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1. [bookmark: _Toc434489028][bookmark: _Toc32415257]Introduction

Carbaryl acts by inhibiting cholinesterase activity, thereby preventing the natural breakdown of various cholines and ultimately causing the neuromuscular system to seize. This may lead to a series of various effects, which may culminate in death. Carbaryl is also used to thin fruit in orchards; its activity in the abscission of flower buds may be related to its structural similarity to plant auxins, such as α-naphthalene acetic acid. 

The following sections present mortality and sublethal effects (i.e., growth and reproduction) endpoints used to develop thresholds for direct effects and indirect effects (effects to plants or animals that a species uses for prey, pollination, habitat, and/or dispersal).  All of the threshold values for carbaryl are based on technical grade active ingredient (TGAI) studies (i.e., there are no more sensitive endpoints available from studies using formulated products).

[bookmark: _Hlk31367212]The toxicity data for each taxon are generally presented as summary data arrays developed using the Data Array Builder v.1.0. See ATTACHMENT 2-1 for the method on the development of the effects arrays. The arrays contain data from both laboratory and field experiments (e.g., mesocosm). Data in these arrays are grouped by the type of effect (e.g., mortality, growth, and reproduction), and present the range of effects endpoints [e.g., LOAECs and NOAECs (NOAECs must have a corresponding LOAEC to be represented in array)] for each effect type. The effect related to mortality, growth, and reproduction are discussed in further detail within each taxon effects characterization. All endpoints are reported in terms of the amount of carbaryl, that is mg/L reflects mg carbaryl/L, unless otherwise specified. Data used in the arrays are available for each taxon in APPENDIX 2-1. Studies for which exposure units were not in or could not be converted to environmentally relevant units were not included in the data arrays. Reported endpoints in ECOTOX are presented in APPENDIX 2-2. Reviews of open literature studies reviewed for the effects characterization are presented in APPENDIX 2-3. Citations for registrant submitted studies are presented in APPENDIX 2-4.

In establishing the sublethal thresholds and endpoints used in the analysis, EPA used the most sensitive sublethal endpoint based on growth or reproduction or any sublethal endpoints that are strongly linked to survival, growth or reproduction. In determining whether toxicity endpoints are strongly linked to apical endpoints, EPA staff used best professional judgement, also considering factors such as data quality and relevance to effects on survival and reproduction. Specific consideration was given to any endpoints associated with sensory or behavioral effects. It was determined that no other endpoints in these categories were more sensitive and relevant than the sublethal endpoint established for each taxon. The sublethal endpoint used for each taxon therefore represents a growth or reproductive endpoint directly. Information on additional endpoints is found in APPENDIX 2-1 and APPENDIX 2-2.  

[bookmark: _Toc434489029][bookmark: _Toc32415258]Effects Characterization for Fish and Aquatic-phase Amphibians

[bookmark: _Toc434489030][bookmark: _Toc32415259]Introduction to Fish and Aquatic-phase Amphibian Toxicity

The effects of carbaryl have been studied extensively in fish. Acute and chronic studies for fish have been submitted by the registrant. It should be noted that EPA does not typically request toxicity studies for amphibians from pesticide registrants, but rather uses data on freshwater fish to represent potential effects to amphibians in the aquatic phase. Studies were excluded from the main analysis (i.e., Species Sensitivity Distribution and data arrays) if they were considered invalid or if the exposure units could not be converted into aqueous concentrations (mass/volume). In cases when information is lacking for amphibians, the fish endpoints will be referenced as a surrogate.

[bookmark: h.30j0zll][bookmark: _Toc434489031][bookmark: _Toc32415260]Threshold Values for Fish and Aquatic-phase Amphibians

[bookmark: _Hlk517334740][bookmark: _Toc434482431][bookmark: _Toc434482438][bookmark: _Toc434489162][bookmark: _Toc476227025]The endpoints used to derive mortality and sublethal (i.e., growth and reproduction) thresholds for direct and indirect effects for listed fish and aquatic-phase amphibians are presented in Table 2-1. Since none of the lowest values came from studies with the formulated products rather than the technical active ingredient, no separate thresholds were listed for formulated products. Fish threshold values are used to assess potential effects of aquatic chronic exposure to amphibians in the biological evaluation for carbaryl; however, acute toxicity endpoints are available for amphibians and the threshold is based on the 5th percentile (HC05; HC = hazardous concentration) from a species sensitivity distribution (SSD) for amphibians. APPENDIX 2-3 provides the open literature reviews for studies with threshold values. APPENDIX 2-5 provides the species sensitivity distribution supporting information for fish and amphibians.
[bookmark: _Toc30514490][bookmark: _Toc31374920][bookmark: _Toc32415184]Table 2-1. Endpoints Used to Derive Mortality and Sublethal Thresholds for Listed Fish and Aquatic-phase Amphibians.
	Taxa
	Threshold Type
	Effect (endpoint)
	Value 
(µg a.i./L)
	Duration of exposure/Species
	Source

	Freshwater and Estuarine/
Marine Fish2 
	Mortality
	HC05
	HC05 = 1055.4 (FW and E/M fish) from SSD1
	4 days
	5th percentile LC50 from ,freshwater and estuarine/marine fish SSD1

	Freshwater, Estuarine/
Marine Fish, and Amphibians3
	Sublethal
	LOAEC based on effects on spawning (92.4% decrease), larval mortality within 30 days of hatching (56.5% decrease), eggs per mature female (98.5% reduction), and eggs per spawning event (92.4% reduction).
	680
(LOAEC) 

210
(NOAEC)

378
(MATC)
	9-months exposure (1-5 day old to 30 days post-hatch)
Fathead minnow (Pimephales promelas)
	MRID 40644801

	Amphibians
	Mortality
	HC05
	HC05 = 2331.8 (Amphibians) from SSD1
	4 days
	5th percentile LC50 from amphibians SSD1


1 Slope was the default (4.5). Other details on derivation of SSD are provided in APPENDIX 2-5 and in the “Mortality” characterization section below.
2 Freshwater and estuarine/marine fish data were combined in one SSD, see APPENDIX 2-5 for details.
[bookmark: h.1fob9te]3 An estuarine/marine fish and amphibian-specific sublethal threshold are not available; therefore, the freshwater fish threshold will serve as a proxy for both.

[bookmark: _Toc434489033][bookmark: _Toc32415261]Effects Data for Fish and Aquatic-Phase Amphibians
[bookmark: h.2et92p0]
[bookmark: _Toc434489034][bookmark: _Toc32415262]Effects on Mortality of Fish and Aquatic-phase Amphibians

Mortality data for fish and aquatic-phase amphibians are presented in Figure 2- 1 and  Figure 2- 2, respectively. The mortality values for fish varied by four orders of magnitude and they ranged from <0.08 mg/L (E77827) to 1200 mg/L (E13614). Mortality values for aquatic-phase amphibians ranged from 0.005 mg/L (NOAEC; E71723) to 500 mg/L (LOAEC; E99684).

Species-sensitivity distributions (SSD) based on acute mortality studies are developed for fish. Additionally, a discussion of mortality effects from studies not included in the SSDs are also presented. Incident reports are available for carbaryl that involve reported fish mortalities. These incidents are discussed in the incident section below (Section 2.4). 



[image: ]
[bookmark: _Toc32415205]Figure 2- 1. Fish Data Array for Mortality-related Endpoints. 
Data from registrant submitted (red) and open literature (blue). Note the X-axis is in log (10) scale. Endpoint data descriptors (measured effect, family, duration in days, reference) have been removed for presentation purposes. 

[image: ]

[image: ]
[bookmark: _Toc32415206]Figure 2- 2. Amphibian Data Array for Mortality-related Endpoints. 
Data from registrant submitted (red) and open literature (blue). Data label key: Endpoint (measured effect, family, duration in days, reference).



Median lethal concentration (LC50) values from studies with a 96-hour exposure duration, which is standard for acute aquatic vertebrate toxicity tests to ensure comparability of results, are compiled in APPENDIX 2-5. The mortality endpoint for freshwater and estuarine/marine Fish (E/M) fish is based on the HC05 from the species sensitivity distribution (SSD). 

Acute toxicity estimates (96-hour LC50) for carbaryl range from 0.14 - 1188 mg/L and span four orders of magnitude (APPENDIX 2-5), indicating a wide range of sensitivity to carbaryl among fish. The lowest LC50 for carbaryl is for TGAI (Technical Grade Active Ingredient) tested on Ictalurus punctatus (LC50 = 0.14 mg/L; E5722). Toxicity data for carbaryl when tested as a formulated product are also available (APPENDIX 2-5). The most sensitive endpoint for the formulated product was an LC50 value of 0.44 mg/L (Rainbow trout; E112236).

Acute mortality (LC50) data for carbaryl are available for 18 amphibian species based on studies identified in the ECOTOX database (APPENDIX 2-5). The values range from 0.58 to 150 mg/L and span more than two orders of magnitude. The lowest LC50 value of 0.58 mg/L is for the Foothill Yellow-legged Frog (Rana boylii) (Derby, 2006; E118706). 

Species Sensitivity Distribution for Acute Mortality Data

The acute mortality studies conducted with technical grade carbaryl were used to derive SSD, including toxicity data for all fish and all amphibians exposed to carbaryl. Five distributions were tested, and a variety of methods were used. The triangular distribution and maximum likelihood (ML) method were ultimately chosen to represent HC05 through HC95 values for freshwater and estuarine/marine fish. The logistic distribution and ML method were chosen to represent HC05 through HC95 values for aquatic amphibians. Table 2- 2, Figure 2- 3, and Figure 2- 4 provide a summary of the results. 

[bookmark: _Toc434489166][bookmark: _Toc434482436][bookmark: _Toc434482443][bookmark: _Toc477783540][bookmark: _Toc477847305][bookmark: _Toc30514491][bookmark: _Toc31374921][bookmark: _Toc32415185]Table 2-2. Summary Statistics for Fish and Amphibian SSDs Fit to Carbaryl Test Results.
	Statistic
	All
Fish
(mg/L)
	All
Amphibians
(mg/L)

	Best Distribution (by AICc)
	Triangular
	Logistic

	Goodness of fit 
P-value
	0.48
	0.73

	CV of the HC05
	0.15
	0.35

	HC05
	1.06
	2.33

	HC10
	1.35
	3.21

	HC50
	3.88
	8.22

	HC90
	11.11
	21.06

	HC95
	14.26
	29.00




[bookmark: _Toc434488919][bookmark: _Toc434489211]


[image: C:\Users\dharwood\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Fish_Alone_Figure.png]
[bookmark: _Toc32415207]Figure 2-3. Log-Triangular SSD for Carbaryl LC50s for All Fish. 

[image: C:\Users\dharwood\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Amphib_Alone_Figure.png]
[bookmark: _Ref30514081][bookmark: _Toc32415208]Figure 2-4. Log-Logistic SSD for Carbaryl LC50s for All Amphibians. 

Mortality Effects Other than Acute LC50 values

Additional mortality endpoints reported as “survival” and “hatch” in ECOTOX are available for fish. Reported toxicity endpoint concentrations associated with these studies ranged from 0.36 mg/L (threshold concentration as estimated by linear-plateau regression; E13270) to 10 mg/L (NOAEL/No LOAEL; E112238). 

For aquatic-phase amphibians, aside from the acute mortality endpoints, other mortality-related endpoints include reduced survival, and endpoints ranged from 0.005/0.05, (NOAEC/LOAEC) to 20 mg/L (NOAEC/No LOAEC; E171598) mg/L. The lowest reduced survival LOAEC was 0.0135 mg/L (E159029) reported after 31-days of exposure for the Leopard frog (Lithobates pipiens) and the highest LOAEL was reported at 20 mg/ with 3-days of exposure for the oriental fire-bellied toad (Bombinatoridae bombina; E171598). These values are either NOAECs or LOAECs and are not comparable to the LC50 values used to derive the mortality thresholds. 

[bookmark: h.tyjcwt][bookmark: _Toc522625446][bookmark: _Toc522625507][bookmark: _Toc522693777][bookmark: _Toc522625447][bookmark: _Toc522625508][bookmark: _Toc522693778][bookmark: _Toc434489035]
[bookmark: _Toc32415263]Sublethal Effects to Fish and Aquatic-phase Amphibians

[bookmark: _Toc434489036]Effects on Growth of Fish and Aquatic-phase Amphibians

The available endpoint values for growth in fish and aquatic-phase amphibians range from 0.25 to 9.99 mg/L, spanning 15-fold differences in carbaryl-mediated effects on the growth of fish. Figure 2-5 provides a data array for growth effects in fish upon exposure to carbaryl. 

There are two studies that reported low growth-related endpoint values for carbaryl. In the first study, a NOAEC value of 0.25 mg/L was reported based on dry weight (LOAEC of 0.50 mg/L) reductions in 4-day old fathead minnow larvae (Pimephales promelas) exposed to 99.8% pure carbaryl for 7 days (E16510). In the other study, an IC25 of 0.25 mg/L from a 7-day study was based on the reduction of biomass (using an inhibition concentration methodology)[footnoteRef:2] for bonytail freshwater fish following exposure to 99.7% TGAI (E93091). However, both studies contained limitations (including limited information on methodology, nonstandard endpoint analysis, and lack of raw data), and therefore were not considered as the growth endpoint threshold for freshwater fish. The least sensitive growth-related endpoint (NOAEL of 9.99 mg/L) was for general developmental changes in freshwater zebrafish exposed for 4 days to 99.9% TGAI (E109343). In these studies, the tested species belonged to the same fish order (i.e., Cypriniformes), suggesting that fish species within the same order could potentially display different sensitivities to carbaryl TGAI with regards to growth-related effects.  [2:  The inhibition concentration (ICp) is determined for each test using a linear interpolation methods (Norberg-King, 1993).] 


There was another study that evaluated growth effects of carbaryl to freshwater fish (Carlson, 1972, MRID 40644801, E5073), which was classified as acceptable for quantitative use. This was a study in which chronic exposure of fathead minnows to carbaryl for 9 months resulted in no effects on growth, but rather reduced survival (27.5% reduction) and fecundity (98.5% reduction in eggs/mature female; 92.4% reduction in eggs/spawning) at 0.68 mg/L. 

Growth effects data were not available for estuarine/marine fish, therefore the growth data for freshwater fish were used as a surrogate.

For aquatic-phase amphibians, the growth endpoints in the dataset range from 0.0005 to 20.1 mg/L. (Figure 2-6). A review of the available aquatic-phase amphibian studies indicated that there was insufficient information reported to allow for an independent evaluation of the data; therefore, the freshwater fish growth data were used as a surrogate for aquatic-phase amphibians. 

[image: ]
[bookmark: _Ref30514113][bookmark: _Toc434489215][bookmark: _Toc32415209]Figure 2-5. Fish Data Array for Growth Effects.
Data from open literature (blue). Data label key: Endpoint (measured effect, family, duration in days, reference).


[image: ]
[bookmark: _Ref30514140][bookmark: _Toc477785941][bookmark: _Toc32415210]Figure 2-6. Amphibian Data Array for Growth Effects. 
Data from open literature (blue). Data label key: Endpoint (measured effect, family, duration in days, reference).
[bookmark: _Toc434489037]Effects on Reproduction of Fish and Aquatic-Phase Amphibians

Three studies evaluating reproductive effects were available for carbaryl. The study with the lowest reproductive endpoint was the same study as discussed above for growth effects. In this study, chronic exposure of fathead minnows (Pimephales promelas) to carbaryl resulted in reduced reproductive effects (NOEC = 0.21 mg/L; LOAEC 0.68 mg/L; and the calculated MATC was 0.378 mg a.i./L.) including reduced number of eggs per female and reduced number of eggs spawned (registrant submitted study –MRID 40644801 as reported in Carlson, 1972). In the other two studies, decreases in hatching were reported at 1.7 mg/L (E162695), whereas, in the other study, no effects in fecundity or fertility were observed up to 0.82 mg/L (MRID 48669601). 

No reproduction studies were available for estuarine/marine fish, therefore, the reproduction data for freshwater fish were used as a surrogate.

While there were two open literature studies for aquatic-phase amphibians evaluating reproduction, both studies reported no effects at the concentrations tested (up to 7 mg/L). Therefore, freshwater fish endpoints will be used as a surrogate. 

0. [bookmark: _Toc434489044][bookmark: _Toc32415264]Incident Reports for Fish and Aquatic-phase Amphibians

A review of the aggregate ecological incidents involving carbaryl was completed on December 23, 2019. The Aggregate Incident Report database contains information on 18 “minor” wildlife incidents. The database also includes 12 incidents associated with carbaryl for “other non-target” species (unspecified) that are also classified as “minor.” For more information on incidents see ATTACHMENT 2-2.
 
With respect to ecological incidents involving fish reported in the Incident Database System (IDS), a total of six fish-kill incidents were reported for carbaryl. Only one of those incidents, report #B0000-501-92, could be credibly associated with a specific carbaryl use, i.e., to control gypsy moth in New Jersey in 1980. No data on residues were provided. 

In an incident (I000910-001) in Louisiana, a fish kill was reported to have occurred in early June 1992. A number of pesticides (carbaryl, MSMA, atrazine, iprodione, dimethylamine, dicamba with 2,4-D, and chlorpyrifos) had been applied to area lawns and golf courses prior to the incident, which followed a high rain event. No chemical residues were reported; however, carbaryl had not been applied in the area since late April, while chlorpyrifos (bluegill LC50 = 0.0018 mg/L) (USEPA, 2009a) and iprodione (Channel catfish LC50 = 3.1 mg/L)(USEPA, 2009b) had been applied less than a week before the incident. It is unlikely that carbaryl residues would have been sufficiently high to result in a fish kill if the chemical had been applied two months prior. Both chlorpyrifos and iprodione are more likely candidates for being responsible for this fish kill. 

A number of pesticides (toxaphene, carbaryl, endrin, methyl parathion and DDT) were associated with a fish kill in Oklahoma where approximately 22,000 catfish died (B0000-246-01). No residue data were provided; however, given that toxaphene and endrin are both classified as very highly toxic to catfish with LC50 values of 0.0027 mg/L and 0.013 mg/L (NIH, 2019), respectively, it is likely that they are more credible candidates for having caused the fish kill than carbaryl.

In 2001, a large incident (several thousand fish) occurred in the San Joaquin River in California (I013436-001). The fish were primarily threadfin shad and small catfish (< 3 in). A variety of pesticides were found in the river water and in discharges to the river, including demeton-S, diazinon, naled (dibrom), disulfoton and azinphos methyl. Dioxathion, carbaryl, carbofuran, fenuron, methomyl, and monuron were found in the gill tissue of the fish. Carbaryl was found only in the fish tissue at 1.75 mg/kg. Azinphos methyl was found at 0.016 mg/L in water from an agricultural drain entering the river, and 0.002-0.008 mg/L in the San Joaquin River itself. It is possible that azinphos methyl was the cause of the fish kill rather than carbaryl. 

For two other incidents in Texas in 1994 (I001297-011) and 2004 (I015419-664), insufficient information was provided in the report to allow any evaluation of a cause and effect relationship with carbaryl.
[bookmark: _Toc471720510][bookmark: _Toc32415265]Effects Characterization for Aquatic Invertebrates

[bookmark: _Toc471720511][bookmark: _Toc32415266]Introduction to Aquatic Invertebrate Toxicity

The effects of carbaryl on aquatic invertebrates have been studied extensively, including both freshwater and estuarine/marine (E/M) invertebrates. APPENDIX 2-2 includes the bibliography of studies that are included in this effects characterization and those that were excluded. Studies were excluded from the main analysis (i.e., Species Sensitivity Distribution and data arrays) if they were considered invalid or the exposure units could not be converted into environmentally relevant concentrations. In this effects characterization, when sufficient data are available for carbaryl, different endpoints are identified for freshwater and estuarine/marine invertebrates. Also, sensitivity of mollusks versus other aquatic invertebrates are discussed, and separate endpoints are derived for mollusks.

[bookmark: _Toc471720512][bookmark: _Toc32415267][bookmark: _Hlk524612909]Threshold Values for Aquatic Invertebrates

[bookmark: _Hlk516143651]The aquatic invertebrate mortality endpoint used to derive a threshold for direct and indirect effects is based on the HC05 value from the SSD for the taxon. SSDs were generated for mollusk and non-mollusk aquatic invertebrates separately, with freshwater and estuarine/marine species pooled together in both groups. SSDs were based on acute 48 and 96-hr LC50 values from studies using TGAI only (LC50 values from formulation/mixture testing were not included). For non-mollusks, the most sensitive toxicity value suitable for establishing a sublethal threshold is a Daphnia magna life-cycle reproduction study (E171508). For mollusks, the sublethal threshold is based on the reduction in fecundity and number of eggs in a study with the freshwater snail Lymnaea acuminata (E71686). The endpoints used to derive mortality and sublethal (i.e., growth and reproduction) thresholds for direct and indirect effects for aquatic invertebrates are presented in Table 2-3. APPENDIX 2-3 provides the open literature reviews for studies with endpoints used to derive threshold values.
[bookmark: _Toc434930928][bookmark: _Toc434934391][bookmark: _Toc434936954][bookmark: _Toc477783541]
[bookmark: _Toc30514492][bookmark: _Toc31374922][bookmark: _Toc32415186]Table 2-3. Effects Endpoints Used to Derive Mortality and Sublethal Threshold Values for Aquatic Invertebrates.
	Taxon
	Threshold
	Endpoint
(µg a.i./L)
	Effect(s)
	Species
	Test Material
	Study ID
	Comments

	All Aquatic invertebrates – non-mollusk 
	Mortality (SSD) – non-mollusk
	HC05
	1.6
	Mortality
	NA
	NA
	NA
	HC05 from SSD1; 48-96 hour LC50 values

	
	Sublethal
	NOAEC
	0.2
	12% decrease in length at the LOAEC; 14% decrease in number of neonates per surviving adult
	Daphnia magna (Freshwater)
	TGAI
	E171508
	21-day exposure

	
	
	LOAEC
	0.4
	
	
	
	
	

	
	
	MATC
	0.28
	
	
	
	
	

	All Aquatic invertebrates –mollusk
	Mortality (SSD) –mollusk
	HC05
	6600
	Mortality
	NA
	NA
	NA
	HC05 from SSD1; 48-96 hour LC50 values

	
	Sublethal
	LOAEC
	1000
	Decreased fecundity (e.g., 45% decrease in number of eggs laid)
	Freshwater snail (Lymnaea acuminata)
	TGAI
	E71686
	96-hr exposure


1 Slope was the default (4.5). Other details on derivation of SSD are provided in APPENDIX 2-6 and in the “Mortality” characterization section below.

[bookmark: _Toc471720514][bookmark: _Toc32415268]Effects Data for Aquatic Invertebrates

[bookmark: _Toc471720515][bookmark: _Toc32415269]Effects on Mortality of Aquatic Invertebrates

Species-sensitivity distributions (SSD) based on acute mortality studies are developed for aquatic invertebrates. For freshwater aquatic invertebrates (non-mollusks), the most sensitive mortality endpoint reported is 0.0001 mg/L based on 100% mortality of the common prawn (pink shrimp; Palaemon serratus; E151760) (Figure 2-7). However, there was not enough information available in the study to use the endpoint quantitatively. The highest mortality-based endpoint for non-mollusks is 3000 mg/L (LOAEC for hatching) for trematodes (E87871) (Figure 2-8). This value exceeds the solubility of carbaryl in water of 32 mg/L at 32 ºC (Suntio et al., 1988). When toxicity endpoints exceed the water solubility, the endpoint may overestimate the exposure concentration in the study and additional analysis is needed to see if that study is reliable. For mollusks, the most sensitive mortality-based endpoint is an LD50 value of 0.35 mg/L for the pond snail (Lymnaea acuminate; E65606). The highest mortality-based endpoint for mollusks is 100 mg/L (which exceeds the water solubility) and is based on 100% mortality for a snail species in the Neogastropoda order (E74591).



[bookmark: _Toc468711629][image: ]
[bookmark: _Ref30514176][bookmark: _Toc26189582][bookmark: _Toc32415211]Figure 2-7. Mortality Effects for Aquatic Invertebrates (excluding mollusks). 
Effects with endpoint labels (measured endpoint, duration, test species) are not shown for presentation purposes. Blue data points are from open literature, and red data points are from registrant-submitted studies. Note the x-axis is in log10 scale.


[image: ]
[bookmark: _Ref30514182][bookmark: _Toc477787223][bookmark: _Toc26189583][bookmark: _Toc32415212]Figure 2-8. Mortality Effects for Mollusks. 
Effects with endpoint labels (measured endpoint, duration, test species) are shown. Blue data points are from open literature. Note the x-axis is in log10 scale.

Immobility in aquatic invertebrates is often used as a surrogate for mortality. Endpoints for immobility are presented in Figure 2-9. Effects ranged from 0.00066 to >18 mg/L, with most endpoints representing water flea, midge, caddisfly and Ostracod shrimp toxicity. 
[image: ]
[bookmark: _Ref30514195][bookmark: _Toc477787224][bookmark: _Toc26189584][bookmark: _Toc32415213][bookmark: _Toc468711632]Figure 2-9. Immobility (Mortality) Effects for Aquatic Invertebrates. 
Effects with endpoint labels (measured endpoint, duration, test species order) are shown for presentation purposes. Blue data points are from open literature. Note x-axis is in log10 scale.

Acute Mortality (48 or 96 hr EC/LC50s)

Acute mortality data (48 and 96 hour EC/LC50s) are available for 53 species of aquatic non-mollusk invertebrates, and 15 different species of mollusks (APPENDIX 2-6); a 48 or 96-hour test duration is common for acute mortality toxicity testing. 

[bookmark: _Toc434934393][bookmark: _Toc434936956]For mollusks, acute LC50 values range from 3.08 to 67.01 mg/L (exceeding solubility). For non-mollusks, the reported mortality data for carbaryl encompass a wide range of toxicity values from acute LC50 values of 0.00066 to 100 mg/L, which exceeds the water solubility of carbaryl (APPENDIX 2-6).  

Species Sensitivity Distributions (SSD)

An SSD is calculated for all non-mollusk aquatic invertebrates and for mollusks. SSDs are based on acute 48 or 96-hr EC/LC50 values from studies using TGAI only (EC/LC50 values from formulation/mixture testing were not included); these types of studies are generally conducted using juvenile stages of invertebrates. There were 25 orders and 53 species of non-mollusk invertebrates used in the SSD. For mollusks, there were five orders and 15 species used in the SSD. The HC05 value is 1.6 µg/L for non-mollusk aquatic invertebrates and 6600 µg/L for mollusks (Table 2-4). 

The cumulative distribution function for the SSD for all non-mollusk invertebrates and mollusks are presented in Figure 2- 10 and Figure 2- 11. The SSD report for aquatic invertebrates is provided in APPENDIX 2-6 and includes the details of how this SSD was derived.

[bookmark: _Toc434936957][bookmark: _Toc477783544][bookmark: _Toc477847586][bookmark: _Toc30514493][bookmark: _Toc31374923][bookmark: _Toc32415187]Table 2-4. Summary Statistics for SSDs Fit to Carbaryl Test Results (toxicity values reported as µg/L).
	Statistic
	All non-mollusk
Invertebrates
	Mollusks

	CV of the HC05
	0.51
	0.24

	HC05
	1.6
	6600

	HC50
	140
	19000

	HC95
	12000
	54000


1 Slope = default slope of 4.5 used as no slope was available for species near the HC05. 
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[bookmark: _Ref30514239][bookmark: _Toc26189585][bookmark: _Toc32415214]Figure 2- 10. SSD for mortality toxicity values for non-mollusk invertebrates for carbaryl. 
Black points indicate single toxicity values. Red points indicate multiple toxicity values. Blue line indicates full range of toxicity values for a given taxon.
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[bookmark: _Ref30514241][bookmark: _Toc26189586][bookmark: _Toc32415215]Figure 2-11. SSD for mortality toxicity values for aquatic mollusks for carbaryl. 
Black points indicate single toxicity values. Red points indicate multiple toxicity values. Blue line indicates full range of toxicity values for a given taxon
[bookmark: _Toc471720516]Mortality Effects Other than Acute EC/LC50 Values
Additional mortality endpoints reported as “survival”, “lifespan”, and “hatch” in ECOTOX are available for aquatic invertebrates for a variety of species such as shrimp, daphnia, lobsters, and crayfish. Concentrations associated with the reported endpoints ranged from 0.00072/0.00072 (NOAEL/LOAEL for survival; E114283) reported for Daphnia magna to 4.7 mg/L for the purple spined sea urchin (Arbacia punctulata; EC50 for survival; E115739). 

[bookmark: _Toc32415270]Sublethal Effects to Aquatic Invertebrates

[bookmark: _Toc471720517] Effects on Growth of Aquatic Invertebrates

In non-mollusk invertebrates, growth endpoints reported include alterations in weight, length, and developmental effects (i.e., alterations/changes in molting, maturity, metamorphosis, and emergence) (Figure 2-12). For mollusks, changes in shell deposition or abnormal/deformed or general developmental changes are reported (Figure 2-13). For non-mollusk invertebrates, the most sensitive sublethal effect endpoint was a NOAEC of 0.0002 mg/L for the water flea (E171508) based on a 12% decrease (p < 0.05) in length and an 11% decrease (p < 0.05) in the number of cumulative molts at the LOAEC of 0.0004 mg/L. The least sensitive effect endpoint in non-mollusks was 7.8 mg/L based on emergence effects in yellow fever mosquitos (Aedes aegypti; E3916). In mollusks, most sensitive growth-related toxicity endpoints from 1 mg/L (LOEAC for effects on growth) in American oyster (Crassostrea virginica; E3708) up to 19.2 mg/L (EC50 for general abnormal growth) in common mussel (Mytilus edulis, E5958). 
[image: ]
[bookmark: _Ref30514283][bookmark: _Toc32415216]Figure 2-12. Growth Effects for Non-mollusk Invertebrates for Carbaryl. 
Endpoint labels include measured endpoint, test species order and test duration. Blue data points are from open literature.

[image: ]
[bookmark: _Ref30514293][bookmark: _Toc32415217]Figure 2-13. Growth Effects for Mollusks for Carbaryl. 
Endpoint labels include measured endpoint, test species order and test duration. Blue data points are from open literature.

[bookmark: _Toc471720518]Effects on Reproduction of Aquatic Invertebrates

Effects on reproduction were reported as alterations in fecundity, fertilization, progeny counts/number, or general effects on reproduction (Figure 2-14). For non-mollusk invertebrates, effect concentrations ranged from 0.2 µg/L (NOAEC value; LOAEC of 0.4 µg/L; E171508) for reproductive effects in water flea up to 600 µg/L for effect on hatch damselflies (E171567) (Figure 2-15). In mollusks, the most sensitive sublethal effect endpoint was a LOAEL (no NOAEL) of 1000 µg/L for the pond snail (Lymneae acuminata) based on decreases (p < 0.05) in reproductive factors, such as number of eggs laid after 96 hours (45% decrease), number of hatched eggs (57% decrease), and survivability of hatchlings after 7 days (63% decrease), 14 days (69% decrease), 21 days (73% decrease) and 28 days (83% decrease) for the pond snail Lymnaea acuminata (E71686). 
[image: ]
[bookmark: _Ref30514306][bookmark: _Toc32415218]Figure 2-14. Reproductive Effects for Non-Mollusks for Carbaryl. 
Endpoint labels include measured endpoint, test species order and test duration. Blue data points are from open literature, red data points are from registrant-submitted studies.

[image: ]
[bookmark: _Ref30514312][bookmark: _Toc32415219]Figure 2-15. Reproductive Effects for Mollusks for Carbaryl. 
Endpoint labels include measured endpoint, test species order and test duration. Blue data points are from open literature.

[bookmark: _Toc471720524][bookmark: _Toc32415271]Incident Reports for Aquatic Invertebrates

No incidents specific for effects to aquatic invertebrates were available. The Aggregate Incident Reports database identified 18 incidents linked to carbaryl use as aggregated counts of minor wildlife incidents (W-B) and 12 reported for other non-target (ONT). Because limited details about these incidents were reported, no information was available on the use site, the certainty level, or on the types of organisms that were involved. For more information on incidents see ATTACHMENT 2-2.

[bookmark: _Toc434489063][bookmark: _Toc32415272]Effects Characterization for Aquatic Plant

[bookmark: _Toc434489064][bookmark: _Toc32415273]Introduction to Aquatic Plant Toxicity

Most of the available toxicity studies with aquatic plants have focused on growth, mortality, physiological effects, and population effects. All but three of the available toxicity endpoints for aquatic plants involve non-vascular species. All of the threshold values for aquatic plants are based on effects to yield. Threshold values and effects data arrays in this assessment are based on endpoints expressed in, or readily converted to, environmentally relevant concentrations in terms of the amount of the carbaryl (i.e., mg/L).    

Because of the variability in study designs and endpoints, it was not possible to derive an SSD with the available plant data. Endpoints are provided for multiple groupings including aquatic plants, non-vascular aquatic plants, and vascular aquatic plants. 

[bookmark: _Toc434489065][bookmark: _Toc32415274]Threshold Values for Aquatic Plants

The endpoints used to derive threshold values for aquatic plants are provided in Table 2-5.
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[bookmark: _Toc434489178][bookmark: _Toc477783545][bookmark: _Toc26189565][bookmark: _Toc30514494][bookmark: _Toc31374924][bookmark: _Toc32415188]Table 2-5. Endpoints Used to Derive Thresholds for Aquatic Plant Species (TGAI Studies)*.
	Taxon
	Threshold
	Endpoint
(mg a.i./L)
	Effect(s)
	Species
	Study ID
	Comments

	

All Aquatic Plants
	NOAEC/LOAEC
	0.045/0.11
	Reduced yield
	Skeletonema costatum (marine diatom)
	MRID 49101001
	This study was conducted under static conditions.

	
	IC50
	0.34
	
	
	
	

	Non-Vascular Aquatic Plants
	NOAEC/LOAEC
	0.045/0.11
	
	
	
	

	
	IC50
	0.34
	
	
	
	

	Vascular Aquatic Plants
	LOAEC1
	3.3
	Reduced frond abundance
	Lemna minor (duckweed)
	E117719
	This study was conducted under 96-hour renewal conditions. The LOAEC was based on 17.3% reduction in frond count.

	
	IC50
	23.9
	
	
	
	


* All the threshold values are from TGAI studies (i.e., there were no more sensitive endpoints available from studies using formulated products).
1 A NOAEC is not available for vascular aquatic plants (effects were seen at all of the concentrations tested). 
 
[bookmark: _Toc434489067][bookmark: _Toc32415275]Effects Data for Aquatic Plants

[bookmark: _Toc434489068][bookmark: _Toc32415276]Effects on Mortality of Aquatic Plants

There is only one study available for the effects of carbaryl on the mortality of aquatic plants (E9184). This study involves a vascular aquatic plant (the water-meal, Wolffia papulifera). Colonies of Wolffia papulifera were exposed to varying concentrations of Sevin (a 21.5% carbaryl formulated product). Both growth inhibition and mortality were observed, depending on concentration. Mortality was observed at a concentration of 215 mg/L, which exceeds the water solubility of carbaryl of 32 mg/L. However, the formulation may have enhanced the dissolved concentration in the study.   

[bookmark: _Toc434489069][bookmark: _Toc32415277]Sublethal Effects to Aquatic Plants

[bookmark: _Toc434489070]Effects on Growth of Aquatic Plants

Endpoints related to growth, physiology (specifically effects to photosynthesis), and population size (most of which are related to yield and abundance) are considered as ‘growth’ effects for aquatic plants. For non-vascular aquatic plants, effects to growth are seen at carbaryl concentrations ranging from 0.11/0.26 (NOAEC/LOAEC, initial measured concentration; MRID 49101001) to 336.23  mg/L (IC50; E68365; see Figure 2-16). The IC50 values for growth range from 0.34 (MRID 49101001) to 336.23 mg/L (E68365). 

For vascular aquatic plants, the only endpoint available for growth is an IC50 of 23.9 mg/L (E117719). This 96-hour study was conducted under renewal conditions with technical grade carbaryl (98.0% a.i.). At a lower concentration of 3.3 mg a/L, a 17.3% reduction in frond count was observed. At the highest exposure concentration of 45.2 mg/L, a 64.5% reduction in frond count was observed.  







[bookmark: _Toc434489245]
[bookmark: _Ref30514413][bookmark: _Toc477787556][bookmark: _Toc32415220]Figure 2-16. Toxicity Endpoints for Aquatic Plants Exposed to Carbaryl (mg/L). 
Data from registrant submitted (red) and open literature (blue). Data label key: Endpoint (measured effect, family, duration in days).

[bookmark: _Toc434489071]Effects on Growth of Aquatic Plants (from Studies Conducted Using TGAI)

NOAEC/LOAEC Values

The lowest NOAEL/LOAEL threshold values for carbaryl (TGAI) and aquatic plants are for reduced yield in Skeletonema costatum where the NOAEC was 0.045 mg/L and the LOAEL was 0.11 mg/L (MRID 49101001). This 96-hour acute toxicity study was conducted under static conditions, was classified as acceptable, and is used as the aquatic plant threshold values.

EC50/IC50 Values

Based on the available data for aquatic plants (including vascular and non-vascular and freshwater and estuarine/marine species), the most sensitive EC50/IC50 for carbaryl (TGAI) is 0.34  mg/L for reduced yield in the saltwater diatom Skeletonema costatum (MRID 49101001). This 96-hour acute toxicity study was conducted under static conditions. The NOAEC and IC50 values based on yield were 0.045 and 0.34  mg/L, respectively. 

[bookmark: _Toc434489072]Effects on Growth of Aquatic Plants (from Studies Conducted Using TGAI or Formulated Products)

NOAEC/LOAEC Values

The lowest NOAEC/LOAEC and EC50/IC50 values for aquatic plants and carbaryl from studies conducted using TGAI or formulated products are the same as those above for studies conducted using TGAI. The lowest NOAEL/LOAEL threshold values for carbaryl (TGAI or formulated products) and aquatic plants are for reduced photosynthesis in Euglena gracilis (Klebs) where the NOAEL 0.045 mg a.i./L and the LOAEL was 0.11 mg a.i./L (MRID 49101001). 

EC50/IC50 Values

The lowest EC50/IC50 values for aquatic plants and carbaryl from studies conducted using TGAI or formulated products are the same as those above for studies conducted using TGAI. The most sensitive EC50/IC50 for carbaryl (TGAI and formulated products) is 0.34 mg a.i./L for reduced yield in the saltwater diatom Skeletonema costatum (MRID 49101001). 

[bookmark: _Toc434489073]Effects on Growth of Non-Vascular Aquatic Plants 

[bookmark: _Toc434489074]Effects on Growth of Non-Vascular Aquatic Plants (from Studies Conducted Using TGAI) 

NOAEC/LOAEC and EC50/IC50 Values

The thresholds for all non-vascular aquatic plants and carbaryl (TGAI) are the same as the ‘All Aquatic Plant’ thresholds for TGAI. The NOAEC/LOAEC threshold is 0.045 mg a.i./L and 0.11 mg a.i./L, respectively, for reduced yield in Skeletonema costatum (MRID 49101001). 

The IC50 threshold is 0.34 mg a.i./L for reduced yield in Skeletonema costatum (MRID 49101001).

[bookmark: _Toc434489075]Effects on Growth of Non-Vascular Aquatic Plants (from Studies Conducted Using TGAI or a Formulated Product) 

NOAEC/LOAEC and EC50/IC50 Values

The thresholds for all non-vascular aquatic plants and carbaryl (TGAI or formulated product) are the same as the ‘All Aquatic Plant’ thresholds. The NOAEC/LOAEC threshold is 0.045 mg a.i./L and 0.11 mg a.i./L, respectively, for reduced yield in Skeletonema costatum (MRID 49101001).

The IC50 threshold is 0.34 mg a.i./L for reduced yield in Skeletonema costatum (MRID 49101001).

[bookmark: _Toc434489076]Effects on Growth of Vascular Aquatic Plants 

[bookmark: _Toc434489077]Effects on Growth of Vascular Aquatic Plants (from Studies Conducted Using TGAI or a Formulated Product) 

EC50/IC50 and NOAEC/LOAEC Values

The only growth IC50 endpoint available for vascular aquatic plants is an IC50 of 23.9 mg/L for reduced abundance of Lemna minor (Brooke, 1993; E117719). This study was conducted under 96-hour renewal conditions with technical grade carbaryl at 98.0% purity. Frond counts were measured at varying exposure concentrations. Effects were seen at all concentrations tested in this study. At the lowest concentration tested (3.3 mg/L), a 17.3% reduction in frond count was observed. At the highest exposure concentration of 44.3 mg/L, a 64.5% reduction in frond count was observed. Therefore, the NOAEC is <3.3 mg/L and the LOAEC = 3.3 mg/L. 
 
[bookmark: _Toc434489083][bookmark: _Toc32415278]Incident Reports for Aquatic Plants

Pesticide incidents involving aquatic plants are not typically submitted to the Agency. There are no carbaryl incident reports in the Incident Data System (IDS) involving aquatic plants (based on a search conducted in December 2019). For more information on incidents see ATTACHMENT 2-2.

[bookmark: _Toc32415279]Office of Water Aquatic Life Criteria

EPA's Office of Pesticide Programs (OPP) and EPA's Office of Water (OW) have responsibilities for evaluating aquatic toxicity data to assess the ecological effects of chemicals in surface water. Effects assessments under both program offices are developed with high quality data according to parallel rigorously peer-reviewed assessment methods.

U.S. EPA’s Office of Water (OW) uses aquatic toxicity data to develop ambient water quality criteria that can be adopted by states and tribes to establish water quality standards under the Clean Water Act. Procedures for deriving the criteria are described in OW’s Guidelines for Deriving Numerical National Water Quality Criteria for Protection of Aquatic Organisms and require, for acute criteria, that data be available for at least eight taxonomic families.

U.S. EPA’s Office of Water has published ambient water quality criteria for carbaryl (USEPA, 2012). Freshwater aquatic organisms would have an appropriate level of protection if the one-hour average concentration and the four-day average concentration of carbaryl does not exceed 2.1 μg/L more than once every three years on average. For estuarine/marine aquatic organisms, the one-hour average concentration would not exceed 1.6 μg/L more than once every three years on average. There are insufficient data to calculate a chronic estuarine/marine criterion. These endpoints are largely influenced by available acute and chronic toxicity data for aquatic invertebrates. The aquatic life benchmarks for carbaryl in 2016 (USEPA, 2016) are summarized in Table 2-6. 

[bookmark: _Toc26189566][bookmark: _Toc30514495][bookmark: _Toc31374925][bookmark: _Toc32415189]Table 2-6. Aquatic Life Benchmarks and Aquatic Life Criteria for Carbaryl in µg/L.
	Office of Water Aquatic Life Criteria

	Maximum Concentration (CMC)
	Continuous Concentration (CCC)

	2.1 Freshwater
1.6 Estuarine/Marine
	2.1 Freshwater
-- Estuarine/Marine


-- = Not available

[bookmark: _Toc434489085][bookmark: _Toc32415280]Effects Characterization for Birds

[bookmark: _Toc434489086][bookmark: _Toc32415281]Introduction to Bird Toxicity

There are open literature and registrant-submitted studies involving birds, including acute oral, sub-acute dietary, chronic reproduction, and field studies with technical grade or formulated carbaryl. APPENDIX 2-4 includes the bibliographies of studies that are included in this effects characterization. Studies were excluded if they were considered invalid or not associated with an environmentally relevant exposure route. In addition to the reported studies, there are several ecological incident reports involving carbaryl exposures to birds. 
 
As acute toxicity data were only available for seven species, which does not allow for calculation of a species sensitivity distribution, thresholds are based on the most sensitive lethal and sublethal effects identified among registrant-submitted studies and open literature in the ECOTOX database.

[bookmark: _Toc434489087][bookmark: _Toc32415282]Threshold Values for Birds

The endpoints used to derive mortality and sublethal (i.e., growth and reproduction) thresholds for direct and indirect effects for birds are presented in Table 2-7.

[bookmark: _Toc434489189][bookmark: _Toc477783546][bookmark: _Toc26189567][bookmark: _Toc30514496][bookmark: _Toc31374926][bookmark: _Toc32415190]Table 2-7. Endpoints Used to Derive Thresholds for Birds.
	Threshold
	Endpoint1
	Effect(s)
	Species
(Common Name)
	Species (Scientific Name)
	Study ID

	Sublethal (mg a.i./kg-diet)
	LOAEC = 1023
NOAEC = 343
MATC = 592 mg/kg-diet
	Reductions in:
adult female body weight gain (73%); eggs laid per hen (37%); eggshell thickness (6%); 14-day old survivor body weight (8%); and, hatchling weight (7%)
	Mallard duck (20 weeks old, 848 to 1282 g)
	Anas platyrhynchos
	MRID 49312801

	Mortality –
Dose based
	LD50 = 2290
CI: 1740-3020 mg/kg-bw
Slope = 4.5
	Mortality
	Japanese quail
	Coturnix japonica
	E50386
Hudson, Tucker & Haegele 1984

	Mortality – dietary based
	LC50 >5000 mg/kg-diet
Slope not reported
	Mortality
	Northern Bobwhite Quail
	Colinus virginianus
	E35243
Hill, Heath, Spann & Williams 1975
USF&WS book


1 Endpoints listed in the table are as reported in the study.

[bookmark: _Toc434489089][bookmark: _Toc32415283]Effects Data for Birds

[bookmark: _Toc434489090][bookmark: _Toc32415284]Effects on Mortality of Birds

The data set for mortality to birds includes 5 references representing 23 endpoints and 8 species (Northern Bobwhite Quail, Japanese Quail, California Quail, Ring-Necked Pheasant, Mallard Duck, Sharp-Tailed Grouse, Canada Goose, and Chukar). Available dose-based mortality data (LD50, LOAEL and NR-LETH) are available for 8 species of birds (Mallard Duck, Ring-Necked Pheasant, Sharp-Tailed Grouse, Canada Goose, Chukar, Japanese Quail, Rock Dove and California Quail) with a reported mortality effect range from 707 to 3000 mg/kg bw (Table 2-8). LC50 data are available for 4 species of birds (Northern Bobwhite Quail, Japanese Quail, Ring-Necked Pheasant, and Mallard Duck) with a reported mortality effect range from >5000 to 10000 mg/kg diet (Table 2-9). 

[bookmark: _Toc434489183][bookmark: _Toc26189568][bookmark: _Toc30514497][bookmark: _Toc31374927][bookmark: _Toc32415191]Table 2-8. Available Dose-Based Mortality Data for Birds Exposed Orally to Carbaryl.
	Genus
	Species
	Common Name
	LD50
(mg/kg bw)
	TGAI/
Formulation
	Duration (d)
	MRID/
ECOTOX ref #

	Branta
	canadensis
	Canada Goose
	1790
CI: 1480 – 2180
	TGAI
	14
	E50386 (Hudson et al 1984)

	Anas
	platyrhynchos
	Mallard Duck
	>2564
	TGAI
	14
	E50386

	Tympanuchus
	phasianellus
	Sharp-Tailed Grouse
	<1000
	TGAI
	14
	E50386

	Callipepla
	californica
	California quail
	>2000
	Formulation
	14
	E50386

	Anas
	platyrhynchos
	Mallard Duck
	>2000
	TGAI
	14
	MRID 45820601

	Alectoris
	chukar
	Chukar
	1888
	TGAI
	14
	E50386

	Coturnix
	japonica
	Japanese Quail
	2290
CI: 1740 – 3020
	TGAI
	14
	E50386

	Phasianus
	colchicus 
	Ring-Necked Pheasant
	>2000
	TGAI
	14
	E50386

	Phasianus
	colchicus
	Ring-Necked Pheasant
	707
	Formulation
	14
	E50386

	Columba
	Livia
	Rock Dove
	1000-3000
	TGAI
	14
	E50386

	Other endpoints (mg/kg bw)

	Anas
	platyrhynchos
	Mallard Duck
	LOAEL = 27.3
	TGAI
	30
	E50386

	Phasianus
	colchicus
	Ring-Necked Pheasant
	LOAEL = 91.6
	TGAI
	30
	E50386

	Phasianus
	colchicus
	Ring-Necked Pheasant
	NR-LETH= 261.7
	TGAI
	14
	E50386


Acronym: NR – Not Reported

[bookmark: _Toc434489184][bookmark: _Toc26189569][bookmark: _Toc30514498][bookmark: _Toc31374928][bookmark: _Toc32415192]Table 2-9. Available Dietary-Based Mortality Data for Birds Exposed to Carbaryl.
	Genus
	Species
	Common Name
	LC50
(mg/kg diet)
	TGAI/
Formulation
	Duration (d)
	MRID/
ECOTOX ref #

	Colinus
	virginianus
	Northern Bobwhite Quail
	>5000
	TGAI
	8
	E35243/E35214

	Coturnix
	japonica
	Japanese Quail
	>5000
	TGAI
	8
	E35243/E35214

	Phasianus
	colchicus
	Ring-Necked Pheasant
	>5000
	TGAI
	8
	E35243/E35214

	Anas
	platyrhynchos
	Mallard Duck
	>5000
	TGAI
	8
	E35243/E35214

	Coturnix
	japonica
	Japanese Quail
	>10000
	TGAI
	5
	E50181


Acronym: NR – Not Reported

[bookmark: _Hlk510597429]Multiple test species have been used in acute oral toxicity studies under varying conditions, yielding LD50 values that range from 707 to 3000 mg/kg bw for 8 species of birds tested. However, Japanese quail (LD50 = 2290 mg/kg-bw) data were used as the acute oral toxicity threshold because of the study’s relatively large sample size (n=24) and its use of 85% TGAI. Also, the confidence interval for the Japanese quail LD50 (1740 to 3020 mg/kg bw) overlapped with the LD50 values for other species that had a lower reported LD50 value, but also had study deficiencies such as low numbers of tested birds and low percent AI. Based on the Japanese quail LD50 value, carbaryl is considered practically non-toxic (i.e., LD50 > 2000 mg/kg bw) to birds on a dose-based acute oral basis. Tests indicate that dietary-based LC50 values for several tested avian species range from >5,000 to 10,000 mg/kg diet. Based on the lowest LC50 values, carbaryl is considered practically nontoxic to birds on a subacute dietary basis. 

Based on the available mortality data, the acute LC50 for carbaryl is >5000 mg/kg diet for four species of birds (Northern Bobwhite Quail, Japanese Quail, Ring-Necked Pheasant, and Mallard Duck) cited in two reports (E35243 and E35214). The birds were exposed to carbaryl in food at four dietary concentrations over 8 days (E35243 and E35214). 

[bookmark: _Toc434489091][bookmark: _Toc32415285]Sublethal Effects to Birds

[bookmark: _Toc434489092]Effects on Growth of Birds

The data set for growth effects in birds has a range of reported growth effects from 243.8 to 1023 mg ai/kg diet. Based on a review of reliable studies, the most reliable endpoint is a NOAEL and LOAEL of 343 and 1023 mg/kg diet, respectively, based on a dose responsive 73% reduction in adult female weight gain, 8% reduction in 14-day old survivor body weight, and 7% reduction in hatchling weight; other reproductive effects were also noted (MRID 49312801). The calculated MATC is 592 mg/kg diet. There were no dose-based growth endpoints for carbaryl in avian species.

[bookmark: _Toc434489093]Effects on Reproduction of Birds

[bookmark: _Toc434489258]The data set for avian reproductive effects includes 2 references representing 4 endpoints and 2 species. In the first (MRID 49312801) of the two studies, based upon treatment-related effects on various adult and reproductive endpoints at 1023 mg/kg diet, the overall NOAEC and LOAEC were 343 and 1023 mg ai/kg diet, respectively. Specifically, at 1023 mg/kg diet, necropsy results indicated a treatment-related increase in the incidence of regressed ovaries, a 37% reduction (p < 0.05) in the number of eggs laid per hen, and a 6% reduction (not significant) in eggshell thickness. In the second study (E35124) there were no dose-based reproductive endpoints for carbaryl in avian species; the study appeared to be oral-based because the results were reported in ppm, but the type of dosing was not entirely clear.

[bookmark: _Toc434489099][bookmark: _Toc32415286]Drinking water studies

No studies involving avian exposure via drinking water were identified in registrant studies or the ECOTOX database. 

[bookmark: _Toc434489100][bookmark: _Toc32415287]Dermal studies

In one study, males and females were exposed to dusting at 160 mg/kg and 140 mg/kg, respectively (E50180, Hill 1979). No overt signs of toxicity were observed, but plasma cholinesterase activity was significantly reduced at both test levels.

[bookmark: _Toc434489101][bookmark: _Toc32415288]Inhalation studies

No studies involving avian exposure via inhalation were identified in registrant studies or the ECOTOX database. 

[bookmark: _Toc434489103][bookmark: _Toc32415289]Incident Reports for Birds

There are currently (as of March 22, 2017) 6 bird incident reports in the IDS with a certainty index of ‘possible’, ‘probable’ or ‘highly probable’. Of these incidents, 1 is from a registered use, 1 is from a misuse (intentional), and in 4 of the incidents, the legality of use was undetermined (see Table 2-10 and ATTACHMENT 2-2, for details). All of the bird incidents occurred in the US. The following discussion only includes those incident reports with a certainty index of ‘possible’, ‘probable’ or ‘highly probable’ and a legality classification of ‘registered’ and ‘undetermined’ (the incident that was caused by a misuse is not reported further). For more information on incidents see ATTACHMENT 2-2.

The dates of the incident reports range from 1991 to 2001 (see Table 2-10). The bird incident reports involve a variety of different kinds of birds (e.g., songbirds, doves, and ducks). In four of the known incidents, the use site is not reported or is unknown. Three incidents do report the following use sites: shrubbery (1); residential turf (1); and garden (1). The carbaryl product involved in the incidents is not reported in 5 of the incidents; the product is reported as ‘Liquid Seven,’ a liquid product, in one incident (I000799-003). However, carbaryl was not identified by residue analysis of tissue of environment and six other active ingredients were reported as used recently in the environment, therefore, it is unlikely that carbaryl was responsible for the event. Since carbaryl was reported as recently used in the area it is possible that it contributed in some way to the observed mortalities, however. Another incident (I018734-001) where the product was reported as ‘Bug-Geta Plus,’ a granular product, also involved metaldehyde; carbaryl poisoning was claimed to be the cause of death, but no diagnostic report was provided. In one incident (I020380-001), carbofuran was also present and was considered the primary cause of the incident because of its high toxicity to birds. Another incident (I004375-004) involved diazinon and lindane as well as carbaryl; diazinon was present at the highest concentration in the birds and the latter two were found in minor amounts. Incident I007720-020 involved both carbaryl and bendiocarb in unspecified concentrations, with both chemicals likely responsible for the mortalities. In two of the seven incident reports (I002048-001 and I012817-001), carbaryl was the only pesticide noted in the report (see Table 2-10). 
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[bookmark: _Ref31375290][bookmark: _Toc26189570][bookmark: _Toc30514499][bookmark: _Toc31374929][bookmark: _Toc32415193]Table 2-10. Bird Incident Reports from IDS (Those Classified as ‘Possible’, ‘Probable’, or ‘Highly Probable’ with Legality of Use = ‘Registered’ or ‘Undetermined’).
	Incident Number
	Year
	State
	Product
	Legality
	Certainty Index
	Use Site
	Species
	Distance
	# Affected
	Magnitude

	I000799-003
	1991
	NC
	Liquid Seven
	U
	Possible
	Shrubbery
	Duck
	VICINITY
	NR
	HUNDREDS

	
	
	
	
	
	
	
	Turkey
	VICINITY
	NR
	UNKNOWN

	
	
	
	
	
	
	
	Cardinal
	VICINITY
	NR
	UNKNOWN

	
	
	
	
	
	
	
	Blackbird
	VICINITY
	NR
	UNKNOWN

	I002048-001
	1995
	VA
	NR
	U
	Possible
	NR
	Grackle
	NR
	1
	NR

	
	
	
	
	
	
	
	Starling
	NR
	5
	NR

	I007720-020
	1997
	NJ
	NR
	U
	Probable
	Turf, residential
	Mallard
	VICINITY
	10
	NR

	
	
	
	
	
	
	
	Duck
	VICINITY
	10
	NR

	I012817-001
	2001
	NY
	NR
	U
	Highly Probable
	NR
	Mourning Dove
	NR
	1
	NR

	I018734-001
	1999
	FL
	Bug-Geta Plus
	R
	Probable
	Garden
	Ringneck Dove
	Vicinity
	7
	NR


NR = Not reported; U = undetermined; R = registered use


In addition to the terrestrial incident reports available in IDS, there have also been a total of 18 aggregate wildlife incidents reported to the Agency (see Table 2-11). 

[bookmark: _Toc26189571][bookmark: _Toc30514500][bookmark: _Toc31374930][bookmark: _Toc32415194]Table 2-11. Aggregate Wildlife Incidents for Carbaryl.
	PC Code
	Ingredient Name
	Sum
	WB
	ONT

	056801
	Carbaryl
	51
	16
	9

	056801
	Carbaryl (ANSI)
	154
	2
	3


WB = Wildlife - minor; PB = Plant damage – minor; ONT = Other nontarget

Since 1998, incidents that are allowed to be reported aggregately by registrants [under FIFRA 6(a)(2)] include those that are associated with an alleged effect to wildlife (birds, mammals, or fish) without differentiation between species or terrestrial and aquatic environments. Typically, the only information available for aggregate incidents is the date (i.e., the quarter) that the incident(s) occurred, the number of aggregate incidents that occurred in the quarter, and the PC code of the pesticide and the registration number of the product involved in the incident. Because of the limited amount of data available on aggregate incidents it is not possible to assign certainty indices or legality of use classifications to the specific incidents. Therefore, the incidents associated with currently registered products are assumed to be from registered uses unless additional information becomes available to support a change in that assumption. 

[bookmark: _Toc32415290]Effect Characterization to Reptiles

As no additional data are available on reptilian toxicity to carbaryl, the available toxicity data for birds are used as a surrogate for reptiles.

[bookmark: _Toc471720558][bookmark: _Toc32415291]Effect Characterization to Terrestrial-phase Amphibians

Limited toxicity data are available for terrestrial-phase amphibians exposed to carbaryl. There is only one endpoint available for terrestrial amphibians in a relevant exposure unit, namely an LD50 of >4,000 mg/kg (oral exposure) for bullfrogs (Rana catesbeiana; E50386); however, since only three bullfrogs were tested in the study and a 50% purity product was used as the test item, this endpoint is considered qualitative. There is not enough confidence in this endpoint to use it as a threshold. 

[bookmark: _Toc434489107][bookmark: _Toc32415292]Effects Characterization for Mammals

[bookmark: _Toc434489108][bookmark: _Toc32415293]Introduction to Mammal Toxicity

The effects of carbaryl on mammals have been studied extensively. APPENDICES 2-2 and 2-3 include the bibliographies of studies that are included in this effects characterization and those that were excluded, respectively. Studies were excluded if they were considered invalid or not associated with an environmentally relevant exposure route. As acute toxicity data were only available for two species within the order Rodentia, thereby preventing calculation of a species sensitivity distribution, thresholds are based simply on the most sensitive lethal and sublethal effects identified among the available registrant-submitted studies and open literature in the ECOTOX database.


[bookmark: _Toc434489109][bookmark: _Toc32415294]Threshold Values for Mammals

Studies from which threshold values are derived will be discussed in more detail in the respective section detailing lines of evidence for various types of effects (e.g., mortality, growth, and reproduction). If the endpoints were originally presented in terms of diet (i.e., mg /kg-diet), then the effect concentrations were converted to a daily dose-based value (i.e., mg /kg-bw) using a body weight, when available (i.e., WHO 2009 Dose Conversion Table).

To determine the most sensitive endpoint, data tables generated by the data array builder are sorted for the major effects groups. The data are sorted based on endpoints normalized to 15 g body weight and displayed in arrays with the normalized value. However, for discussion purposes herein and in associated tables, the original study dose is used. As per the methodology for creating the arrays, reported NOAEL values without LOAELS are excluded from the table. 

The endpoints used to derive mortality and sublethal (i.e., growth and reproduction) thresholds for direct and indirect effects for mammals are presented in Table 2-12.

[bookmark: _Toc26189572][bookmark: _Toc30514501][bookmark: _Toc31374931][bookmark: _Toc32415195]Table 2-12. Endpoints Used to Derive Thresholds for Mammals.
	Threshold
	Endpoint
	Effect(s)
	Species
(Common Name)
	Species (Scientific Name)
	Study ID

	Sublethal – dose based
	21-day
NOAEL = 4
LOAEL = 30 MATC = 11 mg kg-bw/day
	7-8% decrease in fetal body weight, 7% decrease in maternal body weight, 38% decrease in maternal body weight gain
	Norway Rat (241 to 304 g at mating)
	Rattus Norvegicus
	MRID 44732901

	Mortality – dose based
	LD50 = 104.3
CI = 93.37 – 132.19 mg/kg-bw (M)

Slope = 7.70
	Mortality
	House Mouse
	Mus Musculus
	E64571



[bookmark: _Toc434489111][bookmark: _Toc32415295]Effects Data for Mammals

[bookmark: _Toc434489112][bookmark: _Toc32415296]Effects on Mortality of Mammals

The endpoints considered for the mortality line of evidence are included in Figure 2-17. The mortality endpoints are discussed below.

[image: ]
[bookmark: _Ref30510663][bookmark: _Toc26189587][bookmark: _Toc32415221][bookmark: _Toc434489270]Figure 2-17. Mortality Endpoints for Carbaryl Exposure Normalized to 15 g. 
Data are from registrant-submitted studies (red) and open literature (blue). Bars represent NOAEL/LOAEL range with the LOAEL value represented by the colored data point. Data label key: Endpoint (measured effect, species, duration in days). 

Based on the available data for mortality studies, the most sensitive LD50 for carbaryl is 104.3 mg ai/kg-bw (as tested body weight, females; slope 7.7) in the CD-1 strain of European house mouse (Mus musculus), which translates to 112.1 mg /kg-bw when scaled to a 15g mammal. Mice were exposed to 99.9% carbaryl in distilled water at 25, 50, 75 and 100 mg/kg-bw (E64571). This endpoint is used to derive the thresholds for mammals.

[bookmark: _Toc434489113][bookmark: _Toc32415297]Sublethal Effects to Mammals

[bookmark: _Toc434489114]Effects on Growth/Development of Mammals 

Endpoints range from 4 mg/kg-bw (NOAEL based on body weight reductions) to 21978 mg/kg-bw (NOAEL based on decrease in total weight). Two developmental studies with rats (exposed Day 6 through Day 20; MRID 44732901) and rabbits (exposed Day 6 through Day 29; MRID 44904202) were submitted by the registrants, yielding NOAEL values of 4 and 50 mg/kg/day, respectively, on the basis of body weight reductions. The reported growth endpoints are displayed in Figure 2-18.

[image: ]
[bookmark: _Ref30510724][bookmark: _Toc26189588][bookmark: _Toc32415222][bookmark: _Toc434489271]Figure 2-18. Growth Endpoints for Carbaryl Exposure Normalized to 15 g. 
Data label key: Endpoint (measured effect, species, duration in days). Data are from open literature (blue). Bars represent NOAEL/LOAEL range with the LOAEL value represented by the colored data point. Note the logarithmic scale.

[bookmark: _Toc434489115]Effects on Reproduction of Mammals

Reproduction endpoints range from a NOAEL of 4.67 mg/kg-bw based on decreased pup survival, reduced body weights and feeding consumption in F0 parents, to a NOAEL of 2000 mg /kg-bw in a multi -generation reproduction study (highest dose tested, fertility measures in second generation). Registrant submitted data includes a rat reproduction study with decreased survival of F2 pups, leading to a NOAEL of 4.67 mg /kg-bw (MRID 45448101). All reported reproductive effects endpoints are displayed in Figure
 2-19.

[image: ]
[bookmark: _Ref30510775][bookmark: _Toc26189589][bookmark: _Toc32415223][bookmark: _Toc434489272]Figure 2-19. Reproduction Endpoints for Carbaryl Exposure Normalized to 15 g. 
Data label key: Endpoint (measured effect, species, duration in days). Data are from registrant-submitted studies (red) and open literature (blue). Bars represent NOAEL/LOAEL range with the LOAEL value represented by the colored data point. Note the logarithmic scale.

[bookmark: _Toc434489123][bookmark: _Toc32415298]Drinking water studies

No studies involving mammalian exposure via drinking water were identified in the ECOTOX database or in review of registrant submitted studies.

[bookmark: _Toc434489124][bookmark: _Toc32415299]Dermal exposure studies

Table 2-13 presents the acute and longer-term dermal exposure data available from registrant-submitted data (USEPA, 2003, DP Barcode 288457).

A 4-week dermal toxicity rat study with a NOAEL of 20 mg/kg/day was submitted by the registrants.  The LOAEL of 50 mg/kg/day was based on significant decreases in RBC cholinesterase in males and females and brain cholinesterase in males. The long-term dermal (months to a lifetime) scenario relied on a chronic dog study that did not establish a NOAEL; the LOAEL of 3.1 mg/kg/day was based on plasma and brain cholinesterase inhibition in females. 

[bookmark: _Toc434489191][bookmark: _Toc26189573][bookmark: _Toc30514502][bookmark: _Toc31374932][bookmark: _Toc32415196]Table 2-13. Dermal Exposure Studies for Carbaryl (reported in the 2003 RED).
	Exposure Scenario
	Dose
(mg/kg/day)
	Endpoint
	Study

	Acute Rabbit test model
	LD50 > 2000 mg/kg/day
	Mortality
	MRID 00148501

	Dermal toxicity with technical carbaryl Rat test model
	Systemic NOAEL = 20
Systemic LOAEL = 50 mg/kg/day Absorbed Dermal NOAEL = 0.15 (for biomonitoring)
	Based on decreased RBC cholinesterase in males and females and brain cholinesterase in males
	21/28-day dermal rat study
MRID 45630601


(USEPA, 2003, DP Barcode 288457)

[bookmark: _Toc434489125][bookmark: _Toc32415300]Inhalation studies 

Table 2-14 presents the available inhalation studies for mammals. Together these studies indicate that the rat inhalation LC50 is between 3.4 and 5.3 mg/L.

[bookmark: _Toc26189574][bookmark: _Toc30514503][bookmark: _Toc31374933][bookmark: _Toc32415197][bookmark: _Toc434489192]Table 2-14. Inhalation Studies for Carbaryl. 
	Exposure Scenario
	Dose
(mg/kg/day)
	Endpoint
	Study

	Acute inhalation-rat test model
	LC50>3.4 mg/L
	Mortality
	MRID 00148502

	Acute inhalation-rat test model
	2.1 mg/L<LC50<5.3 mg/L
	Mortality
	MRID 41056804



[bookmark: _Toc32415301]Studies in Units of Mass/Area for Mammals

There was one study in ECOTOX reported in exposure units of lbs/acre, in which (E35390) an adverse effect on sex ratios in mice was reported at the LOAEC of 2 lbs/acre.



[bookmark: _Toc434489128]
[bookmark: _Toc32415302]Incident Reports for Mammals

A review of the incident databases showed a total of 4 reported ecological incidents involving mammals associated with the use of carbaryl (Table 2-15). Carbaryl has been reported as the ‘probable’ or ‘highly probable’ causative agent for 2 terrestrial incidents involving mammals, one of which included a co-exposure with metaldehyde. All the incidents involved the use of carbaryl bait materials. For more information on incidents see ATTACHMENT 2-2.

[bookmark: _Toc434489193][bookmark: _Toc26189575][bookmark: _Toc30514504][bookmark: _Toc31374934][bookmark: _Toc32415198]Table 2-15. Terrestrial Mammal Incident Reports from IDS.
	Number
	Chemical(s) Involved
	Certainty Index
	Use Site
	Species
	Distance
	Effect/ Magnitude
	Product

	B0000501-88
	Carbaryl
	Highly Probable
	Not reported
	Mole
	Not reported
	1
	Slug Bait

	I018734-001
	Carbaryl Metaldehyde
	Probable
	Garden
	Squirrel
Rat
	Not reported
	42
	Slug Bait

	I021276-014
	Carbaryl
	Possible
	Home exterior
	Cat
	Not reported
	1
	Slug Bait

	I024855-001
	Carbaryl Metaldehyde
	Possible
	Residential
	Dog
	Not reported
	2
	Slug Bait







[bookmark: _Toc434489130][bookmark: _Toc32415303]Effects Characterization for Terrestrial Invertebrates

[bookmark: _Toc434489131][bookmark: _Toc32415304]Introduction to Terrestrial Invertebrate Toxicity

Carbaryl is an insecticide that acts through inhibition of acetylcholinesterase and is used to kill a broad range of insects and mites. As an insecticide, carbaryl’s effects on terrestrial invertebrates have been well documented in the literature. Most available studies have focused on mortality endpoints, but there are also data available describing sublethal effects, including those related to growth, behavior, and reproduction. 

The acute mortality thresholds are based on the most sensitive LC50 or LD50 values (<96 hr exposure) available for terrestrial invertebrates, because a species sensitivity distribution (SSD) could not be derived using the available data. As described in the Problem Formulation, sublethal thresholds are also derived to represent the most sensitive non-acute mortality effects for both direct and indirect effects. In the case of carbaryl and terrestrial invertebrates, however, the lowest endpoints, considering both lethal and sub-lethal effects, were often mortality endpoints. Therefore, mortality endpoints are used to represent the most sensitive non-acute thresholds in some cases. Threshold values in this assessment are based on endpoints expressed in, or readily converted to, environmentally relevant concentrations that can be used to assess risks to terrestrial invertebrates using current methods [i.e., mg/kg-soil; mg/kg-bw (body weight); µg/bee, and lbs/acre]. 

[bookmark: _Toc434489132][bookmark: _Toc32415305]Threshold Values for Terrestrial Invertebrates

The endpoints used to derive threshold values for terrestrial invertebrates are provided in Table 2-16.

[bookmark: _Toc434489195][bookmark: _Toc477783548][bookmark: _Toc26189576][bookmark: _Toc30514505][bookmark: _Toc31374935][bookmark: _Toc32415199]Table 2-16. Endpoints Used to Derive Thresholds for Terrestrial Invertebrate Species.
	Exposure Unit
	Threshold Value
	Endpoint
	Effect(s)
	Species
	Study ID
	Comments

	Most Sensitive Endpoint (Relatable to Growth, Reproduction, and/or Mortality)

	mg/kg-soil
	0.2295 mg/kg-soil
	LOAEL
	Reduced biomass
	Earthworm (Lumbricus terrestris)
	E155987
	--

	mg/kg bw
	0.11 mg/kg-bw
Slope not reported
	LD50
	Mortality
	Skeletonizing leaf beetle (Trirhabda adela)
	E157787
	This is the most sensitive endpoint for this exposure unit for terrestrial invertebrates and is the sublethal threshold.

	µg/bee (oral)
	0.11 µg/bee1
(Slope = 2.3)
	LD50
	Mortality
	Honey bee (Apis mellifera)
	E96420
	There are no non-mortality endpoints available for oral exposure and this exposure unit.

	lb/acre
	0.0045 lb/acre
Slope not reported
	LC50
	Mortality
	Earthworm (Allolobophora tuberculata)
	E40417
	Based on exposure to treated surface (not in soil).

	Most Sensitive LD50/LC50 Value(s)

	mg/kg-soil
	6.07 mg/kg-soil
Slope not reported
	LC50
	Mortality
	India blue earthworm (Perionyx excavatus)
	E160172
	Indian species

	mg/kg bw
	0.11 mg/kg-bw
Slope not reported
	LD50
	Mortality
	Skeletonizing leaf beetle (Trirhabda adela)
	E157787
	--

	µg/bee (oral)
	0.11 µg/bee1
(Slope = 2.3)
	LD50
	Mortality
	Honey bee (Apis mellifera)
	E96420
	Based on oral exposure.

	lb/acre
	0.0045 lb/acre
Slope not reported
	LC50
	Mortality
	Earthworm (Allolobophora tuberculata)
	E40417
	Based on exposure to treated surface (not in soil).


1 Based on the daily food consumption of 0.292 g for adult honey bee, endpoint converts to 0.0377 mg/kg-diet.

[bookmark: _Toc434489134][bookmark: _Toc32415306]Effects Data for Terrestrial Invertebrates

[bookmark: _Toc434489135][bookmark: _Toc32415307]Effects on Mortality of Terrestrial Invertebrates

Most of the toxicity data available on the effects of carbaryl on terrestrial invertebrates involve mortality endpoints. In some cases, mortality is actually the most sensitive endpoint available for the different environmentally relevant exposure units.

Mortality Threshold Values (mg/kg-soil)

For the exposure unit of mg/kg-soil, the most sensitive LC50 value available is 6.07 mg/kg-soil for earthworms (Perinyx excavatus) (E160172). In this study, four concentrations were tested along with the control: 10, 20, 40, and 60 mg/kg-soil (Carbaryl 50 WDP). The purity of the test material was not reported, and there was no chemical analysis on the test solutions. However, purity can be estimated from the formulation used (50 WDP) to be approximately 50% active ingredient. The study does not make clear whether the reported endpoint is in terms of formulated product or active ingredient. The concentrations adjusted for estimated purity are 5, 10, 20, and 30 mg/kg-soil. Five adult worms were placed in a polythene box with 200 g of soil, and each test concentration and replicate was repeated three times. The experiment was conducted for 96 hours and survival was recorded every 24-hrs. 

Mortality Data Array (mg/kg-soil)

Based on the available data, carbaryl is associated with mortality of terrestrial invertebrates at concentrations ranging from 4 to >500 mg/kg-soil (Figure 2-20). 

[image: ]
[bookmark: _Ref30512368][bookmark: _Toc26189590][bookmark: _Toc32415224]Figure 2-20. Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (mg/kg-soil). 
Data label key: Endpoint (measured effect, order, duration in days, reference number).

Mortality Thresholds (mg/kg-bw)

For the exposure unit of mg/kg-bw, the most sensitive LD50 value available is 0.11 mg a.i./kg-bw for skeletonizing leaf beetles (Trirhabda adela) (E157787). As part of a larger study to evaluate the function of mixed function oxidases in insect response to xenobiotics, including pesticides, the author exposed ~60 species of terrestrial invertebrates to carbaryl residues using a 24-hour contact exposure. Residues were applied to the dorsum of the thorax (mg/kg-bw endpoints) or to substrate (lbs/acre endpoints). Three to four treatment rates were used for each experiment to determine a variety of regression-based mortality endpoints, including LD50 values. 

The LD50 value from this study of 0.11 mg/kg-bw (E157787) is more sensitive than any of the available NOAEC or LOAEC values for this exposure unit. Therefore, it will be used as the sublethal threshold for direct and indirect effects (although this endpoint is based on mortality, it is more sensitive than any endpoint available for sublethal effects).

Mortality Data Array (mg/kg-bw)

Mortality data associated with the exposure unit of mg/kg-bw are available for 9 orders (i.e., Coleoptera, Dictyoptera, Diptera, Hemiptera, Hetoeroptera, Hymenoptera, Lepidoptera, Neuroptera, and Orthoptera), represented by 45 families, 68 genera, and 71 species. Based on the available data, carbaryl is associated with mortality of terrestrial invertebrates at concentrations ranging from 0.11 to >10,000 mg/kg-soil (see Figure 2-21, Figure 2-22 and Figure 2-23). Because of the large number of mortality endpoints for this exposure unit, the data arrays for mortality have been split into 3 figures for illustration purposes.
[image: ]
[bookmark: _Ref30512473][bookmark: _Toc26189591][bookmark: _Toc32415225]Figure 2-21. Subset of the Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl: From 0 to 50 mg/kg-bw. 
Data label key: Endpoint (measured effect, order, duration in days, reference number). 

[image: ]
[bookmark: _Ref30512486][bookmark: _Toc26189592][bookmark: _Toc32415226]Figure 2-22. Subset of the Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl: From 51 to 200 mg/kg-bw. 
Data label key: Endpoint (measured effect, order, duration in days, reference number). 
[image: ]
[bookmark: _Ref30512491][bookmark: _Toc26189593][bookmark: _Toc32415227]Figure 2-23. Subset of the Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl: From 201 to 12220 mg/kg-bw. 
Data label key: Endpoint (measured effect, order, duration in days, reference number). 

Mortality Thresholds (lb/acre)

For the exposure unit lb/acre, the most sensitive terrestrial invertebrate LC50 value is 0.0045 lb/acre for an earthworm (Allolbophora tuberculata) (E40417). In this study, carbaryl (TGAI, >98%) was applied to filter paper at five different concentrations, and water added to the filter paper to provide enough water for earthworm survival. One worm was added per vial (there were a minimum of 10 replicates per treatment level), the vials were kept in a darkened incubator for 48-hrs and mortality was determined at 48-hrs.  

The LC50 value from this study of 0.0045 lb/acre (E40417) is more sensitive than any of the available NOAEC or LOAEC values for this exposure unit. Therefore, it will be used as the sublethal threshold for direct and indirect effects (although this endpoint is based on mortality, it is more sensitive than any endpoint available for sublethal effects).

Mortality Data Arrays (lb/acre)

Regarding mortality, carbaryl is associated with increased mortality of terrestrial invertebrates at concentrations from 0.0045 to ~18 lb/acre (Figure 2-24). Most of the endpoints for carbaryl and terrestrial invertebrates reported in the lb/acre exposure unit are for population-level effects (all related to abundance/biomass/control that are assumed to be related to mortality, and are, therefore, included in this mortality section). These effects are seen at concentrations from 0.0045 to >200 lb/acre (Figure 2-25 and Figure 2-26). Because of the large number of mortality endpoints for this exposure unit, the data arrays for population-level effects have been split into 2 figures for illustration purposes.
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[bookmark: _Ref30512563][bookmark: _Toc477846219][bookmark: _Toc26189594][bookmark: _Toc32415228][bookmark: _Toc434489292]Figure 2-24. Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (lb/acre). 
Data label key: Endpoint (measured effect, order, duration in days, reference number). 
[bookmark: _Toc434489293][image: ] 
[bookmark: _Ref30512638][bookmark: _Toc477846220][bookmark: _Toc26189595][bookmark: _Toc32415229]Figure 2-25. Subset of Population-Level Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (lb/acre) – Exposure Values from 0 to 1.4 lb/acre. 
Data label key: Endpoint (measured effect, order, duration in days, reference number). 
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[bookmark: _Ref30512640][bookmark: _Toc477846221][bookmark: _Toc26189596][bookmark: _Toc32415230]Figure 2-26. Subset of Population-Level Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (lb/acre) – Exposure Values from 1.4 to 50 lb/acre. 
Data label key: Endpoint (measured effect, order, duration in days, reference number). There is one additional population endpoint available not shown on this figure (NOAEC/LOAEC of 186/233 lb/acre).

Mortality Thresholds (µg/bee)

For the exposure unit of µg/bee, the most sensitive acute oral LD50 value available is 0.11 µg/bee for adult honey bees (Apis mellifera) (E96420). In this study, 10 bees were exposed to five different concentrations plus a solvent control. The experiment was repeated two times, and mortality were recorded 24 hours after treatment and adjusted using Abbott’s formula.

The LD50 value from this study of 0.11 µg/bee (E96420) is more sensitive than any of the available NOAEC or LOAEC values for this exposure unit (oral exposure). Therefore, it will be used to derive the sublethal threshold for direct and indirect effects (although this endpoint is based on mortality, it is more sensitive than any endpoint available for sublethal effects).

Mortality Data Arrays (µg a.i./bee)

Most of the data available for carbaryl and terrestrial invertebrates in exposure units of µg/bee involve mortality endpoints. For the oral exposure route, the available mortality endpoints for carbaryl range from 0.11 to 1.57 µg/bee (see Figure 2-27). For the contact exposure route, the available mortality endpoints for carbaryl range from 0.008 to 7.4 µg/bee (see Figure 2-28). For the mixed routes of exposure, the available mortality endpoints for carbaryl range from 0.13 to 8.5 µg/bee (see Figure 2-29). 

[image: ]
[bookmark: _Ref30512697][bookmark: _Toc477846222][bookmark: _Toc26189597][bookmark: _Toc32415231][bookmark: _Toc434489283]Figure 2-27. Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (µg/bee) (Oral Exposure). 
Data from registrant submitted (red) and open literature (blue). Data label key: Endpoint (measured effect, order, duration in days, reference number).
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[bookmark: _Ref30512782][bookmark: _Toc26189598][bookmark: _Toc32415232]Figure 2-28. Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (µg/bee) (Contact Exposure).       
Data from registrant submitted (red) and open literature (blue). Data label key: Endpoint (measured effect, order, duration in days, reference number).
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[bookmark: _Ref30512792][bookmark: _Toc26189599][bookmark: _Toc32415233]Figure 2-29. Mortality Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (µg/bee) (Mixed Exposure Routes). 
Data label key: Endpoint (measured effect, order, duration in days, reference number).

[bookmark: _Toc434489137][bookmark: _Toc32415308]Sublethal Effects to Terrestrial Invertebrates

[bookmark: _Toc434489138]Effects on Growth of Terrestrial Invertebrates

Growth Data (mg/kg-soil)

Growth data associated with the exposure unit of mg/kg-soil are available for 2 orders (i.e., Haplotaxida, and Lumbriculida), represented by 2 families, 2 genera, and 2 species. The sublethal threshold value for the exposure unit of mg/kg-soil is based on effects to growth in an earthworm species (Lumbricus terrestris) (E155987). In this study, the authors exposed earthworms to technical grade carbaryl (Sevin®) residues in soil (0.23 mg/kg soil) or an untreated control for seven days. Fecal production and biomass were significantly different in earthworms exposed to carbaryl than in the control resulting in a LOAEL of 0.23 mg/kg soil. The study tested only one treatment concentration and did not establish a lower bound for effects (i.e., a NOAEL was not established).

Based on the available data, carbaryl is associated with growth effects in terrestrial invertebrates at concentrations ranging from 0.23 to 0.75 mg/kg-soil (Figure 2-30). 
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[bookmark: _Ref30512845][bookmark: _Toc26189600][bookmark: _Toc32415234]Figure 2-30. Growth Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (mg/kg-soil). 
Data label key: Endpoint (measured effect, order, duration in days, reference number).

Growth Data (mg/kg-bw)

There are currently no carbaryl data available for growth and terrestrial invertebrates for the mg/kg-bw exposure unit.

Growth Data (lb a.i./acre)

There is currently data from one carbaryl study available for growth and terrestrial invertebrates for the lb/acre exposure unit. In this study, parasitic wasps (Trichogrammatida nubilale) showed statistically significant differences in emergence compared to controls at 1.25 lb/acre, resulting in a NOAEC and LOAEC of 0.25 and 1.25 lbs/acre, respectively (E112749).

Growth Data (µg/bee)

There are currently no carbaryl data available for growth and terrestrial invertebrates for the µg/bee exposure unit.


[bookmark: _Toc434489139]Effects on Reproduction of Terrestrial Invertebrates

Reproduction Data (mg/kg-soil)

Reproduction data associated with the exposure unit of mg/kg-soil are available for 3 orders (i.e., Haplotaxida, and Hymenoptera, Lumbriculida), represented by 3 families, 3 genera, and 3 species. 
Based on the available data, carbaryl is associated with reproduction effects of terrestrial invertebrates at concentrations ranging from 0.75 to 8 mg/kg-soil (Figure 2-31). 
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[bookmark: _Ref30512916][bookmark: _Toc26189601][bookmark: _Toc32415235]Figure 2-31. Reproduction Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (mg/kg-soil). 
Data label key: Endpoint (measured effect, order, duration in days, reference number).

Reproduction Data (mg/kg-bw)

There are currently no carbaryl data available for reproduction and terrestrial invertebrates for the mg/kg-bw exposure unit.

Reproduction Data (Lb a.i./acre)

Reproductive effects (including general reproductive success) are seen at concentrations of 0.25 to 2.0 lbs/acre (see Figure 2-32).

[bookmark: _Toc434489296][image: ]
[bookmark: _Ref30512962][bookmark: _Toc26189602][bookmark: _Toc32415236]Figure 2-32. Reproduction Endpoints for Terrestrial Invertebrates Exposed to Carbaryl (lbs/acre). 
Data label key: Endpoint (measured effect, order, duration in days, reference number).

Reproduction Data (µg/bee)

There are currently no carbaryl data available for reproduction and terrestrial invertebrates for the µg/bee exposure unit.

[bookmark: _Toc434489145][bookmark: _Toc32415309]Incident Reports for Terrestrial Invertebrates

There are currently (as of December 23, 2019) 471 terrestrial invertebrate incident reports (non-aggregate) from North America in the Incident Data System (IDS). All incidents explicitly involve honey bees (Apis mellifera) or are assumed to involve honey bees because no other bee species was implicated. Most of the incidents (55) occurred between 1992 and 2000 (see Table 2-17), and for two of the incidents no year was reported. Most of the incident reports (52) come from Washington state, but there are also four each from Minnesota and North Carolina, and two each from California, Mississippi and Vermont. In most cases (57), the product involved in the incident is not reported; of the remaining 14 incidents in which the product is reported, ‘Sevin’ or ‘Sevin XLR Plus’ are listed. In most cases (60), the legality of the use involved in the incident is undetermined; five of the incidents are considered misuses (including one reported as an intentional misuse); and in six incidents the legality of use is reported as a registered use. In 46 of the reports, the certainty that the incident was due to carbaryl is ‘possible’, while in 19 of the incidents and six of the incidents, the certainty is listed as ‘probable’ and ‘highly probable’, respectively. In 25 of the incidents, the use site is listed as an unspecified orchard; while two are associated with apple orchards (misuse), seven involved agricultural areas, two involved use on a garden, three each involved use on asparagus or in forests, and one involved a direct application to an apiary (intentional misuse); in 23 of the incidents the use site was not reported. For more information on incidents see ATTACHMENT 2-2.
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[bookmark: _Toc26189577][bookmark: _Toc30514506][bookmark: _Toc31374936][bookmark: _Toc32415200]Table 2-17. Known Honey Bee Incidents (Non-Aggregate) Involving Carbaryl.
	Incident Number
	Year
	State
	Product
	Legality
	Certainty Index
	Use Site
	Magnitude

	B0000300-03
	N/R
	SD
	SEVIN
	Misuse (accidental)
	Probable
	Alfalfa
	N/R

	I001611-002
	1994
	WA
	SEVIN XLR Plus
	Registered Use
	Highly Probable
	Asparagus
	N/R

	I003826-021
	1994
	NC
	SEVIN
	Undetermined
	Highly Probable
	Agricultural Area
	Unknown

	I005855-001
	1997
	CA
	SEVIN
	Undetermined
	Highly Probable
	N/R
	Thousands

	I013587-012
	1999
	WA
	N/R
	Undetermined
	Possible
	Alfalfa
	150 colonies exposed

	I013587-032
	1999
	WA
	N/R
	Misuse
	Probable
	Apple
	50 hives

	I013587-033
	1999
	WA
	N/R
	Undetermined
	Probable
	Orchard (unspecified)
	4 bee hives

	I013587-034
	1999
	WA
	N/R
	Undetermined
	Probable
	Orchard (unspecified)
	12 hives

	I013883-031
	1997
	WA
	N/R
	Registered Use
	Highly Probable
	Orchard (unspecified)
	84 bee hives

	I014202-001
	1999
	MN
	SEVIN XLR Plus
	Registered Use
	Probable
	Forest
	Unknown

	I014202-015
	2001
	MN
	SEVIN XLR Plus
	Registered Use
	Possible
	Forest
	Not given

	I014202-019
	N/R
	MN
	SEVIN XLR Plus
	Registered Use
	Probable
	Forest
	Not given

	I014341-002
	1996
	WA
	N/R
	Undetermined
	Possible
	N/R
	76 hives

	I014341-003
	1996
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	430 hives

	I014341-004
	1996
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	120 hives

	I014341-027
	1999
	WA
	N/R
	Undetermined
	Possible
	N/R
	46 hives

	I014341-028
	1999
	WA
	N/R
	Undetermined
	Possible
	N/R
	110-120 hives

	I014341-029
	1999
	WA
	N/R
	Undetermined
	Possible
	N/R
	>50 hives

	I014341-030
	1999
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	150 hives

	I014341-038
	1999
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	192 hives

	I014341-039
	1999
	WA
	N/R
	Undetermined
	Possible
	N/R
	131 hives

	I014341-040
	1999
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	Unknown

	I014341-041
	2000
	WA
	N/R
	Undetermined
	Highly Probable
	N/R
	3000-4000

	I014341-042
	2000
	WA
	N/R
	Undetermined
	Probable
	N/R
	Unknown

	I014341-046
	1992
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	90 hives

	I014341-047
	1992
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	300 hives

	I014341-048
	1992
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	186 hives

	I014341-049
	1992
	WA
	N/R
	Undetermined
	Possible
	N/R
	36 hives

	I014341-050
	1993
	WA
	N/R
	Undetermined
	Possible
	N/R
	262 hives

	I014341-051
	1993
	WA
	N/R
	Undetermined
	Possible
	N/R
	168 hives

	I014341-052
	1993
	WA
	N/R
	Undetermined
	Possible
	N/R
	250 hives

	I014341-053
	1993
	WA
	N/R
	Undetermined
	Possible
	N/R
	274 hives

	I014341-054
	1993
	WA
	N/R
	Undetermined
	Possible
	N/R
	130 hives

	I014341-055
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	228 hives

	I014341-056
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	250 hives

	I014341-057
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	Unknown

	I014341-058
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	76 hives

	I014341-059
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	70 hives

	I014341-060
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	1,000 hives

	I014341-061
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	1,000 hives

	I014341-062
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	120 hives

	I014341-063
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	76 hives

	I014341-064
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	100 hives

	I014341-065
	1994
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	100 hives

	I014341-066
	1994
	WA
	N/R
	Undetermined
	Possible
	Asparagus
	400 hives

	I014341-067
	1994
	VT
	N/R
	Undetermined
	Possible
	N/R
	100 hives

	I014341-068
	1994
	WA
	N/R
	Undetermined
	Possible
	N/R
	30 hives

	I014341-069
	1994
	WA
	N/R
	Undetermined
	Possible
	N/R
	unknown

	I014341-070
	1995
	VT
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	108 hives

	I014341-071
	1995
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	16 hives

	I014341-072
	1995
	WA
	N/R
	Undetermined
	Possible
	Orchard (unspecified)
	Unknown

	I014405-031
	1996
	WA
	N/R
	Undetermined
	Probable
	N/R
	N/R

	I014407-009
	1994
	WA
	N/R
	Undetermined
	Probable
	N/R
	228 colonies

	I014407-015
	1994
	WA
	N/R
	Undetermined
	Probable
	N/R
	250 colonies

	I014407-023
	1994
	WA
	N/R
	Undetermined
	Probable
	N/R
	120 colonies

	I014407-025
	1994
	WA
	N/R
	Undetermined
	Probable
	N/R
	76 colonies

	I014407-032
	1994
	WA
	N/R
	Undetermined
	Probable
	N/R
	1000 colonies

	I015994-001
	1999
	MN
	Sevin
	Registered Use
	Probable
	Agricultural area
	unknown

	I017893-028
	2006
	CA
	Sevin
	Misuse (intentional)
	Probable
	Apiary
	$375,000

	I020998-024
	2002
	WA
	N/R
	
	Misuse
	Probable
	Apple orchard

	I021587-001
	2009
	UT
	N/R
	Undetermined
	Probable
	Agricultural area
	320 Hives

	I022741-001
	2010
	MS
	Sevin
	Undetermined
	Possible
	Garden
	1 hive

	I022741-001
	2010
	MS
	Sevin
	Undetermined
	Possible
	Garden
	30 hives

	I025169-001
	2012
	NC
	Bonide Fruit Tree Spray
	Undetermined
	Probable
	Residential
	50,000 bees

	I026798-00014
	2012
	Alberta, Canada
	N/R
	Undetermined
	Possible
	Agricultural area
	24 hives

	I028254-00005
	2015
	NC
	N/R
	Undetermined
	Possible
	N/R
	1 hive

	I029512-00007
	2016
	NC
	N/R
	Undetermined
	Possible
	N/R
	6 bee colonies

	I029808-00001
	2017
	AL
	CARBARYL
	Undetermined
	Probable
	Agricultural area
	30-40,000 bees

	I030063-00001
	2017
	WA
	N/R
	Undetermined
	Possible
	Agricultural area
	Hundreds

	I030063-00001
	2017
	WA
	N/R
	Undetermined
	Possible
	Agricultural area
	>1000

	I031697-00001
	2018
	MI
	CARBARYL 4L
	Misuse (accidental)
	Highly Probable
	Asparagus
	40 hives affected




Since 1998, incidents that are allowed to be reported aggregately by registrants [under FIFRA 6(a)(2)] as ‘ONT’ include those that are associated with an alleged effect to animals that are not birds, mammals, or fish. It is assumed that most aggregate incidents reported as ONT involve honey bees (although, they may also involve other invertebrates, such as, crayfish). Typically, the only information available for aggregate incidents is the date (i.e., the quarter) that the incident(s) occurred, the number of aggregate incidents that occurred in the quarter, and the PC code of the pesticide and the registration number of the product involved in the incident. Because of the limited amount of data available on aggregate incidents it is not possible to assign certainty indices or legality of use classifications to the specific incidents. Therefore, the incidents associated with currently registered products are assumed to be from registered uses unless additional information becomes available to support a change in that assumption. There are currently 12 known aggregate ONT incidents associated with carbaryl. The incidents occurred between 1999 and 2010 and they all involve granular products (see Table 2-18). 

[bookmark: _Toc26189578][bookmark: _Toc30514507][bookmark: _Toc31374937][bookmark: _Toc32415201]Table 2-18. Known Honey Bee Incidents (Aggregate) Involving Carbaryl.
	Package and Seq. #
	Incident Date
	Product Reg #
	Product Name
	Formulation
	ONT

	009609-00300
	7/1/99  -  9/30/99
	000239-02514
	BUG-GETA+ SNAIL, SLUG & INSECT KILLER (REG # 239-2514G)
	Granular
	1

	014317-00645
	4/1/03  -  6/30/03
	000239-02514
	BUG-GETA PLUS SNAIL, SLUG & INSECT KILLER/GRANULES
	Granular
	2

	014317-00678
	4/1/03  -  6/30/03
	028239-00233-000239
	BUG B GON GRANULES/LAWN & SOIL LAWN INSECT KILLER
	Granular
	1

	015419-00644
	4/1/04  -  6/30/04
	000239-02514
	BUG-GETA SNAIL, SLUG & INSECT GRANULES
	Granular
	1

	016270-00395
	1/1/05  -  3/31/05
	000239-02514
	BUG-GETA SNAIL, SLUG & INSECTKILLER
	Granular
	1

	016885-00280
	7/1/05  -  9/30/05
	000239-02514
	BUG-GETA PLUS SNAIL, SLUG & INSECT KILLER
	Granular
	1

	021384-00293
	7/1/09  -  9/30/09
	000239-02514
	BUG GETA PLUS SNAIL, SLUG & INSECT KILLER
	Granular
	2

	021661-00131
	10/1/09  -  12/31/09
	000239-02514
	BUG GETA PLUS SNAIL, SLUG & INSECT KILLER
	Granular
	2

	021916-00319
	1/1/10  -  3/31/10
	000239-02514
	BUG GETA PLUS SNAIL, SLUG & INSECT KILLER
	Granular
	1



[bookmark: _Toc32415310]Effects Characterization for Terrestrial Plants

[bookmark: _Toc434489148][bookmark: _Toc32415311]Introduction to Terrestrial Plant Toxicity

Carbaryl is also used to thin fruit in orchards, and its activity in the abscission of flower buds may be related to its structural similarity to plant auxins, such as α-naphthalene acetic acid. Most available toxicity studies with plants have focused on growth endpoints. Endpoint values and effects data arrays in this assessment are based on endpoints expressed in, or readily converted to, environmentally relevant concentrations (i.e., lb/acre). 

Because of the variability in study designs and endpoints, it was not possible to derive a species sensitivity distribution with the available plant data. Therefore, the endpoints used to derive terrestrial plant thresholds are based on the lowest toxicity values available for the taxa (see Table 2-19, and the discussion below). Threshold values are provided in exposure units of lb/acre, and are provided for all terrestrial plants, as well as for monocots and dicots separately. 
 
[bookmark: _Toc434489149][bookmark: _Toc32415312]Threshold Values for Terrestrial Plants

Endpoints used to derive threshold values for direct and indirect effects are provided in Table 2-19.  Most of the threshold values are based on effects to growth (i.e., weight and/or height). 
	




[bookmark: _Toc434489204][bookmark: _Toc477783549][bookmark: _Toc26189579][bookmark: _Toc30514508][bookmark: _Toc31374938][bookmark: _Toc32415202]Table 2-19. Endpoints Used to Derive Threshold Values for Terrestrial Plant Species.
	Taxon
	Threshold
	Exposure
	Endpoint
	Effect(s)
	Species
	Study ID
	Comments

	All Terrestrial Plants
	NOAEC/
LOAEC
	Pre-emergence
	NOAEC – 2.0 lb
LOAEC – 5.5 lbs/acre
	12.7% reduction in dry weight
	Winter barley (Hordeum vulgare)
	MRID 49142501
	This is a monocot species

	
	IC25
	Pre-emergence
	7.83 lbs/acre
	Reduced weight
	Winter barley (Hordeum vulgare)
	MRID 49142501
	This is a monocot species

	All Dicots
	NOAEC/
LOAEC
	Pre-emergence
	NOAEC - 5.5 
LOAEC – 13.8 lbs/acre
	47.4% reduction in survival
	Tomato (Solanum lycopersicum)
	MRID 49142501
	This is a dicot species 

	
	IC25
	Pre-emergence
	8.79 lbs/acre
	Reduced survival
	Tomato (Lycopersicon esculentum)
	MRID 49142501
	--

	All Monocots
	NOAEC/
LOAEC
	Pre-emergence
	NOAEC – 2.0
LOAEC – 5.5 lbs/acre
	12.7% reduction in dry weight
	Winter barley (Hordeum vulgare)
	MRID 49142501
	--

	
	IC25
	Pre-emergence
	7.83 lbs/acre
	Reduced weight
	Winter barley (Hordeum vulgare)
	MRID 49142501
	-- 



[bookmark: _Toc434489151][bookmark: _Toc32415313]Effects Data for Terrestrial Plants

[bookmark: _Toc434489153][bookmark: _Toc32415314]Effects on Mortality to Terrestrial Plants

There are currently no toxicity data available for terrestrial plants and carbaryl that have mortality as an endpoint.

[bookmark: _Toc31374623][bookmark: _Toc32415315]Sublethal Effects to Terrestrial Plants

Regarding whole organism effects to terrestrial plants from carbaryl, most of the endpoints from the available studies occur at application rates of ≤13.8 lbs/acre (see Figure 2-33). The IC25 values for decreases in growth (reduced weight) occur at application rates between ~0.7 lb/acre to ~8 lbs/acre. Changes in growth (weight and/or height) are reported between 0.45 and 13.8 lbs/acre (again, based on the available NOAEC and LOAEC values). Population-level effects (i.e., biomass) to terrestrial plants from carbaryl exposure, occur at application rates of 0.125 lb/acre (see Figure 2-33).
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[bookmark: _Ref30513282][bookmark: _Toc26189603][bookmark: _Ref30513275][bookmark: _Toc32415237][bookmark: _Toc434489313]Figure 2-33. Effects Endpoints for Terrestrial Plants Exposed to Carbaryl (lbs/acre). 
Data from registrant submitted (red) and open literature (blue). Data label key: Endpoint (measured effect, family, duration in days, reference).

[bookmark: _Toc434489154]Sublethal Effects to Terrestrial Plants (All Plants)

NOAEC/LOAEC Values (lb/acre)

Based on the available data for terrestrial plants, the most sensitive NOAEC and LOAEC values for carbaryl are 2.0 lbs/acre and 5.5 lbs/acre, respectively, based on reduced weight (dry weight) in winter barley (Hordeum vulgare) (MRID 49142501). In this Tier II seedling emergence study, the effect of Carbaryl SC240 (Sevin RP2; 22.2% a.i.) on four monocots [corn (Zea mays), onion (Allium cepa), ryegrass (Lolium perenne), and winter barley (Hordeum vulgare)] and six dicot species [cabbage (Brassica oleracea), cucumber (Cucumis sativus), soybean (Glycine max), sugar beet (Beta vulgaris), sunflower (Helianthus annuus), and tomato (Lycopersicon esculentum)] was studied at nominal concentrations of 0 (negative control), 0.27, 0.73, 2.0, 5.5, and 14.9 lbs/acre. The highest application rate was the only one which was analytically-determined; the mean-measured concentration at the nominal 14.9 lbs/acre treatment level was 13.8 lbs/acre. On day-21, the surviving plants per pot were recorded, and plant height and weight were measured. There was no difference in percentage emergence from control at any concentration tested and there were no effects to height or weight for cucumber, sugar beet, or sunflower.

The most sensitive monocot tested was winter barley with NOAEC and LOAEC values of 2.0 and 5.5 lbs/acre, respectively, based on effects to dry weight. For winter barley, a 12.7% reduction in dry weight was statistically significant compared to the control at the 5.5 lbs/acre treatment level. The most sensitive dicot tested was tomato with NOAEC and LOAEC values of 5.5 and 14.9 lbs/acre (analytically measured LOAEC was 13.8 lbs/acre), respectively, based on a statistically significant 47.4% reduction in survival at 14.9 lbs/acre (analytically determined to be 13.8 lbs/acre) treatment level. There were also statistically significant reductions in cabbage weight (inhibitions from 22 – 40%) at the four highest tested concentrations (0.73, 2, 5.5, and 13.8 lbs/acre). However, there was no dose dependent relationship to these inhibitions, therefore, they were not considered biologically meaningful. Overall NOAEC and LOAEC values for all terrestrial plants (pre-emergent exposure) were 2.0 lbs/acre and 5.5 lbs/acre, respectively.

EC25/IC25 Values (lb/acre)

Based on the available data for terrestrial plants, the most sensitive EC25/IC25 for carbaryl is 7.83 lbs/acre based on reduced dry weight in winter barley (Hordeum vulgare) (MRID 49142501). In this Tier II seedling emergence study, the effect of Carbaryl SC240 (Sevin RP2; 22.2% a.i.) on four monocots [corn (Zea mays), onion (Allium cepa), ryegrass (Lolium perenne), and winter barley (Hordeum vulgare)] and six dicot species [cabbage (Brassica oleracea), cucumber (Cucumis sativus), soybean (Glycine max), sugar beet (Beta vulgaris), sunflower (Helianthus annuus), and tomato (Lycopersicon esculentum)] was studied at nominal concentrations of 0 (negative control), 0.27, 0.73, 2.0, 5.5, and 14.9 lbs/acre. The highest application rate was the only one which was analytically-determined; the mean-measured concentration at the nominal 14.9 lbs/acre treatment level was 13.8 lbs/A. On day-21, the surviving plants per pot were recorded, and plant height and weight were measured. 

IC25 values were determined for two of the four monocots tested; IC25 values could not be determined for onion or corn. The IC25 for ryegrass emergence was determined to be 11.8 lbs/acre and the IC25 for ryegrass survival was determined to be 7.9 lbs/acre. For winter barley, the IC25 for dry weight was determined to be 7.83 lbs/acre, making winter barley the most sensitive monocot tested with NOAEC and IC25 values of 2.0 and 7.83 lbs/acre, respectively.

IC25 values were determined for two of the six dicots tested, IC25 values could not be determined for cucumber, soybean, sugar beet, or sunflower. For tomato, the IC25 for survival was 8.79 lbs/acre. For cabbage, the IC25 for dry weight could not be determined. Inhibition in cabbage ranged from 13-40%, relative to the negative control, but given the variable response pattern, a reliable ICx values could not be determined. Therefore, the most sensitive IC25 available for dicots is 8.79 lbs/acre based on tomato survival.

[bookmark: _Toc434489156]Effects to Terrestrial Plants (Monocots)

For monocot plants, there are no data available for carbaryl at the cellular/biochemical level. Although toxicity data with a mass/area exposure unit are available for three different families (i.e., Amarylidaceae, Cyperaceae, and Poaceae), effects are only reported for the Amarylidaceae and Cyperaceae. Regarding whole organism effects, growth effects are seen at concentrations between 0.73 and 13.8 lbs/acre (see Figure 2-34). At the population level, carbaryl has been shown to have effects on average biomass at a concentration of 5.5 lbs/acre and abundance at 0.73 lb/acre. 
[image: ]
[bookmark: _Ref30513806][bookmark: _Toc26189604][bookmark: _Toc32415238][bookmark: _Toc434489314]Figure 2-34. Effects Endpoints for Monocots Exposed to Carbaryl (lb a.i./acre). 
Data label key: Endpoint (measured effect, order, duration in days, reference).

NOAEC/LOAEC Values

The lowest NOAEC and LOAEC values for monocot plants and carbaryl are 2.0 lbs/acre and 5.5 lbs/acre based on adverse effects to dry weight in winter barley (Hordeum vulgare) (MRID 49142501). In this Tier II seedling emergence study, the effect of Carbaryl SC240 (Sevin RP2; 22.2% a.i.) on four monocots [corn (Zea mays), onion (Allium cepa), ryegrass (Lolium perenne), and winter barley (Hordeum vulgare)] was studied at nominal concentrations of 0 (negative control), 0.27, 0.73, 2.0, 5.5, and 14.9 lbs/acre. The highest application rate was the only one which was analytically-determined; the mean-measured concentration at the nominal 14.9 lbs/acre treatment level was 13.8 lbs/acre. On day-21, the surviving plants per pot were recorded, and plant height and weight were measured. For winter barley, a 12.7% reduction in dry weight was statistically significant compared to the control at the 5.5 lbs/acre treatment level. 

EC25/IC25 Values

In a Tier II seedling emergence study (MRID 49142501), the effect of Carbaryl SC240 (Sevin RP2; 22.2% a.i.) on four monocots [corn (Zea mays), onion (Allium cepa), ryegrass (Lolium perenne), and winter barley (Hordeum vulgare)] was studied at nominal concentrations of 0 (negative control), 0.27, 0.73, 2.0, 5.5, and 14.9 lbs/acre. The highest application rate was the only one which was analytically-determined; the mean-measured concentration at the nominal 14.9 lbs/acre treatment level was 13.8 lbs/A. On day-21, the surviving plants per pot were recorded, and plant height and weight were measured. In this study, IC25 values were determined for two of the four monocots tested; IC25 values could not be determined for onion or corn. The IC25 for ryegrass emergence was determined to be 11.8 lbs/acre and the IC25 for ryegrass survival was determined to be 7.9 lbs/acre. For winter barley, the IC25 for dry weight was determined to be 7.83 lbs/acre, making winter barley the most sensitive monocot tested with NOAEC and IC25 values of 2.0 and 7.8 lbs/acre, respectively.

[bookmark: _Toc434489157]Sublethal Effects to Terrestrial Plants (Dicots)

At the organism level, carbaryl impacted growth at concentrations between 0.45 lb/acre and 13.8 lbs/acre, based on NOAEC/LOAEC values. The available IC25 values for dicots, based on growth, occur at concentrations of ~0.73 and 8.8 lbs/acre (Figure 2-35). Population level effects involved a change in average biomass at a concentration of 0.125 lb a.i./acre.
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[bookmark: _Ref30513849][bookmark: _Toc26189605][bookmark: _Toc32415239][bookmark: _Toc434489315]Figure 2-35. Effects Endpoints for Dicots Exposed to Carbaryl (lbs/acre). 
Data from registrant submitted (red) and open literature (blue). Data label key: Endpoint (measured effect, order, duration in days, reference).

NOAEC/LOAEC

For dicots, the most sensitive NOAEC and LOAEC values for carbaryl are 5.5 lbs/acre and 14.9 lbs/acre (analytically determined to be 13.8 lbs/acre), respectively, based on reduced survival in tomato (Lycopersicon esculentum) (MRID 49142501). In this Tier II seedling emergence study, the effect of Carbaryl SC240 (Sevin RP2; 22.2% a.i.) on four monocots [corn (Zea mays), onion (Allium cepa), ryegrass (Lolium perenne), and winter barley (Hordeum vulgare)] and six dicot species [cabbage (Brassica oleracea), cucumber (Cucumis sativus), soybean (Glycine max), sugar beet (Beta vulgaris), sunflower (Helianthus annuus), and tomato (Lycopersicon esculentum)] was studied at nominal concentrations of 0 (negative control), 0.27, 0.73, 2.0, 5.5, and 14.9 lbs/acre. There was no difference in % emergence from control at any concentration tested and there were no effects to height or weight for cucumber, sugar beet, or sunflower.

EC25/IC25 Values

The most sensitive IC25 value for dicots is for the tomato (the IC25 for survival = 8.79 lbs/acre) (MRID 49142501). 

[bookmark: _Toc434489160][bookmark: _Toc32415316]Incident Reports for Terrestrial Plants

There are currently (as of December 23, 2019) 14 terrestrial plant incident reports in the IDS with a certainty index of ‘possible’, ‘probable’ or ‘highly probable’. Of these 14 incidents, 10 are from a registered use, one is from a misuse (either accidental or intentional), and in three of the incidents, the legality of use was undetermined (see Table 2-20 and ATTACHMENT 2-2 for details). The following discussion only includes those incident reports with a certainty index of ‘possible’, ‘probable’ or ‘highly probable’ and a legality classification of ‘registered use’ or ‘undetermined’.  

The dates of the incident reports range from 1994 to 2013. Most of the terrestrial plant incident reports involve damage to the crop treated (i.e., from direct application). In most of the incidents, carbaryl was the only pesticide noted in the report; however, four incidents involved other pesticides (see Table 2-20). Therefore, in four of the incidents the specific effects to plants from carbaryl use are unclear. Registration numbers are rarely provided in the IDS database; however, based on the product names in the reports, it appears that at least a few of the incidents involve products that are no longer registered (e.g., I009262-128, I010017-016, I023832-017, I024179-368). For more information on incidents see ATTACHMENT 2-2.
[bookmark: _Toc434489207][bookmark: _Toc477783550][bookmark: _Toc26189580][bookmark: _Toc30514509][bookmark: _Toc31374939][bookmark: _Toc32415203]Table 2-20. Terrestrial Plant Incident Reports for Carbaryl from IDS (Those Classified as ‘Possible’, ‘Probable’, or ‘Highly Probable’ with Legality of Use = ‘Registered’ or ‘Undetermined’).
	Incident Number
	Year
	Chemical(s) Involved (PC Code)
	Certainty Index
	State
	Legality
	Use Site
	Species Affected
	Distance
	Effect/ Magnitude
	Product

	I008034-002
	1998
	Carbaryl
	Possible
	CA
	Registered
	Quince
	Quince
	Direct application
	Fruit spotting/ 8 acres
	Carbaryl wettable powder in tankmix containing five (unspecified) products

	I008034-003
	1998
	Carbaryl
	Possible
	CA
	Registered
	Quince
	Quince
	Direct application
	Fruit spotting/ 9 acres
	Carbaryl tankmix (unspecified)

	I008034-004
	1998
	Carbaryl
	Possible
	CA
	Registered
	Quince
	Quince
	Direct application
	Fruit spotting/ 43 acres
	Sevin 50W, Sevin 80 WSP + tankmix (unspecified)

	I009262-128
	1999
	Carbaryl
	Possible
	NY
	Registered
	Home garden
	Cucumber, pumpkin, squash, and tomato
	Direct application
	Plant browning, death/NR
	Bug-B-Gon Multi-Purp Gard Dust

	I009305-001
	1999
	Carbaryl
	Probable
	PA
	Registered
	Home garden and field
	Broccoli, cabbage, potato, & tomato
	Direct application
	Plant damage/NR
	GardenTech Ready-To-Use Sevin Bug Killer

	I009412-001
	1999
	Carbaryl
	Possible
	NC
	Registered
	Orchard
	Orchard
	Direct application
	Plant damage/NR
	Sevin XLR Plus

	I010017-016
	2000
	Carbaryl
	Probable
	FL
	Registered
	Tomato
	Tomato
	Direct application
	Mortality/ two tomato plants
	Bug-B-Gon Multi-Pur Gard Dust

	I012089-008
	2001
	Carbaryl
	Possible
	MN
	Registered
	Cucumber
	Cucumber
	Direct application
	Plant damage/15 acres
	Sevin XLR Plus

	I017865-034
	2006
	Carbaryl
	Probable
	CA
	Registered
	Apples
	Apples
	Direct application
	Fruit damage / 10 ACRES
	Sevin XLR Plus

	I022392-023
	2010
	Carbaryl
	Possible
	KY
	Undetermined
	Tree
	Trees
	Direct application
	Mortality/47 trees
	Not specified

	I023832-017
	2012
	Carbaryl
	Possible
	FL
	Undetermined
	Impatients
	Impatients
	Direct application
	Plant damage/ > 45% damage
	Bug-GeTe Plus Snail & Slug Killer

	
	
	Metaldehyde (053001)
	
	
	
	
	
	
	
	

	I024179-368
	2012
	Carbaryl
	Possible
	SC
	Undetermined
	Residential ornamental
	Ornament-al
	Direct application
	Plant damage/ > 45% damage
	Bug-GeTe Plus Snail & Slug Killer

	I025475-001
	2013
	Lamda cyhalothrin (128897)
	Possible
	NY
	Registered
	Apples
	Apples
	Direct application
	Burning and speckling of leaves and fruit thinning/ NR
	Fontelis (a.i. penthiopyrad) with was applied in a large mixture of other products, including thinners, adjuvants, and plant growth regulators.

	
	
	Flubendiamide (027602)
	
	
	
	
	
	
	
	

	
	
	Zinc oxide (088502)
	
	
	
	
	
	
	
	

	
	
	Abamectin (122804)
	
	
	
	
	
	
	
	

	
	
	Prohexadione calcium (112600)
	
	
	
	
	
	
	
	

	
	
	Carbaryl 
	
	
	
	
	
	
	
	

	
	
	Thiamethoxam (060109)
	
	
	
	
	
	
	
	

	
	
	Sodium 1-naphthaleneacetate (056007)
	
	
	
	
	
	
	
	

	
	
	N6-Benzyladenine (116901)
	
	
	
	
	
	
	
	

	
	
	Captan (081301)
	
	
	
	
	
	
	
	

	
	
	Streptomycin sesquisulfate (006310)
	
	
	
	
	
	
	
	



In addition to the terrestrial plant incident reports available in IDS, there have also been a total of 175 aggregate plant incidents reported to the Agency. Of these 175, 21 are associated with active registrations (154 involve products no longer registered) (see Table 2-21). Also, of the 175 aggregate plant incidents, 4 were attributed simply to “carbaryl” without a specific product registration reference, and another 4 were attributed to “Bug B Gon Carbaryl” without reference to which of the two specific product formulations (i.e., granules or dust) resulted in the incidents. 

Since 1998, plant incidents that are allowed to be reported aggregately by registrants [under FIFRA 6(a)(2)] include those that are associated with an alleged effect to plants that involves less than 45 percent of the acreage exposed to the pesticide. Typically, the only information available for aggregate incidents is the date (i.e., the quarter) that the incident(s) occurred, the number of aggregate incidents that occurred in the quarter, and the PC code of the pesticide and the registration number of the product involved in the incident. Because of the limited amount of data available on aggregate incidents it is not possible to assign certainty indices or legality of use classifications to the specific incidents. Therefore, the incidents associated with currently registered products are assumed to be from registered uses unless additional information becomes available to support a change in that assumption. 

[bookmark: _Toc434489208][bookmark: _Toc477783551][bookmark: _Toc26189581][bookmark: _Toc30514510][bookmark: _Toc31374940][bookmark: _Toc32415204]Table 2-21. Aggregate Plant Incidents for Carbaryl Involving Currently Registered Products.
	Product Registration Number
	Product Name
	Number of Aggregate Plant Incidents
	Year(s)

	000239-01349
	ORTHO SEVIN 5 DUST
	11
	1995, 1996, 1997, 2007, 2008

	000239-01513
	ORTHO SEVIN 10 DUST
	1
	1995

	000239-02181
	ORTHO SEVIN GARDEN DUST
	16
	1996, 1997, 1998, 2000, 2001, 2004, 2005

	000239-02314
	ORTHO BUG-GETA GRANULES
	1
	1997

	000239-02356
	ORTHO LIQUID SEVIN
	14
	1995, 1996, 1997, 1998, 1999

	000239-02514
	GET-A-BUG SNAIL, SLUG & INSECT KILLER
	52
	1995, 2009

	000239-02628
	ORTHO SEVIN LIQUID BRAND CARBARYL INSECTICIDE FORMULA II
	21
	1998, 2001, 2003, 2007, 2009, 2011

	000264-00333
	SEVIN BRAND XLR CARBARYL INSECTICIDE
	1
	1998

	000264-00334
	SEVIN BRAND RP2 CARBARYL INSECTICIDE
	2
	1996

	000264-00334-000239
	ORTHO SEVIN(R) LIQUID BRAND CARBARYL INSECTICIDE
	27
	1996, 1997, 1998, 2000

	000264-00349
	SEVIN 4F
	1
	2004

	000264-00428-000524
	GREENSWEEP LAWN INSECTICIDE
	1
	2005

	000432-01227
	SEVIN SL CARBARYL INSECTICIDE
	1
	2015

	000524-00444
	GREENSWEEP LAWN INSECTICIDE WITH SEVIN SPRAY-ON LIQUID
	1
	1997

	028293-00233-000239
	BUG B GON GRANULES/LAWN & SOIL LAWN INSECT KILLER
	16
	2002, 2003, 2004, 2005, 2006
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