
 
 
 
 
 
 
 
 

Appendix 32: Raw Data for 96-hour Toxicity of  
Sulfate on Ligumia recta 

 
 



 
 
 
 
 
 
 
 

Raw Laboratory Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 
 

Analytical Chemistry Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



Data for Musculium transversum chloride toxicity test 

 
 



Data for Musculium transversum chloride toxicity test 

 



Data for Musculium transversum chloride test and Ligumia recta sulfate test 

 



Data for Ligumia recta sulfate test 

 



Data for Ligumia recta sulfate test 

 



 



 
 

 
 



 
 
 
 
 
 
 
 

Statistical Analyses 
 



 CT-TOX: BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS 
 -------------------------------------------------------------------------------- 
 
                   SPEARMAN-KARBER 
 
                  TRIM:      .00% 
                  LC50:    3440.096 
                     95% CONFIDENCE LIMITS  
                      ARE UNRELIABLE. 
 -------------------------------------------------------------------------------- 
 
   CONC.   NUMBER   NUMBER  PERCENT  BINOMIAL 
   mg/L   EXPOSED  DEAD   DEAD    PROB.(%) 
   370.00    20.    0.    .00   .9537D-04 
   665.00    20.    0.    .00   .9537D-04 
  1200.00    20.    0.    .00   .9537D-04 
  2349.00    20.    0.    .00   .9537D-04 
  5038.00    20.   20.   100.00   .9537D-04 
 
 THE BINOMIAL TEST SHOWS THAT 2349.00 AND 5038.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS 99.9998 PERCENT. 
 AN APPROXIMATE LC50 FOR THIS DATA SET IS 3440.096 
-------------------------------------------------------------------------------- 
 
  WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT 
 WHICH THE PERCENT DEAD IS BETWEEN 0 AND 100, NEITHER 
 THE MOVING AVERAGE NOR THE PROBIT METHOD CAN GIVE 
 ANY STATISCALLY SOUND RESULTS. 
 
 
 -------------------------------------------------------------------------------- 
 
  DATE: September 10, 2009    TEST NUMBER:      DURATION:  24 h     
 SAMPLE: sulfate         SPECIES: Ligumia recta               
 
 METHOD    LC50      CONFIDENCE LIMITS 
             LOWER   UPPER  SPAN  
 BINOMIAL   *******  *******  *******  ******* 
 MAA     *******  *******  *******  ******* 
 PROBIT    *******  *******  *******  ******* 
 SPEARMAN   *******  *******  *******  ******* 
 
 **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 



                   SPEARMAN-KARBER 
 
                  TRIM:      .00% 
                  LC50:    3440.096 
                     95% CONFIDENCE LIMITS  
                      ARE UNRELIABLE. 
 -------------------------------------------------------------------------------- 
 
   CONC.   NUMBER   NUMBER  PERCENT  BINOMIAL 
   mg/L   EXPOSED  DEAD   DEAD    PROB.(%) 
   370.00    20.    0.    .00   .9537D-04 
   665.00    20.    0.    .00   .9537D-04 
  1200.00    20.    0.    .00   .9537D-04 
  2349.00    20.    0.    .00   .9537D-04 
  5038.00    20.   20.   100.00   .9537D-04 
 
 THE BINOMIAL TEST SHOWS THAT 2349.00 AND 5038.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS 99.9998 PERCENT. 
 AN APPROXIMATE LC50 FOR THIS DATA SET IS 3440.096 
-------------------------------------------------------------------------------- 
 
  WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT 
 WHICH THE PERCENT DEAD IS BETWEEN 0 AND 100, NEITHER 
 THE MOVING AVERAGE NOR THE PROBIT METHOD CAN GIVE 
 ANY STATISCALLY SOUND RESULTS. 
 
 
 -------------------------------------------------------------------------------- 
 
  DATE: September 10, 2009    TEST NUMBER:      DURATION:  48 h     
 SAMPLE: sulfate         SPECIES: Ligumia recta               
 
 METHOD    LC50      CONFIDENCE LIMITS 
             LOWER   UPPER  SPAN  
 BINOMIAL   *******  *******  *******  ******* 
 MAA     *******  *******  *******  ******* 
 PROBIT    *******  *******  *******  ******* 
 SPEARMAN   *******  *******  *******  ******* 
 
 **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 



                   SPEARMAN-KARBER 
 
                  TRIM:      .00% 
                  LC50:    1937.938 
          95% LOWER CONFIDENCE:    1704.552 
          95% UPPER CONFIDENCE:    2203.279 
 -------------------------------------------------------------------------------- 
 
   CONC.   NUMBER   NUMBER  PERCENT  BINOMIAL 
   mg/L   EXPOSED  DEAD   DEAD    PROB.(%) 
   370.00    20.    0.    .00   .9537D-04 
   665.00    20.    0.    .00   .9537D-04 
  1200.00    20.    0.    .00   .9537D-04 
  2349.00    20.   16.   80.00   .5909D+00 
  5038.00    20.   20.   100.00   .9537D-04 
 
 THE BINOMIAL TEST SHOWS THAT 1200.00 AND 2349.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS 99.4090 PERCENT. 
 AN APPROXIMATE LC50 FOR THIS DATA SET IS 1906.316 
-------------------------------------------------------------------------------- 
 
  WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT 
 WHICH THE PERCENT DEAD IS BETWEEN 0 AND 100, NEITHER 
 THE MOVING AVERAGE NOR THE PROBIT METHOD CAN GIVE 
 ANY STATISCALLY SOUND RESULTS. 
 
 
 -------------------------------------------------------------------------------- 
 
  DATE: September 10, 2009    TEST NUMBER:      DURATION:  72 h     
 SAMPLE: sulfate         SPECIES: Ligumia recta               
 
 METHOD    LC50      CONFIDENCE LIMITS 
             LOWER   UPPER  SPAN  
 BINOMIAL   *******  *******  *******  ******* 
 MAA     *******  *******  *******  ******* 
 PROBIT    *******  *******  *******  ******* 
 SPEARMAN   *******  *******  *******  498.728 
 
 **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 



                   SPEARMAN-KARBER 
 
                  TRIM:      .00% 
                  LC50:    1483.041 
          95% LOWER CONFIDENCE:    1320.701 
          95% UPPER CONFIDENCE:    1665.335 
 -------------------------------------------------------------------------------- 
   CONC.   NUMBER   NUMBER  PERCENT  BINOMIAL 
   mg/L   EXPOSED  DEAD   DEAD    PROB.(%) 
   370.00    20.    0.    .00   .9537D-04 
   665.00    20.    1.    5.00   .2003D-02 
  1200.00    20.    3.   15.00   .1288D+00 
  2349.00    20.   20.   100.00   .9537D-04 
  5038.00    20.   20.   100.00   .9537D-04 
 
 THE BINOMIAL TEST SHOWS THAT 1200.00 AND 2349.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS 99.8711 PERCENT. 
 AN APPROXIMATE LC50 FOR THIS DATA SET IS 1519.358 
-------------------------------------------------------------------------------- 
    RESULTS USING MOVING AVERAGE 
  SPAN    G   LC50  95% CONFIDENCE LIMIT 
   4    .051 1399.19 1149.12 1722.41 
 -------------------------------------------------------------------------------- 
  ****** RESULTS CALCULATED BY PROBIT METHOD 
 ITERATIONS   G     H     GOODNESS OF FIT 
  8     1.375    2.98    .03 
 
 SINCE THE PROBABILITY IS LESS THAN 0.05, 
 RESULTS CALCULATED USING THE PROBIT METHOD 
 PROBABLY SHOULD NOT BE USED. 
 
 
 SLOPE = 7.55 
 95% CONFIDENCE LIMITS:  -1.30 AND  16.40 
 
 LC50= 1421.48 
 95% CONFIDENCE LIMITS: 0 AND + INFINITY 
 
 LC1 = 698.88 
 95% CONFIDENCE LIMITS: 0 AND 1124.33 
 -------------------------------------------------------------------------------- 
  DATE: September 10, 2009    TEST NUMBER:      DURATION:  96 h     
 SAMPLE: sulfate         SPECIES: Ligumia recta               
 
 METHOD    LC50      CONFIDENCE LIMITS 
             LOWER   UPPER  SPAN  
 BINOMIAL   *******  *******  *******  ******* 
 MAA     *******  *******  *******  573.291 
 PROBIT    *******  *******  *******  ******* 
 SPEARMAN   *******  *******  *******  344.634 
 
 **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 
 



 
 
 
 
 
 
 
 

Appendix 33: Raw Data for 96-hour Toxicity of  
Sulfate on Megalonaias nervosa 

 
 



 
 
 
 
 
 
 
 

Raw Laboratory Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 
 

Analytical Chemistry Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



 



 



 



 
 
 



 
 
 
 
 
 
 
 

Statistical Analyses 
 



    CT-TOX:  BINOMIAL, MOVING AVERAGE, PROBIT, AND SPEARMAN METHODS 
 -------------------------------------------------------------------------------- 
 
                                     SPEARMAN-KARBER 
 
                                   TRIM:          1.25% 
                                   LC50:       3563.501 
                                          95% CONFIDENCE LIMITS  
                                           ARE UNRELIABLE. 
 -------------------------------------------------------------------------------- 
 
     CONC.     NUMBER     NUMBER   PERCENT    BINOMIAL 
     mg/L      EXPOSED    DEAD     DEAD       PROB.(%) 
     380.00       20.       1.       5.00      .2003D-02 
     690.00       20.       0.        .00      .9537D-04 
    1249.00       20.       0.        .00      .9537D-04 
    2498.00       20.       0.        .00      .9537D-04 
    5130.00       20.      20.     100.00      .9537D-04 
 
  THE BINOMIAL TEST SHOWS THAT 2498.00 AND 5130.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS  99.9998 PERCENT. 
  AN APPROXIMATE LC50 FOR THIS DATA SET IS 3579.768 
-------------------------------------------------------------------------------- 
 
    WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT 
 WHICH THE PERCENT DEAD IS BETWEEN 0 AND 100, NEITHER 
 THE MOVING AVERAGE NOR THE PROBIT METHOD CAN GIVE 
 ANY STATISCALLY SOUND RESULTS. 
 
 
 -------------------------------------------------------------------------------- 
 
   DATE: 10/16/2009               TEST NUMBER:           DURATION:    24 h        
 SAMPLE: sulfate                  SPECIES: Megalonaias nervosa                      
 
  METHOD        LC50           CONFIDENCE LIMITS 
                          LOWER     UPPER    SPAN  
  BINOMIAL     *******   *******   *******   ******* 
  MAA          *******   *******   *******   ******* 
  PROBIT       *******   *******   *******   ******* 
  SPEARMAN     *******   *******   *******   ******* 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
         ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 
 
  **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 
 



 
                                     SPEARMAN-KARBER 
 
                                   TRIM:          1.25% 
                                   LC50:       3563.501 
                                          95% CONFIDENCE LIMITS  
                                           ARE UNRELIABLE. 
 -------------------------------------------------------------------------------- 
 
     CONC.     NUMBER     NUMBER   PERCENT    BINOMIAL 
     mg/L      EXPOSED    DEAD     DEAD       PROB.(%) 
     380.00       20.       1.       5.00      .2003D-02 
     690.00       20.       0.        .00      .9537D-04 
    1249.00       20.       0.        .00      .9537D-04 
    2498.00       20.       0.        .00      .9537D-04 
    5130.00       20.      20.     100.00      .9537D-04 
 
  THE BINOMIAL TEST SHOWS THAT 2498.00 AND 5130.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS  99.9998 PERCENT. 
  AN APPROXIMATE LC50 FOR THIS DATA SET IS 3579.768 
-------------------------------------------------------------------------------- 
 
    WHEN THERE ARE LESS THAN TWO CONCENTRATIONS AT 
 WHICH THE PERCENT DEAD IS BETWEEN 0 AND 100, NEITHER 
 THE MOVING AVERAGE NOR THE PROBIT METHOD CAN GIVE 
 ANY STATISCALLY SOUND RESULTS. 
 
 
 -------------------------------------------------------------------------------- 
 
   DATE: 10/16/2009               TEST NUMBER:           DURATION:    48 h        
 SAMPLE: sulfate                  SPECIES: Megalonaias nervosa                      
 
  METHOD        LC50           CONFIDENCE LIMITS 
                          LOWER     UPPER    SPAN  
  BINOMIAL     *******   *******   *******   ******* 
  MAA          *******   *******   *******   ******* 
  PROBIT       *******   *******   *******   ******* 
  SPEARMAN     *******   *******   *******   ******* 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
         ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 
 
  **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 



 
                                     SPEARMAN-KARBER 
 
                                   TRIM:          5.00% 
                                   LC50:       3377.635 
                   95% LOWER CONFIDENCE:       3020.860 
                   95% UPPER CONFIDENCE:       3776.547 
 -------------------------------------------------------------------------------- 
 
     CONC.     NUMBER     NUMBER   PERCENT    BINOMIAL 
     mg/L      EXPOSED    DEAD     DEAD       PROB.(%) 
     380.00       20.       2.      10.00      .2012D-01 
     690.00       20.       1.       5.00      .2003D-02 
    1249.00       20.       0.        .00      .9537D-04 
    2498.00       20.       2.      10.00      .2012D-01 
    5130.00       20.      20.     100.00      .9537D-04 
 
  THE BINOMIAL TEST SHOWS THAT 2498.00 AND 5130.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS  99.9798 PERCENT. 
  AN APPROXIMATE LC50 FOR THIS DATA SET IS 3311.148 
-------------------------------------------------------------------------------- 
 
  THE MOVING AVERAGE METHOD CANNOT BE USED WITH  
  THIS DATA SET BECAUSE NO SPAN WHICH PRODUCES  
  AVERAGE ANGLES BRACKETING 45 DEGREES ALSO USES 
  TWO PERCENT DEAD BETWEEN 0 AND 100 PERCENT. 
 
 
 NO CONVERGENCE IN 25 ITERATIONS.  PROBIT METHOD 
 PROBABLY CAN NOT BE USE WITH THIS SET OF DATA. 
 -------------------------------------------------------------------------------- 
 
   DATE: 10/16/2009               TEST NUMBER:           DURATION:    72 h        
 SAMPLE: sulfate                  SPECIES: Megalonaias nervosa                      
 
  METHOD        LC50           CONFIDENCE LIMITS 
                          LOWER     UPPER    SPAN  
  BINOMIAL     *******   *******   *******   ******* 
  MAA          *******   *******   *******   ******* 
  PROBIT       *******   *******   *******   ******* 
  SPEARMAN     *******   *******   *******   755.687 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
         ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 
 
  **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 



 
                                     SPEARMAN-KARBER 
 
                                   TRIM:          5.00% 
                                   LC50:       3377.635 
                   95% LOWER CONFIDENCE:       3020.860 
                   95% UPPER CONFIDENCE:       3776.547 
 -------------------------------------------------------------------------------- 
 
     CONC.     NUMBER     NUMBER   PERCENT    BINOMIAL 
     mg/L      EXPOSED    DEAD     DEAD       PROB.(%) 
     380.00       20.       2.      10.00      .2012D-01 
     690.00       20.       1.       5.00      .2003D-02 
    1249.00       20.       0.        .00      .9537D-04 
    2498.00       20.       2.      10.00      .2012D-01 
    5130.00       20.      20.     100.00      .9537D-04 
 
  THE BINOMIAL TEST SHOWS THAT 2498.00 AND 5130.00 CAN BE USED AS STATISTICALLY  
 SOUND CONSERVATIVE 95 PERCENT CONFIDENCE LIMITS SINCE THE ACTUAL 
CONFIDENCE  
 LEVEL ASSOCIATED WITH THESE LIMITS IS  99.9798 PERCENT. 
  AN APPROXIMATE LC50 FOR THIS DATA SET IS 3311.148 
-------------------------------------------------------------------------------- 
 
  THE MOVING AVERAGE METHOD CANNOT BE USED WITH  
  THIS DATA SET BECAUSE NO SPAN WHICH PRODUCES  
  AVERAGE ANGLES BRACKETING 45 DEGREES ALSO USES 
  TWO PERCENT DEAD BETWEEN 0 AND 100 PERCENT. 
 
 
 NO CONVERGENCE IN 25 ITERATIONS.  PROBIT METHOD 
 PROBABLY CAN NOT BE USE WITH THIS SET OF DATA. 
 -------------------------------------------------------------------------------- 
 
   DATE: 10/16/2009               TEST NUMBER:           DURATION:    96 h        
 SAMPLE: sulfate                  SPECIES: Megalonaias nervosa                      
 
  METHOD        LC50           CONFIDENCE LIMITS 
                          LOWER     UPPER    SPAN  
  BINOMIAL     *******   *******   *******   ******* 
  MAA          *******   *******   *******   ******* 
  PROBIT       *******   *******   *******   ******* 
  SPEARMAN     *******   *******   *******   755.687 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTO MONOTONICALLY INCREASING. 
         ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 
 
  **** = LIMIT DOES NOT EXIST  
 -------------------------------------------------------------------------------- 
 
 
 




