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As discussed herein, this SSD report will be revised to incorporate EC50 values for “Immobility” as a proxy for mortality in addition to the mortality LC50 values prior to the final BE. Results from the revised analysis will be use in Effects Determinations.  Based on a preliminary analysis of the revised dataset, inclusion of the immobility data resulted in thresholds similar to the values reported in the current analysis. 

Summary

SSDs were fit to toxicity data for aquatic invertebrates exposed to Chlorpyrifos.  Five distributions were tested and the gumbel distribution was found to provide the best fit. Tests also suggested that a single SSD should be fit to pooled saltwater and freshwater test results.  Important summary statistics from the fitted SSDs are provided below in Table B 2-8.1.  Detailed results follow.

Table B 2-8.1. Summary statistics for log-gumbel SSDs fit to Chlorpyrifos test results
	Statistic
	Pooled Results
	Freshwater Results
	Saltwater Results

	Goodness of fit P-value
	0.893
	0.766
	0.958

	CV of the HC05
	0.89
	0.82
	2.23

	UCp1 of the HC05
	0.162
	0.177
	0.245

	HC05
	0.025
	0.027
	0.024

	HC10
	0.045
	0.045
	0.049

	HC50
	0.63
	0.47
	1.27

	HC90
	39.4
	18.1
	209.0

	HC95
	191.3
	73.4
	1470.1

	Mortality Threshold (slope = 4.5)
	0.0022
	0.0024
	0.0021

	Indirect Effects Threshold (slope = 4.5)
	0.0131
	0.0141
	0.0125


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.

I. Data

Data used in this analysis were received April 30, 2015 (file:“SSD Aquatic Invertebrates -SSD update 4-30-15.xlsx), and are detailed in Table B 2-8.17 (end of document).   The LC50 values that were included in the analysis were all “mortality” endpoints from either 48 or 96-hour tests with technical grade active ingredient.  Another SSD analysis will be conducted (prior to final BE) to include EC50 values for “Immobility” as a proxy for mortality from organisms tested under the same criteria as noted above.  Table B 2-8.2 provides the distribution of the test results and the number of species represented. 
 
Table B 2-8.2. Distribution of test results available for Chlorpyrifos
	Media
	Test results
	Species

	All
	147
	49

	Freshwater
	114
	36

	Saltwater
	33
	14


  One species (Palaemonetes pugio) was tested in both saltwater and freshwater.

Figs. B 2-8.1, 2 and 3 show the distribution of test results among subsets of invertebrate test results. In general, most species have been tested once or twice, with a few species having been tested as many as 16 times. 
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Figure B 2-8.1. Distribution of test results among taxa in all chlorpyrifos test results
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Figure B 2-8.2. Distribution of test results among taxa in freshwater chlorpyrifos test results
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Figure B 2-8.3. Distribution of test results among taxa in saltwater chlorpyrifos test results

Five potential distributions for the Chlorpyrifos 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. The importance of separating the saltwater versus freshwater taxa was examined using a regression approach with examination of common plots.  Finally, direct and indirect effect thresholds and five quantiles from the fitted SSDs (HC05, HC10, HC50, HC90, HC95) were calculated and reported. 

II. Comparison of distributions using AICc

Akaike’s Information Criterion corrected for sample size (AICc ) was used to compare the five distributions for all three datasets, the full dataset combining freshwater and saltwater tests, and then separately for freshwater and saltwater test results.  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 gumbel distribution provided the best fit (Tables B 2-8.3, 4 and 5).

Table B 2-8.3. Comparison of distributions for all aquatic invertebrate toxicity data for Chlorpyrifos
	distribution
	AICc
	∆AICc
	Weight
	HC05

	gumbel
	271.1
	0.00
	0.776
	0.025

	burr
	273.6
	2.49
	0.224
	0.025

	logistic
	291.3
	20.24
	0.000
	0.002

	normal
	294.2
	23.10
	0.000
	0.003

	triangular
	297.8
	26.68
	0.000
	0.002



Table B 2-8.4. Comparison of distributions for freshwater invertebrate toxicity data for Chlorpyrifos
	distribution
	AICc
	∆AICc
	Weight
	HC05

	gumbel
	164.5
	0.00
	0.775
	0.027

	burr
	167.0
	2.48
	0.224
	0.027

	logistic
	179.2
	14.74
	0.000
	0.003

	normal
	182.9
	18.41
	0.000
	0.004

	triangular
	187.6
	23.12
	0.000
	0.002



Table B 2-8.5. Comparison of distributions for saltwater invertebrate toxicity data for Chlorpyrifos
	distribution
	AICc
	∆AICc
	Weight
	HC05

	gumbel
	110.3
	0.00
	0.716
	0.024

	burr
	113.8
	3.43
	0.129
	0.024

	triangular
	115.4
	5.07
	0.057
	0.004

	normal
	115.5
	5.17
	0.054
	0.003

	logistic
	115.9
	5.56
	0.044
	0.001



III. Test for the need to model results separately by medium

Determination of appropriate subsets of data for SSD fitting is difficult and the recommendation here is to use multiple parameters to make the determination. To test whether or not separate SSDs should be fit for freshwater versus saltwater test results, four separate hierarchical models using the log-gumbel distribution (determined as the best distribution for all three subsets in the previous section) were used as the underlying distribution for the toxicity data.  The four models differed in how they treated saltwater versus freshwater taxa, by making the distribution parameters (μ and β) linear models of the dummy variable FW (FW=1 indicates media = freshwater, otherwise FW = 0, Table B 2-8.6).  AICc can then be used to determine whether the mean or standard deviation of the SSD differs for results in freshwater versus saltwater.  Table B 2-8.6 describes the four separate models and the specific hypotheses underlying each.

Table B 2-8.6. Covariate models for testing effects of salinity on toxicity of Chlorpyrifos
	Model 
	Description & Hypothesis
	location effects1
	scale effects1

	null
	salinity has no effect on toxicity
	μ = θ1
	β = θ2

	mean
	salinity affects mean, but not standard deviation of distribution
	μ = θ1 + θ2*FW

	β = θ3


	std
	salinity affects standard deviation, but not mean of distribution
	μ = θ1

	β = θ2 + θ3*FW


	full
	salinity affects both mean and standard deviation of distribution
	μ = θ1 + θ2*FW

	β = θ3 + θ4*FW



1FW is a binary dummy variable that takes value 1 for FW taxa and 0 for SW taxa.

Results of the test for the importance of salinity did not support separate SSDs for saltwater versus freshwater taxa (Table B 2-8.7).  In particular, the null model received the greatest support in the AICc analysis, suggesting that neither the location parameter (μ) or scale parameter (β) differed among freshwater versus saltwater test results.  However, the null model, though it was the best performing model, gained only 41% of the total model weight (Table B 2-8.7).  Thus, a greater weight was apportioned among the three models (std, mean, and full) that specified some difference between the freshwater and saltwater results. Further, the distance between models, even the best and worst models was small (max ΔAICc = 2.27) suggesting that all models could be considered competitive to a certain degree.

Table B 2-8.7. Results of test for the effects of salinity on toxicity of Chlorpyrifos.
	Model
	Parameters
	AICc
	∆AICc
	Weight

	null
	2
	271.08
	0.00
	0.41

	std
	3
	271.72
	0.64
	0.30

	mean
	3
	272.96
	1.88
	0.16

	full
	4
	273.35
	2.27
	0.13



As another test, the freshwater and saltwater SSDs were plotted with their confidence limits, against the pooled all-invertebrate SSD (Figure B 2-8. 4). For both freshwater and saltwater, the 95% confidence limits around the SSDs, encompass the SSD for pooled results (the null model).  Conversely, a plot of the pooled SSD with confidence limits contains the full SSDs for both freshwater and saltwater results (Figure B 2-8.5).  Taken together, these plots provide further support for considering a single pooled SSD.  
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Figure B 2-8.4.  Log-gumbel 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 B 2-8.5.  Log-gumbel SSDs for freshwater, saltwater, and combined test results, showing overlap of confidence limit coverage for the pooled SSD.

IV. Goodness of fit & Uncertainty

To test goodness-of-fit, all five distributions were fit to each of the three datasets (pooled, saltwater 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 B 2-8.8, 9 and 10 give results of these fitting exercises.  No distribution showed significant lack-of-fit, except the Burr distribution for all datasets (Tables B 2-8.8, 9 and 10).  In general, the gumbel distribution (determined to be the best by AICc) also had the lowest coefficients of variation for the HC05 (excluding the Burr distribution due to lack-of-fit, Tables B 2-8.8, 9 and 10).  The gumbel distribution also tended to produce the highest estimates of the HC05, as well as the narrowest confidence intervals around the HC05 (Tables B 2-8.8, 9 and 10; Figures B 2-8.6, 7 and 8). Note also that the upper confidence limit around the HC05 ranges up to about the 16th or 17th percentile of the distribution for pooled and freshwater results, but ranges up to the 25th percentile for the saltwater results alone (Tables B 2-8.8, 9 and 10).

Table B 2-8.8. Range of HC05 values for Chlorpyrifos SSDs fit to all invertebrates
	Distribution
	Method1
	HC05
	SE
	CV
	LCx
	Ucx
	LCp
	Ucp
	P

	normal
	ML
	0.003
	0.004
	1.37
	0.001
	0.017
	0.018
	0.117
	1.000

	normal
	MO
	0.003
	0.004
	1.34
	0.001
	0.015
	0.019
	0.115
	1.000

	normal
	GR
	0.002
	0.002
	1.13
	0.000
	0.008
	0.014
	0.099
	1.000

	logistic
	ML
	0.002
	0.003
	1.34
	0.000
	0.012
	0.022
	0.110
	0.970

	logistic
	MO
	0.003
	0.005
	1.59
	0.000
	0.018
	0.020
	0.109
	1.000

	logistic
	GR
	0.002
	0.002
	1.18
	0.000
	0.008
	0.015
	0.091
	1.000

	triangular
	ML
	0.002
	0.003
	1.71
	0.001
	0.010
	0.024
	0.119
	1.000

	triangular
	MO
	0.003
	0.003
	1.21
	0.001
	0.012
	0.013
	0.118
	1.000

	triangular
	GR
	0.002
	0.002
	1.04
	0.000
	0.009
	0.009
	0.108
	1.000

	gumbel
	ML
	0.025
	0.023
	0.89
	0.011
	0.076
	0.013
	0.162
	0.893

	gumbel
	MO
	0.01
	0.008
	0.75
	0.003
	0.033
	0.010
	0.134
	0.959

	gumbel
	GR
	0.007
	0.005
	0.65
	0.001
	0.019
	0.005
	0.110
	0.936

	burr
	ML
	0.025
	0.011
	0.43
	0.013
	0.053
	0.018
	0.119
	0.000


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 B 2-8.9. Range of HC05 values for Chlorpyrifos SSDs fit to freshwater invertebrates
	Distribution
	Method1
	HC05
	SE
	CV
	LCx
	Ucx
	LCp
	Ucp
	P

	normal
	ML
	0.004
	0.006
	1.64
	0.001
	0.022
	0.014
	0.132
	0.993

	normal
	MO
	0.004
	0.005
	1.42
	0.001
	0.019
	0.016
	0.127
	0.999

	normal
	GR
	0.002
	0.003
	1.14
	0.000
	0.010
	0.011
	0.107
	0.998

	logistic
	ML
	0.003
	0.005
	1.41
	0.001
	0.018
	0.019
	0.127
	0.797

	logistic
	MO
	0.004
	0.006
	1.64
	0.001
	0.024
	0.018
	0.123
	0.991

	logistic
	GR
	0.002
	0.003
	1.35
	0.000
	0.009
	0.011
	0.097
	0.986

	triangular
	ML
	0.002
	0.005
	2.46
	0.001
	0.016
	0.021
	0.144
	1.000

	triangular
	MO
	0.003
	0.005
	1.52
	0.001
	0.017
	0.010
	0.133
	1.000

	triangular
	GR
	0.003
	0.003
	1.23
	0.000
	0.011
	0.005
	0.118
	0.999

	gumbel
	ML
	0.027
	0.022
	0.82
	0.011
	0.079
	0.008
	0.177
	0.766

	gumbel
	MO
	0.011
	0.009
	0.84
	0.003
	0.038
	0.008
	0.153
	0.845

	gumbel
	GR
	0.008
	0.005
	0.69
	0.001
	0.020
	0.003
	0.116
	0.783

	burr
	ML
	0.027
	0.012
	0.45
	0.014
	0.060
	0.014
	0.136
	0.001


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 B 2-8.10. Range of HC05 values for Chlorpyrifos SSDs fit to saltwater invertebrates
	Distribution
	Method1
	HC05
	SE
	CV
	LCx
	Ucx
	LCp
	Ucp
	P

	normal
	ML
	0.0028
	0.048
	16.74
	0.000
	0.126
	0.008
	0.227
	1.000

	normal
	MO
	0.0022
	0.045
	20.40
	0.000
	0.087
	0.007
	0.211
	0.999

	normal
	GR
	0.0007
	0.014
	19.69
	0.000
	0.017
	0.003
	0.155
	0.999

	logistic
	ML
	0.0012
	0.023
	19.35
	0.000
	0.053
	0.011
	0.203
	0.998

	logistic
	MO
	0.0024
	0.045
	18.84
	0.000
	0.101
	0.010
	0.199
	0.999

	logistic
	GR
	0.0005
	0.01
	22.28
	0.000
	0.013
	0.003
	0.141
	0.999

	triangular
	ML
	0.0037
	0.071
	19.29
	0.001
	0.167
	0.011
	0.241
	1.000

	triangular
	MO
	0.0019
	0.049
	25.53
	0.000
	0.066
	0.001
	0.209
	0.999

	triangular
	GR
	0.0009
	0.02
	22.48
	0.000
	0.023
	0.000
	0.174
	1.000

	gumbel
	ML
	0.0240
	0.054
	2.23
	0.006
	0.193
	0.007
	0.249
	0.958

	gumbel
	MO
	0.0097
	0.051
	5.26
	0.001
	0.131
	0.002
	0.247
	0.989

	gumbel
	GR
	0.0035
	0.013
	3.67
	0.000
	0.038
	0.000
	0.183
	0.978

	burr
	ML
	0.0240
	0.048
	1.99
	0.002
	0.158
	0.001
	0.223
	0.001


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.
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Figure B 2-8.6. Mean (red point) and range (black bar) of estimated HC05s for all Chlorpyrifos invertebrate test results
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Figure B 2-8.7. Mean (red point) and range (black bar) of estimated HC05s for all Chlorpyrifos freshwater invertebrate test results
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Figure B 2-8.8. Mean (red point) and range (black bar) of estimated HC05s for all Chlorpyrifos saltwater invertebrate test results

Another step to assess goodness-of-fit was to visually inspect the fit for evidence of problems.  Figures B 2-8.9, 10 and 11 below plot the data points against the fitted SSDs for pooled, freshwater and saltwater test results.  These plots do show some evidence for lack-of-fit, especially at the higher quantiles.  However, they seem to fit fairly well in the neighborhood of the HC05.


[image: ]
Figure B 2-8.9. Log-gumbel SSD for Chlorpyrifos 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 B 2-8.10. Log-gumbel SSD for Chlorpyrifos 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.
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Figure B 2-8.11. Log-gumbel SSD for Chlorpyrifos toxicity values for saltwater 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.




V. Calculation of other quantiles

Tables B 2-8.11, 12 and 13 provide estimates of the HC05 as well as other quantiles of the fitted SSDs.

Table B 2-8.11.  Estimated quantiles of the fitted SSDs for all invertebrate toxicity tests for Chlorpyrifos
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	normal
	ML
	0.003
	0.012
	1.28
	136.6
	513.4

	normal
	MO
	0.003
	0.011
	1.28
	143.4
	546.3

	normal
	GR
	0.002
	0.009
	1.28
	192.2
	795.9

	logistic
	ML
	0.002
	0.009
	0.62
	40.7
	169.2

	logistic
	MO
	0.003
	0.015
	1.28
	110.7
	504.7

	logistic
	GR
	0.002
	0.010
	1.28
	171.9
	910.0

	triangular
	ML
	0.002
	0.007
	1.68
	417.8
	1543.8

	triangular
	MO
	0.003
	0.009
	1.28
	187.2
	610.2

	triangular
	GR
	0.002
	0.007
	1.28
	221.0
	749.2

	gumbel
	ML
	0.025
	0.045
	0.63
	39.4
	191.3

	gumbel
	MO
	0.010
	0.022
	0.70
	156.0
	1232.4

	gumbel
	GR
	0.007
	0.017
	0.72
	270.2
	2598.1

	burr
	ML
	0.025
	0.045
	0.63
	37.9
	181.4



Table B 2-8.12.  Estimated quantiles of the fitted SSDs for freshwater invertebrate toxicity tests for Chlorpyrifos
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95
	
	

	normal
	ML
	0.004
	0.013
	0.88
	59.6
	196.9
	
	

	normal
	MO
	0.004
	0.012
	0.88
	63.2
	212.6
	
	

	normal
	GR
	0.002
	0.009
	0.88
	88.5
	327.2
	
	

	logistic
	ML
	0.003
	0.012
	0.45
	17.3
	59.8
	
	

	logistic
	MO
	0.004
	0.015
	0.88
	50.0
	197.9
	
	

	logistic
	GR
	0.002
	0.009
	0.88
	82.0
	383.4
	
	

	triangular
	ML
	0.002
	0.007
	1.35
	268.7
	942.0
	
	

	triangular
	MO
	0.003
	0.010
	0.88
	80.5
	235.0
	
	

	triangular
	GR
	0.003
	0.008
	0.88
	98.3
	300.7
	
	

	gumbel
	ML
	0.027
	0.045
	0.47
	18.1
	73.4
	
	

	gumbel
	MO
	0.011
	0.022
	0.51
	68.3
	444.5
	
	

	gumbel
	GR
	0.008
	0.016
	0.53
	126.7
	1028.7
	
	

	burr
	ML
	0.027
	0.046
	0.47
	17.7
	71.2
	
	



Table B 2-8.13.  Estimated quantiles of the fitted SSDs for saltwater invertebrate toxicity tests for Chlorpyrifos
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	normal
	ML
	0.003
	0.013
	2.95
	662.9
	3075.7

	normal
	MO
	0.002
	0.011
	2.95
	813.2
	3998.1

	normal
	GR
	0.001
	0.004
	2.95
	1985.0
	12569.0

	logistic
	ML
	0.001
	0.007
	1.40
	269.1
	1611.0

	logistic
	MO
	0.002
	0.015
	2.95
	597.9
	3638.5

	logistic
	GR
	0.000
	0.004
	2.95
	2055.6
	19039.0

	triangular
	ML
	0.004
	0.014
	3.61
	941.7
	3519.9

	triangular
	MO
	0.002
	0.008
	2.95
	1117.4
	4560.9

	triangular
	GR
	0.001
	0.004
	2.95
	2057.4
	9704.9

	gumbel
	ML
	0.024
	0.049
	1.27
	209.0
	1470.1

	gumbel
	MO
	0.010
	0.024
	1.44
	899.4
	10532.0

	gumbel
	GR
	0.004
	0.011
	1.62
	4296.5
	87360.0

	burr
	ML
	0.024
	0.049
	1.26
	193.9
	1325.1



VI. Calculation of thresholds

Thresholds were calculated assuming a probit dose-response with the HC05 as the mean and a default slope of 4.5 (see ATTACHMENT 1-5).  Lower and upper confidence limits are calculated from the lower and upper confidence limits of the HC05 estimates.  Calculated thresholds are provided in Tables B 2-8.14, 15 and 16.

Table B 2-8.14. Morality and Indirect Effects Thresholds for Chlorpyrifos (all invertebrates)
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	

	Expected
	LCL
	UCL
	Expected
	LCL
	UCL

	normal
	ML
	0.0003
	0.0001
	0.0015
	0.0017
	0.0003
	0.009

	normal
	MO
	0.0003
	0.0001
	0.0013
	0.0016
	0.0003
	0.008

	normal
	GR
	0.0002
	0.0000
	0.0007
	0.0011
	0.0001
	0.004

	logistic
	ML
	0.0002
	0.0000
	0.0010
	0.0012
	0.0002
	0.006

	logistic
	MO
	0.0003
	0.0000
	0.0016
	0.0017
	0.0003
	0.009

	logistic
	GR
	0.0002
	0.0000
	0.0007
	0.0009
	0.0001
	0.004

	triangular
	ML
	0.0002
	0.0001
	0.0009
	0.0009
	0.0004
	0.005

	triangular
	MO
	0.0002
	0.0001
	0.0011
	0.0014
	0.0003
	0.006

	triangular
	GR
	0.0002
	0.0000
	0.0008
	0.0011
	0.0002
	0.005

	gumbel
	ML
	0.0022
	0.0010
	0.0066
	0.0131
	0.0057
	0.039

	gumbel
	MO
	0.0009
	0.0003
	0.0029
	0.0054
	0.0016
	0.017

	gumbel
	GR
	0.0006
	0.0001
	0.0017
	0.0038
	0.0006
	0.010

	burr
	ML
	0.0022
	0.0011
	0.0047
	0.0131
	0.0068
	0.028



Table B 2-8.15. Mortality and Indirect Effects Thresholds for Chlorpyrifos (freshwater invertebrates)
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	

	Expected
	LCL
	UCL
	Expected
	LCL
	UCL

	normal
	ML
	0.0003
	0.0001
	0.0019
	0.0020
	0.0003
	0.011

	normal
	MO
	0.0003
	0.0001
	0.0017
	0.0019
	0.0004
	0.010

	normal
	GR
	0.0002
	0.0000
	0.0009
	0.0012
	0.0001
	0.005

	logistic
	ML
	0.0003
	0.0001
	0.0016
	0.0018
	0.0003
	0.010

	logistic
	MO
	0.0003
	0.0000
	0.0021
	0.0020
	0.0003
	0.012

	logistic
	GR
	0.0002
	0.0000
	0.0008
	0.0010
	0.0000
	0.005

	triangular
	ML
	0.0002
	0.0001
	0.0014
	0.0010
	0.0004
	0.008

	triangular
	MO
	0.0003
	0.0001
	0.0015
	0.0017
	0.0004
	0.009

	triangular
	GR
	0.0002
	0.0000
	0.0010
	0.0013
	0.0002
	0.006

	gumbel
	ML
	0.0024
	0.0009
	0.0070
	0.0141
	0.0056
	0.041

	gumbel
	MO
	0.0010
	0.0003
	0.0033
	0.0058
	0.0016
	0.020

	gumbel
	GR
	0.0007
	0.0001
	0.0017
	0.0039
	0.0006
	0.010

	burr
	ML
	0.0024
	0.0012
	0.0053
	0.0142
	0.0070
	0.031



Table B 2-8.16. Thresholds for determination of action area for Chlorpyrifos (saltwater invertebrates)
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	

	Expected
	LCL
	UCL
	Expected
	LCL
	UCL

	normal
	ML
	0.0002
	0.0000
	0.0110
	0.0015
	0.0001
	0.065

	normal
	MO
	0.0002
	0.0000
	0.0077
	0.0011
	0.0000
	0.045

	normal
	GR
	0.0001
	0.0000
	0.0015
	0.0004
	0.0000
	0.009

	logistic
	ML
	0.0001
	0.0000
	0.0046
	0.0006
	0.0000
	0.027

	logistic
	MO
	0.0002
	0.0000
	0.0089
	0.0012
	0.0000
	0.053

	logistic
	GR
	0.0000
	0.0000
	0.0012
	0.0002
	0.0000
	0.007

	triangular
	ML
	0.0003
	0.0001
	0.0147
	0.0019
	0.0004
	0.087

	triangular
	MO
	0.0002
	0.0000
	0.0058
	0.0010
	0.0000
	0.034

	triangular
	GR
	0.0001
	0.0000
	0.0020
	0.0005
	0.0000
	0.012

	gumbel
	ML
	0.0021
	0.0005
	0.0169
	0.0125
	0.0031
	0.100

	gumbel
	MO
	0.0008
	0.0001
	0.0115
	0.0050
	0.0004
	0.068

	gumbel
	GR
	0.0003
	0.0000
	0.0033
	0.0018
	0.0000
	0.020

	burr
	ML
	0.0021
	0.0002
	0.0138
	0.0124
	0.0012
	0.082



Table B 2-8.17 provides all of the available LC50 values 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 B 2-8.17. Available median lethal concentration (LC50) data for aquatic invertebrates exposed to chlorpyrifos as TGAI or formulation
	Family
	Genus
	Species
	SSD
	LC50 (µg/L)
	ECOTOX Ref #/MRID 
	Comments 

	Dogielinotidae
	Hyalella
	azteca
	*
	0.0138
	MRID 44345601
	Acceptable

	Daphniidae
	Daphnia
	ambigua
	*
	0.035
	71674
	NA1

	Mysidae
	Americamysis
	bahia
	*
	0.035
	15639
	NA1

	Mysidae
	Americamysis
	bahia
	*
	0.035
	MRID 40228401
	Supplemental  

	Hyalellidae
	Hyalella
	azteca
	*
	0.038
	352
	NA1

	Mysidae
	Americamysis
	bahia
	*
	0.04
	3947
	NA1

	Mysidae
	Americamysis
	bahia
	*
	0.04
	MRID 40228401
	Supplemental

	Hyalellidae
	Hyalella
	azteca
	*
	0.0427
	64955
	Quantitative 

	Mysidae
	Americamysis
	bahia
	*
	0.045
	MRID 42144906
	Acceptable

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.048
	158195
	NA1

	Leptophlebiidae
	Deleatidium
	sp.
	*
	0.05
	153793
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.05
	73373
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.05
	16806
	NA1

	Daphniidae
	Simocephalus
	vetulus
	*
	0.05
	16806
	NA1

	Haliplidae
	Haliplus
	sp.
	*
	0.05
	16806
	NA1

	Baetidae
	Cloeon
	sp.
	*
	0.05
	16806
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.051
	160294
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.053
	18190
	Quant. SSD

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.055
	18190
	Quant. SSD

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.056
	71674
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.058
	18190
	Quant. SSD

	Hyalellidae
	Hyalella
	curvispina
	*
	0.06
	159934
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.06
	16844
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.06
	16844
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.063
	121117
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.064
	18190
	Quant. SSD

	Hyalellidae
	Hyalella
	azteca
	*
	0.0651
	86411
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.066
	18190
	Quant. SSD

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.07
	108483
	Quant. SSD

	Gammaridae
	Gammarus
	pulex
	 
	0.07
	8107
	NA1

	Phoxocephalidae
	Rhepoxynius
	abronius
	*
	0.07
	56538
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.07
	86411
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0707
	86411
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0717
	86411
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0718
	86411
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.074
	86411
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0764
	86411
	NA1

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.079
	18190
	Quant. SSD

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.08
	157799
	NA1

	Gammaridae
	Gammarus
	pulex
	 
	0.08
	8107
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.08
	18468
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.08
	18468
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0809
	86411
	NA1

	Baetidae
	Procloeon
	sp.
	*
	0.081
	90039
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.085
	86411
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0859
	86411
	NA1

	Chironomidae
	Chironomus
	riparius
	*
	0.0891
	13342
	NA1

	Hyalellidae
	Hyalella
	azteca
	*
	0.0891
	86411
	NA1

	Daphniidae
	Daphnia
	carinata
	*
	0.09
	108483
	Acceptable 

	Daphniidae
	Simocephalus
	vetulus
	*
	0.09
	108483
	Acceptable 

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.094
	18190
	Quant. SSD

	Moinidae
	Moina
	australiensis
	*
	0.1
	108483
	Acceptable 

	Phoxocephalidae
	Rhepoxynius
	abronius
	*
	0.1
	56538
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.1
	18468
	NA1

	Hyalellidae
	Hyalella
	azteca
	 
	0.1
	18996
	NA1

	Gammaridae
	Gammarus
	lacustris
	*
	0.11
	6797
	NA1

	Gammaridae
	Gammarus
	lacustris
	*
	0.11
	MRID 40098001
	Supplemental

	Daphniidae
	Ceriodaphnia
	dubia
	*
	0.12
	18190
	Quant. SSD

	Mysidae
	Neomysis
	integer
	*
	0.13
	53635
	NA1

	Phoxocephalidae
	Rhepoxynius
	abronius
	*
	0.14
	56538
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.15
	18468
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.15
	18468
	NA1

	Palaemonidae
	Palaemonetes
	pµgio
	*
	0.15
	92616
	NA1

	Palaemonidae
	Palaemonetes
	pµgio
	*
	0.15
	92616
	NA1

	Mysidae
	Neomysis
	integer
	*
	0.15
	53635
	NA1

	Ampeliscidae
	Ampelisca
	abdita
	*
	0.16
	56539
	NA1

	Palaemonidae
	Palaemonetes
	pµgio
	*
	0.16
	72741
	NA1

	Hyalellidae
	Hyalella
	curvispina
	*
	0.17
	159934
	NA1

	Gammaridae
	Gammarus
	palustris
	*
	0.19
	51439
	NA1

	Mysidae
	Neomysis
	integer
	*
	0.19
	53635
	NA1

	Penaeidae
	Farfantepenaeus
	aztecus
	*
	0.2
	MRID 40228401
	Supplemental

	Culicidae
	Culex
	pipiens ssp. molestus
	 
	0.2
	5162
	NA1

	Palaemonidae
	Palaemon
	serratus
	*
	0.22
	102068
	NA1

	Gammaridae
	Gammarus
	pulex
	*
	0.23
	159804
	NA1

	Daphniidae
	Daphnia
	carinata
	*
	0.23
	107384
	Quantitative 

	Palaemonidae
	Palaemonetes
	argentinus
	 
	0.24
	101421
	NA1

	Leptophlebiidae
	Atalophlebia
	australis
	*
	0.24
	108483
	Acceptable 

	Daphniidae
	Daphnia
	carinata
	*
	0.24
	108495
	NA1

	Daphniidae
	Daphnia
	magna
	*
	0.25
	157799
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.25
	18468
	NA1

	Daphniidae
	Daphnia
	pulex
	 
	0.25
	18477
	NA1

	Daphniidae
	Daphnia
	carinata
	*
	0.28
	107384
	NA1

	Leptophlebiidae
	Atalophlebia
	australis
	*
	0.28
	108483
	Acceptable 

	Simuliidae
	Simulium
	vittatum
	*
	0.28
	71060
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.28
	18468
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.28
	18468
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.28
	18468
	NA1

	Chironomidae
	Chironomus
	dilutus
	*
	0.29
	160294
	NA1

	Chaoboridae
	Chaoborus
	obscuripes
	*
	0.3
	159804
	NA1

	Daphniidae
	Daphnia
	carinata
	*
	0.3
	108495
	NA1

	Culicidae
	Culex
	quinquefasciatus
	*
	0.3
	101101
	NA1

	Baetidae
	Cloeon
	dipterum
	 
	0.3
	8107
	NA1

	Daphniidae
	Daphnia
	longispina
	 
	0.3
	8107
	NA1

	Gammaridae
	Gammarus
	palustris
	*
	0.3
	51439
	NA1

	Chironomidae
	Chironomus
	tentans
	 
	0.3
	18996
	NA1

	Palaemonidae
	Macrobrachium
	rosenbergii
	 
	0.3
	116838
	NA1

	Gammaridae
	Gammarus
	fasciatus
	*
	0.32
	887
	NA1

	Daphniidae
	Daphnia
	magna
	*
	0.33
	19813
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.33
	108483
	Quant. SSD

	Chironomidae
	Chironomus
	riparius
	*
	0.34
	13342
	NA1

	Ampeliscidae
	Ampelisca
	abdita
	*
	0.34
	56539
	NA1

	Daphniidae
	Daphnia
	magna
	*
	0.34
	19813
	NA1

	Baetidae
	Cloeon
	dipterum
	*
	0.36
	159804
	NA1

	Palaemonidae
	Palaemonetes
	pµgio
	*
	0.37
	14848
	NA1

	Ampeliscidae
	Ampelisca
	abdita
	*
	0.39
	4061
	NA1

	Ampeliscidae
	Ampelisca
	abdita
	*
	0.39
	56539
	NA1

	Gammaridae
	Gammarus
	pulex
	*
	0.43
	159804
	NA1

	Palaemonidae
	Palaemonetes
	pµgio
	*
	0.44
	14848
	NA1

	Chironomidae
	Chironomus
	tentans
	*
	0.45
	352
	NA1

	Chironomidae
	Chironomus
	dilutus
	*
	0.46
	117852
	NA1

	Daphniidae
	Simocephalus
	vetulus
	 
	0.5
	8107
	NA1

	Lestidae
	Lestes
	sp.
	*
	0.5
	16806
	NA1

	Daphniidae
	Daphnia
	carinata
	*
	0.51
	107384
	Quantitative 

	Palaemonidae
	Macrobrachium
	lar
	*
	0.54
	157374
	NA1

	Perlidae
	Claassenia
	sabulosa
	*
	0.56
	MRID 40098001
	Supplemental

	Perlidae
	Claassenia
	sabulosa
	*
	0.57
	6797
	NA1

	Daphniidae
	Daphnia
	magna
	 
	0.6
	18996
	NA1

	Diosaccidae
	Amphiascus
	tenuiremis
	*
	0.61
	87778
	NA1

	Chironomidae
	Chironomus
	dilutus
	 
	0.63
	160293
	NA1

	Palaemonidae
	Palaemonetes
	pµgio
	*
	0.69
	14848
	NA1

	Atyidae
	Paratya
	australiensis
	*
	0.72
	108483
	Quant. SSD

	Chironomidae
	Chironomus
	tentans
	*
	0.72
	103283
	NA1

	Diaptomidae
	Diaptomus
	forbesi
	 
	0.72
	303
	NA1

	Haliplidae
	Peltodytes
	sp.
	*
	0.75
	7775
	NA1

	Majidae
	Maja
	squinado
	*
	0.79
	102068
	NA1

	Daphniidae
	Simocephalus
	vetulus
	 
	0.8
	8107
	NA1

	Daphniidae
	Daphnia
	longispina
	 
	0.8
	8107
	NA1

	Daphniidae
	Daphnia
	pulex
	 
	0.8
	18477
	NA1

	Baetidae
	Cloeon
	dipterum
	*
	0.81
	159804
	NA1

	Daphniidae
	Daphnia
	magna
	*
	0.82
	159804
	NA1

	Chironomidae
	Chironomus
	dilutus
	*
	0.83
	117852
	NA1

	Notonectidae
	Anisops
	sardeus
	 
	0.9
	59962
	NA1

	Culicidae
	Culex
	pipiens ssp. molestus
	 
	1.5
	5162
	NA1

	Daphniidae
	Daphnia
	pulex
	 
	1.6
	18477
	NA1

	Daphniidae
	Daphnia
	pulex
	 
	2.9
	18477
	NA1

	Penaeidae
	Penaeus
	monodon
	 
	7.58
	159862
	NA1

	Mytilidae
	Aulacomya
	ater
	 
	7.68
	159923
	NA1

	Tubificidae
	Branchiura
	sowerbyi
	 
	13.2
	303
	NA1

	Penaeidae
	Penaeus
	monodon
	 
	20.7
	159862
	NA1

	Parathelphusidae
	Spiralothelphusa
	hydrodroma
	 
	24
	108872
	NA1

	Parathelphusidae
	NR
	Parathelphusidae
	 
	24
	108873
	NA1

	Penaeidae
	Penaeus
	monodon
	 
	28.2
	159862
	NA1

	Parathelphusidae
	Spiralothelphusa
	hydrodroma
	 
	30.8
	108872
	NA1

	Parathelphusidae
	Spiralothelphusa
	hydrodroma
	 
	33.8
	108872
	NA1

	Ostreidae
	Crassostrea
	virginica
	*
	32
	MRID 40228401
	Supplemental

	Parathelphusidae
	NR
	Parathelphusidae
	 
	33.8
	108873
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	49.2
	118362
	NA1

	Grapsidae
	Eriocheir
	sinensis
	*
	53.1
	97350
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	63.7
	118362
	NA1

	Tubificidae
	Branchiura
	sowerbyi
	*
	66
	54793
	NA1

	Grapsidae
	Eriocheir
	sinensis
	*
	73.6
	97350
	NA1

	Grapsidae
	Eriocheir
	sinensis
	*
	76.1
	97350
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	78.6
	118362
	NA1

	Ostreidae
	Crassostrea
	virginica
	*
	84
	MRID  42144905
	Supplemental

	Chironomidae
	Chironomus
	plumosus
	*
	93.3
	118362
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	108
	118362
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	123
	118362
	NA1

	Grapsidae
	Eriocheir
	sinensis
	*
	138
	97350
	NA1

	Grapsidae
	Eriocheir
	sinensis
	*
	140
	97350
	NA1

	Unionidae
	Lampsilis
	siliquoidea
	 
	148
	99469
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	174
	118362
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	226
	118362
	NA1

	Chironomidae
	Chironomus
	plumosus
	*
	236
	118362
	NA1

	Donacidae
	Donax
	faba
	 
	248
	159921
	NA1

	Unionidae
	Lampsilis
	siliquoidea
	*
	250
	99469
	Quant. SSD

	Chironomidae
	Chironomus
	plumosus
	*
	253
	118362
	NA1

	Unionidae
	Lampsilis
	siliquoidea
	 
	269
	99469
	NA1

	Ostreidae
	Crassostrea
	virginica
	*
	270
	MRID 40228401
	Supplemental 

	Sialidae
	Sialis
	lutaria
	*
	327
	159804
	NA1

	Unionidae
	Lampsilis
	siliquoidea
	*
	430
	99469
	Quant. SSD

	Atyidae
	Neocaridina
	denticulata
	*
	457
	159804
	NA1

	Grapsidae
	Oziotelphusa
	senex ssp. 
	 
	550
	18025
	NA1

	Daphniidae
	Daphnia
	magna
	*
	580
	159937
	NA1

	Atyidae
	Neocaridina
	denticulata
	*
	660
	159804
	NA1

	Mytilidae
	Ischadium
	recurvum
	 
	960
	84369
	NA1

	Hydridae
	Hydra
	attenuata
	*
	1000
	159864
	NA1

	Hydridae
	Hydra
	attenuata
	*
	1500
	159864
	NA1

	Ostreidae
	Crassostrea
	virginica
	*
	2000
	MRID 40228401
	Supplemental

	Penaeidae
	Litopenaeus
	stylirostris
	*
	2266
	73317
	NA1

	Brachionidae
	Brachionus
	calyciflorus
	*
	12000
	3963
	NA1

	Brachionidae
	Brachionus
	calyciflorus
	*
	12000
	17689
	NA1

	Mytilidae
	Mytilus
	galloprovincialis
	*
	20925
	14927
	Quant. SSD

	Sialidae
	Sialis
	lutaria
	*
	21700
	159804
	NA1


NA = Studies are acceptable for ECOTOX but have not been formally reviewed by EFED scientists   
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