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Summary
	
SSDs were fit to test results for aquatic invertebrates exposed to Malathion.  Five distributions were used and the triangular distribution provided the best fit for the pooled results and for the freshwater tests alone.  The gumbel distribution provided the best fit for the saltwater (i.e., estuarine and marine species) tests alone. Regressions of distribution parameters on a classification variable separating freshwater and saltwater results and plots of the best cumulative distribution function for each class did provide support for separate SSDs for freshwater and saltwater results. 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 SSDs fit to Malathion test results
	Statistic
	Pooled Results (FW and SW)
	Freshwater Results
	Estuar/Marine
 Results

	Best Distribution (by AICc)
	Triangular
	Triangular
	Gumbel

	Goodness of fit P-value
	0.836
	0.931
	0.352

	CV of the HC05
	0.7674
	0.8425
	1.567

	HC05
	0.3859
	0.3911
	1.706

	HC10
	1.18
	1.21
	2.72

	HC50
	137.2
	143.5
	38.92

	HC90
	15846
	16991
	2178

	HC95
	48822
	52663
	10143

	Mortality Threshold (slope)1
	0.046
	0.046
	0.15

	Indirect Effects Threshold (slope)
	0.22
	0.22
	0.88





1  Slope = 5.14 slope was used for pooled and FW results for study near the HC05 (Ashauer et al. 2011; E153561; EC50=0.33); default slope of 4.5 used for saltwater (estuarine/marine) as no slope was available for saltwater (estuarine/marine) species near the HC05. 
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I. Data

Available aquatic invertebrate toxicity data for SSDs included studies with a 48 or 96 hour duration and used technical grade active ingredient.  
 
The dataset contained 160 test results on 70 species (Table B 2-8.2).

Table B 2-8.2. Distribution of test results available for Malathion
	Media
	Test results
	Species1

	All
	160
	70

	Freshwater
	133
	60

	Saltwater
	27
	11


1 Palaemonetes pugio was tested in both freshwater and saltwater.

Figure B 2-8.1 shows the distribution of test results among species.
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Figure B 2-8.1. Distribution of the number of test results per species in Malathion data

Five potential distributions for the Malathion 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 common log (log10) transformed. An evaluation to consider separating the saltwater versus freshwater taxa and fitting separate distributions using Akaike’s information criterion (AICc) was conducted.  Finally, direct and indirect effect thresholds and report five quantiles from the fitted SSDs (HC05, HC10, HC50, HC90, HC95) were calculated.

II. Comparison of distributions using AICc

AICc was used to compare the five distributions for 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. 

For the pooled and freshwater datasets, AICc suggested that the triangular distribution provided the best fit (Tables B 2-8.3 through B 2-8.5), and that gumbel was best for saltwater dataset.
Table B 2-8.3. Comparison of distributions for all aquatic invertebrate toxicity data for Malathion
	distribution
	HC05
	AICc
	∆AICc
	Weight

	triangular
	0.3859
	1.0792e+03
	0
	0.6947

	Gumbel
	0.6141
	1.0817e+03
	2.4838
	0.2007

	Burr
	0.6080
	1.0839e+03
	4.7754
	0.0638

	Normal
	0.2353
	1.0849e+03
	5.7723
	0.0388

	Logistic
	0.1119
	1.0908e+03
	11.6573
	0.0020



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

	triangular
	0.3911
	935.4380
	0
	0.8324

	Gumbel
	0.5595
	940.0982
	4.6602
	0.0810

	Burr
	0.5486
	942.3801
	6.9421
	0.0259

	Normal
	0.2383
	940.8162
	5.3782
	0.0566

	logistic
	0.1179
	946.0319
	10.5939
	0.0042



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

	gumbel
	1.7063
	155.2505
	0
	0.6986

	burr
	1.7308
	159.2404
	3.9898
	0.0950

	logistic
	0.1479
	159.8673
	4.6167
	0.0695

	normal
	0.2578
	159.9371
	4.6866
	0.0671

	triangular
	0.3117
	159.8561
	4.6056
	0.0698






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

Next, whether or not separate SSDs should be fit for freshwater versus saltwater test results was examined.  

The cumulative distribution functions for the separated and full SSDs are presented in Figure B 2-8.2 below. Results for saltwater tests fall outside the 95% confidence limit on the pooled model, suggesting separate models for saltwater versus freshwater results.  Figures B 2-8.3 - B 2-8.5 plot the data points against the fitted SSDs for all invertebrates combined, and for freshwater and saltwater test results separately.  
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Figure B 2-8.2.  Best cumulative distribution functions for all aquatic invertebrate test results (triangular) black line (SSD plot), freshwater invertebrates (triangular) blue dashed lines (95% confidence limits), and salwater invertebrates (gumbel) green dashed lines (95% confidence limits).
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Figure B 2-8.3. Log-triangular SSD for Malathion toxicity values for all aquatic invertebrates. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given taxon.
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Figure B 2-8.4. Log-triangular SSD for Malathion toxicity values for freshwater invertebrates. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given taxon.
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Figure B 2-8.5. Log-gumbel SSD for Malathion toxicity values for saltwater invertebrates. Red points indicate single toxicity values. Black points indicate multiple toxicity values.  Blue line indicates full range of toxicity values for a given taxon.

IV. Goodness of fit and the importance of fitting method

Finally, to test goodness-of-fit, all five distributions to saltwater and freshwater toxicity data for Malathion were fit and ran bootstrap goodness-of-fit tests with 10,000 bootstrap replicates. Maximum likelihood (ML) was used. For the three datasets, no distribution showed significant lack-of-fit except the Burr distribution.  In general, the best distribution, as determined by AICc, also had a lower coefficient of variation for the HC05 (Table B 2-8.6 through B 2-8.8).  

Table B 2-8.6. Range of HC05 values for Malathion SSDs fit to all invertebrates.
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Triangular
	ML
	0.3859
	0.2961
	0.7674
	0.1906
	1.2802
	0.8362

	Normal
	ML
	0.2353
	0.2532
	1.0757
	3.8502e-07
	0.9798
	0.8082

	Logistic
	ML
	0.1119
	0.1414
	1.2629
	0.0223
	0.5507
	0.6344

	Gumbel
	ML
	0.6141
	0.3320
	0.5407
	0.2029
	1.5177
	0.8192

	Burr
	ML
	0.6080
	0.3492
	0.5744
	0.2632
	1.5454
	0.0210



Table B 2-8.7. Range of HC05 values for Malathion SSDs fit to freshwater invertebrates.
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Triangular
	ML
	0.3911
	0.3295
	0.8425
	0.1912
	1.4254
	0.9311

	Normal
	ML
	0.2383
	0.3530
	1.4810
	2.1780e-09
	1.0791
	0.8911

	Logistic
	ML
	0.1179
	0.1693
	1.4361
	0.0191
	0.6474
	0.8541

	Gumbel
	ML
	0.5595
	0.3521
	0.6292
	0.1911
	1.5684
	0.8821

	Burr
	ML
	0.5486
	0.3697
	0.6738
	0.1940
	1.6226
	0.0320



Table B 2-8.8. Range of HC05 values for Malathion SSDs fit to saltwater invertebrates.
	distribution
	method
	HC05
	SE
	CV
	LCL
	UCL
	P

	Triangular
	ML
	0.3117
	6.2820
	20.1513
	0.0632
	14.0831
	0.1239

	Normal
	ML
	0.2578
	3.4582
	13.4137
	0.0081
	7.1118
	0.1339

	Logistic
	ML
	0.1479
	2.0654
	13.9669
	0.0051
	4.8257
	0.0789

	Gumbel
	ML
	1.7063
	2.6741
	1.5672
	0.5225
	9.8365
	0.3526

	Burr
	ML
	1.7308
	2.4604
	1.4215
	0.2504
	8.3095
	0.0009



V. Calculation of other quantiles

Tables B 2-8.9 through B 2-8.11 provide estimates of the HC05 as well as other quantiles of the fitted SSDs.

Table B 2-8.9.  Estimated quantiles of the fitted SSDs for pooled toxicity tests for Malathion
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Triangular
	ML
	0.3859
	1.1889
	137.25
	15846
	48822

	Normal
	ML
	0.2353
	0.9654
	140.28
	20385
	83617

	Logistic
	ML
	0.1119
	0.6455
	111.56
	19281
	111190

	Gumbel
	ML
	0.6141
	1.4444
	71.497
	32613
	338410

	Burr
	ML
	0.6080
	1.4494
	72.279
	31194
	315060



Table B 2-8.10.  Estimated quantiles of the fitted SSDs for freshwater toxicity tests for Malathion
	dist
	method
	HC05
	HC10
	HC50
	HC90
	HC95

	Triangular
	ML
	0.3911
	1.2123
	143.5
	16991
	52663

	Normal
	ML
	0.2383
	0.9913
	151.2
	23088
	96031

	Logistic
	ML
	0.1179
	0.6956
	128.5
	23743
	140070

	Gumbel
	ML
	0.5595
	1.3573
	77.35
	44029
	497190

	Burr
	ML
	0.5486
	1.3672
	79.29
	40732
	437310


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

	Triangular
	ML
	0.3117
	0.9297
	93.54
	9412
	28068

	Normal
	ML
	0.2578
	0.9103
	77.95
	6672
	23569

	Logistic
	ML
	0.1479
	0.6121
	39.88
	2599
	10759

	Gumbel
	ML
	1.7063
	2.7209
	38.92
	2178
	10143

	Burr
	ML
	1.7308
	3.0301
	38.35
	2016
	9149




VI. Calculation of thresholds
Thresholds were calculated using a probit curve with the HC05 as the mean and three different slopes (2, 4.5, and 9). Calculated thresholds are provided in Tables B 2-8.12 through B 2-8.14. The distributions shown are the chosen distributions for each dataset based on AICc weight, CV of the HC05 and the confidence limits. 

Table B 2-8.12. Thresholds for determination of action area for Malathion aquatic invertebrate pooled test results
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 5.141
	slope = NA
	slope = NA 
	slope = 5.14
	slope = NA
	slope = NA

	Triangular
	ML
	0.046
	--
	--
	0.22
	--
	--



Table B 2-8.13. Thresholds for determination of action area for Malathion aquatic invertebrate freshwater test results
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 5.141
	slope = NA
	slope = NA 
	slope = 5.14
	slope = NA
	slope = NA

	Triangular
	ML
	0.046
	--
	--
	0.22
	--
	--



Table B 2-8.14. Thresholds for determination of action area for Malathion aquatic invertebrate saltwater test results
	distrib.
	method
	Mortality Threshold (10-6)
	Indirect Effects Threshold (10-1)

	
	
	slope = 4.5
	slope = 2
	slope = 9
	slope = 4.5
	slope = 2
	slope = 9

	gumbel
	ML
	0.15
	0.0071
	0.50
	0.88
	0.039
	1.2



1 95% CI were not reported in study.
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