
  

  
  

  
 

 
  

 

 

 
 

 
  

California Oil Spill Study and Evaluation Program 

Evaluation of Subchronic and Developmental Toxicity of the 
Dispersant Corexit EC9500A 

Final Report 
California Department of Fish and Wildlife (CDFW) 

Oil Spill Prevention and Response (OSPR) 
California Oil Spill Study and Evaluation Program (COSSEP) 

September 2020 

Ellen Faurot-Daniels 
CDFW-OSPR Senior Environmental Scientist Specialist 

Bryn Phillips 
University of California Davis, Marine Pollution Studies Lab 



  

     

   

   

   

   

   

   

   

     

     

      

 

  

Table of Contents 

Evaluation of Subchronic and Developmental Toxicity of the Dispersant Corexit EC9500A........................ 1 

Introduction.............................................................................................................................................. 3 

Methods.................................................................................................................................................... 3 

Results and Discussion ............................................................................................................................. 7 

Dispersant-Only Tests ........................................................................................................................... 7 

CEWAF (Dispersant/Oil) Results ..........................................................................................................10 

Conclusions.............................................................................................................................................12 

References ..............................................................................................................................................13 

Appendix A – Data Figures and Summary Tables ....................................................................................15 

Appendix B – Chain of Custody Documentation......................................................................................25 

Appendix C – Scans of Laboratory Toxicity Test Packets and Analytical Reports ....................................26 



 

   
  

 
    

    
      

   
  

     
     

     
    

 

    
   

      
   

 

      
   

   
     

      
     

     
      

   
       

     
    

 

       
    

   

Introduction 

The United States Environmental Protection Agency (U.S. EPA) regulates the testing and listing 
of various categories of oil spill cleanup agents (OSCA) under Subpart J of the National 
Contingency Plan.  At the California state level, the Office of Spill Prevention and Response 
(OSPR) is mandated to regulate the licensing and use of OSCAs, including dispersants. 

Both programs require acute toxicity testing of most OSCAs, but the U.S. EPA program does not 
have established OSCA toxicity thresholds, while the OSPR program does. The U.S. EPA 
program does not yet require toxicity or developmental effects testing of endemic species, 
while the OSPR program has required embryo-larval development tests using red abalone 
(Haliotis rufescens) embryos since 1996.  Neither program currently requires toxicity testing for 
chronic/subchronic effects, although there has been a large demand for this since the 
Deepwater Horizon spill. The two programs have also used different approaches to other 
aspects of OSCA testing (e.g., different dispersant efficacy tests, different subject oils and 
weathering states). 

These circumstances have led to OSCA toxicity and efficacy data that were not directly 
comparable between the two agencies and did not allow OSPR to consider most of the other 
dispersants previously reviewed by U.S. EPA as having adequate toxicity and efficacy data. In 
addition, it did not allow OSPR to fully and adequately determine what other dispersant 
products should be considered for California licensing. 

The U.S. EPA has proposed revisions to Subpart J that would (U.S. EPA 2015), in addition to the 
acute toxicity testing on two new reference oils (Alaska North Slope crude, IFO 120), add 
subchronic toxicity testing and tests for developmental effects on purple sea urchin embryos 
(considered a comparable test endpoint to red abalone). Updates to the OSPR licensing 
program are intended to follow and align with the U.S. EPA program to the degree possible and 
as determined by the results of comparative toxicity and efficacy testing. 

This project fully evaluated the dispersant Corexit 9500A based on the proposed revisions to 
Subpart J.  This evaluation includes acute toxicity tests on dispersant and dispersant/oil 
mixtures with Alaska North Slope oil, as well as sub-chronic toxicity tests and embryo-larval 
urchin toxicity tests on dispersants only. To link proposed results with fish, mysids, and sea 
urchins, as well as historic abalone embryo-larval data with other dispersants, red abalone 
embryo-larval development tests were also conducted. 

Methods 

Six separate toxicity test protocols were used in this study. Two acute protocols: the 48-hour 
test with mysid shrimp (Americamysis bahia) and the 96-hour test with topsmelt (Atherinops 
affinis), as well as four chronic protocols: 7-day tests with mysid shrimp and topsmelt, the 72-



  
      

      
  

   

    
   

   
     

  
  

      
     

     
     

 
   

    
     

   
        

     
 

     
  

    
    

   
     

  
        

       
    

  

hour test with purple urchins (Strongylocentrotus purpuratus), and the 48-hour test with red 
abalone (Haliotis rufescens). Acute tests followed protocols described in U.S. EPA (2002a), and 
chronic tests followed protocols described by U.S. EPA (1995), except for the chronic mysid 
shrimp tests, which followed U.S. EPA (2002b).  Specific method names and protocol summaries 
are included in Table 1. 

Mysids were obtained from Aquatic BioSystems (Fort Collins, CO) or Aquatic Research 
Organisms (Hampton, NH), and topsmelt were obtained from Aquatic BioSystems.  Abalone 
brood stock were previously obtained from The Cultured Abalone (Goleta, CA), but had been 
held at the Marine Pollution Studies Laboratory at Granite Canyon (MPSL) for approximately 
one year. Acclimation conditions for purchased test organisms are included in scanned test 
packets (Appendix C).  In-house cultures were maintained in flow-through conditions with 
seawater at ambient temperature and salinity. 

Positive control reference toxicant tests were conducted using dilutions of copper or zinc 
chosen to bracket the various effects concentrations for each test organism.  Reference 
toxicant tests are designed to track ongoing laboratory performance and relative organism 
health (U.S. EPA 1995).  The preparation of control charts demonstrating the cumulative trend 
of statistical point estimates, and the relative variability among charted statistics, are necessary 
to interpret overall lab and organism performance. 

Corexit EC9500A dispersant was obtained through Robert Grosser of Pegasus Technical 
Services, Inc. (on-site contractor for EPA) and received in September 2018 (Lot #CX3E0010A0). 
Alaska North Slope (ANS) oil was obtained through Paul Meyer of the Bureau of Safety and 
Environmental Enforcement and received in June 2019 (Lot #PET105002.  See Appendix B for 
chain of custody).  All toxicity test experiments were conducted at MPSL. MPSL is accredited 
under the California Environmental Laboratory Accreditation Program (ELAP #2821). 

Corexit EC9500A was tested in duplicate with all toxicity test protocols.  Rangefinder tests were 
conducted with dispersant concentration ranges based on previously published median-lethal 
concentrations for other formulations of Corexit 9500 (George-Ares and Clark 2000; Singer  et 
al. 1995; 1996; Singer et al. 1991; Word et al. 2015).  In some cases, the series of concentrations 
used in the rangefinder experiment was repeated for the definitive experiment (Table 1). 
Dispersant/oil mixtures were tested in duplicate with only the acute protocols. All dispersant 
concentrations and dispersant/oil concentrations were prepared with MPSL seawater filtered 
to one µm. Ambient salinity was 34 ±1‰. Dissolved oxygen ranged from approximately 7.50 
mg/L to 8.00 mg/L, and pH ranged from 7.50 to 8.10. All tests were conducted under ambient 
laboratory illumination with a photoperiod of 16-hour light, 8- hour dark with a light intensity of 10 – 20 
µE/m2/s. 



     

 
 

 
 

 
 
 

 
 

 
 

  
 

       
  

      
       

       
       
       

       

 
 

 
 

 
 

 
 
 
 
 
 

  

  
 
 
 

 
 
 

 

  
 
 

 

  
 
 
 

 
 

 
 

          
 

 
 
 

 
  

      

        
  

 

 
 
 

 

  

 

  
 
 

 

  

  
 
 

  

 
 
 

  

 
 
 

  

 
 
 

  

  

  
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

   
  

 
 

 
 

   
 

  
 

  
 

 

  

  
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
  

 

Table 1.  Summary of test conditions for dispersant toxicity. 

Details 
Acute 

A. affinis 
Acute 

A. bahia 
Chronic 

A. affinis 
Chronic 
A. bahia 

Chronic 
S. purpuratus 

Chronic H. 
rufescens 

Common Name Topsmelt Mysid Shrimp Topsmelt Mysid Shrimp Purple Urchin Red Abalone 
Test Type Static renewal 

(48-hours) 
Static non-

renewal 
Static renewal 

(daily) 
Static renewal 

(daily) 
Static non-

renewal 
Static non-

renewal 
Duration 96-Hour 48-Hour 7-Day 7-Day 72-Hour 48-Hour 
Salinity 34 ± 2‰ 20 ± 2‰ 34 ± 2‰ 20 ± 2‰ 34 ± 2‰ 34 ± 2‰ 
Temperature 20 ± 1°C 25 ± 1°C 20 ± 1°C 25 ± 1°C 15 ± 1°C 15 ± 1°C 
Chamber Size 1 liter N/A 1 liter N/A 20 mL 20 mL 
Volume 200 mL N/A 200 mL N/A 10 mL 10 mL 
Organism 
Supplier 

Aquatic 
Biosystems 

Aquatic 
Biosystems 

Aquatic 
Biosystems 

Aquatic 
Biosystems or 

Aquatic 
Research 

Organisms 

MPSL MPSL 

Date Received Rangefinder: 
12/4/19 

Definitive: 
12/13/19 

Rangefinder: 
10/22/19 
Definitive: 
2/11/20 

Rangefinder: 
12/13/19 
Definitive: 
3/10/20 

Rangefinder: 
11/19/19 
Definitive: 
12/12/19 

In-House 
Culture 

In-House 
Culture 

Organism Age 9-13 days 4-5 days 9-13 days 7 days Newly fertilized 
embryos 

Newly 
fertilized 
embryos 

No. Organisms 
per replicate 

5 10 5 5 250 100 

No. Replicates 5 5 5 5 5 5 
Feeding 40 Artemia 

nauplii per fish 
twice daily 

50 Artemia 
nauplii per 

mysid twice 
daily 

40 Artemia 
nauplii per fish 

twice daily 

75 Artemia 
nauplii per 

mysid twice 
daily 

None None 

Aeration None, unless 
DO falls below 
4.0 mg/L, then 
aerate all 

None, unless 
DO falls below 
4.0 mg/L, then 
aerate all 

None, unless 
DO falls below 
4.0 mg/L, then 
aerate all 

None, unless 
DO falls below 
4.0 mg/L, then 
aerate all 

N/A N/A 

Concentrations 5 exposure 
concentrations 
and negative 

control 

5 exposure 
concentrations 
and negative 

control 

5 exposure 
concentrations 
and negative 

control 

5 exposure 
concentrations 
and negative 

control 

5 exposure 
concentrations 
and negative 

control 

5 exposure 
concentrations 
and negative 

control 
Endpoints Survival Survival Survival and 

Biomass 
Survival and 

Growth 
Normal 

Development 
Normal 

Development 
Acceptability ≥90% Survival 

in Controls 
≥90% Survival 

in Controls 
≥80% survival 

in controls, 
Control larval 

biomass = 0.85 
mg average 

N/A ≥80% Normal 
Development in 

Controls 

≥80% Normal 
Development 

in Controls 

Dispersant 
Rangefinder 
Concentrations 

0, 5.6, 10, 18, 
32, 58, 100, 

180 ppm 

0, 5.6, 10, 18, 
32, 58, 100, 

180 ppm 

0, 5.6, 10, 18, 
32, 58, 100, 

180 ppm 

0, 3.2, 5.6, 10, 
18, 32, 58, 100 

ppm 

0, 1.8, 3.2, 5.6, 
10, 18, 32, 58, 

100 ppm 

0, 1.8, 3.2, 5.6, 
10, 18, 32, 58, 

100 ppm 



 
 

 
 

 
 
 

 
 

 
 

  
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

  
  

       
    

              
   

  
    

  

   
  

    
      

         
      

     
       

      
      

   
      

 

  

  
  

   
 

Acute Acute Chronic Chronic Chronic Chronic H. 
Details A. affinis A. bahia A. affinis A. bahia S. purpuratus rufescens 
Dispersant 0, 5.6, 10, 18, 0, 5.6, 10, 18, 0, 5.6, 10, 18, 0, 3.2, 5.6, 10, 0, 1.8, 3.2, 5.6, 0, 0.56, 1.0 
Definitive 32, 58, 100, 32, 58, 100, 32, 58, 100, 18, 32, 58, 100 10, 18, 32, 58, 1.8, 3.2, 5.6, 
Concentrations 180 ppm 180 ppm 180 ppm ppm 100 ppm 10, 18, 32 ppm 

Dispersant test solutions were prepared by creating a 1000 µL/L primary stock solution by 
adding one mL of dispersant to one liter of seawater in a one-liter glass beaker.  The stock 
solution was mixed using a laboratory top stirrer equipped with a stainless steel blade. The 
stirrer blade was centered in the mixing vessel one inch off the bottom.  The solution was 
mixed at 1250 rpm to achieve a 70% vortex. A glass pipette was used to remove appropriate 

aliquots of stock solution from between the mixing vessel wall and edge of the vortex.  Aliquots 
were placed directly into pre-measured dilution water within individual exposure replicates. 
Each replicate was stirred individually.  Renewal solutions were prepared using a similar stock 
solution preparation but were prepared in volumetric flasks and not in the individual replicates. 

Chemically enhanced water accommodated fractions (CEWAF - dispersant/oil mixtures) were 
prepared by adding 19 liters of 1 µm-filtered seawater to a polycarbonate carboy equipped 
with a hose bib at the base, including a length of silicon tubing sealed with a hose clamp. Oil 
was added to the water at a rate of 25g per liter of water (475g).  The stir plate beneath the 
carboy was adjusted to obtain an oil vortex of 25% of the total volume of the seawater, then 

dispersant was added at a ratio of 1:10 dispersant to oil. The carboy was securely sealed to 
reduce the loss of volatiles and the mixture was stirred for 18 hours, then allowed to settle for 6 
hours.  Temperature was maintained at 25°C during stirring and settling. The following day, the 
contents of the silicone tube was purged, and the CEWAF mixture was drained into clean glass 
containers without disturbing the surface oil slick. A two-liter subsample was sent to the Water 
Pollution Control Laboratory (Rancho Cordova, CA) to be analyzed for total petroleum 
hydrocarbons (TPH). Total petroleum hydrocarbons were measured using  GC/MS (SWRCB 
2012). 

Median lethal concentrations (LC50), no observed effect concentrations (NOECs) and lowest 
observed effect concentrations (LOEC) were calculated for each rangefinder and definitive test 
using Comprehensive Environmental Toxicity Information System (CETIS™) software, and the 
standard U.S. EPA statistical flow chart for hypothesis testing.  Statistical calculations for 
dispersant-only tests used nominal dispersant concentrations in ppm, and calculations with 
dispersant/oil mixtures used TPH concentrations. 



  

 

  
    

      
     

      
     

   

    
    

   
    

    
    

    
         

    
     

     

        
        

    
    
    

   
       

 
    

       
  

   
 

   
    

Results and Discussion 

Dispersant-Only Tests 

All toxicity tests have a minimum test acceptability criterion for survival (Table 1), but the 
topsmelt chronic test also has a criterion for minimum biomass. All tests met test acceptability 
criteria for survival, but the topsmelt rangefinder test did not meet the minimum test 
acceptability criterion for biomass, which is 0.85 mg.  Although the control fish in this test had a 
lower than acceptable biomass of 0.65 mg, there was still a robust dose response, and the data 
were used to indicate the appropriate range of dispersant concentrations for use in the 
definitive test. 

Organism response in dispersant reference toxicant tests for acute and chronic topsmelt, 
chronic mysids, abalone, and urchin tests were within two standard deviations of the running 
mean, indicating that the test organisms responded to the positive control in a manner 
consistent with previous tests. Dispersant reference toxicant tests for acute mysid tests were 
not responding to the copper due to insufficiently high concentrations for such a short 
exposure.  This issue was not corrected until the definitive CEWAF test. Although there was 
only one successful acute mysid reference toxicant test, the calculated LC50 was similar to the 
LC50 of 60 ug/L reported in the literature (Ho et al. 1999). Issues with the strength of the 
copper chloride stock solutions were also noted with reference toxicant tests associated with 
acute topsmelt tests.  Stock solutions gave the appearance of losing their potency. The issue 
was resolved with the purchase of new copper chloride, but tests were not repeated. 

Water quality parameters were all within acceptable limits for the organisms and test duration 
except for some salinity values (Table 2). Salinity concentrations in all topsmelt and mysid tests 
were slightly outside the recommended ranges of 34 ± 2‰ and 20 ± 2‰, respectively. These 
minor deviations generally do not affect either organism because both can tolerate a wide 
range of salinities.  Salinities for the larval tests were all within range.  Some final dissolved 
oxygen concentrations were below 4.0 mg/L, but these samples were not aerated because the 
test was being terminated and these were the final measurements. 

In most cases, rangefinder and definitive dispersant concentrations were identical (Figures 1 to 
6, Appendix A), with the exception of the range of concentrations tested for the red abalone 
(Figure 5).  Additional concentrations beyond the recommended five were tested to ensure a 
broad range of responses, and guarantee that at least the two highest concentrations had 
complete, or near-complete responses.  Replicate data, daily organism counts, daily water 
quality measurements, and organism logs are all included in the scanned test packets in 
Appendix C.  This appendix also includes printouts of all statistical analyses for dispersant, 
dispersant/oil and reference toxicant data, as well as the analytical reports for the TPH analysis. 



   
    

      
      

     
 

 

   

  
  

 

 
 

 
 

 

 
 

 
  

 
     

       
  

 
     

       
   

 
     

  
 

     

  
 

     

   
 

     

  
 

     

  
 

     

  
 

     

  
  

     

     
       

    
   

Although similar concentrations were used in rangefinder and definitive experiments, NOECs 
and LOECs were not always identical, but were often within one concentration of each other 
(Table 3).  The red abalone was the most sensitive organism to dispersant, with EC50 values that 
averaged 6.3 ppm. This concentration was less than half the average EC50 of 15.4 ppm reported 
by Singer et al. (1996) for an earlier formulation of Corexit 9500 (Table 4), but the exposure 
methods differed between static exposures in the current study and a flow-through exposure-
recovery system in the previous study. 

Table 2. Water quality summary for dispersant-only tests. DO indicates dissolved oxygen. 

Species Test Start 
Date 

DO 
Min/Max 

(mg/L) 

pH 
Min/Max 

Salinity 
Min/Max 

(‰) 

Temperature 
Min/Max 

(°C) 

A. bahia 48-Hour 
Rangefinder 

10/23/19 4.85/7.18 7.23/7.78 20.0/22.0 25.5/26.2 

A. bahia 48-Hour Definitive 2/12/20 2.50/7.54 7.52/8.06 21.2/23.3 24.8/25.5 
A. affinis 96-Hour 

Rangefinder 
12/5/19 2.94/7.52 7.44/7.67 30.0/42.9 18.4/20.6 

A. affinis 96-Hour Definitive 12/16/19 3.57/7.34 7.49/8.10 33.8/35.7 20.0/21.0 
A. bahia 7-Day Chronic 

Rangefinder 
11/20/19 4.20/7.71 6.70/7.54 19.1/24.2 24.1/25.1 

A. bahia 7-Day Chronic 
Definitive 

12/13/19 3.79/6.82 7.20/8.01 20.9/24.9 23.9/27.3 

A. affinis 7-Day Chronic 
Rangefinder 

12/16/19 7.34/3.81 7.49/8.11 33.6/36.5 19.4/21.0 

A. affinis 7-Day Chronic 
Definitive 

3/11/20 5.10/7.42 7.84/8.10 33.3/36.9 19.2/20.0 

H. rufescens 48-Hour Chronic 
Rangefinder 

11/13/19 6.82/7.96 7.23/7.53 34.2/34.7 15.4/15.7 

H. rufescens 48-Hour Chronic 
Definitive 

12/11/19 7.31/8.05 7.03/7.73 33.6/34.6 16.0/15.9 

S. purpuratus 72-Hour Chronic 
Rangefinder 

10/1/19 7.68/8.03 7.40/7.70 34.0/35.9 14.9/14.9 

S. purpuratus 72-Hour Chronic 
Definitive 

4/17/20 8.39/8.59 7.65/8.00 33.8/35.4 13.8/14.1 

As expected, the chronic mysid test had a lower average LC50 than that of the acute test 
because of its longer exposure (27.1 ppm vs. 38.8 ppm, Table 3). The average acute LC50 was 
similar to a previous static exposure study with Corexit 9500 (Table 4). The chronic mysid 
growth endpoint was less sensitive than the corresponding survival endpoint. The rangefinder 



       
   

    
       

    
   

   
 

 
 

 
 
 

 
 
 

 

 

 
 
 

        
        
        
        
  

 
      

  
 

      

  
 

      

  
 

      

  
 

      

  
 

      

  
 

      

   
 

      

  
 

      

  
 

      

  
 

      

  
  

      

  

tests produced an IC25 of 43.9 ppm, whereas the IC25 of the definitive test could not be 
calculated because of lack of dose response. 

Table 3.  Statistical endpoints for dispersant-only tests.  NOEC = no observed effect concentration. LOEC 
= lowest observed effect concentration.  LC50 = median lethal concentration.  IC25 = 25% inhibition 

concentration (for growth or biomass).  EC50 = median effect concentration (for normal development). 
LCL and UCL = lower and upper confidence limits around the point estimate, respectively. 

Species Test NOEC 
(ppm) 

LOEC 
(ppm) 

Point 
Est. 

Type 

Point Est. 
Result 
(ppm) 

95% 
LCL 

(ppm) 

95% 
UCL 

(ppm) 
A. bahia 48-Hour Rangefinder 18 32 LC50 35.0 32.2 38.0 
A. bahia 48-Hour Definitive 18 32 LC50 42.6 37.7 48.1 
A. affinis 96-Hour Rangefinder 32 56 LC50 48.8 42.9 55.5 
A. affinis 96-Hour Definitive 56 100 LC50 71.5 67.1 76.2 
A. bahia 7-Day Chronic 

Rangefinder (survival) 
10 18 LC50 20.9 17.8 24.6 

A. bahia 7-Day Chronic 
Rangefinder (growth) 

32 56 IC25 43.9 26.2 49.4 

A. bahia 7-Day Chronic 
Definitive (survival) 

18 32 LC50 33.2 29.8 37.1 

A. bahia 7-Day Chronic 
Definitive (growth) 

32 56 IC25 >56 N/A N/A 

A. affinis 7-Day Chronic 
Rangefinder (survival) 

56 100 LC50 72.0 65.9 78.7 

A. affinis 7-Day Chronic 
Definitive (biomass) 

56 >56 IC25 >56 N/A N/A 

A. affinis 7-Day Chronic 
Definitive (survival) 

32 56 LC50 62.3 54.8 70.7 

A. affinis 7-Day Chronic 
Definitive (biomass) 

56 >56 IC25 >56 N/A N/A 

H. rufescens 48-Hour Chronic 
Rangefinder 

1.8 3.2 EC50 5.50 5.31 5.70 

H. rufescens 48-Hour Chronic 
Definitive 

5.6 10 EC50 7.05 6.92 7.19 

S. purpuratus 72-Hour Chronic 
Rangefinder 

18 32 EC50 32.3 31.2 33.3 

S. purpuratus 72-Hour Chronic 
Definitive 

10 18 EC50 27.1 26.2 27.9 



    

      
      
     
      

       
     

      
     

    
     
   

       
   

      
      

  

 

      
       

   
   

    
 

  
  

  

     
     

    
    

    

Table 4.  Effect concentrations from current study compared to those from previous dispersant studies. 

Species Duration Method E/LC50 (ppm) Reference 
A. bahia 48-Hour Static 38.8 Current Study (average from Table 3) 
A. bahia 48-Hour Static 42.4 Word et al. 2015 
A. affinis 96-Hour Static 60.2 Current Study (average from Table 3) 
H. rufescens 48-Hour Static 6.28 Current Study (average from Table 3) 
H. rufescens 48-Hour Exp./Rec. 15.4 Singer et al. 1996 
S. purpuratus 72-Hour Static 29.7 Current Study (average from Table 3) 
S. purpuratus 72-Hour Static 16.7->50 Echols et al. 2019 

Tests with the purple sea urchin produced an average EC50 of 29.7 ppm, only slightly lower than 
the LC50 value for the chronic mysid test.  The urchin EC50 was within the range of static EC50s 
reported by Echols et al. (2019). 

The topsmelt acute and chronic tests were the least sensitive with average LC50s of 60.2 ppm 
and 67.2 ppm, respectively.  The biomass endpoint of the chronic topsmelt test was also not as 
sensitive as the acute endpoint.  Neither chronic topsmelt test was able to produce a biomass 
IC25 because of lack of dose response.  There were no previous evaluations of Corexit 9500 with 
96-hour topsmelt tests. 

CEWAF (Dispersant/Oil) Results 

CEWAFs were prepared on January 29, 2020, March 3, 2020, and June 17, 2020.  After spinning 
for 18 hours and settling for 6 hours, underlying water was drained from beneath the oil layer 
and sampled for testing and chemical analysis of total petroleum hydrocarbons.  Although 
prepared in a similar manner, the second CEWAF samples had a different appearance, and 
appeared “lighter” than the first (Martice Vasquez, CDFW, personal communication).  This 
CEWAF sample had a significantly lower concentration of TPH, and it was determined that 
insufficient dispersant was added to the oil during preparation.  A third CEWAF was prepared 
and produced appropriate dose responses, as well as a comparable TPH concentration to that 
of the rangefinder. 

All tests met test acceptability criteria, and all water quality parameters were within acceptable 
limits for the organisms and test duration (Table 5).  Some salinity values for the topsmelt tests 
were outside of the range, but this organism can tolerate a much wider range of salinity than 
utilized in this test, and the deviations likely did not affect the test organisms.  Reference 
toxicant tests were discussed in the previous section. 



       

  
  

 

 
 

 
 

 

 
 

 
       
       
       
       

     
   

    
   

   

   
    

      
  

   
   

   
    

    
      

  
  

      
 

            
  

       
    

  

     
 

          
      

Table 5. Water quality summary for CEWAF tests. DO indicates dissolved oxygen. 

Species Test Start 
Date 

DO 
Min/Max 

(mg/L) 

pH 
Min/Max 

Salinity 
Min/Max 

(‰) 

Temperature 
Min/Max 

(°C) 

A. bahia 48-Hour Rangefinder 1/29/20 3.57/8.14 7.56/8.17 30.1/31.7 25.4/25.6 
A. bahia 48-Hour Definitive 6/17/20 4.55/6.59 7.64/7.99 30.9/31.5 24.9./25.1 
A. affinis 96-Hour Rangefinder 1/29/20 5.66/8.14 7.91/8.17 30.1/36.1 19.0/20.6 
A. affinis 96-Hour Definitive 6/17/20 4.89/6.77 7.58/7.99 30.9/35.0 19.5/19.6 

Analytical reports for TPH analysis are listed in Appendix C and include quality assurance 
summaries for the analyses.  Briefly, all criteria for the following quality controls met internal 
acceptance criteria for analyses performed, all sample holding times were met, all blanks were 
non-detect, lab control sample recoveries were within acceptable ranges, and surrogate 
compound recoveries were within acceptable ranges. 

The final TPH concentrations of the rangefinder and definitive samples had to be adjusted for 
interference introduced by the addition of dispersant. These adjustments were made by 
analyzing the dispersant alone (without the presence of oil) to determine a correction factor. 
TPH concentrations for each test concentration were calculated by subtracting the correction 
factor from the total concentration.  This dispersant-only correction factor was not determined 
during the analysis of the first CEWAF sample but was conducted as part of the analysis of the 
second and third CEWAF samples.  Additional interference amounting to TPH concentrations 
higher than the oil mixture was measured in the dispersant-only sample that was part of the 
third analysis event.  For this reason, the dispersant-only correction factor from the second 
analysis event was used to determine final CEWAF TPH concentrations. The TPH concentrations 
for the first and last CEWAF samples were 638 mg TPH/L and 483 mg TPH/L, respectively.  All 
statistical calculations for CEWAF exposures were conducted based on TPH concentrations. 

The rangefinder concentrations for the A. bahia CEWAF test proved to be above the range of 
the sensitivity of the mysid.  The lowest concentration of CEWAF contained 19.9 mg TPH/L and 
caused 70% mortality. A NOEC could not be calculated, but the LC50 was interpolated as 7.77 
mg TPH/L (Table 6).  The definitive test used a lower range of CEWAF concentrations (Figure 7), 
and produced a NOEC of 3.78 mg/L, a LOEC of 7.55 mg/L and an LC50 of 12.9 mg TPH/L. 
Although the concentration ranges of both tests were different, the point estimates had 
overlapping confidence intervals, indicating they were not significantly different. 

The rangefinder and definitive tests for the acute topsmelt test utilized the same CEWAF 
concentrations, but these translated to different TPH concentrations based on the hydrocarbon 
analysis of the 100% CEWAF sample (Appendix A, Figure 8).  The concentration responses for 
both tests were fairly similar, but it is clear that the definitive test had a more sensitive 



       
    

   

   
   

 

  
 

  

 

  
 

 
 
 

 

 

 

 

 

 
  

 
      

  
 

      

  
 

      

  
 

      

 

    
         

    
     

     

response.  The LC50 for the rangefinder test was 83.9 mg/L TPH, whereas the LC50 for the 
definitive test was 56.7 mg/L TPH.  These point estimates had overlapping confidence intervals, 
indicating they were not significantly different. 

Table 6.  Statistical endpoints for dispersant/oil CEWAF tests.  NOEC = no observed effect concentration. 
LOEC = lowest observed effect concentration.  LC50 = median lethal concentration.  LCL and UCL = lower 
and upper confidence limits around the point estimate, respectively. 

Species Test Type & 
Duration 

NOEC 
(mg 

TPH/L) 

LOEC 
(mg TPH/L) 

Point 
Est. 

Type 

Point Est. 
Result (mg 

TPH/L) 

95% LCL 
(mg 

TPH/L) 

95% UCL 
(mg 

TPH/L) 
A. bahia 48-Hour 

Rangefinder 
<19.9 19.9 LC50 7.77 4.64 13.5 

A. bahia 48-Hour 
Definitive 

3.78 7.55 LC50 12.9 11.1 14.9 

A. affinis 96-Hour 
Rangefinder 

39.9 79.8 LC50 83.9 67.7 104 

A. affinis 96-Hour 
Definitive 

30.3 61.0 LC50 56.7 45.1 71.2 

Conclusions 

Among the dispersant-only tests, the red abalone was the most sensitive organism with an EC50 of 6.28 
ppm (Table 7 and 8). The survival endpoint of the chronic mysid test was the second-most sensitive 
endpoint (LC50 = 27.1 ppm) followed closely by the urchin development endpoint (EC50 = 29.7 ppm).  
The mysids were the more sensitive of the two CEWAF test organisms. Topsmelt had a mean acute LC50 
that was seven times that of the mean mysid LC50. 



    
  

  

       
     
     
     
     
     
     

     
     

     

      
     
     

 

 
      

  

      
 

      
    

 
 

  

 
      
 

 
 

    

 

Table 7.  Summary table of point estimate results for dispersant-only testing. LC50 = median lethal 
concentration.  IC25 = 25% inhibition concentration (for growth or biomass).  EC50 = median effect 
concentration (for normal development). 

Species Test Duration Test Type Point Estimate Mean Conc. (ppm) 
A. bahia 48-Hour Acute LC50 38.8 
A. bahia 7-Day Chronic LC50 27.1 
A. bahia 7-Day Chronic IC50 43.9 
A. affinis 96-Hour Acute LC50 60.2 
A. affinis 7-Day Chronic LC50 67.2 
A. affinis 7-Day Chronic IC50 >56 
H. rufescens 48-Hour Chronic EC50 6.28 
S. pupuratus 72-Hour Chronic EC50 29.7 

Table 8.  Summary table of point estimate results for CEWAF testing. LC50 = median lethal concentration. 

Species Test Duration Test Type Point Estimate Mean Conc. (mg TPH/L) 
A. bahia 48-Hour Acute LC50 10.3 
A. affinis 96-Hour Acute LC50 70.3 
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Appendix A – Data Figures and Summary Tables 
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Figure 1. Mean percent survival vs. dispersant concentration for acute 48-hour dispersant tests with 
mysid shrimp (Americamysis bahia).  Error bars indicate standard deviation. Data also presented in 
tabular format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 98 ± 4.5 0 94 ± 8.9 
5.6 100 ± 0 5.6 96 ± 5.5 
10 98 ± 4.5 10 94 ± 5.5 
18 92 ± 8.4 18 86 ± 15.2 
32 74 ± 13.4 32 68 ± 20.5 
56 0 ± 0 56 34 ± 19.5 

100 0 ± 0 100 4 ± 8.9 
180 0 ± 0 180 0 ± 0 
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Figure 2. Mean percent survival vs. dispersant concentration for acute 96-hour dispersant tests with 
topsmelt (Atherinops affinis).  Error bars indicate standard deviation. Data also presented in tabular 
format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 96 ± 8.9 0 100 ± 0 
5.6 88 ± 11.0 5.6 100 ± 0 
10 96 ± 8.9 10 100 ± 0 
18 100 ± 0 18 100 ± 0 
32 88 ± 17.9 32 92 ± 11.0 
56 32 ± 22.8 56 100 ± 0 

100 0 ± 0 100 0 ± 0 
180 0 ± 0 180 0 ± 0 
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Figure 3. Mean percent survival vs. dispersant concentration for acute 7-Day dispersant tests with mysid 
(Americamysis bahia).  Error bars indicate standard deviation.  Data also presented in tabular format. 

Rangefinder 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± SD) 

Definitive 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± SD) 

0 90 ± 10.7 0.303 ± 0.025 0 98 ± 7.1 0.279 ± 0.044 
3.2 88 ± 14.9 0.264 ± 0.043 3.2 93 ± 10.4 0.283 ± 0.072 
5.6 80 ± 10.8 0.283 ± 0.015 5.6 100 ± 0.0 0.268 ± 0.045 
10 75 ± 14.1 0.285 ± 0.059 10 95 ± 9.3 0.252 ± 0.035 
18 58 ± 24.9 0.320 ± 0.086 18 90 ± 15.1 0.232 ± 0.043 
32 33 ± 10.4 0.263 ± 0.095 32 63 ± 31.1 0.287 ± 0.147 



 
 

 
  

 
   

 
 

 
 

  

 
   

          
         

 

  

Rangefinder 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± SD) 

Definitive 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± SD) 

56 3 ± 7.1 0.200 ± NA 56 3 ± 7.1 0.300 ± NA 
100 0 ± 0 NA 100 0 ± 0 NA ± NA 
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Figure 4. Mean percent survival vs. dispersant concentration for acute 7-Day dispersant tests with 
topsmelt (Atherinops affinis).  Error bars indicate standard deviation. Data also presented in tabular 
format.  NA indicates not analyzed. 

Rangefinder 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± 

SD) 

Definitive 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± 

SD) 
0 96 ± 8.9 0.652 ± 0.025 0 100 ± 0 0.964 ± 0.103 

5.6 88 ± 17.9 0.600 ± 0.043 5.6 96 ± 8.9 0.896 ± 0.065 
10 96 ± 8.9 0.600 ± 0.015 10 100 ± 0 1.020 ± 0.097 
18 92 ± 17.9 0.676 ± 0.059 18 96 ± 8.9 0.960 ± 0.136 
32 88 ± 17.9 0.608 ± 0.086 32 96 ± 8.9 0.916 ± 0.119 



 
 

 
  

 
  

 

 
 

 
 

  

 
  

 
         
         
        

 

  

Rangefinder 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± 

SD) 

Definitive 
Concentration 

(ppm) 

Percent 
Survival 

(mean ± SD) 

Weight/Mysid 
(mg) (mean ± 

SD) 
56 92 ± 11.0 0.648 ± 0.095 56 72 ± 11.1 0.840 ± 0.156 

100 0 ± 0 NA ± NA 100 0 ± 0 NA ± NA 
180 0 ± 0 NA NA NA ± NA NA ± NA 
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Figure 5. Mean percent survival vs. dispersant concentration for acute 48-Hour dispersant tests with red 
abalone larvae (Haliotis rufescens). Error bars indicate standard deviation. Data also presented in 
tabular format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 84 ± 3.4 0 94 ± 3.2 
1.8 87 ± 1.2 0.56 93 ± 3.0 
3.2 78 ± 4.2 1 95 ± 2.6 
5.6 47 ± 7.8 1.8 92 ± 2.6 
10 0 ± 0 3.2 90 ± 3.0 
18 0 ± 0 5.6 90 ± 2.7 
32 0 ± 0 10 0 ± 0 
56 0 ± 0 18 0 ± 0 

100 0 ± 0 32 0 ± 0 
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Figure 6. Mean percent survival vs. dispersant concentration for acute 48-Hour dispersant tests with 
purple urchin larvae (Strongylocentrotus purpuratus).  Error bars indicate standard deviation. Data also 
presented in tabular format. NA indicates “not analyzed.” 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 96 ± 3.4 0 95 ± 2.9 
1.8 97 ± 1.2 NA NA 
3.2 94 ± 4.2 3.2 96 ± 1.7 
5.6 97 ± 7.8 5.6 97 ± 1.7 
10 92 ± 0 10 94 ± 1.8 
18 87 ± 0 18 92 ± 1.8 
32 64 ± 0 32 34 ± 4.5 
56 1 ± 0 56 0 ± 0 

100 0 ± 0 100 0 ± 0 
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Figure 7. Mean percent survival vs. dispersant concentration for acute 48-hour CEWAF tests with mysid 
shrimp (Americamysis bahia).  Error bars indicate standard deviation. Data also presented in tabular 
format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 100 ± 0 0 92 ± 8.4 
19.9 30 ± 14.1 3.78 94 ± 8.9 
39.9 0 ± 0.0 7.55 66 ± 20.7 
79.8 0 ± 0.0 15.1 38 ± 13.0 
160 0 ± 0.0 30.2 14 ± 5.5 
319 0 ± 0.0 60.4 0 ± 0.0 
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Figure 8. Mean percent survival vs. dispersant concentration for acute 96-hour CEWAF tests with 
topsmelt (Atherinops affinis).  Error bars indicate standard deviation. Data also presented in tabular 
format. 

Rangefinder 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

Definitive 
Concentration (ppm) 

Percent Survival 
(mean ± SD) 

0 92 ± 11.0 0 96 ± 8.9 
19.9 76 ± 21.9 15.2 80 ± 14.1 
39.9 76 ± 26.1 30.3 68 ± 17.9 
79.8 56 ± 29.7 61 44 ± 16.7 
160 0 ± 0.0 121 0 ± 0.0 
319 0 ± 0.0 243 0 ± 0.0 
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     Appendix C – Scans of Laboratory Toxicity Test Packets and Analytical Reports 
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LABORATORY REPORT 
 

Name: Bryn Phillips Lab Number: PET2003001 
Agency: UCD-Marine Pollution Studies Lab. Other Number:  
Address: 34500 Coast Route One Date Sampled: 03/04/2020 
City: Monterey, CA 93940 Date Received: 03/05/2020 
  Date Completed: 04/02/2020 
  Index-PCA Code:  

 
 

RE: Oil Dispersant 
 
 
 

Sample Description  Date  Sampler 
PET2003001-001 
PET2003001-002 
 

ANS CEWAF Definitive 
Dispersant Only 

03/04/2020 
 03/04/2020 

 

 
 

Bryn Phillips 
Bryn Phillips 
 
 

RESULTS OF CHEMICAL ANALYSIS: Total Petroleum Hydrocarbons (TPH) 
 
 

Enclosed are the analytical results for samples received by our lab.  Unless otherwise noted in 
the narrative, the samples were received, processed, analyzed, and stored in accordance with 
CDFW-PCL standard operating procedures and/or US environmental agency protocols (when 
available).  Please refer to the attached page listing your samples.  Unless otherwise noted in 
the Quality Assurance Summary, all quality controls processed with your sample met internal 
acceptance criteria.  Samples PET2003001-001 and PET2003001-002 ware extracted with 
dichloromethane using extraction Method 3510, Separatory Funnel Liquid-Liquid Extraction, 
USEPA-OSW, SW-846 and analyzed on GCMS using Method LUFT GC/MS. 

 
 

    
 

 
COST OF ANALYSIS: (2 sample @ 302.00) $ 604.00 
   
POLLUTION ACTION KIT:  $  
TOTAL $ No charge 

 
 
 

 
 
 
 

______________________________       ___________  ______________________________             _________ 
Analyst (Cerasela Gadberry)        Date   Reviewed by (Martice Vasquez, PhD)              Date  

 

 
 

_____________________________________       ___________  
Laboratory Director (Martice Vasquez, PhD)       Date    

mvasquez
Typewriter
04/06/2020

mvasquez
Typewriter
04/06/2020

mvasquez
Typewriter
for

mvasquez
Typewriter
04/06/2020
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Quality Control 
 
A batch is defined as 20 or fewer samples of similar matrix processed together or processed within 24-
continuous hours (for continuous process methods).  Quality controls are included with every batch of 
samples to provide evidence that the reported data is of expected recovery and precision, and that batch 
processes were free from contamination.  Laboratory quality control (QC) includes method blanks, lab 
control samples, and duplicates.  Matrix-specific quality controls include field samples spiked with known 
compounds of known concentrations.  Surrogate compounds may also be added to samples and lab QC 
prior to processing for organic analysis as an additional measure of sample matrix and recovery 
efficiency.  Lab QC, when used in conjunction with matrix quality controls, can indicate matrix effects that 
could bias analyte recovery.  All quality control samples are processed concurrently with samples within the 
batch.  
 
 
Data Flags and Qualifiers Used in this Report 

 
A   -   chromatogram contains additional peaks not part of petroleum pattern.  Additional peaks quantified as 
"dispersant". 
 
NA   -   Not applicable. 
 
Unless otherwise stated, all criteria for the following quality controls met internal acceptance criteria for 
analyses performed by PCL. One quality assurance (QA) batch number (BS 05-20) is represented in this 
narrative.  
 
 Holding time:  

o The sample met holding times. 
 
 Method Blanks (MBLK):  

o Target compounds concentrations greater than the reporting limit were not detected. 
o The result is not blank-corrected. 

 
 Lab Control Samples (LCS):  

o All spiked compounds were within control limits. 
 

  LCSD:  
o Default control limit of <25% RPD was applied. 
o The precision criterion was acceptable for the LCSD. 
 

 Calibration Curve:  
o A Calibration curve consisting of 8 standards was prepared using the source sample 
(PET2001005-002). 
o The correlation coefficient criterion R≥0.995 was applied.  
  

 Calibration Verification: 
o All continuing calibration verifications met acceptance criteria for all compounds. 
 

 Surrogate recoveries: 
o A surrogate compound was added for the TPH analysis. 
o Results are not surrogate-recovery corrected. 
o Default control limits of 50%-150% were applied. All surrogate compounds were within 

acceptance limits. 
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o The samples required large dilutions such that the recoveries of the surrogate compound could 
not be calculated. 

 
 Sample Preparation and Analysis Methods: 

o In order to prepare the samples for analysis, the entire content of 1Liter sample was used for 
each sample. 

 

 
 Other comments and observations: 

o TPH result for sample PET2003001-001 is inclusive of the response associated with the 
"dispersant", resulting in a high bias of the TPH value. This bias in the TPH value is quantified 
as "dispersant" (81.6 ppm) in the sample itself. The “dispersant” concentration was also 
quantified in sample PET2003001-002, the dispersant only sample (98.7 ppm). 

 



 TPH Results and Quality Assurance Summary

Expected 

Laboratory TPH Dispersant Qualifier MDL RL TPH % Recovery

Sample Identification Extraction Analysis QA Batch (C10 - C32) Value mg/L mg/L (C10 - C32) TPH RPD % Recovery

Identification Number Date Date Number mg/L (ppm) mg/L (ppm) (Q) mg/L (ppm) (C10 - C32) % Surrogate

Method Blank Method Blank 3/6/2020 4/1/2020 BS 05-20 ND NA 0.043 0.100 ND NA 116

LCS LCS 3/6/2020 4/1/2020 BS 05-20 0.512 NA 0.043 0.100 0.501 102 19.7 111

LCSD LCSD 3/6/2020 4/1/2020 BS 05-20 0.420 NA 0.043 0.100 0.501 83.8 96.2

ANS CEWAF Definitive PET2003001-001 3/6/2020 4/1/2020 BS 05-20 306 81.6 A 4.3 10 NA

Dispersant Only PET2003001-002 3/6/2020 4/1/2020 BS 05-20 No TPH Pattern 98.7 4.3 10 NA

A- chromatogram contains additional peaks not part of petroleum pattern.  Additional peaks quantified as "dispersant". 

1 of 1
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LABORATORY REPORT 
 

Name: Bryn Phillips Lab Number: PET2006001 
Agency: UCD-Marine Pollution Studies Lab. Other Number:  
Address: 34500 Coast Route One Date Sampled: 06/17/2020 
City: Monterey, CA 93940 Date Received: 06/18/2020 
  Date Completed: 07/08/2020 
  Index-PCA Code:  

 
 

RE: Oil Dispersant 
 
 
 

Sample Description  Date  Sampler 
PET2006001-001 
PET2006001-002 
 

ANS CEWAF Definitive 
Dispersant Only 

06/17/2020 
 06/17/2020 

 

 
 

Bryn Phillips 
Bryn Phillips 
 
 

RESULTS OF CHEMICAL ANALYSIS: Total Petroleum Hydrocarbons (TPH) 
 
 

Enclosed are the analytical results for samples received by our lab.  Unless otherwise noted in 
the narrative, the samples were received, processed, analyzed, and stored in accordance with 
CDFW-PCL standard operating procedures and/or US environmental agency protocols (when 
available).  Please refer to the attached page listing your samples.  Unless otherwise noted in 
the Quality Assurance Summary, all quality controls processed with your sample met internal 
acceptance criteria.  Samples PET2006001-001 and PET2006001-002 were extracted with 
dichloromethane using extraction Method 3510, Separatory Funnel Liquid-Liquid Extraction, 
USEPA-OSW, SW-846 and analyzed on GCMS using Method LUFT GC/MS. 

 
 

    
 

 
COST OF ANALYSIS: (2 sample @ 302.00) $ 604.00 
   
POLLUTION ACTION KIT:  $  
TOTAL $ No charge 

 
 
 

 
 
 
 

______________________________       ___________  ______________________________             _________ 
Analyst (Cerasela Gadberry)        Date   Reviewed by (Martice Vasquez, PhD)              Date  

 

 
 

_____________________________________       ___________  
Laboratory Director (Martice Vasquez, PhD)       Date    
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Quality Control 
 
A batch is defined as 20 or fewer samples of similar matrix processed together or processed within 24-
continuous hours (for continuous process methods).  Quality controls are included with every batch of 
samples to provide evidence that the reported data is of expected recovery and precision, and that batch 
processes were free from contamination.  Laboratory quality control (QC) includes method blanks, lab 
control samples, and duplicates.  Matrix-specific quality controls include field samples spiked with known 
compounds of known concentrations.  Surrogate compounds may also be added to samples and lab QC 
prior to processing for organic analysis as an additional measure of sample matrix and recovery 
efficiency.  Lab QC, when used in conjunction with matrix quality controls, can indicate matrix effects that 
could bias analyte recovery.  All quality control samples are processed concurrently with samples within the 
batch.  
 
 
Data Flags and Qualifiers Used in this Report 

 
A   -   chromatogram contains additional peaks not part of petroleum pattern.  Additional peaks quantified as 
"dispersant". 
 
NA   -   Not applicable. 
 
ND – Not detected. 
 
Unless otherwise stated, all criteria for the following quality controls met internal acceptance criteria for 
analyses performed by PCL. One quality assurance (QA) batch number (BS 10-20) is represented in this 
narrative.  
 
 Holding time:  

o The sample met holding times. 
 
 Method Blanks (MB):  

o Target compounds concentrations greater than the reporting limit were not detected. 
o The result is not blank-corrected. 

 
 Lab Control Samples (LCS):  

o All spiked compounds were within control limits.  LCS and LCSD were spiked with Jet fuel and 
reanalyzed and quantitated with Jet fuel standards, 
 

  LCSD:  
o Default control limit of <25% RPD was applied. 
o The precision criterion was acceptable for the LCSD. 
 

 Calibration Curve:  
o A Calibration curve consisting of 8 standards was prepared using the source sample 
(PET2001005-002). 
o The correlation coefficient criterion R≥0.995 was applied.  
  

 Calibration Verification: 
o All continuing calibration verifications met acceptance criteria for all compounds. 
 

 Surrogate recoveries: 
o A surrogate compound was added for the TPH analysis. 
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o Results are not surrogate-recovery corrected. 
o Default control limits of 50%-150% were applied. All surrogate compounds were within 

acceptance limits. 
o The samples required large dilutions such that the recoveries of the surrogate compound could 

not be calculated. 
 
 Sample Preparation and Analysis Methods: 

o In order to prepare the samples for analysis, the entire content of the 1Liter sample was used 
for each sample. 

 

 
 Other comments and observations: 

o TPH result for sample PET2006001-001 is inclusive of the response associated with the 
"dispersant", resulting in a high bias of the TPH value. This bias in the TPH value is quantified 
as "dispersant" (415 ppm) in the sample itself. The “dispersant” concentration was also 
quantified in sample PET2006001-002, the dispersant only (671 ppm). 
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 TPH Results and Quality Assurance Summary

Expected 

Laboratory TPH Dispersant Qualifier MDL RL TPH % Recovery

Sample Identification Extraction Analysis QA Batch (C10 - C32) Value mg/L mg/L Jet Fuel TPH RPD % Recovery

Identification Number Date Date Number mg/L (ppm) mg/L (ppm) (Q) mg/L (ppm) Jet Fuel % Surrogate

Method Blank Method Blank 6/18/2020 7/1/2020 BS 10-20 ND NA 0.0564 0.113 ND NA 91.9

LCS LCS 6/18/2020 7/3/2020 BS 10-20 0.333 NA 0.0564 0.113 0.535 62.2 18.1 98.3

LCSD LCSD 6/18/2020 7/3/2020 BS 10-20 0.278 NA 0.0564 0.113 0.535 52.0 93.1

ANS CEWAF Definitive PET2006001-001 6/18/2020 7/1/2020 BS 10-20 565 415 A 11.3 22.6 NA

Dispersant Only PET2006001-002 6/18/2020 7/1/2020 BS 10-20 No TPH Pattern 671 11.3 22.6 NA

A- chromatogram contains additional peaks not part of petroleum pattern.  Additional peaks quantified as "dispersant". 

1 of 1
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