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June 1st, 2026 
 
Re: Toxicological Risk Assessment for Procellacor ® Herbicide, EPA Reg. No. 67690-79 
To: Maine Department of Environmental Protection 
 
Dear Maine Department of Environmental Protection: 
 
I have reviewed the toxicological profile of the product Procellacor® Herbicide, which was requested on May 8th, 
2026, by John McPhedran, a biologist for the Invasive Aquatic Species Program (IASP) for the State of Maine’s 
Department of Environmental Protection. This request was motivated by questions from the public regarding the 
DEP’s consideration for the use of Procellacor® to control invasive water milfoil in Little Sebago Lake. This 
assessment builds on the previous risk assessment in the IASP’s General Permit. The human health and 
environmental risk assessment is presented below and is based on the following methodology: (i) identification of 
the active ingredient in Procellacor®, (ii) hazard assessment of the active ingredient, and (iii) analysis of federal and 
state data on the likely exposure of the active ingredient to humans and aquatic life.   
 
Summary Statement: The herbicide Procellacor® contains the active ingredient florpyrauxifen-benzyl, which 
presents very low health risk to the general population- including children- if used according to the label. This 
conclusion is based on its extremely low toxicity and negligible risk of exposure. Florpyrauxifen-benzyl is a mild 
dermal and eye irritant, and applicators with skin disorders or allergies are most at risk. The chemical has favorable 
environmental properties; it is not persistent in aerobic soil or water, bioaccumulative, or likely to leach into the 
groundwater. Florpyrauxifen-benzyl is highly specific to plants, especially invasive water milfoil.  Ecotoxicological 
risks to most freshwater animals are anticipated to be very low; metabolites present negligible risk at most 
environmental expected concentrations.  However, it can persist in anaerobic sediment at concentrations that might 
present a risk to midges; any potential disturbance is expected to be temporary, as midge populations often quickly 
rebound. The species at most risk in Little Sebago Lake are non-target freshwater plants. This risk is elevated if the 
product is applied aerially, as allowed by the label. Prudent application minimizes extensive vegetative die-off, and 
decreases the indirect risk of eutrophication and rapid nutrient release that would alter ecosystem dynamics. The 
details of this risk assessment are presented below. Additionally, responses to questions from a public meeting on 
the proposed use of Procellacor® are presented in Appendix 1. 
 
 
1. Identification and toxicological profile of the active ingredient in Procellacor® 
 
The product Procellacor ® is an herbicide that contains the active ingredient florpyrauxifen-benzyl; it is approved by 
the EPA to control freshwater aquatic plants in slow-moving waters, e.g. lakes. The herbicide’s active ingredient 
targets the plant hormone auxin, which controls proper cell division and growth in plants.  The maximum 
concentration permitted is 50 ppb, but the use of 10 ppb is common and effective (EPA, 2017a-d; Richardson et al., 
2016).  Therefore, the use of Procellacor ® to control water milfoil on Little Sebago Lake and other Maine waters is 
deemed legal, as determined by a review of the product’s label.  Alternatives to florpyrauxifen-benzyl include 
endothall, 2,4-D, triclopyr; however, the concentration of these active ingredients to control invasive plants are 50-
500 fold greater than florpyrauxifen-benzyl. 



 
 

 
According to the EPA’s most recent 2017 toxicological review of florpyrauxifen-benzyl, acute toxicology assays 
reveal that it is practically non-toxic (toxicity category IV) to rats via dermal, inhalation, and oral exposure; 
however, it is classified as a mild eye irritant and skin sensitizer. There is no evidence of carcinogenicity in lab rats, 
and in 2017 the EPA’s Cancer Assessment Review Committee deemed that it is “not likely to be carcinogenic to 
humans.”  
 
Florpyrauxifen-benzyl exhibits low volatility, low water solubility, and rapid degradation on surface waters exposed 
to light (half-life < 4 hr). These properties limit its ability to bioaccumulate and leach into groundwater.  However, it 
is moderately persistent in anaerobic sediment. Florpyrauxifen-benzyl is slightly toxic to freshwater invertebrates. 
The metabolites of florpyrauxifen-benzyl are generally one to four orders of magnitude less toxic to organisms than 
the parent molecule, but are more soluble in water and more persistent (EPA, 2017c). Therefore, metabolites are 
more likely to be mobile in soil solution and contaminate ground and surface waters, even though they are less toxic.   
 
2. Human dietary exposure and risk  
    A. Exposure via crops and fish 
 
With the exception of rice, florpyrauxifen-benzyl is not approved for agricultural use, and therefore exposure from 
food is not anticipated (EPA 2017a).  This conclusion is supported by the USDA Pesticide Data Program, which 
contains a data repository on the national pesticide residue monitoring program. Manual analysis of the USDA 
Pesticide Data Program revealed no detections of this herbicide on food crops from 1994-2024. 
 
Although florpyrauxifen-benzyl can accumulate in fish, toxicological studies in sunfish demonstrate a low potential 
for bioaccumulation.  This is due to the rapid depuration of florpyrauxifen-benzyl, i.e. half of the herbicide, and its 
metabolites are removed from the fish in ~5-10 hrs.  Of the total fraction that is retained, more than 90% are 
metabolic byproducts which are generally far less toxic than florpyrauxifen-benzyl (as further discussed in section 
3B below).  Using the worst-case scenario (10 hr depuration), if a 2.2 pound trout in Little Sebago Lake ingested 
100 ppb of florpyrauxifen-benzyl, only 0.068 ppb will remain in 72 hours; a majority of the herbicide and 
metabolites are anticipated to accumulate in fish liver. Therefore, consumption of filleted fish from Lake Sebago is 
viewed as extremely low risk.   
 
    B. Exposure via drinking water and swimming 
 
Florpyrauxifen-benzyl has low water solubility and rapid degradation on surface water exposed to light (half-life is 
less than 4 hours). Modeling its half-life reveals that a concentration of 10 parts per billion (ppb) would decrease to 
0.1 ppb after almost 24 hours if exposed to continuous light. For these reasons, florpyrauxifen-benzyl is not 
anticipated to be present in drinking water. This conclusion is supported by federal data and annual water quality 
studies performed by the Maine Board of Pesticide Control; monitoring by both agencies do not report any 
detections of the herbicide in private wells supplied by groundwater.  Lastly, the EPA has not set a Maximum 
Contaminant Level (MCL) for florpyrauxifen-benzyl in drinking water (EPA 2017b); this reflects both its extremely 
low toxicity and risk of exposure. 
 
Florpyrauxifen-benzyl exposure to Mainers who recreate in Little Sebago Lake (swimmers, paddlers, etc) is 
expected to be negligible, and therefore these activities have practically no toxicological risk. 
 
3. Risk to freshwater aquatic life in Maine 
    A. Freshwater plants 
     
Risk assessments by both the EPA and academic groups point to the effective use of florpyrauxifen-benzyl in 
controlling water milfoil (EPA 2017c; Netherland and Richardson, 2016; Richardson et al., 2016).  This is due to its 
potency and the specificity.  For example, the toxicity of florpyrauxifen-benzyl and its major metabolite was 
compared in water milfoil and two closely related freshwater plants.  Florpyrauxifen-benzyl is 100- and 280-fold 
more toxic to water milfoil compared to fanwort (another invasive plant in Maine) and coontail, respectively (Table 
1).  Additionally, the major metabolite X11438838 is less toxic than the parent herbicide; this further decreases the 
risk to non-target aquatic plants. 
 
However, there is a high risk to non-target freshwater plants in Little Sebago Lake.  The EPA label allows 
florpyrauxifen-benzyl to be applied at a concentration of 50 ppb, even though 10 ppb are effective and 



 
 

recommended (Richardson et al., 2016).  This concentration is greater than the LC50 value for coontail. The high risk 
likely extends to other freshwater plants, including 
those that are native in Maine.  Even though the 
IASP observed impacts to native plants after 
application of florpyrauxifen-benzyl, these non-
threatened native plants recovered the following 
year. Importantly, in 2025 the Maine Natural Areas 
Program did not identify any threatened aquatic 
plants in the proposed treatment area; therefore, 
there are no rare botanical features that are 
anticipated to be disturbed on Little Sebago Lake.  
 
Careful applications of florpyrauxifen-benzyl reduce 
the chances of rapid and extensive vegetative die-
offs, which would otherwise release nutrients and 
promote conditions for eutrophication; any potential 
algal bloom and depletion of dissolved oxygen pose 
great risk to the ecological health of Little Sebago 
Lake. The DEP’s proposed method of application minimizes the risk of potential drift and eutrophication. Even 
though the label allows for aerial application, the DEP and IASP have elected a more prudent application method 
that decreases the risk to off-target freshwater plants.  
 
   B. Freshwater animals 
 
The ecotoxicological risk assessment for florpyrauxifen-benzyl was extended to other non-target aquatic organisms- 
including animals in Table 2. This analysis examined the No Adverse Effect Concentration (NOEC) in a variety of 
species: a unicellular plant (diatoms), a fly (midge), a crustacean (water flea), a mollusk (oyster), a fish (trout), and 
an aquatic bird (duck). Specificity factors were calculated 
by dividing the NOEC value in non-target species by the 
NOEC value in water milfoil; values closer to one indicate a 
greater risk to non-target species.  As anticipated, the 
specificity factor is lowest in fanwort (a multicellular plant) 
and followed by diatoms (a unicellular plant that is not 
dependent upon auxin for mitotic cell division). In animals, 
the fold-change in NOEC values are 3-8 orders of 
magnitude higher compared to water milfoil, further 
indicating that adverse events to non-target animals are not 
anticipated. The most sensitive animals (lowest specificity 
factors) were marine oyster and shrimp. However, exposure 
to (i) both these marine animals and (ii) threatened fairy 
shrimp that inhabit vernal pools in Maine are not 
anticipated.  In a study using two different freshwater 
mussels, the NOEC was 11-fold higher than the maximum 
concentration allowed by the label, e.g. 50 ppb (Buczek et 
al., 2020); thus, freshwater mussels in Little Sebago Lake 
are not expected to be adversely affected. Additionally, the 
risk to water fleas and trout are anticipated to be negligible; this is because these species typically inhabit that water 
column, where florpyrauxifen-benzyl is typically not detected. This conclusion is supported by a recent academic 
study that observed no adverse effects on junevile salmon that were exposed to concentrations of florpyrauxifen-
benzyl (100 ppb) that were 2-fold higher than the legal limit (Grue et al., 2026). 
 
The freshwater animals in Lake Sebago that are most likely at risk are midges; these organisms inhabit sediment 
where the degradation is slowest and the herbicide and its metabolites can accumulate.  This conclusion by the EPA 
is supported by a recent study that detected florpyrauxifen-benzyl after its application to control water milfoil in 
Lake George, New York.  While florpyrauxifen-benzyl was not detected in the water column 3-hrs post application, 
it persisted longer than EPA estimates and accumulated in the sediment at levels above the NOEC for midges 
(Wiltse et al., 2025). However, the potential effects of florpyrauxifen-benzyl on the midge population and benthic 
communities were not evaluated in this study. Midge populations can quickly rebound, so any potential disturbance 



 
 

are anticipated to be temporal. Additionally, the EPA reported uncertainties in deriving a NOEC for midges, which 
likely resulted in a conservative estimate.  Nonetheless, the study by Wiltse et al (2005) highlighted that midges may 
be exposed to florpyrauxifen-benzyl at levels and durations that exceed EPA estimates. 
 
 
 
   C. Metabolites of florpyrauxifen-benzyl 
 
Metabolites of florpyrauxifen-benzyl are generally less 
toxic to non-target species (EPA 2017c; White et al., 
2023). Table 3 compares the toxicity (LC50 values) of the 
parent herbicide to seven metabolites in water fleas. This 
species was selected because the EPA evaluated toxicity 
of metabolites most extensively in water fleas.  While the 
LC50 value of the herbicide is 56 ppb, the LC50 values 
ranged from nearly 1000-110,000 ppb (geometric mean 
>16,000 ppb).  Therefore, even though metabolites are 
typically more persistent and increase exposure to non-
target species, the ecotoxicological risk of the 
metabolites are perceived as low to most animals, i.e. 
because the metabolites are less toxic compared 
florpyrauxifen-benzyl. 
   
 
 
4. In Summary, florpyrauxifen-benzyl poses negligible human health risk and minimal ecological risk to Little 
Sebago Lake.  This assessment is made based on the (i) low toxicological profile of the herbicide and its metabolites 
to most aquatic animals (ii) and low risk of exposure.  Organisms most at risk are midges and off-target plants that 
are not threatened in Little Sebago Lake; any potential adverse effects to the populations are anticipated to be 
ephemeral if the product is used according to the label.  
 
Please let me know if you have any questions related to my risk assessment. 
 
Respectfully, 
Doug Van Hoewyk, PhD 
 

 
Toxicologist 
Maine Board of Pesticide Control 
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Appendix 1. 
Questions and comments from 2026 meeting regarding potential L. Sebago herbicide treatment:   
 

1. What does “practically non-toxic” and “unlikely” mean? Explain information in the 
Safety Data Sheet (SDS). 

BPC:  EPA has deemed that florpyrauxifen-benzyl is practically non-toxic via oral, inhalation, 
and dermal exposure.  “Practically non-toxic” is a term the EPA uses when a product meets the 
lowest toxicity category (category IV).  To better put this into perspective, table salt (category 
III) is “slightly toxic” and asprin (category II) is “moderately toxic.”  EPA intentionally does 
not use the term “safe.”  
 

2. Have seen some information out of the mid-west about restrictions on drinking water for 
livestock. Why exactly should livestock not drink water treated with ProcellaCOR? 

BPC response: Florpyrauxifen-benzyl is practically non-toxic to mammals- including livestock- 
and birds at expected environmental concentrations according to the EPA.  Although I am 
unsure what document this is in referring to, this precaution is likely an additional safety 
measure.   
Additionally, I utilized the USDA Pesticide Data Program to estimate the likelihood of exposure 
of Florpyrauxifen-benzyl via drinking water.  This website contains a data repository on the 
national pesticide monitoring program from 1,500 private wells in 45 states from 2007-2013.  
There were no detections of this herbicide.  This result is anticipated due to the herbicide’s 
relatively fast degradation and low solubility, which restricts it from leaching into groundwater. 
 

3. Question about hepatotoxic toxicity in fish (study on Nile Tilapia at Cairo University and 
Menoufia University)? 

BPC response:  
The EPA maintains that the herbicide is not toxic to fish in most cases at the highest level tested 
and does not pose an environmental risk to fish if used appropriately and according to the 
label.  To quote the paper by Nabet et al (2025), in the conclusion in reads “if misused, the 
[herbicide] could exert hepatotoxic effects…” on tilapia and other non-targeted fish.  Many 
toxicological assays- including those performed by Nabet et al and the EPA- are performed at 
concentrations that would exceed anticipated environmental concentrations; therefore, I am 
stressing the word “misused” by the Egyptian researchers.  Additionally, a more recent study by 
Grue et al (2026) did not observe a toxic effect on salmon juvenile at a concentration of 100 ppb, 
which is 10-fold higher concentration that is used to control water milfoil.  Lastly, depuration 
rates of florpyrauxifen-benzyl in fish is quite rapid, and therefore risks of bioaccumulation are 
very low.  
 
Citations 
Nabet, Noura, et al. "The induced hepatotoxicity and genotoxicity in Oreochromis niloticus 
exposed to a newly released florpyrauxifen-benzyl herbicide." Ecotoxicology 34.4 (2025): 677-
691. 



 
 

Grue, Christian, et al. "Response of juvenile Chinook salmon (Oncorhynchis tshawytscha) to the 
aquatic herbicide florpyrauxifen-benzyl." Environmental Toxicology and Chemistry 45.2 (2026): 
303-308. 
 

4. Why is it less effective to do the treatment later (September)? 

DEP: The experience of the herbicide manufacturer and the herbicide applicator is that the 
efficacy of the herbicide on the target plant is less when water temperatures drop in the fall. 
BCP toxicologist: The herbicide targets a plant hormone (auxin) which controls cell division 
and plant growth.  Therefore, the herbicide is most effective when plants are growing rapidly 
and photosynthetic potential is greatest; this conclusion is also stated by the EPA. 
 

5. Will this get into groundwater? (I’m quite sure it is unlikely to get into ground water 
because of the rapid uptake by the plant and other organic matter. 

BPC: Please consult my response in question 2.   
 

6. What is the significance of the recent Lake George study regarding ProcellaCOR in 
sediment. 

BPC:  I’m quite familiar with studies evaluating the persistence of florpyrauxifen-benzyl in the 
sediment of Lake George.  The studies by Wiltse et al (2025) and the State of New York both 
agree that the active ingredient is not detected (< 1 part per billion) in the water column 10 
hours after treatment.  In contrast to the NY State report, the study by Wiltse et al (2025) did 
detect the active ingredient and its degradants in sediment at concentrations that exceeded a no-
adverse-effect level for midges, and potentially other benthic species.  However, this study did 
not evaluate if the midge population was affected. 
I’m not surprised that the active ingredient and its degradants were found in the sediment.  I say 
this because (i) persistence studies and obtained half-life data vary from location and study 
design and (ii) EPA’s Ecological Risk Assessment predicts a relatively high persistence in 
aerobic sediment- and even more so in anaerobic sediment.   
It is important to note that the EPA evaluates herbicides based on risk, rather than exposure or 
detection in sediment.  Risk considers both exposure and toxicity, and EPA deems 
florpyrauxifen-benzyl practically non-toxic to most [but not all] off-target non-animal 
species.  The academic report notes a potential risk for midges, which should not be dismissed.  
Any potential adverse effects on non-target plankton will likely be temporal, as these populations 
quickly rebound in contrast to decimation of a trout population.  If the midge population crashes, 
this will likely have consequences on higher trophic organisms, e.g. trout.  However, the effect 
on the midge population has yet to be scientifically evaluated. 
I view the persistence of the active ingredient in Lake George sediment with trade-offs and 
consequences that should be considered.  The active ingredient and its metabolites are water 
insoluble; this means it will partition to the sediment rather than groundwater.  The use of 
florpyrauxifen-benzyl in Lake George will help control invasive water milfoil, but it might pose a 
risk for midges and other benthic invertebrates.   
 
Sources 
lgpc.ny.gov/system/files/documents/2024/07/procellacor-water-sample-results-72-hours 
Wiltse, B., et al. "Persistence of florpyrauxifen-benzyl in sediments followidng application to a 
large oligotrophic lake to control Eurasian watermilfoil." bioRxiv (2025): 2025-09. 



 
 

 
7. One of the Little Sebago Water Quality Committee members has reviewed a 2023 

AgnecyIQ (division of Politico) article by Walker Livingston.  She noted that the article 
stated the abbreviation for the DEP's proposed chemical is FPX.  The following are her 
notes from the review of the article: Is it a PFAS chemical?  

 
BPC: I am unfamiliar with the abbreviation FPX, but I suspect this is in reference to 
florpyrauxifen-benzyl, the active ingredient in ProcellaCor.  This active ingredient is a 
fluorinated chemical, but it is not a PFAS as defined by OECD/Maine, because it lacks a “fully 
fluorinated carbon.”   
 


