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SSDs were fit to toxicity data for aquatic invertebrates exposed to methomyl.  EC50 values for “Immobility” were used as a proxy for mortality in addition to the mortality LC50 values. Five distributions were tested and the triangular distribution was found to provide the best fit. The results from the pooled SSD were used to represent saltwater and freshwater taxa.  Important summary statistics from the fitted SSDs are provided below in Table 1.  Detailed results follow.

Table 1. Summary statistics for log-triangular SSDs fit to methomyl test results.
	Statistic
	Pooled Results
	Freshwater Results

	Goodness of fit P-value
	0.835
	0.777

	CV of the HC05
	0.701
	0.976

	UCp1 of the HC05
	0.202
	0.241

	HC05
	3.91
	3.41

	HC10
	6.34
	5.58

	HC50
	49.0
	44.6

	HC90
	379
	356

	HC95
	615
	582


1ML=maximum likelihood, MO= moment estimators, and GR=graphical methods
1 UCp=projections of the upper confidence limit of the HC05 onto the cumulative distribution function of the fitted distribution.

Data

Data used in this analysis were from an ECOTOX query (APPENDIX 2-2) plus data from submitted studies are detailed in Table 9 (end of document).  The EC/LC50 values that were included in the analysis were all mortality or immobility endpoints from either 48 or 96-hour tests with technical grade active ingredient.  Table 2 provides the distribution of the test results and the number of species represented.  Since only 4 saltwater species were tested, there were insufficient data to derive a separate saltwater invertebrate SSD.
 
Table 2. Distribution of test results available for methomyl.
	Media
	Test results
	Species

	All
	23
	19

	Freshwater
	19
	15

	Saltwater
	4
	4


  

Fig. 1 shows the distribution of test results among subsets of invertebrate test results. In general, most species have been tested once, with only one species tested 5 times. 
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Figure 1. Distribution of test results among taxa in all methomyl test results.

Five potential distributions for the Methomyl data were considered (log-normal, log-logistic, log-triangular, log-gumbel, and Burr).  To fit each of the first four distributions, the toxicity values were first common log (log10) transformed. Finally, effect thresholds and five quantiles from the fitted SSDs (HC05, HC10, HC50, HC90, HC95) were calculated and reported. 

Comparison of distributions using AICc

Akaike’s Information Criterion corrected for sample size (AICc) was used to compare the five distributions for both datasets, the freshwater dataset versus the full dataset combining freshwater and saltwater tests.  For this comparison all SSDs were fit using maximum likelihood. Based on the AICc ranking (i.e., lowest value), for all three datasets, AICc suggested that the triangular distribution provided the best fit (Tables 3 and 4).




Table 3. Comparison of distributions for all aquatic invertebrate toxicity data for methomyl.
	distribution
	AICc
	∆AICc
	Weight
	HC05

	triangular
	223.4
	0
	0.465
	3.91

	normal
	224.5
	1.07
	0.272
	3.72

	logistic
	225.7
	2.23
	0.152
	3.29

	gumbel
	227.1
	3.69
	0.074
	4.23

	burr
	228.5
	5.07
	0.037
	3.06



Table 4. Comparison of distributions for freshwater invertebrate toxicity data for methomyl.
	distribution
	AICc
	∆AICc
	Weight
	HC05

	triangular
	173.1
	0
	0.387
	3.41

	normal
	173.8
	0.689
	0.274
	2.94

	logistic
	174.7
	1.60
	0.174
	2.55

	gumbel
	175.3
	2.19
	0.130
	3.54

	burr
	177.9
	4.78
	0.036
	2.80




Test for the need to model results separately by medium

To test whether or not separate SSDs should be fit for freshwater versus saltwater test results, the freshwater and saltwater SSDs were plotted with their confidence limits, against the pooled all-invertebrate SSD (Figure 2). For the freshwater data, the 95% confidence limits around the SSD, encompasses the SSD for pooled results (the null model), but for the saltwater data, only the lower 95% confidence limit did so—the upper 95% confidence limit line crossed the pooled SSD line.  Similarly, a plot of the pooled SSD with confidence limits contains the full SSD for freshwater results, but not for saltwater results (Figure 3).  However, it is noted that the saltwater SSD encompasses only 4 data points, so there is potential uncertainty regarding the robustness of that SSD. It is also noted that the confidence intervals for all three distributions do overlap. Since the pooled invertebrate SSD was used to represent aquatic invertebrates.  
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Figure 2.  Log-triangular SSDs for freshwater, saltwater, and combined test results, showing overlap of confidence limit coverage of the separate freshwater and saltwater results.
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Figure 3.  Log-triangular SSDs for freshwater, saltwater, and combined test results, showing overlap of confidence limit coverage for the pooled SSD.

Goodness of fit & Uncertainty

To test goodness-of-fit, all five distributions were fit to two datasets (pooled and freshwater toxicity data) and bootstrap goodness-of-fit tests with 5,000 bootstrap replicates were used.  Three different fitting methods (maximum likelihood, moment estimators, and graphical methods) were used, though, not all methods are available for all distributions.  Tables 5 and 6 give results of these fitting exercises.  The Burr distribution showed the most lack-of-fit with the maximum likelihood method for all datasets (Tables 5 and 6).  In general, the triangular distribution (determined to be the best by AICc) had the highest HC05 values, though HC05 values, as well as their standard errors and coefficients of variation, were fairly similar among the distributions for pooled and freshwater data (Tables 5 and 6; Figures 2 and 3). Note also that the upper confidence limit around the HC05 ranges up to the 20th and 24th percentile of the distribution for pooled and freshwater results (Tables 5 and 6).






Table 5. Range of HC05 values for methomyl SSDs fit to all invertebrates.
	Distribution
	Method1
	HC05
	SE
	CV
	LCx
	Ucx
	LCp
	Ucp
	P

	normal
	ML
	3.72
	2.83
	0.759
	0.229
	11.2
	3.22e-04
	0.172
	0.616

	normal
	MO
	3.47
	2.43
	0.702
	1.098
	10.5
	0.009
	0.168
	0.605

	normal
	GR
	2.47
	1.70
	0.685
	0.448
	6.5
	0.005
	0.132
	0.420

	logistic
	ML
	3.29
	2.94
	0.896
	0.996
	12.6
	0.014
	0.182
	0.536

	logistic
	MO
	3.59
	2.96
	0.824
	0.917
	11.6
	0.011
	0.164
	0.597

	logistic
	GR
	2.18
	1.54
	0.705
	0.255
	6.0
	0.007
	0.120
	0.379

	triangular
	ML
	3.91
	2.74
	0.701
	2.243
	12.7
	0.014
	0.202
	0.835

	triangular
	MO
	3.30
	2.08
	0.629
	1.197
	8.8
	0.002
	0.159
	0.628

	triangular
	GR
	2.670
	1.84
	0.689
	0.763
	7.6
	2.79e-04
	0.158
	0.480

	gumbel
	ML
	4.23
	2.38
	0.564
	2.130
	10.7
	0.009
	0.196
	0.797

	gumbel
	MO
	6.01
	2.74
	0.456
	2.791
	13.0
	0.004
	0.197
	0.979

	gumbel
	GR
	4.44
	2.03
	0.458
	1.027
	8.6
	3.42e-04
	0.146
	0.813

	burr
	ML
	3.06
	3.63
	1.186
	0.301
	14.5
	0.005
	0.203
	0.520


1ML=maximum likelihood, MO= moment estimators, and GR=graphical methods
LCp and UCp=projections of the confidence limits of the HC05 (LCx and UCx) onto the cumulative distribution function of the fitted distribution.

Table 6. Range of HC05 values for methomyl SSDs fit to freshwater invertebrates.
	Distribution
	Method1
	HC05
	SE
	CV
	LCx
	Ucx
	LCp
	Ucp
	P

	normal
	ML
	2.94
	2.70
	0.92
	0.161
	10.7
	2.86e-04
	0.199
	0.639

	normal
	MO
	2.68
	2.34
	0.88
	0.650
	9.5
	0.006
	0.188
	0.563

	normal
	GR
	1.77
	1.51
	0.85
	0.216
	5.9
	0.003
	0.154
	0.380

	logistic
	ML
	2.55
	2.68
	1.05
	0.621
	10.6
	0.012
	0.190
	0.534

	logistic
	MO
	2.77
	2.76
	1.00
	0.637
	11.0
	0.011
	0.190
	0.596

	logistic
	GR
	1.52
	1.46
	0.96
	0.092
	5.2
	0.004
	0.136
	0.325

	triangular
	ML
	3.41
	3.33
	0.98
	1.861
	14.1
	0.012
	0.241
	0.777

	triangular
	MO
	2.55
	2.44
	0.96
	0.849
	9.3
	0.001
	0.201
	0.548

	triangular
	GR
	1.94
	1.56
	0.80
	0.400
	6.2
	0
	0.165
	0.413

	gumbel
	ML
	3.54
	2.30
	0.65
	1.63
	9.9
	0.007
	0.219
	0.787

	gumbel
	MO
	4.72
	2.66
	0.57
	1.93
	11.3
	0.003
	0.216
	0.939

	gumbel
	GR
	3.27
	1.75
	0.53
	0.54
	7.5
	8.40e-05
	0.169
	0.669

	burr
	ML
	2.80
	3.43
	1.23
	0
	12.4
	0
	0.220
	0.237


1ML=maximum likelihood, MO= moment estimators, and GR=graphical methods
LCp and UCp=projections of the confidence limits of the HC05 (LCx and UCx) onto the cumulative distribution function of the fitted distribution.


Another step to assess goodness-of-fit was to visually inspect the fit for evidence of problems.  Figures 4 and 5 below plot the data points against the fitted SSDs for pooled and freshwater test results.  These plots do not show evidence for lack-of-fit.
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Figure 4. Log-triangular SSD for methomyl toxicity values for pooled invertebrates. Black points indicate single toxicity values. Red points indicate average of multiple toxicity values for a single species.  Blue line indicates full range of toxicity values for a given species.
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Figure 5. Log-triangular SSD for methomyl toxicity values for freshwater invertebrates. Black points indicate single toxicity values. Red points indicate average of multiple toxicity values for a single species.  Blue line indicates full range of toxicity values for a given species.



Calculation of other quantiles

Tables 7 and 8 provide estimates of the HC05 as well as other quantiles of the fitted SSDs.

Table 7.  Estimated quantiles of the fitted SSDs for all invertebrate toxicity tests for methomyl.
	Distribution
	Method
	HC05
	HC10
	HC50
	HC90
	HC95

	normal
	ML
	3.72
	6.60
	49.8
	376
	666

	normal
	MO
	3.47
	6.25
	49.8
	397
	716

	normal
	GR
	2.47
	4.80
	49.8
	517
	1000

	logistic
	ML
	3.29
	6.60
	51.4
	400
	805

	logistic
	MO
	3.59
	7.00
	49.8
	355
	691

	logistic
	GR
	2.18
	4.83
	49.8
	514
	1140

	triangular
	ML
	3.91
	6.34
	49.0
	379
	615

	triangular
	MO
	3.30
	5.55
	49.8
	447
	751

	triangular
	GR
	2.67
	4.68
	49.8
	531
	929

	gumbel
	ML
	4.23
	6.31
	39.2
	691
	2070

	gumbel
	MO
	6.01
	8.38
	38.2
	412
	1020

	gumbel
	GR
	4.44
	6.57
	39.5
	659
	1930

	burr
	ML
	3.06
	6.43
	52.8
	387
	754



Table 8.  Estimated quantiles of the fitted SSDs for freshwater invertebrate toxicity tests for methomyl.
	Distribution
	Method
	HC05
	HC10
	HC50
	HC90
	HC95

	normal
	ML
	2.94
	5.28
	41.7
	329
	591

	normal
	MO
	2.68
	4.91
	41.7
	354
	649

	normal
	GR
	1.77
	3.55
	41.7
	489
	982

	logistic
	ML
	2.55
	5.20
	42.4
	347
	708

	logistic
	MO
	2.77
	5.52
	41.7
	315
	626

	logistic
	GR
	1.52
	3.52
	41.7
	493
	1140

	triangular
	ML
	3.41
	5.58
	44.6
	356
	582

	triangular
	MO
	2.55
	4.35
	41.7
	399
	682

	triangular
	GR
	1.94
	3.49
	41.7
	497
	894

	gumbel
	ML
	3.54
	5.27
	32.4
	560
	1660

	gumbel
	MO
	4.72
	6.64
	31.7
	368
	938

	gumbel
	GR
	3.27
	4.96
	33.1
	649
	2020

	burr
	ML
	2.80
	5.37
	40.8
	364
	780






Table 9 provides all of the available EC/LC50 values (based on immobility and mortality) for aquatic invertebrates (within the 24 or 48 hour timeframe-unless otherwise noted).  These data sets are the same as reported in the effects characterization and provide additional data for the formulated products.  Values that were included in the SSD (i.e., TGAI) are marked with an *.  

Table 9. Available median lethal concentration (LC50) data for aquatic invertebrates exposed to methomyl as TGAI or formulation.
	Family
	Genus
	Species
	48-96h EC50/LC50 (µg/L)
	MRID/ECOTOX Ref. #
	Comments 

	Freshwater Species:

	Chironomidae
	Chironomus 
	Plumosus
	32
	MRID 40098001
	Supplemental

	Chironomidae
	Chironomus 
	plumosus
	88*
	MRID 40098001
	Supplemental

	Chydoridae
	Chydorus 
	sphaericus
	7.10*
	E154905
	NA

	Daphnidae
	Ceriodaphnia 
	reticulata
	2.11*
	E154905
	Quantitative - for SSD

	Daphnidae
	Daphnia 
	longispina
	4.71
	E110203
	NA

	Daphnidae
	Daphnia 
	magna
	5.0
	MRID 40098001
	Supplemental

	Daphnidae
	Daphnia 
	pulex
	6.79*
	MRID 49852301 
	Acceptable

	Daphnidae
	Daphnia 
	longispina
	7.43
	E110203
	NA

	Daphnidae
	Daphnia 
	magna
	8.8*
	MRID 40098001
	Supplemental

	Daphnidae
	Daphnia 
	longispina
	9.78
	E110203
	NA

	Daphnidae
	Daphnia 
	galeata
	12.0*
	E154905
	NA

	Daphnidae
	Daphnia 
	magna
	21
	E118717
	NA

	Daphnidae
	Daphnia 
	magna
	24*
	E118717
	NA

	Daphnidae
	Daphnia 
	magna
	24
	E67254
	NA

	Daphnidae
	Daphnia 
	magna
	24.2
	E110203
	NA

	Daphnidae
	Daphnia 
	magna
	31*
	E67254
	NA

	Daphnidae
	Daphnia 
	magna
	31.7*
	MRID 00019977
	Acceptable

	Daphnidae
	Daphnia 
	magna
	84
	MRID 46015301
	Supplemental/
Quantitative

	Daphnidae
	Daphnia 
	magna
	84
	MRID 46015303
	Acceptable

	Daphnidae
	Scapholeberis
	kingi
	124*
	E154905
	NA

	Daphnidae
	Simocephalus
	vetulus
	12.2*
	E154905
	NA

	Gammaridae
	Gammarus 
	pseudolimnaeus
	340
	MRID 40098001
	Supplemental

	Gammaridae
	Gammarus 
	pseudolimnaeus
	720
	MRID 40098001
	Supplemental

	Gammaridae
	Gammarus 
	pseudolimnaeus
	750
	MRID 40098001
	Supplemental

	Gammaridae
	Gammarus 
	pseudolimnaeus
	920*
	MRID 40098001
	Supplemental

	Gammaridae
	Gammarus 
	pseudolimnaeus
	1050
	MRID 40098001
	Supplemental

	Hydropsychidae
	Cheumatopsyche 
	brevilineata 
	68.1*
	E152279
	Quantitative - for SSD

	Moinidae
	Moina 
	macrocopa
	136*
	E154905
	NA

	Perlodidae
	Isogenus 
	sp.
	29
	MRID 40098001
	Supplemental

	Perlodidae
	Isogenus 
	sp.
	343*
	MRID 40098001
	Supplemental

	Perlodidae
	Skwala 
	sp.
	29
	MRID 40098001
	Supplemental

	Perlodidae
	Skwala 
	sp.
	34*
	MRID 40098001
	Supplemental

	Pteronarcyidae
	Pteronarcella 
	badia
	60
	MRID 40098001
	Supplemental

	Pteronarcyidae
	Pteronarcella 
	badia
	69*
	MRID 40098001
	Supplemental

	Sididae
	Diaphanosoma 
	brachyurum
	5.49*
	E154905
	NA

	Thamnocephalidae
	Thamnocephalus
	platyurus
	120
	E118556
	NA

	Thamnocephalidae
	Thamnocephalus
	platyurus
	130*
	E118556
	NA

	Estuarine/Marine Species:

	Mysidae
	Americamysis 
	Bahia
	234*
	MRID 41441201
	Acceptable

	Ocypodidae
	Uca
	pugilator
	2380
	MRID 00009230
	Supplemental

	Palaemonidae
	Palaemonetes 
	vulgaris
	49*
	MRID 00009134
	Acceptable

	Palaemonidae
	Palaemonetes 
	vulgaris
	130
	MRID 00009230
	Supplemental

	Penaeidae
	Penaeus 
	duorarum
	19*
	MRID 00009134
	Acceptable

	Xanthidae
	Neopanope 
	texana
	410*
	MRID 00009134
	Acceptable

	Molluscs:

	NA3
	--
	--
	--
	--
	--


* Indicates study was conducted with TGAI and value used to derive SSD.
 NA = Studies are acceptable for ECOTOX but have not been formally reviewed by EFED scientists.   
1 Methomyl formulation H-8385 (24% active ingredient, E.C.).
2 RED says this is methomyl formulation H-7946 (90% a.i.).
3 No definitive LC50 data available for mollusks; one available study (Ward and Boeri, 1991; MRID 42074601), was not used in SSD because EC50 is for shell deposition, rather than mortality, and objective was to compare only similar endpoints. In addition, that data point was non-definitive.


2

image1.png
20

Number of Species
N i
o o

o

2 3 4
Number of Toxicity Values

5





image2.png
All Invertebrates
=FW Invertebrates

=SW Invertebrates

o)
©

100~

80

70~

60

50—

30

201

10

35




image3.png
100

= All Invertebrates
—FW Invertebrates
= SW Invertebrates

35




image4.png
Quantile

Gammarus pseudolimna
0.9 Neopanope texana =
@ /sogenus sp.
081 @ Americamysis bahia =
loina macrocopa
0.7 Thamnocephalus platyurus =
@ Scapholeberis kingi
0.6 '® Chironomus plumosus =
Pteronarcella badia
0.5 @ Cheumatopsyche brevilineata =
Palaemonetes vulgari:
0.4 Skwala sp. i
Penaeus duorarum @
0.3 Daphnia magna =
Simocephalus vetulus &
0.2 Daphnia galeata ®, =
Chydorus sphaericus @
0.1 Diaphanosoma brachyurum —
Cerlodaphnia reticulata @,
—%.5 0 015 “I 115 2‘ 215 é 315

Log10(LC50) ug/L

us




image5.png
@ Gammarus pseuddlimnaeus
0.9 =
® Isogenus sp.
08- famacrocopa a
‘Thamnocephalus platyurus
0.7 @ Scapholeberis kingi 7
@ Chironomus plumosus
06 =
° @ Pteronarcella badia
E 0.5~ @ Cheumatopsyche brevilineata —
1
(€]
Skwala sp.
041 =
Daphnia magna
03 Simocephalus vetulus & _
Daphnia galeata @
0.21- Chydorus sphaericus ® 7
Diaphanosoma brachyurum &
0.1 =
Ceriodaphnig reticulata @
0 | | | | | |
0 05 1 1.5 2 25 3 35

Log10(LC50) ug/L.




