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HEMLOCK MANAGEMENT ISSUE
In December 2016 the EPA published the “Preliminary Aquatic Risk Assessment to Support the 

Registration Review of Imidacloprid,” which contained new acute and chronic endpoints for freshwa-
ter invertebrates (EPA 2016).  The acute and chronic endpoints for imidacloprid were 0.39 and 0.01 
ppb, respectively.  Imidacloprid is the most commonly used insecticide for hemlock woolly adelgid 
management.  Imidacloprid concentrations documented in some streams associated with hemlock 
imidacloprid treatments exceed these endpoints.  Agencies, land managers, and the public may wonder 
if the new EPA endpoint values mean that insecticide use in hemlock systems is causing a problem for 
water quality.

TAKE HOME POINTS: 
The EPA imidacloprid aquatic invertebrate endpoints and benchmarks are not regulatory limits.  

Based on multiple field studies conducted at the community level, HWA imidacloprid treatments 
applied according to the label do not result in detectable impacts on aquatic macroinvertebrate 
communities, despite some imidacloprid detections above the EPA risk assessment acute and chronic 
endpoints.  Limitations on pesticide use are specified by the product label, which are informed by risk 
assessments.  Read and follow the most updated imidacloprid label when making applications.  

Qualifying Statement: This publication is a perspective originally published in 2018 that has been 
updated with new data. The perspective is based on acute and chronic freshwater invertebrate end-
points published in the “Preliminary Aquatic Risk Assessment to Support the Registration Review of 
Imidacloprid” (EPA 2016).  The purpose is to explain the endpoints and how natural resource man-
agers may interpret them.  This publication does not reflect subsequent endpoints developed by the 
Environmental Protection Agency (EPA).  Consult the EPA website for updated information.
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Stream flowing through hemlock forest in 
Great Smoky Mountains National Park.  
Photo: Elizabeth McCarty, University of Georgia

WHAT IS A PRELIMINARY RISK ASSESSMENT, 
AN EPA ENDPOINT, AND EPA BENCHMARK? 
WHAT DO THESE TERMS MEAN? 

The “Preliminary Aquatic Risk Assessment to Support the 
Registration Review of Imidacloprid” is part of the imidacloprid 
reregistration review process (USEPA 2004).  The purpose of this 
process is to “update labeling and use requirements and reduce 
risks associated with older pesticides” (USEPA 2004). From a 
management perspective, the end goal will be an updated label 
that may change how imidacloprid is used.

The EPA uses a model to calculate the environmental risks of a 
pesticide in aquatic systems.  The model used is a farm pond with 
the following considerations: the pesticide input is the highest 
labeled application rate; the entire watershed is assumed to be 
treated with the pesticide; no buffer is assumed between the pond 
and the field; spray drift is assumed to occur directly to the farm 
pond; runoff and erosion reflect soil, meteorological, chemical 
properties over a 30-year simulation. “The geographic location of 
use is regarded as representative of high-end potential for pesticide 
runoff and is not necessarily representative of runoff conditions 
for the labeled use” (USEPA 2004).  The EPA calculates risk as a 
highly exposed (near worst-case scenario) to assess the potential for 
risk to aquatic ecosystems. If a potential for risk is identified, then 
this information is considered among other factors for supporting 
label changes and/or additional refinements are made to the risk 
assessment to better reflect expected exposures and effects in the 
field.

The new acute and chronic endpoints, 0.39 and 0.01 ppb, 
respectively, were developed based on the above risk model and lab 
toxicity tests.  The toxicity tests used for endpoint determination 
were from studies that documented the most sensitive responses to 
imidacloprid, thus a worst-case scenario. The acute endpoint is based on the effect concentration 
(EC50) from a 96-hour imidacloprid exposure for the mayfly, Epeorus longimanus.   The acute 
endpoint concentration is the concentration at which 50% of the mayflies were immobilized in 
a 96-hour exposure - divided by two.  The chronic (long-term) endpoint is based on the 28-day 
no adverse effect concentration (NOAEC), i.e., the concentration at which no negative effects 
were observed, in a 28-day exposure (USEPA 2016).  It is important to understand that these 
endpoints reflect effects to individual organisms tested at constant concentrations in the laborato-
ry, not communities of organisms in the field. This differs markedly from exposures in the field, 
where concentrations are constantly fluctuating and other factors are influencing populations and 
communities (e.g., immigration, emigration, predation, competition, recovery, etc.).  

The “Preliminary Aquatic Risk Assessment to Support the Registration Review of Imida-
cloprid” was up for public comment in early 2018. The EPA considers multiple factors in the 
registration review of a pesticide, including (but not limited to): risk to the environment, risk to 
human health, benefits associated with the pesticide use, input from the public comment, and 
importantly, the availability and risks associated with pesticide alternatives. As appropriate, the 
EPA may or may not propose options for mitigating risk (e.g., label restrictions such as buffers, 
changes in application rates or methods, etc.).  

In a separate effort, the EPA Office of Pesticide Programs (OPP) publishes Aquatic Life 
“benchmarks” (USEPA 2018) and updates these values from time to time to reflect the latest 
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science. The endpoints developed in the imidacloprid “preliminary assessment” are a precur-
sor to the “benchmarks”.  The current acute and chronic freshwater invertebrate aquatic life 
benchmarks for imidacloprid are 34.5 and 1.05 ppb, respectively (USEPA 2008).  The new 
endpoints are based on research that occurred between the “Problem Formulation For The 
Imidacloprid Environmental Fate And Ecological Risk Assessment” (USEPA 2008) at the 
beginning of the reregistration review process and the Preliminary Aquatic Risk Assessment 
that was published toward the end of the review process.

The endpoint and benchmark values are not “water quality standards” (i.e., not enforce-
able limits for water quality), rather they reflect the most sensitive effect levels considered ac-
ceptable for use in OPP risk assessments.  In contrast, water quality standards are regulatory 
standards that are determined by EPA’s Office of Water, EPA Regions, or State environmental 
agencies that are then used to set limits on discharges to waterbodies.  Therefore, water quali-
ty standards are legally enforceable limits, whereas the OPP aquatic life benchmarks are not.

WHAT DO THE ENDPOINT AND BENCHMARK VALUES MEAN FOR 
HWA MANAGEMENT PROGRAMS?

According to the EPA “Aquatic Life Benchmarks and Ecological Risk Assessments for 
Registered Pesticides” webpage (USEPA 2018):

“Comparing a measured concentration of a pesticide in water with an aquatic life benchmark 
can be helpful in interpreting monitoring data and in identifying and prioritizing sites and 
pesticides that may require further investigation.”

Imidacloprid concentrations in surface water in hemlock systems exceeding these 
endpoints would indicate that further investigation is needed.  Fortunately, the effects of 
imidacloprid use in hemlock forests on aquatic macroinvertebrate communities have been 
assessed, and additional studies are ongoing.  These studies help answer the question “Is there 
a problem?”

WHAT DO WE KNOW ABOUT IMIDACLOPRID CONCENTRATIONS AND AQUATIC 
INSECT ASSESSMENTS IN STREAMS ASSOCIATED WITH HWA TREATMENTS?

Numerous studies have documented imidacloprid in streams associated with HWA 
treatments (Table 1).  However, often streams associated with HWA treatment areas do not 
have detectable concentrations of imidacloprid. Table 1 only includes data from positive 
detections.

Table 1: Imidacloprid detections in streams associated with HWA 
conservation areas treated with imidacloprid

Range of imidacloprid detected (ppb) Citation
<1 ppb Churchel et al. 2011

0.029 – 0.379 Benton et al. 2016
0.028 – 0.833 Wiggins et al. 2018
0.005 – 0.303 Crayton et al. 2020
0.087 – 0.320 Bradley et al. 2021
0.811 & 0.944 McCarty (study in progress)
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Mayfly, Ephemerella (Ephemeroptera: Ephemerellidae).
Photo: Elizabeth McCarty, University of Georgia

Rainfall event sampling yielded interesting results regarding persistence of imidacloprid associated with 
peak rainfall flows (Wiggins et al. 2018).  Imidacloprid concentrations up to 0.833 ppb were documented in a 
stream during a 1.8 inch rainfall event that occurred six months after HWA imidacloprid treatments.  However, 
imidacloprid was not detected in two subsequent rainfall events of similar or greater magnitude.  Imidacloprid 
likely was transported downstream and diluted so quickly that concentrations were no longer detectable when 
the post-rain event sampling occurred.  In addition, when imidacloprid enters surface water it begins to break 
down by biotic metabolism (USEPA 2016) and photodegradation (Agüera et al. 1998, Wamhoff and Schnei-
der 1999).  Thus, rainfall-associated peak concentrations of imidacloprid in streams likely do not persist very 
long. This low persistence of imidacloprid in flowing streams contrasts with the constant exposures over 28 days 
associated with the NOAEC of 0.01 ppb, which better reflect different environmental conditions, such as ponds 
and lakes.

While a stream water sample provides a snapshot of conditions when the sample was collected, aquatic mac-
roinvertebrate communities provide longer term insight on stream water conditions.  Aquatic macroinvertebrate 
communities in four streams associated with HWA treatment areas were assessed by Churchel et al. (2011).  
Comparisons of three community metrics were made between the four “treatment” streams and a control 
stream: taxa richness, number of Ephemeroptera, Plecoptera, and Trichoptera (EPT) (mayflies, stoneflies, and 
caddisflies), and the North Carolina Biotic Index (NCBI), a water quality measure used by many regulatory 
agencies.  Community metric comparisons indicated that imidacloprid was not negatively affecting aquatic 
macroinvertebrate communities, and the NCBI values for all streams ranked them in the “excellent water quali-
ty” class (Churchel et al. 2011).

Aquatic macroinvertebrate communities in nine streams in locations downstream from HWA treatment 
areas were assessed in a study in Great Smoky Mountains National Park.  The downstream communities were 
compared to communities upstream from imidacloprid treatment areas and pre-HWA treatment baseline data 
(in other words, two controls) (Benton et al. 2017).  Thirty-six comparisons were made between downstream 
communities and control communities.  Comparisons included the following metrics: abundance, richness, 
dominance, evenness, Shannon diversity, tolerance values, as well as the abundance, richness, and proportion of 
both functional feeding groups and life habits.  Communities located downstream from imidacloprid treatment 
areas had statistically similar community diversity metrics as control communities.  In addition, communities 
had similar functional feeding groups and life habits. Thus, macroinvertebrate 
community impairments due to imidacloprid treatments in the 
surrounding forest were not detected (Benton et al. 2017).    

Tolerance values indicate the ability of an aquatic macro-
invertebrate to survive in stressful water quality conditions.  
Tolerance values are scaled from 0 – 10.  Lower values indi-
cate that organisms require pristine water quality for survival, 
whereas higher values indicate that the organism can survive in 
poor water quality.  The mean downstream tolerance value for 
EPT taxa was 1.7, so aquatic macroinvertebrate communities 
were dominated by organisms that require high water quality to 
survive (Benton et al. 2017).  

The mayfly taxa used for the EPA acute endpoint determi-
nation was from the genus Epeorus.  Specimens from this genus 
were also collected from seven downstream locations and five 
upstream locations (Benton et al. 2017).   The species collected 
were E. dispar, E. vitreus, and E. pleuralis.  Although these spe-
cies may not have the exact same sensitivity to imidacloprid as E. 
longimanus, finding taxa from the same genus as the taxa used 
in EPA acute endpoint determination is positive.

In conclusion, EPA imidacloprid aquatic invertebrate end-
points and benchmarks are not regulatory limits, rather they 
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indicate the need for further investigation.  Researchers and federal HWA management personnel have already 
conducted detailed / peer reviewed investigations of aquatic macroinvertebrate communities.  Thorough com-
munity data analyses indicate that HWA imidacloprid treatments applied according to the label do not have 
a negative effect on aquatic macroinvertebrate communities.  Additionally, scientists continue to assess water 
and habitat quality in hemlock systems to provide land managers data on best management practices. Based on 
the information currently available, imidacloprid applications according to the product label are a responsible 
management tactic for hemlock conservation.  
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