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Data Quality Assurance:    

o Enthalpy Analytical (formerly Nautilus Environmental) is accredited in accordance 
with NELAP by the State of Oregon Environmental Laboratory Accreditation 
Program (Certificate No. 4053).  It is also certified by the State of California Water 
Resources Control Board Environmental Laboratory Accreditation Program 
(Certificate No. 1802) and the State of Washington Department of Ecology (Lab ID 
C552).  Specific fields of testing applicable to each accreditation are available upon 
request.   

o All data have been reviewed and verified.   

o All test results have met minimum test acceptability criteria under their respective 
EPA protocols, unless otherwise noted in this report. 

o All test results have met internal Quality Assurance Program requirements.   

 

 
                                           

Results verified by: ______________________________________________ 
                         Peter Arth, Director  

 

 

Prepared for:     Washington State Department of Ecology 
   

Prepared by:  Enthalpy Analytical 

   4340 Vandever Avenue 
San Diego, CA  92120 

(858) 587-7333 
 

Date Submitted: November 11, 2023 
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INTRODUCTION 

Washington Department of Ecology engaged Enthalpy Analytical (Enthalpy) to generate acute 

toxicity data on the sensitivity of rainbow trout to 6PPD-quinone. 6PPD-quinone, a chemical 

found to be present in roadway runoff, was identified as a chemical linked to acute mortality in 

coho salmon (Oncorhynchus kisutch) in stormwater-impacted watersheds throughout the 

Puget Sound basin. Notably, 6PPD-quinone is a transformation product of 6PPD, an additive 

in the process of tire manufacturing to protect the rubber polymers from degrading and 

cracking, and it has a published effect to juvenile coho salmon at concentrations below 0.1 

μg/L (Tian 2022). The objective of this study is to compare the relative toxicity of rainbow trout 

to 6PPD-quinone. 

Testing was conducted in accordance with the Organization of Economic Cooperation and 

Development (OECD) method 203, as it would pertain to the United Nations Economic 

Commission for Europe (UNECE) Globally Harmonized System of Classification and Labeling 

of Chemicals (GHS; UNECE 2013).  Testing was augmented by guidance in OECD method 

23 for preparation of difficult to test substances.   

The purpose of the GHS is to provide standard criteria for the determination and classification 

of health, physical, and environmental hazards of chemicals. As part of the current iteration of 

the GHS hazard characterization system, acute aquatic toxicity tests are conducted to 

measure the potential of chemicals to cause injury to aquatic organisms subjected to short-

term exposure. 

Testing was performed to measure acute survival effects to the rainbow trout, Oncorhynchus 

mykiss. All testing was conducted at the Enthalpy Analytical laboratory in San Diego, 

California. The test was conducted between September 6 and 10, 2023. 
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MATERIALS AND METHODS 

The test material was purchased directly from the supplier and had a listed purity of greater 

than 95 percent. Upon receipt at the laboratory, the product was stored in cool, dry conditions 

until used for using.   

Compound CAS Number Supplier Product 

Description 

6PPD-quinone unknown HPC Standards Dark orange powder 

Based on the relatively low solubility of the chemical compound in water, the compound was 

dissolved in acetone, a solvent vehicle, prior to being introduced to water and exposed to the 

organisms for testing. A stock solution containing the compound and solvent was produced 

and test dilutions were subsequently created by taking an aliquot of the stock and adding it to 

water to create the final desired exposure concentrations. A solvent control, consisting of the 

highest concentration of acetone used in the test series, was added to laboratory dilution water, 

and tested concurrently to ensure the addition of the solvent itself did not cause detrimental 

effects to the test organisms. 

Nominal concentrations for the 6PPD-quinone exposure were 12, 5.5, 2.5, 1.1, 0.5, and 0.2 

micrograms per liter (µg/L). A 24 milligram per liter (mg/L) acetone control was also tested with 

this compound.  

Subsamples for verification of compound concentrations were collected and analyzed at the 

beginning and end of the testing period for the 0.2, 2.5 and 12 µg/L concentrations. The stock 

solution used to create the individual test solutions was also analyzed. Analysis was provided 

by WECK Laboratory and a full report is provided in Appendix D. Nominal concentrations were 

used for all data analysis and reporting.   

Toxicity tests were conducted using a listed fish species in accordance with OECD method 

203. Concurrent laboratory reference toxicant tests used for quality assurance followed OECD 

guidelines. Effects were evaluated statistically using the Comprehensive Environmental 

Toxicity Information System™ (CETIS, version 2.1.4.11) from Tidepool Scientific Software. 

Organism performance in each test was compared to that observed in the concurrent control 

exposure. The No Observed Effect Levels (NOEL) and Lowest Observed Effect Levels (LOEL) 

were calculated using a parametric or nonparametric analysis, as appropriate. The 
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concentrations expected to cause a lethal effect to 25 and 50 percent of test organisms (LC25 

or LC50, respectively) were calculated using linear interpolation and Spearman-Karber.  

Larval Fish Toxicity Test Specifications  

Test Period: 9/6/23, 15:15 to 9/10/23, 16:15 

Test Organism: Oncorhynchus mykiss (rainbow trout) 

Endpoint(s): 96-hour Acute Survival 

Test Organism Source, Size: Thomas Fish Company (Anderson, CA), 3-6 cm  

Test Chamber: 4-L glass jars 

Volume per Replicate, 
Number of Replicates:  

3 L, 2 Replicates per concentration 

Number of Organisms per 
Replicate: 

5 

Photoperiod: 16 hours light:8 hours darkness, ambient laboratory levels (50 – 
100 ft-c) 

Feeding:  None during the test 

Control/Dilution Water: Moderately hard freshwater 

Test Concentrations: 12, 5.5, 2.5, 1.1, 0.5, and 0.2 µg/L; lab and solvent controls 

Protocol Used:  OECD 203 Fish, Acute Toxicity Test (OECD 2019) 

Acceptability Criteria: Mean lab control survival ≥ 90% 

Reference Toxicant Test: A concurrent reference toxicant test using copper chloride 

 

RESULTS 
 

Statistically significant effects were detected in the 12, 5.5, and 2.5 µg/L concentrations tested, 

resulting in a NOEC of 1.1 µg/L. The LC50 was calculated as 1.8 µg/L, and the LC25 was 

calculated as 1.45 µg/L. No sublethal abnormalities were observed in the fish which survived.  

Nominal values were used for the calculation of all statistical endpoints.  Subsamples were 

collected from select test concentrations (0.2, 2.5, 12 g/L) at test initiation and termination (or 

when complete mortality in the test concentration was observed), which represent the lowest, 

a middle, and highest test concentrations.  A subsample of the stock solution used to create 

the individual test solutions was also collected and measured.  
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The target concentration of the stock solution was 1000 µg/L and the measured value was 980 

µg/L.  This confirms that the measurement of the neat compound was precise and there was 

minimal product loss when it was dissolved in acetone and then water to create the stock 

solution.  

Measurements taken from the individual test solutions at the time of test initiation indicate that 

nominal targets were achieved within a +/- 25 percent range. However, it should be noted that 

compound concentrations decreased from the beginning to the end of the test exposure.  

Compound concentration decreases tended to be higher (as a relative percentage of the initial 

measured concentration) in test solutions which had higher survival of the test organisms.  

Loss in the 0.2 µg/L test concentration, which had no mortality, was greater than 80 percent 

over the course of the test (Table 1).  The decrease in the highest test concentration, 12 µg/L 

was less than 10 percent where complete mortality occurred within 24 hours of test initiation.  

And finally, a middle concentration, 2.5 µg/L showed a decrease in concentration of 

approximately 50 percent by the end of the test; this concentration had a steady increase in 

mortality observed throughout the 96-hour duration of the bioassay.   

Significant care was taken during testing, including using glass material where ever possible, 

to minimize the loss of 6PPD quinone to adsorption of test equipment. The mechanism for 

toxicity with regard to aquatic life is still under investigation, however it is reasonable to believe 

that the reductions in measured concentrations can be attributable to a combination of 

degradation and absorption by the test organisms (Foldvik 2022). The pattern of reduction 

observed in this study, with the highest reduction in final 6PPD quinone being observed in the 

test concentration with the highest survival supports the theory that the organisms are 

absorbing the quinone throughout the test exposure.  This pattern is further supported in the 

remaining two concentrations which were measured where 6PPD quinone concentration 

reductions at the end of the bioassay varied in parallel with the rate of mortality observed in 

the test organisms.        

Summaries of statistical results are provided in Table 1. Raw datasheets and complete 

statistical summaries are provided in Appendix A. 
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Table 1.  Summary of Toxicity Test Results – 6PPD-quinone 

Test 
Concentration 

(µg/L) 

Measured 
Concentration 

at Initiation 
(µg/L) 

Measured 
Concentration 
at Termination 

(µg/L)a 

Mean 96-hr Survival  
(%) 

Lab Control -- -- 100 

Solvent Control -- -- 100 

0.2 0.25 0.042 100 

0.5 NM NM 100 

1.1 NM NM 100 

2.5 1.9 0.91 0.00 

5.5 NM NM 0.00 

12 9.9 9.3 0.00 

NOEL (µg/L) 1.1 

LOEL (µg/L) 2.5 

LC50 (µg/L) 1.8 

LC25 (µg/L) 1.5 

a 12 µg/L concentration measured at day 1, when full mortality occurred. 

NM = Not Measured 

NOEL = No Observed Effect Level 

LOEL = Lowest Observed Effect Level 

LC50 = the concentration at which 50 percent of the organisms show a lethal effect 

LC25 = the concentration at which 25 percent of the organisms show a lethal effect 

 
QUALITY ASSURANCE 

The product material was received in good condition. Mean control responses met minimum 

test acceptability criteria, and all procedures followed protocol conditions and requirements, 

unless otherwise noted. The fish were acclimated to the required test temperature and 

laboratory control water source upon receipt and were held for a period of at least 9 days 

before test initiation. Fish were fed to satiation in holding (as often as daily); and feeding was 

discontinued 24 hours before the exposure began. 

Minor QA/QC issues that were not likely to have any bearing on the test results are noted on 
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the data sheets, and a list of data qualifier codes is available in Appendix B. 

Reference Toxicant Tests 

Concurrent reference toxicant test results are summarized in Table 2 and presented in full in 

Appendix C. The reference toxicant test met minimum test acceptability criteria, and the EC50 

was within two standard deviations of the historical mean, indicating the organisms exhibited 

typical sensitivity to copper as is usually observed in the laboratory.   

 

Table 2. Reference Toxicant Test Results 

Species & Endpoint 
NOEL 

(µg/L copper) 
LC50 (µg/L copper) 

Historical LC50 ± 2 
SD 

(µg/L copper) 

CV 

(%) 

Fathead Minnow: 

96-hour Survival 

 

200 

 

66.0 

 

84.1 ± 71.8 42.7 

NOEL = No Observed Effect Level 

LC50 = the concentration at which 50 percent of the organisms show a lethal effect 

Historical LC50 ± 2 SD = the mean LC50 from the previous tests performed by Enthalpy, plus or minus two standard deviations 

CV= Coefficient of Variation 
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Datasheets and Statistical Summaries 

 
  













 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 

 

Data Qualifier Codes 

 
  



Glossary of Qualifier Codes 

          

Version: 6/1/2021 

Q1 -  Temperature out of recommended range; corrective action taken and recorded in Test Temperature 
Correction Log 

Q2 -  Temperature out of recommended range; no action taken, test terminated same day 

Q3 -  Sample pH adjusted to within range of 6-9 with reagent grade NaOH or HCl, as needed 

Q4 - Test aerated; D.O. levels dropped below 4.0 mg/L 

Q5 -  Test initiated with continuous aeration due to an anticipated drop in D.O. 

Q6 -  Airline obstructed or fell out of replicate and replaced; drop in D.O. occurred 

Q7 -  Salinity out of recommended range 

Q8 -  Spilled test chamber/ Unable to recover test organism(s)  

Q9 - Inadequate sample volume remaining, partial renewal performed 

Q10 -    Inadequate sample volume remaining, no renewal performed 

Q11 - Sample out of holding time; refer to QA section of report 

Q12 -  Replicate(s) not initiated; excluded from data analysis 

Q13 - Survival counts not recorded due to poor visibility or heavy debris 

Q14 - D.O. percent saturation was checked and was ≤ 110% 

Q15 - Did not meet minimum test acceptability criteria.  Refer to QA section of report.   

Q16 - Percent minimum significant difference (PMSD) was below the lower bound limit for acceptability.  
This indicates that statistics may be over-sensitive in detecting a difference from the control due to 
low variability in the data set. Test results were reviewed and reported in accordance with guidance 
found in EPA-833-R-00-003, 2000 unless otherwise specified. 

Q17 - Percent minimum significant difference (PMSD) was above the upper bound limit for acceptability.  
This indicates that statistics may be under-sensitive in detecting a difference from the control due to 
high variability in the data set. Test results were reviewed and reported in accordance with EPA-833-
R-00-003, 2000 guidance unless otherwise specified. 

Q18 - Incorrect or illegible Entry 

Q19 - Miscalculation 

Q20 - PMSD criteria do not apply to the test of significant toxicity (TST) analysis 

Q21 -  Other (provide reason in comments section) 

Q22 - Greater than 10% batch mortality observed upon receipt and/or in holding prior to test initiation.  
Organisms acclimated to test conditions at Enthalpy and ultimately deemed fit to use for testing.   

Q23 - Test organisms experienced a temperature shift greater than 3°C within 1 day or were received at a 
temperature greater than 3°C outside the recommended test temperature range and had minimal 
time to acclimate prior to test initiation. However, due to age-specific protocol requirements and/or 
sample holding time constraints, the organisms were used to initiate test(s). Organisms were 
ultimately deemed fit to use for testing. 

Q24 - Test organisms experienced a salinity shift greater than 3 ppt within 1 day or were received at a 
salinity greater than 3 ppt outside the recommended test salinity range and had minimal time to 
acclimate prior to test initiation. However, due to age-specific protocol requirements and/or sample 
holding time constraints, the organisms were used to initiate test(s). Organisms were ultimately 
deemed fit to use for testing. 
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Reference Toxicant Test Data 
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Chemical Analysis 
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Certificate of Analysis
FINAL REPORT

Report Date:

 Project:

 Attn: 

Client:

P.O. #:

Fax:

Phones:

Turnaround Time:

Received Date:

10/25/2023

9/12/2023

Normal
6PPD

Billing Code:

4340 Vandever Avenue

San Diego, CA 92120

Barbara Orelo

Enthalpy Analytical - San Diego

(858) 587-7333

(858) 587-3961

Work Orders: 3I12041

ELAP-CA #1132  ●  EPA-UCMR #CA00211  ●  LACSD #10143

This is a complete final report.  The information in this report applies to the samples analyzed in accordance with the chain-of-custody document.  Weck 

Laboratories certifies that the test results meet all requirements of TNI unless noted by qualifiers or written in the Case Narrative.  This analytical report must 

be reproduced in its entirety.

Dear Barbara Orelo,

Enclosed are the results of analyses for samples received 9/12/23 with the Chain-of-Custody document. The samples were 

received in good condition, at 4.3 °C and on ice.  All analyses met the method criteria except as noted in the case narrative or in 

the report with data qualifiers.

Ryan J. Gasio

Reviewed by:

Project Manager

Page 1 of 63I12041

14859 Clark Avenue,City of Industry CA, 91745  |  Phone: (626) 336-2139  |  Fax: (626) 336-2634

www.wecklabs.com

http://www.wecklabs.com


Project Number:

Project Manager:

Reported:Enthalpy Analytical - San Diego

4340 Vandever Avenue

San Diego, CA  92120

6PPD

Barbara Orelo

10/25/2023  17:25

Certificate of Analysis
FINAL REPORT

[TOC_1]Samples in Report[TOC]

Sample Summary
Sample Name Lab ID Matrix Sampled QualifiersSampled By

3I12041-01 09/06/23 14:006PPD quinone - 1,000 ug/L stock BO Water

3I12041-02 09/06/23 14:006PPD quinone - 0.2 ug/L - Day 0 BO Water

3I12041-03 09/06/23 14:006PPD quinone - 2.5 ug/L - Day 0 BO Water

3I12041-04 09/06/23 14:006PPD quinone - 12 ug/L - Day 0 BO Water

3I12041-05 09/10/23 10:306PPD quinone - 0.2 ug/L - Day 4 BO Water

3I12041-06 09/10/23 10:356PPD quinone - 2.5 ug/L - Day 4 BO Water

3I12041-07 09/07/23 13:456PPD quinone - 12 ug/L - Day 1 BO Water
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[TOC_1]Sample Results[TOC]

Sample Results

3I12041-01RE1 (Water)

Sample:  6PPD quinone - 1,000 ug/L stock Sampled: 09/06/23 14:00 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

M-0620000 ng/l 09/15/23100006PPD-quinone 980000

Sample Results

3I12041-02RE1 (Water)

Sample:  6PPD quinone - 0.2 ug/L - Day 0 Sampled: 09/06/23 14:00 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

M-064.0 ng/l 09/15/2326PPD-quinone 250

Sample Results

3I12041-03RE1 (Water)

Sample:  6PPD quinone - 2.5 ug/L - Day 0 Sampled: 09/06/23 14:00 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

M-0620 ng/l 09/15/23106PPD-quinone 1900

Sample Results

3I12041-04RE1 (Water)

Sample:  6PPD quinone - 12 ug/L - Day 0 Sampled: 09/06/23 14:00 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

M-06100 ng/l 09/15/23506PPD-quinone 9900

Sample Results

3I12041-05RE1 (Water)

Sample:  6PPD quinone - 0.2 ug/L - Day 4 Sampled: 09/10/23 10:30 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

2.0 ng/l 09/15/2316PPD-quinone 42
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Sample Results (Continued)

3I12041-06RE1 (Water)

Sample:  6PPD quinone - 2.5 ug/L - Day 4 Sampled: 09/10/23 10:35 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

M-0620 ng/l 09/15/23106PPD-quinone 910

Sample Results (Continued)

3I12041-07RE1 (Water)

Sample:  6PPD quinone - 12 ug/L - Day 1 Sampled: 09/07/23 13:45 by BO

ResultAnalyte MRL Analyzed QualifierUnits Dil

Organic Compounds - Low Level by Tandem LC/MS/MS 

Method: EPA 1694M

Prepared: 09/14/23 11:14

Instr: LCMS03

Batch ID: W3I1112 Preparation: _NONE (LC) Analyst: jna 

M-06100 ng/l 09/15/23506PPD-quinone 9300
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[TOC_1]Quality Assurance Results[TOC]

Quality Control Results
Organic Compounds - Low Level by Tandem LC/MS/MS

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier

Batch:  W3I1112 - EPA 1694M 

Prepared: 09/14/23  Analyzed: 09/15/23 Blank (W3I1112-BLK1)

2.0 ng/l6PPD-quinone ND

2.0 ng/lIPPD-quinone ND

Prepared: 09/14/23  Analyzed: 09/15/23 LCS (W3I1112-BS1)

2.0 25.0 50-15095ng/l6PPD-quinone 23.7

2.0 25.0 50-15099ng/lIPPD-quinone 24.7

Prepared: 09/14/23  Analyzed: 09/15/23 Source: 3H30053-01Matrix Spike (W3I1112-MS1)

2.0 25.0 ND 50-150100ng/l6PPD-quinone 25.0

2.0 25.0 ND 50-150104ng/lIPPD-quinone 26.1

Prepared: 09/14/23  Analyzed: 09/15/23 Source: 3H30053-01Matrix Spike Dup (W3I1112-MSD1)

2.0 25.0 ND 20050-150108 8ng/l6PPD-quinone 27.1

2.0 25.0 ND 20050-150107 3ng/lIPPD-quinone 26.8
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[TOC_1]Qualifiers and Definitions[TOC]

Notes and Definitions
Item Definition

Due to the high concentration of analyte inherent in the sample, sample was diluted prior to preparation and/or analysis.  The MDL and MRL were 

raised due to this dilution.

M-06

Percent Recovery%REC

DilutionDil

The minimum levels, concentrations, or quantities of a target variable (e.g., target analyte) that can be reported with a specified degree of confidence.  

The MRL is also known as Limit of Quantitation (LOQ)

MRL

NOT DETECTED at or above the Method Reporting Limit (MRL).  If Method Detection Limit (MDL) is reported, then ND means not detected at or 

above the MDL.

ND

Relative Percent DifferenceRPD

Sample that was matrix spiked or duplicated.Source

Any remaining sample(s) will be disposed of one month from the final report date unless other arrangements are made in advance.

All results are expressed on wet weight basis unless otherwise specified.

All samples collected by Weck Laboratories have been sampled in accordance to laboratory SOP Number MIS002.
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