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Mesocosm Experimental Design
The 30-day mesocosm experiment was run at the USGS Aquatic Experimental

Laboratory (AXL), Fort Collins, Colorado, from October 18 to November 17, 2017 (1 day for
acclimation plus a 30-day experiment). Methods have been previously described (29, 31). The
mesocosm setup consisted of 36 recirculating stream mesocosms contained within four Living
Streams® (a recirculating water tank). Each Living Stream® is equipped with a chiller to maintain
water temperature and illuminated by four Verilux® bulbs (27 pimol m2 st) on a 16:8 L:D cycle.
The stream mesocosms were stainless steel, suitable for the hydrophobicity of fipronil (log
kow=4.0) and for use with organic cleaning solvents (Figure S1); the recirculating pump (Danner
Supreme® model 3) and connector (Polyvinyl chloride, PVC) to the stainless-steel stream
mesocosm were made of plastic.

Water for the mesocosm experiment was collected from the Cache La Poudre River
(headwaters include Rocky Mountain National Park, National Forest, and the Continental
Divide) and stored in four 2,643-L (600-gal) polyethylene Ace Roto-Mold® tanks at the AXL.
Previous assessment of sediment and water samples collected from this site returned no
pesticide detections (29). The water tanks were outfitted with pumps and plumbing such that
all water was mixed among tanks and then distributed to four head tanks located above the
Living Streams®. Water was delivered to each stream mesocosm via two peristaltic pumps—
one for clean river water stored in the head tanks and one for treatment water (water spiked
with a fipronil compound) stored in 20-L stainless-steel containers with lids—each at 2 mL/min
for a total replacement rate of 4 mL/min or a little more than one complete water turnover per

day. Flow rates were measured and recorded daily and adjusted if required. Natural benthic



communities transplanted from the Cache La Poudre River into the mesocosms were exposed
exclusively to clean river water for the first day to acclimate the invertebrates to experimental
conditions. The pumps for the treatment water were started on day 1 of the experiment.

The mesocosm experimental design consisted of 30 treatment streams and 6 control
streams. Treatment streams received treated water, each consisting of an un-replicated
constant concentration of a fipronil compound: fipronil (Sigma-Aldrich, CAS 120068-37-3),
amide (Sigma-Aldrich, CAS 205650-69-7), desulfinyl (U.S. Environmental Protection Agency
(EPA) Pesticide Repository, CAS 205650-65-3), sulfone (Sigma-Aldrich, CAS 120068-37-2), and
sulfide (Sigma-Aldrich, CAS 120067-83-6); all purities were > 97.8%. Nominal exposure
concentrations ranged from 0.002 to 15.625 pg/L (fipronil and amide) and from 0.001 to 3.125
ug/L (desulfinyl, sulfone, and sulfide), chosen based on published response values (7, 15, 16, 18,
21, 23, 25, 32, 33). Concentrated stock solutions were prepared by dissolving a fipronil
compound in methanol (Fisher certified ACS grade) and diluting with deionized water to the
desired volume in a volumetric flask. Each stock solution was serially diluted, resulting in six
individual stock solutions per compound, stored in amber glass in the dark at 4 °C, and used to
dose treatment water throughout the mesocosm experiment. Appropriate volume aliquots of
the solutions were used to spike 20-L polyethylene carboys of river water to achieve twice the
targeted exposure concentration. Because of the different amounts of methanol in a dose,
methanol was added to all stream mesocosms and to three of the control mesocosms as
needed to ensure the same methanol concentration (0.05 mL/L) among stream mesocosms.

Carboys used to fill the lidded stainless-steel dose containers above the streams were covered



to reduce photolysis. The remaining three control stream mesocosms received 4 mL/min clean
river water, no methanol, and were otherwise treated as all other streams.

Temperature, pH, conductivity, and fipronil and fipronil degradates were measured in
the stream mesocosms on days 8, 16, and 26. To track degradation of the parent compound
fipronil over the duration of the mesocosm experiment the fipronil (parent)-treatment stream
mesocosms were sampled on 3 additional days (days 5, 12, and 21, [n=6]) for temperature, pH,
conductivity, fipronil, and the fipronil degradates. Temperature, pH, and conductivity were
measured with a Hach HQ40d field meter. Samples for pesticide analysis were collected by
filtering 10 mL of stream water through a Whatman 0.7-um GF/F syringe filter equipped with a
large-bore needle into a 20-mL amber glass vial. Samples were immediately frozen and sent to
the USGS National Water Quality Laboratory (NWQL), Lakewood, Colorado, where they were
analyzed for pesticides on February 2 and 9, 2018. Fipronil and the four degradates were
measured in water samples by direct aqueous-injection (DAI) liquid chromatography-tandem
mass spectrometry (LC-MS/MS) using a modification of a previously published method (34). The
modification was the use of a more sensitive LC-MS/MS instrument (Agilent 6495) that allows
injection of less sample (20 pL) to minimize bias from sample matrix. Instrument detection
levels (IDLs) were estimated as the lowest calibration standard that met qualitative
identification criteria; IDLs were 0.005 pg/L for fipronil amide and 0.001 ug/L for the other four
fipronil compounds. A complete description of the method used to measure fipronil
compounds, including quality control and assurance procedures (e.g., sample recoveries,

spikes, third-party checks, and blanks), is provided below.



Enumeration and identification of adult and larval invertebrates, major data collection
endpoints, were done at the end of the 30-day mesocosm experiment. Emergent adult insects
were collected from nets daily and frozen in clean 15-mL Falcon® centrifuge tubes. At the end
of the experiment (day 30), the rocks, rock trays, and the interior of each stream mesocosm
were scrubbed to dislodge any invertebrates, and contents were sieved at 500 and 250 um
successively, preserving the contents of each sieve separately in 80% ethanol. Taxonomic
identification of larval and adult invertebrates was completed by Timberline Aquatics (Fort
Collins, Colorado) to the lowest taxonomic level possible, typically species. Chlorophyll a was
measured in every stream mesocosm on days 9, 19, and 29 in triplicate using a BenthoTorch
(bbe Moldaenke GmbH, Germany) portable fluorometer that provides real-time qualitative and
guantitative in-situ data (64). All chemical and biological data generated by the mesocosm

experiment are in the companion data release (35).

Field invertebrate sampling methods
Invertebrate communities were sampled at the end of each regional study

(spring/summer); typically, coincident with the last water-quality sampling event. The water-
quality sampling was timed to coincide with low-flow conditions following the growing season
and high pesticide use and with the time when stream invertebrate communities are mature
and predominantly in the larval life stage. Invertebrate community sampling was completed at
437 of the 444 sites. In the Midwest and Coastal California regional studies, invertebrates were
sampled at 11 equally spaced transects at one of the assigned channel locations (either left,

center, or right) using a D-frame net (500 um) (65) and preserved in 95% ethanol, with larger



predaceous invertebrates preserved immediately to reduce consumption of or damage to other
organisms. In the Southwest, Pacific Northwest, and Northeast regional studies, invertebrate
sampling targeted rich habitats such as riffles or, in low-gradient streams, woody snags;
samples were collected using a modified Surber sampler with 500-um mesh net from a total
sampled area of 1.25 m? and composited. These invertebrate samples were sieved through a
500-um sieve, large organic and inorganic debris was removed, and the sample was preserved
with 10% buffered formalin (36-40). All invertebrates were identified and enumerated generally
at either genus or species level at the NWQL in Denver, Colorado. The two macroinvertebrate
sampling protocols used here were comparable in the number of composite samples, total
sampled area, use of quantitative collection techniques (either Surber sampler or D-frame nets
with 500-um mesh openings), stream-reach length (typically 150 to 300 m), and common
laboratory procedures. Assessment of ecological condition based on Ephemeroptera +
Plecoptera + Tricoptera (EPT) richness was previously reported (66) to be consistent for

transect-based versus targeted sampling such as were used in the present study.

Data analysis
Effect concentrations at which there was a 20% or 50% reduction in larval invertebrates

relative to controls (i.e., EC2o, ECso) were calculated for each of the five fipronil compounds used
in the mesocosm experiment. Exposure concentrations were characterized by time-weighted
averages of measured concentrations, whereby each observation was weighted by the number
of days between the start of the mesocosm experiment and the next observation, between
observations, or time of last observation to the end of the experiment. If a compound was not

detected in a stream mesocosm and the nominal (treatment target concentration)



concentration was >0, an estimated value of 0.5 times the IDL was substituted into the analysis
(substitutions were made for 11 of 108 target compound measurements); this estimated value
was at or below the lowest nominal concentration for all compounds except fipronil amide. The
data (x=time-weighted fipronil concentration, y=larval abundance or other metric) were fit in R
(43) extension package “drc” using a three-parameter logistic regression (44). Curves were fit
to all (larvae) individual species with adequate abundance and to additional metrics of interest
(e.g., taxa richness, total mayfly abundance, total abundance) to further understand community
effects. All analyses of larval metrics used the total larvae collected for a given stream
mesocosm (500-um + 250-um sieves). Model fit was assessed using the Nash-Sutcliff
Coefficient (NSC) (45) where a poor model fit can receive infinitely negative values and perfect
fit receives a value of 1. The NSC is a more effective measure of non-linear model fit than Root
Mean Squared Error or (R?) (67).

To explore the effects of fipronil compounds on insect emergence in the experiment,
data were evaluated in two ways. First, the cumulative daily emergence (count of all
individuals) of insects from each stream mesocosm was tabulated. The cumulative daily
emergence was then normalized to controls by subtracting the mean emergence in the control
stream mesocosms from the emergence in each treatment stream mesocosm. These values
were plotted against time to understand how emergence in the treatment stream mesocosms
deviated from the control stream mesocosms over the 30-day experiment. Secondly, the
percent total emergence for each stream mesocosm, defined as the ratio of the total number of
emergers from a given stream mesocosm to the mean number of larvae and adults in the

controls, also was calculated. The percent total emergence (y) as a function of concentration



(x=time weighted average compound concentration) was fit to a three-parameter logistic
regression for each fipronil compound to estimate effect concentrations on emergence, as was
done for estimating effect concentrations for larval mortality (R extension package “drc”). This
allowed comparison of effect concentrations of two different endpoints, larval mortality and
adult emergence. All emergent insects collected were from two subfamilies of the family
Chironomidae and therefore were combined for analysis.

Changes to community structure, such as taxa loss, can result in changes to community
function. Indirect effects, known as a trophic cascade, can be explored through structural
equation modeling. To test for a trophic cascade, a simple network of cause-effect
relationships were evaluated using a path-analytic approach (R package “piecewiseSEM”) (46).
For the mesocosm experiment, the presence of fipronil, desulfinyl, sulfide, and sulfone in water
was hypothesized to reduce the biomass of scrapers, indirectly causing an increase in the
biomass of chlorophyll a (47). Compound concentrations were the predictor variables, and
scraper and chlorophyll a biomass were response variables. To calculate biomass, length
measurements of the individual larvae were converted to mass using a length/mass regression
based on known relations between length and mass for each taxon (68) and then assigned to
their appropriate functional feeding group (e.g., collector -gatherer, collector-filterer, scraper,
predator, shredder) to determine total biomass for each functional feeding group (FFG). Amide
was not tested because the experiment resulted in few dose-response relations between amide
and invertebrates. Exposure concentrations and scraper biomass were logip(X+1) transformed,

and chlorophyll a was logio transformed to improve the distribution of residuals, which are



assumed to achieve multivariate normality. The Fisher’s C statistic was used to assess model fit
such that p-values < 0.05 indicate good model fit (46).

To develop a risk-based threshold protective of ecological communities, chronic species
sensitivity distributions (SSD) and hazard concentrations protective of 95% of the affected
species (HCs, hazard concentration for 5% of affected species) were derived for each
compound. Three SSD datasets were generated: (1) a mesocosm-only dataset, (2) a dataset
inclusive of all the mesocosm data combined with that collected from a query of the U.S.
Environmental Protection Agency ECOTOX database (https://cfpub.epa.gov/ecotox/, accessed
3/14/2019), and (3) a dataset inclusive of all the mesocosm data and the ECOTOX data where
the ECOTOX data (acute exposures) were divided by the acute-to-chronic ratio for Daphnia
magna (19.39) as a means to account for differences in exposure duration and to approximate
chronic ECsp values (12). Data collected from the ECOTOX database were evaluated on the
following criteria: inclusive of exposures > 4 days, tests conducted in the laboratory using fresh
water, included at least one measurement of exposure concentrations, used active ingredient
to develop exposures, and reported mortality as an ECsg or lethal concentration that elicits a
50% response (LCsp). No data from the ECOTOX database had an exposure longer than 4 days. If
the more than one result was reported for a taxon, the lowest ECso was used for SSD
development. Our purposes in generating multiple SSD models were (1) to develop HCs values
for comparison with field data (mesocosm-only SSD) and, (2) evaluate the robustness of
mesocosm data relative to data resources more broadly accepted by regulators for inclusion
into aquatic life benchmarks and criterion development and thus the utility of mesocosm

studies for use in regulatory processes.


https://cfpub.epa.gov/ecotox/

SSDs were developed for each dataset using the R package “ssdtools”(48). Maximum
likelihood methods were used to fit multiple data distributions (log-normal, log-gumbel,
gamma, and weibull) to each SSD dataset, and the best-fit distribution was selected using
Akaike Information Criterion (AIC) (69). An HCs was estimated from the best-fit cumulative
distribution of each SSD dataset, and confidence intervals (Cl) were estimated using a
bootstrapping (n=10,000) procedure. 49 taxa responses developed from this study (all taxa
identified to genus or species) were combined with 32 taxa responses compiled from 6
published studies found in the ECOTOX database, combining for a total of 81 taxa responses for
use in SSD development. No SSD was developed for amide, as no data were found in the
ECOTOX database for amide, and only one ECso response was derived from the current study.
While only one ECsp for desulfinyl was found in the ECOTOX database, 12 ECso values were
generated by the current study, therefore SSDs were developed for desulfinyl.

The fipronil compound-specific HCs values derived from the mesocosm-only SSD dataset
were combined with field data to estimate exposure and potential toxicity to fipronil
compounds in the 444 streams from the five U.S. regions assessed. Each detected
concentration (non-detections treated as zeros) of a fipronil compound during the final 4-week
sampling window was divided by its respective HCs, and the compound ratios for each sample
were summed to obtain the total toxic units for fipronil(s) (ZTUFipronils) for that sample, where
ZTUFripronis > 1 indicates toxicity. The rationale for replacing non-detections with zero was that a
non-detection could mean the pesticide did not occur in the stream and, from a toxicological
perspective, is a conservative approach to avoid inflating toxic unit values because of the limits

of analytical methods. This contrasts with the mesocosm experiment, for which non-detections



were replaced with one-half the IDL when known pesticide was added to the treatment; here,
occurrence of the pesticide is a given.

The degree to which the SSD derived from the mesocosm data reflects the broader
ecological community sensitivity to fipronil(s) was evaluated using a method similar to that
described above. A Hazard Concentration for 50% of affected species (HCso) was calculated for
each compound and compared to the ECso value for taxa richness developed from the
mesocosm experiment. This comparison allows for an evaluation of the agreement between
the SSD approach, which includes only those taxa responses with dose-response relationships,
and the ECsg approach using the metric taxa richness, which includes all unique taxa observed
in the mesocosms, including those that did not have a dose-response relationship.

A Species at Risk for pesticides (SPEARpesticides) metric was calculated to investigate the
relation between the health of the invertebrate community and ZTUripronils at the 437 stream
sites where invertebrates were collected. The SPEARpesticides is @ metric that converts
invertebrate composition into physiological and ecological traits that indicate community
susceptibility to pesticides and is insensitive to natural covariates (49, 70), although
performance of the SPEARpesticides metric can be affected by severe habitat degradation (51).
The field-collected abundance data for each taxonomic unit were harmonized with the taxa key
values associated with the ASTERICS software for assessing the ecological quality of rivers

(https://www.gewaesser-bewertung-berechnung.de/index.php/home.html). The data then

were imported into the Indicate (http://www.systemecology.eu/indicate/) software (version

18.05) where, using a European trait database and a database of physiological sensitivity to


https://www.gewaesser-bewertung-berechnung.de/index.php/home.html
http://www.systemecology.eu/indicate/

pesticides, the data at each site were converted into a SPEAResticides metric. SPEARpesticides is the
relative taxa abundance at each site calculated as follows:

Yie log (4x;+1)*y
SPEAR esticides = —wn
pesticides Y1, log (4x;+1)

where n is the number of taxa, y; is the abundance of the taxon iand y is 1 if taxon i is
classified as “at risk”’, otherwise 0 (49, 70). Thus, SPEAResticides can range from 0, indicating no
taxa sensitive to pesticides to a larger number equal to the relative abundance of taxa sensitive,
or “at risk”, to exposure to pesticide. SPEARpesticides is then normalized by a predetermined
average reference condition regarding “toxic pressure”(70). SPEARpesticides ranges from 0 to >1 if
local conditions have more species at risk than that in the average reference condition. General
additive models (GAMs) (“mgcv” package in R (52)) were used to explore associations between
the SPEARpesticides metric and ZTUriproniis (log1o0(X+1) transformed) for each of the five regional
studies. The GAMs relate a univariate response variable (invertebrate metric) with predictors
that are dependent on unknown smoother functions and were used to avoid assumption of the

shape of the modeled relations.

Method for Determination of Fipronil Compounds in Mesocosm Water

Samples
Fipronil and fipronil degradate compounds (fipronils) were determined in water samples by

direct aqueous-injection (DAI) liquid chromatography-tandem mass spectrometry (LC-MS/MS). The
method was a modification of a previously published method for 227 pesticide compounds (34). The
modification was the use of a more sensitive LC-MS/MS instrument (Agilent 6495) that allowed injection
of less sample (20 pL) to minimize bias from sample matrix.

Water samples were analyzed with an Agilent 1290 Infinity LC system consisting of a binary

pump, autosampler, sample tray cooler, and heated column compartment, coupled to an Agilent 6495



triple quadrupole LC-MS/MS system equipped with an Agilent Jet Stream electrospray ionization source.
The analytical column used for compound separation was a Zorbax C18 column (50 mm x 2.1 mm i.d.,
3.5 um particle size), maintained at 50°C. The mobile phase consisted of 3.5 mM (0.02% v/v) acetic acid
in water (phase A) and acetonitrile (phase B). The gradient started with 90 percent phase A, changed to
60 percent at 4 min, 40 percent at 9 min, 5 percent at 13 min. The flow rate was 0.6 mL/min, and the
injection volume was 20 pL.

Tandem mass spectrometry was carried out using negative electrospray ionization and multiple
reaction monitoring (MRM). The precursor and product ions and optimum collision energy were
selected from analysis of each individual compound. The retention times and precursor and product ions
for each compound are available in Table 1 of the companion data release (35). The precursor ion
obtained was the molecular ion [M-H]- for all compounds. Isotopically labeled standards, diuron-ds and
ibuprofen-13Cs;, were added to every sample and used for quantitation. Qualitative identification criteria
were that both MRM peaks overlapped and had retention times within 0.1 min of calibration standards,

and MRM ion ratios from samples were within £30% (relative) of calibration standards.

Results for Determination of Fipronil Compounds in Mesocosm Water

Samples
Samples were analyzed in a sequence of instrument blanks, calibration standards, laboratory

quality-control (QC) samples, and environmental samples called an analytical batch. The laboratory QC
samples include continuing calibration verification (CCV) standards, instrument detection level (IDL)
standards, and third-party check (TPC) standards. The laboratory reagent blanks and laboratory reagent
spikes were prepared in sample containers, similar to the environmental samples. Low concentration
standards were used as instrument detection level (IDL) standards to check LC-MS/MS response during

and at the end of the analytical batch. A typical analytical batch consists of about 109 analytical vials



with 75 environmental samples, 2 laboratory QC samples, and 32 instrument QC samples (blanks,
calibration standards, CCVs).

The stream mesocosm samples were analyzed in two batches. Data from each analytical batch
were analyzed using the MassHunter quantitative analysis software (71). Calibration was performed
using the peak areas and the internal standard technique. A series of 12 calibration standards, ranging
from 1 to 10,000 ng/L, were analyzed at the start of each batch. Calibration curves were generated using
the MassHunter software using quadratic curve fit, ignore origin, and 1/x weighting settings. The
calibration curves used for the stream mesocosm samples met acceptance criteria of the fit of quadratic
curve (R? greater than 0.99), and bias of each calibration standard in the curve relative to the nominal
concentration was less than 30 percent, except at the lowest level where bias was +50 percent (34).

Isotopically labeled standards linuron-ds and ibuprofen-13Cs were used as internal standards for
guantitation and were added to all laboratory QC samples and stream mesocosm samples. Linuron-ds
was used for quantitation of the fipronils, and ibuprofen-13Cs was used for quantitation of linuron-ds.
The recoveries of the internal standard linuron-ds are shown in Table 2 of the companion data release
(35). Median recoveries of linuron-ds were 103 percent (92 to 130 percent) in laboratory QC samples
and 100 percent (79 to 139 percent) in mesocosm samples and met the method acceptance criteria (70-
130 percent) (34).

Expected concentrations and recoveries of fortified compounds in the laboratory QC samples
are shown in Table 3 of the companion data release (35). Median recoveries of all QC sample types for
all compounds were within acceptance criteria used for the original method (70 to 130 percent) except
for desulfinylfipronil in TPC samples (62 percent) and fipronil sulfone in 25 ng/L IDL standards (65
percent). Two CCV standards had relatively high recoveries (175 to 183 percent) for all compounds. The
IDL standards at 5 ng/L were within acceptance criteria for all compounds, indicating that the

guantitation method was accurate at least as low as this concentration.



The laboratory instrument blank and reagent blank samples analyzed with the stream
mesocosm samples are summarized in Table 4 of the companion data release (35). There were no
detections of desulfinylfipronil, fipronil amide, or fipronil sulfide in any of the blank samples. There was
one detection of fipronil in an instrument blank (0.24 ng/L), and three detections of fipronil sulfone
(maximum 0.23 ng/L). These low concentrations determined in the blank samples were less than 3 times
the lowest concentration measured in the mesocosm stream samples, so no sample results were
censored, although some associated samples did have a qualifier code added (34). The IDLs were
estimated as the lowest calibration standard that met qualitative identification criteria, which were 5
ng/L for fipronil amide and 1 ng/L for all other fipronil compounds. Samples with no MRM response or

that failed qualitative identification criteria were reported as <IDL.



Figure S1. Example of an experimental stream. Each stream mesocosm is constructed from a 15.1-L
stainless-steel pot, outfitted with a magnetic-drive pump (Danner Supreme® model 3). The stream
contains a 12.7-cm stainless-steel drainpipe covered with 1-mm metal mesh and a 21-cm perforated
stainless-steel recirculation pipe surrounded with 1-mm wire mesh. The pump is connected on one end
to recirculation pipe and on the other end to a stainless-steel elbow joint located above the water level
to provide water flow and create an aerated ripple environment. Each stream contains four rock trays

colonized with natural communities. Photo credit: Janet Miller, U.S. Geological Survey.
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Figure S2. Each measured concentration of (a) fipronil, (b) desulfinyl, (c) sulfone, (d) sulfide, and (e)
amide in each treatment plotted by day of experiment. Target concentrations are on the x-axis and
measured concentrations on the y-axis (logio). Diagonal is a 1:1 line. By design, concentrations are
anticipated to increase over time for the first 4-10-days given daily renewal of a full volume of water in

the streams, and all treatments start on day 1.



Table S1. Effect concentrations (ECsp and ECyox SE; in pug/L) for benthic macroinvertebrate larvae exposed to fipronil compounds

in a 30-day stream mesocosm experiment. Effect concentrations are calculated from a three-parameter logistic model. na-

Effects not estimated because of poor fit or lack of a standard error estimate. NSC-Nash-Sutcliff Coefficient. EPT-

Ephemeroptera + Plecoptera + Tricoptera.

Fipronil Compound

Taxa order Taxa Effect Fipronil £ NSC Desulfinyl + NSC Sulfone * NSC Sulfide £ NSC
concentrati standard error standard error standard error standard error
on (pg/L)
Ephemeroptera Total mayflies ECso 0.072 +0.088 0.74 0.225+0.106 0.64 0.016 + 0.007 0.70 0.037 £0.017 073
ECyo 0.041 £ 0.064 ’ 0.187 £0.218 ' 0.013+£0.011 ' 0.024 £ 0.036 ’
Baetis tricaudatus ECso 0.017 £0.031 0.144 £0.578 0.009 £ 0.016 0.025 £ 0.066
ECGo 00140037 °%° 012820423 %32 oo0sroo012 °°* oo019:0071 O
i i + + + +
Diphetor hageni ECso 0.008 + 0.006 071 0.023 £0.029 0.60 0.007 £ 0.026 058 0.014 £ 0.025 051
EC  0.005 +0.004 0.003 + 0.006 0.006 + 0.006 0.007 +0.015
Drunella grandis ECso,  0.016 +0.016 0.237 +0.080 0.015 +0.013 0.029 +0.049
ECxo 0.002 +0.003 0.80 0.160+0.213 0.65 0.007 + 0.007 0.59 0.002 +0.008 0.63
Ephemerella sp. ECso 0.128 +0.180 0.252 +0.048 0.055 + na 0.038 +0.031
ECo  0008:0241 °% 02150231 %™ 00s0¢na  *°% o0028:0006 °°°
Epeorus sp. ECso,  0.030+0.050 0.080 +2.214 0.014 +0.020 0.023 + na
ECGo 002240010 % o0073:4359 %% o012:038 °°* o0021#na %
i + + + +
Rhithrogena sp. ECso 0.013 +£0.034 0.79 0.011 £ 0.004 0.89 0.002 + 0.002 0.69 0.004 +0.003 0.90
ECxo 0.012 +£0.030 0.007 + 0.004 0.002 + 0.001 0.003 +0.007
Paraleptophlebia sp. ECso na na 0.006 + 0.002 036 0.010+0.022 034
ECx na na 0.005 £ 0.009 ’ 0.003 £ 0.008 ’
Mayfly richness ECso 0.074 £0.027 0.185 £ 0.048 0.014 £ 0.004 0.050 £ 0.107
ECxo 0.009 + 0.005 0.96 0.092 +0.042 0.88 0.005 + 0.002 0.96 0.037 £0.015 0.90
Plecoptera Total stoneflies ECso 0.014 +0.092 057 0.062 + 0.065 058 0.005 + 0.008 063 0.007 £0.021 0.59
ECx 0.012 £ 0.086 ’ 0.049 £ 0.080 ) 0.004 £ 0.010 ’ 0.005 £ 0.004 ’
Capniidae ECso 0.008 £ 0.010 0.071+0.117 0.005 £ 0.004 0.018 £ 0.962
ECxo 0.004 +0.008 0.50 0.059+0.184 0.43 0.005 + 0.007 0.48 0.015 +0.755 0.48
Sweltsa sp. ECso 0.005 +0.001 0.66 0.002 +0.002 0.79 na 0.006 + 0.005 0.66
ECx 0.004 £ 0.001 ’ 0.0003 £0.0006 na 0.004 £ 0.005 ’
Prostoia sp. ECso 0.013 £ 0.098 0.061 £ 0.082 0.004 £ 0.010 0.006 £ 0.005
ECo 0.012 +0.086 0.55 0.049 +0.099 0.57 0.004 +0.011 0.62 0.004 +0.007 0.58
Pteronarcella badia ECso 0.005 +0.003 061 0.012 £ 0.020 0.54 0.010 £ na 038 na
ECxo 0.004 £+0.002 0.002 + 0.004 ' 0.009 + na ' na
Trichoptera Lepidostoma sp. ECso 0.364 £ 4.85 056 0.25 £ 0.094 051 0.004 £0.017 0.47 0.040*0.099 036
ECx 0.312 £3.450 ’ 0.171£0.36 ’ na 0.001 £ 0.005 ’
i Micropsectra/
D E 248 £ 0. 36+1.31
iptera Tanytarsus sp. Cso 0.248 £ 0.593 032 0.36 3 014 na na
ECx 0.161 +£0.185 0.27 £ 0.455 na na
Rheocricotopus sp. ECso 0.022 £ 0.011 0.40 0.172 £0.370 031 0.012+0.012 0.014 £0.272 0.41
ECxo 0.017+0.030 0.148 +0.343 ) 0.011+0.015 0.33 0.012+0.202
Tvetenia sp. ECso 0.114+ 0.444 0.37 na 0.055 +0.785 037 0.018 +0.036 0.45
ECx 0.093 £0.521 ’ na 0.050 £ 0.570 ’ 0.009 £ 0.022 ’
Diptera richness ECso 0.411 +£0.282 1.163+1.088 0.298 £ na 0.044 £ 0.028
ECx 0.123 £ 0.104 0.77 0.450 £ 0.564 0.38 0.265 £ na 0.46 0.016 £ 0.014 0.72
Other metrics Total abundance ECspo 0.025 +0.018 058 0.173 £0.109 0.50 0.013 £ 0.009 056 0.031+0.039 0.61
ECxo 0.020+0.031 0.107 £ 0.010 ' 0.006 +0.006 0.017+0.055
Taxa richness ECso 0.112 £ 0.043 0.225 £ 0.035 0.056 £ 0.030 0.053 £0.018
ECx 0.02 £0.011 0.94 0.151£0.073 0.90 0.008 £ 0.005 0.88 0.014 £ 0.008 0.92
EPT richness ECspo 0.036 +0.012 0.169 +0.029 0.024 +0.011 0.054 +0.010
. . .92 .
ECy 0.007 £ 0.003 0.96 0.085 +0.029 0.94 0.005 + 0.002 0.9 0.028 + 0.009 0.95
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Figure S3. In mesocosm experiments, larval mayfly abundances as a function of (a) fipronil, (b)
desulfinyl, (c) sulfone, and (d) sulfide concentration fitted with a three-parameter logistic function. Each
data point represents larval abundance from a stream mesocosm at the end of the 30-day experiment.
Total mayfly abundance is the sum of mayflies in each stream. Concentration values are time-weighted
averages of observed concentrations in each stream mesocosm. Gray ribbon is the 95 percent

confidence interval of regression. Note the x-axis is on the log scale.
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Figure S4. In mesocosm experiments, the most sensitive taxa response to each of the fipronil(s): larval
Sweltsa sp. abundances versus fipronil (a) and desulfinyl (b), and Rhithrogena sp. versus sulfone (c), and
sulfide (d). Fitted responses are three-parameter logistic functions. Each data point represents larval
abundance from a stream mesocosm at the end of the 30-day experiment. Concentration values are
time-weighted averages of observed concentrations in each stream mesocosm. The x-axes are log

transformed. Gray ribbon is the 95 percent confidence interval of regression. Note the x-axis is on a log

scale.
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Figure S5. In mesocosm experiments, percent emergence as a function of log-transformed
concentration fit with a three-parameter logistic regression for: (a) fipronil, (b) desulfinyl, (c) sulfone, (d)
sulfide, and (e) amide. Percent emergence is calculated as the number of emerged adult insects in a
stream mesocosm divided by the average number of larvae plus adults in the control stream mesocosms
(n=6). Each data point represents an individual stream mesocosm. Concentration values are time-
weighted averages of observed concentrations in each stream mesocosm. Gray ribbon is the 95 percent

confidence interval for regression. Note the x-axis is on the log scale.



Table S2. Model-fit statistics used for selecting the best-fit data distribution used to estimate Hazard Concentrations at the 5t

percentile of each species sensitivity distribution (mesocosm-only data) shown in Figure 4.

Akaike’s AIC Bayesian
. Anderson- Kolmogorov Cramer- Information v . Delta AIC,
Compound Distribution . . . o corrected Information .
Darling -Smirnov  von Mises Criterion .. AIC  weight
(AIC.) Criterion
(AIC)

Inorm 0.580 0.189 0.103 -43.2 -42.2 -42.1 1.78 0.262

Fioronil Igumbel 0.380 0.167 0.0549 -45.0 -43.8 -43.9 0 0.638
P gamma 0.941 0.268 0.185 -39.4 -38.2 -38.3 5.58 0.039
weibull 0.760 0.230 0.141 -40.3 -39.1 -39.2 4.67 0.062

Inorm 0.363 0.159 0.0504 -70.6 -69.6 -69.7 0.736  0.239

Sulfide Ilgumbel 0.523 0.183 0.0834 -68.6 -67.7 -67.7 2.65 0.092
gamma 0.276 0.150 0.0344 -71.2 -70.2 -70.2 0.121  0.325

weibull 0.258 0.145 0.0308 -71.3 -70.3 -70.3 0 0.334

Inorm 0.588 0.202 0.0962 -17.6 -16.3 -16.6 3.16 0.097

) Ilgumbel 0.764 0.200 0.123 -13.6 -12.3 -12.7 7.11 0.013

Desulfinyl

gamma 0.410 0.172 0.0672 -20.8 -19.4 -19.8 0 0.472

weibull 0.462 0.173 0.0727 -20.5 -19.2 -19.5 0.25 0.417

Inorm 0.377 0.163 0.0460 -73.2 -72.8 -73.2 0.715 0.346

sulfone lgumbel 0.222 0.121 0.0269 -73.9 -73.6 -73.9 0 0.495
gamma 0.786 0.237 0.123 -70.4 -70.0 -70.4 3.53 0.085

weibull 0.730 0.231 0.112 -70.1 -69.8 -70.1 3.80 0.074

Inorm-log-normal distribution; Igumbel-log gumbel distribution; gamma-gamma distribution; weibull- weibull distribution



Table S3. Hazard Concentrations for 5% of affected species (HCs) derived from three datasets: chronic effect concentrations
developed in the mesocosm experiment presented here, acute data from the ECOTOX database, and the same data adjusted for

exposure duration by dividing by the acute-to-chronic ratio (ACR) of 19.39 (29). Numbers in table are mean HCs £ standard error and
the 5™ and 95 percentile confidence intervals.

Dataset Fipronil Sulfide Sulfone Desulfiny64

4.56+1.99ng/L 3.52+2.02ng/L 2.86+0.86ng/L 3.55%7.79 ng/L
Mesocosm-only

(2.59 - 10.2) (1.36 - 9.20) (1.93 - 5.29) (0.35 —28.4)

5.12+2.02ng/L 4.27+1.28ng/L 2.85+0.87 ng/L 4.05+4.14 ng/L
Mesocosm and ECOTOX data

(1.97-19.0)  (2.39-10.10)  (1.46—7.14) (1.49 - 18.9)

4.03+1.93ng/L 3.50+1.02ng/L 2.51+0.68ng/L 4.16+5.79 ng/L
Mesocosm and ECOTOX/ACR

(2.11-9.61) (2.32 - 6.29) (1.69 — 4.31) (1.05—21.7)




2 100% Lampsilis siliguoide —— b 100% .
. " Jus 22 7 A Oryzias latipes - “Procaimbarus clarkii
rfocambarus zonanguius,
Lampsiis s L e Micropsectra/Tanytarsus sp. ,'-
: , “Procambarus clarkit ;
i + Eriocheir sinensis Ephemerella sp, =
i ¢ Maerobrachium nipponense
75% h # Nectopsyche sp. 75% ; o
i Hydropsyche fo. & ? Lepidiostoma sp. ; K
2 T atels seca 2 1 Drunelia grandis
& Macrobrachium rosentergii ! f+ =
o r[ u , Helicopsyche sp. i Rheocricotopus sp.1
@ Lepidostoma o !
3 50% Micropsecira/Tanytarsus sp. 1 f |/ " ” B 50% y | u 1 Baets tricaudatus
% Ephemerella sp. ,' aenioneme sp. % ]
z Tveteniasp.f 4 ' } - 1 = fEpsorus sp.
3 S L enironomus ditutus 3 /
3 + h Thsoperta quinguepuntats 5 = ! Frostoia sp
k] Epecrussp.m 1 @
& oy Rheocricotopus sp.a | T & o50 ! Diphetor hageni
Baetis tricaudaius i !
Rhithrogena sp.'nf 1 Pteronarcella badia 1§ !
Drunetia grandis 's/ 1 !
1 Diphstor hageni 1 fu ! Rhithragena sp.
HC, prostora s, [0 HC, [
""""""""""" 7-F i Suelisasp ettt '} ‘Sweltsa sp.
- Pteronarcelia badia - .
0% e 0%
LR VI [VICH 1 10% 10! 0% 0% w02 10 10° 10*
Fipronil (pg/L) Desulfinyl (pg/L)
€ 100% - o _ 9 100% . )
P - . = “Procambarus clarkii ’ . #~ Brocambarus clarkii
Hydropsyche sp. , ﬂ’l' " i' + . Hyalella azteca
r , Heficopsyche sp. " i "
1 fy ¢ Hyaleliz azteca R clicopsyche sp
r’ L ”Taemuneme » N.ectopsycf:e 5p. ,
N 75% ¢ [ w Hexageniasp - 75% Isaperia quinquepunctata N
% ! p ¥ Chironomus dilutus % Chironomus ditutus ' o 1
:
8_ Tvetenia s,c.fJ }‘ GDJ- Lepidostoma sp. jmf |
o 1 Ephemerelia sp. @ Ephemerelia sp1 e |
8 + Nectapsyche sp. B Drunella granms' !
G 50% 1 [w!fsoperla quinguepunctata S 50% ]
bl i} i tri
% Drunella grancis E Baelis tricaudatus : 'l
iy Epeorus sp. uf | = Epeorus sp. ' |
§ Rheocricatopts sp. | g Tetenia sp. | 4 1
5 Pteronarcella badia mf 1 5 Rhsocricotopus sp. 'd
[ K
O o5 Bastis tricaudaius "' & osy, + b 1 Diphetor hageni
Diphetor /7:agem it § ! Parateptophiebia sp
Paraleptophiebia sp.y o 1 Swel TR
Lepidostoma sp.1 welisa sp. mf
HC, ] HC. 1d !Prostoia sp.
e e PR R 3 '}
+ Bhithrogena sp. ; Rhithrogena sp.
0% - 0% 4
10° 10t 107 10° 10% 10* 10° 10 10® 10 107 10*
Sulfone (ug/L) Sulfide (pg/L)
Taxa group Data source
« Fish = Ecotox
Bivalve = This study

a
= Insect
+ Crustacean

Figure S6. Species sensitivity distributions (SSD) for aquatic invertebrates exposed to (a) fipronil, (b)
desulfinyl fipronil, (c) fipronil sulfone, and (d) fipronil sulfide. Data are ECso values derived from the 30-
day mesocosm experiment presented here (red symbols) and ECso values (test duration = 4 d, no studies
of longer duration were found) from the ECOTOX database (black symbols) (5, 37-40). Marker shape
indicates taxa group. Blue dashed lines indicate 95% confidence intervals (Cl). Horizontal dashed lines
indicate the Hazard Concentration for 5% of the species (HCs). HCs values in ng/L derived for each
compound were fipronil: 5.12 ng/L (95% ClI 1.97-19.0), sulfide: 4.27 ng/L (2.39-10.10), sulfone: 2.85
ng/L (1.46—7.14), and desulfinyl: 4.05 ng/L (1.49-18.9). Bold taxa names indicate taxa discussed in

manuscript. Note the x-axis is on the log scale.



Table S4. Model-fit statistics used for selecting the best-fit data distribution used to estimate Hazard Concentrations at the 5™ percentile of each

species sensitivity distribution (HCs) observed in Figure S6. Data in the species sensitivity distribution comprised effect concentration (ECso)

values from the mesocosm experiment and from the ECOTOX database (5, 37-40).

Akaike’s AIC Bayesian

. Anderson- Kolmogorov- Cramer-von Information ¥ . Delta AIC,

Compound Distribution . . . o corrected Information .
Darling Smirnov Mises Criterion o . AIC weight

(AIC,) Criterion
(AIC)

Inorm 0.543 0.0982 0.00651 116. 116. 118. 4.70 0.087

Fioronil lgumbel 0.299 0.100 0.0410 111. 111. 114. 0 0.913
P gamma 3.94 0.290 0.793 142. 142. 145. 30.9 0
weibull 1.32 0.175 0.188 126. 126. 128. 14.7 0.001

Inorm 0.835 0.196 0.140 -29.9 -29.1 -28.1 6.48 0.038

sulfide lgumbel 0.268 0.115 0.0322 -36.4 -35.6 -34.6 0 0.962
gamma 2.96 0.357 0.603 -11.3 -10.5 -9.48 -25.1 0

weibull 1.56 0.225 0.276 -20.9 -20.1 -19.2 15.2 0

Inorm 0.618 0.230 0.0924 5.70 6.90 6.83 1.34 0.333

. Igumbel 0.507 0.195 0.0878 4.36 5.56 5.49 0 0.651

Desulfinyl

gamma 2.46 0.450 0.523 19.7 20.6 20.8 15.3 0

weibull 1.25 0.304 0.211 11.7 12.9 12.8 7.35 0.017

Inorm 0.518 0.172 0.0842 -35.0 -34.4 -32.9 3.46 0.15

Sulfone Ilgumbel 0.333 0.133 0.0604 -38.5 -37.8 -36.4 0 0.846
gamma 2.26 0.264 0.417 -18.7 -18.1 -16.6 19.8 0

weibull 0.954 0.176 0.143 -27.8 -27.1 -25.7 10.7 0.004

Inorm-log-normal distribution; Igumbel-log gumbel distribution; gamma-gamma distribution; weibull- weibull distribution
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Figure S7. Species sensitivity distributions (SSD) for aquatic invertebrates exposed to (a) fipronil, (b)
desulfinyl fipronil, (c) fipronil sulfone, and (d) fipronil sulfide. Data are ECso values derived from the 30-
day mesocosm experiment presented here (red symbols) and ECso values (test duration = 4 d, no studies
of longer duration were found) from the ECOTOX database (black symbols)(5, 37-40) adjusted for
exposure duration using the acute to chronic ratio 19.39(29). Marker shape indicates taxa group. Blue
dashed lines indicate 95% confidence intervals (Cl). Horizontal dashed lines indicate the Hazard
Concentration for 5% of the species (HCs). HCs values in ng/L derived for each compound were fipronil:
4.03 ng/L (95% Cl 2.11-9.61), sulfide: 3.50 ng/L (95% Cl 2.32—6.29), sulfone: 2.51 ng/L (95% CI 1.69—
4.31), and desulfinyl: 4.16 ng/L (95% Cl 1.05-21.7). Note the x-axis is on the log scale. Bold taxa names

indicate taxa discussed in manuscript.



Table S5. Model-fit statistics used for selecting the best-fit data distribution used to estimate Hazard Concentrations at the 5™ percentile of each

Species Sensitivity Distribution (HCs) observed in Figure S7 (mesocosm data plus data from the ECOTOX database (5, 37-40) adjusted for

exposure duration using an acute to chronic ratio of 19.39, (29)). Data in the Species Sensitivity Distribution included effect concentration (ECso)

values from the mesocosm experiment and from the ECOTOX database (5, 37-40).

Akaike’s AIC Bayesian

N Anderson- Kolmogorov- Cramer-von Information . Delta AIC,

Compound Distribution . . . L corrected Information )
Darling Smirnov Mises Criterion o . AIC weight

(AIC,) Criterion
(AIC)

Inorm 0.908 0.115 0.113 3.84 4.30 6.58 8.55 0.014

Fipronil lgumbel 0.288 0.0899 0.0291 -4.71 -4.24 -1.97 0 0.986
gamma 491 0.337 1.01 35.2 35.7 38.0 39.9 0

weibull 2.15 0.213 0.337 17.5 18.0 20.3 22.2 0

Inorm 0.537 0.144 0.0607 -82.5 -82.5 -80.8 4.46 0.097

Sulfide lgumbel 0.342 0.133 0.0544 -87.0 -87.0 -85.2 0 0.902
gamma 2.27 0.314 0.412 -67.8 -67.8 -66.0 19.3 0

weibull 1.42 0.227 0.214 -73.2 -73.2 -71.4 13.8 0.001

Inorm 0.351 0.149 0.0589 -7.00 -5.80 -5.87 0 0.514

Desulfinyl Ilgumbel 0.557 0.174 0.0961 -4.50 -3.30 -3.37 2.5 0.147
gamma 0.782 0.248 0.129 -3.31 -2.11 -2.18 3.69 0.081

weibull 0.438 0.183 0.0619 -5.63 -4.43 -4.50 1.37 0.258

Inorm 0.460 0.156 0.0606 -110 -109 -108 4.4 0.1

Sulfone Ilgumbel 0.216 0.0836 0.0273 -114 -114 -112 0 0.9
gamma 2.23 0.273 0.399 -94.2 -93.5 -92.1 20.3 0

weibull 1.38 0.199 0.209 -99.9 -99.2 -97.8 14.5 0.001

Inorm-log-normal distribution; Igumbel-log gumbel distribution; gamma-gamma distribution; weibull- weibull distribution



Disclaimers: Any use of trade, firm, or product names is for descriptive purposes only and does not

imply endorsement by the U.S. Government.
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