancer bioassays (Broadmeadow, 1993) and the data from 
ToxCast (see II.A.3) indicating direct DNA interacting mechanisms could be operative.  

DPR Response: The current genotoxicity database for fipronil consists of 6 registrant 
submitted studies and 20 studies published in the open literature (latest systematic literature 
review conducted on June 16, 2022). All 10 papers identified by OEHHA were captured in 
the DPR’s literature search. In the registrant studies, fipronil was negative in all in vivo and 
in vitro assays, except for one test where in vitro chromosomal aberrations were seen at 
concentrations that also caused cytotoxicity. Of the 20 published studies with genotoxic 
endpoints, 17 had experimental, design or reporting issues that would preclude their use in 
human health risk assessment (see Appendix I. of this document). The 3 remaining 
publications that met DPR’s minimum data acceptance criteria showed genotoxicity results 
in association with apoptosis, cytotoxicity, or indirect evidence of oxidative stress (Khan et 
al., 2015; Badgujar et al., 2016; Quesnot et al., 2016). In no case mutagenicity was directly 
implicated. When applying the IARC criteria (1999), the overall evaluation of registrant-
submitted and published toxicity studies and the ToxCast database did not show evidence for 
direct genotoxic activity. 

OEHHA Comment, continued: The draft RCD does not conduct a linear dose response 
analysis of the rat thyroid tumor data, and instead states that “the critical chronic POD of 0.02 
mg/kg/day based partly on the precursor event for tumors at 0.06 mg/kg/day will be protective of 
any possible tumor formation in humans.” For the reasons provided, OEHHA recommends the 
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thyroid follicular cell adenoma and carcinoma data should be evaluated by a linearized 
multistage model. 

DPR Response: DPR considered a threshold approach based on depressed T4 and elevated 
TSH levels in rats to be the most appropriate methodology for evaluating the risk of thyroid 
tumorigenesis in humans. This was based on a series of biological considerations outlined in 
the RCD indicating that disruption of the hypothalamus-pituitary-thyroid (HPT) axis is the 
main driver for oncogenesis. Application of linearized multistage modeling is not supported 
by the data from the Aughton study and other fipronil studies. First, mutagenicity as a 
guideline criterion for linearized modeling, was unlikely, as explained above and in the RCD. 
Second, there is evidence for a well-supported biological mode of action (e.g., disruption of 
the HPT axis) which preclude modeling. Third, a statistically appropriate linearization of the 
tumor incidence data would have been problematic because pairwise significance was 
evident only at the high dose. In conclusion, threshold analysis is the most scientifically 
defensible approach to oncogenic risk evaluation for fipronil. 

OEHHA Comments, continued: OEHHA has additional concerns about the adequacy of the rat 
cancer bioassays to fully assess the carcinogenic potential of fipronil, as the study duration was 
only 89-91 weeks, which is shorter than the recommended 104 weeks for a rat cancer bioassay 
and considered a less-than-lifetime study. It is possible that more thyroid tumors might have 
been observed if the study duration had been extended to 104 weeks. This is particularly 
concerning as the LOAEL for thyroid hormone disruption, which was considered the precursor 
event in the draft RCD, is the same as the LOAEL for tumor formation (0.06 mg/kg-day). 

DPR Response: As noted in the draft RCD, the oncogenicity phase was shortened from 104 
weeks to 89 weeks (males) or 91 weeks (females) due to poor survival of both controls and 
treated rats in the Aughton (1993) study. DPR considers 89–91 weeks sufficient in CD rats to 
qualify as a lifetime cancer bioassay. The combined incidence of thyroid follicular adenomas 
and carcinomas was 0/49, 1/48, 5/50, 3/50, and 17/50 at 0, 0.02, 0.06, 1.3, and 13 ppm. The 
effects at the high dose (13 mg/kg/day) were clearly attributed to fipronil exposure. However, 
the incidence of adenomas in males at 0.06 and 1.3 mg/kg/day did not suggest a dose-
response and could not clearly be attributed to fipronil. Nonetheless, the critical POD of 0.02 
mg/kg/day based on T4 decreases would protect against potential effects of increased TSH, 
including development of thyroid tumors at higher doses. 

OEHHA Comment, continued: OEHHA also reviewed the cancer bioassays in mice 
(Broadmeadow, 1993) and found fipronil caused hepatocellular carcinomas in male mice. 
OEHHA agrees with the determination in the draft RCD that these tumors were treatment related 
but has several issues with the analysis and interpretation of this dataset.  

In its Table 17, the draft RCD only included mice that were killed after 78 weeks, and excluded 
animals that died before 78 weeks, resulting in a significant number of liver tumors observed 
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before week 78 not being included in the analysis. OEHHA believes all the liver tumors need to 
be considered, whether they were discovered at the 78-week sacrifice or earlier in the study. 
OEHHA re-analyzed the male CD-1 mouse bioassay data and determined that there were 
altogether 10, 3, 2, 6, and 5 hepatocellular adenomas and 1, 1, 2, 1, 5 hepatocellular carcinomas 
in the control, 0.1, 0.5, 10, and 30 ppm groups, respectively …  

Because detailed data on individual animals are available, OEHHA calculated the number of 
tumor-bearing animals and compared them to the effective animal number, which is the number 
of animals alive at the first occurrence of the tumor. In male mice, the first occurrence of 
hepatocellular carcinoma was on day 409 (at 58 weeks). OEHHA’s analysis identified a 
statistically significant dose-dependent trend in hepatocellular carcinomas in male mice (p = 
0.025) …  

DPR Response: In response to OEHHA's comment, DPR identified all animals with liver 
tumors in the study. The incidence of liver adenomas was 10, 3, 2, 6, and 6 in the 0, 0.1, 0.5, 
10, and 30 ppm groups, respectively, from day 317 (the day that first adenoma was detected) 
onwards. The high dose group had 6 adenomas. The incidence of liver carcinomas was 1, 1, 
2, 1, and 5 in the 0, 0.1, 0.5, 10, and 30 ppm groups, respectively, from day 409 (the day that 
first carcinoma was detected) onwards. The combined incidence for animals that survived 
until at least day 317 was 11, 4, 4, 7, and 10 at 0, 0.1, 0.5, 10, and 30 ppm, respectively 
(Table R.1). Note: One animal in the high-dose group had both an adenoma and a carcinoma, 
which is why only 10 tumors were totaled instead of 11. 

Table R.1. Liver tumor incidence in male mice and at-risk animal numbers 
Dose (ppm) 
Dose (mg/kg/day)

0 
0

0.1 
0.01

0.5 
0.06

10 
1.18

30 
3.43

N day 317 47 50 44 40 47 
Adenomas1 10 3 2 6 6a

Percent Adenoma 21% 6% 5% 15% 13% 
N day 409 41 39 34 32 42 
Carcinomas2 1 1 2 1 5 
Percent Carcinoma 2% 3% 6% 3% 12% 
Adenoma + Carcinoma 11 4 4 7 10a

Percent Adenoma + Carcinoma3 23% 8% 9% 18% 21% 
1Culumative incidence of adenomas from day 317 onward.
2Cumulative incidence of carcinomas from day 409 onward.
3N used here is from day 317.
aOne male in the 30-ppm group developed both an adenoma and a carcinoma. Both are reported here.

DPR performed Fisher’s exact tests and Cochran-Armitage trend tests on the combined 
adenoma and carcinoma data and for carcinomas alone. Trend tests were performed using 
two sets of N values: those adjusted for at-risk animals based on the first incidence of 
adenoma or carcinoma (above), or those derived from a Poly-3 survival-adjusted quantal-
response test. No Cochran-Armitage trend tests on carcinomas and adenomas combined were 
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statistically significant. The trend test for carcinomas alone were statistically significant (p < 
0.05), as observed by OEHHA. However, no pair-wise Fisher’s tests showed that the 
incidence in treated groups was statistically significantly increased compared to controls for 
combined adenomas and carcinomas and for carcinomas alone. The statistical analyses are 
detailed in in the final RCD.  

OEHHA Comments, continued: OEHHA also notes that the incidence rate of hepatocellular 
adenoma in the control group was unusually high; it is outside the range of historical controls of 
the laboratory, and over four times higher than the average historical control rate. It is unclear 
why there was such high incidence of hepatocellular adenoma in the control group, yet a very 
similar dose in the treated animals (0.01 mg/kg-day) had a much lower rate. This could pose a 
problem for linearized cancer risk model should DPR chose to model the combined incidence of 
hepatocellular adenoma and carcinoma. To overcome this problem, OEHHA suggests DPR 
evaluate the hepatocellular carcinoma data using a linearized multistage model. However, due to 
early mortality between controls and some treatment groups, it is possible that the regular 
linearized multistage model may not be suitable for cancer dose-response assessment. An 
alternative approach such as the multistage Weibull time-to-tumor model may be more 
appropriate for the cancer dose-response analysis. Similar to the cancer bioassay in the rat, 
another issue with the cancer bioassay in the mouse is that the study duration was only 78 weeks, 
also a less-than-lifetime study. This is particularly important because hepatocellular adenomas 
can progress to carcinomas over time. It is possible that if the study duration were 104 weeks, 
more hepatocellular carcinomas might have been observed. 

DPR Response: DPR considered OEHHA’s suggestion to use Weibull time-to-tumor 
modeling. Analysis of the data showed that the first carcinoma appeared in the control group 
on day 409 and all carcinomas in the treated mice occurred after day 409. The majority of 
carcinomas in the treated groups were observed only at the terminal sacrifice irrespective of 
dose (see the final RCD). Taken together, there is no evidence for treatment-related reduction 
in time-to-tumor occurrence, therefore the Weibull time-to-tumor model was not utilized. 
Instead, DPR performed a Poly-3 survival adjustment to account for different rates of 
mortality (see response above). With respect to the linearized multistage model suggested by 
OEHHA, the liver tumor data are not appropriate for modeling according to DPR or US EPA 
guidance or best practices. There was no consistent or sustained dose response observed in 
the carcinoma data that could be used in low dose linear extrapolation, regardless of whether 
total animals were counted or if mortality in at-risk animals was considered. Any multistage 
model analysis will be an artifact of the model and will not likely reflect the biology of the 
tumor. OEHHA’s suggestion to apply linear extrapolation to hepatocellular carcinomas is 
also problematic. The meaning of any slope emerging from this dose-response data would be 
questionable because the only positive tumor response occurred at the high dose of 3.43 
mg/kg/day, and that response failed to achieve pairwise statistical significance. There was an 
indication from this study that fipronil may have a role in hepatocellular tumor induction in 
male mice. However, the experimental results were compromised because of the high 
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incidence of adenomas in and low survival of the control males, which exceeded historical 
control data. 

Regarding the definition of a lifetime study, FIFRA guidelines for mouse oncogenicity 
studies require 18 months (77 weeks) of exposure, which is approximately lifespan of the 
CD-1 mouse strain used in the Broadmeadow study. Exposure for greater than an 18-month 
duration may result in more tumors, but there is a high likelihood of excessive deaths due to 
other diseases of aging. DPR thus considers the 18-month duration of the Broadmeadow 
mouse study to be appropriate. 

OEHHA Comment, continued: Collectively, OEHHA presents evidence that fipronil-induced 
thyroid follicular cell tumors in rats could be due to a genotoxic mechanism of action in addition 
to thyroid hormone disruption, and that there is concern that the threshold approach taken in the 
draft RCD may be inadequate to protect human health. When constructing a carcinogenicity 
mode of action network for fipronil, OEHHA suggests that the thyroid follicular cell tumors in 
rats and the liver carcinomas in mice be considered relevant for human cancer risk assessment. 
OEHHA also suggests that the genotoxicity (see II.A.4) and recent data from ToxCast (see 
II.A.3) be included in the mechanistic considerations. 

DPR Response: As described in responses above, neither the ToxCast results nor the 
genotoxicity database support a mutagenic action for fipronil. In the presence of a well-
supported biological mode of action (disruption of the HPT axis), DPR will continue to 
utilize the threshold approach for oncogenic risk, in this case with T4 reduction as the driver. 
As noted in the response to the previous comment, the mouse liver tumor data are severely 
limited and thus inadequate for use in risk analysis. 

4. Extrapolation, Variability, and Uncertainty 
a. Duration Extrapolation 
OEHHA Comment: No duration extrapolations were used in the draft RCD. The chronic POD 
is protective of subchronic health effects and is used as the subchronic POD in the draft RCD. 

DPR Response: Comments on this point are noted. 

b. Intraspecies Extrapolation 
OEHHA Comment: In the draft RCD, a default UF of 10-fold was applied to account for 
intraspecies variability within the human population (UFH). This is generally considered to be a 
factor of √10 for pharmacokinetics and √10 for pharmacodynamics. It is OEHHA’s opinion that 
an intraspecies UF of 10 is insufficient as there are many factors affecting human variability in 
response to a chemical exposure (OEHHA, 2008; Zeise et al. 2013) … Thus, OEHHA 
recommends addressing these concerns by increasing the intraspecies pharmacokinetic UF to 10, 
resulting in a total UFH of 30. 
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DPR Response: Consistent with DPR’s current practice (DPR, 2011), a default intraspecies 
UF of 10 consisting of a pharmacokinetic UF of 3 and a pharmacodynamic UF of 3 was 
applied to the acute, subchronic and chronic risk evaluations for fipronil.  

c. Sensitive Populations and Life-Stages  
OEHHA Comment: As discussed in the acute toxicity and reproductive and developmental 
toxicity sections above, infants and fetuses appear to be especially vulnerable to fipronil toxicity, 
and thyroid hormone disruption during critical development periods can cause neurological and 
developmental effects in offspring. The acute POD selected in the draft RCD is higher than 
multiple potential PODs derived from developmental studies, as described above. OEHHA 
suggests that the toxicity database be re-evaluated and a more health protective acute POD be 
selected.  

However, if the acute POD based on hindlimb splay in adults is retained, OEHHA suggests an 
additional UF be applied for exposure scenarios that include infants, children, and women of 
childbearing age to protect them from potential developmental or neurodevelopmental effects 
resulting from in utero or early-life fipronil exposure. 

DPR Response: Detailed responses to comments bearing on the issues of acute, 
reproductive, or developmental toxicity, as well as the appropriateness of the intrahuman 
uncertainty factor, appear elsewhere in this document. 

d. Risk Characterization 
OEHHA Comment: The Margin of Exposure (MOE) approach was used to evaluate non-cancer 
hazards. The draft RCD characterized whether an exposure is likely to cause adverse health 
effects using a target MOE of 100 for all age groups. OEHHA recommends a target MOE of 300 
for all age groups, occupational and non-occupational, to take into account the recommended 
increase in the intraspecies pharmacokinetic UF from √10 to 10. An additional UF may also be 
warranted for exposure scenarios that include women of child-bearing age and children due to 
developmental and neurodevelopmental concerns following in utero and early life exposures if 
the acute POD based on hindlimb splay is retained, as described above. 

DPR Response 
Detailed responses to the issues of appropriate target MOE setting and intraspecies
uncertainty factors appear elsewhere in this document. 

Responses to Toxicity Charge Questions 

Toxicity Charge Question 1. All critical points of departure (PODs) used in this assessment 
were established using the parent compound fipronil. 

OEHHA Comment: OEHHA concurs with the use of the parent compound, fipronil, for the 
purposes of deriving critical PODs for human health risk assessment (see section II.A.1a). 
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DPR Response: Comment on this question is noted. 

Responses to Hazard Identification Charge Questions 

Hazard Identification Charge Question 1. The acute oral POD of 0.87 mg/kg-day was based 
on neurotoxic effects observed in the adult rat. 

OEHHA Comment: The draft RCD chose a dose-dependent reduction in hindlimb splay in rats 
observed seven hours post-administration as the critical effect and estimated an acute oral POD 
of 0.87 mg/kg-day using BMD modeling. There is evidence that certain effects occurred earlier 
than seven hours, and there is uncertainty about whether a lower POD would be estimated if the 
optimal time were chosen. Furthermore, endpoints observed in several acute or short-term 
studies suggest a lower POD. OEHHA recommends the acute oral POD be re-evaluated. There is 
further discussion on this in the following charge statement response and under the detailed 
comments sections of this report (II.A.1.c and II.A.1.e). 

DPR Response: After reviewing all relevant data, DPR maintains that the POD established 
through BMD modeling of hindlimb splay data generated by Hughes (1997) provides the 
most realistic and scientifically defensible approach to acute risk estimation for fipronil. 
Updating the BMD model resulted in a BMDL10 of 0.77 mg/kg/day. Detailed responses 
regarding hindlimb splay and the possibility of lower PODs from other acute or short-term 
studies can be found above. 

Hazard Identification Charge Question 2. Three repeated dose studies in rats identified 
PODs lower than the critical acute POD of 0.87 mg/kg-day for effects that could potentially 
result from acute to short-term exposures. However, DPR did not consider these PODs as 
appropriate critical values to characterize the risk from acute exposures to humans. 

OEHHA Comment: The three repeat dose studies cited by DPR with PODs lower than the 
critical acute oral POD are Mandella (1995), Coder (2019), and Aughton (1993). The 
developmental neurotoxicity study (Mandella, 1995) identified several endpoints, the most 
sensitive being delayed preputial separation, decreased maximum startle response, and decreased 
body weight in male pups at a LOAEL of 0.9 mg/kg-day. The study NOAEL was 0.05 mg/kg-
day. As discussed under the detailed comments sections, there is concern that acute POD of 0.87 
mg/kg-day, similar to the LOAEL from Mandella (1995), is not sufficiently protective of the 
fetus. 

The CTA study (Coder, 2019) reported decreased T4 hormone levels and decreased thyroid 
gland weight in fetuses at gestational day 20 from dams exposed to 1 mg/kg-day fipronil 
resulting in a NOAEL of 0.3 mg/kg-day. OEHHA disagrees that this study is inadequate for 
critical POD determination and recommends that this study be reconsidered. This would be 
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consistent with the most recent US EPA (2020) draft risk assessment on fipronil which found the 
study acceptable for quantitative POD determination. 

The Aughton (1993) study showed effects in the range of 0.06 – 1.6 mg/kg-day, during the first 
week of treatment, significantly decreased T4 levels. Convulsions were also observed in 3 male 
animals during the first few weeks of treatment. OEHHA disagrees with the rationale presented 
in the draft RCD for not selecting this endpoint to characterize acute risk. Thyroid hormone 
disruption seems to be one of the most sensitive effects at any exposure duration, and an acute 
POD based on this endpoint would be more health protective for sensitive populations. DPR 
should reconsider these, as well as other studies outlined above, in the determination of an acute 
oral POD. Additional discussion of these points can be found in our detailed comments (section 
II.A.1). 

DPR Response:  Responses to these comments can be found earlier in this document. 

Hazard Identification Charge Question 3. PODs from dermal and inhalation studies were 
not used to establish critical PODs. 

OEHHA Comment: While route-specific studies are available for acute and subchronic 
inhalation and dermal exposures, OEHHA agrees that the oral studies are more suitable for POD 
derivation, and that the approach of route-to-route extrapolation is appropriate. 

DPR Response: Comment on this question is noted. 

Hazard Identification Charge Question 4. This RCD did not include a cancer risk estimate 
for fipronil. 

OEHHA Comment: OEHHA disagrees with the draft RCD finding that thyroid follicular cell 
tumors are not relevant to humans and can be evaluated using a threshold approach. OEHHA 
suggests that the thyroid follicular cell tumors in male and female rats and liver tumors in male 
mice should be considered relevant for human cancer risk assessment, and the risk should be 
evaluated by the linearized cancer risk model. This approach is supported by the positive 
genotoxicity data (see II.A.4) and recent mechanistic data from ToxCast (see II.A.3). 

DPR Response: Responses to OEHHA’s recommendation that thyroid follicular cell tumors 
be subjected to linearized multistage analysis can be found above. 

Responses to Exposure Charge Questions 
Exposure comments are addressed in a separate document.  
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Responses to Risk Characterization Charge Questions 

Risk Characterization Charge Question 1. The target margin of exposure (MOE) was set at 
100, reflecting the default assumption that humans are 10-fold more sensitive than animals, 
and that a 10-fold range of sensitivity exists within the human population. 

OEHHA Comment: OEHHA agrees with the use of 10-fold UF for interspecies extrapolation. 
However, as described in section (II.A.5.b), OEHHA generally uses a combined intraspecies UF 
of 30 to account for wide variability in pharmacokinetics in the human population, especially due 
to susceptible life-stages, health, immune, and genetic factors, and disproportionate pollution 
burden. Additionally, for acute exposure scenarios that include infants, children, and women of 
childbearing age, OEHHA recommends an additional UF if the acute oral POD of 0.87 mg/kg-
day is retained due to concern for developmental and neurodevelopmental toxicities (see section 
II.A.5.c).  

DPR Response: As noted above, DPR practice is to apply a 10-fold total intraspecies 
uncertainty factor in all cases absent specific data to support a different or additional value. 
Following extensive review of the data, DPR opted to maintain the default of 10. 

Responses to the remaining Risk Characterization Charge Questions are addressed in a separate 
document. 

Other OEHHA Comments on the Draft Risk Characterization Document 
A. Toxicity Evaluation and Risk Assessment 

OEHHA Comment: The critical acute POD lists a BMDL10 of 0.87 mg/kg-day. This value 
appears to be from modeling the hindlimb splay dataset using the Exponential4 model assuming 
non-constant variance, not assuming constant variance as listed in Table 2 (Appendix IV) of the 
draft RCD. OEHHA modeled the same dataset using a constant variance model and returned 
lower BMD and BMDL10 values of 2.09 mg/kg-day and 0.77 mg/kg-day, respectively, from the 
best-fit model—Exponential4. OEHHA recommends the BMD modeling be verified in the final 
RCD for accuracy and recommends using constant variance, which appears to be the most 
appropriate for this dataset. 

DPR Response: DPR re-modeled this data using the updated BMDS version 3.2. DPR 
agrees that the value derived with a constant variance model is most appropriate for this 
dataset and updated the POD and RCD accordingly. 
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 Appendix I. Published Studies Excluded from the Fipronil Genotoxicity Assessment 

Introduction 

Through systematic literature review the Department of Pesticide Regulation (DPR) identified 20 
published studies in the open literature relating to genotoxicity of fipronil (latest systematic 
literature review conducted on June 16, 2022). DPR uses a screening process to identify journal 
articles that could be useful in human health risk assessment. To be eligible for consideration, 
published papers must meet a set of minimum study acceptance criteria (US EPA, 2012a). 
Seventeen of the 20 studies were excluded from use in assessment of genotoxicity because they 
did not meet one or more of the study acceptance criteria, specifically: 

1. The toxic effects are in an appropriate test animal species.

2. Treatment(s) are compared to acceptable controls (studies which use a solvent

vehicle should also include solvent vehicle controls). 

3. Adequate data are provided on the chemical tested (i.e., test article characterization, exact
nature and source of the pesticide; the percent active ingredient and/or the purity of the 
test compound). 

4. The study results (findings) are adequately reported.

5. The study findings are relevant to assessing human health risks.

Table R.A.1. Published studies excluded from the fipronil genotoxicity assessment  
Study Reference Study Design Reason for Exclusion 

1 Ghisi Nde et al., 2011 Test article: 2.5 % Fipronil formulation Termidor 
(BASF) 
Test system: Caspian white fish (Rhamdia quelen) 
N: 15/dose 
Exposure route: test compound added to fish tanks 
Dosing schedule: Daily for 60 days 
Doses: 0, 0.05, 0.10 and 0.23 μg/L  
Vehicle: not specified 
Endpoints: Nuclear morphological alterations at 0.10 
and 0.23 mg/ml 

This study used a commercially formulated 
product with unknown formulation ingredients, 
the control vehicle was not described, and the test 
species is not relevant for human health risk 
assessment. 

2 de Oliveira et al., 2012 Test article: 80% Fipronil formulation - Reagent 800 
WG, (BASF) 
Test system: 5-6 weeks old female Swiss mice  
N: 5/dose 
Exposure route: intraperitoneal  
Dosing schedule: single injection 
Doses: 0, 15, 25, 50 mg/kg 
Vehicle: distilled water 
Endpoints: DNA damage (Comet assay of nucleated 
cells) and micronucleus induction in reticulocytes in 
peripheral blood 24 h after exposure at 50 mg/kg  

This study used a commercially formulated 
product with unknown formulation ingredients 
and unacceptable vehicle controls (animals 
received distilled water). 
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Table R.A.1. Published studies excluded from the fipronil genotoxicity assessment  
Study Reference Study Design Reason for Exclusion 

3 Girgis and Yassa, 2013 Test article: Fipronil product with unknown purity 
(Agrovetzaschita, S.P. Company)  
Test system: albino rats  
N: 10/dose   
Exposure route: oral  
Dosing schedule: single exposure 
Doses: 0, 25 and 50 mg/kg 
Vehicle: not specified 
Endpoints: Increases in chromosomal aberrations and 
micronuclei in bone marrow cells 24, 48 and 96 hours 
post dosing  

This study used a fipronil product with unknown 
percent purity and the control vehicle was not 
described. The storage and preparation of dosing 
solutions were not detailed. The description of the 
test animals, study conduct including exposure 
(gavage or diet) and the methods used for the 
cytogenetic analyses and micronuclei assay were 
inadequate.  

4 Celik et al., 2014 Test article: 7.5% Fipronil formulation FIBREX 75 
(described by authors as having 412.5 mg fipronil in 5.5 
ml)  
Test system: Human peripheral blood lymphocytes  
N: 3 male donors  
Dosing schedule: fipronil added to cell cultures 
Concentration: 0, 0.1, 0.3, 0.7 µg/mL for 72 hours 
Vehicle:  Not described 
Endpoints: Significant increase in sister-chromatid 
exchanges and micronucleus formation, and DNA 
damage in a Comet assay  

This study used commercially formulated product 
with unknown formulation ingredients, the source 
of the fipronil product and the control vehicle was 
not described. Additional concerns with this study 
included the unknown exposure temperature, 
duration, and the test concentration in the Comet 
assay, as well as the use of X-ray contrast agent 
that may not be entirely inert to the cell. 

5 de Morais et al., 2016 Test article: 80% Fipronil formulation Reagent 800 
WG (BASF) 
Test system: Drosophila melanogaster 
N: 40 flies/sex/dose 
Exposure route: larval immersion  
Dosing schedule: 48 hours 
Concentrations: 0, 0.3; 0.7; 1.5 or 3.0 x 10-5 mM 
Vehicle: not specified 
Endpoints: mutagenicity, recombinogenicity and 
carcinogenicity in somatic cells of D. melanogaster at all 
doses with cytotoxicity at 0.7x10-5 mM and higher 
concentrations 

This study used a commercially formulated 
product with unknown formulation ingredients 
and unacceptable vehicle controls (water). 

6 Lovinskaya et al., 2016 Test article: Fipronil product not specified 
Test system: 2–3 month-old male BALB/cYwal mice  
N: 5/dose 
Exposure route: intraperitoneal 
Dosing schedule: single and repeated (10 days) 
exposures 
Doses: 0, 4.75, 9.50, 19.00, and 31.70 mg/kg/day 
Vehicle: water  
Endpoints: Significant DNA damage in cells of liver 
and spleen at ≥ 9.50 mg/kg and in lung cells at all doses, 
chromosomal aberrations in bone marrow cells and 
structural abnormalities of spermatocytes at 19 and 31.7 
mg/kg/day. 

This study used fipronil of unknown source and 
purity, and unacceptable controls (water). 
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Table R.A.1. Published studies excluded from the fipronil genotoxicity assessment  
Study Reference Study Design Reason for Exclusion 

7 Mohammed et al., 2016 Test article: Fipronil formulation 20% (Yong-nong 
Bioscience Co, Ltd) 
Test system: Japanese quaill 
N: 10 birds/dose 
Exposure route: Oral gavage 
Dosing schedule: Single dose 
Doses: 0, 1.13, 2.26, 5.65. 11.3 mg/kg 
Vehicle: distilled water 
Endpoints: Dose-dependent increases of DNA strand 
breaks in liver cells of quails, liver histopathology, 
reduced body weight and food intake, and mortality 

This study used a commercially formulated 
product with unknown formulation ingredients, 
unacceptable controls (animals were exposed to 
water) and the test species is not relevant for 
human health risk assessment. 

8 Yildirim and Agar, 2016 Test article: Fipronil purity not described but was 
purchased from Sigma and likely was of high purity 
Test system: roots of Vicia faba 
seedlings  
N: 15 seeds/dose 
Exposure route: seeds soaked in unspecified fipronil 
solution 
Dosing schedule: 7 days 
Concentrations: 0, 0.5, 1, 2, 3, and 4 ppm 
Vehicle: Not specified 
Endpoints: Dose dependent changes in genomic DNA 
template stability, decreased amount of root length and 
increased level of protein 

This study did not detail the storage, preparation 
of dosing solutions, the vehicle and the controls. 
In addition, the test organism is not appropriate 
for human health risk assessment. 

9 Karaismailoglu, 2017 Test article: Fipronil purity and source not specified 
Test system: roots of plant Allium cepa (onion) 
N: 5 onion bulbs/dose 
Exposure: roots soaked in unspecified fipronil solution 
Dosing schedule: 6, 12 
and 24 h  
Doses: 0, 1, 2.5, 5, and 10 ppm 
Vehicle: Not specified 
Endpoints: Statistically significant increases in 
chromosome aberrations and micronuclei in somatic 
cells of the plant 

This study did not specify the purity of the test 
compound, the vehicle and the controls, and the 
test organism is not appropriate for human health 
risk assessment.  

10 Ziliotto et al., 2017 Test article: 9.8% Fipronil formulation Frontline plus®  
Test system: adult crossbred dogs 
N: 5/sex  
Exposure route: dermal 
Dosing schedule: single application 
Doses: 0, 6.7 mg/kg  
Vehicle: not described 
Endpoints: Negative for genotoxicity based on lack of 
increased DNA damage in peripheral blood nucleated 
cells at 3, 8 and 24 h, measured in a Comet assay 

This study used a commercially formulated 
product with unknown formulation ingredients 
and unacceptable controls (untreated control dogs 
assayed just before they received a single dermal 
dose). The formulation also contained 
methoprene, a growth regulator used as an 
insecticide. 

11 Ardeshir et al., 2019 Test article: Fipronil 95% purity (Moshkfam Fars 
Chemical Co) 
Test system: Caspian white fish  
N: 12 fish/dose 
Exposure route: fipronil solutions added to fish tank 
Dosing schedule: 14 days 
Doses: 0, 0.1, 1, 5 and 10 μg/L)  
Vehicle: not specified 
Endpoints: Increased DNA strand breaks in livers 
measured by the Comet assay at all concentrations. 

This study used unacceptable controls (ground 
water instead of solvent or vehicle) and the test 
species is not relevant for human health risk 
assessment.  
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Table R.A.1. Published studies excluded from the fipronil genotoxicity assessment  
Study Reference Study Design Reason for Exclusion 

12 de Morais et al., 2019 Test article: 80% Fipronil formulation Reagent 800 
WG (BASF) 
Test system: plant Tradescantia pallida  
N: 25 stems /dose 
Exposure: fipronil added to water 
Dosing schedule: 8 h 
Concentrations: 0.025; 0.05; 0.1; 0.2; 0.4; 0.8 and 1.6 
g/L 
Vehicle: distilled water 
Endpoints: Increased micronuclei in tetrads of T. 
pallida at 0.2 g/L and higher concentrations. 

This study used a commercially formulated 
product with unknown formulation ingredients, 
unacceptable control (distilled water) and the test 
species is not a relevant for human health risk 
assessment. 

13 Amaeze et al., 2020 Test article: 2.5% Fipronil-EC formulation 
Test system: Catfish Clarias gariepinus 
N: 25 stems /dose 
Exposure: fipronil added to water  
Dosing schedule: 96 hours 
Concentrations: 0, 6.5, 7.5, 8.5, 9.5, 10.5 μg/L 
Vehicle: dechlorinated water 
Endpoints: Increased nuclear abnormalities in red blood 
cell in catfishes, no micronuclei formation observed. 

This study used a commercially formulated 
product with unknown formulation ingredients, 
unacceptable controls (dechlorinated municipal 
water) and the test species is not relevant for 
human health risk assessment. 

14 de Oliveira et al., 2020 Test article: 80% Fipronil formulation - Reagent 800 
WG, (BASF) 
Test system: Amazonian turtles (Podocnemis expansa)   
N: 5 eggs /dose 
Exposure: eggs incubated in fipronil solution 
Dosing schedule: 59 days (from beginning of egg 
incubation to hatching) 
Doses: 0, 4, 400 ppb 
Vehicle: distilled water mixed with sand 
Endpoints: Changes suggestive morphotoxicity and 
aneuploidogenicity in erythrocytes of pups from treated 
eggs at 4 but bot at 400 ppb, no micronuclei formation 
or DNA damage observed. 

This study used a commercially formulated 
product with unknown formulation ingredients, 
unacceptable controls (distilled water) and the test 
species is not relevant for human health risk 
assessment. 

15 Santos et al., 2021 Test article: 80% Fipronil formulation - Reagent 800 
WG, (form BASF) 
Test system: tadpoles   
N: 4 /dose 
Exposure: fipronil added to tank water 
Dosing schedule: 4, 8, 12, and 16 days 
Doses: 0.00, 0.04, 0.08, 0.4 mg/L, 
Vehicle: not specified 
Endpoints: Increases of anucleated erythrocyte cells. 

This study used a commercially formulated 
product with unknown formulation ingredients, 
unacceptable controls (tank water only), and the 
test species is not relevant for human health risk 
assessment. 

16 Uçar et al., 2021 Test article: Fipronil purity not specified (obtained 
from Akdeniz Chemistry) 
Test system: Rainbow trout   
N: not specified, 160 fish were purchased 
Exposure: fipronil added to aquarium water 
Dosing schedule: 4 days 
Doses: 0, 0.05, 0.1 and 0.2 mg/L 
Vehicle: not specified 
Endpoints: Statistically significant increase of 
micronucleus formation in erythrocytes, DNA damage  

This study did not describe the purity of fipronil, 
the preparation of dosing solutions, the vehicle 
and the controls. In addition, the test organism is 
not appropriate for human health risk assessment. 
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Table R.A.1. Published studies excluded from the fipronil genotoxicity assessment  
Study Reference Study Design Reason for Exclusion 

17 Tisch et al., 2007a Test article: Fipronil 95.5% (obtained from BASF AG) 
Test system: tonsil mucosal epithelial cells isolated 
from 85 tonsillitis patients over unspecified time span     
Exposure: fipronil added to culture medium 
Dosing schedule: 1 h at 37oC  
Doses: 0 (DMSO), 0.05, 0.1, 0.5, 0.75 and 1.00 mM 
Vehicle: DMSO (concentration not specified) 
Endpoints: DNA damage measured by the Comet assay 

Study quality is a concern. This study did not 
include methods section and provided only a 
cursory explanation of the experimental design. 
Methods for determining cytotoxicity and the 
software used to score comets were not described. 
The DMSO concentration was not indicated and 
fipronil concentrations may have exceeded its 
solubility in cell suspension medium. DPR could 
not determine if the test system was capable of 
detecting negative results. Finally, the study did 
not demonstrate that DNA breakage stemmed 
from genotoxicity as opposed to cell death 
(necrosis and/or apoptosis). 

aArticle originally published in German. HHA translated the paper into English with Google translator 
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